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Abstract 
The Description, Prediction and Misprediction of Protein Function  

Alexandra M. Schnoes 

 

Understanding protein function is a key biological question that is the focus of 

much current research. This question has become increasingly complicated in 

the post-genomic era with the influx of millions of new sequences. We are no 

longer able to experimentally characterize even a small fraction of these protein 

sequences, however this sequence data is a treasure trove of new biologically 

important information. Currently most sequences are annotated with protein 

functions predicted through computational methodologies. Computational 

prediction poses a number of issues, however. The concept of ‘protein function’ 

is nebulous in practice and can be defined innumerable different ways depending 

on the context. Methods for computational prediction all contain some level of 

inherent error leading to an unknown level of functional misannotation in 

sequence databases. The common practice of annotating functions through the 

process of annotation transfer (the transfer of an annotation from a ‘known’ 

sequence to an ‘unknown’ sequence typically determined by sequence similarity) 

is potentially compounding the misannotation problem via the inclusion of new 

errors and the propagation of errors already in the sequence databases. The 

thesis work here presented provides an in depth analysis of the issue of protein 

misannotation. The levels of misannotation for 37 different enzyme families are 

examined in four public sequence databases (GenBank NR, UniProtKB/TrEMBL, 
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KEGG and UniProtKB/Swiss-Prot) and shown to be significantly high. The types 

of misannotations found are detailed to provide some insight into the possible 

causes. Additionally, the directional trend in misannotation over time is 

determined to be increasing. In conclusion, methodologies to ameliorate the 

misannotation problem are discussed and several proposals to quickly find new 

misannotations and communicate these findings to the scientific community are 

made.  
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Chapter 1.  
Introduction 

 

1.1. Protein function 

1.1.1. What does ‘protein function’ mean? 

Although much effort is expended by both computational and experimental 

scientists to predict and characterize protein function, the actual term ‘protein 

function’ is inherently nebulous. What is meant by ‘protein function’ depends 

entirely upon the context in which it is used. Protein function can mean biological 

role, enzymatic activity, metabolic context, a combination of the above or 

something else entirely. Figure 1-1 gives a short list of the possible definitions of 

‘protein function’. As evidenced by this list, the boundaries that define ‘protein 

function’ are broad and ill defined. This does not change the fact, however, that 

the understanding of protein function, in whatever its forms, is a key biological 

problem and that communicating effectively about protein function is important in 

scientific discourse.  
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Figure 1-1. A short list of potential definitions of protein functions. 
 

1.1.2. The description of function 

With the diversity of potential functions, effectively describing function in a 

concrete manor can be challenging. Each different type of function requires its 

own, sometimes very specialized, vocabulary. Often the words used to describe 

the function can be nebulous themselves. For example, the term ‘interaction’ can 

be used to indicate a binding event between proteins or instead an enzymatic 

event. Only context and explanation can make the term clear. Therefore the 

theoretical problem of how to appropriately convey ‘protein function’ is inherently 

complex. 

The problem of protein function description is also a practical one. Ideally, 

every discovery about protein function (whatever the specific type of protein 

function) would be input into some kind of publicly available data repository. The 
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information about protein function would be translated into a format that is 

appropriate for computational storage and retrieval. In theory whatever format 

would be chosen would be concrete (i.e. interpretable in only one way), 

encapsulate all necessary information and be identifiable with other proteins of 

the same function. In addition, the function would be easily parsable by 

computational means. 

In reality, however, protein function annotation has been primarily an ad 

hoc affair [1]. In the large primary sequence databases like GenBank and 

TrEMBL [2-4] function description is determined entirely by the sequence 

submitter. There have been a number of problems with this approach. Because 

there is no defined vocabulary for ‘protein function’, proteins with the same 

function can be described differently depending on the annotator. This problem 

often starts with gene names, which have been shown to be ambiguous and 

often confusingly named [1, 5, 6]. In addition, functional modifiers, such as 

‘probable’, ‘similar-to’, ‘-like’, ‘hypothetical’ etc., can make the interpretation of 

any function definition problematic as these terms do not have an agreed upon 

definition [7]. Annotators also often utilize general classification tools like Pfam [8] 

or InterProScan [9] but fail to acknowledge the sources.  

There have been a number of approaches used to deal with the 

complicated issue of annotating protein function. A common approach, utilized by 

Swiss-Prot [3] is the addition of multiple sources of function information on a 

sequence’s information page. This approach can be very useful for manual 

examination but can be very difficult to compute upon. Another approach is that 
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of using ontologies. Ontologies attempt to classify information into defined 

relationships and typically use defined vocabularies. A common ontology in the 

biological science is the Gene Ontology (GO) [10]. GO has been used in the 

annotations of several model organisms (including yeast [11]) and Swiss-Prot 

has started including GO terms on its sequence pages. Currently however, no 

single ontology is universally accepted and no ontology yet created fully 

encapsulates the complexities of protein function. 

For enzymatic proteins the Enzyme Commission (E.C) numbering system 

is often used and, when all four E.C. numbers are used, can allow for a concrete 

description of enzymatic function. However not all enzymes have E.C. numbers 

assigned and the simplicity of the E.C. system is not always sufficient to convey 

the appropriate enzymatic detail [12]. A more extensive way to describe protein 

function is found in the Structure-Function Linkage Database (SFLD) [13, 14] and 

the Catalytic Site Atlas (CSA) [15]. Both of these resources connect an enzyme’s 

function to structure and sequence. The CSA focuses primarily on connecting 

enzyme function to functionally important residues and gives tools to examine 

new sequences using this information. The SFLD also delineates functionally 

important residues but also has a significant focus on putting each sequence 

(and each function) in a hierarchical sequence/structure superfamily context that 

allows for additional inferences. However, because both databases involve 

significant manual curation, the families and functions covered in each databases 

are limited.  
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1.2. Protein function annotation error 

1.2.1. The fundamentals of annotation error 

The manner in which protein function is described in a sequence’s 

annotation is intimately tied to the issue of protein function prediction error. The 

primary method of protein function annotation is annotation transfer, in which the 

annotation of one sequence is transferred to another based upon some level of 

sequence similarity [16-18]. The frequent use of annotation transfer means that, 

whatever the definition of protein function used in the original annotation, it is 

now being assigned to sequences that may or may not be appropriately ‘similar’ 

to the original (similarity is entirely decided by the individual annotator). The 

sequence similarity at which to transfer annotations is a significant issue. Given 

the propensity of using annotation transfer as a function prediction method, this 

issue has engendered a certain amount of investigation [19-23]. While the goal 

has been to determine one sequence similarity threshold at which it would be 

safe to transfer all annotations, the most recent and thorough investigation [24] 

has indicated that a single threshold does not exist. In fact, thresholds need to be 

determined for each protein family. Currently, however, no such global threshold 

set has been developed for the protein universe. This translates to individual 

annotators or annotating institutions making their own decisions about similarity 

thresholds leading to varying quality in the implementation of annotation transfer.  

The current variability in function definitions and metrics for annotation 

transfer has lead to another significant issue: annotation error propagation. Even 

before the success of whole-genome sequencing, there was concern that the 
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errors that were already present in the public sequence databases were being 

propagated to new sequences [25, 26]. Additionally, instances of error 

propagation were described in the literature [7, 27, 28]. Recent theoretical 

models of error propagation have also shown that given a significant enough 

level of database error, error propagation can seriously degrade the quality of the 

database [29, 30]. In this way, annotation error affects not only the misannotated 

sequence but also potentially numerous others.  

1.2.2. Finding misannotation 

Given the size and scope of the available protein sequences, in addition to 

the multitude of ways to specify function, it has been difficult to quantify the exact 

level of misannotation in protein sequence databases. In fact most misannotation 

studies do not specifically examine the issue annotation error within the context 

of the public sequence databases. An early study by Brenner examined the level 

of misannotation present in the small genome Mycoplasma genitalium (by 

comparing annotations from three different groups) and found that function 

annotation was at minimum 8% [31]. Devos and Valencia expanded upon this 

study by examining three small genomes and investigating different definitions of 

function [32]. The levels of misannotation found ranged from 4% to 40% for the 

1,228 sequences they examined. Greene and Karp examined the issue of using 

E.C. numbers as functional annotations, specifically when the full E.C. number is 

not assigned. They found that almost 7% of the E. coli genes in the pathway 

database KEGG had incorrect partial E.C. numbers. A recent paper modeling the 
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level of misannotation in GO [33] predicted that up to 49% of computationally 

annotated sequences were misannotated.  

1.3. Dissertation overview 

What has been missing from the above investigations is an examination of 

the large sequence databases themselves. These sequence databases (e.g. 

GenBank NR, TrEMBL, Swiss-Prot and KEGG) are daily used by the scientific 

community and often assumed to be correct. However, no one has yet 

investigated the extent to which the already enumerated problems have affected 

the annotations available in these databases. The goal of this thesis is to 

examine the issue of misannotation in public databases, focusing on the level of 

misannotation, the types of misannotation, and the mechanisms by which 

misannotation can be addressed. Chapter 2 focuses primarily on examining 

misannotation in several public databases for a set of proteins for which the 

function is now experimentally known. Chapter 3 describes an additional 

approach to investigating misannotation that examines the contribution of other 

sources of annotation error: annotations that are partially correct or completely 

mislabeled. This work is a tangential analysis to the core thesis work that is 

presented in Chapter 2. Chapter 4 is the concluding chapter and discusses 

several proposed analysis directions that could address the problem of 

annotation error and the chapter summarizes the findings in this thesis. 
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Chapter 2.  
Annotation Error in Public 
Databases: Misannotation of 
Molecular Function in Enzyme 
Superfamilies 

 

2.1. Abstract 

2.1.1. Background 

Due to the rapid release of new data generated from genome sequencing 

projects, the majority of protein sequences in public databases have not been 

experimentally characterized; rather, sequences are annotated using 

computational analysis. As such, the level of misannotation in large public 

databases is currently unknown. Moreover, the types of misannotation that exist 

have not been analyzed in depth. 

2.1.2. Results 

We have investigated the error in the annotation of molecular function in 

four public protein sequence databases (UniProtKB/Swiss-Prot, GenBank NR, 
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UniProtKB/TrEMBL, and KEGG)) for a model set of 37 enzyme families for which 

extensive experimental information is available. These families come from six 

different superfamilies (enolase, haloacid dehalogenase, vicinal oxygen chelate, 

terpene cyclase, amidohydrolase and crotonase) representing five fold classes 

and enzymatic functions spanning all six major classes of the E.C. system. The 

manually curated database Swiss-Prot shows the lowest levels of annotation 

error (close to 0% for most families); the two other protein sequence databases 

(GenBank NR and TrEMBL) and the KEGG pathways database exhibit similar 

and surprisingly high levels of misannotation that average 5%-63% across the six 

superfamilies studied. For ten of the 37 families examined, the level of 

misannotation in one of more of these databases is >80%. Examination of the 

NR database over time shows that misannotation has increased from 1993 to 

2005. The types of misannotation fall into several categories, most associated 

with “overprediction” of molecular function, e.g., assignment of a specific 

substrate or reaction when evidence from sequence or structural comparisons 

supports annotation only at the more general level represented by assignment to 

a superfamily. 

2.1.3. Conclusions 

These results suggest that misannotation in enzyme superfamilies may be 

a larger problem than has been recognized. Moreover, the problem appears to 

be worsening over time and shows propagation of annotation errors into at least 

one important secondary database, the KEGG pathways database. Strategies 

are discussed for addressing some of the systematic problems contributing to 
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these high levels of misannotation, including database evidence codes, use of 

ontologies and an adjusted approach to annotation.  

2.2. Background 

The daily addition of new genomes into public sequence databases allows 

for rapid access to sequences from more than a quarter million named species 

[2], an accumulation of genomic and proteomic sequence information that is 

astounding in both its scale and breadth. While these data hold enormous 

potential for biological and medical discovery, as evidenced by the many “omics” 

fields that have emerged, experimental characterization has been performed on 

only a tiny fraction of the available sequences. Moreover, current technology, 

including high-throughput techniques, can be applied to at most a few thousand 

genes or proteins at a time. As a result, computational methods are required to 

predict the molecular functions of the millions of protein sequences that have not 

and cannot be characterized experimentally. Already, the majority of sequences 

found in public databases have been annotated using computational prediction 

alone, raising the issue of annotation accuracy and database quality [25, 26].  

Driven by concerns that some proportion of these proteins had been 

functionally misannotated, the accuracy of predicted functions was a topic of 

inquiry even before the availability of many whole-genome sequences. Two 

important papers examining genome annotation error [31, 32], in one and three 

small genomes respectively, predicted that at least 8% of molecular function 

annotations were incorrect. Depending on the definition of function used, Devos 

and Valencia further suggested that misannotation levels could be as high as 
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40%. These findings were corroborated anecdotally by published examples of 

annotation error [27, 34-36]. An additional concern was that the misannotation 

problem would continue to be compounded by error propagation from annotation 

transfer [25]. Models of error propagation have since shown that given sufficient 

initial error in a database, error propagation can significantly degrade the quality 

of the annotations it contains [29, 30] and some examples of error propagation 

have already been noted [7, 28]. A recent paper modeled the annotation error for 

annotations in the Gene Ontology database and estimated that up to 49% of 

computationally annotated sequences could be misannotated [33]. Although 

sequence misannotation in commonly used public sequence databases is now 

becoming of great concern [37, 38] no one has yet performed an in depth 

analysis into the prevalence of annotation error in these databases.  

Concomitant with the growth of sequence data, annotation strategies have 

become more sophisticated, benefiting especially from the use of multiple 

orthogonal methods to improve prediction accuracy. These include methods that 

take advantage of co-localization of functionally linked genes [39-42], homology-

based annotation transfer using phylogenetic and phylogenomic information [43-

45], and experimental proteomics approaches such as mass spectrometry [46]. 

Using the massive influx of genomics data now available, important resources 

have been developed that can be expected to improve computational annotation, 

including databases of motifs [15, 47, 48], ortholog sets [49, 50],[49, 50] 

sequence profiles [8, 51] and structure-based comparisons [52-55]. In addition, 

multidisciplinary efforts have focused on accurate annotation for the most 
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important model organisms, including E. coli, yeast, mouse and human [11, 56-

58]. Given this substantial body of work, we might expect that the problem of 

misannotation has diminished. However, the most common approach in use 

today continues to be the assignment of molecular function from homology 

followed by annotation transfer [16-18]. Thus, a fresh look at the misannotation 

problem is timely, particularly for primary public databases containing the 

broadest set of available sequence data. 

In this work, we have performed the first investigation into the prevalence 

of annotation error in several large public protein databases in common use 

today. The large primary sequence databases GenBank NR (NR) [2, 4], and 

UniProtKB/TrEMBL (TrEMBL) [3], which contain sequences primarily annotated 

using automated methods, were examined. Sequences associated with the 

Kyoto Encyclopedia of Genes and Genomes (KEGG) [59], a database of 

metabolic pathways, were also examined to obtain a preliminary picture of the 

degree to which misannotation has been propagated to secondary databases. 

Finally, we examined the manually curated primary database UniProtKB/Swiss-

Prot (Swiss-Prot) [3], is often used in computational analyses as a gold standard. 

The analysis examines the level of misannotation for 37 enzyme families 

(Figure 2-1).  Enzymes were chosen for analysis because they typically have 

concrete, precise definitions of molecular function compared to many other 

classes of proteins. Annotation error in the NR, TrEMBL, KEGG, and Swiss-Prot 

databases was determined using, as a gold standard, highly curated and 

experimentally well-characterized enzyme families from the Structure-Function 
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Linkage Database (SFLD) [13, 14, 60]. The families that were analyzed come 

from six different superfamilies (enolase, haloacid dehalogenase [HAD], vicinal 

oxygen chelate [VOC], terpene cyclase, amidohydrolase [AH] and crotonase) 

representing five fold classes and enzymatic functions spanning all six major 

classes of the E.C. system. Superfamilies from the SFLD have already been 

described as a Gold Standard for use as a functional benchmark [60]. The set of 

enzymes used here are a subset of families from that set plus families from the 

terpene cyclase superfamily, added to the SFLD after the publication of the Gold 

Standard set. In the SFLD, a superfamily is defined as a set of homologous 

proteins in which conserved sequence or structural characteristics can be 

associated with conserved functional characteristic.  A family is defined as a set 

of homologous proteins within a superfamily that perform an identical function by 

the same mechanism.   
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Figure 2-1. Enzyme superfamilies and their constituent functional families examined in this 
analysis 
Enzyme Nomenclature Commission (E.C.) numbers are included where available. Dashes (—) 
are used for those families for which a full E.C. number has yet to be assigned. Each family is 
designated by a specific color and these mappings are also used in Figure 2-3, Figure 2-7and 
Appendix B. The number of sequences in each family that were analyzed from each database is 
listed; the total number of sequences analyzed from each database is also given. 
 

Our analysis of this gold standard set of 37 families show similar and 

surprisingly high levels of misannotation across all of the databases evaluated 
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except for Swiss-Prot. We also investigated the change in levels of misannotation 

for these families in the GenBank NR database over the period 1993-2005 and 

found that despite the current availability of well-curated genomes, sophisticated 

tools and numerous resources for functional inference, the levels of 

misannotation have risen dramatically over this time period. As a corollary to this 

analysis, we examined whether evidence of error propagation could be identified 

among the misannotated sequences that were found in the NR database. Finally, 

we classified the misannotations found, providing an initial view of the most 

prevalent types of errors and allowing us to propose strategies for addressing 

some of the systematic problems that contribute to them. 

2.3. Results  

Our misannotation analysis examines the question: Given a sequence 

annotated to a specific enzymatic function, is the annotation correct? These 

functions come from six different superfamilies (enolase, HAD, VOC, terpene 

cyclase, AH and crotonase) representing five fold classes and spanning all six 

major classes of the E.C. system. A total of 7266 sequences annotated to one of 

37 SFLD gold standard families (Figure 2-1) were retrieved from the NR, 

TrEMBL, KEGG and Swiss-Prot databases and analyzed by the multi-step 

process described in Figure 2-2.  

              15



 

 
 
 

              16



 

Figure 2-2. The misannotation analysis flow chart 
The analysis starts with the selection of a sequence from one of the four databases investigated, 
annotated to a specific enzymatic function in the gold standard analysis set. Using automated 
tools from the SFLD, each sequence in the analysis set is first examined for sequence similarity 
to the gold standard superfamilies using manually curated HMMs for each of the gold standard 
superfamilies and families. If a sequence does not score against any superfamily HMM, it is 
predicted to be misannotated and labeled with the misannotation code ‘No Superfamily 
Association’ (NSA). A sequence that passes this first step is then tested against the HMM for the 
family to which the sequence is annotated. If the sequence fails to score against the family HMM 
it is predicted to be misannotated and labeled with the misannotation code ‘SuperFamily 
Association only’ (SFA). Sequences passing this step are then checked for the presence/absence 
of required functionally important residues as defined by the SFLD. If the necessary residues are 
deleted or mutated, the sequence is predicted to be misannotated and is labeled with the 
misannotation code ‘Missing Functionally important Residue(s)’ (MFR). A sequence that passes 
these steps but does not score above the HMM score that defines membership to a functional 
family (see Methods for details), is predicted to be misannotated and labeled with the 
misannotation code ‘Below Trusted Cutoff’ (BTC). Only if a sequence passes all four analysis 
steps, is it predicted to be correctly annotated. 
 

As shown in Figure 2-3, misannotation was found in all six superfamilies 

examined (Table 2-1 provides tabulated values associated with Figure 2-3). The 

average levels of misannotation varied greatly between the superfamilies but 

were remarkably high for four of the six superfamilies (enolase, VOC, HAD, AH) 

in the three automated curation databases (NR, TrEMBL and KEGG). The 

average percent misannotation over the superfamily ranged from a little under 

25% in the enolase superfamily to over 60% in the HAD superfamily (Figure 2-3 

A, C, E, F). In the crotonase superfamily, the average percent misannotation over 

the superfamily was also found to be greater than 20% in the TrEMBL and KEGG 

databases (Figure 2-3 B). Additionally, within a superfamily the results for the 

NR, TrEMBL and KEGG databases were nearly identical (Figure 2-3 A, C-F). For 

example, in the enolase superfamily (Figure 2-3 A) the average percent 

misannotations in the NR, TrEMBL and KEGG databases were 24%, 22%, and 

22%, respectively. The crotonase superfamily (Figure 2-3 B) was the outlier, 
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showing increasing levels of misannotation across the databases, (NR [12%] < 

TrEMBL [32%] < KEGG [46%]).  

 
Figure 2-3. Percent misannotation in six enzyme superfamilies over the four databases 
analyzed in this study 
The results are organized by superfamily; Panel A: enolase, B: crotonase, C: vicinal oxygen 
chelate, D: terpene cyclase, E: haloacid dehalogenase and F: amidohydrolase. Each panel 
depicts the percent misannotation for the superfamily in four plots, corresponding to the NR, 
TrEMBL, KEGG, and Swiss-Prot databases, respectively. In each plot, a black bar denotes the 
average percent misannotation for that superfamily in that database. The percent misannotation 
for each family within the superfamily is given by a colored circle. The size of the circle provides 
an estimate of the number of sequences retrieved for that family (scaling in legend). An X through 
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an open circle means that no sequences annotated with that function were retrieved from that 
database. The order of the families depicted for each superfamily is arbitrary but is consistent 
through all four plots. The colors of the family circles correspond to the colors given in Figure 2-1, 
which provide a mapping between a family’s color and its function. 
 

 
Table 2-1. Percent misannotation for each family in the NR, TrEMBL, KEGG and Swiss-Prot 
databases. 

NR % Mis. TrEMBL 
% Mis. 

KEGG 
% Mis. 

Swiss-
Prot    

% Mis 
Thresh.a Thresh. Thresh. Thresh. 

Superfamily Family 

TCb NCc LCd TC TC TC 
Enolase         
 Enolase 4 3 3 4 2 0.4 

 
Galactonate 
dehydratase 32 26 26 36 38 0 

 Mandelate racemase 90 90 68 100 100 0 

 
Glucarate 
dehydratase 30 26 10 32 40 20 

 
Methyl aspartate 
ammonia-lyase 52 27 0 65 63 0 

 
Ortho-succinyl 
benzoate synthase 5 5 5 7 7 0 

 Dipeptide epimerase 50 50 50 100 0 0 

 
Chloromuconate 
cycloisomerase 69 69 69 67 100 17 

 
Muconate 
cycloisomerase 55 52 52 54 74 0 

 
L-fuconate 
dehydratase 0 0 0 0 0 0 

 
Superfamily Avg. % 
Misannot. 24 22 18 22 22 1 

Crotonase         

 

Dodecenoyl-CoA 
delta-isomerase 
(mitochondrial) 0 0 0 100 59 0 

 

Delta(3,5)-delta(2,4)-
dienoyl-CoA 
isomerase 10 10 10 0 100 0 

 
Methylmalonyl-CoA 
decarboxylase 0 0 0 0 0 0 

 
3-Hydroxyisobutyryl-
CoA hydrolase 19 13 6 19 22 0 

 
4-Chlorobenzoate 
dehalogenase 0 0 0 0 0 0 

 

1,4-Dihydroxy-2-
napthoyl-CoA 
synthase 0 0 0 0 0 0 

 
Superfamily Avg. % 
Misannot. 12 8 4 32 46 0 

VOC        
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Methylmalonyl-CoA 
epimerase 77 55 0 88 75 0 

 

4-
Hydroxyphenylpyruvat
e dioxygenase 18 9 8 17 14 4 

 FosA 27 27 27 100 100 0 
 Glyoxalase I 71 60 42 72 75 0 

 
Superfamily Avg. % 
Misannot. 52 42 29 57 61 2 

Terpene 
Cyclase        

 
5-Epi-aristolochene 
synthase 9 9 9 0 0 0 

 
Bornyl diphosphate 
synthase 0 0 0 0 0 0 

 Pentalenene synthase 0 0 0 50 50 0 

 
Squalene-hopene 
synthase 10 5 5 9 0 0 

 Trichodiene synthase 1 1 0 0 0 6 

 
Aristolochene 
synthase 0 0 0 0 0 0 

 
Superfamily Avg. % 
Misannot. 5 2 2 8 3 4 

HAD        

 

Deoxy-D-mannose-
octulosonate 8-
phosphate 
phosphatase 57 7 3 84 67 38 

 
Phosphonoacetaldehy
de hydrolase 32 11 4 30 23 0 

 
2-Haloacid 
dehalogenase 72 60 44 71 81 0 

 
Beta-
phosphoglucomutase 64 50 38 63 64 0 

 
Superfamily Avg. % 
Misannot. 63 39 28 65 67 15 

AH         
 Cytosine deaminase 32 32 32 31 43 0 
 Adenosine deaminase 80 77 31 88 82 70 

 
N-acyl-d-amino-acid 
deacylase 66 48 23 72 54 0 

 L-Hydantoinase 25 25 25 50 0 0 
 D-Hydantoinase 20 9 9 27 40 0 
 Urease 2 2 2 1 4 0 

 
Isoaspartyl 
dipeptidase 62 62 8 64 32 0 

 
Superfamily Avg. % 
Misannot. 40 37 18 44 45 37 

a Misannotation HMM analysis thresholds 
b Trusted Cutoff 
c Noise Cutoff 
d Lenient Cutoff 
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In contrast to the misannotation noted above, the families in the terpene 

cyclase superfamily (Figure 2-3 D) were consistently the best annotated with 

relatively low but still significant levels of misannotation in all four of the 

databases: NR (5%), TrEMBL (8%), KEGG (3%), and Swiss-Prot (4%). 

Additionally, across the entire test set, Swiss-Prot was uniformly the best-

annotated database showing an average percent misannotation level of 0% (or 

very nearly 0%) for four of the superfamilies (Figure 2-3 A-D). In all cases there 

was a clear decrease in the level of misannotation found in the manually curated 

Swiss-Prot as compared to the automatically curated databases. 

Most families displayed consistent levels of misannotation across the NR, 

TrEMBL and KEGG databases. For instance, the average percent misannotation 

in the 4-hydroxyphenylpyruvate dioxygenase family (Figure 2-3 C, purple-blue 

dot) was 18%, 17% and 14% in NR, TrEMBL and KEGG, respectively. This trend 

is was not surprising given that after the analysis had been completed it was 

determined that many sequences within the databases were identical to one 

another and were annotated with identical functional annotations (data not 

shown).   

We found large differences in the misannotation among the entire set of 

families in each superfamily. For example, in the enolase superfamily (Figure 2-3 

A), the family percent misannotation in NR ranged from a minimum of 0% (red 

dot, fuconate dehydratase family) to a maximum of 90% (light blue dot, 

mandelate racemase family). As before, this trend is most visible in the more 
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automated databases (NR, TrEMBL and KEGG) and not in the highly curated 

Swiss-Prot. 

The accuracy of our results was verified by several orthogonal protocols. 

We searched the literature for experimental results that contradicted our 

misannotation predictions and found such evidence for only six sequences (out 

of 1155). Another test of our method was a blinded analysis of proteins that had 

been newly experimentally characterized subsequent to our initial analysis. Out 

of 27 newly characterized sequences, 26 were correctly classified. We also 

examined whether any annotation corrections had been made to the sequences 

that we had predicted to be misannotated. Of a random sampling of 111 of the 

1112 sequences in the NR database found to be misannotated by our analysis, 

we found 96% of the sequences had unchanged functional annotations. 

2.3.1. Effect of threshold stringency on misannotation levels.  

To determine whether the relatively stringent similarity threshold (Trusted 

Cutoff [TC]) in the final step of the analysis protocol (Figure 2-2), had inflated the 

levels of misannotation reported in Figure 2-3, we modeled what would happen 

to the levels of misannotation for the NR database when less stringent thresholds 

were used. Two new thresholds for each family were defined, a Noise Cutoff and 

Lenient Cutoff, and each sequence was re-analyzed using these thresholds (see 

methods and Figure 2-4 for extended definitions). The average levels of percent 

misannotation did not dramatically change using the less stringent NC cutoff 

(Figure 2-5). Averaged across each superfamily, the change in misannotation 

levels determined using the Noise Cutoffs is 4 % except in the HAD superfamily 
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which shows a change of 24 % (although the resulting level of misannotation is 

still quite high at 39%). As expected, the results from the analysis using the 

Lenient Cutoff showed a larger difference. On average, the difference in 

misannotation from the TC to the LC across all six superfamilies using these 

cutoffs was 16 %. A change of this magnitude was not surprising considering that 

the lenient threshold was placed well within the noise of the data and included 

sequences that were known to be members of different families. Moreover, even 

when using the Lenient Cutoff, significant levels of misannotation remain in each 

superfamily. 

 

 
Figure 2-4. The three analysis thresholds used in the misannotation analysis. 
This example for the galactonate dehydratase family (enolase superfamily) illustrates how the 
three score thresholds were defined for each of the 37 families evaluated in this study. The 
Trusted Cutoff (TC) (used for the main misannotation analysis) was defined as the lowest score 
at which a family member scores against the family HMM. The Noise Cutoff (NC) threshold was 
defined as the highest score at which a non-family member scores against the family HMM. The 
Lenient Cutoff (LC) threshold includes some false positives along with the true family members, 
yielding a false positive rate of 5%. Using this artificial family set, the LC threshold for each family 
was defined as the lowest score at which one of the non-family sequences scored. 
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Figure 2-5. Average percent misannotation in the NR database across families in each 
superfamily using different thresholds 
The Trusted Cutoff, used for the main misannotation analysis (see methods), is the most stringent 
of the cutoffs. The Noise Cutoff and the Lenient Cutoff represent progressively less stringent 
thresholds. The black bar in each plot depicts the average percent misannotation over each 
superfamily at these thresholds. 
 

2.3.2. Misannotation over time.   

Expecting that improved methods for annotation of genomic sequence 

would result in higher accuracy annotation over time, we investigated whether 

the level of misannotation we observed had improved over the period 1993-2005. 

Analyzing sequences in the NR database, the original sequence submission 

dates were retrieved from the NR and binned into groups based upon their 

submission date and misannotation assignment (“correct” or “incorrect”) 

according to our protocol. As shown in Figure 2-6, for the 37 families investigated 

in this study, misannotation has increased over this twelve-year period: 

essentially no misannotated sequences were submitted in 1993, while in 2005 

approximately 40% of the sequences submitted to NR were misannotated. Not 
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only are more misannotated sequences deposited in later years, they represent 

an increasing fraction (black line) of the total depositions annotated to the 37 

families. This suggests that the rising level of misannotation is not simply due to 

the submission of increasingly greater numbers of sequences over this time 

period.  

 
Figure 2-6. The change in misannotation over time in the NR database for the 37 families 
investigated 
Sequences are plotted by the year when they were originally deposited in the database (x-axis). 
The number of sequences (left y-axis, bar graph) found to be correctly annotated is shown in 
green. The number of sequences found to be misannotated by our analysis is shown in red. The 
fraction (right y-axis, line plot) of misannotated superfamily sequences deposited each year into 
the NR database is given by the open nodes, connected by the black line to aid in visualizing the 
overall trend. This fraction represents the number of sequences in the 37 test families predicted 
to be misannotated divided by the total number of sequences deposited each year from the test 
set, i.e. the sum of the sequences depicted in the red and green bars for each year. 
 

2.3.3. Misannotation in relation to sequence similarity.  

Mindful of earlier studies suggesting error propagation as a cause of 

misannotation [7, 28-30], we were interested in determining to what extent a 

sequence-based relationship between the misannotated sequences could 

account for our results. To address this issue, we determined whether 
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misannotated sequences clustered together by sequence similarity and the 

extent to which they showed similarity to correctly annotated sequences. An all-

by-all BLAST [61] was performed on all the sequences analyzed from the 37 -

family test set in the NR database and the results were visualized as a network 

[62] (Figure 2-7). In the majority of families, misannotated sequences either 

clustered with one another or were completely unconnected to the other 

sequences. This result could indicate that error propagation had indeed occurred 

by annotation transfer from one incorrectly labeled sequence to another (possible 

examples are highlighted with arrows in Figure 2-7). Investigation of this issue by 

examining propagation of these errors over time (1993-2005) provided further 

support for this result (Appendix B). This hypothesis cannot be confirmed, 

however, as the records available from the NR database are insufficient to 

determine how annotations were propagated based on sequence similarity. 
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Figure 2-7. Sequence similarity clustering of correctly annotated and misannotated 
sequences deposited into the NR database (1993-2005) 
The similarity network shows sequences from analysis families arranged by superfamily and 
colored as in Figure 2-1. The network was generated from an all-by-all BLAST analysis where all 
results that had BLAST E-value scores of 1x10-30 or lower were retained. Nodes represent 
sequences. Any two nodes are connected if at least one node found the other with a BLAST E-
value less than or equal to 1x10-30.  The network visualization was created with Cytoscape v2.6.1. 
The distance between any two connected nodes is roughly inversely proportional to the strength 
of the E-value between them (force-directed layout). The shapes of the nodes indicate annotation 
status: circles depict correctly annotated sequences and triangles depict incorrectly annotated 
sequences. Black arrows indicate examples in the haloacid dehalogenase family (HAD) and 
glyoxalase I family (VOC) which both display potential evidence of error propagation. 
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2.3.4. Types of misannotation.  

Each misannotated sequence was labeled with an individual, mutually 

exclusive code describing the type of annotation error found by the analysis 

(Figure 2-2). Figure 2-8 shows the distribution of the four types of misannotation 

found (NR database). The two misannotation codes ‘Below Trusted Cutoff’ (BTC) 

and ‘Superfamily Association only’ (SFA) describe cases of overprediction, in 

which proteins have been annotated to functions that are more specific than the 

available evidence supports. SFA describes cases in which sequences do not 

score against the specific family HMM but instead score only against HMM(s) 

that capture similarities across all families in a superfamily. BTC describes cases 

in which sequences are found to score against both a superfamily and a specific 

family HMM and contain the necessary functionally important residues, yet fail to 

score above the Trusted Cutoff threshold. Often, this designation refers to a 

sequence that should have been assigned to a different but similar family 

(determined by the sequence scoring better against another family HMM). The 

majority of misannotations in the NR database were found to be overpredictions 

(85%, SFA + BTC). The remaining 15% of misannotations can be associated 

with two other misannotation codes, ‘No Superfamily Association’ (NSA) and 

‘Missing Functionally important Residue(s)’ (MFR). These codes describe cases 

in which a sequence cannot be associated with the superfamily (NSA), or does 

not have the necessary functional residues, even though it scores against the 

family HMM (MFR) [63].  
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Figure 2-8. Distribution of major types of misannotation found in the NR database. 
Classification of misannotated sequences: ‘No Superfamily Association’ (NSA); ‘Missing 
Functionally important Residue(s)’ (MFR) ‘Superfamily Association only’ (SFA) ‘Below Trusted 
Cutoff’ (BTC), as defined in Figure 2-2 and methods. The codes can be grouped into two sets that 
specify whether the misannotation is associated with overprediction or to other types of errors 
(e.g., missing a required residue). 
 

2.3.5. Examples.  

Examples of some misannotations from the NR database associated with 

these misannotation codes are provided in Table 2-2. An example of an NSA 

misannotation is gi 505585, which had been annotated to the glyoxalase I 

function (VOC superfamily) in the soybean. This sequence did not score against 

any SFLD HMMs. In addition, when searched against the Pfam database [8], the 

sequence had significant matches only against the glutathione S-transferase N- 

and C-terminal domain models and did not score against any glyoxalase related 

models. With a literature search it was determined that the glyoxalase I gene in 

soybean had been characterized. In fact, in the same paper that characterized 

the soybean glyoxalase I gene, this sequence (gi 505585) had been 

characterized as a glutathione S-transferase [36], confirming our prediction that 

gi 505585 is misannotated. It should also be noted that this sequence 

corresponds to a Swiss-Prot sequence P46417 that also bears the same 
              29



 

incorrect annotation. As a side note, the actual glyoxalase I sequence from 

soybean that had been characterized in the Skipsey et al. paper was 

appropriately classified by our analysis as correctly annotated. 

Table 2-2. Examples of predicted misannotations in the NR database. 
Misann. 

Type Example Description 

gi: 48861106 
annotation: COG1657: 
Squalene cyclase’  
superfamily: terpene 
cyclase 

This sequence does not score against any HMMs in 
the entire SFLD. Using Interpro [9, 51],sequence maps 
to the carbohydrate binding superfamily and the 
galactose-binding like superfamily. Sequence does not 
map to any squalene cyclase motifs[64] or known 
models.  NSA 

gi: 505585 
annotation: 
‘lactoylglutathione lyase’a 
superfamily: VOC 

This sequence does not score against any HMMs in 
the entire SFLD. Sequence has significant matches 
against the Glutathione S-transferase N- and C-
terminal domain Pfam-A models. Sequence was 
characterized and found to be a glutathione S-
transferase and not a glyoxalase[36]. 

gi: 17987990   
annotation: 
‘MANDELATE 
RACEMASE’  
superfamily: enolase 

Sequence does not score against the mandelate 
racemase family HMM. It does score significantly well 
against the family HMM and contains the necessary 
residues for the fuconate dehydratase function.  

SFA 
gi: 52628216 
annotation: ‘3-
hydroxyisobutyryl 
Coenyzme A hydrolase’  
superfamily: crotonase 

Sequence does not score against the 3-
hydroxyisobutyryl CoA hydrolase HMM but does score 
against six other family HMMs in the crotonase 
superfamily. 

gi: 17983363 
annotation: ‘2-
HALOALKANOIC ACID 
DEHALOGENASE I’  
superfamily: HAD 

Aspartate 180 that is necessary for the hydrolysis of 
the ester intermediate is mutated to an arginine. 
Mutational work by Kurihara et al.[65].indicates that this 
mutation would deactivate the enzyme. . 

MFR 
gi: 71915096 
annotation: ‘n-acylamino 
acid racemase : O-
succinylbenzoate-CoA 
synthase’  
superfamily: enolase 

Sequence has a mutation of the lysine 166 base to a 
histidine among several other mutations to canonical 
OSBS/NSAAR motifs. Glasner et al. [66] discusses this 
sequence and its genomic context and why it appears 
to be a new function in the enolase superfamily. 

BTC 

gi: 16082480 
annotation: ‘Galactonate 
dehydratase’  
superfamily: enolase 

Sequence hits the galactonate dehydratase family 
HMM (bit score: 126.6) but its score is well below the 
analysis cutoff for the family (cutoff: 843.6). Sequence 
does score significantly against the gluconate 
dehydrataseb family HMM. 
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gi: 56604528  
annotation: ‘adenosine 
deaminase’ 

superfamily: AH 

Sequence hits the adenosine deaminase family HMM 
(bit score: 9.7) but its score is well below the defined 
cutoff for the family (cutoff: 645.9). Sequence does 
score significantly against an AH superfamily HMM for 
sequences of unknown function. 

aSynonym for glyoxalase I family function 
 

An example of an SFA misannotation is gi 17987990, annotated to the 

mandelate racemase function in the enolase superfamily. This sequence did not 

score against the mandelate racemase family HMM, but it did score against other 

enolase superfamily HMMs. In particular, it scored above the Trusted Cutoff for 

the fuconate dehydratase family and contained all the necessary functional 

residues for that function. As such, we predict that the correct function for this 

sequence is fuconate dehydratase. It should be noted that at least eleven other 

sequences in NR score against this sequence with a BLAST E-value of better 

than or equal to 1x10-150 and are annotated with the same ‘mandelate racemase’ 

annotation, potentially indicating a case of error propagation in the database. 

The sequence gi: 71915096 is an example of an MFR misannotation from 

the enolase superfamily. Although it was labeled to the o-succinylbenzoate-CoA 

synthase (OSBS) function and scored against the HMM for this family, one of the 

main catalytic amino acids for this function had been mutated. The base of the 

enzymatic reaction, lysine 166, had been mutated to a histidine. Further 

investigation of this sequence revealed that this sequence also contained a 

number of other mutations in OSBS/NSAAR motifs [66]. Glasner et al. discuss 

this sequence in much greater depth and enumerate the reasons (including 
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genetic context) why this sequence is likely a new function in the enolase 

superfamily.  

A BTC example is gi 16082480. This sequence was annotated to the 

galactonate dehydratase family in the enolase superfamily. Though the sequence 

scores against the galactonate dehydratase family HMM at a bit score of 126.6, 

the sequence falls well below the Trusted Cutoff of 843.6. Additionally, the 

sequence scores significantly against the gluconate dehydratase family (E-value 

6.10E-153). Though the gluconate dehydratase family was not part of the 

misannotation analysis because not enough public information was available in 

the SFLD at the time to perform the analysis or determine a family threshold, our 

current understanding allows predicting that gi 16082480 is a gluconate 

dehydratase rather than a galactonate hydratase.  

2.4. Discussion 

Using a well-curated set of structurally and chemically diverse enzyme 

families as a test set, we have found that misannotation remains a serious 

problem, specifically in three public sequences databases that are mostly curated 

using automated methods (NR, TrEMBL and KEGG, Figure 2-3). Our manual 

examination of the annotations of over seven thousand sequences found that 

over a quarter of the enzyme families examined had levels of misannotation at or 

above 80% and five out of the six superfamilies examined displayed over 20% 

average misannotation in at least one database. The results for the primary 

sequence databases (NR, TrEMBL) and the secondary database (KEGG) were 

typically very similar. Because KEGG is a secondary database that sources its 
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sequence information from databases like NR and TrEMBL, it would appear that 

KEGG’s annotation errors are a direct result of error propagation from primary 

databases. These findings have significant implications for any database that 

uses primary sequence data without some degree of functional checking. Only 

the manually curated database, Swiss-Prot, consistently exhibited low levels of 

misannotation. This is a reassuring result, as many computational studies have 

used Swiss-Prot as a gold standard set. Our results also highlight the necessity 

of building and supporting manually curated databases that rely heavily (or 

exclusively) on experimental evidence. The main drawback to manual curation is 

the difficulty of keeping pace with new functional data. However, given the 

considerable difference in quality between manually and automatically curated 

databases, additional focus and resources should be devoted to manual curation. 

As an aid, the scientific community might consider requiring the submission of all 

experimentally characterized sequences to a centralized source (such as Swiss-

Prot) at the time of publication so that the manually annotated databases can be 

larger and more current.  

In examining not only four separate databases, but also sequences at the 

enzymatic family and superfamily level, we have greatly expanded upon previous 

investigations into annotation error. An interesting trend observed in the data was 

the high variability in the level of misannotation between families. While some 

families displayed significant misannotation (e.g. adenosine deaminase, AH 

superfamily), other families were very well behaved (e.g. bornyl diphosphate 

synthase, terpene cyclase superfamily). This trend holds true also at the level of 
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the superfamily. The six superfamilies analyzed were found to have different 

average levels of misannotation, from low (5%, terpene cyclase superfamily) to 

significantly high (63%, HAD superfamily). Given this variation, it is not possible 

to predict a priori the exact misannotation level of any new function or 

superfamily and it underscores the difficulty of making general annotation rules. 

These results are very much in keeping with previous work that showed that the 

criteria for functional annotation transfer are family-specific [24]. In addition, 

because of the structural and chemical diversity of the analysis set and the fact 

that many other enzymatic systems display complicated sequence-structure-

function relationships [67-69], similar patterns and levels of misannotation likely 

exist for a variety of additional enzyme families.  

2.4.1. Unexpected consequence of the misannotation analysis 

The advantages of the misannotation analysis as we have framed it is that 

it is based upon experimental information and expert knowledge. However, one 

noticeable drawback is that this analysis is most accurate at evaluating cases 

that resemble what has already been seen. Given the results of the analysis 

control tests (examining every sequence predicted to be ‘incorrect’ in Swiss-Prot 

and NR and assessing newly characterized sequences), we find that this does 

not appear to be a prevalent problem. However, one instance where our 

prediction failed, however, has lead to an interesting discovery relating to the 

muconate lactonizing enzyme (MLE I) family in the enolase superfamily. 

While examining every sequence that had been labeled ‘incorrect’ in the 

NR database, we discovered that gi 42627730 had been experimentally 
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characterized as an MLE I [70]. This was a surprise as our methodology, in 

addition to unpublished work (Glasner and Brown, personal communication), 

showed that this sequence belonged to a group of sequences that had not been 

expected to perform the MLE I function. It had been proposed that this group 

might in fact perform a new, as yet uncharacterized function. An evolutionary tree 

built by Glasner clearly showed that this unknown group was evolutionarily 

distinct and was also separated from the original (‘old’) MLE I group by another 

sequence group of unknown function. With the discovery by Murakami et al. that 

gi 42627730 was clearly and MLE I, the sequence group it belonged to was 

designated as the ‘new’ MLE group. The sequence group that separated the ‘old’ 

MLE group from the ‘new’ MLE group was designated as the MLE related 

sequences (or ‘unknown’ group). 

Our collaborators in the Gerlt lab crystallized and experimentally 

characterized a Mycobacterium smegmatis protein sequence (gi:118470554) 

from the ‘new’ MLE group [71]. Unexpectedly, although the sequence contained 

all of the canonical functional residues in their usual positions, and the overall 

reaction was identical to the ‘old’ MLE I reaction, the reaction mechanism of the 

‘new’ MLE I was found to proceed in a different manner. The ‘old’ MLE I proteins 

perform syn-cycloisomerization whereas the ‘new’ MLE I proteins perform ant-

cycloisomerization.  

Because the ‘old’ and ‘new’ MLE I proteins were distinct evolutionary 

groups and separated by another distinct sequence group this brought into 

question whether the two MLE I sequence groups had evolved their 
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functionalities separately (i.e. a case of functional convergence). We investigated 

this question by examining the genomic operon context of the ‘new’, ‘old’ and 

‘unknown’ MLE sequences groups. All sequences from the three MLE groups 

were used to query the Microbes Online database [72] and all proteins that 

mapped to the operons of each query sequence were retrieved. The full operons 

(including the sequences from the MLE groups) were visualized in a sequence 

similarity network (Figure 2-9). Nearly all of the sequences from the ‘old’ and 

‘new’ MLE operons map closely to one-another. However, only the sequences in 

the ‘unknown’ operons that were MLE-like showed any connections to ‘old’ or 

‘new’ sequences. All other ‘unknown’ operon sequences connected only to other 

‘unknown’ operon sequences or were singletons.  
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Figure 2-9. Comparing operon context for three MLE sequence groups. 
The sequence network is based upon sequence similarity (BLAST). Nodes in the network 
represent proteins and represent sequences from three different MLE sequence groups and the 
sequences from their respective operons. Two nodes are connected if at least one of the nodes 
finds the other with a BLAST E-value less than or equal to 1E-30. Nodes are colored based upon 
what sequence group they belong to. The shape of the nodes indicates whether the sequences 
are from an MLE group or whether they are the sequences retrieved from the operon search. The 
distance between any two nodes is an indication of the strength of their sequence similarity 
(force-directed layout). 
 

Because the ‘unknown’ MLE group separates the ‘new’ and ‘old’ MLE 

groups on the evolutionary tree and the ‘unknown’ group appears to have 

completely different operon context than the ‘old’ and ‘new’ MLEs, we have initial 

evidence that perhaps the ‘old’ and ‘new’ MLE groups were evolved separately. 

However, at this time it is not possible to separate this hypothesis from the 
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contradicting hypothesis that perhaps the ‘new’, ‘old’ and ‘unknown’ groups are 

simply divergent groups from one initial MLE I functional group. Without a more 

extensive examination of the evolutionary history of these enzymes, perhaps 

coupled with experimental characterization of ancestral sequences it is not 

possible to distinguish between the divergent and convergent hypotheses. 

2.4.2. Intrinsic problems for databases  

The level of misannotation in public databases is increasing rapidly 

(Figure 2-6). Our visualization of misannotation in relation to sequence similarity 

provides strong evidence that error propagation (via annotation transfer) is a 

common source of annotation error (Figure 2-7, Appendix B). Given the 

continued use of annotation transfer as the functional prediction method of 

choice [16-18]and the high levels of misannotation predicted by our analysis, this 

trend is likely to continue.  

Another annotation issue is the use of source information without 

reference. Often information from sites such as Pfam [8], or InterPro [9] are 

utilized for annotation without any reference to the original source. Annotating 

without reference in this manner can be problematic. Firstly, the original source 

information might not actually refer to a functional annotation. It may, in fact, only 

refer to a structural domain group or a broad sequence group. Frequently, 

however, the designation of ‘domain’ or ‘superfamily’ is not included in the final 

annotation, which will then lead the reader to conclude it is a functional definition. 

For example, the annotation ‘Mandelate racemase/muconate lactonizing enzyme’ 

is frequently used to annotate members of the enolase superfamily. While this 
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annotation appears to be describing a multifunctional enzyme that performs both 

racemization and lactonization, in reality it is the descriptor of the N- and C-

terminal Pfam-A models of the same name (PF01188 and PF02746) that 

describe a broad range of enolase superfamily functions [60]. Additionally, at no 

time was Pfam referenced as the source of the annotation. Because we were 

aware of the Pfam models and their designations we removed all these 

sequences from our analysis, but anyone not as familiar with the enolase 

superfamily might have been led astray.  

It should also be noted that this practice of using unreferenced information 

for annotations is additionally questionable because it denies these sources their 

due acknowledgment. Additionally, it makes it impossible to propagate 

corrections either from the source of the annotation or from the annotation 

recipient back to its source when corrections are needed. The issue of 

information propagation is a significant one. Not only did we find suggestive 

evidence of error propagation (Appendix B), the example of the misannotated 

glyoxalase I sequence (Table 2-2) underscores how difficult it is to propagate 

new information through a database to sequences and annotations that are 

already there. Although gi 505585 had been shown to be a glutathione S-

transferase (and not a glyoxalase I) in 2000, the old annotation in NR and in 

Swiss-Prot still persists. Another interesting case of this sort of misannotation is 

that of the 1,4-dihydroxy-2-napthoyl-CoA synthase family (crotonase 

superfamily). Originally, it was believed that the MenB gene in the Vitamin K2 

biosynthetic pathway performed the full synthesis of o-succinylbenzoyl-CoA to 
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1,4-dihydroxy-2-napthoate. However, it was discovered that many (if not most) 

MenB proteins in fact only catalyze the reaction of o-succinylbenzoyl-CoA to 1,4-

dihydroxy-2-napthoyl-CoA [73, 74] and another enzyme (gene yfbB) converts 

1,4-dihydroxy-2-napthoyl-CoA to 1,4-dihydroxy-2-napthoate. Although these 

discoveries were made in 2001, no sequences in the four analyzed databases 

were labeled with the new 1,4-dihydroxy-2-napthoyl-CoA synthase function 

(though there were many sequences that mapped to this function by sequence). 

Because no sequences were so labeled, this type of misannotation did not add to 

the level of misannotation calculated by our analysis. However, this example 

underscores the serious difficulty of reannotating sequences with a corrected 

function. 

2.4.3. Addressing the issue of misannotation.  

A way to address the issue of annotation error in both manually curated 

and automatically curated databases is to incorporate the use of evidence codes 

in databases. In this work we used evidence codes to label the type of 

misannotations found. Evidence codes can also be used to label other kinds of 

data, such as sources of functional annotations. A few databases, like the SFLD 

and Swiss-Prot have added evidence codes to all or some of their data and 

evidence codes are integral to the Gene Ontology [10]. Evidence codes are 

useful not only because they convey important information simply and clearly but 

also because they facilitate automatic analyses. For example, to find all 

sequences that have been experimentally characterized in a database (e.g. in 

GO), one could simply filter the database by the evidence code “Inferred from 
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Direct Assay” (IDA) and quickly retrieve the sequences of interest. Evidence 

codes require little effort to add to an annotation, although the addition of this 

information to a database might require some readjustment to the database 

schema and access depending on how such codes would be implemented.  

Ontologies also facilitate annotation. An ontology is a regularized set of 

objects and relationships between the objects that attempts to describe complex 

systems concretely and in a regularized fashion. The concept of function is 

inherently complex and can mean anything from chemical activity to metabolic 

context to organismal phenotype to something else entirely. This complexity can 

give rise to confusing or imprecise annotations when there is no universally 

accepted vocabulary to describe function. The utility of an ontology is that it 

enforces a clear structure upon the data and aids in clear communication. 

Because ‘function’ is so complex, no ontology yet exists that can completely 

encapsulate biological reality. However, giving functional information a 

framework for organization and propagation can help in minimizing unintended 

interpretations of annotations or misguided annotation transfers. The Open 

Biological Ontology is a commonly used ontology that contains the Gene 

Ontology (GO). GO is already being incorporated into databases such as Swiss-

Prot and the Protein Data Bank, and the SFLD has its own ontology.  While it 

might take considerable work to adjust a database to conform to an ontology, the 

resulting clarification of the internal data makes such a goal worthwhile.  

While we have just detailed several operational ideas to improve database 

quality and utility, there is also the theoretical question of how to annotate 
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sequences. In our analysis we found that the majority of misannotated 

sequences were annotated to families even though their scores against the 

family HMMs fell far below the family Trusted Cutoffs. Many sequences were 

annotated to functions with comparatively scant sequence similarity. Because 

this happened so frequently (Figure 2-8) it is clear that function overprediction is 

a common source of misannotation. Given these findings, we suggest a more 

measured approach to annotation in which function is only annotated to the level 

at which there is strong evidence. We term this annotating to the appropriate 

functional granularity. Therefore, when there is only enough evidence to clearly 

place a sequence in a superfamily but not in a functional family, the sequence 

should only be annotated to the granularity of the superfamily. While this might 

functionally underpredict some sequences, it prevents any problem of annotation 

error propagation as the information in the annotation might be general but it 

would be correct. This is especially crucial as our findings indicate that error 

propagation both within a single database (Appendix B) and between databases 

(e.g. error propagation from primary to secondary databases) is a prevalent 

problem. 

2.5. Conclusions 

Misannotation is a serious problem affecting at least three major sequence 

databases. Error propagation and the increase of annotation errors over time 

appear to be significant issues. While we looked at a set of six protein enzyme 

superfamilies, it is not unreasonable to suspect that the level of misannotation for 

all protein enzymes (and perhaps all proteins) is also significant enough to 
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warrant concern. We stress, however, that as this is a computational 

investigation, we can only provide an estimate of the true level of misannotation. 

We have briefly discussed ideas for improving the annotation process but, given 

the scope of the problem, progress can only be made from community-wide 

engagement. This is why we are developing a Misannotation Resource to which 

the community can submit cases of confirmed or suspected misannotation, so 

that the issue of functional misannotation can begin to be addressed. The critical 

next steps are the development of speedy large-scale methods to check and 

reannotate functional annotations in public databases and the continued support 

of these databases to re-organize and adjust as necessary to address the 

growing problem of annotation error.  

2.6. Methods 

2.6.1. Selection off functions to investigate for misannotation 

The functions analyzed in this investigation were all selected from the 

Structure-Function Linkage database (SFLD) [13]. The families analyzed met 

three criteria: each family had at least one x-ray crystal structure associated with 

it, catalytic residues needed for enzymatic function were identified, and suitable 

curated hidden Markov models [75] and alignments were available. Additionally, 

for the purposes of this text, the terms ‘function’ and ‘family’ are used as 

synonyms. 

The version of the SFLD used was from August 11, 2005. Six 

superfamilies were analyzed in the analysis, covering five different structural 
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folds and 37 different functions (Figure 2-1): enolase superfamily (10 families), 

crotonase superfamily (6 families), vicinal oxygen chelate superfamily (4 

families), terpene cyclase superfamily (6 families), haloacid dehalogenase 

superfamily (4 families) and amidohydrolase superfamily (7 families).  

2.6.2. Protein sequence data 

Four public databases were analyzed for misannotation: the GenBank 

Non-redundant (NR) database [2], the UniProtKB/TrEMBL and UniProtKB/Swiss-

Prot databases [3] and the protein database of the Kyoto Encyclopedia of Genes 

and Genomes (KEGG) [59]. The protein sequences from these four databases 

were downloaded on February 17, 2006 in FASTA-formatted files. The NCBI 

program formatdb [76] was used to create BLAST databases out of the FASTA 

files. Additionally, the protein sequences from the Gene Ontology (GO) database 

[10] were downloaded on the same day.  

2.6.3. Thresholds to determine family (functional) membership 

In order to differentiate family members from non-family members, HMM 

bit-score thresholds were determined for each family examined in the 

misannotation analysis (Appendix A). All sequences in the SFLD assigned to 

families and all sequences in GO that were marked with the evidence code 

“Inferred from Direct Assay” (IDA) were scored against all SFLD hidden Markov 

models using the HMMER program hmmpfam using an E-value cutoff of 100 

(14,902 sequences scored). The resulting scores of every sequence relative to 

every HMM were then compiled and labeled according to whether they the 
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sequences functionally belonged to the family that they scored against. The 

Trusted Cutoff (TC) was defined as the HMM score of the lowest -scoring family 

member (Figure 2-4) against the appropriate family HMM. The Trusted Cutoff 

was the threshold at which the misannotation analysis was performed.  

Two additional thresholds were defined in order to model the change in 

predicted misannotation as a function of threshold: Noise Cutoff (NC) and 

Lenient Cutoff (NC). The NC is the HMM score of the highest -scoring non-family 

member (Figure 2-4) against a given family HMM. The LC is a permissive 

threshold that is chosen by adding erroneous data. The score threshold is 

lowered from the Noise Cutoff to a score at which 5% of the total sequences 

encompassed by that threshold are non-family members. The designation of the 

TC and NC thresholds is very similar to the process used by Pfam [8, 77].  

There were several cases in which no non-family members scored against 

certain family HMMs. For these cases the LC was defined as a score of 40, 

which in our models, roughly corresponds to an E-value of 1x10-10. An E-value of 

1x10-10 is often used as a lower bound threshold for displaying homology [75]. 

The NC was then defined as the midpoint between the TC and the LC.  

In one instance, the glucarate dehydratase family (enolase superfamily), 

scores for non-family members and family members overlapped. In this case, the 

Trusted Cutoff was defined as the lowest-scoring family member that scored 

above all non-family members. The Noise Cutoff was defined as the score at 

which the first non-family member scored. The Lenient Cutoff was then defined 

as the lower of either the lowest-scoring family member or the lowest-scoring 
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non-family member that had been included in the set to create 5% error. For this 

family, the lowest score (and therefore the LC) was a family member.  

2.6.3.1. Modeling analysis dependence on thresholds.  

In order to determine whether the choice of family thresholds (Trusted 

Cutoff) were overly influencing the misannotation results, two other thresholds 

were used to see whether the misannotation analysis results changed 

dramatically. The other thresholds, the Noise Cutoff and the Lenient Cutoff, were 

defined as stated previously and the misannotation analysis was performed for 

each threshold identically to the analysis described below. 

 

2.6.4. Misannotation analysis algorithm 

2.6.4.1. Keyword search 

The misannotation analysis encompassed several steps (Figure 2-2) and 

was identical for each database examined and each family analyzed.  Keyword 

search was the first step in the misannotation analysis. For each of the 37 

functions analyzed keyword dictionaries were compiled (Appendix F). The 

dictionaries were created using information available in the SFLD and, when 

appropriate, the functional information and synonym lists from the Enzyme 

Commission (EC)[78]. All sequences with annotations matching one or more of 

the keywords were retrieved from each database (regular expression string 

matching). This was an automated step using the 

checkKeywordMisannotation.py code in Appendix B. The annotation of every 
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sequence retrieved was examined by eye and the sequences associated with 

any spurious annotations were removed.  All annotations that did not specify the 

enzymatic function under analysis were also removed (this included any 

annotations that only specified gene names). If an enzymatic function and some 

other function (not associated with its catalytic functionality such as localization 

or biological role) were listed in the annotation, only the catalytic designation was 

analyzed. Any annotation that used the words ‘family’, ‘-like’, ‘similar to’, ‘related 

to’ and ‘homolog’ were not included in the final analysis as it was assumed that 

these designations did not mean to specify an exact function but rather a group 

of sequence-related proteins. All descriptors of ‘hypothetical’, ‘probable’, 

‘putative’, ‘potential’, ‘predicted’ and ‘likely’ were noted but the descriptors were 

ignored in the analysis. If an annotation contained both a general description and 

a specific description (e.g. “(GLYOXALASE I HOMOLOG); lactoylglutathione 

lyase”) the portion of the annotation that defined a specific function was 

analyzed. Additionally, all fragments were removed from the analysis. A 

sequence was considered a fragment if it was too short either at the N or C 

terminus to contain all functionally important residues. A sequence that appeared 

to be missing interior portions of sequence was not considered a fragment. Also 

any sequence that corresponded to a crystal structure was noted and removed if 

it contained mutations in the functionally important residues. All other crystal 

structure sequences were analyzed normally. 
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2.6.4.2. Misannotation prediction and classification 

The next steps in the analysis were the determination of the presence of 

catalytically important residues and the confirmation of the sequence as a family 

member by virtue of its HMM score. Each of the sequences retrieved by the 

keyword search were scored against all of the HMMs in the SFLD using the 

HMMER program hmmpfam (E-value cutoff of 100). Every time a sequence 

scored against an HMM it was additionally aligned to the HMM. Using a defined 

database of catalytic residues for each family (SFLD), it was automatically 

checked if the aligned sequence contained the necessary functionally important 

residues. Both the scores of the sequences against all HMMs and the 

presence/absence of catalytic residues were output into a human-readable 

format. 

At this point the analysis became manual. Each functionally annotated 

sequence was checked by eye to determine whether the sequence was 

misannotated and, if so, what type of misannotation it exemplified (Figure 2-2). 

Examining the output scores for each sequence, it was first determined whether 

the sequence mapped to the appropriate superfamily by scoring against the 

superfamily HMMs. If the sequence did not score against the appropriate 

superfamily HMM, it was labeled as misannotated and was classified as ‘No 

Superfamily Association’ (NSA). If the sequence passed this test, it was then 

checked whether it mapped to the appropriate family. If the sequence did not 

score against the family HMM it was labeled as misannotated and classified as 

‘Superfamily Associated Only’ (SFA). If the sequence did map to the family HMM 
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it was then checked whether it contained the necessary functionally important 

residues (residue designations from the SFLD). If the sequence did not contain 

one or more of the necessary residues due to mutation or addition/deletion the 

sequence was labeled misannotated and classified as ‘Missing Functionally 

Important Residue(s)’ (MFR). It should be noted that conservative amino acid 

substitutions and/or mutations that might still be functional (e.g. still bind to a 

metal etc.) were acceptable and not labeled as ‘missing’. If the sequence 

contained all the necessary residues it was passed on to the final test, checking 

whether it scored at or above the family threshold (Trusted Cutoff) for that family. 

If the sequence did not score above the threshold it was labeled misannotated 

and classified as “Below Trusted Cutoff’ (BTC). If the sequence did score above 

the threshold it was labeled as correctly annotated. In total, over all four 

databases, 7255 sequences were examined in the misannotation analysis. The 

raw data is in Appendix K. 

2.6.5. Change in misannotation over time.  

For each sequence analyzed in the NR database, the original submission 

date of that sequence was retrieved from NR. The sequences were then binned 

by submission year and predicted annotation status (Figure 2-6). In order to 

check that the results were not skewed by the fact that more sequences were 

being submitted every year to the database, we calculated the fraction of 

predicted misannotated sequences per year versus the total number of 

sequences that were deposited that year from our analysis set (misannotated 
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sequences deposited in specific year from analysis set/Total sequences 

deposited in specific year from analysis set). 

2.6.6. Misannotation analysis controls and tests. 

2.6.6.1. Examination of every sequence in NR and Swiss-Prot found 

to be incorrect.  

To verify the accuracy of our misannotation analysis results using an 

alternative to our protocol, we looked for literature that might contradict our 

misannotation predictions. All sequences from the NR and Swiss-Prot databases 

found to be misannotated by the analysis were checked to insure that no 

reference existed that contained experimental characterization of the sequence’s 

catalytic functionality that contradicted our prediction. All of the full NCBI and 

Swiss-Prot data pages for each sequence labeled incorrect were examined 

manually and the accompanying references inspected for experimental 

characterization. In total the references of 1155 sequences were manually 

examined. Of the 1112 and 43 sequences predicted to be misannotated in NR 

and Swiss-Prot respectively, only 4 sequences (3 in NR, 1 in Swiss-Prot) could 

be associated with a publication that contained experimental results that 

conflicted with our predictions. One additional sequence in NR was found to be 

incorrectly classified as misannotated based upon an extensive study of genome 

context and evolutionary relationships [66]. Another sequence was found to be 

incorrectly classified based upon a collaborator’s manuscript in progress (F. 

Raushel, personal communication). Each of these six contradicting sequences 

had their annotation predictions corrected and they do not contribute to the final 
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level of misannotation predicted. Additionally, for the six contradicting sequences 

found, all sequences that were 99% identical to these sequences were also 

changed to be ‘correct’ and do not contribute to the final misannotation level. 

2.6.6.2. Assessment of newly characterized sequences.  

Another test of our method was performed by analyzing sequences of 

proteins that had been newly experimentally characterized. We compiled a list of 

27 sequences that had been characterized since the download of our analysis 

databases (February 2006) and submitted to the NR database. These sequences 

belong to 4 superfamilies: enolase (7 sequences), crotonase (2 sequences), 

terpene cyclase (2 sequences), and amidohydrolase (16 sequences). We 

performed the identical misannotation analysis on these sequences as described 

above and compared our predictions against their known experimental 

characterizations. Of these, 26/27 were labeled by our analysis protocol as 

correctly annotated, consistent with the experimental results. One sequence, a 

muconate cycloisomerase in the enolase superfamily, scored against the family 

HMM slightly below the Trusted Cutoff for that family and was therefore 

incorrectly classified as misannotated. This example shows that threshold choice 

can have an affect on our misannotation results, although lowering the stringency 

of the Trusted Cutoff did not dramatically increase the predicted incidence of 

misannotation. 

              51



 

2.6.6.3. Stability of annotations.  

We examined whether any corrections had been made for sequences that 

we had predicted to be misannotated. Of the 1112 sequences in the NR 

database found to be misannotated by our analysis, we examined the current 

annotations of 111 of them (~10%), chosen randomly. These 111 sequences 

were re-downloaded from the February 2008 NR database and the annotations 

were manually compared to the annotations from 2006. Of these, 96% of the 

annotations were unchanged (107 sequences), 3% of the sequences had new 

functional annotations (3 sequences) and for 1% (1 sequence), there was no 

longer a functional annotation. 

2.6.6.4. Assessment of functional residue designation.  

Every sequence that was found by our automated process to be missing 

one or more functionally important residues was checked manually. The 

alignment of the sequence to the family HMM alignment was first visually 

inspected to ensure that there was no obvious misalignment or conservative 

substitution (all standard amino acid substitutions were accepted). If there was 

no obvious substitution or simple shift in the alignment that would rectify the 

mutated amino acid further analysis was performed. Using the alignment 

program Muscle [79] the mutated sequence was aligned to the set of sequences 

in the SFLD found in that functional family. In conjunction with an examination of 

the available literature, the alignments were manually analyzed and a case-by-

case decision was made whether to accept the mutation. Any sequences for 
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which the mutation was accepted were passed on to the next (and final) analysis 

step (threshold step). 

2.6.7. Examining the genome context of ‘new’ MLE sequences 

All sequences in the SFLD belonging to the ‘new’ and ‘old’ MLE families 

were downloaded and retrieved. The set of ‘unknown’ MLE sequences was 

defined and provided by M. Glasner (personal communication). Using an 

automated program, Microbes Online was queried to return all the sequences 

identified to be in the operons of the three MLE groups. All sequences retrieved 

were blasted against each other (all-by-all BLAST). The resulting network was 

visualized with Cytoscape 2.6.1 with edges filtered to at or below 1E-30. The 

accession numbers and the operons returned are in Appendix M. 

2.6.8. Computation and figures 

. The automated portions of the misannotation analysis were all preformed 

on linux computers. All data plots were produced using the software R v2.6.0 see 

Appendix G for R code.  
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Chapter 3.  
A Second Approach to Finding 
Annotation Error 
3.1. Abstract 

3.1.1. Background 

A frequent scientific problem in today’s post-genomic era is the functional 

annotation of new uncharacterized sequences. Our work in Chapter 2 has shown 

that a significant number of the functionally predicted sequences in commonly-

used, public databases have been incorrectly labeled to specific protein 

functions. The misannotation analysis in Chapter 2 focused only on sequences 

that were annotated to one of 37 enzyme families. Any sequences labeled to 

other functions (either partially or completely) or labeled generally (not to a 

specific function) were ignored. However, these omissions potentially leave out 

interesting knowledge about annotation and misannotation. How often are 

sequences that should be annotated to a given function annotated as something 

else? Are general annotations commonly used? How often do annotations 

contain both correct and incorrect information? The focus of this chapter is to 
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examine these questions in order to gain a better understanding of annotation 

trends and annotation error.  

3.1.2. Results 

Using sequence similarity searches coupled with defined family 

thresholds we have gathered all sequences belonging to 37 different enzyme 

families from four public sequence databases (GenBank NR, 

UniProtKB/TrEMBL, UniProtKB/Swiss-Prot and KEGG). For each of these 37 

functions we examined whether the functional annotations retrieved for the 

sequences corresponded to their assigned functional family. Using this analysis 

procedure we find that the levels of misannotation in the family groups widely 

vary. While certain families (e.g. in the enolase and crotonase superfamilies) 

display high levels of misannotation (over 20%), other families do not contain any 

sequences with annotation error (e.g. in the terpene cyclase superfamily). We 

find that in 70% of the families investigated, sequences are often annotated 

correctly but generally, meaning that a specific function description is not given. 

In addition we find frequent use of equivocal annotations, in which part of the 

annotation is correct, but part of the annotation is incorrect. We also determine 

that the majority of all types of annotation error (incorrect and equivocal 

annotations) and the use of general annotations appear primarily in the post-

genomic era, and they are not simply a result of the addition of more sequences 

to the databases. 
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3.1.3. Conclusions 

The extremely variable levels of misannotation in the 37 analyzed 

families indicate the difficulty in predicting which families might display significant 

misannotation prior to analysis. However, the levels of misannotation found in 

some of the 37 families displayed significantly less annotation error than found 

when performing the general misannotation analysis (Chapter 2). Given the fact 

that the 37 families investigated all have been experimentally characterized it is 

not immediately clear why certain families evidenced such large levels of 

incorrect and equivocal annotations while others did not. It is possible that the 

largess of new genome sequences, the expectation of rapid sequence 

annotation, the prevalent use of prediction from annotation transfer and the 

difficulty of updating misannotated sequences in the databases might all 

contribute in non-systematic ways to the misannotation problem. These findings 

underscore the idea that using a family context for annotation as opposed to 

binary annotation transfer can improve annotation accuracy. 

3.2. Introduction 

The work in Chapter 2 showed that misannotation is a significant issue for 

public sequence databases. However, this analysis only examined one general 

kind of annotation error, the error of annotating a sequence incorrectly to a 

specific function. This analysis ignored any sequences that were not labeled to a 

specific function (i.e. were annotated with a general, not exact, function 

description). Additionally, it discarded any sequences that contained both 

incorrect and correct functional data. That analysis also did not catch any 
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sequences that should have been annotated to one function but were annotated 

to a function not included in the analysis set. Because of these omissions an 

additional annotation analysis was devised that would attempt to determine the 

contribution of annotation errors that occur from the above situations.  

We have modeled this question by gathering sequences of known function 

from several public databases (based upon homology and experimental 

information) and checked whether the each sequence was annotated correctly. 

The functions used are the 37 families examined in Chapter 2 and the databases 

are identical (GenBank NR, UniProt/TrEMBL, UniProt/Swiss-Prot and KEGG [2-

4, 59]). The methodology for the annotation analysis is depicted in Figure 3-1. 

The analysis is a step-wise process to identify sequences that map to a specific 

function and then ascertain whether they are annotated correctly. NR and 

TrEMBL are both large public primary databases where most annotations have 

been automatically assigned through computational function prediction. Swiss-

Prot is also a primary sequence database but it is manually curated. KEGG is a 

secondary database where its protein sequences and annotations are derived 

from primary sequence databases.  

The 37 enzyme families are members of six superfamilies (Table 3-1): 

amidohydrolase (AH), crotonase, enolase, haloacid dehalogenase (HAD), 

terpene cyclase and vicinal oxygen chelate (VOC). These families were chosen 

because of the availability of mechanistic, structural and sequence information 

for these functions. A hand-curated hidden Markov model (HMM) represents 

each family and the residues for necessary for enzymatic activity have been 
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identified. This and more extensive information is available from the Structure-

Function Linkage Database (SFLD), a manually curated database of enzymatic 

superfamilies [13, 14, 60].  

 

Figure 3-1. Similarity-based annotation analysis flow chart. 
The analysis starts by gathering all sequences (by HMM) that belong to one of the 37 functional 
families. These sequences are taken from one of four sequence databases (NR, TrEMBL, Swiss-
Prot or KEGG). Each sequence retrieved proceeds through a stepwise process to determine if it 
is appropriate to analyze. The first step checks whether the sequence is annotated to a molecular 
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(enzymatic) function. The second step checks whether the sequence scores above the previously 
defined family threshold for that function. The third step checks whether the sequence contains 
the necessary residues to perform the function of the family to which it has been placed. If the 
sequence passes all of these steps, it is then checked to see whether it is annotated to the 
correct function. The correct function must either specify the exact function of the enzyme or must 
be a more general function designation that is accurate. Misannotations can either be completely 
incorrect annotations, or annotations containing both correct and incorrect information making 
them equivocal. 

 

For the annotation analysis described in Figure 3-1 the first step is to 

select sequences from a database that map by sequence similarity to the 

function under investigation (using the SFLD’s HMMs). Only sequences that are 

annotated to an enzymatic function are analyzed, the remainder are discarded. A 

sequence is found to belong to a family if it scores against the family HMM well 

enough to score better than the pre-defined family threshold (see methods). All 

sequences that pass this threshold are further examined to determine whether 

they contain the necessary functionally important residues to perform the 

enzymatic function. Any sequences that do not have one or more of the 

appropriate residues are discarded. At this point the set of sequences belonging 

to the function under investigation have been defined. 

The annotations of each sequence are then manually checked to 

determine if they are accurately annotated to the known function. The 

annotations can be classified into four categories. If the annotation is found to be 

incorrect, it is labeled as ‘incorrect’. If the annotation is found to contain both 

correct and incorrect function designations it is labeled as ‘equivocal’. If the 

annotation is found to be correct it will either be labeled as ‘exact’, if it has the 

specific function definition of the enzymatic activity, or it will be labeled ‘general’. 
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Table 3-1. Number of sequences analyzed per family in the similarity-based misannotation 
analysis. 
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3.3. Results 

3.3.1. Annotation trends in 37 functional families 

The results of the annotation analysis (Figure 3-1) are plotted in Figure 3-2 

and tabulated in Table 3-2. The levels of correct, incorrect and equivocal 

annotation varied widely between the different families. For example in the 

enolase superfamily in the NR database (Figure 3-1 A), the mandelate racemase 

family was 100% correct (general annotations of 14%), whereas the galactonate 

dehydratase family was almost 40% incorrectly annotated with an additional 4% 

of its sequences annotated equivocally. In general the enolase and crotonase 

superfamilies exhibited the highest levels of misannotation. Similar to our findings 

in Chapter 2, the terpene cyclase superfamily (Figure 3-1 D) was particularly well 

annotated, however, in contrast to Chapter 2, the VOC (Figure 3-1 C) and AH 

(Figure 3-1 F) superfamilies displayed significantly less misannotation. Thirty-five 

percent of the families examined exhibited over 20% incorrect/equivocal 

annotations in at least one database. Seventy percent of the families investigated 

contained sequences that were correctly, but generally, annotated.  

The annotation analysis results in the automated-curation databases (NR, 

TrEMBL and KEGG) were similar to one another, although variation was evident. 

For example in the 3-hydroxyisobutyryl-CoA hydrolase family (crotonase 

superfamily, Figure 3-1 B) the levels of misannotation were 86%, 83% and 89% 

in the NR, TrEMBL and KEGG databases respectively. However, in the FosA 

family (VOC superfamily, Figure 3-1 C) the level of misannotation was 19% in the 

NR database, and 0% (all general annotations) in KEGG (no FosA sequences 
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were found in the TrEMBL database). Similar to the results seen in Chapter 2, 

the Swiss-Prot database was uniformly well annotated. 
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Figure 3-2. Levels of misannotation and correct annotation in six superfamilies (similarity-
based analysis). 
The results are organized by superfamily; Panel A: enolase, B: crotonase, C: vicinal oxygen 
chelate, D: terpene cyclase, E: haloacid dehalogenase and F: amidohydrolase superfamily. In 
each panel, the percent misannotation for each superfamily in each database is depicted. The 
four plots in each panel correspond to the NR, TrEMBL, KEGG, and Swiss-Prot databases, 
respectively. Each bar within each plot is a stacked bar plot indicating the percentage of 
sequences in that family that are correctly, incorrectly or equivocally annotated (yellow, white, 
black and grey bars respectively). The colors below each stacked bar designated the family as 
defined in Table 3-1.  The size of each circle corresponds to the number of sequences in the 
family (as defined in Figure 2-3): smallest circle ≤ 10 sequences, medium circle 11-49 sequences, 
largest circle ≥ 50 sequences. A family with no bar and an empty circle means that no sequences 
were retrieved from that database in that family. The order of the families depicted for each 
superfamily is arbitrary but is consistent through all panels. 
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3.3.2. Annotation results in relation to submission date 

 We found in Chapter 2 that the majority of misannotation was 

added to the database in the post-genomic era (after 2000). We performed a 

similar analysis for the sequences analyzed here (Figure 3-3). As before, we 

found that concomitant with a large increase in overall sequence depositions to 

the NR database there was an increase in the number of sequences with 

incorrect and equivocal annotations. The proportion of sequences that were 

incorrectly annotated (black line) also increased from year to year, therefore the 

increase in misannotation was not due simply to an increase in the number of 

sequences. Similarly, a greater fraction of sequences were annotated to general 

function annotations and not specific function annotations in the post-genomic 

years. Again, this increase was not due simply to the increase in database size 

(data not shown). 
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Figure 3-3. Distribution of annotations over time in the NR database.  
Sequences are plotted by the year when they were originally deposited in the database (x-axis). 
The number of sequences (left y-axis, bar graph) found to be correctly annotated for a specific 
function is shown in white. General, though correct, annotations are shown in yellow. The number 
of sequences found to be incorrectly annotated by our analysis is shown in black. Any 
annotations that contained both correct and incorrect information (equivocal) are shown in grey. 
The fraction (right y-axis, line plot) of incorrect superfamily sequences deposited each year into 
the NR database is given by the open nodes, connected by the black line to aid in visualizing the 
overall trend. This fraction represents the number of sequences in the 37 test families predicted 
to be incorrect divided by the total number of sequences deposited each year from the test set, 
i.e. the sum of the sequences depicted in the yellow, white, black and grey bars for each year. 

3.4. Discussion 

Our analysis in Chapter 2, in addition to early investigations into 

annotation error [31, 32] and anecdotal reports [27, 34-36] have shown that 
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misannotation is a considerable problem in public databases. As an addition to 

the work in Chapter 2 we have investigated the contribution of other kinds of 

misannotation to the problem of annotation error. We have investigated this 

question by examining how many sequences that belong (by sequence similarity) 

to a functional family are misannotated in four public databases (NR, TrEMBL, 

KEGG and Swiss-Prot). We worked with 37 families from the SFLD that had 

been experimentally characterized and utilized in Chapter 2.  

 The results from our annotation analysis (Figure 3-2) show that the levels 

of incorrect, equivocal and correct annotation (of both the specific and general 

types) vary greatly from family to family. It is not possible to a priori predict the 

misannotation level of a new family from a previously known family. This is very 

similar to what was found in Chapter 2 and to previous reports that stressed the 

necessity of analyzing and annotating families individually versus a uniform 

process [24]. However, two superfamilies—enolase and crotonase—exhibited 

consistently more annotation error that the remaining four superfamilies. 

Additionally, one superfamily (terpene cyclase) displayed no misannotation, 

allowing for a coarse-grained prediction of likelihood of misannotation levels for 

any new families: enolase, crotonase (high), HAD (medium), VOC, AH, terpene 

cyclase (low). Analogous to the analysis results in Chapter 2, the three large 

automated-curation databases (NR, TrEMBL, KEGG) exhibited similar annotation 

trends, showing that error propagation had occurred from primary databases 

(NR, TrEMBL) to secondary databases (KEGG). Additionally, Swiss-Prot was 
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almost entirely correctly annotated, indicating again the data quality of the 

manually curated database.  

The misannotation analysis in Chapter 2 only examined proteins with 

specific functional descriptions. In the analysis presented here, all proteins that 

mapped by sequence and catalytic residues to a function were investigated. This 

meant that any annotation (as long as it was a description of an enzymatic 

function) was examined. As a result, in addition to incorrect and correct function 

descriptions there were two new annotation types: equivocal and general 

(correct). Equivocal and general annotations only appear to have entered the 

database in the post-genomic era (Figure 3-3). This correlated with a marked 

increase of incorrect annotations in the databases. It is interesting to note that 

the introduction of equivocal and general annotations to the NR database lags 

that of incorrect annotations. It is possible that the equivocal annotations result 

from the increased error in the database and the general annotations result from 

annotators’ attempts to minimize error from function overprediction. Given that 

the annotation histories of sequences are not available, it is not currently possible 

to examine this hypothesis. However, as we see here in Figure 3-3 and 

previously in Figure 2-6, the influx of sequences to public databases in the post-

genomic era appears to have created a significant annotation problem and 

eroded database quality. The apparent expansion of the practice of using general 

annotations (Figure 3-3, year 2005) is encouraging however, as this is a simple 

way to keep erroneous overpredictions from propagating (one that we discussed 

in Chapter 2). 
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Given the levels of misannotation found in Chapter 2 it was notable to see 

an overall decrease in annotation error in this analysis. However, it is still unclear 

as to why, when these families are so well characterized and when it was a 

simple matter to map these sequences to known families, certain families 

displayed significant levels of misannotation. It is possible that the pressure to 

quickly annotate an overwhelming numbers of sequences coupled with the 

prevalent use of annotation transfer and the difficulty of reannotating 

misannotated sequences (Chapter 2) has created a situation in which even 

‘simple’ cases can become difficult. This leads us to conclude that utilizing family 

context when it is available is exceedingly important (instead of the annotation 

transfer method which is essentially binary—‘known’ annotation to ‘unknown’ 

sequence). Databases like the SFLD, were experimental information is aligned 

with sequence and functional families are well defined, appear to be great aids in 

filtering out some level of misannotation. This corroborates the opinions of two 

recent reviews that advocate the abandonment of annotation transfer for 

annotation methodologies that use functional family context and orthogonal 

information [16, 17].  

3.5. Conclusions 

We manually investigated the annotations of nearly ten thousand proteins 

in 37 different functional families in order to investigate additional sources of 

misannotation. The misannotation problems uncovered (incorrect and equivocal 

annotations) are correlated with the large influx of sequences from genomic 

sequencing projects. The more prevalent use of general annotations is believed 
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to be also a result of this sequence explosion. It should be noted, however, that 

the family groups gathered by our analysis were stringently structured so as to 

ensure that each sequence analyzed did belong to the family to which it was 

assigned. If in reality the families encapsulate sequences that are more 

sequence diverse, we have found that the levels of misannotation can increase 

dramatically in some families (data not shown) and the true level of 

misannotation determined in this analysis might be significantly underestimated. 

3.6. Methods 

3.6.1. Selection of functions, protein sequence data, thresholds 

The selection of functions to investigate and the protein sequence data 

sources used were identical to that described in Chapter 2 in sections 2.6.1 

(Selection off functions to investigate for misannotation), and 2.6.2 (Protein 

sequence data). The process to determine the family sequence thresholds is 

covered in section 2.6.3 (Thresholds to determine family (functional) 

membership). 

3.6.2. Similarity-based annotation analysis algorithm 

The general process of this analysis follows the flow chart in Figure 3-1.  

Each of the 37 different families was analyzed in the following manner. The 

hidden Markov model for the family was used to search each database (NR, 

Swiss-Prot, TrEMBL, KEGG) for family sequences using the HMMER program 

hmmsearch [75] with an E-value cutoff of 10-10. The scores and E-values for each 

hit was parsed from the resulting files and the accession numbers for these hits 
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were used to retrieve the annotation for each sequence from the source 

database. This was done using the NCBI program fastacmd with the flag ‘-t’ in 

order to only retrieve the information related to that specific accession number. 

Each sequence was also aligned to the HMM that found it (using HMMER 

hmmalign) and it was determined whether the sequence contained the necessary 

functionally important residues. All of the above steps were performed by a 

series of two automated python scripts (runHMMSearchSFLD.py Appendix H and 

filterHomolSearchSFLD.py Appendix I).  

The analysis of the results from the above scripts was performed using the 

TC as the analysis threshold (Appendix A). The annotations of all sequences that 

fell above the cutoff threshold and contained the necessary residues were 

manually analyzed. If a sequence did not have an annotation that described an 

enzymatic function it was discarded. If a sequence’s annotation was found to be 

completely correct or incorrect, it was so marked. If the sequence was correctly 

annotated (as defined by our analysis) but the annotation contained additional 

incorrect enzymatic functional designations, the annotation was labeled 

equivocal. If a sequence was found to be annotated correctly, but not to the level 

of detail as could be applied, the sequences was marked as general. In total, 

over the four databases, 9613 sequences were manually examined. The raw 

data is in Appendix L. 

3.6.3. Annotation results in relation to submission date 

This analysis was performed identically to that as described in Chapter 2 

section 2.6.5 (Change in misannotation over time.). For the plotted line 
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representing the fraction of sequences predicted to be incorrect per year, only 

the sequences with incorrect annotations were counted (not the equivocal 

annotations). The results do not significantly change with the addition of the 

equivocal sequences. 

3.6.4. Computation and Figures 

The automated portions of the misannotation analysis were all preformed 

on a 90-node x86 cluster running Fedora Core 4 (nodes had either dual 2.6GHz 

Xeon or dual 1.5 GHz Athlon processors). The scoring of the protein sequences 

against all SFLD hidden Markov models to determine family thresholds was 

performed on single processor x86 machine running Redhat Workgroup 3. All 

data plots were produced using the software R. 
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Chapter 4.  
Conclusions and Future Directions  
4.1. Abstract 

Misannotation is a serious problem facing public sequence databases. 

The results from Chapter 2 showed that the levels of misannotation are more 

significant and prevalent than previously reported and the annotation analysis in 

Chapter 3 corroborated these results. Error propagation additionally appears to 

be common. In every annotation analysis here performed the level of 

misannotation was found to be increasing over time. There is now a critical need 

for simple and quick ways to predict misannotations and a mechanism to 

propagate this information. As a future direction, a rapid misannotation prediction 

algorithm is described and a Misannotation Resource database for the 

community is discussed. 

4.2. The annotation analyses—summary and thoughts 

The research presented in this dissertation has shown that misannotation 

in public protein sequence databases is a prevalent and serious problem. 

Unfortunately, it is also difficult to predict what functions will or will not be 

misannotated as certain families can be almost entirely misannotated while 
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others are perfectly annotated (Figure 2-3, Figure 3-2). The results presented in 

Chapter 2 provide initial evidence that error propagation is a significant source of 

the misannotations. Additionally, as evidenced by the levels of misannotation 

found in the KEGG database, there is a very real problem of error propagation 

from primary to secondary databases. All of the annotation analyses performed 

in this thesis (Chapter 2 and Chapter 3) show that misannotation is a problem 

that is worsening over time. This worsening correlates directly with the massive 

influx of genome sequencing project proteins into the databases. Without action, 

the sequence databases that form the core of much experimental and 

computational work will be riddled with errors.  

Not every database exhibited significant misannotation. The manually 

curated database Swiss-Prot was almost uniformly well annotated. These results 

clearly show the importance of maintaining manually curated databases. Several 

other concepts are important considerations for improving database quality. First 

evidence codes and proper source attribution are critical in order to help the 

annotation reader know how much confidence to attribute to the annotation. Also 

important is the implementation and utilization of a standardized vocabulary or 

ontology to allow for clearer communication of ideas. Lastly, a significant issue is 

that of annotating to the level appropriate for the functional evidence available. 

Annotating to the appropriate functional granularity helps insure that 

misannotations due to functional overpredictions are not as likely. 

Fundamentally, the problem of misannotation derives from the fact that 

identifying misannotations is not a rapid task, further complicated by the fact that 
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reannotation is currently difficult [80] which in turn means that any corrections are 

long in coming. The analyses described in this thesis required significant manual 

effort, which is not a tenable option when dealing with entire databases (or even 

large portions of databases). The next step beyond this work is the design and 

implementation of algorithms that can quickly and easily find potential 

misannotations. What is additionally needed is a way to propagate these 

misannotation predictions to the public. Another future direction step that will be 

discussed is the design and implementation of a Misannotation Resource 

database for the public. 

4.3. Future work: methods for rapid misannotation prediction 

4.3.1. Rapid prediction of misannotated proteins through visualization and 

simple sequence metrics 

When performing the misannotation analysis in Chapter 2, it became 

apparent that many misannotations that were found fell into distinct patterns in 

sequence networks. Figure 4-1 is a detailed view of the VOC superfamily 

misannotation results from Chapter 2. Highlighted on this network in rectangles 

are the commonly observed types of misannotation groups. We saw that a large 

proportion of misannotations were either a) singletons, unconnected to other 

sequences or b) in offshoot groups from a main sequence group. Because of this 

observation, it became evident that a Misannotation Finder algorithm could be 

designed that would allow for the rapid prediction of potential misannotations. 

The goal of this algorithm would not be to determine every misannotation, or 
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even to be stringently accurate. The goal would be to create a ‘suspect list’ of 

proteins for which one should be cautious when using the annotation. Such a 

suspect list would alert any scientist to the potential issue of function annotation 

error without necessarily designating the annotation as definitively incorrect. 

 
Figure 4-1. Detailed view of the VOC superfamily correct and incorrect annotations. 
Figure is detail of VOC superfamily from Figure 2-7. Circular nodes are ‘correct’. Triangular nodes 
are ‘incorrect’. Nodes highlighted by rectangles are examples of misannotation groups that can 
be identified by the Misannotation Finder algorithm. Nodes highlighted by a circle are examples of 
where some of the nodes would be classified incorrectly by the Misannotation Finder algorithm. 
 

The description of the process to create a suspect list of potential 

misannotations is covered in Figure 4-2. As an input one would need a set of 

known sequences and the set of unknown sequences that need to be analyzed. 
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The sequence similarities of the input protein group would be calculated (all-by-

all BLAST). The protein group would be visualized in a similarity network 

(Cytoscape) using an appropriate E-value cutoff. It is anticipated that this cutoff 

would be empirically determined from a training set of sequences. With the 

‘knowns’ labeled in the network, the Misannotation Finder algorithm could be 

used to manually designate suspect sequences. 

 

Figure 4-2. Flowchart to generate suspect list of potential misannotations.  
Starting with an input set of sequences that contain both knowns and unknowns (to be analyzed), 
the similarity of the sequences to each other are determined using all-by-all BLAST. Using an 
empirically defined E-value cutoff the sequences are visualized as a similarity network (using 
Cytoscape). The network is examined manually and the nodes are labeled using the 
Misannotation Finder algorithm. The output is a list of sequences with possible misannotations. 
 

Misannotation Finder algorithm is detailed in Figure 4-3. The algorithm 

follows two steps. First all sequence network groups that contain ‘known’ 
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sequences are examined. Any groups that contain ‘knowns’ of more than one 

function are ignored because the case is too complex. For any groups that only 

contain one ‘known’ function all the annotations of the ‘unknowns’ are compared 

to the ‘known’ and any discrepancies are noted as ‘suspect’. It should be pointed 

out that this algorithm would fail in cases such as circled in Figure 4-1. Assuming 

that the red circular nodes are ‘knowns’, all other sequences that would be 

annotated to this function in this group would be assumed to be correct. 

However, as can be seen, all the other red nodes in the circled group are 

triangular, indicating that they are misannotated. The second step in the 

algorithm is to examine the singleton nodes and any sequence network groups 

that do not contain any ‘knowns’. In both cases, it is assumed that these 

sequences are potential misannotations and are labeled ‘suspect’.  

The main weaknesses of the Misannotation Finder algorithm are first that 

all predictions rest on ‘known’ information, essentially guaranteeing 

misclassification for any new protein that does not conform to what is known, and 

second that it makes the assumption that sequence similarity is always a valid 

proxy for functional similarity/dissimilarity. The fundamental power of this 

algorithm, however, is that it is rapid and simple and strives only to predict 

potential misannotations for the purposes of future investigation. A test set would 

be used to estimate the extent to which the weaknesses of the algorithm affect 

the accuracy of the suspect list. 
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Figure 4-3. Misannotation Finder algorithm flowchart. 
Two step algorithm to make a list of sequences that are potentially misannotated. 
 

4.3.2. Large-scale misannotation prediction via annotation clustering and 

automated sequence similarity clustering 

While the Misannotation Finder algorithm is a simple way to predict 

possible misannotations it has a noticeable drawback in that it is not completely 

automated. The designation of ‘suspect’ proteins requires the visual inspection of 

a sequence similarity network. Not only does this take a certain amount of time, it 

limits the scale to which the algorithm can be applied. A possible adjustment to 
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the manual aspect is to automate the designation of sequence groups so that a 

visual inspection would not be needed to determine separate groups and the 

placement of ‘knowns’ within those groups. The TRIBE-MCL algorithm [81] has 

been shown to automatically and successfully group sequences based upon 

sequence similarities and the coded implementation of the algorithm is available 

in Biopython. The TRIBE-MCL algorithm could be added to the above procedure 

in order to remove the necessity of visually examining the sequence similarity 

networks. 

In order to address the issue of scale, another automated aspect could be 

added to the procedure. Until this point it has been assumed that the input 

sequences have been restricted to a defined set sequences of particular interest. 

However, Kunin and Ouzounis published the CLAN algorithm that allowed for the 

rapid annotation clustering of entire databases [82]. This algorithm could be used 

to cluster a full database of annotations (such as NR) and then the TRIBE-MCL 

algorithm could be used to sequence cluster each annotation group. As in the 

original Misannotation Finder algorithm, ‘knowns’ (e.g. from Swiss-Prot) would be 

used automatically designate which TRIBE-MCL groups were annotated 

correctly. In this fashion, a suspect list for an entire database could be derived.  

4.4. Future work: a misannotation resource for the scientific 

community 

Another significant issue in relation to misannotation is that even when 

misannotations are found it is difficult to disseminate or propagate this 

information. Currently there is no repository for misannotations or potential 
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misannotations. Databases like GenBank, in fact, only allow the original 

submitters of a sequence to amend anything about the sequence (including the 

function annotation) even when new experimental evidence from another source 

contradicts the annotation [37] and currently GenBank is not planning to modify 

this procedure [80]. What is missing from the scientific community, therefore, is a 

public resource that lists known and potential protein function misannotations. 

This Misannotation Resource would be a publicly available database where 

interested parties could both search and download misannotations but where 

they could contribute their own misannotations. Figure 4-4 list several 

characteristics of the proposed Misannotation Resource. While it would be 

managed as a manually curated database, it would also allow for public 

commentary with a wiki-like interface similar to several other new protein and 

genomic sequence databases [83-86]. The Misannotation Resource would be 

integrated with the SFLD and would operate under the similar guidelines of 

utilizing evidence codes and noting reference information for each data piece. 

The database would also be cross-referenced to the main sequence databases 

(NR, TrEMBL, Swiss-Prot) and to genomic resources (e.g. Microbes Online) 

where appropriate. Additionally, all downloaded sequences from the 

Misannotation Resource would contain structured functional definition lines that 

specify evidence codes and sources of data. The Misannotation Resource 

database would strive to be the community repository of known and potential 

annotation error until the time at which the large primary sequence databases 
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have mechanisms in place to update and reannotate erroneous function 

annotations. 

 

Figure 4-4. Details of the Misannotation Resource. 
Initial outline of elements that will be present in the Misannotation Resource Database. 
 

4.5. In Conclusion 

Protein function misannotation is a significant problem. Given the 

prevalence of misannotation the issue has the potential to negatively affect large 

portions of the scientific community. With this large a scope, efforts need to be 

quickly undertaken by the community so as to keep the problem from becoming 

intractable. Substantial research efforts should be geared towards the rapid and 
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large-scale prediction of misannotation and mechanisms to disseminate 

misannotation information and reannotate erroneous sequences.  
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Appendix A. Misannotation Analysis 
Thresholds 
Table A-1. Thresholds for the annotation analyses. 
Superfamily Family Threshold 
  TCa NCb LCc 

Enolase 386 213.0 40.0 
Galactonate Dehydratase 843.6 200.9 193.1 
Mandelate Racemase 910.6 475.3 40.0 
Glucarate Dehydratase 1038.4 989.2 861.4 
Methylaspartate Ammonia-lyase 1031 535.5 40.0 
OSBS 99.6 91.3 79 
Dipeptide Epimerase 454.2 113.5 96.9 
Chloromuconate Cycloisomerase 784 566.0 565 
Muconate Cycloisomerase 780.5 504.8 499.8 

Enolase 

L-Fuconate Dehydratase 775.4 407.7 40.0 
Dodecenoyl-CoA delta-isomerase 
(mitochondrial) 

522.6 281.3 40.0 

delta(3,5)-delta(2,4)-Dienoyl-CoA 
isomerase 

355.9 91.2 90.4 

Methylmalonyl-CoA 
decarboxylase 

662.5 105 105 

3-Hydroxyisobutyryl-CoA 
hydrolase 

367.9 204.0 40.0 

4-Chlorobenzoate dehalogenase 772.7 79.3 79.3 

Crotonase 

1,4-Dihydroxy-2-napthoyl-CoA 
synthase 

341.6 251.8 70.9 

Methylmalonyl-CoA epimerase 269.1 154.6 40.0 
4-Hydroxyphenylpyruvate 
dioxygenase 

430.7 180.1 158.4 
VOC 

FosA 361.1 90 84.8 
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 Glyoxalase I 263.9 152.0 40.0 
5-Epi-aristolochene 1445 1320.3 1320.3 
Bornyl Diphosphate Synthase 1549.8 1207.2 763 
Pentalenene Synthase 727.3 383.7 40.0 
Squalene-Hopene Synthase 803.4 421.7 40.0 
Trichodiene Synthase 996.8 518.4 40.0 

Terpene 
Cyclase 

Aristolochene Synthase 849.2 444.6 40.0 
Deoxy-d-mannose-octulosonate 
8-phosphate phosphatase 

295.6 167.8 40.0 

Phosphonoacetaldehyde 
hydrolase 

563.8 301.9 40.0 

2-Haloacid dehalogenase 339.8 189.9 40.0 

HAD 

beta-Phosphoglucomutase 408.5 224.3 40.0 
Cytosine deaminase 774.1 161.1 158 
Adenosine deaminase 645.9 343.0 40 
n-Acyl-d-amino-acid deacylase 1122.1 581.1 40 
l-Hydantoinase 1412.1 183 174 
d-Hydantoinase 635.4 176.7 174.2 
Urease 90.4 65.2 40 

AH 

Isoaspartyl dipeptidase 1044.2 542.1 40 
a Trusted Cutoff 
b Noise Cutoff 
c Lenient Cutoff 
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Appendix B. Snapshots of 
Misannotation over Time 
Figure B -  1. Sequence similarity network: year 1993. 
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Figure B -  2. Sequence similarity network: years 1993-1994. 
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Figure B -  3. Sequence similarity network: years 1993-1995. 
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Figure B -  4. Sequence similarity network: years 1993-1996. 
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Figure B -  5. Sequence similarity network: years 1993-1997. 
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Figure B -  6. Sequence similarity network: years 1993-1998. 
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Figure B -  7. Sequence similarity network: years 1993-1999. 
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Figure B -  8. Sequence similarity network: years 1993-2000. 
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Figure B -  9. Sequence similarity network: years 1993-2001. 
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Figure B -  10. Sequence similarity network: years 1993-2002. 
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Figure B -  11. Sequence similarity network: years 1993-2003. 
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Figure B -  12. Sequence similarity network: years 1993-2004. 
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Figure B -  13. Sequence similarity network: years 1993-2005. 
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Appendix C. Program—
checkKeywordMisannotation.py  
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#!/usr/bin/python2.4

"""checkKeywordMisannotation.py
   Usage: checkKeywordMisannotation.py --keyDictionary=<dictionaryFileName>
    --dbName=<databaseFileName> --runningPath=<path of working dir>  
    --hmmPath=<path to the hmm files> --SFLDInfoFile=<file of all sfld info> 
    --seqPath=<path to all fasta files in SFLD> 
    --sequenceListFile=<file that lists all the fasta files>
   
   This program does the following:
       -inputs a keyword dictionary file
       -greps each of the keyword terms against the input databaseFileName
       -appends all of the grep results to one file keyDefLines.txt
       -parses keyDefLines.txt to get a file of non-redundant gi's keyGI.txt
       -take each gi, get its fasta file and run this file against all of the
           SFLD hmms (this produces a host of .hmmpfam files)
           => uses external program hmmpfam 
           => uses external file filterHomolSeqs.py
           => uses external file parseHmmPfamKeyword.py
           
          
           
   INPUT: 
    --keyDictionary=<dictionaryFileName>
    --dbName=<databaseFileName> 
    --runningPath=<path of working dir>  
    --hmmPath=<path to the hmm files> 
    --SFLDInfoFile=<file of all sfld info> 
    --seqPath=<path to all fasta files in SFLD> 
    --sequenceListFile=<file that lists all the fasta files>   
   OUTPUT:
       <keyDefLines.txt>: this is the file of all of the deflines that contain
       all of the keywords in the dictionaryFileName file.
        
       <keyGI.txt>: a non-redundant list of gi's that came up in the keyword 
       search. These gi's are parsed from the keyDefLines.txt file
       
       <gi.hmmpfam>: each gi in keyGI.txt will be run against all of the SFLD
       hmm's using hmmpfam. the output of each run will be 'gi'.hmmpfam
       
       <dictionaryFileName.Results>: the parsed output of the found gi's
       format:
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    Uses some modified code from updateSFLD.py by Shoshana Brown
    
    Alexandra M. Schnoes 04.12.05
    Last modified: 04.18.06 (AMS)
    
    """

import sys
import os
import os.path
import string
import getopt
import filterHomolSeqs
import parseHmmPfamKeyword

################################################################################
# checkArg
################################################################################
def checkArg(argv):
    """Exit with error and print usage if not enough arguments."""
    #am supposed to have 9 arguments assuming that the options are written
    #option=something
    #also assume that path is passed in with trailing '/'
    
    errorString = """Usage: checkKeywordMisannotation.py --keyDictionary=<dictionaryFileName>
    --dbName=<databaseFileName> --runningPath=<path of working dir>  
    --hmmPath=<path to the hmm files> --SFLDInfoFile=<file of all sfld info> 
    --seqPath=<path to all fasta files in SFLD> 
    --sequenceListFile=<file that lists all the fasta files>"""
    
    if len(argv) == 10:
        pass
    else:
        print errorString
        sys.exit(1)
        

################################################################################
# findKeywords
################################################################################
def findKeywords(defFileName, keyList, dbFileName):
    """"Find the keywords in the database file and write them to a file"""
    
    print "findkeywords(defFileName, keyDictFileName, dbFileName)"
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    sys.stdout.flush()
    
    os.system("rm -f " + defFileName)
    outFile = open(defFileName, 'w')
    for key in keyList:
        #os.system("grep -i \'%s\' %s >> %s" %(key, dbFileName, defFileName) )
        keyInfoObj = os.popen("grep -i \'%s\' %s" % (key, dbFileName))
        keyInfoStrs = keyInfoObj.read()
        outFile.write(keyInfoStrs)
        outFile.flush()
        keyInfoObj.close()
        
    outFile.close()
    
################################################################################
# parseKeywordFile
################################################################################
def parseKeywordFile(keyFileName):
    """Return the non-redundant list of gi's from the deflines in the file keyFileName"""
    print "parseKeywordFile(keyFileName)"
    sys.stdout.flush()
    
    inFile = open(keyFileName, "r")
    
    giList = []
    while 1: # DO NOT read in file all at once.... much too large!
        line = inFile.readline()
        #print line
        if not line: break
        
        gi_count = line.count('>gi|')
        #print "gi_count: " + str(gi_count)
        if gi_count > 1:
            while gi_count != 0:
                index_1 = line.find('>gi|')
                #print 'line: ' + line
                #print 'index_1: ' + str(index_1)
                if index_1 != -1:
                    start_next = index_1 + 1
                    index_2 = line[start_next :].find('>gi|')
                    #print "index_2 " + str(start_next + index_2)
                    if index_2 != -1:
                        #print "line 2: " + line[index_1 : (start_next + index_2)]
                        tmpList = line[index_1 : (start_next + index_2)].split('|')
                        if (str(tmpList[1])) not in giList:
                            giList.append(str(tmpList[1]))
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                    else:
                        tmpList = line[index_1 :].split('|')
                        if (str(tmpList[1])) not in giList:
                            giList.append(str(tmpList[1]))
                            
                    gi_count = gi_count - 1
                    line = line[(index_1 + 1) :]
                    
                else: # don't think I should ever get here
                    #print "at break point I didn't think should happen"
                    break
                    
        else:
            tmpList = line.split('|') #split on delimiter
            if len(tmpList) <  2: #it's not a gi line
                pass
            else:
                if (str(tmpList[1])) not in giList: #make non-redundant
                    giList.append(str(tmpList[1]))  #gi number in second position
                
    #print giList    
    return giList

################################################################################
# printGIList(giList, giFileName)
################################################################################
def printGIList(giList, giFileName):
    """"Print to giFileName the gi list"""
    print "printGIList(giList, giFileName)"
    sys.stdout.flush()
    
    outFile = open(giFileName, "w")
    
    for entry in giList:
        outFile.write(entry)
        outFile.write('\n')
    
    outFile.close()
        
################################################################################
# getFastaDefLline
################################################################################
def getFastaDefLine(fastaFileName, entry):
    """Return a list with fasta file name and the definition line from the fasta File"""
    #print "getFastaDefLine(fastaFileName, entry)"
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    fastaDefList = []
    fastaFile = open(fastaFileName, "r")
    defLine = fastaFile.readline()
    defLine = defLine[:-1] #strip off the endl
    fastaDefList.extend([entry, defLine])
    fastaFile.close()
    
    return fastaDefList
    
    
################################################################################
# makeFastaFiles
################################################################################
def makeFastaFiles(giList, dbName, runningPath):
    """Return a list of fasta files made from the gi's in giList"""
    print "makeFastaFiles(giList, runningPath)"
    sys.stdout.flush()
    
    fastaList = []
    fastaDefDict = {}
    
    for entry in giList:
        fastaFileName = runningPath + entry + ".tmp.fa"
        os.system("fastacmd -d %s -tT -s%s > %s " % (dbName, entry, fastaFileName))
        fastaList.append(fastaFileName)
        fastaDefDict[fastaFileName] = getFastaDefLine(fastaFileName, entry)
    
    return fastaList, fastaDefDict

################################################################################
# runHmmPfam
################################################################################
def runHmmPfam(fastaList, hmmPath):
    """run hmmpfam for each file listed in fastaListFileName and return list of 
    the hmmpfam files"""
    print "runHmmPfam(fastaList, hmmPath)"
    sys.stdout.flush()
    
    hmmpfamList = []
    
    #run hmmpfam
    for fastaFile in fastaList:
        cmd = "hmmpfam -E100 " + hmmPath + "all.hmm " + fastaFile + " > " + fastaFile + ".hmmpfam"
        os.system(cmd)
        hmmpfamList.append(fastaFile + ".hmmpfam")
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    return hmmpfamList

################################################################################
# removeTmpFastaFiles
################################################################################
def removeTmpFastaFiles(fastaListFileName):
    """remove the fasta files listed in fastaListFileName"""
    print "removeTmpFastaFiles(fastaListFileName)"
    infile = open(fastaListFileName, 'r')
    
    for line in infile.readlines():
        line = line[:-1]
        os.system("rm -f " + line)
        
    infile.close()
################################################################################
# getSFLDInfo
################################################################################
def getSFLDInfo(infoFile):
    """Return a dict of SFLD hmm and related info.
    sfldHmmDict = [name, fam, sub, sf, align_file, cons_res_list]"""
    print "getSFLDInfo(infoFile)"
    sys.stdout.flush()
    
    sfldHmmDict = {}
    inFile = open(infoFile, 'r')
    firstTime = 1 #true
    consResList = []
    hmm = "null"
    holdHMM = "null"
    name = "null"
    fam = "null"
    sub = "null"
    sf = "null"
    align_file = "null"
    
    for line in inFile.readlines():
        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 7:  # does the line have something in it
            hmm = tmpList[0]
            if firstTime == 1:
                firstTime = 0
                holdHMM = hmm
                name = tmpList[1]
                fam = tmpList[2]
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                sub = tmpList[3]
                sf = tmpList[4]
                align_file = tmpList[5]
                consResList.append([tmpList[6], tmpList[7]])
                
            elif hmm == holdHMM:
                name = tmpList[1]
                fam = tmpList[2]
                sub = tmpList[3]
                sf = tmpList[4]
                align_file = tmpList[5]
                consResList.append([tmpList[6], tmpList[7]])
            else:
                #save old data
                sfldHmmDict[holdHMM] = [name, fam, sub, sf, align_file, consResList]
                #get the new stuff
                holdHMM = hmm 
                consResList = []
                name = tmpList[1]
                fam = tmpList[2]
                sub = tmpList[3]
                sf = tmpList[4]
                align_file = tmpList[5]
                consResList.append([tmpList[6], tmpList[7]])
    # reached the end of the file 
    # save the last hmm info
    #print "Reach last else...hmm sfld dict"
    #sys.stdout.flush()
    
    sfldHmmDict[holdHMM] = [name, fam, sub, sf, align_file, consResList]
            
            
    #for hmm in sfldHmmDict.keys():
    #    print "HMM"
    #    print hmm
    #    sys.stdout.flush()
        
        #print ":"
        #print sfldHmmDict[hmm]
                
    return sfldHmmDict                
            
################################################################################
# getUngappedSeqsAndConsRes
################################################################################
def getUngappedSeqs(sfldDict, path):
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    """Return a sfld dict with representative sequences for each SFLD alignment.
    sfldDict = [name, fam, sub, sf, align_file, Cons_Res_list, ungappedSeq]"""
    print "getUngappedSeqs(sfldDict, path)"
    sys.stdout.flush()
    
    for hmm in sfldDict.keys():
        info_list = sfldDict[hmm] #get the list that matches that hmm
        align_File = info_list[4] #get the alignment file name
        if align_File == 'None':
            align_File = None
            
        if align_File != None:
            gappedRepSeq = filterHomolSeqs.getRepSeq(path + align_File)
            #print gappedRepSeq
            ungappedSeq = filterHomolSeqs.removeGaps(gappedRepSeq)
            #print ungappedSeq
            res_list = info_list[5]
            #print res_list
            #get the sequence numbers in the ungapped sequence
            ungapped_res_list = filterHomolSeqs.getUngappedNumbers(res_list, gappedRepSeq)
            #print ungapped_res_list
            #print hmm
            
            sfldDict[hmm][5] = ungapped_res_list
            #print "ungapped_res_list"
            #print ungapped_res_list 
            #print "\n"
            sfldDict[hmm].append(ungappedSeq)
            
    return  sfldDict
    
################################################################################
# getSeq
################################################################################
def getSeq(fastaFileName):
    """Return the sequence from the fasta file as a string"""
    #print "getSeq(fastaFileName)"
    fastaFile = open(fastaFileName, "r")
    #get the defline
    defLine = fastaFile.readline()
    
    AAline = fastaFile.readline() #get the first AA line
    AAline = AAline[:-1]
    line = fastaFile.readline()
    while line:
        line = line[:-1]
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        AAline = AAline + line
        line = fastaFile.readline()
        
    return AAline    

################################################################################
# addSeqAndDefLine
################################################################################
def addSeqAndDefLine(hmm_data, fastaDefDict):
    """Return hmm_data with added gi num, sequence and definition line"""
    print "addSeqAndDefLine(hmm_data, fastaDefDict)"
    sys.stdout.flush()
    
    for entry in hmm_data:
     #actually I want the info even if there were no hits
        #if entry[1] == '[no': # there were no hits for this seq, move on
            #pass
        #else:
            fastaFileName = entry[0]
            #print "fastaFileName: "
            #print fastaFileName
            #print "entry: "
            #print entry
            fastaList = fastaDefDict[fastaFileName]
            #print fastaList
            gi = fastaList[0]
            #print gi
            defLine = fastaList[1]
            seq = getSeq(fastaFileName)
            #add the info to entry
            entry.insert(1, defLine)
            entry.insert(1, str(gi))
            entry.insert(len(entry), str(len(seq)))
            entry.insert(len(entry), seq)
   
    #print 'addSeqAndDefLine hmm_data '
    #print hmm_data
    #sys.stdout.flush()
    
    return hmm_data

################################################################################
# parseEFDList
################################################################################
def parseEFDList(efdFile):
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    """Get the Info from the EFD file
    <gi> <name> <species> <fam ID> <fam ev code> <fam name> <sub id> <sub name>
    <sf id> <sf ev code> <sf name>"""
    
    print"parseEFDList"
    sys.stdout.flush()
    
    efdDict = {}

    inFile = open(efdFile, 'r')
    gi = "null"
    famID = "null"
    famEvCode = "null"
    famName = "null"
    subID = "null"
    subName = "null"
    sfID = "null"
    sfEvCode = "null"
    sfName = "null"
    
    for line in inFile.readlines():
        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 7:  # does the line have something in it
            gi = tmpList[0]
            famID = tmpList[3]
            famEvCode = tmpList[4]
            famName = tmpList[5]
            subID = tmpList[6]
            subName = tmpList[7]
            sfID = tmpList[8]
            sfEvCode = tmpList[9]
            sfName = tmpList[10]
            
            efdDict[gi] = [famID, famEvCode, famName, subID, subName, sfID, sfEvCode,sfName]
    
    return efdDict

################################################################################
# getEvidenceCodes
################################################################################
def getEvidenceCodes(hmm_data_list, EFDFile):
    """get the evidence codes for any sequences that are in the sfld
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    hmm_data_list
    <fastaFile> <accession> <defline> <HMM name> <score> <evalue> <hmm db file>
    <seq len> <consRes> <seqFile> <inSFLD> <Sequence>
    efddict
    <fam ID> <fam ev code> <fam name> <sub id> <sub name>
    <sf id> <sf ev code> <sf name>
    """
    print 'getEvidenceCodes'
    efdDict = parseEFDList(EFDFile)
    
    for entry in hmm_data_list:
        sfld_seq_file = entry[9]
        period_index = sfld_seq_file.find('.')
        if period_index != -1: #there is a file
            gi = sfld_seq_file[: period_index]
            
            if gi in efdDict.keys():
                efd_entry = efdDict[gi]            
                entry.insert(len(entry) -1, efd_entry[0])
                entry.insert(len(entry) -1, efd_entry[1])
                entry.insert(len(entry) -1, efd_entry[2])
                entry.insert(len(entry) -1, efd_entry[3])
                entry.insert(len(entry) -1, efd_entry[4])
                entry.insert(len(entry) -1, efd_entry[5])
                entry.insert(len(entry) -1, efd_entry[6])
                entry.insert(len(entry) -1, efd_entry[7])
            else: #it's not in the SFLD
                entry.insert(len(entry) -1, '[]')
                entry.insert(len(entry) -1, '[]')
                entry.insert(len(entry) -1, '[]')
                entry.insert(len(entry) -1, '[]')
                entry.insert(len(entry) -1, '[]')
                entry.insert(len(entry) -1, '[]')
                entry.insert(len(entry) -1, '[]')
                entry.insert(len(entry) -1, '[]')
        else: #there isn't a file 
            entry.insert(len(entry) -1, '[]')
            entry.insert(len(entry) -1, '[]')
            entry.insert(len(entry) -1, '[]')
            entry.insert(len(entry) -1, '[]')
            entry.insert(len(entry) -1, '[]')
            entry.insert(len(entry) -1, '[]')
            entry.insert(len(entry) -1, '[]')
            entry.insert(len(entry) -1, '[]')
            
    return hmm_data_list    
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################################################################################
# reformatConsRes
################################################################################
def reformatConsRes(sfldDict):
    """Return the sfld dict with reformated cons residues
    modified version of shoshona brown's code."""
    #print "reformatConsRes(sfldDict)"
    aaDict = {} 
    aaDict['ALA'] = 'A' 
    aaDict['ARG'] = 'R' 
    aaDict['ASN'] = 'N' 
    aaDict['ASP'] = 'D' 
    aaDict['CYS'] = 'C' 
    aaDict['GLN'] = 'Q'
    aaDict['GLU'] = 'E' 
    aaDict['GLY'] = 'G' 
    aaDict['HIS'] = 'H' 
    aaDict['ILE'] = 'I'
    aaDict['LEU'] = 'L' 
    aaDict['LYS'] = 'K' 
    aaDict['MET'] = 'M'    
    aaDict['PHE'] = 'F' 
    aaDict['PRO'] = 'P' 
    aaDict['SER'] = 'S' 
    aaDict['THR'] = 'T' 
    aaDict['TRP'] = 'W' 
    aaDict['TYR'] = 'Y' 
    aaDict['VAL'] = 'V' 
    
    for hmm in sfldDict.keys():
        #consResList = sfldDict[hmm][5]
        for consResPair in sfldDict[hmm][5]:
            aaTypeString = consResPair[1]
            #print aaTypeString
            origAAList = string.split(aaTypeString, ",")
            reformattedAAList = []
            for aa in origAAList:
                aa = string.strip(aa)
                if len(aa) > 1:
                   try:   
                      reformattedAAList.append(aaDict[aa])
                   except KeyError:
                      reformattedAAList.append('X')
                else: 
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                    reformattedAAList.append(aa)

            AA_num = consResPair[0]    
            consResPair.pop()            
            consResPair.pop()
            consResPair.insert(0,AA_num)
            consResPair.insert(1, reformattedAAList[:])
            #print "consResPair: "
            #print consResPair
            #print "\n"
            
        #sfldDict[hmm][5] = consResList    
        #print sfldDict[hmm][5]
    return sfldDict
################################################################################
# checkIfConsRes
################################################################################
def checkIfConsRes(hmm_data_list, sfldDict, hmmPath):
    """Return data list that has marked whether the hits have conserved residues"""
    print "checkIfConsRes(hmm_data_list, sfldDict, hmmPath)"
    sys.stdout.flush()
    
    for entry in hmm_data_list:
        if entry[1] == '[no': # there were no hits for this seq, add flag
            entry.insert((len(entry)-1), "nohits")
        elif entry[3] == '[no':
            entry.insert((len(entry)-1), "nohits")
            
        else:        
            #print "ConsRes "
            #print entry
            fastaFileName = entry[0]
            hmm = entry[3]
            hmm_full = hmm + ".hmm"
            if (hmm_full.startswith("sub") and (hmm_full != 'subgroup112.listedited.fam.ref.hmm')):
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'galD.hmm':
                entry.insert((len(entry)-1), "don't use, bad hmm")
            elif hmm_full == 'hydroxyphenylpyruvateDSub.60.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'fosfoResSub.90.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'kaurene.hmm':
                entry.insert((len(entry)-1), "FAM, no conserved res")
            elif hmm_full == 'mmceSub.90.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
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            elif hmm_full == 'AtzA.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'extraDioxSub.40.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'glyoxalaseISub.60.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'ureaseSmaller.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'dichlorohydroquinoneDSub.90.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == '4nitrophenylPhosphataseLike.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'atpase.exfgh.30.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'phosphataselike2.ref.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'phosphataselike3.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'hadsub.90.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'phosphataselike1.ref.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'enolasePhosphataseLike.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'epoxideHNLike.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'phosphonataseLike.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'polynucleotide5HKLike.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'nucleotidaseLike.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'IadSub.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'AdeC.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'NagAAgaASubShortFiltered.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'Daa.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'imidazolonepropionase.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'AtzB.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'AtzATriATrzA.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
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            elif hmm_full == 'Gda.90.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'Cyda.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'd-hydantoinaseSub.90.ref.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'dihydroorotase1.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'allantoinase.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'dihydroorotase2.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'phosphotriesterase.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'AMPda.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'Ada.90.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'dihydroorotase3.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'YecMSub.90.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'monoterpenes.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'sesquiterpenes.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'diterpenes.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'triterpenes.hmm':
                entry.insert((len(entry)-1), "SUB, not check ConsRes")
            elif hmm_full == 'aminophenolD.90.hmm':
                entry.insert((len(entry)-1), "NOT SURE WHAT THIS IS")
            else:
                sfld_list = sfldDict[hmm_full]
                repSeq = sfld_list[6]
                tmp_file = fastaFileName + ".temp"
                short_def_file = fastaFileName + ".short"
                os.system("cp %s %s" % (fastaFileName, tmp_file))
                filterHomolSeqs.addRepSeq(tmp_file, repSeq)
                alignFileName = fastaFileName + ".align"
                os.system("inspectDefline.py %s -o%s" % (tmp_file, short_def_file))
                os.system("mv %s %s" %(short_def_file, tmp_file))
                os.system("hmmalign -o %s  %s %s > screenOut" % (alignFileName, hmmPath + hmm_full, tmp_file))
                consResList = sfld_list[5]
                validList, removedList = filterHomolSeqs.checkAlignmentForConsRes(alignFileName, repSeq, consResList)
                if validList:
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                    entry.insert((len(entry)-1), "VALID")
                else:
                    #print validList
                    #print removedList
                    #print consResList
            
                    entry.insert((len(entry)-1), "NOT_valid")
    
    os.system("rm -f *.temp")
    #print hmm_data_list
    return hmm_data_list
    
################################################################################
# checkIfInSFLD
################################################################################
def checkIfInSFLD(hmm_data_list, seqPath, sequenceListFile, runningPath):
    """Return data list in which it is marked if the hit is already in the sfld"""
    print "checkIfInSFLD(hmm_data_list, seqPath, sequenceListFile, runningPath)"
    sys.stdout.flush()
    seqFileList = filterHomolSeqs.getFileNameList(sequenceListFile)
    for entry in hmm_data_list:
        #actually I want to know if it was in the sfld or not even if there are no
        #hits
        #if entry[1] == '[no': # there were no hits for this seq, move on
         #   pass
        #else:
            #print "inSFLD "
            #print entry
            fastaFileName = entry[0]
            notOne = 1
            for seq_entry in seqFileList:
                seqFastFileName = seqPath + seq_entry
                commonList = filterHomolSeqs.getCommonSeqs(fastaFileName, seqFastFileName, runningPath)
                if commonList: #the list exists, hit is in the SFLD
                    entry.insert((len(entry)-1), seq_entry)
                    entry.insert((len(entry)-1), 'IN_SFLD')
                    notOne = 0
                    break
                
            if notOne == 1: #this is not in the sfld
                entry.insert((len(entry)-1), '[]')
                entry.insert((len(entry)-1), '[]')
                
    #print hmm_data_list        
    return hmm_data_list            
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################################################################################
# determineDomains
################################################################################
def determineDomains(hmm_data_list):
    """Return hmm data with domain info added"""
    print "determineDomains(hmm_data_list)"
    new_hmm_data_list = []
    for entry in hmm_data_list:
        if entry[1] == '[no': # there were no hits for this seq, move on
            pass
        else:
            #print entry
            fastaFileName = entry[0]
            outputFileName = runningPath + "rps.out"
            gi = entry[1]
            total_seq_len = len(entry[-1])
        
            os.system("rpsblast -i %s -d Cdd -m 8 -o %s" % (fastaFileName, outputFileName))
            hitList = filterHomolSeqs.parseRPSBlast(outputFileName)
            #print hitList
        
            hit_1 = hitList[0]
            entry_copy = entry[:]
            for item in hit_1:
                entry_copy.insert((len(entry_copy)-1), str(item))
            entry_copy.insert((len(entry_copy)-1), str(total_seq_len))
            new_hmm_data_list.append(entry_copy)
            hitList.pop(0)
        
            for hit in hitList:
                entry_copy = entry[:]
                for item in hit:
                    entry_copy.insert((len(entry_copy)-1), str(item))
                entry_copy.insert((len(entry_copy)-1), str(total_seq_len))
                entry_copy[1] = '[dup]'
                entry_copy[2] = '[dup]'
                entry_copy[3] = '[dup]'
                entry_copy[4] = '[dup]'
                entry_copy[5] = '[dup]'
                entry_copy[6] = '[dup]'
                entry_copy[7] = '[dup]'
                entry_copy[8] = '[dup]'
                entry_copy[9] = '[dup]'
                new_hmm_data_list.append(entry_copy)
            
    return new_hmm_data_list
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################################################################################
# printTheResults
################################################################################
def printTheResults(hmm_data_list, resultsFile):
    """Print the results in the hmm_data_list to a file."""
    print "printTheResults(hmm_data_list, resultsFile)"
    sys.stdout.flush()
    
    fileOut = open(resultsFile, "w")
    for entry in hmm_data_list:
        #print entry
        #sys.stdout.flush()
        
        listString = '\t'.join(entry)
        fileOut.write(listString)
        fileOut.write("\n")
        
    fileOut.close()
    
################################################################################
# getTheHmmPfamData
################################################################################
def getTheHmmPfamData(hmmPfamFileList):
    """Return the data from all of the HmmPfam Files as a list"""
    print "getTheHmmPfamData(hmmPfamFileList)"
    all_file_data_list = []
    for file in hmmPfamFileList:
        #print "File:   "
        #print file
        #sys.stdout.flush()
        
        data_list = parseHmmPfamKeyword.getHmmPfamData(file)
        #print "data_list "
        #print data_list
        #sys.stdout.flush()
        
        all_file_data_list.extend(data_list)
    
    #print "all_file_data_list...get the hmmpfam data "
    #print all_file_data_list
    return all_file_data_list
    
    
################################################################################
# getKeyList
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################################################################################
def getKeyList(keyDictFileName):
    """return list of keywords."""
    inFile = open(keyDictFileName, "r")
    keyList = []
    for line in inFile.readlines():
        line = string.strip(line)
        keyList.append(line)
    
    inFile.close()
    
    return keyList
    
################################################################################
# MAIN
################################################################################
def checkKeywordMisannotation(argv):
    """Main program"""
    checkArg(argv)    
    shortOpts = ''
    longOpts = ['keyDictionary=', 'dbName=', 'runningPath=', 'hmmPath=', 'SFLDInfoFile=', 
    'alignPath=', 'seqPath=', 'sequenceListFile=', 'efdFile=']
    opts, args = getopt.getopt(sys.argv[1:], shortOpts, longOpts)
    
    for option, value in opts:
        if option in ('--keyDictionary'):
            keyDictFileName = value
        elif option in ('--dbName'):
            dbFileName = value
        elif option in ('--runningPath'):
            runningPath = value
        elif option in ('--hmmPath'):
            hmmPath = value
        elif option in ('--SFLDInfoFile'):
            infoFile = value
        elif option in ('--alignPath'):
            alignPath = value
        elif option in ('--seqPath'):
            seqPath = value
        elif option in ('--sequenceListFile'):
            sequenceListFile = value
        elif option in ('--efdFile'):
            EFD_file = value
            
    #search the db for keywords
    keyList = getKeyList(keyDictFileName)
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    print 'findKeywords'
    sys.stdout.flush()
    defLineFileName = runningPath + 'keyDefLines.txt'
    findKeywords(defLineFileName, keyList, dbFileName)
    
    #get the gi's of the keywords
    print 'parseKeywordFile'
    sys.stdout.flush()
    giFileName = runningPath + "keyGI.txt"
    giList = parseKeywordFile(defLineFileName)
    printGIList(giList, giFileName)

    #run hmmpfam on the gi's (get the fasta files first)
    print 'makeFastaFiles'
    sys.stdout.flush()
    fastaList, fastaDefDict = makeFastaFiles(giList, dbFileName, runningPath)
    print 'runHmmpfam'
    sys.stdout.flush()
    hmmPfamList = runHmmPfam(fastaList, hmmPath)
    #print hmmPfamList
    #sys.stdout.flush()
    
    
    #parse the hmmpfam files
    #first get the info from the SFLD info file
    sfldDict = getSFLDInfo(infoFile)
    
    #update the cons res and get the ungapped represent. sequence
    #sfldDict = [name, fam, sub, sf, align_file, Cons_Res_list, ungappedSeq]
    print 'getUngappedSeqandConsRes'
    sys.stdout.flush()
    sfldDict = getUngappedSeqs(sfldDict, alignPath)
    
    #reformat the cons res
    sfldDict = reformatConsRes(sfldDict)
    
    #parse the actual hmmpfam files
    #returns data in list
    #[sequence file, hmm, score, evalue, hmm_db filename]
    print 'getTheHmmPfamData'
    sys.stdout.flush()
    hmm_data_list = getTheHmmPfamData(hmmPfamList)
    
    
    #add gi, sequence and def line info
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    print 'addSeqAndDefline'
    sys.stdout.flush()
    hmm_data_list = addSeqAndDefLine(hmm_data_list, fastaDefDict)
    
    #print "SFLD dict"
    #print sfldDict
    #sys.stdout.flush()
    
    #check if hits have conserved residues
    print 'checkIfConsRes'
    sys.stdout.flush()
    hmm_data_list = checkIfConsRes(hmm_data_list, sfldDict, hmmPath)
    
    #check if hits are already in the sfld
    print 'checkIfINSFLD'
    sys.stdout.flush()
    hmm_data_list = checkIfInSFLD(hmm_data_list, seqPath, sequenceListFile, runningPath)
    
    #get the evidence codes for any of the sequences that are in the sfld
    print 'getEvidenceCodes'
    sys.stdout.flush()
    hmm_data_list = getEvidenceCodes(hmm_data_list, EFD_file)
    
    #don't use this now
    #check what the domains are that the sequence hits
    #hmm_data_list = determineDomains(hmm_data_list, runningPath)
    
    #print out the results
    resultsFile = keyDictFileName + ".results"
    #print "results file"
    #print resultsFile
    #sys.stdout.flush()
    
    #print hmm_data_list
    printTheResults(hmm_data_list, resultsFile)
    
    #removeTmpFastaFiles(fastaListFileName) 
    
checkKeywordMisannotation(sys.argv)
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Appendix D. Program—
filterHomolSeqs.py
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#!/usr/bin/python2.3

"""filterHomolSeqs.py
   MOdified from updateSFLD.py 

   Uses SFLD HMMs to search the NCBI nr database for new superfamily 
   sequences & structures.  Validates putative superfamily members by 
   aligning them to existing family/subgroup/superfamily HMMs, and 
   determining whether they have the conserved catalytic residues.
                 
   Input (Optional): 
     superfamilyList: A file listing the names of the superfamilies to be
                      updated, one per line.  Names should be the same as
                      those stored in the SFLD.  Default = all 
                      superfamilies are updated.
     <SFName>FalsePos.gi: A file listing gi numbers for false positive 
                          sequences in a given superfamily.  If these 
                          sequences are obtained by hmmsearch, they will be 
                          discarded without further analysis.
                          Note: <SFName> should correspond to a superfamily 
                          name, as listed in the SFLD.  This file name is not
                          specified on the command line, but the script will
                          automatically use it if it is in the directory 
                          where the script is run.

   Output: (All .gi and .pdb files list items in comma delimited format)

     SF<SFID>Fam<FamID>ValidatedHits.gi: Lists the gi numbers for all sequences
     found via hmmsearch against the nr database (with HMMs corresponding to 
     the superfamily specified by SFID, or families & subgroups within that 
     superfamily).  Sequences listed in this file must not be found in the 
     corresponding false positive file.  They must also have the highest 
     similarity to the family HMM specified by FamID, out of all the family 
     HMMs in the superfamily specified by SFID, and they must conserve the 
     family specific catalytic residues listed in the SFLD.
     
     SF<SFID>Sub<SubID>ValidatedHits.gi: Lists the gi numbers for all sequences
     found via hmmsearch against the nr database (with HMMs corresponding to   
     the superfamily specified by SFID, or families & subgroups within that    
     superfamily).  Sequences listed in this file must not be found in the     
     corresponding false positive file or any of the validatedHits files for 
     families within the superfamily.  They must also have the highest       
     similarity to the subgroup HMM specified by SubID, out of all the subgroup    
     HMMs in the superfamily specified by SFID, and they must conserve the     
     subgroup specific catalytic residues listed in the SFLD.
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     SF<SFID>ValidatedHits.gi: Lists the gi numbers for all sequences found via 
     hmmsearch against the nr database (with HMMs corresponding to the 
     superfamily specified by SFID, or families & subgroups within that 
     superfamily).  Sequences listed in this file must not be found in the 
     corresponding false positive file or any of the validatedHits file for 
     subgroups or families within the superfamily.  They must also conserve the 
     superfamily specific catalytic residues listed in the SFLD.

     SF<SFID>NonvalidatedHits.gi: Lists the gi numbers for all sequences found via
     hmmsearch against the nr database (with HMMs corresponding to the
     superfamily specified by SFID, or families & subgroups within that        
     superfamily) that are not in the corresponding false positive file, and 
     that could not be validated as superfamily members based on conservation 
     of catalytic residues.

     SF<SFID>ValidatedStructs.pdb: Lists the pdb identifiers for all pdb 
     structures that have an amino acid sequence identical to a sequence from 
     file SF<SFID>ValidatedHits.gi, and that are not already in the SFLD.

     SF<SFID>Fam<FamID>ValidatedStructs.pdb: Lists the pdb identifiers for all
     structures that have an amino acid sequence identical to a sequence from
     file SF<SFID>Fam<FamID>ValidatedHits.gi, and that are not already in the 
     SFLD. 

     SF<SFID>Sub<SubID>ValidatedStructs.pdb: Lists the pdb identifiers for all    
     structures that have an amino acid sequence identical to a sequence from
     file SF<SFID>Sub<SubID>ValidatedHits.gi, and that are not already in the 
     SFLD. 

     SF<SFID>NonvalidatedStructs.pdb: Lists the pdb identifiers for all
     structures that have an amino acid sequence identical to a sequence from
     file SF<SFID>NonvalidatedHits.gi, and that are not already in the SFLD.

     SF<SFID>ExistingSeqStructs.txt: Lists the gi number and corresponding 
     PDB identifier(s) for any sequences already in the SFLD that have an 
     identical amino acid sequence to a structure that is not in the SFLD.
     The gi number is seperated from the corresponding PDB identifier(s) by 
     a single tab.  If there is more than one corresponding PDB identifier, 
     the PDB identifiers are seperated by a single space.
     
     Other important info
     Need python modules written in lab
        alignment.py
    blastparser.py
    common.py
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    inspectDefline.py
    proteinGroup.py
    protein.py
    reducePwpidSander.py
    simPsiBlParse.pl
    
    Need to have programs set up
        NCBI (blast etc)
        (remember to have .ncbirc file in directory and set up correctly)
    HMMER package
         (make sure to have the fasta databases that this needs)
    
    Need to have variable $BLASTDB set appropriate e.g.
        setenv BLASTDB /usr/local/Blast/blastDBDir/
    
    Need to change following variables to propper locations
        hmmPath
    alignPath
        

Author: Shoshana Brown (some functions based on SFLDsql.py code by Scott Pegg)
Last Modified: 6/8/04

Modified: Alexandra M. Schnoes 8/26/04
    Added comments and changed paths
    Alexandra M. Schnoes 01/31/05
    Translating code to NOT use mysql so it can run on the clusters

"""

import sys
import os
import os.path
import string
import re
import common
from protein import *
from proteinGroup import *
from alignment import *
from blastparser import *

###############################################################################
# Retrieves the name of the input files from the command line.  If an incorrect
# number of files are specified, prints an error message and exits the program.
###############################################################################
def getInFileNames(argv):
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   print 'getInFileNames'
   errorString = "Usage: updateSFLD.py [-l<superfamilyList>]"

   superfamilyListFileName = "all"
   print len(argv)
   if len(argv) > 2:
      print errorString
      sys.exit(0)
   elif len(argv) > 1:
      if argv[1][:2] == "-l" or argv[1][:2] == "-L":
         superfamilyListFileName = argv[1][2:]
      else:
         print errorString
         sys.exit(0)
   elif len(argv) == 1:
       print errorString
       sys.exit(0)
       
   return superfamilyListFileName

################################################################################
# getFileNameList
################################################################################
def getFileNameList(ListFileName):
   inFile = open(ListFileName, "r")
   FileNameList = []   
   
   while 1:
      line = inFile.readline()
      if not line:
         break
      line = string.strip(line)
      if len(line) > 0:
         FileNameList.append(line)
   inFile.close()

   return FileNameList

################################################################################
# MapSFNameToID
################################################################################
def MapSFNameToID(SFName_and_ID_file):
    inFile = open(SFName_and_ID_file, 'r')
    Name_ID_dict = {}

    while 1:
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        line = inFile.readline()
        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 1:
            Name_ID_dict[tmpList[1]] = tmpList[0]
        else:
            break
    
    return Name_ID_dict

################################################################################
# MapSFIDToName
################################################################################
def MapSFIDToName(SFName_and_ID_file):
    inFile = open(SFName_and_ID_file, 'r')
    Name_ID_dict = {}

    while 1:
        line = inFile.readline()
        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 1:
            Name_ID_dict[tmpList[0]] = tmpList[1]
        else:
            break
    
    return Name_ID_dict

###############################################################################
# Input:
#  superfamilyListFileName: A string specifying either: (1) The name of a file 
#                           which lists superfamily names, one per line, or (2)
#                           the value "all"
# Returns:
#  SFIDList: A list of identifiers from the SFLD that correspond to either: (1)
#            the superfamily names listed in the file referenced by 
#            superfamilyListFileName, or (2) all superfamilies in the SFLD
###############################################################################
def getSFIDList(superfamilyListFileName):
   if superfamilyListFileName != "all":
      SFNameList = getFileNameList(superfamilyListFileName)
      
      SFIDList = []
      
      SFName_and_ID_file = 'SF.colon'
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      SFName_id_dict = MapSFNameToID(SFName_and_ID_file)
      size = len(SFNameList)
      i = 0
      while i < size:
         SFIDList.append(SFName_id_dict[SFNameList[i]])
         i = i + 1 

   return SFIDList
   
################################################################################
# returnList
################################################################################
def returnList(fileName, num_elements):
   fileList = []
   
   inFile = open(fileName, 'r')
   
   while 1:
      line = inFile.readline()
      line = line[:-1]
      tmpList = line.split(';')
      if tmpList == ['']:
         break
      elif len(tmpList) == num_elements:
         for index in range(0, len(tmpList)):
             if tmpList[index] == 'None':
                tmpList[index] = None
         fileList.append(tmpList)
      else:
         break

   return fileList

###############################################################################
# Retrieves the names of all superfamily, family & subgroup HMMs from the SFLD 
# that correspond to the superfamilies specified in SFIDList.
#
# Input:
#  SFIDList: A list of superfamily identifiers from the SFLD 
# Returns:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
###############################################################################
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def getHMMDict(SFIDList):

   hmmDict = {}

   SFHMMListName = 'SFHMM.colon'
   num_elements = 2
   SFHMMList = returnList(SFHMMListName, num_elements)
   #print SFHMMList
   
   SubHMMListName = 'SubHMM.colon'
   num_elements = 3
   SubHMMList = returnList(SubHMMListName, num_elements)
   #print SubHMMList
   
   FamHMMListName = 'FamHMM.colon'
   num_elements = 3
   FamHMMList = returnList(FamHMMListName, num_elements)
   #print FamHMMList
   
   for SFID in SFIDList:
      #print SFID
      
      for index in range(0, len(SFHMMList)):
         if SFID == SFHMMList[index][0]:
             SFHMM = SFHMMList[index][1]
         #print SFHMM         
      
      famIDHMMDict = {}
      for index in range(0, len(FamHMMList)):
         if SFID == FamHMMList[index][0]:
             id = FamHMMList[index][1]
             hmmName = FamHMMList[index][2]
             if hmmName != None:
                 famIDHMMDict[id] = hmmName
            
      #print famIDHMMDict
      
      subIDHMMDict = {}
      for index in range(0, len(SubHMMList)):
         if SFID == SubHMMList[index][0]:
            id = SubHMMList[index][1]
            hmmName = SubHMMList[index][2]
            if hmmName != None:
                subIDHMMDict[id] = hmmName
            
      #print subIDHMMDict
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      hmmDict[SFID] = [SFHMM, famIDHMMDict, subIDHMMDict]
      #print hmmDict
   return hmmDict    

###############################################################################
# Input:
#  line: A string containing a gi identifier, from a hmmpfam search output
# Returns:
#  A long, specifying a gi identifier
###############################################################################
def getGI(line):

   index = string.find(line, "|")
   gi = line[index + 1:]
   index = string.find(gi, "|")
   if index == (-1):
      print "Error: Could not extract GI from line " + line
      sys.exit(0)
   else:
      gi = gi[:index]

   return long(gi)

###############################################################################
# Parses and hmmsearch output file to get gi numbers for all domain hits.
#
# Input:
#  fileName: A string specifying an output file from the program hmmsearch.
# Returns:
#  giList: A list of gi numbers for all domain hits in the hmmsearch output 
#          file.
###############################################################################
def parseHmmsearchFile(fileName):
   print 'def parseHmmsearchFile(fileName):'
   
   inFile = open(fileName, "r")
   giList = []

   #discard lines up to domain e-value information
   while 1:
      line = inFile.readline()
      if not line or line[:19] == "Parsed for domains:":
         break
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   #Collect gi numbers
   while 1:
      line = inFile.readline()
      if not line or line[:33] == "Alignments of top-scoring domains":
         break
      if line[:2] == "gi":
         gi = getGI(line)
         if gi not in giList:
            giList.append(gi)

   inFile.close()

   return giList

###############################################################################
# Input:
#  redundantList: A list that may have more than one identical entry.
# Returns:
#  nonredundantList: A list with no identical entries.
###############################################################################
def removeRedundantGIs(redundantList):

   nonredundantList = []

   for item in redundantList:
      if item not in nonredundantList:
         nonredundantList.append(item)

   return nonredundantList

###############################################################################
# 
# Input:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
#  path: A string specifying the path for the directory that contains the SFLD
#        HMM files.
# Returns:
#  fastaDict: A dictionary with key = SFID, value = list of all fasta files 
#             for the hits of each SF/Fam/Sub. Fasta will contain *all* 
#             sequences for each hit file (the hit file name determined from
#             hmmdict).
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#  giScoreEvalueDict: A dictonary with key SFID, value = list of all filenames
#             that contain the gi, score and evalue of each hit set.
#             file format:
#             <gi>    <score>    <evalue>
###############################################################################
def runParseHMMSearch(hmmDict, path):
   print 'def runParseHMMSearch(hmmDict, path):'
   
   fastaDict = {}
   giScoreEvalueDict = {}
   
   for SFID in hmmDict.keys():

      tempHitGIList = []

      #Parse the HMMSearch output HMM in a given superfamily

      #First find the HMMSearch file with superfamily HMM, if present, 
      if hmmDict[SFID][0] != None:
         hmmsearchOutFileName = "SF" + str(SFID) + ".hmmsearch"
         cmd = "giScoreParseList.pl %s" % (hmmsearchOutFileName)
         os.system(cmd)
     
         giScoreEvalueFileName = hmmsearchOutFileName + ".giScoreEval"
         cmd = "getGIfromList.pl %s" % (giScoreEvalueFileName)
         os.system(cmd)
     
         giFileName = giScoreEvalueFileName + ".giList"
         fastaFileName = giFileName + ".fasta"
         cmd = "fastacmd -d nr -i %s -t T -o %s" % (giFileName, fastaFileName)
         os.system(cmd)
         
         SFFastaFile = fastaFileName
         SFgiScoreEvalueFile =  giScoreEvalueFileName
      else:
         SFFastaFile = None
         SFgiScoreEvalueFile =  None
      
      #Then parse hmmsearch with each family HMM,
      famIDFastaDict = {}
      famIDgiScoreEvalueDict ={}
      famIDHMMDict = hmmDict[SFID][1]
      for famID in famIDHMMDict.keys():
         hmmsearchOutFileName = "SF" + str(SFID) + "Fam" + str(famID) + ".hmmsearch"
         cmd = "giScoreParseList.pl %s" % (hmmsearchOutFileName)
         os.system(cmd)
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         giScoreEvalueFileName = hmmsearchOutFileName + ".giScoreEval"
         cmd = "getGIfromList.pl %s" % (giScoreEvalueFileName)
         os.system(cmd)
     
         giFileName = giScoreEvalueFileName + ".giList"
         fastaFileName = giFileName + ".fasta"
         cmd = "fastacmd -d nr -i %s -t T -o %s" % (giFileName, fastaFileName)
         os.system(cmd)
         
         famIDFastaDict[famID] = fastaFileName
         famIDgiScoreEvalueDict[famID] = giScoreEvalueFileName         

      #Then run hmmsearch with each subgroup HMM
      SubIDFastaDict = {}
      SubIDgiScoreEvalueDict = {}
      subIDHMMDict = hmmDict[SFID][2]
      for subID in subIDHMMDict.keys():
         hmmsearchOutFileName = "SF" + str(SFID) + "Sub" + str(subID) + ".hmmsearch"
         cmd = "giScoreParseList.pl %s" % (hmmsearchOutFileName)
         os.system(cmd)
     
         giScoreEvalueFileName = hmmsearchOutFileName + ".giScoreEval"
         cmd = "getGIfromList.pl %s" % (giScoreEvalueFileName)
         os.system(cmd)
     
         giFileName = giScoreEvalueFileName + ".giList"
         fastaFileName = giFileName + ".fasta"
         cmd = "fastacmd -d nr -i %s -t T -o %s" % (giFileName, fastaFileName)
         os.system(cmd)
     
         SubIDFastaDict[subID] = fastaFileName
         SubIDgiScoreEvalueDict[subID] = giScoreEvalueFileName
     

      #Make a fasta file dict and a gi/score/evalue dict for all the files
      fastaDict[SFID] = [SFFastaFile, famIDFastaDict, SubIDFastaDict]
      giScoreEvalueDict[SFID] = [SFgiScoreEvalueFile, famIDgiScoreEvalueDict, SubIDgiScoreEvalueDict]

   return fastaDict, giScoreEvalueDict

##########################################################################
# Parses the output file from the NCBI nrdb program (specified by
# nrdbFileName) to determine the sequence overlap between two sets of
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# files.
# Returns:
#  commonList: A list of GIs common to the two fasta files compared using
#  nrdb.  (If the GIs of the common sequence are identical, one copy is
#  added to the list.  Otherwise, both GIs are added to the list as 
#  seperate entries
##########################################################################
def parseNrdbOutput(nrdbFileName):
   
   commonList = []
   
   inFile = open(nrdbFileName, 'r')
   
   while 1:
      line = inFile.readline()
      if not line:
         break
      if line[:1] == '>':
         #Search for seperator '\x01' added by nrdb to determine if the
         #current sequence was present in both nrdb input files
         index = string.find(line, '\x01')
         if index != (-1):
            commonList.append('Seq in Common')
            break
         #else: pass
   
   inFile.close()      
   
   return commonList

##########################################################################
# Runs the NCBI program nrdb.  Uses the function parseNRDBOutput to parse
# the resulting output file
# Returns:
#  commonList: A list of GIs common to the two fasta files compared using
#  nrdb.  (If the GIs of the common sequence are identical, one copy is
#  added to the list.  Otherwise, both GIs are added to the list as 
#  seperate entries
##########################################################################
def getCommonSeqs(fastaFileName1, fastaFileName2, runningPath):
   
   nrdb_out = runningPath + 'temp.nrdb'
   cmd = 'nrdb -o%s %s %s  2> %sscreenOut' % (nrdb_out, fastaFileName1, fastaFileName2, runningPath)
   os.system(cmd)
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   commonList = parseNrdbOutput(nrdb_out)

   #Remove temporary file
   os.system('rm %stemp.nrdb %sscreenOut' % (runningPath, runningPath))

   return commonList

################################################################################
# markingSeqs
################################################################################
def markingSeqs(gseList, seqPath, seqFileList, inSFLDList, notInList):
   """Mark seq's in gseList that are in the SFLD and write out to file
   and return lists of gi's that are in or not in the sfld
   The new format for the entryDict lists is--
   <gi>    <score>    <evalue>    <VALID/NOT_valid>    <IN_SFLD>    <fasta file name>
   
   """   
   #for entry in gseList:
   #    entry.append('[]')
   #    entry.append('[]')

   print "markingSeqs(gseFileName, gseList, seqPath, seqFileList, inSFLDList, notInList)"
   GIinSFLDList =[]
   for entry in inSFLDList:
      GIinSFLDList.append(entry[0])
   
      
   for entry in gseList:
         notOne = 1
         gi_GSE = entry[0]
         if gi_GSE in GIinSFLDList:
            entry.append('IN_SFLD')
            index = GIinSFLDList.index(gi_GSE)
            entry.append(inSFLDList[index][1])
         elif gi_GSE in notInList:
             entry.append('[]')
             entry.append('[]')
             
         else:
            tmpFastaFileName = gi_GSE + '.tmp'
            os.system("fastacmd -d nr -s%s -tT > %s" % (gi_GSE, tmpFastaFileName))
            for seq_entry in seqFileList:
                seqFastaFileName = seqPath + seq_entry
                commonList = getCommonSeqs(tmpFastaFileName, seqFastaFileName)
                if commonList:  #the list exists, hit is in SFLD
                   print commonList
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                   entry.append('IN_SFLD')
                   entry.append(seq_entry)
                   inSFLDList.append([gi_GSE, seq_entry])
                   print "BREAK " + gi_GSE
                   notOne = 0
                   break
            if notOne == 1: #this is not in SFLD
               print "NO BREAK " + gi_GSE
               entry.append('[]')
               entry.append('[]')
               notInList.append(gi_GSE)
       
   os.system("rm -f *.tmp")
   
   
   return inSFLDList, notInList, gseList
   
   
   
################################################################################
# markIfInSFLD
################################################################################
def markIfInSFLD(seqPath, entryDict, seqFileName):
   """Mark any sequences that are in the SFLD sequence set and write out to a file"""
   
   seqFileList = getFileNameList(seqPath + seqFileName)
   inSFLDList = []
   notInList = []
   newEntryDict = {}
   
   for SFID in entryDict.keys():
      #check the superfamily sequences
      SFgseList = entryDict[SFID][0]
      inSFLDList, notInList, SFgseList = markingSeqs(SFgseList, seqPath, seqFileList, inSFLDList, notInList)
      
      #check the family sequences
      famEntryDict = {}
      FamGSEFileDict = entryDict[SFID][1]
      for famID in FamGSEFileDict.keys():
         FamGSEList = FamGSEFileDict[famID]
         inSFLDList, notInList, FamGSEList = markingSeqs(FamGSEList, seqPath, seqFileList, inSFLDList, notInList)
         famEntryDict[famID] = FamGSEList
         
      #check the subgroup sequences
      subEntryDict = {}
      SubGSEFileDict = entryDict[SFID][2]
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      for subID in SubGSEFileDict.keys():
         SubGSEList = SubGSEFileDict[subID]
         inSFLDList, notInList, SubGSEList = markingSeqs(SubGSEList, seqPath, seqFileList, inSFLDList, notInList)
         subEntryDict[subID] = SubGSEList
      
      newEntryDict[SFID]= [SFgseList, famEntryDict, subEntryDict]
   
   return newEntryDict

###############################################################################
# Parses the fasta format sequence file referenced by fastaFileName and obtains
# a list of gi numbers for the sequences in the file (giList).  Returns giList.
###############################################################################
def fastaToGI(fastaFileName):

   giList = []
   inFile = open(fastaFileName, "r")
   
   while 1:
      line = inFile.readline()   
      if not line:
         break
      if line[:1] == ">":
         gi = getGI(line)
         giList.append(gi)
      
   inFile.close()
   return giList

###############################################################################
# Queries the SFLD to determine the superfamily name that corresponds to a
# superfamily identifier.
# 
# Input:
#  SFID: A superfamily identifier (type long).
# Returns:
#  SFName: A string specifying the name of the superfamily that corresponds to
#          SFID.
###############################################################################
def getSFName(SFID):
   #SF.colon is the filename of the ID/Names for the SFLD
   SF_ID_filename = 'SF.colon'
   SFName_id_dict = MapSFIDToName(SF_ID_filename)
   SFName = SFName_id_dict[SFID]     
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   return SFName

###############################################################################
# Input:
#  alignmentFileName: The name of an hmmeralign format sequence alignment.
# Returns:
#  repSeq: A string specifying the (gapped) amino acid sequence for the first 
#          sequence in the alignment specified by alignmentFileName.
###############################################################################
def getRepSeq(alignmentFileName):

   inFile = open(alignmentFileName, "r")

   #Get the identifier for the first sequence in the alignment
   while 1:
      line = inFile.readline()
      if not line:
         break
      line = string.strip(line)
      if line[:5] == "Name:":
         line = string.strip(line[5:])
         index = string.find(line, " ")
         repSeqID = line[:index]
         break

   #Get the amino acid sequence corresponding to repSeqID
   repSeq = ""
   while 1:
      line = inFile.readline()
      if not line:
         break
      line = string.strip(line)
      if line[:len(repSeqID)] == repSeqID:
         line = string.strip(line[len(repSeqID):])
         repSeq += string.replace(line, " ", "")

   inFile.close()

   return repSeq
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###############################################################################
# Translates the sequence number num (obtained from a gapped sequence
# alignment) to the corresponding number with respect to the ungapped
# sequence equivalent of gappedRepSeq.
#
# Input:
#  gappedConsResTuple: A nested tuple of tuples.  Each inner tuple is of the 
#                      form (AA#, AAType), where AA# references a specific 
#                      amino acid in the string gappedRepSeq.
#  gappedRepSeq: A string specifying an amino acid sequence from a gapped 
#                sequence alignment.
# Returns:
#  ungappedConsResList: The ungapped equivalent of gappedConsResTuple, but in 
#                       list form.
#
# NOTE: If the alignment position specified by an entry in gappedConsResTuple
# corresponds to a gap character in gappedRepSeq, a zero will be placed in the
# corresponding entry in ungappedConsResList.
###############################################################################
def getUngappedNumbers(gappedConsResList, gappedRepSeq):

   ungappedConsResList = []
   seqList = list(gappedRepSeq)

   for consResPair in gappedConsResList:
      gappedNum = consResPair[0]
      #print gappedNum
      aaType = consResPair[1]
      ungappedCount = 0
      gappedCount = 0
      correctedNum = 0
      for letter in seqList:
         #clustalw specifies gaps with "-", while hmmeralign uses "." and "~"
         if letter == "-" or letter == "." or letter == "~":
            gappedCount += 1 
            #print gappedCount
         else:
            
            gappedCount += 1
            ungappedCount += 1
            #stringie =  str(gappedCount) + " " + str(ungappedCount) + " " + gappedNum
            #print stringie
            if gappedCount == int(gappedNum):
               #print "hello?"
               correctedNum = ungappedCount
               ungappedConsResList.append([correctedNum, aaType])
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   return ungappedConsResList 

###############################################################################
# Removes gap characters from the string gappedSequence.  Returns the ungapped 
# string.
###############################################################################
def removeGaps(gappedSequence):

   ungappedSequence = string.replace(gappedSequence, ".", "")
   ungappedSequence = string.replace(ungappedSequence, "-", "") 
   ungappedSequence = string.replace(ungappedSequence, "~", "")

   return ungappedSequence

###############################################################################
# Input:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
#  path: A string specifying the path for the directory that contains the SFLD
#        HMM files.
# Returns:
#  consResDict: A dictionary with key = SFID, value = a list with the following 
#               format: [consResList, familyConsResDict, subgroupConsResDict]
#               where family and subgroupConsResDict are dictionaries with 
#               key = family/subgroup ID and value = consResList, and 
#               consResList is a nested list where each inner list has the 
#               format: [AA#, allowedAAType(s)]
#  repSeqDict: Dictionary with key = SFID, value = list with the following 
#              format: [SFRepSeq, familyRepSeqDict, subgroupRepSeqDict]
#              where family and subgroupRepSeqDict are dictionaries with key = 
#              family/subgroup ID and value = a string containing the amino 
#              acid sequence for a representative sequence in the 
#              family/subgroup, which corresponds to the conserved residue 
#              numbering in consResDict.
###############################################################################
def getConsResDict(hmmDict, path):
   consResDict = {}
   repSeqDict = {}
   
   align_file_name = 'SFalign.colon'
   num_elements = 2
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   SFalignList = returnList(align_file_name, num_elements)
   
   cons_residue_file_name = 'SFConsRes.colon'
   num_elements = 3
   SFAllConsResList = returnList(cons_residue_file_name, num_elements)
   #print SFAllConsResList
   
   
   for SFID in hmmDict.keys():
      #get superfamily alignment file name
      for index in range(0, len(SFalignList)):
         if SFID == SFalignList[index][0]:
             alignmentFileName = SFalignList[index][1]
      
      if alignmentFileName != None:
         #Collect the representative sequence for the SF alignment
         gappedSFRepSeq = getRepSeq(path + alignmentFileName)
         SFRepSeq = removeGaps(gappedSFRepSeq)
         
         #Collect the conserved residues for the SF alignment
         SFCRList = []
         for index in range(0, len(SFAllConsResList)):
            if SFID == SFAllConsResList[index][0]:
                 SFCRList.append([SFAllConsResList[index][1], SFAllConsResList[index][2]])
                 #print SFCRList
                 #print gappedSFRepSeq
         
         SFConsResList = getUngappedNumbers(SFCRList, gappedSFRepSeq)
      else:
         SFConsResList = []
         SFRepSeq = None         

      famConsResDict = {}
      famRepSeqDict = {}
      
      #get family alignment file names
      fam_align_file_name = 'FamAlign.colon'
      num_elements = 2
      FamAlignList = returnList(fam_align_file_name, num_elements)
      
      #get conserved residues for family alignments
      fam_cons_res_file_name = 'FamConsResList.colon'
      num_elements = 3
      FamConsResList = returnList(fam_cons_res_file_name, num_elements)
      #print FamConsResList
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      for famID in hmmDict[SFID][1].keys():
         #Collect the representative sequence for a family alignment
         for index in range(0, len(FamAlignList)):
             if famID == FamAlignList[index][0]:
                 alignmentFileName = FamAlignList[index][1]
                 gappedFamRepSeq = getRepSeq(path + alignmentFileName)
                 famRepSeqDict[famID] = removeGaps(gappedFamRepSeq)
     
         #Collect the conserved residues for a family alignment
         FamCRList =[]   
         for index in range(0, len(FamConsResList)):
             if famID == FamConsResList[index][0]:
                 FamCRList.append([FamConsResList[index][1], FamConsResList[index][2]])
                 famConsResDict[famID] = getUngappedNumbers(FamCRList, gappedFamRepSeq)
     
     
      subConsResDict = {}
      subRepSeqDict = {}
      
      #get subgroup alignment file names
      sub_align_file_name = 'SubAlign.colon'
      num_elements = 2
      SubAlignList = returnList(sub_align_file_name, num_elements)
      
      #get conserved residues for the subgroup alignments
      sub_cons_res_file_name = 'SubConsResList.colon'
      num_elements = 3
      SubConsResList = returnList(sub_cons_res_file_name, num_elements)
      
      for subID in hmmDict[SFID][2].keys():
         #Collect the representative sequence for a subgroup alignment
         for index in range(0, len(SubAlignList)):
             if subID == SubAlignList[index][0]:
                 alignmentFileName = SubAlignList[index][1]    
                 gappedSubRepSeq = getRepSeq(path + alignmentFileName)
                 subRepSeqDict[subID] = removeGaps(gappedSubRepSeq)
     
         #Collect the conserved residues for a subgroup alignment
         SubCRList = []
         for index in range(0, len(SubConsResList)):
             if subID == SubConsResList[index][0]:
                 SubCRList.append([SubConsResList[index][1], SubConsResList[index][2]])
                 subConsResDict[subID] = getUngappedNumbers(SubCRList, gappedSubRepSeq)

      #For each SFID make a dict holding the conserved residues and the rep
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      #Sequences for each family/SF/Sub etc.
      consResDict[SFID] = [SFConsResList, famConsResDict, subConsResDict]
      repSeqDict[SFID] = [SFRepSeq, famRepSeqDict, subRepSeqDict]

   #print consResDict
   #print repSeqDict
   return consResDict, repSeqDict
   

###############################################################################
# Input: 
#  consResDict: A dictionary with key = SFID, value = a list with the following
#               format: [consResList, familyConsResDict, subgroupConsResDict]
#               where family and subgroupConsResDict are dictionaries with
#               key = family/subgroup ID and value = consResList, and
#               consResList is a nested list where each inner list has the
#               format: [AA#, allowedAAType(s)]
# Returns: 
#  reformattedConsResDict: A dictionary with key = SFID, value = a list with the
#                          following format: [consResList, familyConsResDict,
#                          subgroupConsResDict], where family and
#                          subgroupConsResDict are dictionaries with key =
#                          family/subgroup ID and value = consResList, and
#                          consResList is a nested list where each inner list
#                          has the format: [AA#, [allowedAAType(s)]]
###############################################################################
def reformatConsResDict(consResDict):
   
   #print consResDict
   reformattedConsResDict = {}
       
   aaDict = {} 
   aaDict['ALA'] = 'A' 
   aaDict['ARG'] = 'R' 
   aaDict['ASN'] = 'N' 
   aaDict['ASP'] = 'D' 
   aaDict['CYS'] = 'C' 
   aaDict['GLN'] = 'Q'
   aaDict['GLU'] = 'E' 
   aaDict['GLY'] = 'G' 
   aaDict['HIS'] = 'H' 
   aaDict['ILE'] = 'I'
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   aaDict['LEU'] = 'L' 
   aaDict['LYS'] = 'K' 
   aaDict['MET'] = 'M'    
   aaDict['PHE'] = 'F' 
   aaDict['PRO'] = 'P' 
   aaDict['SER'] = 'S' 
   aaDict['THR'] = 'T' 
   aaDict['TRP'] = 'W' 
   aaDict['TYR'] = 'Y' 
   aaDict['VAL'] = 'V' 
 
   for SFID in consResDict.keys():
      SFConsResList = [] 
      for consResPair in consResDict[SFID][0]:
         aaTypeString = consResPair[1]
         origAAList = string.split(aaTypeString, ",")
         reformattedAAList = []
         for aa in origAAList:
            aa = string.strip(aa)
            if len(aa) > 1:
               try:   
                  reformattedAAList.append(aaDict[aa])
               except KeyError:
                  reformattedAAList.append('X')
            else: 
               reformattedAAList.append(aa)
         SFConsResList.append([consResPair[0], reformattedAAList[:]])
      famConsResDict = {} 
      for famID in consResDict[SFID][1].keys():
         famConsResDict[famID] = []
         for consResPair in consResDict[SFID][1][famID]:
            aaTypeString = consResPair[1]
            origAAList = string.split(aaTypeString, ",")
            reformattedAAList = []
            for aa in origAAList:
               aa = string.strip(aa)
               if len(aa) > 1: 
                  try:   
                     reformattedAAList.append(aaDict[aa])
                  except KeyError: 
                     reformattedAAList.append('X')   
               else: 
                  reformattedAAList.append(aa)
            famConsResDict[famID].append([consResPair[0], reformattedAAList[:]])
      subConsResDict = {}  
      for subID in consResDict[SFID][2].keys():
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         subConsResDict[subID] = [] 
         for consResPair in consResDict[SFID][2][subID]:
            aaTypeString = consResPair[1] 
            origAAList = string.split(aaTypeString, ",")
            reformattedAAList = [] 
            for aa in origAAList: 
               aa = string.strip(aa)
               if len(aa) > 1: 
                  try: 
                     reformattedAAList.append(aaDict[aa])
                  except KeyError: 
                     reformattedAAList.append('X') 
               else: 
                  reformattedAAList.append(aa)
            subConsResDict[subID].append([consResPair[0], reformattedAAList[:]])
      reformattedConsResDict[SFID] = [SFConsResList, famConsResDict, subConsResDict]
   
   #print reformattedConsResDict
   return reformattedConsResDict 
                   
  

###############################################################################
# Adds the amino acid sequence specified by the string repSeq in fasta format
# to the fasta sequence file specified by the string fastaFileName.
###############################################################################
def addRepSeq(fastaFileName, repSeq):
   
   #print repSeq
   outFile = open(fastaFileName, "a")
   outFile.write(">gi|repSeq|\n")
   outFile.write(common.format(repSeq))
   outFile.close()      

###############################################################################
# Aligns the hit sequences categorized in a given superfamily/family/subgroup,
# from categorizedHitsDict, along with the appropriate representative sequence,
# from repSeqDict, with the appropriate HMM, from hmmDict, using hmmalign.
#
# Input:
#  categorizedHitsDict: A dictionary with key = SFID, value = A list with 
#                       structure: [SFHitList, familyHitDict, subgroupHitDict], 
#                       where SFHitList is a list of gi numbers for all hits 
#                       from the superfamily, familyHitDict is a 
#                       dictionary with key = family ID, value = a list of gi 
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#                       numbers for hits classified with a given family, and 
#                       subgroupHitDict is the equivalent to familyHitDict, but 
#                       for a subgroup rather than a family.
#  repSeqDict: Dictionary with key = SFID, value = list with the following 
#              format: [SFRepSeq, familyRepSeqDict, subgroupRepSeqDict]
#              where family and subgroupRepSeqDict are dictionaries with key = 
#              family/subgroup ID and value = a string containing the amino 
#              acid sequence for a representative sequence in the 
#              family/subgroup, which corresponds to the conserved residue 
#              numbering in consResDict.
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
#  path: A string specifying the path for the directory that contains the SFLD
#        HMM files.
###############################################################################

def alignHits(fastaDict, repSeqDict, hmmDict, path):
   print 'def alignHits(fastaDict, repSeqDict, hmmDict, path):'
   
   alignHitDict = {}   
   for SFID in hmmDict.keys():

      #First find the HMMSearch file with superfamily HMM, if present, 
      if hmmDict[SFID][0] != None:
         hmmName = path + hmmDict[SFID][0]
         alignFileName = "SF" + str(SFID) + ".hmmalign"
         fastaFile = fastaDict[SFID][0]
         addRepSeq(fastaFile, repSeqDict[SFID][0])
         os.system("inspectDefline.py %s" % (fastaFile))
         os.system("mv shortDefline.fasta " + fastaFile)
         os.system("hmmalign -o %s  %s %s > screenOut" % (alignFileName, hmmName, fastaFile))
         SFalignFileName = alignFileName
      else:
         SFalignFileName = None
      
      famAlignDict = {}
      famIDHMMDict = hmmDict[SFID][1]
      famFastaDict = fastaDict[SFID][1]
      for famID in famIDHMMDict.keys():
         hmmName = path + hmmDict[SFID][1][famID]
         alignFileName = "SF" + str(SFID) + "Fam" + str(famID) + ".hmmalign"
         fastaFile = famFastaDict[famID]
         addRepSeq(fastaFile, repSeqDict[SFID][1][famID])
         os.system("inspectDefline.py %s" % (fastaFile))
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         os.system("mv shortDefline.fasta " + fastaFile)
         os.system("hmmalign -o %s  %s %s > screenOut" % (alignFileName, hmmName, fastaFile))
         famAlignDict[famID] = alignFileName

      subAlignDict = {}
      subIDHMMDict = hmmDict[SFID][2]
      subFastaDict = fastaDict[SFID][2]
      for subID in subIDHMMDict.keys():
         hmmName = path + hmmDict[SFID][2][subID]
         alignFileName = "SF" + str(SFID) + "Sub" + str(subID) + ".hmmalign"
         fastaFile = subFastaDict[subID]
         addRepSeq(fastaFile, repSeqDict[SFID][2][subID])
         os.system("inspectDefline.py %s" % (fastaFile))
         os.system("mv shortDefline.fasta " + fastaFile)
         os.system("hmmalign -o %s  %s %s > screenOut" % (alignFileName, hmmName, fastaFile))
         subAlignDict[subID] = alignFileName

      alignHitDict[SFID] = [SFalignFileName, famAlignDict, subAlignDict]
      #print alignHitDict
      
   return alignHitDict

###############################################################################
# Input:
#  alignFileName: A string specifying the name of a hmmeralign format alignment
#  repSeq: A string specifying an (ungapped) amino acid sequence present in 
#          the alignment specified by alignFileName
#  consResList: A nested list with format [AA#, [allowedAAType(s)]]
# Returns:
#  validatedHitList: A list containing the gi numbers for all sequences in
#                    alignFileName that conserve the residues specified in
#                    consResList, according to the alignment
###############################################################################
def checkAlignmentForConsRes(alignFileName, repSeq, consResList):

   allowedMismatches = 0
   validatedHitList = []
   removedHitsList = []

   algnmnt = alignment(alignFileName)
   mismatchDict = {}
   for alignKey in algnmnt.alignDict.keys():
      #print "alignKey" + alignKey
      mismatchCounter = 0
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      for resPair in consResList:
         resNum = resPair[0]
         #print "resNum" + str(resNum)
         correctedResNum = algnmnt.translateSeqNum(resNum, "repSeq")
         #subtract 1 from correctedResNum to convert to index 
         #print resPair[1]
         if "X" in resPair[1]:
            #print "what?\n"
            pass
         elif algnmnt.alignDict[alignKey][correctedResNum - 1] not in resPair[1]:
            #print algnmnt.alignDict[alignKey][correctedResNum - 1]
            #print str(correctedResNum - 1)
            #print resPair[1]
            mismatchCounter += 1
      mismatchDict[alignKey] = mismatchCounter 
      #print "mismatchCounter"
      #print mismatchCounter
   for key in mismatchDict.keys():
      #print "key"
      #print key
      #print "mismatchDict[key]"
      #print mismatchDict[key]
      if mismatchDict[key] <= allowedMismatches and key != "repSeq":
         validatedHitList.append(str(key))
         #print "VALID"
      elif key == "repSeq":
         pass
      else:
         removedHitsList.append(str(key))
#   os.system("rm " + alignFileName) #Delete temporary alignment file

   return validatedHitList, removedHitsList

###############################################################################
# Validates hit sequences by verifying that they conserve the catalytic 
# residues specified in consResDict.
# 
# Input:
#  consResDict: A dictionary with key = SFID, value = a list with the following 
#               format: [consResList, familyConsResDict, subgroupConsResDict]
#               where family and subgroupConsResDict are dictionaries with 
#               key = family/subgroup ID and value = consResList, and 
#               consResList is a nested list where each inner list has the 
#               format: [AA#, allowedAAType(s)]
#  repSeqDict: Dictionary with key = SFID, value = list with the following 
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#              format: [SFRepSeq, familyRepSeqDict, subgroupRepSeqDict]
#              where family and subgroupRepSeqDict are dictionaries with key = 
#              family/subgroup ID and value = a string containing the amino 
#              acid sequence for a representative sequence in the 
#              family/subgroup, which corresponds to the conserved residue 
#              numbering in consResDict.
# Returns:
#  validatedHitsDict: Dictionary with key = SFID, value = list with structure:
#                     [validatedSFHitList, validatedFamHitDict, 
#                     validatedSubHitDict], where validatedSFHitList is a list 
#                     of gi numbers for validated hits categorized with the SF 
#                     HMM, validatedFamHitDict is a dictionary with key = 
#                     family ID, value = list of gi numbers for validated hits 
#                     classified with a given family ID, and 
#                     validatedSubHitDict is the equivalent to familyHitDict, 
#                     but for a subgroup rather than a family.
###############################################################################
def checkHitsForConsRes(hmmDict, consResDict, repSeqDict):
   print 'def checkHitsForConsRes(hmmDict, consResDict, repSeqDict):'
   validatedHitsDict = {}
   removedHitsDict = {}

   for SFID in hmmDict.keys():
      if SFID in consResDict.keys():
         SFAlignFileName = "SF" + str(SFID) + ".hmmalign"
         if os.path.isfile(SFAlignFileName):
            validatedSFHitList, removedSFHitsList = checkAlignmentForConsRes(SFAlignFileName, repSeqDict[SFID][0], consResDict[SFID][0])
         else:
            validatedSFHitList = []
            removedSFHitsList = []
      else:
         SFAlignFileName = "SF" + str(SFID) + ".hmmalign" + ".noConsRes"
         openfile = open(subAlignFileName, "w")
         openfile.close() 
         print "made an openfile for subgroup"
         
      validatedFamHitDict = {}
      removedFamHitsDict = {}
      famIDHMMDict = hmmDict[SFID][1]
      for famID in famIDHMMDict.keys():
         if famID in consResDict[SFID][1].keys():
            famAlignFileName = "SF" + str(SFID) + "Fam" + str(famID) + ".hmmalign"
            if os.path.isfile(famAlignFileName):
               #print "famID" + famID
               validatedFamHitDict[famID], removedFamHitsDict[famID] = checkAlignmentForConsRes(famAlignFileName, repSeqDict[SFID][1][famID], consResDict[SFID][1][famID])
            else:
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                print "No alignment file for family"
         else:
            famAlignFileName = "SF" + str(SFID) + "Fam" + str(famID) + ".hmmalign" + ".noConsRes"
            openfile = open(famAlignFileName, "w")
            openfile.close() 
            print "made an openfile for family"
               
      validatedSubHitDict = {}
      removedSubHitsDict = {}
      for subID in hmmDict[SFID][2].keys():
         if subID in consResDict[SFID][2].keys():
            subAlignFileName = "SF" + str(SFID) + "Sub" + str(subID) + ".hmmalign"
            if os.path.isfile(subAlignFileName):
               validatedSubHitDict[subID], removedSubHitsDict[subID] = checkAlignmentForConsRes(subAlignFileName, repSeqDict[SFID][2][subID], consResDict[SFID][2][subID])
               print "No alignment file for subgroup"
         else:
            subAlignFileName = "SF" + str(SFID) + "Sub" + str(subID) + ".hmmalign" + ".noConsRes"
            openfile = open(subAlignFileName, "w")
            openfile.close() 
            print "made an openfile for subgroup"

         
      validatedHitsDict[SFID] = [validatedSFHitList, validatedFamHitDict, validatedSubHitDict]
      print validatedSFHitList
      print validatedFamHitDict
      print validatedSubHitDict
      
      removedHitsDict[SFID] = [removedSFHitsList, removedFamHitsDict, removedSubHitsDict]
      print removedSFHitsList
      print removedFamHitsDict
      print removedSubHitsDict
      
   return validatedHitsDict, removedHitsDict

################################################################################
# gseLoadFile
################################################################################
def gseLoadFile(fileName):
   """Open the giScoreEvalue file and return contents in a list"""
   
   gseFileList = []
   gseINFile = open(fileName, 'r')

   for line in gseINFile.readlines():
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      tmpList = line.split()
      gseFileList.append(tmpList)
   
   gseINFile.close()
   return gseFileList
   
################################################################################
# printGSEFile
################################################################################
def printGSEFile(fileList, filename):
   """Print out the fileList to the file named filename"""
   fileOut = open(filename, "w")
   for entry in fileList:
      listString = '    '.join(entry)
      fileOut.write(listString)
      fileOut.write("\n")
      
   fileOut.close()   
   
   
################################################################################
# markIfValidHit
################################################################################
def markIfValidHit(validatedHitsDict, removedHitsDict, giScoreEvalueDict):
   """Mark the hits in giScoreEvalue files as valid or invalid hits.
   
   Input:
       validatedHitsDict: the Dict with the validated gi's for the SF's, Fams&
           Sub's
       removedHitsDict:  the dict with the invalidated gi's for the SF's Fams &
           Subs
       giScoreEvalueDict: the dict that holds all the files names for the
           parsed hmmsearch files (their file extension is .giScoreEvalue)
   This program will read in each .giScoreEvalue and mark each hit (line) as
   either valid or invalid and then 
   
   Return: the dictionary holding all the updated entry information in entryDict
           The new entry format is:
           <gi>    <score>    <evalue>    <VALID/NOT_valid>
   """
   entryDict = {} #this holds all of the entry data from the flatfiles
   
   for SFID in giScoreEvalueDict.keys():
      # deal with the SF
      if giScoreEvalueDict[SFID][0] != None: #else pass
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         validGISFList = validatedHitsDict[SFID][0]

         invalidGISFList = removedHitsDict[SFID][0]

         gseINFileList = gseLoadFile(giScoreEvalueDict[SFID][0])
         for entry in gseINFileList:
            if entry[0] in validGISFList:
               entry.insert(len(entry),"VALID")
            elif entry[0] in invalidGISFList:
               entry.insert(len(entry), "NOT_valid")
            else:
               print "This Didn't work!!!"
         
         SFentry = gseINFileList
         #printGSEFile(gseINFileList, giScoreEvalueDict[SFID][0])
      
      else:
          SFentry = None
      
      #deal with the families
      famEntryDict ={}
      famGSEDict = giScoreEvalueDict[SFID][1]
      validFamDict = validatedHitsDict[SFID][1]
      invalidFamDict = removedHitsDict[SFID][1]
      for famID in famGSEDict.keys():
         famGSEFile = famGSEDict[famID] #get the family gse filename
         famINFileList = gseLoadFile(famGSEFile)
         
         validGIFamList = validFamDict[famID] #get the fam list of valid hits
            
         invalidGIFamList = invalidFamDict[famID] #get the fam list of invalid hits
            
         for entry in famINFileList:
            if entry[0] in validGIFamList:
               entry.insert(len(entry), "VALID")
            elif entry[0] in invalidGIFamList:
               entry.insert(len(entry), "NOT_valid")
            else:
               print "2 THis didn't work"
         
         famEntryDict[famID] = famINFileList
         #printGSEFile(famINFileList, famGSEFile)
         
         
      #deal with the subgroups
      subEntryDict = {}
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      subGSEDict = giScoreEvalueDict[SFID][2]
      validSubDict = validatedHitsDict[SFID][2]
      invalidSubDict = removedHitsDict[SFID][2]
      for subID in subGSEDict.keys():
         subGSEFile = subGSEDict[subID] #get the family gse filename
         subINFileList = gseLoadFile(subGSEFile)
         
         validGISubList = validSubDict[subID] #get the fam list of valid hits
            
         invalidGISubList = invalidSubDict[subID] #get the fam list of invalid hits
            
         for entry in subINFileList:
            if entry[0] in validGISubList:
               entry.insert(len(entry), "VALID")
            elif entry[0] in invalidGISubList:
               entry.insert(len(entry),"NOT_valid")
            else:
               print "3 THis didn't work"
         
         subEntryDict[subID] = subINFileList
         #printGSEFile(subINFileList, subGSEFile)
      
      entryDict[SFID] = [SFentry, famEntryDict, subEntryDict]
      
   return entryDict    

################################################################################
#fastacmdDefSeq
################################################################################
def fastacmdDefSeq(entryList, fastaDict):
    """Return entry list with added def line and AA sequence.
    Input: entryList a list of the format
    <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>
    Return: entryList: a new list that has added the definition line and the AA sequence.
            of the format
    <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
            
            fastaDict: key = gi number, value = fasta file name for that gi
            
    """
    gi = entryList[0]
    fastaFileName = gi + '.fasta' 
    
    if gi not in fastaDict.keys():
        fastaDict[gi] = fastaFileName
        cmd = 'fastacmd -d nr -s%s -tT > %s' % (gi, fastaFileName)
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        os.system(cmd)
    else:
        pass
        
    fastaFile = open(fastaFileName, "r")
    defLine = fastaFile.readline()
    defLine = defLine[:-1] #strip off the endl
    
    AAline = fastaFile.readline() #get the first AA line
    AAline = AAline[:-1]
    line = fastaFile.readline()
    while line:
        line = line[:-1]
        AAline = AAline + line
        line = fastaFile.readline()
        
    #insert def line in second position of list, after gi
    entryList.insert(1, defLine)
    
    #insert AA line at the end of the list
    entryList.insert(len(entryList), AAline)
    
    fastaFile.close()
    return entryList, fastaDict
    
    
################################################################################
# getDefandSeq
################################################################################
def getDefandSeq(entryDict):
    """Return new dict of the entries that includes the def line and AA sequence.
    Input:   entryDict--the dictionary key = SFID, value = lists of entry data
        for each SF/Fam/Sub.
    Return:    newEntryDict--dictionary key = SFID, value = updated lists of 
        entry data for each SF/Fam/Sub in the format
        <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
               fastaDict--dictionary key = gi number, value = fasta file for that gi
    """
    newEntryDict = {}  #key SFID, value entry lists
    fastaDict = {}  # key gi number, value fasta file name
    for SFID in entryDict.keys():
        
        if entryDict[SFID][0] != None:
            SFentryList = entryDict[SFID][0]
            for entry in SFentryList:
                entry, fastaDict = fastacmdDefSeq(entry, fastaDict)               

              163



            newSFentryList = SFentryList
        else:
            newSFentryList = None
                    
        famEntryDict = entryDict[SFID][1]
        newFamEntryDict = {}
        for famID in famEntryDict.keys():
            famEntryList = famEntryDict[famID]
            for entry in famEntryList:
                entry, fastaDict = fastacmdDefSeq(entry, fastaDict)
            newFamEntryDict[famID] = famEntryList
            
        subEntryDict = entryDict[SFID][2]
        newSubEntryDict = {}
        for subID in subEntryDict.keys():
            subEntryList = subEntryDict[famID]
            for entry in subEntryList:
                entry, fastaDict = fastacmdDefSeq(entry, fastaDict)
            newSubEntryDict[subID] = subEntryList
        
        newEntryDict[SFID] = [newSFentryList, newFamEntryDict, newSubEntryDict]

    return newEntryDict, fastaDict
    
################################################################################
#printOutput
################################################################################
def printOutput(giScoreEvalueDict, entryDict, fileExt):
    """Print out the updated entries fo files listed in giScoreEvalueDict.
    format of file:
    <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
    fileExt: if not empty, add this file extension to the filenames to write to
    
    """
    for SFID in giScoreEvalueDict.keys():
        if giScoreEvalueDict[SFID][0] != None:
            SFfileName = giScoreEvalueDict[SFID][0]
            SFfileName = SFfileName + fileExt
            SFfileList = entryDict[SFID][0]
            printGSEFile(SFfileList, SFfileName)
        else:
            pass
            
        famFileNameDict = giScoreEvalueDict[SFID][1]
        famEntryDict = entryDict[SFID][1]
        for famID in famFileNameDict.keys():
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            famFileName = famFileNameDict[famID]
            famFileName = famFileName + fileExt
            famEntryList = famEntryDict[famID]
            printGSEFile(famEntryList, famFileName)
        
        subFileNameDict = giScoreEvalueDict[SFID][1]
        subEntryDict = entryDict[SFID][1]        
        for subID in subFileNameDict.keys():
            subFileName = subFileNameDict[subID]
            subFileName = subFileName + fileExt
            subEntryList = subEntryDict[subID]
            printGSEFile(subEntryList, subFileName)

################################################################################
# seenThisDomain
################################################################################
def seenThisDomain(entry, hitList, hitDomainDict, entryList):
    """Return a Dict with cdd domain hits added to the info in 'entry'.
    INPUT: 
        entry: a list of data for one gi
        hitList: a list of keys for hitDomainDict
        hitDomainDict: a dict with key = hit name ('gi_hit1' etc), value = 
            domain hit information in the format
            <total length> <align. length> <query start> <query end> <percent ID>
                    <evalue> <bit score> <db>
        entryList: A list of lists (a list of entries) the 
            entries are in the format
            <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     
                    <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
    PROCESS:
        This gi has been seen before (and therefore the rpsblast has been done
        and the domain hits gotten) but we still need to add this info to the 
        current entry being processed. This function will add the info in a 
        series of new line additions to entryDict so that the fist updated
        entry is
            <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     
                    <IN_SFLD>    <SFLD fasta filename> <total length> 
                    <align. length> <query start> <query end> <percent ID>
                    <evalue> <bit score> <db>  <AA sequence>
       the following entries are
            <gi>    <[dup]>    <[dup]>   <Evalue>    <[dup]>     
                    <[dup]>    <[dup]> <total length> 
                    <align. length> <query start> <query end> <percent ID>
                    <evalue> <bit score> <db>  <[dup]>
    RETURN:
        updatedEntryDict: a dict key = SFID, value = updated entries (see PROCESS)
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    """
    updatedEntryList = entryList[:]
    entry_index = entryList.index(entry) 
    entry_copy = entry[:]

    #deal with the first CDD hit
    if hitList:
        hit_1 = hitList.pop(0)
        domainHitList = hitDomainDict[hit_1]
        for datum in domainHitList:
            index = len(entry_copy) - 1 #insert before the last item
            entry_copy.insert(index, datum)
        
        updatedEntryList.pop(entry_index) #remove old entry
        updatedEntryList.insert(entry_index, entry_copy) #put in new entry into orig. spot
    
        #now deal with the rest of the CDD hits
        for hit in hitList:
            entry_copy = entry[:]
            domainHitList = hitDomainDict[hit]
            # get the domain data
            for datum in domainHitList:
                index = len(entry_copy) - 1 #insert before the last item
                entry_copy.insert(index, datum)
        
            # replace appropriate values with [dup] (duplicate)
            entry_copy[1] = '[dup]'   #def line
            entry_copy[2] = '[dup]'   #score
            entry_copy[4] = '[dup]'   #VALID/NOT_valid
            entry_copy[5] = '[dup]'   #IN_SFLD
            entry_copy[6] = '[dup]'   #SFLD fasta filename
            entry_copy[-1] = '[dup]'  # AA sequence
        
            entry_index = entry_index + 1
            updatedEntryList.insert(entry_index, entry_copy)
    else:
        for i in range(0, 8):
            index = len(entry_copy) - 1 #insert before the last item
            entry_copy.insert(index, '[]')
        updatedEntryList.pop(entry_index) #remove old entry
        updatedEntryList.insert(entry_index, entry_copy) #put in new entry into orig. spot
            
    return updatedEntryList    

################################################################################
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# parseRPSBlast
################################################################################
def parseRPSBlast(rpsFileName):
    """Return a list holding the top five hits from the rpsFile.
    INPUT:
        rpsFileName: the filename of the output from an rpsblast run.
        file is in tabular format
            "Query id, Subject id, % identity, alignment length, mismatches, 
                    gap openings, q. start, q. end, s. start, s. end, 
                    e-value, bit score"
    PROCESS:
        Open the rps file and parse out the top five hits and put them into a 
        list.
    RETURN:
         hitList: A list of lists of the top 5 rpsblast hits.
    
    """
    rpsFile = open(rpsFileName, 'r')
    #file is in tabular format with each line having the format
    #Query id, Subject id, % identity, alignment length, mismatches, gap openings, q. start, q. end, s. start, s. end, e-value, bit score
    hitList = []
    i = 0
    for line in rpsFile.readlines(): 
        if i in range(0, 5):
            tmpList = line.split()
        
            db_info = str(tmpList[1])
            perc_id = str(tmpList[2])
            align_len = str(tmpList[3])
            q_start = str(tmpList[6])
            q_end = str(tmpList[7])
            evalue = str(tmpList[10])
            bit_score = str(tmpList[11])
            hitList.append([align_len, q_start, q_end, perc_id, evalue, bit_score, db_info])
            i += 1
        else:
            break
        
    return hitList
        
    
################################################################################
# runRPSBlast
################################################################################
def runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName):
    """Return two dictionaries that contian CDD domian data gathered from rpsblast.
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    INPUT:  
        entry: the entry to run rpsblast on
        haveDomainDict: a dictionary Key = gi, value = list of keys for hitDomainDict
        hitDomainDict: a dictionary key = hit name ('gi_hit1' etc), value = cdd
            hit information in the format
            <total length> <length alignment> <query align start> <query align end> 
            <percentID> <evalue of rpsblast> <bit score of rpsblast>  <rpsblast DB>
        fastaFileName: the filename of the fasta file to be run in rpsblast
        NOT PASSED: 
            NOTE: this function calls the ncbi program rpsblast and therefore
            requires having an rpsblast formatted DB somewhere accessible and a 
            .ncbirc file in the running directory
    PROCESS:
        This function will run rpsblast on the input fasta file and then open 
        up the output and parse out the top 5 domain hits. This function has
        been hard-coded to use the CDD database. This function then updates
        haveDomainDict and hitDomainDict with the new gi/domain data.
    RETURN:
        updated haveDomainDict
        updated hitDomainDict
    
    """
    outputFile = fastaFileName + '.rpsblast'
    
    #get tabular output from rpsblast
    os.system('rpsblast -i %s -d Cdd -m 8 -o %s' % (fastaFileName, outputFile))
    hitList = parseRPSBlast(outputFile)
    total_seq_len = len(entry[-1])
    hitNum = 1
    gi = entry[0]
    keyList = []
    for hit in hitList:
        hit.insert(0, str(total_seq_len))
        hitKey = gi + '_hit_' + str(hitNum)
        hitDomainDict[hitKey] = hit
        keyList.append(hitKey)
        hitNum += 1
        
    haveDomainDict[gi] = keyList
    
    return haveDomainDict, hitDomainDict
   
################################################################################
# getDomainListing
################################################################################
def getDomainListing(entryDict, fastaDict):
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    """Return updated entries with the top five domain hits (using CDD) for each sequence.
    Input: entryDict: key = SFID, value = lists of entries of the format...
        <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
           fastaDict: key = gi, value = fasta file name for that gi
           
    Process: use rpsblast and the CDD database to determine the top five domains
             for each sequence. After this, remove all the fasta files in fastaDict.
    
    Return:    newEntryDict: key = SFID, value = lists of entries of the format...
    <gi> <def line>  <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    
            <SFLD fasta filename> <total length> <length alignment> 
            <query align start> <query align end> <percentID> <evalue of rpsblast> 
            <bit score of rpsblast>  <rpsblast DB> <AA sequence>
    
    """
    # key = gi, value = list of keys for hitDomainDict
    haveDomainDict = {}  
    # key = hit name ('gi_hit1' etc.), value = list of hit information
    hitDomainDict = {}
    newEntryDict = {}
    
    for SFID in entryDict.keys():
        # do the SF hits
        if entryDict[SFID][0] != None:
            SFentryList = entryDict[SFID][0] #get the list
            newSFentryList = SFentryList[:] #this is the new list
            for entry in SFentryList:                
                gi = entry[0]
                if gi in haveDomainDict.keys():
                    hitList = haveDomainDict[gi]
                    newSFentryList = seenThisDomain(entry, hitList, hitDomainDict, newSFentryList)
                    
                else:
                    fastaFileName = fastaDict[gi]
                    haveDomainDict, hitDomainDict = runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName)
                    hitList = haveDomainDict[gi]
                    newSFentryList = seenThisDomain(entry, hitList, hitDomainDict, newSFentryList)
        else:
            newSFentryList = None
                    
        famEntryDict = entryDict[SFID][1]
        newFamEntryDict = {}
        for famID in famEntryDict.keys():
            famEntryList = famEntryDict[famID]
            newFamEntryList = famEntryList[:]
            for entry in famEntryList:
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                gi = entry[0]
                if gi in haveDomainDict.keys():
                    hitList = haveDomainDict[gi]
                    newFamEntryList = seenThisDomain(entry, hitList, hitDomainDict, newFamEntryList)
                    
                else:
                    fastaFileName = fastaDict[gi]
                    haveDomainDict, hitDomainDict = runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName)
                    hitList = haveDomainDict[gi]
                    newFamEntryList = seenThisDomain(entry, hitList, hitDomainDict, newFamEntryList)
            newFamEntryDict[famID] = newFamEntryList
            
        subEntryDict = entryDict[SFID][2]
        newSubEntryDict = {}
        for subID in subEntryDict.keys():
            subEntryList = subEntryDict[famID]
            newSubEntryList = subEntryList[:]
            for entry in subEntryList:
                gi = entry[0]
                if gi in haveDomainDict.keys():
                    hitList = haveDomainDict[gi]
                    newSubEntryList = seenThisDomain(entry, hitList, hitDomainDict, newSubEntryList)
                else:
                    fastaFileName = fastaDict[gi]
                    haveDomainDict, hitDomainDict = runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName)
                    hitList = haveDomainDict[gi]
                    newSubEntryList = seenThisDomain(entry, hitList, hitDomainDict, newSubEntryList)
            newSubEntryDict[subID] = newSubEntryList
        
        for gi in fastaDict.keys():
            os.system('rm -f %s' % (fastaDict[gi]))
        newEntryDict[SFID] = [newSFentryList, newFamEntryDict, newSubEntryDict]
        print newSFentryList
        print newFamEntryDict
        print newSubEntryDict
    #print newEntryDict
    return newEntryDict
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Appendix E. Program—
parseHmmPfamKeyword.py
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#!/usr/bin/python2.3

"""parseHmmPfamKeyword.py

Author: Alexandra M. Schnoes 12-02-04
last modified: 12-02-04
last modified: 03-31-05
"""

import sys
import os
import string

def getCommandLineArg(argv):
    """Return the a list of the command line input
    
    HmmPfamList    EFDfilename  SFfilename  SGfilename  Famfilename
    """
    commandList = []
    
    errorString = "Usage: parseHmmPfam_sfld.py <HmmPfamList> <EFDfilename>  <SFfilename>  <SGfilename>  <Famfilename>"
    
    if ((len(argv) < 6) | (len(argv) > 6)):
        print errorString
        sys.exit(0)
    else:
        i = 1
        while i < 6:
            commandList.append(argv[i])
            i = i + 1

    return commandList

def getFileList(input_filename):
    """Return a list of files to parse.
    
    INPUT: filename from main program call
        This file contains a list of filenames.
    The filenames are \n delimated
    
    RETURN: list_of_files
        The input file has been parsed and all of the filenames (in the input file)
    have been placed into a list->list_of_files
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    """
    listFile = open(input_filename, "r")
    
    list_of_files = []
    
    for line in listFile.readlines():
        list_of_files.append(line[:-1])
        ##print line, #comma supresses extra endline
    
    listFile.close()    
    
    return list_of_files

def getEFDdata(efd_filename):
    """Return the data in efd_filename as a list.
    
    'gi' 'family' 'family evidence' 'family reference' 'subgroup' 'superfamily' 'superfamily evidence' 'superfamily reference'
    """
    
    efd_data_list = []
    
    efd_file = open(efd_filename,"r")
    
    while 1:
        line = efd_file.readline()
        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 7:
            efd_data_list.append(tmpList)
        else:
            break

    return efd_data_list

def getHeirarchyData(data_filename):
    """Return the data in efd_filename as a list.
    
    'id' 'name' 'align file name' 'hmm file name' 
    """
    
    data_list = []
    
    data_file = open(data_filename,"r")
    
    while 1:
        line = data_file.readline()
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        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 3:
            data_list.append(tmpList)
        else:
            break
        
    data_file.close()
    
    return data_list

def getHmmPfamData(hmmPfamFileName, hmmPath):
    """Return all the needed data from the input HmmPfam file."""
    file_data = []
    hmmPfam_file = open(hmmPfamFileName, "r")
    i = 1 #keep while loop going
    hmm_db = ''
    sequence_file = ''
    
    while i:
        line = hmmPfam_file.readline()
        lineList = line.split()
    
        if len(lineList) > 2:
            if ((lineList[0] == "HMM") & (lineList[1] == "file:")):
                hmm_db = lineList[2]
                hmm_db = hmm_db[len(hmmPath):]
            elif ((lineList[0] == "Sequence") & (lineList[1] == "file:")):
                sequence_file = lineList[2]
                #sequence_file = sequence_file[49:]
            elif lineList[1] == "Description": #where to start
                looseLine = hmmPfam_file.readline() #get rid of useless line
            
                #get the gi, score and evalue
                while 1:
                    scoreLine = hmmPfam_file.readline()
                    tmpList = scoreLine.split()    
                    if len(tmpList) > 3:  #make sure line has something in it
                        if tmpList[0] != "Parsed":
                            hmm = tmpList[0] #model is first in position
                            score = scoreLine[55:62] #score is positions 55 to 61
                            evalue = scoreLine[64:73] #evalue is positions 64 to 72
                            file_data.append([sequence_file, hmm, score, evalue, hmm_db])
                    else: #got what we need, break out of while loop
                        i = 0
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                        break                                  
    return file_data

def doesItBelong(hmmPfamDataList, efdList, sfList, subList, famList):
    """Return a list that indicates if query sequence has hit an hmm (read sf/sub/fam) that it belongs to.
    
    [sequence_file, hmm, yes/no, score, evalue, sf id, sf name, sub id, sub name, fam id, fam name, hmm_db]
    """
    listOlists = []
    yesNoUnk_list = []
    trouble_list = []
    efd_gi_list = []
    sf_hmm_list = []
    sub_hmm_list = []
    fam_hmm_list = []
    no_hit_list = []
    
    for i in efdList:
        efd_gi_list.append(i[0])

    for j in sfList:
        sf_hmm_list.append(j[3])
    
    for k in subList:
        sub_hmm_list.append(k[3])
    
    for m in famList:
        fam_hmm_list.append(m[3])
    
    for entry in hmmPfamDataList:
        tmp_gi = entry[0][:-3] #get the gi of the entry, loose the '.fa' file extension
        #tmp_gi = tmp_gi[27:]
        if tmp_gi in efd_gi_list: # make sure that this gi is in the list (some aren't)
            tmp_hmm = entry[1]
            if tmp_hmm == "Enolase":
                tmp_hmm = "enolase.60"
            elif tmp_hmm == "g-humulene-tmp":
                tmp_hmm = "g-humulene"
            elif tmp_hmm == "galD":
                tmp_hmm = "gald.90"
            tmp_hmm = tmp_hmm + ".hmm"  # get the hmm filename from the entry, need to add file extension
        
            if tmp_hmm in sf_hmm_list: # is this filename a SF hmm file?
                index_sflist = sf_hmm_list.index(tmp_hmm) # what index of the SF list does this file correspond to
                SFid_hit = sfList[index_sflist][0] # get the id of this SF, the SFid of the 'hit'
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                index_efdlist = efd_gi_list.index(tmp_gi) # find the index of the gi entry in the efd list
                SFid_real = efdList[index_efdlist][5] # get the real SFid of the gi number
        
                if SFid_hit != SFid_real: # the two id's don't match, this gi has hit an hmm it
                                          # doesn't belong to!
                    sfName = sfList[index_sflist][1]
                    # add to the yes/no list with the following format
                    #                seq file, hmm file hit, yes/no,  score,   evalue,  sf id hit, sf name, Sub id hit, sub name, fam id hit, fam name, hmm DB   
                    yesNoUnk_list.append([entry[0], entry[1],    "NO",   (entry[2]), (entry[3]), SFid_hit, sfName,   "X",         "X",     "X",          "X",   entry[4]])
                else: # this gi has hit it's own SF
                    sfName = sfList[index_sflist][1]
                    # add to the yes/no list with the following format
                    #                seq file, hmm file hit, yes/no,  score,   evalue,  sf id hit, sf name, Sub id hit, sub name, fam id hit, fam name, hmm DB   
                    yesNoUnk_list.append([entry[0], entry[1],    "YES",   (entry[2]), (entry[3]), SFid_hit, sfName,   "X",         "X",     "X",          "X",   entry[4]])
            
            elif tmp_hmm in sub_hmm_list: # is this filename a Subgroup hmm file?
                index_sub = sub_hmm_list.index(tmp_hmm) # what index of the subgroup list does this file correspond to
                subid_hit = subList[index_sub][0] # get the id of this subgroup, the subid of the 'hit'
        
                index_efdlist = efd_gi_list.index(tmp_gi) # find the index of the gi entry in the efd list
                subid_real = efdList[index_efdlist][4] # get the real sub id of the gi number
                subName = subList[index_sub][1]
        
                if subid_hit != subid_real: # the two id's don't match, this gi has hit an hmm it
                                            # doesn't belong to!
                    # add to the yes/no list with the following format
                    #                seq file, hmm file hit, yes/no,  score,   evalue,  sf id hit, sf name, Sub id hit, sub name, fam id hit, fam name, hmm DB   
                    yesNoUnk_list.append([entry[0], entry[1],    "NO",   (entry[2]), (entry[3]), "X",      "X",     subid_hit,   subName,     "X",       "X",   entry[4]])
                else: # this gi has hit it's own subgroup
                    # add to the yes/no list with the following format
                    #                seq file, hmm file hit, yes/no,  score,   evalue,  sf id hit, sf name, Sub id hit, sub name, fam id hit, fam name, hmm DB   
                    yesNoUnk_list.append([entry[0], entry[1],    "YES",   (entry[2]), (entry[3]), "X",      "X",     subid_hit,   subName,     "X",       "X",   entry[4]])
            elif tmp_hmm in fam_hmm_list:
                index_fam = fam_hmm_list.index(tmp_hmm) # what index of the family list does this file correspond to
                famid_hit = famList[index_fam][0] # get the id of this family, the subid of the 'hit'
        
                index_efdlist = efd_gi_list.index(tmp_gi) # find the index of the gi entry in the efd list
                famid_real = efdList[index_efdlist][1] # get the real fam id of the gi number
                famName = famList[index_fam][1]
        
                if famid_hit != famid_real: # the two id's don't match, this gi has hit an hmm it
                                           # doesn't belong to!
                    # add to the yes/no list with the following format
                    #                seq file, hmm file hit, yes/no,  score,   evalue,  sf id hit, sf name, Sub id hit, sub name, fam id hit, fam name,   hmm DB   
                    yesNoUnk_list.append([entry[0], entry[1],    "NO",   (entry[2]), (entry[3]), "X",      "X",         "X",      "X",    famid_hit,  famName,   entry[4]])
                else: # this gi has hit it's own family
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                    # add to the yes/no list with the following format
                    #                seq file, hmm file hit, yes/no,  score,   evalue,  sf id hit, sf name, Sub id hit, sub name, fam id hit, fam name, hmm DB   
                    yesNoUnk_list.append([entry[0], entry[1],    "YES",   (entry[2]), (entry[3]), "X",      "X",         "X",      "X",    famid_hit,  famName,   entry[4]])
            else: # no hit was found
                no_hit_list.append(entry)
        
        
        else: #gi is not in the the gi (efd) list, classify as unknown
            yesNoUnk_list.append([entry[0], entry[1], "UNK", (entry[2]), (entry[3]), "X", "X", "X", "X", "X", "X", entry[4]])
           
    #check that identifier exists in the set I"m looking at
     
    listOlists.append(yesNoUnk_list)
    listOlists.append(no_hit_list)
    #print yesNoUnk_list
    return listOlists

def printOutList(inputList, fileOutName):
    """Print out the input list  sorted by a element of the internal list
    
    INPUT: (1) inputList
        This is a list of data in the format
    [sequence_file, hmm, yes/no, score, evalue, sf id, sf name, sub id, sub name, fam id, fam name, hmm_db]
    
    (2) fileOutName
    This is the name of the output file to be opened and written to in this
    function
     OUTPUT: file named 'fileOutName'
        The output in the file is sorted and grouped by the 2nd element in the file
        There is a blank line in between each file
    grouping in the file
     Nothing returned.

    """
    fileOut = open(fileOutName, "w")
    
    inputList.sort(lambda x, y: cmp(x[1], y[1])) # sort by 'hmm file', 2nd element  
                                                 # in internal list
    
    hold = inputList[0][1]
    for entry in inputList:
        compare_to = entry[1]
        if hold == compare_to: # print out the entry
            outString = ';'.join(entry)
            fileOut.write(outString)
            fileOut.write("\n")
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        else:
            fileOut.write("\n") # blank line between file entries
            hold = entry[1] #update hold
            outString = ';'.join(entry) #print out the entry
            fileOut.write(outString)
            fileOut.write("\n")
        
    fileOut.close()             
    return 
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Appendix F. Keyword Dictionaries for 
Misannotation Analysis 

F.1. Enolase 
enolase 
phosphopyruvate 
2\-phospho\-D\-glycerate 
phosphoglycerate 
4\.2\.1\.11 
phosphoenolpyruvate 
 

F.2. Galactonate dehydratase 
galactonate 
4\.2\.1\.6 
galactonate dehydratase 
galactonate dehydrase 
galactonate hydro-lyase 
 

F.3. Mandelate racemase 
5\.1\.2\.2 
mandelate 
mandelate racemase 
 

F.4. Glucarate dehydratase 
4\.2\.1\.40 
glucarate 
glucarate hydro-lyase 
glucarate dehydratase 
 

F.5. Methylaspartate ammonia-lyase 
methylaspartate 
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ammonia-lyase 
methylaspartase 
4\.3\.1\.2 
methylaspartate ammonia-lyase 
b-methylaspartase 
3-methylaspartase 
 

F.6. Ortho-succinyl benzoate synthase 
succinylbenzoate 
succinylbenzoyl 
succinylbenzoic 
OSBS 
OXYBUTYRIC 
menC 
chorismate  
OSB 
 

F.7. Dipeptide epimerase 
L\-Ala\-DL\-Glu Epimerase 
L\-alanine\-DL\-glutamate epimerase 
dipeptide epimerase 
dipeptide 
epimerase 
 

F.8. Chloromuconate cycloisomerase 
5\.5\.1\.7 
2\-chloro\-2\,5\-dihydro\-5\-oxofuran\-2\-acetate lyase \(decyclizing\) 
Chloromuconate cycloisomerase 
chloromuconate lactonizing enzyme 
muconate lactonizing enzyme II 
muconate lactonizing enzyme 2 
MLE2 
MLE 2 
muconate cycloisomerase II 
Chloromuconate 
MLE II 
MLEII 
 

F.9. Muconate cycloisomerase 
5\.5\.1\.1 
4\-carboxymethyl\-4\-hydroxyisocrotonolactone lyase \(decyclizing\) 
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MLE 
muconate 
MLE I 
MLEI 
MLE1 
MLE 1 
muconate lactonizing enzyme 

F.10. L-Fuconate dehydratase 
fuconate 
fuconate dehydratase 
2\-keto\-3\-deoxy\-L\-fuconate 
L\-fucose 
fucose 
4\.2\.1\.68 
 

F.11. Dodecenoyl-CoA delta-isomerase (mitochondrial) 
dodecenoyl\-CoA delta\-isomerase \(mitochondrial\) 
dodecenoyl\-CoA isomerase 
dodecenoyl\-CoA \(3Z\)\-\(2E\)\-isomerase 
dodecenoyl\-CoA D\-isomerase 
D3\-cis\-D2\-trans\-enoyl\-CoA isomerase 
acetylene\-allene isomerase 
dodecenoyl\-CoA D\-isomerase 
dodecenoyl\-CoA D3\-cis\-D2\-trans\-isomerase 
3\-2trans\-enoyl\-CoA isomerase 
Mitochondrial 3\,2\-Enoyl\-Coa 
3\,2\-Enoyl\-Coa 
dodecenoyl\-CoA 
3\-2trans\-enoyl\-CoA 
3\-2trans\-enoyl 
3\,2\-Enoyl\ 
5\.3\.3\.8 
 

F.12. Delta(3,5)-delta(2,4)-dienoyl-CoA isomerase 
delta\(3\,5\)\-delta\(2\,4\)\-dienoyl\-CoA isomerase 
delta\(3\,5\)\-delta\(2\,4\)\-dienoyl\-CoA 
delta\(3\,5\)\-delta\(2\,4\)\-dienoyl 
3\,5\-dienoyl\-CoA 
2\,4\-dienoyl\-CoA 
dienoyl\-CoA isomerase 
dienoyl\-CoA 
 

              181



  

F.13. Methylmalonyl-CoA decarboxylase 
methylmalonyl\-CoA decarboxylase 
methylmalonyl\-CoA 
methylmalonyl 
propionyl\-CoA carboxylase 
methylmalonyl coenzyme A 
propionyl coenzyme A carboxylase 
methylmalonyl\-coenzyme A decarboxylase 
\(S\)\-methylmalonyl\-CoA carboxy\-lyase 
propionyl\-CoA 
propionyl coenzyme A 
4\.1\.1\.41 
 

F.14. 3-Hydroxyisobutyryl-CoA hydrolase 
3\-hydroxyisobutyryl\-CoA hydrolase 
hydroxyisobutyryl 
3\-hydroxyisobutyryl\-CoA 
3\-hydroxyisobutyrate 
hydroxyisobutyrate 
3\-hydroxy\-isobutyryl CoA hydrolase 
HIB CoA deacylase 
3\-hydroxy\-2\-methylpropanoyl\-CoA hydrolase 
isobutyryl 
methylpropanoyl 
3\.1\.2\.4 
 

F.15. 4-Chlorobenzoate dehalogenase 
3\.8\.1\.7 
4\-chlorobenzoate dehalogenase 
chlorobenzoate dehalogenase 
chlorobenzoate 
4\-chlorobenzoyl\-CoA 
4\-hydroxybenzoyl\-CoA 
chlorobenzoyl 
chlorohydrolase 
4\-CBA\-CoA dehalogenase 
4\-CBA\-CoA 
4\-chlorobenzoyl CoA chlorohydrolase 
 

F.16. 1,4-Dihydroxy-2-napthoyl-CoA synthase 
1\,4\-dihydroxy\-2\-napthoyl\-CoA synthase 
1\,4\-dihydroxy\-2\-napthoyl\-CoA 
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napthoyl 
napthoate 
dihydroxynaphthoic 
 

F.17. Methylmalonyl-CoA epimerase 
5\.1\.99\.1 
methylmalonyl\-CoA epimerase 
mmce 
\(2R\)\-methylmalonyl\-CoA 
\(2S\)\-methylmalonyl\-CoA 
methylmalonyl\-CoA racemase 
methylmalonyl coenzyme A racemase 
DL\-methylmalonyl\-CoA racemase 
methylmalonyl\-CoA 2\-epimerase 
methylmalonyl\-CoA 
 

F.18. 4-Hydroxyphenylpyruvate dioxygenase 
4\-hydroxyphenylpyruvate dioxygenase 
hydroxyphenylpyruvate dioxygenase 
4\-hydroxyphenylpyruvate 
homogentisate 
hydroxyphenylpyruvate 
p\-hydroxyphenylpyruvic hydroxylase 
p\-hydroxyphenylpyruvate hydroxylase 
p\-hydroxyphenylpyruvate oxidase 
p\-hydroxyphenylpyruvic oxidase 
p\-hydroxyphenylpyruvate dioxygenase 
p\-hydroxyphenylpyruvic acid hydroxylase 
4\-hydroxyphenylpyruvic acid dioxygenase 
4\-hydroxyphenylpyruvate\:oxygen oxidoreductase \(hydroxylating\, 

decarboxylating\) 
hydroxyphenylpyruvic 
1\.13\.11\.27 
4HPPD 
HPD 
HPPDase 
 

F.19. FosA 
2\.5\.1\.18 
fosfomycin resistance protein FosA 
FosA 
fosfomycin 
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F.20. Glyoxalase I 
4\.4\.1\.5 
glyoxalase I 
glyoxalase 
S\-D\-lactoylglutathione 
lactoylglutathione lyase 
lactoylglutathione 
methylglyoxal 
methylglyoxalase 
aldoketomutase 
ketone\-aldehyde mutase 
\(R\)\-S\-lactoylglutathione methylglyoxal\-lyase \(isomerizing\) 
 

F.21. 5-Epi-aristolochene synthase 
epi\-aristolochene synthase 
epi\-aristolochene cyclase 
farnesyl diphosphate \(FPP\) 
5\-epi\-aristolochene 
epi\-aristolochene 
aristolochene 
farnesyl diphosphate 
 

F.22. Bornyl diphosphate synthase 
5\.5\.1\.8 
bornyl diphosphate synthase 
bornyl diphosphate cyclase 
bornyl synthase 
bornyl cyclase 
bornyl pyrophosphate synthase 
bornyl pyrophosphate synthetase 
\(\+\)\-bornylpyrophosphate cyclase 
\(\+\)\-bornyl\-diphosphate lyase \(decyclizing\) 
bornyl 
geranyl\-diphosphate cyclase 
geranyl 
 

F.23. Pentalenene synthase 
4\.2\.3\.7 
pentalenene synthase 
pentalenene cyclase 
pentalenene 
pentalenene synthetase 
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2\-trans\,6\-trans\-farnesyldiphosphate diphosphate\-lyase \(cyclizing\, 
pentalenene\-forming\) 

farnesyldiphosphate 
farnesyl diphosphate 
 

F.24. Squalene-hopene synthase 
5\.4\.99\.17 
squalene\-hopene synthase 
squalene\-hopene cyclase 
squalene 
hopene 
squalene mutase \(cyclizing\) 
 

F.25. Trichodiene synthase 
4\.2\.3\.6 
trichodiene synthase 
trichodiene cyclase 
trichodiene synthetase 
trans\,trans\-farnesyl\-diphosphate sesquiterpenoid\-lyase 
trans\,trans\-farnesyl\-diphosphate diphosphate\-lyase \(cyclizing\, 

trichodiene\-forming\) 
trichodiene 
farnesyl\-diphosphate 
 

F.26. Aristolochene synthase 
4\.2\.3\.9 
aristolochene synthase 
aristolochene cyclase 
trans\,trans\-farnesyl diphosphate aristolochene\-lyase 
trans\,trans\-farnesyl\-diphosphate diphosphate\-lyase \(cyclizing\, 

aristolochene\-forming\) 
aristolochene 
farnesyl diphosphate 
farnesyl\-diphosphate 
 

F.27. Deoxy-d-mannose-octulosonate 8-phosphate 
phosphatase 

3\.1\.3\.45 
deoxy\-d\-mannose\-octulosonate 8\-phosphate phosphatase 
octulosonate 
3\-deoxy\-D\-manno\-octulosonate 8\-phosphate 
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3\-deoxy\-d\-manno\-octulosonate 
3\-deoxy\-manno\-octulosonate\-8\-phosphatase 
3\-deoxy\-D\-manno\-octulosonate\-8\-phosphate 8\-phosphohydrolase 
8\-phosphate phosphatase 
8\-phosphohydrolase 
8\-phosphate 
deoxy\-d\-mannose 
3\-deoxy\-D\-manno 
deoxy\-D\-manno 
 

F.28. Phosphonoacetaldehyde hydrolase 
3\.11\.1\.1 
phosphonoacetaldehyde hydrolase 
phosphonoacetaldehyde 
phosphonatase 
2\-phosphonoacetylaldehyde phosphonohydrolase 
2\-oxoethylphosphonate phosphonohydrolase 
phosphonohydrolase 
 

F.29. 2-Haloacid dehalogenase 
3\.8\.1\.2 
2\-haloacid dehalogenase 
haloacid 
HAD 
\(S\)\-2\-haloacid dehalogenase 
2\-haloacid halidohydrolase 
2\-haloalkanoic acid dehalogenase 
haloalkanoic 
2\-haloalkanoid acid halidohydrolase 
haloalkanoid 
2\-halocarboxylic acid dehalogenase II 
halocarboxylic 
DL\-2\-haloacid dehalogenase 
L\-2\-haloacid dehalogenase 
L\-DEX\,\(S\)\-2\-haloacid halidohydrolase 
halocarboxylic acid halidohydrolase 
L\-2\-halo acid dehalogenase 
halo acid 
halo\-acid 
 

F.30. Beta-phosphoglucomutase 
5\.4\.2\.6 
beta\-phosphoglucomutase 
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d\-glucose 1\-phosphate 
d\-glucose 6\-phosphate 
phosphoglucomutase 
b\-phosphoglucomutase 
b\-D\-glucose 1\,6\-phosphomutase 
b\-glucose 1\-phosphate 
phosphomutase 
 

F.31. Cytosine deaminase 
3\.5\.4\.1 
cytosine deaminase 
cytosine 
uracil 
isocytosine deaminase 
cytosine aminohydrolase 
CDA 
isocytosine 
 

F.32. Adenosine deaminase 
3\.5\.4\.4 
adenosine deaminase 
deoxyadenosine deaminase 
adenosine aminohydrolase 
 

F.33. N-acyl-d-amino-acid deacyclase 
3\.5\.1\.81 
n\-acyl\-d\-amino\-acid deacylase 
Daa 
N\-acyl\-D\-amino acid 
N\-acyl\-D\-amino acid amidohydrolase 
D\-aminoacylase 
N\-acyl\-D\-aspartate deacylase 
N\-acyl\-D\-glutamate deacylase 
aminoacylase 
n\-acyl\-d\-amino\-acid 
N\-acyl\-D\-aspartate 
N\-acyl\-D\-glutamate 
 

F.34. L-hydantoinase 
L\-hydantoinase 
L\-hyd 
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L\-selective hydantoinase 
dihydropyrimidinase 
hydantoinase 
hydropyrimidine hydrase 
hydantoin peptidase 
hydantoin 
pyrimidine hydrase 
5\,6\-dihydropyrimidine amidohydrolase 
3\.5\.2\.2 
 

F.35. D-hydantoinase 
D\-hydantoinase 
hydantoinase 
5\,6\-dihydrouracil 
3\.5\.2\.2 
dihydropyrimidinase 
hydantoinase 
hydropyrimidine hydrase 
hydantoin peptidase 
pyrimidine hydrase 
5\,6\-dihydropyrimidine amidohydrolase 
 

F.36. Urease 
3\.5\.1\.5 
urease 
UreC 
urea 
urea amidohydrolase 
UreB 
 

F.37. Isoaspartyl dipeptidase 
isoaspartyl dipeptidase 
Iad 
beta\-aspartyl dipeptidase 
isoaspartyl 
beta\-aspartyl
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Appendix G. R Scripts for Analysis 
and Figures (Chapter 2)
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#AHFamilyMisKey.r, Example r script for making the family/DB misannotation 
plots 
 
Sys.setenv(R_GSCMD="/sw/bin/gs") 
dbNames=c("NR",  "TrEMBL", "KEGG", "Swiss-Prot") 
 
#basic background 
ahSFDB=read.table("ahSFMisKeyallDB.dat", header = T) 
ahSFDBmatrix=as.matrix(ahSFDB) 
ahBarLocations = c(0.7, 1.9, 3.1, 4.3) 
#bitmap(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/PercentMisannotationFigs/TEST/
ahFamilyMis.tiff", type="tiff24nc", height=5.2, width=8.9, res=600, pointsize=14) 
postscript(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/PercentMisannotationFigs/TEST/
ahFamilyMis.eps",  height=4, width=5.5,  pointsize=10, onefile=FALSE, 
horizontal=FALSE) 
par(cex.axis=1.25) 
par(mar=c(5.1, 6,4.1, 2.1), font.lab=2, font.main=2, font.axis=1, cex.main=2, 
cex.lab=1.5) 
barplot( height=c(0,0,0,0), main="AH Superfamily", names.arg=dbNames,  
ylim=c(-15,119), xlab="Database", ylab="Percent Misannotation",col=c("black", 
"black", "black", "black")) 
barplot( height=c(100, 100, 100, 100),  add=TRUE, axes=FALSE, col=c("white", 
"white", "white", "white")) 
symbols(ahBarLocations[1], ahSFDBmatrix[1], rectangles=matrix(c(1,1.5), 
nrow=1, ncol=2), inches=FALSE, add=TRUE, fg="black", bg="black") 
symbols(ahBarLocations[2], ahSFDBmatrix[2], rectangles=matrix(c(1,1.5), 
nrow=1, ncol=2), inches=FALSE, add=TRUE, fg="black", bg="black") 
symbols(ahBarLocations[3], ahSFDBmatrix[3], rectangles=matrix(c(1,1.5), 
nrow=1, ncol=2), inches=FALSE, add=TRUE, fg="black", bg="black") 
symbols(ahBarLocations[4], ahSFDBmatrix[4], rectangles=matrix(c(1,1.5), 
nrow=1, ncol=2), inches=FALSE, add=TRUE, fg="black", bg="black") 
 
 
 
 
#NR 
ahNRFam=read.table("ahFamNR.dat", header = T, as.is=T) 
ahNRFamData=data.frame(ahNRFam) 
points(ahNRFamData[,1], ahNRFamData[,2], col=ahNRFamData[,3], 
pch=ahNRFamData[,4], cex=ahNRFamData[,5]) 
 
 
#TR 
ahTRFam=read.table("ahFamTR.dat", header = T, as.is=T) 
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ahTRFamData=data.frame(ahTRFam) 
points(ahTRFamData[,1], ahTRFamData[,2], col=ahTRFamData[,3], 
pch=ahTRFamData[,4], cex=ahTRFamData[,5]) 
 
#KG 
ahKGFam=read.table("ahFamKG.dat", header = T, as.is=T) 
ahKGFamData=data.frame(ahKGFam) 
points(ahKGFamData[,1], ahKGFamData[,2], col=ahKGFamData[,3], 
pch=ahKGFamData[,4], cex=ahKGFamData[,5]) 
 
 
#SP 
ahSPFam=read.table("ahFamSP.dat", header = T, as.is=T) 
ahSPFamData=data.frame(ahSPFam) 
points(ahSPFamData[,1], ahSPFamData[,2], col=ahSPFamData[,3], 
pch=ahSPFamData[,4], cex=ahSPFamData[,5]) 
 
dev.off() 
 
--------------------------------------------------------------------------------#legend.r, code to 
make the legend for the family/DB misannotation plots 
Sys.setenv(R_GSCMD="/sw/bin/gs") 
dbNames=c("NR",  "TrEMBL", "KEGG", "Swiss-Prot") 
 
#basic background 
#bitmap(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/PercentMisannotationFigs/TEST/legend.tiff", 
type="tiff24nc", height=5.2, width=8.9, res=600, pointsize=14) 
postscript(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/PercentMisannotationFigs/TEST/legend.eps
",  height=4, width=5.5,  pointsize=10, onefile=FALSE, horizontal=FALSE) 
par(cex.axis=1.25) 
par(mar=c(5.1, 6,4.1, 2.1), font.lab=2, font.main=2, font.axis=1, cex.main=2, 
cex.lab=1.5) 
barplot( height=c(0,0,0,0), main=" Superfamily", names.arg=dbNames,  
ylim=c(-15,119), xlab="Database", ylab="Percent Misannotation",col=c("black", 
"black", "black", "black")) 
barplot( height=c(100, 100, 100, 100),  add=TRUE, axes=FALSE, col=c("white", 
"white", "white", "white")) 
 
points(.5, 50, col="black", pch=19, cex=4.4) 
points(1.7, 50, col="black", pch=19, cex=3) 
points(2.8, 50, col="black", pch=19, cex=2) 
points(4, 20, col="black", pch=21, cex=2) 
points(4, 20, col="black", pch=4, cex=3) 
 

              191



dev.off() 
 
--------------------------------------------------------------------------------# FracIncorFigure.r, 
part of the misannotation over time figure 
 
Sys.setenv(R_GSCMD="/sw/bin/gs") 
incYears=read.table("incorrect.year.list") 
allYears=read.table("all.year.list") 
 
bin=seq(1992.5, 2006.5, by=1) 
histAll=hist(allYears$V1, breaks=bin) 
histInc = hist(incYears$V1, breaks = bin) 
 
fractionIncorrect=histInc$counts/histAll$counts 
postscript(file="/Users/schnoes/Alex/Writing/Thesis/Chapter3/MisOverTime/
fractIncorrect.eps", height=5, width=7,  pointsize=12, onefile=FALSE, 
horizontal=FALSE) 
par(cex.axis=1) 
par(mar=c(5.1, 6,4.1, 4), font.lab=2, font.main=2, font.axis=1, cex.lab=1.15) 
 
plot(histAll$mids[1:13], fractionIncorrect[1:13], type='b', xlab="Year", 
ylab="Fraction of Total Sequences", main='Fraction of Misannotated Sequences 
Deposited per Year\n (NR DB)', axes=FALSE, frame.plot=T, ylim=c(0, 0.5)) 
 
axis(2, at=seq(0.1:0.6, by=0.1), labels=seq(0.1:0.6, by=0.1)) 
axis(1, at=c(1993:2005),  labels=c(1993:2005)) 
dev.off() 
 
--------------------------------------------------------------------------------#timeVmis-noadd.r, 
second part of the misannotation over time figure 
 
Sys.setenv(R_GSCMD="/sw/bin/gs") 
incYears=read.table("incorrect.year.list") 
corYears=read.table("correct.year.list") 
 
bin=seq(1992.5, 2006.5, by=1) 
histInc = hist(incYears$V1, breaks = bin) 
histCor = hist(corYears$V1, breaks = bin) 
temp1 = histCor$counts 
 
temp2 = histInc$counts 
 
 
matrixCounts= matrix(data= c(temp1, temp2), ncol=2) 
matrixCountsTrans= t(matrixCounts) 
#bitmap(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
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MisannotationPaper/FiguresTables/Time:Misannotation/timeVMis.tiff", 
height=5.2, width=8.9, res=600, pointsize=14) 
postscript(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/Time:Misannotation/timeVMis.eps", 
height=5, width=7,  pointsize=12, onefile=FALSE, horizontal=FALSE) 
par(cex.axis=1) 
par(mar=c(5.1, 6,4.1, 4), font.lab=2, font.main=2, font.axis=1, cex.lab=1.15) 
 
barplot(matrixCountsTrans[,1:13], beside=FALSE, 
names.arg=histInc$mids[1:13], ylim=c(0, 1200), col=c("forestgreen", "firebrick"), 
, main="All Superfamily Sequences Deposited by Year\n (NR DB)", xlab="Year", 
ylab="Number of Sequences") 
 
legend(x=1, y=800, legend=c("Correct Annotations", "Incorrect Annotations"), 
col=c("black", "black"), pch=22, pt.bg=c("forestgreen", "firebrick"), 
pt.cex=c(1.75,1.75)) 
dev.off() 
 
-------------------------------------------------------------------------------- 
#evCodesPie.r, misannotation code pie chart 
 
Sys.setenv(R_GSCMD="/sw/bin/gs") 
evCodes=read.table("evidenceCodesPer.dat", header=T, as.is=T) 
evCodesData=data.frame(evCodes) 
evCodeNames=c("NSA", "MFR", "SFA", "BTC") 
#bitmap(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/EvidenceCodesFigure/evCodesPie.tiff", 
type="tiff24nc", height=5.2, width=8.9, res=600, pointsize=14) 
postscript(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/EvidenceCodesFigure/evCodesPie.eps", 
height=5, width=7,  pointsize=12, onefile=FALSE, horizontal=FALSE) 
par(cex.axis=1.25) 
par(mar=c(10, 20, 20, 20), font.lab=2, font.main=2, font.axis=1, cex.main=2, 
cex.lab=1.5) 
bisectors = pie3D(evCodesData[,1],  col=c("slategray1", "slategray1",   
"royalblue4", "royalblue4" ), explode=0, labelcex=2.5, font=2, theta=.4, 
labelcol="black", radius=.9, main="Types of Misannotation") 
pie3D.labels(bisectors, radius=.7, labels=evCodeNames) 
legend(1,1, legend = c("Misannotations due to overprediction", "Missanotations 
not due to overprediction"),col=c("black", "black"), pch=22, pt.bg=c("slategray1", 
"royalblue4"), pt.cex=c(1.75,1.75))  
dev.off() 
 
 
#legend 
postscript(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
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MisannotationPaper/FiguresTables/EvidenceCodesFigure/legend.eps", 
height=5, width=7,  pointsize=12, onefile=FALSE, horizontal=FALSE) 
barplot( height=c(0,0,0,0),  ylim=c(-15,119), col=c("black", "black", "black", 
"black")) 
legend(1, 100, legend = c("Misannotations due to overprediction", 
"Missanotations not due to overprediction"),col=c("black", "black"), pch=22, 
pt.bg=c( "royalblue4", "slategray1"), pt.cex=c(1.75,1.75))  
dev.off() 
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Appendix H. Program—
runHMMSearchSFLD.py
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#!/usr/bin/python2.3

"""runHMMSearchSFLD.py
    This program takes in superfamily info and database info and runns hmmsearch
    on the databases using the specified superfamily HMMs.
    
    INPUT:
     --dbName=<name of the database> 
        --supFamListFile=<list of Superfamilies> 
        --SFFile=<super Fam data file> 
        --SFHMMFile=<superfam HMM file> 
        --FamHMMFile=<Fam HMM file> 
        --SubHMMFile=<Subgroup HMM File> 
        --hmmPath=<path to hmms> 
        --runningPath=<path to working directory>
        
   OUTPUT:
     A '.hmmsearch' file for every HMM specified against the input DB.
     
     
     Other important info
     Need python modules written in lab
 common.py
 
    Need to have programs set up
        NCBI (blast etc)
     (remember to have .ncbirc file in directory and set up correctly)
 HMMER package
   (make sure to have the fasta databases that this needs)
 
    Need to have variable $BLASTDB set appropriate e.g.
     setenv BLASTDB /usr/local/Blast/blastDBDir/

Author: Alexandra M. Schnoes from code by 
Shoshana Brown (some functions based on SFLDsql.py code by Scott Pegg)
Last Modified: 6/8/04

Modified: Alexandra M. Schnoes 8/26/04
 Added comments and changed paths
 Alexandra M. Schnoes 01/31/05
 Translating code to NOT use mysql so it can run on the clusters
 Alexandra M. Schnoes 01/10/06:
     Updating comments.

"""

              196



import sys
import os
import os.path
import string
import getopt
import re
import common

################################################################################
# checkArg
################################################################################
def checkArg(argv):
    """Exit with error and print usage if not enough arguments."""
    #am supposed to have 9 arguments assuming that the options are written
    #option=something
    #also assume that path is passed in with trailing '/'
    
    errorString = """Usage:runHMMSearchSFLD.py --dbName=<name of the database> 
        --supFamListFile=<list of Superfamilies> --SFFile=<super Fam data file> 
        --SFHMMFile=<superfam HMM file> --FamHMMFile=<Fam HMM file> 
        --SubHMMFile=<Subgroup HMM File> --hmmPath=<path to hmms> 
        --runningPath=<path to working directory>"""
    
    if len(argv) == 9:
        pass
    else:
        print errorString
        sys.exit(1)
        
        
################################################################################
# getSFNameList
################################################################################
def getSFNameList(superfamilyListFileName):
   inFile = open(superfamilyListFileName, "r")
   SFNameList = []   
   
   while 1:
      line = inFile.readline()
      if not line:
         break
      line = string.strip(line)
      if len(line) > 0:
         SFNameList.append(line)
   inFile.close()
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   return SFNameList

################################################################################
# MapSFNameToID
################################################################################
def MapSFNameToID(SFName_and_ID_file):
    inFile = open(SFName_and_ID_file, 'r')
    Name_ID_dict = {}

    while 1:
        line = inFile.readline()
 line = line[:-1]
 tmpList = line.split(';')
 if len(tmpList) > 1:
     Name_ID_dict[tmpList[1]] = tmpList[0]
 else:
     break
    
    return Name_ID_dict

###############################################################################
# getSFIDList
###############################################################################
def getSFIDList(superfamilyListFileName, SFName_and_ID_file):
    SFNameList = getSFNameList(superfamilyListFileName)
    SFIDList = []      
    SFName_id_dict = MapSFNameToID(SFName_and_ID_file)
    size = len(SFNameList)
    i = 0
    while i < size:
       SFIDList.append(SFName_id_dict[SFNameList[i]])
       i = i + 1 

    return SFIDList
   
################################################################################
# returnList
################################################################################
def returnList(fileName, num_elements):
   fileList = []
   
   inFile = open(fileName, 'r')
   
   while 1:
      line = inFile.readline()
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      line = line[:-1]
      tmpList = line.split(';')
      if tmpList == ['']:
         break
      elif len(tmpList) == num_elements:
         for index in range(0, len(tmpList)):
     if tmpList[index] == 'None':
        tmpList[index] = None
         fileList.append(tmpList)
      else:
         break

   return fileList

###############################################################################
# STAY
# Retrieves the names of all superfamily, family & subgroup HMMs from the SFLD 
# that correspond to the superfamilies specified in SFIDList.
#
# Input:
#  SFIDList: A list of superfamily identifiers from the SFLD 
# Returns:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
###############################################################################
def getHMMDict(SFIDList, SFHMMListName, FamHMMListName, SubHMMListName):

   hmmDict = {}

   num_elements = 2
   SFHMMList = returnList(SFHMMListName, num_elements)
   #print SFHMMList
   
   num_elements = 3
   SubHMMList = returnList(SubHMMListName, num_elements)
   #print SubHMMList
   
   num_elements = 3
   FamHMMList = returnList(FamHMMListName, num_elements)
   #print FamHMMList
   
   for SFID in SFIDList:
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      #print SFID
      
      for index in range(0, len(SFHMMList)):
         if SFID == SFHMMList[index][0]:
      SFHMM = SFHMMList[index][1]
      #print SFHMM
      
      
      famIDHMMDict = {}
      for index in range(0, len(FamHMMList)):
         if SFID == FamHMMList[index][0]:
      id = FamHMMList[index][1]
      hmmName = FamHMMList[index][2]
      if hmmName != None:
         famIDHMMDict[id] = hmmName
         
      #print famIDHMMDict
      
      subIDHMMDict = {}
      for index in range(0, len(SubHMMList)):
         if SFID == SubHMMList[index][0]:
     id = SubHMMList[index][1]
     hmmName = SubHMMList[index][2]
     if hmmName != None:
        subIDHMMDict[id] = hmmName
        
      #print subIDHMMDict
      hmmDict[SFID] = [SFHMM, famIDHMMDict, subIDHMMDict]
      
   return hmmDict    

###############################################################################
#
# Runs hmmsearch against the NCBI nr database at an e-value cutoff of 
# eValueCutoff, using each HMM in hmmDict.  Parses each hmmsearch output file
# to get the domain hits, and stores each unique hit in SFHitsDict according
# to the superfamily of the HMM that found it.
#
# Input:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
#  path: A string specifying the path for the directory that contains the SFLD
#        HMM files.
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# Returns:
#  SFHitsDict: A dictionary with key = SFID, value = list of all unique gi 
#              numbers found by hmmsearch at an e-value cutoff of eValueCutoff, 
#              using the HMMs corresponding to SFID in hmmDict.
###############################################################################
def runHMMSearch(dbName, hmmDict, hmmPath, runningPath):
   print 'def runHMMSearch(dbName, hmmDict, hmmPath, runningPath):'
   sys.stdout.flush()
   
   eValueCutoff = "10"
   bitscore = "10"
   SFHitsDict = {}

   for SFID in hmmDict.keys():

      tempHitGIList = []

      #Run hmmsearch for each HMM in a given superfamily, & parse the results

      #First run hmmsearch with superfamily HMM, if present, & parse results
      if hmmDict[SFID][0] != None:
         superfamilyHMMFileName = hmmPath + hmmDict[SFID][0]
         hmmsearchOutFileName = runningPath + "SF" + str(SFID) + ".hmmsearch"
         cmd = "hmmsearch -T %s %s %s > %s" % (bitscore, superfamilyHMMFileName, dbName, hmmsearchOutFileName)
         os.system(cmd)

      #Then run hmmsearch with each family HMM, & parse the results
      famIDHMMDict = hmmDict[SFID][1]
      for famID in famIDHMMDict.keys():
         famHMMFileName = hmmPath + famIDHMMDict[famID]
         hmmsearchOutFileName = runningPath + "SF" + str(SFID) + "Fam" + str(famID) + ".hmmsearch"
         cmd = "hmmsearch -T %s %s %s > %s" % (bitscore, famHMMFileName, dbName, hmmsearchOutFileName)
         os.system(cmd)

      #Then run hmmsearch with each subgroup HMM
      subIDHMMDict = hmmDict[SFID][2]
      for subID in subIDHMMDict.keys():
         subHMMFileName = hmmPath + subIDHMMDict[subID]
         hmmsearchOutFileName = runningPath + "SF" + str(SFID) + "Sub" + str(subID) + ".hmmsearch"
         cmd = "hmmsearch -T %s %s %s > %s" % (bitscore, subHMMFileName, dbName, hmmsearchOutFileName)
         os.system(cmd)

###############################################################################
# Main program
###############################################################################
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def runHMMSearchSFLD(argv):
   """Main program."""
   print "checkArg(argv)"
   sys.stdout.flush()
   checkArg(argv)
   shortOpts = ''
   longOpts = ['dbName=', 'supFamListFile=', 'SFFile=', 'SFHMMFile=', 'FamHMMFile=', 
       'SubHMMFile=', 'hmmPath=', 'runningPath=']
   opts, args = getopt.getopt(sys.argv[1:], shortOpts, longOpts)
   
   for option, value in opts:
       if option in ('--dbName'):
           dbName = value
       elif option in ('--supFamListFile'):
           superfamilyListFileName = value
       elif option in ('--SFFile'):
           SFName_and_ID_file = value
       elif option in ('--SFHMMFile'):
           SFHMMListName = value
       elif option in ('--FamHMMFile'):
           FamHMMListName = value
       elif option in ('--SubHMMFile'):
           SubHMMListName = value
       elif option in ('--hmmPath'):
           hmmPath = value
       elif option in ('--runningPath'):
           runningPath = value

   print 'SFIDList = getSFIDList(superfamilyListFileName, SFName_and_ID_file)'
   sys.stdout.flush()
   SFIDList = getSFIDList(superfamilyListFileName, SFName_and_ID_file)

   print 'hmmDict = getHMMDict( SFIDList, SFHMMListName, FamHMMListName, SubHMMListName)'
   sys.stdout.flush()
   hmmDict = getHMMDict( SFIDList, SFHMMListName, FamHMMListName, SubHMMListName)

   print 'runHMMSearch(dbName, hmmDict, hmmPath, runningPath)'
   sys.stdout.flush()
   runHMMSearch(dbName, hmmDict, hmmPath, runningPath)
    

runHMMSearchSFLD(sys.argv)
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Appendix I. Program—
filterHomolSearchSFLD.py
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#!/usr/bin/python2.3

"""filterHomolSearchSFLD.py
 This program parses hmmsearch files relative to the SFLD.
 
 Usage:filterHomolSearchSFLD.py  --supFamListFile=<list of superfamilies> 
       --hmmPath=<path to hmmfiles> --alignPath=<path to align files> --seqPath=<path to seq files>
       --seqFileName=<file of all sfld seq file names> --SFFile=<SF info file>
       --SFHMMFile=<SF HMM file> --SubHMMFile=<subgroup HMM file>
       --FamHMMFile=<fam HMM file>   --runningDir=<running directory>
       --dbName=<database name> --sfAlignFile=<sf alignment file>
       --sfConsRes=<sf conserv. residue file> --famAlignFile=<fam alignment file>
       --famConsRes=<fam conserved residue file> --subAlignFile=<subgroup alignm. file>
       --subConsRes=<subgroup conserved resiude file>
 
 INPUT:
  --supFamListFile= List of the names of the superfamilies
        --hmmPath= path to the hmmfiles
        --alignPath= path to the hmm alignment files
        --seqPath= path to the SFLD seqeunce files
        --seqFileName= file containing the names of all sfld seq file names 
        --SFFile= SF SFLD info file 
       --SFHMMFile= SF SFLD HMM file 
       --SubHMMFile= subgroup SFLD HMM file
        --FamHMMFile= fam SFLD HMM file
        --runningDir= paht of running directory
        --dbName= database name 
        --sfAlignFile= sf SFLD alignment file
        --sfConsRes= sf SFLD conserv. residue file 
        --famAlignFile= fam SFLD alignment file
        --famConsRes= fam SFLD conserved residue file 
        --subAlignFile= subgroup SFLD alignm. file
        --subConsRes= subgroup SFLD conserved resiude file
        
 OUTPUT:
  - *.giScoreEval = space delimited file with <gi> <score> <evalue> from the
    hmmsearch files
  - *.giScoreEval.giList = gi list from the giScoreEval file
  - *.giScoreEval.giList.fasta = the fasta file generated from the gi list
  - *.giScoreEval.mark = semicolon delimited file of the format
  <
    
     
     Other important info
     Need python modules written in lab
    alignment.py
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    common.py
    inspectDefline.py
    
    Need to have programs set up
 giScoreParseList.pl
 getGIfromList.pl
 fastacmd
 nrdb
 rpsblast
 inspectDefline.py
 hmmer package

      remember to have .ncbirc file in directory and set up correctly
    
    Need to have variable $BLASTDB set appropriate e.g.
        setenv BLASTDB /usr/local/Blast/blastDBDir/
    

Author: Alexandra M. Schnoes from code written by
Shoshana Brown(updateSFLD.py) (some functions based on SFLDsql.py code by Scott Pegg)
Last Modified: 6/8/04

Modified: Alexandra M. Schnoes 8/26/04
    Added comments and changed paths
    Alexandra M. Schnoes 01/31/05
    Translating code to NOT use mysql so it can run on the clusters
    Alexandra M. Schnoes 01/10/06:
    Commenting
    AMS: add seq len 06/24/06

"""

import sys
import os
import os.path
import string
import getopt
import re
import common
from alignment import *
############
# need related programs
# giScoreParseList.pl
# getGIfromList.pl
# fastacmd
# nrdb

              205



# rpsblast
# inspectDefline.py
# hmmer package
###############

################################################################################
# checkArg
################################################################################

def checkArg(argv):
    """Exit with error and print usage if not enough arguments."""
    #am supposed to have 18 arguments assuming that the options are written
    #option=something
    #also assume that path is passed in with trailing '/'
    
    errorString = """length is """ + str(len(argv)) + """. Usage:filterHomolSearchSFLD.py  --supFamListFile=<list of superfamilies> 
       --hmmPath=<path to hmmfiles> --alignPath=<path to align files> --seqPath=<path to seq files>
       --seqFileName=<file of all sfld seq file names> --SFFile=<SF info file>
       --SFHMMFile=<SF HMM file> --SubHMMFile=<subgroup HMM file>
       --FamHMMFile=<fam HMM file>   --runningDir=<running directory>
       --dbName=<database name> --sfAlignFile=<sf alignment file>
       --sfConsRes=<sf conserv. residue file> --famAlignFile=<fam alignment file>
       --famConsRes=<fam conserved residue file> --subAlignFile=<subgroup alignm. file>
       --subConsRes=<subgroup conserved resiude file> --efdFile=<enzymefunctional domain
       file>"""
 
    
    if len(argv) == 19:
        pass
    else:
        print errorString
        sys.exit(1)
        
 

################################################################################
# getFileNameList
################################################################################
def getFileNameList(ListFileName):
   inFile = open(ListFileName, "r")
   FileNameList = []   
   
   while 1:
      line = inFile.readline()
      if not line:
         break
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      line = string.strip(line)
      if len(line) > 0:
         FileNameList.append(line)
   inFile.close()

   return FileNameList

################################################################################
# MapSFNameToID
################################################################################
def MapSFNameToID(SFName_and_ID_file):
    inFile = open(SFName_and_ID_file, 'r')
    Name_ID_dict = {}

    while 1:
        line = inFile.readline()
        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 1:
            Name_ID_dict[tmpList[1]] = tmpList[0]
        else:
            break
    
    return Name_ID_dict

###############################################################################
# Input:
#  superfamilyListFileName: A string specifying either: (1) The name of a file 
#                           which lists superfamily names, one per line, or (2)
#                           the value "all"
#  SFName_and_ID_file
# Returns:
#  SFIDList: A list of identifiers from the SFLD that correspond to either: (1)
#            the superfamily names listed in the file referenced by 
#            superfamilyListFileName, or (2) all superfamilies in the SFLD
###############################################################################
def getSFIDList(superfamilyListFileName, SFName_and_ID_file):
   if superfamilyListFileName != "all":
      SFIDList = []
      SFNameList = getFileNameList(superfamilyListFileName)
      SFName_id_dict = MapSFNameToID(SFName_and_ID_file)
      
      size = len(SFNameList)
      i = 0
      while i < size:
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         SFIDList.append(SFName_id_dict[SFNameList[i]])
         i = i + 1 

   return SFIDList
   
################################################################################
# returnList
################################################################################
def returnList(fileName, num_elements):
   fileList = []
   
   inFile = open(fileName, 'r')
   
   while 1:
      line = inFile.readline()
      line = line[:-1]
      tmpList = line.split(';')
      if tmpList == ['']:
         break
      elif len(tmpList) == num_elements:
         for index in range(0, len(tmpList)):
             if tmpList[index] == 'None':
                tmpList[index] = None
         fileList.append(tmpList)
      else:
         break

   return fileList

###############################################################################
# Retrieves the names of all superfamily, family & subgroup HMMs from the SFLD 
# that correspond to the superfamilies specified in SFIDList.
#
# Input:
#  SFIDList: A list of superfamily identifiers from the SFLD 
#  SFHMMListName, SubHMMListName, FamHMMListName
# Returns:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
###############################################################################
def getHMMDict(SFIDList, SFHMMListName, SubHMMListName, FamHMMListName):

   hmmDict = {}
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   num_elements = 2
   SFHMMList = returnList(SFHMMListName, num_elements)
   #print SFHMMList
   
   num_elements = 3
   SubHMMList = returnList(SubHMMListName, num_elements)
   #print SubHMMList
   
   num_elements = 3
   FamHMMList = returnList(FamHMMListName, num_elements)
   #print FamHMMList
   
   for SFID in SFIDList:
      #print SFID
      
      for index in range(0, len(SFHMMList)):
         if SFID == SFHMMList[index][0]:
             SFHMM = SFHMMList[index][1]
         #print SFHMM         
      
      famIDHMMDict = {}
      for index in range(0, len(FamHMMList)):
         if SFID == FamHMMList[index][0]:
             id = FamHMMList[index][1]
             hmmName = FamHMMList[index][2]
             if hmmName != None:
                 famIDHMMDict[id] = hmmName
            
      #print famIDHMMDict
      
      subIDHMMDict = {}
      for index in range(0, len(SubHMMList)):
         if SFID == SubHMMList[index][0]:
            id = SubHMMList[index][1]
            hmmName = SubHMMList[index][2]
            if hmmName != None:
                subIDHMMDict[id] = hmmName
            
      #print "subIDHMMDict"
      #print subIDHMMDict
      hmmDict[SFID] = [SFHMM, famIDHMMDict, subIDHMMDict]
      #print hmmDict
   return hmmDict    
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###############################################################################
# 
# Input:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
#  path: A string specifying the path for the directory that contains the SFLD
#        HMM files.
# Returns:
#  fastaDict: A dictionary with key = SFID, value = list of all fasta files 
#             for the hits of each SF/Fam/Sub. Fasta will contain *all* 
#             sequences for each hit file (the hit file name determined from
#             hmmdict).
#  giScoreEvalueDict: A dictonary with key SFID, value = list of all filenames
#             that contain the gi, score and evalue of each hit set.
#             file format:
#             <gi>    <score>    <evalue>
###############################################################################
def runParseHMMSearch(hmmDict, runningDir, dbName):
   print 'def runParseHMMSearch(hmmDict, runningDir, dbName):'
   
   fastaDict = {}
   giScoreEvalueDict = {}
   
   for SFID in hmmDict.keys():

      tempHitGIList = []

      #Parse the HMMSearch output HMM in a given superfamily

      #First find the HMMSearch file with superfamily HMM, if present, 
      if hmmDict[SFID][0] != None:
         hmmsearchOutFileName = runningDir + "SF" + str(SFID) + ".hmmsearch"
         cmd = "giScoreParseList.pl %s" % (hmmsearchOutFileName)
         os.system(cmd)
     
         giScoreEvalueFileName = hmmsearchOutFileName + ".giScoreEval"
         cmd = "getGIfromList.pl %s" % (giScoreEvalueFileName)
         os.system(cmd)
     
         giFileName = giScoreEvalueFileName + ".giList"
         fastaFileName = giFileName + ".fasta"
         cmd = "fastacmd -d %s -i %s -t T -o %s" % (dbName, giFileName, fastaFileName)
         os.system(cmd)
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         SFFastaFile = fastaFileName
         SFgiScoreEvalueFile =  giScoreEvalueFileName
      else:
         SFFastaFile = None
         SFgiScoreEvalueFile =  None
      
      #Then parse hmmsearch with each family HMM,
      famIDFastaDict = {}
      famIDgiScoreEvalueDict ={}
      famIDHMMDict = hmmDict[SFID][1]
      for famID in famIDHMMDict.keys():
         hmmsearchOutFileName = runningDir + "SF" + str(SFID) + "Fam" + str(famID) + ".hmmsearch"
         cmd = "giScoreParseList.pl %s" % (hmmsearchOutFileName)
         os.system(cmd)
     
         giScoreEvalueFileName = hmmsearchOutFileName + ".giScoreEval"
         cmd = "getGIfromList.pl %s" % (giScoreEvalueFileName)
         os.system(cmd)
     
         giFileName = giScoreEvalueFileName + ".giList"
         fastaFileName = giFileName + ".fasta"
         cmd = "fastacmd -d %s -i %s -t T -o %s" % (dbName, giFileName, fastaFileName)
         os.system(cmd)
         
         famIDFastaDict[famID] = fastaFileName
         famIDgiScoreEvalueDict[famID] = giScoreEvalueFileName         

      #Then run hmmsearch with each subgroup HMM
      SubIDFastaDict = {}
      SubIDgiScoreEvalueDict = {}
      subIDHMMDict = hmmDict[SFID][2]
      for subID in subIDHMMDict.keys():
         hmmsearchOutFileName = runningDir + "SF" + str(SFID) + "Sub" + str(subID) + ".hmmsearch"
         cmd = "giScoreParseList.pl %s" % (hmmsearchOutFileName)
         os.system(cmd)
     
         giScoreEvalueFileName = hmmsearchOutFileName + ".giScoreEval"
         cmd = "getGIfromList.pl %s" % (giScoreEvalueFileName)
         os.system(cmd)
     
         giFileName = giScoreEvalueFileName + ".giList"
         fastaFileName = giFileName + ".fasta"
         cmd = "fastacmd -d %s -i %s -t T -o %s" % (dbName, giFileName, fastaFileName)
         os.system(cmd)
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         SubIDFastaDict[subID] = fastaFileName
         SubIDgiScoreEvalueDict[subID] = giScoreEvalueFileName
     

      #Make a fasta file dict and a gi/score/evalue dict for all the files
      fastaDict[SFID] = [SFFastaFile, famIDFastaDict, SubIDFastaDict]
      giScoreEvalueDict[SFID] = [SFgiScoreEvalueFile, famIDgiScoreEvalueDict, SubIDgiScoreEvalueDict]

   return fastaDict, giScoreEvalueDict

##########################################################################
# Parses the output file from the NCBI nrdb program (specified by
# nrdbFileName) to determine the sequence overlap between two sets of
# files.
# Returns:
#  commonList: A list of GIs common to the two fasta files compared using
#  nrdb.  (If the GIs of the common sequence are identical, one copy is
#  added to the list.  Otherwise, both GIs are added to the list as 
#  seperate entries
##########################################################################
def parseNrdbOutput(nrdbFileName):
   
   commonList = []
   
   inFile = open(nrdbFileName, 'r')
   
   while 1:
      line = inFile.readline()
      if not line:
         break
      if line[:1] == '>':
         #Search for seperator '\x01' added by nrdb to determine if the
         #current sequence was present in both nrdb input files
         index = string.find(line, '\x01')
         if index != (-1):
            commonList.append('Seq in Common')
            break
         #else: pass
   
   inFile.close()      
   
   return commonList
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##########################################################################
# Runs the NCBI program nrdb.  Uses the function parseNRDBOutput to parse
# the resulting output file
# Returns:
#  commonList: A list of GIs common to the two fasta files compared using
#  nrdb.  (If the GIs of the common sequence are identical, one copy is
#  added to the list.  Otherwise, both GIs are added to the list as 
#  seperate entries
##########################################################################
def getCommonSeqs(fastaFileName1, fastaFileName2, runningDir):
   
   tmp_out = runningDir + 'temp.nrdb'
   cmd = 'nrdb -o%s %s %s  2> screenOut' % (tmp_out, fastaFileName1, fastaFileName2)
   os.system(cmd)

   commonList = parseNrdbOutput(tmp_out)

   #Remove temporary file
   os.system('rm %s screenOut' % (tmp_out))

   return commonList

################################################################################
# markingSeqs
################################################################################
def markingSeqs(gseList, seqPath, seqFileList, inSFLDList, notInList, runningDir, dbName):
   """Mark seq's in gseList that are in the SFLD and write out to file
   and return lists of gi's that are in or not in the sfld
   The new format for the entryDict lists is--
   <gi>    <score>    <evalue>    <VALID/NOT_valid>    <IN_SFLD>    <fasta file name>
   
   """   
   #for entry in gseList:
   #    entry.append('[]')
   #    entry.append('[]')

   print "markingSeqs(gseFileName, gseList, seqPath, seqFileList, inSFLDList, notInList, runningDir, dbName)"
   GIinSFLDList =[]
   for entry in inSFLDList:
      GIinSFLDList.append(entry[0])
   
      
   for entry in gseList:
         notOne = 1
         gi_GSE = entry[0]
         if gi_GSE in GIinSFLDList:
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            entry.append('IN_SFLD')
            index = GIinSFLDList.index(gi_GSE)
            entry.append(inSFLDList[index][1])
         elif gi_GSE in notInList:
             entry.append('[]')
             entry.append('[]')
             
         else:
            tmpFastaFileName = runningDir + gi_GSE + '.tmp'
            os.system("fastacmd -d %s -s%s -tT > %s" % (dbName, gi_GSE, tmpFastaFileName))
            for seq_entry in seqFileList:
                seqFastaFileName = seqPath + seq_entry
                commonList = getCommonSeqs(tmpFastaFileName, seqFastaFileName, runningDir)
                if commonList:  #the list exists, hit is in SFLD
                   #print commonList
                   entry.append('IN_SFLD')
                   entry.append(seq_entry)
                   inSFLDList.append([gi_GSE, seq_entry])
                   #print "BREAK " + gi_GSE
                   notOne = 0
                   break
            if notOne == 1: #this is not in SFLD
               #print "NO BREAK " + gi_GSE
               entry.append('[]')
               entry.append('[]')
               notInList.append(gi_GSE)
       
   
   
   return inSFLDList, notInList, gseList
   
   
   
################################################################################
# markIfInSFLD
################################################################################
def markIfInSFLD(seqPath, entryDict, seqFileName, runningDir, dbName):
   """Mark any sequences that are in the SFLD sequence set and write out to a file"""
   
   seqFileList = getFileNameList(seqPath + seqFileName)
   inSFLDList = []
   notInList = []
   newEntryDict = {}
   
   for SFID in entryDict.keys():
      #check the superfamily sequences
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      SFgseList = entryDict[SFID][0]
      print "SFgseList"
      print SFgseList
      if SFgseList == None:
          print "Pass SFgseList"
          pass
      else:
          inSFLDList, notInList, SFgseList = markingSeqs(SFgseList, seqPath, seqFileList, inSFLDList, notInList, runningDir, dbName)
      
      #check the family sequences
      famEntryDict = {}
      FamGSEFileDict = entryDict[SFID][1]
      for famID in FamGSEFileDict.keys():
         FamGSEList = FamGSEFileDict[famID]
         inSFLDList, notInList, FamGSEList = markingSeqs(FamGSEList, seqPath, seqFileList, inSFLDList, notInList, runningDir, dbName)
         famEntryDict[famID] = FamGSEList
         
      #check the subgroup sequences
      subEntryDict = {}
      SubGSEFileDict = entryDict[SFID][2]
      for subID in SubGSEFileDict.keys():
         SubGSEList = SubGSEFileDict[subID]
         inSFLDList, notInList, SubGSEList = markingSeqs(SubGSEList, seqPath, seqFileList, inSFLDList, notInList, runningDir, dbName)
         subEntryDict[subID] = SubGSEList
      
      newEntryDict[SFID]= [SFgseList, famEntryDict, subEntryDict]
   
   return newEntryDict

###############################################################################
# Input:
#  alignmentFileName: The name of an hmmeralign format sequence alignment.
# Returns:
#  repSeq: A string specifying the (gapped) amino acid sequence for the first 
#          sequence in the alignment specified by alignmentFileName.
###############################################################################
def getRepSeq(alignmentFileName):

   inFile = open(alignmentFileName, "r")

   #Get the identifier for the first sequence in the alignment
   while 1:
      line = inFile.readline()
      if not line:
         break
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      line = string.strip(line)
      if line[:5] == "Name:":
         line = string.strip(line[5:])
         index = string.find(line, " ")
         repSeqID = line[:index]
         break

   #Get the amino acid sequence corresponding to repSeqID
   repSeq = ""
   while 1:
      line = inFile.readline()
      if not line:
         break
      line = string.strip(line)
      if line[:len(repSeqID)] == repSeqID:
         line = string.strip(line[len(repSeqID):])
         repSeq += string.replace(line, " ", "")

   inFile.close()

   return repSeq

###############################################################################
# Translates the sequence number num (obtained from a gapped sequence
# alignment) to the corresponding number with respect to the ungapped
# sequence equivalent of gappedRepSeq.
#
# Input:
#  gappedConsResTuple: A nested tuple of tuples.  Each inner tuple is of the 
#                      form (AA#, AAType), where AA# references a specific 
#                      amino acid in the string gappedRepSeq.
#  gappedRepSeq: A string specifying an amino acid sequence from a gapped 
#                sequence alignment.
# Returns:
#  ungappedConsResList: The ungapped equivalent of gappedConsResTuple, but in 
#                       list form.
#
# NOTE: If the alignment position specified by an entry in gappedConsResTuple
# corresponds to a gap character in gappedRepSeq, a zero will be placed in the
# corresponding entry in ungappedConsResList.
###############################################################################
def getUngappedNumbers(gappedConsResList, gappedRepSeq):

   ungappedConsResList = []
   seqList = list(gappedRepSeq)

              216



   for consResPair in gappedConsResList:
      gappedNum = consResPair[0]
      #print gappedNum
      aaType = consResPair[1]
      ungappedCount = 0
      gappedCount = 0
      correctedNum = 0
      for letter in seqList:
         #clustalw specifies gaps with "-", while hmmeralign uses "." and "~"
         if letter == "-" or letter == "." or letter == "~":
            gappedCount += 1 
            #print gappedCount
         else:
            
            gappedCount += 1
            ungappedCount += 1
            #stringie =  str(gappedCount) + " " + str(ungappedCount) + " " + gappedNum
            #print stringie
            if gappedCount == int(gappedNum):
               #print "hello?"
               correctedNum = ungappedCount
               ungappedConsResList.append([correctedNum, aaType])

   return ungappedConsResList 

###############################################################################
# Removes gap characters from the string gappedSequence.  Returns the ungapped 
# string.
###############################################################################
def removeGaps(gappedSequence):

   ungappedSequence = string.replace(gappedSequence, ".", "")
   ungappedSequence = string.replace(ungappedSequence, "-", "") 
   ungappedSequence = string.replace(ungappedSequence, "~", "")

   return ungappedSequence

###############################################################################
# Input:
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
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#  path: A string specifying the path for the directory that contains the SFLD
#        HMM files.
# Returns:
#  consResDict: A dictionary with key = SFID, value = a list with the following 
#               format: [consResList, familyConsResDict, subgroupConsResDict]
#               where family and subgroupConsResDict are dictionaries with 
#               key = family/subgroup ID and value = consResList, and 
#               consResList is a nested list where each inner list has the 
#               format: [AA#, allowedAAType(s)]
#  repSeqDict: Dictionary with key = SFID, value = list with the following 
#              format: [SFRepSeq, familyRepSeqDict, subgroupRepSeqDict]
#              where family and subgroupRepSeqDict are dictionaries with key = 
#              family/subgroup ID and value = a string containing the amino 
#              acid sequence for a representative sequence in the 
#              family/subgroup, which corresponds to the conserved residue 
#              numbering in consResDict.
###############################################################################
def getConsResDict(hmmDict, alignPath, sf_align_file_name, 
   sf_cons_residue_file_name, fam_align_file_name, fam_cons_res_file_name, 
   sub_align_file_name, sub_cons_res_file_name):
   
   consResDict = {}
   repSeqDict = {}
   
   num_elements = 2
   SFalignList = returnList(sf_align_file_name, num_elements)
   
   num_elements = 3
   SFAllConsResList = returnList(sf_cons_residue_file_name, num_elements)
   #print SFAllConsResList
   
   
   for SFID in hmmDict.keys():
      #get superfamily alignment file name
      for index in range(0, len(SFalignList)):
         if SFID == SFalignList[index][0]:
             alignmentFileName = SFalignList[index][1]
      
      if alignmentFileName != None:
         #Collect the representative sequence for the SF alignment
         gappedSFRepSeq = getRepSeq(alignPath + alignmentFileName)
         SFRepSeq = removeGaps(gappedSFRepSeq)
         
         #Collect the conserved residues for the SF alignment
         SFCRList = []
         for index in range(0, len(SFAllConsResList)):
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            if SFID == SFAllConsResList[index][0]:
                 SFCRList.append([SFAllConsResList[index][1], SFAllConsResList[index][2]])
                 #print SFCRList
                 #print gappedSFRepSeq
         
         SFConsResList = getUngappedNumbers(SFCRList, gappedSFRepSeq)
      else:
         SFConsResList = []
         SFRepSeq = None         

      famConsResDict = {}
      famRepSeqDict = {}
      
      #get family alignment file names
      num_elements = 2
      FamAlignList = returnList(fam_align_file_name, num_elements)
      
      #get conserved residues for family alignments
      num_elements = 3
      FamConsResList = returnList(fam_cons_res_file_name, num_elements)
      #print FamConsResList
      
      for famID in hmmDict[SFID][1].keys():
         #Collect the representative sequence for a family alignment
         for index in range(0, len(FamAlignList)):
             if famID == FamAlignList[index][0]:
                 alignmentFileName = FamAlignList[index][1]
                 gappedFamRepSeq = getRepSeq(alignPath + alignmentFileName)
                 famRepSeqDict[famID] = removeGaps(gappedFamRepSeq)
     
         #Collect the conserved residues for a family alignment
         FamCRList =[]   
         for index in range(0, len(FamConsResList)):
             if famID == FamConsResList[index][0]:
                 FamCRList.append([FamConsResList[index][1], FamConsResList[index][2]])
                 famConsResDict[famID] = getUngappedNumbers(FamCRList, gappedFamRepSeq)
     
     
      subConsResDict = {}
      subRepSeqDict = {}
      
      #get subgroup alignment file names
      num_elements = 2
      SubAlignList = returnList(sub_align_file_name, num_elements)
      #print "SubAlignList" 
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      #print SubAlignList
      
      #get conserved residues for the subgroup alignments
      num_elements = 3
      SubConsResList = returnList(sub_cons_res_file_name, num_elements)
      #print "SubConsList" 
      #print SubConsResList
      for subID in hmmDict[SFID][2].keys():
         #Collect the representative sequence for a subgroup alignment
         for index in range(0, len(SubAlignList)):
             if subID == SubAlignList[index][0]:
                 #print "subID Align " + subID + "\n"
                 alignmentFileName = SubAlignList[index][1]    
                 gappedSubRepSeq = getRepSeq(alignPath + alignmentFileName)
                 subRepSeqDict[subID] = removeGaps(gappedSubRepSeq)
     
         #Collect the conserved residues for a subgroup alignment
         SubCRList = []
         for index in range(0, len(SubConsResList)):
             if subID == SubConsResList[index][0]:
                 #print "subID Cons " + subID + "\n"
                 SubCRList.append([SubConsResList[index][1], SubConsResList[index][2]])
                 subConsResDict[subID] = getUngappedNumbers(SubCRList, gappedSubRepSeq)

      #For each SFID make a dict holding the conserved residues and the rep
      #Sequences for each family/SF/Sub etc.
      consResDict[SFID] = [SFConsResList, famConsResDict, subConsResDict]
      repSeqDict[SFID] = [SFRepSeq, famRepSeqDict, subRepSeqDict]

   #print consResDict
   #print repSeqDict
   return consResDict, repSeqDict
   

###############################################################################
# Input: 
#  consResDict: A dictionary with key = SFID, value = a list with the following
#               format: [consResList, familyConsResDict, subgroupConsResDict]
#               where family and subgroupConsResDict are dictionaries with
#               key = family/subgroup ID and value = consResList, and
#               consResList is a nested list where each inner list has the
#               format: [AA#, allowedAAType(s)]
# Returns: 
#  reformattedConsResDict: A dictionary with key = SFID, value = a list with the
#                          following format: [consResList, familyConsResDict,
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#                          subgroupConsResDict], where family and
#                          subgroupConsResDict are dictionaries with key =
#                          family/subgroup ID and value = consResList, and
#                          consResList is a nested list where each inner list
#                          has the format: [AA#, [allowedAAType(s)]]
###############################################################################
def reformatConsResDict(consResDict):
   
   #print consResDict
   reformattedConsResDict = {}
       
   aaDict = {} 
   aaDict['ALA'] = 'A' 
   aaDict['ARG'] = 'R' 
   aaDict['ASN'] = 'N' 
   aaDict['ASP'] = 'D' 
   aaDict['CYS'] = 'C' 
   aaDict['GLN'] = 'Q'
   aaDict['GLU'] = 'E' 
   aaDict['GLY'] = 'G' 
   aaDict['HIS'] = 'H' 
   aaDict['ILE'] = 'I'
   aaDict['LEU'] = 'L' 
   aaDict['LYS'] = 'K' 
   aaDict['MET'] = 'M'    
   aaDict['PHE'] = 'F' 
   aaDict['PRO'] = 'P' 
   aaDict['SER'] = 'S' 
   aaDict['THR'] = 'T' 
   aaDict['TRP'] = 'W' 
   aaDict['TYR'] = 'Y' 
   aaDict['VAL'] = 'V' 
 
   for SFID in consResDict.keys():
      SFConsResList = [] 
      for consResPair in consResDict[SFID][0]:
         aaTypeString = consResPair[1]
         origAAList = string.split(aaTypeString, ",")
         reformattedAAList = []
         for aa in origAAList:
            aa = string.strip(aa)
            if len(aa) > 1:
               try:   
                  reformattedAAList.append(aaDict[aa])
               except KeyError:
                  reformattedAAList.append('X')
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            else: 
               reformattedAAList.append(aa)
         SFConsResList.append([consResPair[0], reformattedAAList[:]])
      famConsResDict = {} 
      for famID in consResDict[SFID][1].keys():
         famConsResDict[famID] = []
         for consResPair in consResDict[SFID][1][famID]:
            aaTypeString = consResPair[1]
            origAAList = string.split(aaTypeString, ",")
            reformattedAAList = []
            for aa in origAAList:
               aa = string.strip(aa)
               if len(aa) > 1: 
                  try:   
                     reformattedAAList.append(aaDict[aa])
                  except KeyError: 
                     reformattedAAList.append('X')   
               else: 
                  reformattedAAList.append(aa)
            famConsResDict[famID].append([consResPair[0], reformattedAAList[:]])
      subConsResDict = {}  
      for subID in consResDict[SFID][2].keys():
         subConsResDict[subID] = [] 
         for consResPair in consResDict[SFID][2][subID]:
            aaTypeString = consResPair[1] 
            origAAList = string.split(aaTypeString, ",")
            reformattedAAList = [] 
            for aa in origAAList: 
               aa = string.strip(aa)
               if len(aa) > 1: 
                  try: 
                     reformattedAAList.append(aaDict[aa])
                  except KeyError: 
                     reformattedAAList.append('X') 
               else: 
                  reformattedAAList.append(aa)
            subConsResDict[subID].append([consResPair[0], reformattedAAList[:]])
      reformattedConsResDict[SFID] = [SFConsResList, famConsResDict, subConsResDict]
   
   #print reformattedConsResDict
   return reformattedConsResDict 
                   
  

###############################################################################
# Adds the amino acid sequence specified by the string repSeq in fasta format

              222



# to the fasta sequence file specified by the string fastaFileName.
###############################################################################
def addRepSeq(fastaFileName, repSeq):
   
   #print repSeq
   outFile = open(fastaFileName, "a")
   outFile.write(">gi|repSeq|\n")
   outFile.write(common.format(repSeq))
   outFile.close()      

###############################################################################
# Aligns the hit sequences categorized in a given superfamily/family/subgroup,
# from categorizedHitsDict, along with the appropriate representative sequence,
# from repSeqDict, with the appropriate HMM, from hmmDict, using hmmalign.
#
# Input:
#  categorizedHitsDict: A dictionary with key = SFID, value = A list with 
#                       structure: [SFHitList, familyHitDict, subgroupHitDict], 
#                       where SFHitList is a list of gi numbers for all hits 
#                       from the superfamily, familyHitDict is a 
#                       dictionary with key = family ID, value = a list of gi 
#                       numbers for hits classified with a given family, and 
#                       subgroupHitDict is the equivalent to familyHitDict, but 
#                       for a subgroup rather than a family.
#  repSeqDict: Dictionary with key = SFID, value = list with the following 
#              format: [SFRepSeq, familyRepSeqDict, subgroupRepSeqDict]
#              where family and subgroupRepSeqDict are dictionaries with key = 
#              family/subgroup ID and value = a string containing the amino 
#              acid sequence for a representative sequence in the 
#              family/subgroup, which corresponds to the conserved residue 
#              numbering in consResDict.
#  hmmDict: A dictionary with key = SFID, value = list with structure: 
#           [superfamilyHMMName, famIDHMMDict, subIDHMMDict]
#           famIDHMMDict and subIDHMMDict are dictionaries with key = 
#           family/subgroup ID, value = HMM file name.
#  path: A string specifying the path for the directory that contains the SFLD
#        HMM files.
###############################################################################

def alignHits(fastaDict, repSeqDict, hmmDict, hmmPath, runningDir):
   print 'def alignHits(fastaDict, repSeqDict, hmmDict, hmmPath, runningDir):'
   
   alignHitDict = {}   
   for SFID in hmmDict.keys():
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      #First find the HMMSearch file with superfamily HMM, if present, 
      if hmmDict[SFID][0] != None:
         hmmName = hmmPath + hmmDict[SFID][0]
         alignFileName = runningDir + "SF" + str(SFID) + ".hmmalign"
         fastaFile = fastaDict[SFID][0]
         addRepSeq(fastaFile, repSeqDict[SFID][0])
         os.system("inspectDefline.py %s" % (fastaFile))
         os.system("mv shortDefline.fasta " + fastaFile)
         os.system("hmmalign -o %s  %s %s" % (alignFileName, hmmName, fastaFile))
         SFalignFileName = alignFileName
      else:
         SFalignFileName = None
      
      famAlignDict = {}
      famIDHMMDict = hmmDict[SFID][1]
      famFastaDict = fastaDict[SFID][1]
      for famID in famIDHMMDict.keys():
         hmmName = hmmPath + hmmDict[SFID][1][famID]
         alignFileName = runningDir + "SF" + str(SFID) + "Fam" + str(famID) + ".hmmalign"
         fastaFile = famFastaDict[famID]
         addRepSeq(fastaFile, repSeqDict[SFID][1][famID])
         os.system("inspectDefline.py %s" % (fastaFile))
         os.system("mv shortDefline.fasta " + fastaFile)
         os.system("hmmalign -o %s  %s %s" % (alignFileName, hmmName, fastaFile))
         famAlignDict[famID] = alignFileName

      subAlignDict = {}
      subIDHMMDict = hmmDict[SFID][2]
      subFastaDict = fastaDict[SFID][2]
      for subID in subIDHMMDict.keys():
         hmmName = hmmPath + hmmDict[SFID][2][subID]
         alignFileName = runningDir + "SF" + str(SFID) + "Sub" + str(subID) + ".hmmalign"
         fastaFile = subFastaDict[subID]
         addRepSeq(fastaFile, repSeqDict[SFID][2][subID])
         os.system("inspectDefline.py %s" % (fastaFile))
         os.system("mv shortDefline.fasta " + fastaFile)
         os.system("hmmalign -o %s  %s %s" % (alignFileName, hmmName, fastaFile))
         subAlignDict[subID] = alignFileName

      alignHitDict[SFID] = [SFalignFileName, famAlignDict, subAlignDict]
      #print alignHitDict
      
   return alignHitDict
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###############################################################################
# Input:
#  alignFileName: A string specifying the name of a hmmeralign format alignment
#  repSeq: A string specifying an (ungapped) amino acid sequence present in 
#          the alignment specified by alignFileName
#  consResList: A nested list with format [AA#, [allowedAAType(s)]]
# Returns:
#  validatedHitList: A list containing the gi numbers for all sequences in
#                    alignFileName that conserve the residues specified in
#                    consResList, according to the alignment
###############################################################################
def checkAlignmentForConsRes(alignFileName, repSeq, consResList):

   allowedMismatches = 0
   validatedHitList = []
   removedHitsList = []

   algnmnt = alignment(alignFileName)
   mismatchDict = {}
   for alignKey in algnmnt.alignDict.keys():
      #print "alignKey" + alignKey
      mismatchCounter = 0
      for resPair in consResList:
         resNum = resPair[0]
         #print "resNum" + str(resNum)
         correctedResNum = algnmnt.translateSeqNum(resNum, "repSeq")
         #subtract 1 from correctedResNum to convert to index  
         if "X" in resPair[1]:
            #print "I REACH HERE!!"
            #Any residue can be at this position do not increment 
            #mismatchCounter
            pass
         elif algnmnt.alignDict[alignKey][correctedResNum - 1] not in resPair[1]:
            #print algnmnt.alignDict[alignKey][correctedResNum - 1]
            #print str(correctedResNum - 1)
            #print resPair[1]
            mismatchCounter += 1
      mismatchDict[alignKey] = mismatchCounter 
      #print mismatchCounter
   for key in mismatchDict.keys():
      if mismatchDict[key] <= allowedMismatches and key != "repSeq":
         validatedHitList.append(str(key))
      elif key == "repSeq":
         pass
      else:
         removedHitsList.append(str(key))
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#   os.system("rm " + alignFileName) #Delete temporary alignment file

   return validatedHitList, removedHitsList

###############################################################################
# Validates hit sequences by verifying that they conserve the catalytic 
# residues specified in consResDict.
# 
# Input:
#  consResDict: A dictionary with key = SFID, value = a list with the following 
#               format: [consResList, familyConsResDict, subgroupConsResDict]
#               where family and subgroupConsResDict are dictionaries with 
#               key = family/subgroup ID and value = consResList, and 
#               consResList is a nested list where each inner list has the 
#               format: [AA#, allowedAAType(s)]
#  repSeqDict: Dictionary with key = SFID, value = list with the following 
#              format: [SFRepSeq, familyRepSeqDict, subgroupRepSeqDict]
#              where family and subgroupRepSeqDict are dictionaries with key = 
#              family/subgroup ID and value = a string containing the amino 
#              acid sequence for a representative sequence in the 
#              family/subgroup, which corresponds to the conserved residue 
#              numbering in consResDict.
# Returns:
#  validatedHitsDict: Dictionary with key = SFID, value = list with structure:
#                     [validatedSFHitList, validatedFamHitDict, 
#                     validatedSubHitDict], where validatedSFHitList is a list 
#                     of gi numbers for validated hits categorized with the SF 
#                     HMM, validatedFamHitDict is a dictionary with key = 
#                     family ID, value = list of gi numbers for validated hits 
#                     classified with a given family ID, and 
#                     validatedSubHitDict is the equivalent to familyHitDict, 
#                     but for a subgroup rather than a family.
###############################################################################
def checkHitsForConsRes(hmmDict, consResDict, repSeqDict, runningDir):
   print 'def checkHitsForConsRes(hmmDict, consResDict, repSeqDict):'
   validatedHitsDict = {}
   removedHitsDict = {}

   for SFID in hmmDict.keys():
      if SFID in consResDict.keys():
         SFAlignFileName = runningDir + "SF" + str(SFID) + ".hmmalign"
         if os.path.isfile(SFAlignFileName):
            validatedSFHitList, removedSFHitsList = checkAlignmentForConsRes(SFAlignFileName, repSeqDict[SFID][0], consResDict[SFID][0])
            print "Checking file %s" % (SFAlignFileName)
         else:
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            validatedSFHitList = []
            removedSFHitsList = []
            print "NO alignment file for SF %s" % (SFID)
      else:
         SFAlignFileName = runningDir + "SF" + str(SFID) + ".hmmalign" + ".noConsRes"
         openfile = open(subAlignFileName, "w")
         openfile.close() 
         validatedSFHitList = []
         removedSFHitsList = []

         print "no ConsRes for SF ID %s. File %s made" % (SFID, SFAlignFileName)
         
      validatedFamHitDict = {}
      removedFamHitsDict = {}
      famIDHMMDict = hmmDict[SFID][1]
      for famID in famIDHMMDict.keys():
         if famID in consResDict[SFID][1].keys():
            famAlignFileName = runningDir + "SF" + str(SFID) + "Fam" + str(famID) + ".hmmalign"
            if os.path.isfile(famAlignFileName):
               #print "famID" + famID
               validatedFamHitDict[famID], removedFamHitsDict[famID] = checkAlignmentForConsRes(famAlignFileName, repSeqDict[SFID][1][famID], consResDict[SFID][1][famID])
               print "checking file for fam file %s" % (famAlignFileName)
            else:
                print "No alignment file for family ID %s" % (famID)
                validatedFamHitDict[famID] = []
                removedFamHitsDict[famID] = []
         else:
            famAlignFileName = runningDir + "SF" + str(SFID) + "Fam" + str(famID) + ".hmmalign" + ".noConsRes"
            openfile = open(famAlignFileName, "w")
            openfile.close() 
            validatedFamHitDict[famID] = []
            removedFamHitsDict[famID] = []
            print "no ConsRes for FamilyID %s. famAlignFileName %s made" % (famID, famAlignFileName)
               
      validatedSubHitDict = {}
      removedSubHitsDict = {}
      for subID in hmmDict[SFID][2].keys():
         if subID in consResDict[SFID][2].keys():
            subAlignFileName = runningDir + "SF" + str(SFID) + "Sub" + str(subID) + ".hmmalign"
            if os.path.isfile(subAlignFileName):
               validatedSubHitDict[subID], removedSubHitsDict[subID] = checkAlignmentForConsRes(subAlignFileName, repSeqDict[SFID][2][subID], consResDict[SFID][2][subID])
               print "checking file for sub family %s" % (subAlignFileName)
            else:
                print "No alignment file for subgroup ID %s" % (subID)
                validatedSubHitDict[subID] = [] 
                removedSubHitsDict[subID] = []
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         else:
            subAlignFileName = runningDir + "SF" + str(SFID) + "Sub" + str(subID) + ".hmmalign" + ".noConsRes"
            openfile = open(subAlignFileName, "w")
            openfile.close() 
            validatedSubHitDict[subID] = [] 
            removedSubHitsDict[subID] = []
            print "No ConsRes for subgroup ID %s. File %s made" % (subID, subAlignFileName)

         
      validatedHitsDict[SFID] = [validatedSFHitList, validatedFamHitDict, validatedSubHitDict]
      print "validatedSFHitList"
      print validatedSFHitList
      print "validatedFamHitDict"
      print validatedFamHitDict
      print "validatedSubHitDict"
      print validatedSubHitDict
      
      removedHitsDict[SFID] = [removedSFHitsList, removedFamHitsDict, removedSubHitsDict]
      print "removedSFHitsList"
      print removedSFHitsList
      print "removedFamHitsDict"
      print removedFamHitsDict
      print "removedSubHitsDict"
      print removedSubHitsDict
      
   return validatedHitsDict, removedHitsDict

################################################################################
# gseLoadFile
################################################################################
def gseLoadFile(fileName):
   """Open the giScoreEvalue file and return contents in a list"""
   
   gseFileList = []
   gseINFile = open(fileName, 'r')

   for line in gseINFile.readlines():
      tmpList = line.split()
      gseFileList.append(tmpList)
   
   gseINFile.close()
   return gseFileList
   
################################################################################
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# printGSEFile
################################################################################
def printGSEFile(fileList, filename):
   """Print out the fileList to the file named filename"""
   fileOut = open(filename, "w")
   for entry in fileList:
      listString = '\t'.join((entry))
      fileOut.write(listString)
      fileOut.write("\n")
      
   fileOut.close()   
   
   
################################################################################
# markIfValidHit
################################################################################
def markIfValidHit(validatedHitsDict, removedHitsDict, giScoreEvalueDict):
   """Mark the hits in giScoreEvalue files as valid or invalid hits.
   
   Input:
       validatedHitsDict: the Dict with the validated gi's for the SF's, Fams&
           Sub's
       removedHitsDict:  the dict with the invalidated gi's for the SF's Fams &
           Subs
       giScoreEvalueDict: the dict that holds all the files names for the
           parsed hmmsearch files (their file extension is .giScoreEvalue)
   This program will read in each .giScoreEvalue and mark each hit (line) as
   either valid or invalid and then 
   
   Return: the dictionary holding all the updated entry information in entryDict
           The new entry format is:
           <gi>    <score>    <evalue>    <VALID/NOT_valid>
   """
   entryDict = {} #this holds all of the entry data from the flatfiles
   
   for SFID in giScoreEvalueDict.keys():
      # deal with the SF
      if giScoreEvalueDict[SFID][0] != None: #else pass
         
         validGISFList = validatedHitsDict[SFID][0]

         invalidGISFList = removedHitsDict[SFID][0]

         gseINFileList = gseLoadFile(giScoreEvalueDict[SFID][0])
         for entry in gseINFileList:
            if entry[0] in validGISFList:
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               entry.insert(len(entry),"VALID")
            elif entry[0] in invalidGISFList:
               entry.insert(len(entry), "NOT_valid")
            else:
               print "This Didn't work!!! NO hits? SFID = %s. entry = %s" % (SFID, entry[0])
         
         SFentry = gseINFileList
         #printGSEFile(gseINFileList, giScoreEvalueDict[SFID][0])
      
      else:
          SFentry = None
      
      #deal with the families
      famEntryDict ={}
      famGSEDict = giScoreEvalueDict[SFID][1]
      validFamDict = validatedHitsDict[SFID][1]
      invalidFamDict = removedHitsDict[SFID][1]
      for famID in famGSEDict.keys():
         famGSEFile = famGSEDict[famID] #get the family gse filename
         famINFileList = gseLoadFile(famGSEFile)
         
         validGIFamList = validFamDict[famID] #get the fam list of valid hits
            
         invalidGIFamList = invalidFamDict[famID] #get the fam list of invalid hits
            
         for entry in famINFileList:
            if entry[0] in validGIFamList:
               entry.insert(len(entry), "VALID")
            elif entry[0] in invalidGIFamList:
               entry.insert(len(entry), "NOT_valid")
            else:
               print "2 THis didn't work. NO hits? famID = %s. entry = %s" % (famID, entry[0])
         
         famEntryDict[famID] = famINFileList
         #printGSEFile(famINFileList, famGSEFile)
         
         
      #deal with the subgroups
      subEntryDict = {}
      subGSEDict = giScoreEvalueDict[SFID][2]
      validSubDict = validatedHitsDict[SFID][2]
      invalidSubDict = removedHitsDict[SFID][2]
      for subID in subGSEDict.keys():
         subGSEFile = subGSEDict[subID] #get the sub gse filename
         subINFileList = gseLoadFile(subGSEFile)
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         validGISubList = validSubDict[subID] #get the sub list of valid hits
            
         invalidGISubList = invalidSubDict[subID] #get the sub list of invalid hits
            
         for entry in subINFileList:
            if entry[0] in validGISubList:
               entry.insert(len(entry), "VALID")
            elif entry[0] in invalidGISubList:
               entry.insert(len(entry),"NOT_valid")
            else:
               print "3 THis didn't work. NO hits? subID = %s. entry = %s" % (subID, entry[0])
         
         subEntryDict[subID] = subINFileList
         #printGSEFile(subINFileList, subGSEFile)
      
      entryDict[SFID] = [SFentry, famEntryDict, subEntryDict]
      
   return entryDict    

################################################################################
#fastacmdDefSeq
################################################################################
def fastacmdDefSeq(entryList, fastaDict, runningDir, dbName):
    """Return entry list with added def line and AA sequence.
    Input: entryList a list of the format
    <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>
    Return: entryList: a new list that has added the definition line and the AA sequence.
            of the format
    <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>   <len AA seq>  <AA sequence>
            
            fastaDict: key = gi number, value = fasta file name for that gi
            
    """
    gi = entryList[0]
    fastaFileName = runningDir + gi + '.fasta' 
    
    if gi not in fastaDict.keys():
        fastaDict[gi] = fastaFileName
        cmd = 'fastacmd -d %s -s%s -tT > %s' % (dbName, gi, fastaFileName)
        os.system(cmd)
    else:
        pass
        
    fastaFile = open(fastaFileName, "r")
    defLine = fastaFile.readline()
    defLine = defLine[:-1] #strip off the endl
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    AAline = fastaFile.readline() #get the first AA line
    AAline = AAline[:-1]
    line = fastaFile.readline()
    while line:
        line = line[:-1]
        AAline = AAline + line
        line = fastaFile.readline()
        
    #insert def line in second position of list, after gi
    entryList.insert(1, defLine)
    
    #insert lenght AA line at the end of the list
    entryList.insert(len(entryList), str(len(AAline)))
    
    #insert AA line at the end of the list
    entryList.insert(len(entryList), AAline)
    
    fastaFile.close()
    return entryList, fastaDict
    
    
################################################################################
# getDefandSeq
################################################################################
def getDefandSeq(entryDict, runningDir, dbName):
    """Return new dict of the entries that includes the def line and AA sequence.
    Input:   entryDict--the dictionary key = SFID, value = lists of entry data
        for each SF/Fam/Sub.
    Return:    newEntryDict--dictionary key = SFID, value = updated lists of 
        entry data for each SF/Fam/Sub in the format
        <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>   <len AA seq>  <AA sequence>
               fastaDict--dictionary key = gi number, value = fasta file for that gi
    """
    newEntryDict = {}  #key SFID, value entry lists
    fastaDict = {}  # key gi number, value fasta file name
    for SFID in entryDict.keys():
        
        if entryDict[SFID][0] != None:
            SFentryList = entryDict[SFID][0]
            for entry in SFentryList:
                entry, fastaDict = fastacmdDefSeq(entry, fastaDict, runningDir, dbName)               
            newSFentryList = SFentryList
        else:
            newSFentryList = None
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        famEntryDict = entryDict[SFID][1]
        newFamEntryDict = {}
        for famID in famEntryDict.keys():
            famEntryList = famEntryDict[famID]
            for entry in famEntryList:
                entry, fastaDict = fastacmdDefSeq(entry, fastaDict, runningDir, dbName)
            newFamEntryDict[famID] = famEntryList
            
        subEntryDict = entryDict[SFID][2]
        newSubEntryDict = {}
        for subID in subEntryDict.keys():
            subEntryList = subEntryDict[subID]
            for entry in subEntryList:
                entry, fastaDict = fastacmdDefSeq(entry, fastaDict, runningDir, dbName)
            newSubEntryDict[subID] = subEntryList
        
        newEntryDict[SFID] = [newSFentryList, newFamEntryDict, newSubEntryDict]

    return newEntryDict, fastaDict
    
################################################################################
#printOutput
################################################################################
def printOutput(giScoreEvalueDict, entryDict, fileExt):
    """Print out the updated entries fo files listed in giScoreEvalueDict.
    format of file:
    <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
    fileExt: if not empty, add this file extension to the filenames to write to
    
    """
    for SFID in giScoreEvalueDict.keys():
        if giScoreEvalueDict[SFID][0] != None:
            SFfileName = giScoreEvalueDict[SFID][0]
            SFfileName = SFfileName + fileExt
            SFfileList = entryDict[SFID][0]
            printGSEFile(SFfileList, SFfileName)
        else:
            pass
            
        famFileNameDict = giScoreEvalueDict[SFID][1]
        famEntryDict = entryDict[SFID][1]
        for famID in famFileNameDict.keys():
            famFileName = famFileNameDict[famID]
            famFileName = famFileName + fileExt
            famEntryList = famEntryDict[famID]
            printGSEFile(famEntryList, famFileName)
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        subFileNameDict = giScoreEvalueDict[SFID][2]
        subEntryDict = entryDict[SFID][2]        
        for subID in subFileNameDict.keys():
            subFileName = subFileNameDict[subID]
            subFileName = subFileName + fileExt
            subEntryList = subEntryDict[subID]
            printGSEFile(subEntryList, subFileName)

################################################################################
# seenThisDomain
################################################################################
def seenThisDomain(entry, hitList, hitDomainDict, entryList):
    """Return a Dict with cdd domain hits added to the info in 'entry'.
    INPUT: 
        entry: a list of data for one gi
        hitList: a list of keys for hitDomainDict
        hitDomainDict: a dict with key = hit name ('gi_hit1' etc), value = 
            domain hit information in the format
            <total length> <align. length> <query start> <query end> <percent ID>
                    <evalue> <bit score> <db>
        entryList: A list of lists (a list of entries) the 
            entries are in the format
            <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     
                    <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
    PROCESS:
        This gi has been seen before (and therefore the rpsblast has been done
        and the domain hits gotten) but we still need to add this info to the 
        current entry being processed. This function will add the info in a 
        series of new line additions to entryDict so that the fist updated
        entry is
            <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     
                    <IN_SFLD>    <SFLD fasta filename> <total length> 
                    <align. length> <query start> <query end> <percent ID>
                    <evalue> <bit score> <db>  <AA sequence>
       the following entries are
            <gi>    <[dup]>    <[dup]>   <Evalue>    <[dup]>     
                    <[dup]>    <[dup]> <total length> 
                    <align. length> <query start> <query end> <percent ID>
                    <evalue> <bit score> <db>  <[dup]>
    RETURN:
        updatedEntryDict: a dict key = SFID, value = updated entries (see PROCESS)
        
    """
    updatedEntryList = entryList[:]
    entry_index = entryList.index(entry) 
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    entry_copy = entry[:]

    #deal with the first CDD hit
    if hitList:
        hit_1 = hitList.pop(0)
        domainHitList = hitDomainDict[hit_1]
        for datum in domainHitList:
            index = len(entry_copy) - 1 #insert before the last item
            entry_copy.insert(index, datum)
        
        updatedEntryList.pop(entry_index) #remove old entry
        updatedEntryList.insert(entry_index, entry_copy) #put in new entry into orig. spot
    
        #now deal with the rest of the CDD hits
        for hit in hitList:
            entry_copy = entry[:]
            domainHitList = hitDomainDict[hit]
            # get the domain data
            for datum in domainHitList:
                index = len(entry_copy) - 1 #insert before the last item
                entry_copy.insert(index, datum)
        
            # replace appropriate values with [dup] (duplicate)
            entry_copy[1] = '[dup]'   #def line
            entry_copy[2] = '[dup]'   #score
            entry_copy[4] = '[dup]'   #VALID/NOT_valid
            entry_copy[5] = '[dup]'   #IN_SFLD
            entry_copy[6] = '[dup]'   #SFLD fasta filename
            entry_copy[-1] = '[dup]'  # AA sequence
        
            entry_index = entry_index + 1
            updatedEntryList.insert(entry_index, entry_copy)
    else:
        for i in range(0, 8):
            index = len(entry_copy) - 1 #insert before the last item
            entry_copy.insert(index, '[]')
        updatedEntryList.pop(entry_index) #remove old entry
        updatedEntryList.insert(entry_index, entry_copy) #put in new entry into orig. spot
            
    return updatedEntryList    

################################################################################
# parseRPSBlast
################################################################################
def parseRPSBlast(rpsFileName):
    """Return a list holding the top five hits from the rpsFile.
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    INPUT:
        rpsFileName: the filename of the output from an rpsblast run.
        file is in tabular format
            "Query id, Subject id, % identity, alignment length, mismatches, 
                    gap openings, q. start, q. end, s. start, s. end, 
                    e-value, bit score"
    PROCESS:
        Open the rps file and parse out the top five hits and put them into a 
        list.
    RETURN:
         hitList: A list of lists of the top 5 rpsblast hits.
    
    """
    rpsFile = open(rpsFileName, 'r')
    #file is in tabular format with each line having the format
    #Query id, Subject id, % identity, alignment length, mismatches, gap openings, q. start, q. end, s. start, s. end, e-value, bit score
    hitList = []
    i = 0
    for line in rpsFile.readlines(): 
        if i in range(0, 5):
            tmpList = line.split()
        
            db_info = str(tmpList[1])
            perc_id = str(tmpList[2])
            align_len = str(tmpList[3])
            q_start = str(tmpList[6])
            q_end = str(tmpList[7])
            evalue = str(tmpList[10])
            bit_score = str(tmpList[11])
            hitList.append([align_len, q_start, q_end, perc_id, evalue, bit_score, db_info])
            i += 1
        else:
            break
        
    return hitList
        
    
################################################################################
# runRPSBlast
################################################################################
def runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName):
    """Return two dictionaries that contian CDD domian data gathered from rpsblast.
    INPUT:  
        entry: the entry to run rpsblast on
        haveDomainDict: a dictionary Key = gi, value = list of keys for hitDomainDict
        hitDomainDict: a dictionary key = hit name ('gi_hit1' etc), value = cdd
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            hit information in the format
            <total length> <length alignment> <query align start> <query align end> 
            <percentID> <evalue of rpsblast> <bit score of rpsblast>  <rpsblast DB>
        fastaFileName: the filename of the fasta file to be run in rpsblast
        NOT PASSED: 
            NOTE: this function calls the ncbi program rpsblast and therefore
            requires having an rpsblast formatted DB somewhere accessible and a 
            .ncbirc file in the running directory
    PROCESS:
        This function will run rpsblast on the input fasta file and then open 
        up the output and parse out the top 5 domain hits. This function has
        been hard-coded to use the CDD database. This function then updates
        haveDomainDict and hitDomainDict with the new gi/domain data.
    RETURN:
        updated haveDomainDict
        updated hitDomainDict
    
    """
    outputFile = fastaFileName + '.rpsblast'
    
    #get tabular output from rpsblast
    os.system('rpsblast -i %s -d Cdd -m 8 -o %s' % (fastaFileName, outputFile))
    hitList = parseRPSBlast(outputFile)
    total_seq_len = len(entry[-1])
    hitNum = 1
    gi = entry[0]
    keyList = []
    for hit in hitList:
        hit.insert(0, str(total_seq_len))
        hitKey = gi + '_hit_' + str(hitNum)
        hitDomainDict[hitKey] = hit
        keyList.append(hitKey)
        hitNum += 1
        
    haveDomainDict[gi] = keyList
    
    return haveDomainDict, hitDomainDict
   
################################################################################
# getDomainListing
################################################################################
def getDomainListing(entryDict, fastaDict, runningDir):
    """Return updated entries with the top five domain hits (using CDD) for each sequence.
    Input: entryDict: key = SFID, value = lists of entries of the format...
        <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    <SFLD fasta filename>     <AA sequence>
           fastaDict: key = gi, value = fasta file name for that gi
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    Process: use rpsblast and the CDD database to determine the top five domains
             for each sequence. After this, remove all the fasta files in fastaDict.
    
    Return:    newEntryDict: key = SFID, value = lists of entries of the format...
    <gi> <def line>  <score>   <Evalue>    <VALID/NOT_valid>     <IN_SFLD>    
            <SFLD fasta filename> <total length> <length alignment> 
            <query align start> <query align end> <percentID> <evalue of rpsblast> 
            <bit score of rpsblast>  <rpsblast DB> <AA sequence>
    
    """
    # key = gi, value = list of keys for hitDomainDict
    haveDomainDict = {}  
    # key = hit name ('gi_hit1' etc.), value = list of hit information
    hitDomainDict = {}
    newEntryDict = {}
    
    for SFID in entryDict.keys():
        # do the SF hits
        if entryDict[SFID][0] != None:
            SFentryList = entryDict[SFID][0] #get the list
            newSFentryList = SFentryList[:] #this is the new list
            for entry in SFentryList:                
                gi = entry[0]
                if gi in haveDomainDict.keys():
                    hitList = haveDomainDict[gi]
                    newSFentryList = seenThisDomain(entry, hitList, hitDomainDict, newSFentryList)
                    
                else:
                    fastaFileName = fastaDict[gi]
                    haveDomainDict, hitDomainDict = runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName)
                    hitList = haveDomainDict[gi]
                    newSFentryList = seenThisDomain(entry, hitList, hitDomainDict, newSFentryList)
        else:
            newSFentryList = None
                    
        famEntryDict = entryDict[SFID][1]
        newFamEntryDict = {}
        for famID in famEntryDict.keys():
            famEntryList = famEntryDict[famID]
            newFamEntryList = famEntryList[:]
            for entry in famEntryList:
                gi = entry[0]
                if gi in haveDomainDict.keys():
                    hitList = haveDomainDict[gi]
                    newFamEntryList = seenThisDomain(entry, hitList, hitDomainDict, newFamEntryList)
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                else:
                    fastaFileName = fastaDict[gi]
                    haveDomainDict, hitDomainDict = runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName)
                    hitList = haveDomainDict[gi]
                    newFamEntryList = seenThisDomain(entry, hitList, hitDomainDict, newFamEntryList)
            newFamEntryDict[famID] = newFamEntryList
            
        subEntryDict = entryDict[SFID][2]
        newSubEntryDict = {}
        for subID in subEntryDict.keys():
            subEntryList = subEntryDict[subID]
            newSubEntryList = subEntryList[:]
            for entry in subEntryList:
                gi = entry[0]
                if gi in haveDomainDict.keys():
                    hitList = haveDomainDict[gi]
                    newSubEntryList = seenThisDomain(entry, hitList, hitDomainDict, newSubEntryList)
                else:
                    fastaFileName = fastaDict[gi]
                    haveDomainDict, hitDomainDict = runRPSBlast(entry, haveDomainDict, hitDomainDict, fastaFileName)
                    hitList = haveDomainDict[gi]
                    newSubEntryList = seenThisDomain(entry, hitList, hitDomainDict, newSubEntryList)
            newSubEntryDict[subID] = newSubEntryList
        
        for gi in fastaDict.keys():
            os.system('rm -f %s' % (fastaDict[gi]))
        newEntryDict[SFID] = [newSFentryList, newFamEntryDict, newSubEntryDict]
        #print newSFentryList
        #print newFamEntryDict
        #print newSubEntryDict
    #print newEntryDict
    return newEntryDict
    
################################################################################
# parseEFDList
################################################################################
def parseEFDList(efdFile):
    """Get the Info from the EFD file
    <gi> <name> <species> <fam ID> <fam ev code> <fam name> <sub id> <sub name>
    <sf id> <sf ev code> <sf name>"""
    
    print"parseEFDList"
    sys.stdout.flush()
    
    efdDict = {}
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    inFile = open(efdFile, 'r')
    gi = "null"
    famID = "null"
    famEvCode = "null"
    famName = "null"
    subID = "null"
    subName = "null"
    sfID = "null"
    sfEvCode = "null"
    sfName = "null"
    
    for line in inFile.readlines():
        line = line[:-1]
        tmpList = line.split(';')
        if len(tmpList) > 7:  # does the line have something in it
            gi = tmpList[0]
            famID = tmpList[3]
            famEvCode = tmpList[4]
            famName = tmpList[5]
            subID = tmpList[6]
            subName = tmpList[7]
            sfID = tmpList[8]
            sfEvCode = tmpList[9]
            sfName = tmpList[10]
            
            efdDict[gi] = [famID, famEvCode, famName, subID, subName, sfID, sfEvCode,sfName]
    
    return efdDict

################################################################################
# getEvidenceCodes
################################################################################
def getEvidenceCodes(entryDict, EFDFile):
    """get the evidence codes for any sequences that are in the sfld
    entryDict list
        <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>
        <IN_SFLD>    <SFLD fasta filename>   <len AA seq>  <AA sequence>
    efddict
    <fam ID> <fam ev code> <fam name> <sub id> <sub name>
    <sf id> <sf ev code> <sf name>
    output entry dict
        <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>
        <IN_SFLD>    <SFLD fasta filename>   <len AA seq>  <AA sequence>
        <fam ID> <fam ev code> <fam name> <sub id> <sub name>
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        <sf id> <sf ev code> <sf name>
    
    """
    print 'getEvidenceCodes'
    efdDict = parseEFDList(EFDFile)
    newEntryDict = {}  #key SFID, value entry lists

    for SFID in entryDict.keys():
       if entryDict[SFID][0] != None:
           SFentryList = entryDict[SFID][0]
           for entry in SFentryList:
              sfld_seq_file = entry[6]
              period_index = sfld_seq_file.find('.')
              if period_index != -1: #there is a file
                  gi = sfld_seq_file[: period_index]
            
                  if gi in efdDict.keys():
                      efd_entry = efdDict[gi]            
                      entry.insert(len(entry) -1, str(efd_entry[0]))
                      entry.insert(len(entry) -1, str(efd_entry[1]))
                      entry.insert(len(entry) -1, str(efd_entry[2]))
                      entry.insert(len(entry) -1, str(efd_entry[3]))
                      entry.insert(len(entry) -1, str(efd_entry[4]))
                      entry.insert(len(entry) -1, str(efd_entry[5]))
                      entry.insert(len(entry) -1, str(efd_entry[6]))
                      entry.insert(len(entry) -1, str(efd_entry[7]))
                  else: #isn't in the sfld
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
              else: #there isn't a file 
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
   
           newSFentryList = SFentryList
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       else:
            newSFentryList = None
                    
       famEntryDict = entryDict[SFID][1]
       newFamEntryDict = {}
       for famID in famEntryDict.keys():
            famEntryList = famEntryDict[famID]
            for entry in famEntryList:
                sfld_seq_file = entry[6]
                period_index = sfld_seq_file.find('.')
                if period_index != -1: #there is a file
                    gi = sfld_seq_file[: period_index]

                    if gi in efdDict.keys():
                      efd_entry = efdDict[gi]            
                      entry.insert(len(entry) -1, str(efd_entry[0]))
                      entry.insert(len(entry) -1, str(efd_entry[1]))
                      entry.insert(len(entry) -1, str(efd_entry[2]))
                      entry.insert(len(entry) -1, str(efd_entry[3]))
                      entry.insert(len(entry) -1, str(efd_entry[4]))
                      entry.insert(len(entry) -1, str(efd_entry[5]))
                      entry.insert(len(entry) -1, str(efd_entry[6]))
                      entry.insert(len(entry) -1, str(efd_entry[7]))
                    else: #isn't in the sfld
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                      entry.insert(len(entry) -1, '[]')
                else: #there isn't a file 
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
                  entry.insert(len(entry) -1, '[]')
               
            newFamEntryDict[famID] = famEntryList
            
       subEntryDict = entryDict[SFID][2]
       newSubEntryDict = {}
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       for subID in subEntryDict.keys():
            subEntryList = subEntryDict[subID]
            for entry in subEntryList:
                sfld_seq_file = entry[6]
                period_index = sfld_seq_file.find('.')
                if period_index != -1: #there is a file
                    gi = sfld_seq_file[: period_index]
                    if gi in efdDict.keys():
                        efd_entry = efdDict[gi]            
                        entry.insert(len(entry) -1, str(efd_entry[0]))
                        entry.insert(len(entry) -1, str(efd_entry[1]))
                        entry.insert(len(entry) -1, str(efd_entry[2]))
                        entry.insert(len(entry) -1, str(efd_entry[3]))
                        entry.insert(len(entry) -1, str(efd_entry[4]))
                        entry.insert(len(entry) -1, str(efd_entry[5]))
                        entry.insert(len(entry) -1, str(efd_entry[6]))
                        entry.insert(len(entry) -1, str(efd_entry[7]))
                    else: #isn't in the sfld
                        entry.insert(len(entry) -1, '[]')
                        entry.insert(len(entry) -1, '[]')
                        entry.insert(len(entry) -1, '[]')
                        entry.insert(len(entry) -1, '[]')
                        entry.insert(len(entry) -1, '[]')
                        entry.insert(len(entry) -1, '[]')
                        entry.insert(len(entry) -1, '[]')
                        entry.insert(len(entry) -1, '[]')
                else: #there isn't a file 
                    entry.insert(len(entry) -1, '[]')
                    entry.insert(len(entry) -1, '[]')
                    entry.insert(len(entry) -1, '[]')
                    entry.insert(len(entry) -1, '[]')
                    entry.insert(len(entry) -1, '[]')
                    entry.insert(len(entry) -1, '[]')
                    entry.insert(len(entry) -1, '[]')
                    entry.insert(len(entry) -1, '[]')
            
            
            newSubEntryDict[subID] = subEntryList
        
       newEntryDict[SFID] = [newSFentryList, newFamEntryDict, newSubEntryDict]
            
  
    return newEntryDict    
    
    
###############################################################################
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# getMultGI
###############################################################################
def getMultGI(entryDict, dbName, runningDir):
    """expand entry dict to include duplicate sequences (with dif gi numbers)
            <gi>    <def line>    <score>   <Evalue>    <VALID/NOT_valid>
        <IN_SFLD>    <SFLD fasta filename>   <len AA seq>  <AA sequence>
        <fam ID> <fam ev code> <fam name> <sub id> <sub name>
        <sf id> <sf ev code> <sf name>
    
    """
    print "getMultGI(entryDict, dbName, runningDir)"
    newEntryDict = {}  #key SFID, value entry lists
    newSFList = []

    for SFID in entryDict.keys():
       if entryDict[SFID][0] != None:
           SFentryList = entryDict[SFID][0]
           for entry in SFentryList:
               fastaFileName = runningDir + 'temp.fa'
               gi = entry[0]
               cmd = 'fastacmd -d %s -s%s  > %s' % (dbName, gi, fastaFileName)
               os.system(cmd)
               
               fastaFile = open(fastaFileName, "r")
               defLine = fastaFile.readline()
               defLine = defLine[:-1] #strip off the endl
               fastaFile.close()
               gi_count = defLine.count('>gi|')
               #print "gi_count: " + str(gi_count)
               if gi_count > 1:
                   while gi_count != 0:
                      index_1 = defLine.find('>gi|') # find the gi start
                      #print 'line: ' + defLine
                      #print 'index_1: ' + str(index_1)
                      if index_1 != -1: #there's a gi
                          start_next = index_1 + 1
                          index_2 = defLine[start_next :].find('>gi|')
                          #print "index_2 " + str(start_next + index_2)
                          if index_2 != -1: #it's not the end of the line
                              #print "defLine 2: " + defLine[index_1 : (start_next + index_2)]
                              tmpList = defLine[index_1 : (start_next + index_2)].split('|')
                              newGI = str(tmpList[1])
                              cmd = 'fastacmd -d %s -s%s -tT > %s' % (dbName, newGI, fastaFileName)
                              fastaFile = open(fastaFileName, "r")
                              line = fastaFile.readline()
                              line = line[:-1] #strip off the endl
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                              fastaFile.close()
                              entry_copy = entry[:]
                              entry_copy[0] = str(newGI)
                              entry_copy[1] = line
                              newSFList.append(entry_copy)
                                 
                          else: # at the end of the line
                              tmpList = defLine[index_1 :].split('|')
                              if len(tmpList) < 2:
                                  print "tmpList SF: "
                                  print tmpList
                                  print 'defLine SF: '
                                  print defLine
                              else: 
                                 newGI = str(tmpList[1])
                                 cmd = 'fastacmd -d %s -s%s -tT > %s' % (dbName, newGI, fastaFileName)
                                 fastaFile = open(fastaFileName, "r")
                                 line = fastaFile.readline()
                                 line = line[:-1] #strip off the endl
                                 fastaFile.close()
                                 entry_copy = entry[:]
                                 entry_copy[0] = str(newGI)
                                 entry_copy[1] = line
                                 newSFList.append(entry_copy)
                                 
                                  
                                  
                    
                      else: # don't think I should ever get here
                          print "at break point I didn't think should happen"
                          break
                      
                      gi_count = gi_count - 1
                      defLine = defLine[(index_1 + 1) :]
                    
               else: #not a multiple gi
                  newSFList.append(entry) #just put in the orig entry
                    
       else:
            newSFList = None
        
             
                    
       famEntryDict = entryDict[SFID][1]
       newFamEntryDict = {}
       for famID in famEntryDict.keys():
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           famEntryList = famEntryDict[famID]
           newFamList = []
           for entry in famEntryList:
               fastaFileName = runningDir + 'temp.fa'
               gi = entry[0]
               cmd = 'fastacmd -d %s -s%s  > %s' % (dbName, gi, fastaFileName)
               os.system(cmd)
               
               fastaFile = open(fastaFileName, "r")
               defLine = fastaFile.readline()
               defLine = defLine[:-1] #strip off the endl
               fastaFile.close()
               gi_count = defLine.count('>gi|')
               print "gi_count: " + str(gi_count)
               
               if gi_count > 1:
                   while gi_count != 0:
                      index_1 = defLine.find('>gi|') # find the gi start
                      print 'line: ' + defLine
                      print 'index_1: ' + str(index_1)
                      if index_1 != -1: #there's a gi
                          start_next = index_1 + 1
                          index_2 = defLine[start_next :].find('>gi|')
                          print "index_2 " + str(start_next + index_2)
                          if index_2 != -1: #it's not the end of the line
                              print "defLine 2: " + defLine[index_1 : (start_next + index_2)]
                              tmpList = defLine[index_1 : (start_next + index_2)].split('|')
                              newGI = str(tmpList[1])
                              print "newGI " + newGI
                              #cmd = 'fastacmd -d %s -s%s -tT > %s' % (dbName, newGI, fastaFileName)
                              #fastaFile = open(fastaFileName, "r")
                              #line = fastaFile.readline()
                              #line = line[:-1] #strip off the endl
                              #fastaFile.close()
                              entry_copy = entry[:]
                              entry_copy[0] = str(newGI)
                              #entry_copy[1] = line
                              entry_copy[1] = defLine[index_1 : (start_next + index_2)]
                              newFamList.append(entry_copy)
                              #defLine = defLine[(start_next + index_2) :]
                                 
                          else: # at the end of the line
                              tmpList = defLine[index_1 :].split('|')
                              if len(tmpList) < 2:
                                  print "tmpList FAM: "
                                  print tmpList
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                                  print 'defLine FAM: '
                                  print defLine
                               
                              else: 
                                 newGI = str(tmpList[1])
                                 print "newGI 2:" + newGI
                                 #cmd = 'fastacmd -d %s -s%s -tT > %s' % (dbName, newGI, fastaFileName)
                                 #fastaFile = open(fastaFileName, "r")
                                 #line = fastaFile.readline()
                                 #line = line[:-1] #strip off the endl
                                 #fastaFile.close()
                                 entry_copy = entry[:]
                                 entry_copy[0] = str(newGI)
                                 #entry_copy[1] = line                                 
                                 entry_copy[1] = defLine[index_1 :]
                                 newFamList.append(entry_copy)
                                 
                                  
                                  
                    
                      else: # don't think I should ever get here
                          print "at break point I didn't think should happen"
                          break
                      
                      gi_count = gi_count - 1
                      #defLine = defLine[(index_1 + 1) :]
                      defLine = defLine[(start_next + index_2) :]
                    
               else: #no multiple gi's 
                  newFamList.append(entry) #just put in the orig entry
               
           newFamEntryDict[famID] = newFamList
           
           
       subEntryDict = entryDict[SFID][2]
       newSubEntryDict = {}
       for subID in subEntryDict.keys():
            subEntryList = subEntryDict[subID]
            newSubList = []
            for entry in subEntryList:
               fastaFileName = runningDir + 'temp.fa'
               gi = entry[0]
               cmd = 'fastacmd -d %s -s%s  > %s' % (dbName, gi, fastaFileName)
               os.system(cmd)
               
               fastaFile = open(fastaFileName, "r")
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               defLine = fastaFile.readline()
               defLine = defLine[:-1] #strip off the endl
               fastaFile.close()
               gi_count = defLine.count('>gi|')
               #print "gi_count: " + str(gi_count)
               
               if gi_count > 1:
                   while gi_count != 0:
                      index_1 = defLine.find('>gi|') # find the gi start
                      #print 'line: ' + defLine
                      #print 'index_1: ' + str(index_1)
                      if index_1 != -1: #there's a gi
                          start_next = index_1 + 1
                          index_2 = defLine[start_next :].find('>gi|')
                          #print "index_2 " + str(start_next + index_2)
                          if index_2 != -1: #it's not the end of the line
                              #print "defLine 2: " + defLine[index_1 : (start_next + index_2)]
                              tmpList = defLine[index_1 : (start_next + index_2)].split('|')
                              newGI = str(tmpList[1])
                              cmd = 'fastacmd -d %s -s%s -tT > %s' % (dbName, newGI, fastaFileName)
                              fastaFile = open(fastaFileName, "r")
                              line = fastaFile.readline()
                              line = line[:-1] #strip off the endl
                              fastaFile.close()
                              entry_copy = entry[:]
                              entry_copy[0] = str(newGI)
                              entry_copy[1] = line
                              newSubList.append(entry_copy)
                                 
                          else: # at the end of the line
                              tmpList = defLine[index_1 :].split('|')
                              if len(tmpList) < 2:
                                  print "tmpList SUB: "
                                  print tmpList
                                  print 'defLine: '
                                  print defLine
                              else: 
                                 newGI = str(tmpList[1])
                                 cmd = 'fastacmd -d %s -s%s -tT > %s' % (dbName, newGI, fastaFileName)
                                 fastaFile = open(fastaFileName, "r")
                                 line = fastaFile.readline()
                                 line = line[:-1] #strip off the endl
                                 fastaFile.close()
                                 entry_copy = entry[:]
                                 entry_copy[0] = str(newGI)
                                 entry_copy[1] = line
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                                 newSubList.append(entry_copy)
                                
                                  
                                  
                    
                      else: # don't think I should ever get here
                          print "at break point I didn't think should happen"
                          break
                      
                      gi_count = gi_count - 1
                      defLine = defLine[(index_1 + 1) :]
                    
               else: #not a new gi
                  newSubList.append(entry) #just put in the orig entry
               
            newSubEntryDict[subID] = subEntryList
        
       newEntryDict[SFID] = [newSFList, newFamEntryDict, newSubEntryDict]
            
  
    return newEntryDict    
    
    
    
###############################################################################
# Main program
###############################################################################
def filterHomolSearchSFLD(argv):
   """Main program."""
   checkArg(argv)
   shortOpts = ''
   longOpts = ['supFamListFile=', 'hmmPath=', 'alignPath=', 'seqPath=', 'seqFileName=',
      'SFFile=',  'SFHMMFile=', 'SubHMMFile=', 'FamHMMFile=', 'runningPath=',
      'dbName=', 'sfAlignFile=', 'sfConsRes=', 'famAlignFile=', 'famConsRes=',
      'subAlignFile=', 'subConsRes=', 'efdFile=']
   opts,args = getopt.getopt(sys.argv[1:], shortOpts, longOpts)
   
   for option, value in opts:
      if option in ('--supFamListFile'):
         superfamilyListFileName = value
      elif option in ('--hmmPath'):
         hmmPath = value
      elif option in ('--alignPath'):
         alignPath = value
      elif option in ('--seqPath'):
         seqPath = value
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      elif option in ('--seqFileName'):
         seqFileName = value
      elif option in ('--SFFile'):
         SFName_and_ID_file = value
      elif option in ('--SFHMMFile'):
         SFHMMListName = value
      elif option in ('--SubHMMFile'):
         SubHMMListName = value
      elif option in ('--FamHMMFile'):   
         FamHMMListName = value
      elif option in ('--runningPath'):
         runningDir = value
      elif option in ('--dbName'):
         dbName = value
      elif option in ('--sfAlignFile'):
         sf_align_file_name = value
      elif option in ('--sfConsRes'):
         sf_cons_residue_file_name = value
      elif option in ('--famAlignFile'):
         fam_align_file_name = value
      elif option in ('--famConsRes'):
         fam_cons_res_file_name = value
      elif option in ('--subAlignFile'):
         sub_align_file_name = value
      elif option in ('--subConsRes'):
         sub_cons_res_file_name = value
      elif option in ('--efdFile'):
         EFD_file = value
    
   print 'SFIDList = getSFIDList(superfamilyListFileName, SFName_and_ID_file)'
   SFIDList = getSFIDList(superfamilyListFileName, SFName_and_ID_file)

   print 'hmmDict = getHMMDict(SFIDList, SFHMMListName, SubHMMListName, FamHMMListName)'
   hmmDict = getHMMDict(SFIDList, SFHMMListName, SubHMMListName, FamHMMListName)
   
   print 'fastaDict, giScoreEvalueDict = runParseHMMSearch(hmmDict, runningDir, dbName)'
   fastaDict, giScoreEvalueDict = runParseHMMSearch(hmmDict, runningDir, dbName)
   
   print """consResDict, repSeqDict = getConsResDict(hmmDict, alignPath,  
      sf_align_file_name, sf_cons_residue_file_name, fam_align_file_name,
      fam_cons_res_file_name, sub_align_file_name, sub_cons_res_file_name)"""
   consResDict, repSeqDict = getConsResDict(hmmDict, alignPath,  
      sf_align_file_name, sf_cons_residue_file_name, fam_align_file_name,
      fam_cons_res_file_name, sub_align_file_name, sub_cons_res_file_name)
   
   print 'consResDict = reformatConsResDict(consResDict)'
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   consResDict = reformatConsResDict(consResDict)

   print 'alignHits(fastaDict, repSeqDict, hmmDict, hmmPath)'
   alignHitDict = alignHits(fastaDict, repSeqDict, hmmDict, hmmPath, runningDir)

   print 'validatedHitsDict, removedHitsDict = checkHitsForConsRes(hmmDict, consResDict, repSeqDict, runningDir)'
   validatedHitsDict, removedHitsDict = checkHitsForConsRes(hmmDict, consResDict, repSeqDict, runningDir)
   #print validatedHitsDict
   #print removedHitsDict
   
   print 'markIfValidHit(validatedHitsDict, removedHitsDict, giScoreEvalueDict)'
   entryDict = markIfValidHit(validatedHitsDict, removedHitsDict, giScoreEvalueDict)   
   
   print 'markIfInSFLD(seqPath, giScoreEvalueDict, seqFileName, runningDir, dbName)'
   entryDict = markIfInSFLD(seqPath, entryDict, seqFileName, runningDir, dbName)
   
   print 'getDefandSeq(entryDict, runningDir)'
   entryDict, allSeqFastaDict = getDefandSeq(entryDict, runningDir, dbName)
   
   #get the evidence codes for any of the sequences that are in the sfld
   print 'getEvidenceCodes'
   sys.stdout.flush()
   entryDict = getEvidenceCodes(entryDict, EFD_file)

   # get multiple gi's if there are any
   print 'getMultGI(entryDict, dbName, runningDir)'
   sys.stdout.flush()
   entryDict = getMultGI(entryDict, dbName, runningDir)

   fileExt = '.mark'
   print 'printOuput(giScoreEvalueDict, entryDict, fileExt)'
   printOutput(giScoreEvalueDict, entryDict, fileExt)

   
   #not doing rpsblast, never found the results to be useful
   #print 'getDomainListing(entryDict, allSeqFastaDict, runningDir)'
   #entryDict = getDomainListing(entryDict, allSeqFastaDict, runningDir)
   
   #fileExt = '.mark.cdd'
   #print 'printOutput(giScoreEvalueDict, entryDict, fileExt)'
   #printOutput(giScoreEvalueDict, entryDict, fileExt)
   
   #remove tmp files
   os.system('rm -f *.tmp')

filterHomolSearchSFLD(sys.argv)
              251



  

Appendix J. R Scripts for Analysis 
and Figures (Chapter 3)

              252



# AH.Sim.r, example of family/DB r code to make figure
Sys.setenv(R_GSCMD="/sw/bin/gs")
dbNames=c("NR",  "TrEMBL", "KEGG", "Swiss-Prot")
#NR

postscript(file="/Users/schnoes/Alex/Writing/Thesis/Chapter3/
PercentMisannotationFigure/AH.NR.sim.eps",  height=4, width=3.5,  pointsize=10,
onefile=FALSE, horizontal=FALSE)
par(cex.axis=1.25)
par(mar=c(5.1, 6,4.1, 2.1), font.lab=2, font.main=2, font.axis=1, cex.main=2,
cex.lab=1.5)

#NR
ahNRFam=read.table("ahFamNRSim.dat", header = T, as.is=T)
ahNRFamData=data.frame(ahNRFam)
ahNRmatrix=matrix(c(ahNRFamData[,3], ahNRFamData[,4], ahNRFamData[,5],
ahNRFamData[,6]), nrow=7, ncol=4)
tmatrix = t(ahNRmatrix)
tmatrix
pnts = barplot(tmatrix, width=0.1, beside=FALSE,  col=c('grey27', 'black',
'white', 'khaki'), border=c("black","black", "black", "black"), xlab='NR',
ylab='Percent')
points(pnts, ahNRFamData[,7], col=ahNRFamData[,8], pch=ahNRFamData[,9],
cex=ahNRFamData[,10])
dev.off()

#TR
postscript(file="/Users/schnoes/Alex/Writing/Thesis/Chapter3/
PercentMisannotationFigure/AH.TR.sim.eps",  height=4, width=3.5,  pointsize=10,
onefile=FALSE, horizontal=FALSE)
par(cex.axis=1.25)
par(mar=c(5.1, 6,4.1, 2.1), font.lab=2, font.main=2, font.axis=1, cex.main=2,
cex.lab=1.5)

#TR
ahNRFam=read.table("ahFamTRSim.dat", header = T, as.is=T)
ahNRFamData=data.frame(ahNRFam)
ahNRmatrix=matrix(c(ahNRFamData[,3], ahNRFamData[,4], ahNRFamData[,5],
ahNRFamData[,6]), nrow=7, ncol=4)
tmatrix = t(ahNRmatrix)
tmatrix
pnts = barplot(tmatrix, width=0.1, beside=FALSE,  col=c('grey27', 'black',
'white', 'khaki'), border=c("black","black", "black", "black"), xlab='NR',
ylab='Percent')
points(pnts, ahNRFamData[,7], col=ahNRFamData[,8], pch=ahNRFamData[,9],
cex=ahNRFamData[,10])
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dev.off()

#KG
postscript(file="/Users/schnoes/Alex/Writing/Thesis/Chapter3/
PercentMisannotationFigure/AH.KG.sim.eps",  height=4, width=3.5,  pointsize=10,
onefile=FALSE, horizontal=FALSE)
par(cex.axis=1.25)
par(mar=c(5.1, 6,4.1, 2.1), font.lab=2, font.main=2, font.axis=1, cex.main=2,
cex.lab=1.5)

#KG
ahNRFam=read.table("ahFamKGSim.dat", header = T, as.is=T)
ahNRFamData=data.frame(ahNRFam)
ahNRmatrix=matrix(c(ahNRFamData[,3], ahNRFamData[,4], ahNRFamData[,5],
ahNRFamData[,6]), nrow=7, ncol=4)
tmatrix = t(ahNRmatrix)
tmatrix
pnts = barplot(tmatrix, width=0.1, beside=FALSE,  col=c('grey27', 'black',
'white', 'khaki'), border=c("black","black", "black", "black"), xlab='NR',
ylab='Percent')
points(pnts, ahNRFamData[,7], col=ahNRFamData[,8], pch=ahNRFamData[,9],
cex=ahNRFamData[,10])

dev.off()

#SP
postscript(file="/Users/schnoes/Alex/Writing/Thesis/Chapter3/
PercentMisannotationFigure/AH.SP.sim.eps",  height=4, width=3.5,  pointsize=10,
onefile=FALSE, horizontal=FALSE)
par(cex.axis=1.25)
par(mar=c(5.1, 6,4.1, 2.1), font.lab=2, font.main=2, font.axis=1, cex.main=2,
cex.lab=1.5)

#SP
ahNRFam=read.table("ahFamSPSim.dat", header = T, as.is=T)
ahNRFamData=data.frame(ahNRFam)
ahNRmatrix=matrix(c(ahNRFamData[,3], ahNRFamData[,4], ahNRFamData[,5],
ahNRFamData[,6]), nrow=7, ncol=4)
tmatrix = t(ahNRmatrix)
tmatrix
pnts = barplot(tmatrix, width=0.1, beside=FALSE,  col=c('grey27', 'black',
'white', 'khaki'), border=c("black","black", "black", "black"), xlab='NR',
ylab='Percent')
points(pnts, ahNRFamData[,7], col=ahNRFamData[,8], pch=ahNRFamData[,9],
cex=ahNRFamData[,10])
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dev.off()

-------------------------------------------
#timeVmis-noadd-4.r, to make the misannotation/time figure

Sys.setenv(R_GSCMD="/sw/bin/gs")
incYears=read.table("incorrect.year.list")
corYears=read.table("correct.year.list")
equivYears=read.table("equiv.year.list")
genYears=read.table("general.year.list")

bin=seq(1992.5, 2006.5, by=1)
histInc = hist(incYears$V1, breaks = bin)
histCor = hist(corYears$V1, breaks = bin)
histEqv = hist(equivYears$V1, breaks = bin)
histGen = hist(genYears$V1, breaks = bin)
temp1 = histCor$counts

temp2 = histInc$counts
temp3 = histEqv$counts

temp4 = histGen$counts

matrixCounts= matrix(data= c(temp3, temp2, temp1, temp4), ncol=4)
matrixCountsTrans= t(matrixCounts)
#bitmap(file="/Users/schnoes/Alex/Misannotation/AnnotationWork/
MisannotationPaper/FiguresTables/Time:Misannotation/timeVMis.tiff", height=5.2,
width=8.9, res=600, pointsize=14)
postscript(file="/Users/schnoes/Alex/Writing/Thesis/Chapter3/MisOverTime/
timeVMis-4.eps", height=5, width=7,  pointsize=12, onefile=FALSE,
horizontal=FALSE)
par(cex.axis=1)
par(mar=c(5.1, 6,4.1, 4), font.lab=2, font.main=2, font.axis=1, cex.lab=1.15)

barplot(matrixCountsTrans[,1:13], beside=FALSE, names.arg=histInc$mids[1:13],
ylim=c(0, 2500), col=c("grey27", "black", "white", "khaki"), , main="All
Superfamily Sequences Deposited by Year\n (NR DB)", xlab="Year", ylab="Number of
Sequences")

legend(x=1, y=2000, legend=c( "Equiv. Annotations","Incorrect Annotations",
"Correct Annotations", "General Annotations"), col=c("black", "black", "black",
"black"), pch=22, pt.bg=c("grey27", "black", "white", "khaki"),
pt.cex=c(1.75,1.75, 1.75,1.75))
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dev.off()
-------------------------------------------
#FracIncorFigure.r, to make the misannotation/time figure

Sys.setenv(R_GSCMD="/sw/bin/gs")
incYears=read.table("incorrect.year.list")
allYears=read.table("all.year.list")

bin=seq(1992.5, 2006.5, by=1)
histAll=hist(allYears$V1, breaks=bin)
histInc = hist(incYears$V1, breaks = bin)

fractionIncorrect=histInc$counts/histAll$counts
postscript(file="/Users/schnoes/Alex/Writing/Thesis/Chapter3/MisOverTime/
fractIncorrect.eps", height=5, width=7,  pointsize=12, onefile=FALSE,
horizontal=FALSE)
par(cex.axis=1)
par(mar=c(5.1, 6,4.1, 4), font.lab=2, font.main=2, font.axis=1, cex.lab=1.15)

plot(histAll$mids[1:13], fractionIncorrect[1:13], type='b', xlab="Year",
ylab="Fraction of Total Sequences", main='Fraction of Misannotated Sequences
Deposited per Year\n (NR DB)', axes=FALSE, frame.plot=T, ylim=c(0, 0.5))

axis(2, at=seq(0.1:0.6, by=0.1), labels=seq(0.1:0.6, by=0.1))
axis(1, at=c(1993:2005),  labels=c(1993:2005))
dev.off()
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         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

1311141
>gi|1311141|pdb|1P

D
Z|  M

ol_id: 1; M
olecule: E

nolase; C
hain: N

ull; S
ynonym

: 2-P
hospho-D

-
G

lycerate D
ehydratase; E

c: 4.2.1.11; H
eterogen: P

hosphoglycolate; H
eterogen: M

n 2+
x

231253
>gi|231253|pdb|7E

N
L|  E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate H

ydrolase) C
om

plex W
ith 2-

P
hospho-D

-G
lyceric A

cid A
nd M

agnesium
x

2914550
>gi|2914550|pdb|2O

N
E

|B
 C

hain B
, A

sym
m

etric Yeast E
nolase D

im
er C

om
plexed W

ith R
esolved 2'-

P
hosphoglycerate A

nd P
hosphoenolpyruvate

x
16975440

>gi|16975440|pdb|1E
9I|D

 C
hain D

, E
nolase From

 E
.C

oli
x

39654416
>gi|39654416|pdb|1P

43|B
 C

hain B
, R

everse P
rotonation Is The K

ey To G
eneral A

cid-B
ase 

C
atalysis In E

nolase
x

55669907
>gi|55669907|pdb|1TE

6|B
 C

hain B
, C

rystal S
tructure O

f H
um

an N
euron S

pecific E
nolase A

t 1.8 
A

ngstrom
x

30749888
>gi|30749888|pdb|1O

E
P

|A C
hain A

, S
tructure O

f Trypanosom
a B

rucei E
nolase R

eveals The 
Inhibitory D

ivalent M
etal S

ite
x

74313351
>gi|74313351|ref|Y

P
_311770.1| phosphopyruvate hydratase [S

higella sonnei S
s046]

x

75765318
>gi|75765318|pdb|1W

6T|B
 C

hain B
, C

rystal S
tructure O

f O
ctam

eric E
nolase From

 S
treptococcus 

P
neum

oniae
x

12517248
>gi|12517248|gb|A

A
G

57892.1| enolase [E
scherichia coli O

157:H
7 E

D
L933]

x

119336
>gi|119336|sp|P

00924|E
N

O
1_Y

E
A

S
T E

nolase 1 (2-phosphoglycerate dehydratase 1) (2-phospho-D
-

glycerate hydro-lyase 1)
x

1169529
>gi|1169529|sp|P

42897|E
N

O
_A

LLM
I E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

13124708
>gi|13124708|sp|O

29133|E
N

O
_A

R
C

FU
 E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

6015094
>gi|6015094|sp|P

42040|E
N

O
_C

LA
H

E
 E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase) (A
llergen C

la h 6) (C
la h V

I)
x

13124709
>gi|13124709|sp|O

32513|E
N

O
_D

E
S

V
M

 E
nolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase)

x

57015278
>gi|57015278|sp|Q

5X
D

01|E
N

O
_S

TR
P

6 E
nolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase)

x

6226608
>gi|6226608|sp|P

42848|E
N

O
_TH

E
M

A E
nolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase)

x
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         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

59802545
>gi|59802545|sp|P

33675|E
N

O
_ZY

M
M

O
 E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

780372
>gi|780372|gb|A

A
C

49173.1| enolase
x

3089611
>gi|3089611|gb|A

A
C

70360.1| enolase [Zym
om

onas m
obilis]

x

3023703
>gi|3023703|sp|P

56252|E
N

O
_H

O
M

G
A E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

13124712
>gi|13124712|sp|Q

60173|E
N

O
_M

E
TJA E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

59797564
>gi|59797564|sp|Q

6M
075|E

N
O

_M
E

TM
P E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

21263608
>gi|21263608|sp|Q

9C
D

42|E
N

O
_M

Y
C

LE
 E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

50400247
>gi|50400247|sp|Q

9U
A

L5|E
N

O
_P

LA
FG

 E
nolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase)

x

50400235
>gi|50400235|sp|Q

7R
A

60|E
N

O
_P

LAY
O

 E
nolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase)

x

13124159
>gi|13124159|sp|Q

9U
X

Z0|E
N

O
_P

Y
R

A
B

 E
nolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase)

x

3023710
>gi|3023710|sp|Q

27877|E
N

O
_S

C
H

M
A E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

30315823
>gi|30315823|sp|Q

8E
B

R
0|E

N
O

_S
H

E
O

N
 E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

13124161
>gi|13124161|sp|Q

9X
D

S
7|E

N
O

_S
TR

IT E
nolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase)

x

59797608
>gi|59797608|sp|Q

7M
H

Q
1|E

N
O

_V
IB

V
Y E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

13124145
>gi|13124145|sp|Q

9P
D

T8|E
N

O
_X

Y
LFA E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

29835068
>gi|29835068|gb|A

A
P

05702.1| enolase [C
hlam

ydophila caviae G
P

IC
]

x
2921237

>gi|2921237|gb|A
A

C
64907.1| enolase [S

treptococcus therm
ophilus]

x
82737565

>gi|82737565|ref|ZP
_00900413.1| E

nolase [P
seudom

onas putida F1]
x

59712682
>gi|59712682|ref|Y

P
_205458.1| phosphopyruvate hydratase [Vibrio fischeri E

S
114]

x
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         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

82746640
>gi|82746640|ref|ZP

_00909145.1| E
nolase [C

lostridium
 beijerincki N

C
IM

B
 8052]

x
83371294

>gi|83371294|ref|ZP
_00916109.1| E

nolase [R
hodobacter sphaeroides ATC

C
 17025]

x
58003118

>gi|58003118|gb|A
AW

62012.1| E
nolase [G

luconobacter oxydans 621H
]

x
78707886

>gi|78707886|gb|A
B

B
46861.1| enolase [O

ryza sativa (japonica cultivar-group)]
x

78707887
>gi|78707887|gb|A

B
B

46862.1| enolase [O
ryza sativa (japonica cultivar-group)]

x
1590967

>gi|1590967|gb|A
A

B
98220.1| enolase (eno) [M

ethanocaldococcus jannaschii D
S

M
 2661]

x

42410100
>gi|42410100|gb|A

A
S

14211.1| enolase [W
olbachia endosym

biont of D
rosophila m

elanogaster]
x

499267
>gi|499267|gb|A

A
A

57450.1| enolase [Fasciola hepatica]
x

2983135
>gi|2983135|gb|A

A
C

06738.1| enolase [A
quifex aeolicus V

F5]
x

83748260
>gi|83748260|ref|ZP

_00945286.1| E
nolase [R

alstonia solanacearum
 U

W
551]

x
83751193

>gi|83751193|ref|ZP
_00947607.1| C

O
G

0148: E
nolase [B

artonella bacilliform
is K

C
583]

x

3323125
>gi|3323125|gb|A

A
C

65781.1| enolase (eno) [Treponem
a pallidum

 subsp. pallidum
 str. N

ichols]
x

4981411
>gi|4981411|gb|A

A
D

35958.1| enolase [Therm
otoga m

aritim
a M

S
B

8]
x

33237212
>gi|33237212|gb|A

A
P

99281.1| E
nolase [P

rochlorococcus m
arinus subsp. m

arinus str. C
C

M
P

1375]
x

6460466
>gi|6460466|gb|A

A
F12173.1| enolase [D

einococcus radiodurans R
1]

x
32262179

>gi|32262179|gb|A
A

P
77228.1| enolase [H

elicobacter hepaticus ATC
C

 51449]
x

33147912
>gi|33147912|gb|A

A
P

95433.1| enolase [H
aem

ophilus ducreyi 35000H
P

]
x

83856594
>gi|83856594|ref|ZP

_00950123.1| enolase [C
roceibacter atlanticus H

TC
C

2559]
x

83942542
>gi|83942542|ref|ZP

_00955003.1| enolase [S
ulfitobacter sp. E

E
-36]

x
83952177

>gi|83952177|ref|ZP
_00960909.1| enolase [R

oseovarius nubinhibens IS
M

]
x

83953763
>gi|83953763|ref|ZP

_00962484.1| enolase [S
ulfitobacter sp. N

A
S

-14.1]
x

29898732
>gi|29898732|gb|A

A
P

12004.1| E
nolase [B

acillus cereus ATC
C

 14579]
x

27904258
>gi|27904258|gb|A

A
O

27091.1| enolase [B
uchnera aphidicola str. B

p (B
aizongia pistaciae)]

x
84319615

>gi|84319615|ref|ZP
_00968009.1| C

O
G

0148: E
nolase [P

seudom
onas aeruginosa C

3719]
x

27361094
>gi|27361094|gb|A

A
O

10003.1| E
nolase [Vibrio vulnificus C

M
C

P
6]

x
2621078

>gi|2621078|gb|A
A

B
84550.1| enolase [M

ethanotherm
obacter therm

autotrophicus str. D
elta H

]
x

84501065
>gi|84501065|ref|ZP

_00999300.1| E
nolase [O

ceanicola batsensis H
TC

C
2597]

x
84515610

>gi|84515610|ref|ZP
_01002972.1| enolase [Loktanella vestfoldensis S

K
A

53]
x

84518726
>gi|84518726|ref|ZP

_01006075.1| E
nolase [P

rochlorococcus m
arinus str. M

IT 9211]
x
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         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

82752500
>gi|82752500|ref|X

P
_727327.1| enolase [P

lasm
odium

 yoelii yoelii str. 17X
N

L]
x

84489662
>gi|84489662|ref|Y

P
_447894.1| enolase [M

ethanosphaera stadtm
anae D

S
M

 3091]
x

54020356
>gi|54020356|ref|Y

P
_115643.1| phosphopyruvate hydratase [M

ycoplasm
a hyopneum

oniae 232]
x

28202574
>gi|28202574|gb|A

A
O

35019.1| enolase [C
lostridium

 tetani E
88]

x
15835490

>gi|15835490|ref|N
P

_297249.1| phosphopyruvate hydratase [C
hlam

ydia m
uridarum

 N
igg]

x

58254511
>gi|58254511|gb|A

AV
42748.1| 2-phosphoglycerate dehydratase [Lactobacillus acidophilus N

C
FM

]
x

5305421
>gi|5305421|gb|A

A
D

41643.1| alpha enolase [A
lligator m

ississippiensis]
x

5305423
>gi|5305423|gb|A

A
D

41644.1| alpha enolase [S
celoporus undulatus]

x
5305427

>gi|5305427|gb|A
A

D
41646.1| alpha enolase [P

ython regius]
x

84684859
>gi|84684859|ref|ZP

_01012759.1| enolase [R
hodobacterales bacterium

 H
TC

C
2654]

x
84714102

>gi|84714102|ref|ZP
_01021631.1| E

nolase [P
olarom

onas naphthalenivorans C
J2]

x
10580680

>gi|10580680|gb|A
A

G
19526.1| phosphopyruvate hydratase; E

no [H
alobacterium

 sp. N
R

C
-1]

x

46578738
>gi|46578738|ref|Y

P
_009546.1| enolase [D

esulfovibrio vulgaris subsp. vulgaris str. H
ildenborough]

x
15644783

>gi|15644783|ref|N
P

_206953.1| phosphopyruvate hydratase [H
elicobacter pylori 26695]

x
26988344

>gi|26988344|ref|N
P

_743769.1| phosphopyruvate hydratase [P
seudom

onas putida K
T2440]

x
28198453

>gi|28198453|ref|N
P

_778767.1| phosphopyruvate hydratase [X
ylella fastidiosa Tem

ecula1]
x

23465590
>gi|23465590|ref|N

P
_696193.1| enolase [B

ifidobacterium
 longum

 N
C

C
2705]

x
24374950

>gi|24374950|ref|N
P

_718993.1| enolase [S
hew

anella oneidensis M
R

-1]
x

42784284
>gi|42784284|ref|N

P
_981531.1| enolase [B

acillus cereus ATC
C

 10987]
x

28868760
>gi|28868760|ref|N

P
_791379.1| phosphopyruvate hydratase [P

seudom
onas syringae pv. tom

ato 
str. D

C
3000]

x
28871748

>gi|28871748|ref|N
P

_794367.1| enolase [P
seudom

onas syringae pv. tom
ato str. D

C
3000]

x

11498732
>gi|11498732|ref|N

P
_069961.1| phosphopyruvate hydratase [A

rchaeoglobus fulgidus D
S

M
 4304]

x

29349980
>gi|29349980|ref|N

P
_813483.1| phosphopyruvate hydratase [B

acteroides thetaiotaom
icron V

P
I-

5482]
x

59801045
>gi|59801045|ref|Y

P
_207757.1| phosphopyruvate hydratase [N

eisseria gonorrhoeae FA 1090]
x

34541443
>gi|34541443|ref|N

P
_905922.1| phosphopyruvate hydratase [P

orphyrom
onas gingivalis W

83]
x

12045269
>gi|12045269|ref|N

P
_073080.1| phosphopyruvate hydratase [M

ycoplasm
a genitalium

 G
37]

x
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42526461
>gi|42526461|ref|N

P
_971559.1| enolase [Treponem

a denticola ATC
C

 35405]
x

41407088
>gi|41407088|ref|N

P
_959924.1| phosphopyruvate hydratase [M

ycobacterium
 avium

 subsp. 
paratuberculosis K

-10]
x

83721440
>gi|83721440|ref|Y

P
_442424.1| enolase [B

urkholderia thailandensis E
264]

x

55377005
>gi|55377005|ref|Y

P
_134855.1| phosphopyruvate hydratase [H

aloarcula m
arism

ortui ATC
C

 43049]
x

13508345
>gi|13508345|ref|N

P
_110295.1| phosphopyruvate hydratase [M

ycoplasm
a pneum

oniae M
129]

x
563868

>gi|563868|em
b|C

A
A

57795.1| enolase; phosphopyruvate hydratase [E
scherichia coli]

x

58582586
>gi|58582586|ref|Y

P
_201602.1| phosphopyruvate hydratase [X

anthom
onas oryzae pv. oryzae 

K
A

C
C

10331]
x

37359341
>gi|37359341|gb|A

A
P

24058.1| enolase 1 [Toxoplasm
a gondii]

x
82702357

>gi|82702357|ref|Y
P

_411923.1| enolase [N
itrosospira m

ultiform
is ATC

C
 25196]

x

83319528
>gi|83319528|ref|Y

P
_424200.1| enolase [M

ycoplasm
a capricolum

 subsp. capricolum
 ATC

C
 27343]

x
28476792

>gi|28476792|gb|A
A

O
44880.1| enolase [Tropherym

a w
hipplei str. Tw

ist]
x

83644694
>gi|83644694|ref|Y

P
_433129.1| enolase [H

ahella chejuensis K
C

TC
 2396]

x
85057717

>gi|85057717|ref|Y
P

_456633.1| enolase [A
ster yellow

s w
itches'-broom

 phytoplasm
a AY

W
B

]
x

4154655
>gi|4154655|gb|A

A
D

05723.1| E
N

O
LA

S
E

 [H
elicobacter pylori J99]

x
15023593

>gi|15023593|gb|A
A

K
78690.1| E

nolase [C
lostridium

 acetobutylicum
 ATC

C
 824]

x
22852211

>gi|22852211|dbj|B
A

C
16223.1| enolase [E

nterococcus hirae]
x

71796051
>gi|71796051|gb|A

A
Z40802.1| enolase [C

andidatus B
lochm

annia pennsylvanicus str. B
P

E
N

]
x

85089455
>gi|85089455|ref|X

P
_957959.1| E

N
O

LA
S

E
 (2-P

H
O

S
P

H
O

G
LY

C
E

R
ATE

 D
E

H
Y

D
R

ATA
S

E
) (2-

P
H

O
S

P
H

O
-D

-G
LY

C
E

R
ATE

 H
Y

D
R

O
-LYA

S
E

) [N
eurospora crassa N

150]
x

34392443
>gi|34392443|dbj|B

A
C

82549.1| enolase [P
enicillium

 chrysogenum
]

x
62424027

>gi|62424027|ref|ZP
_00379179.1| C

O
G

0148: E
nolase [B

revibacterium
 linens B

L2]
x

47567341
>gi|47567341|ref|ZP

_00238054.1| enolase [B
acillus cereus G

9241]
x

62463961
>gi|62463961|ref|ZP

_00383267.1| C
O

G
0148: E

nolase [Lactococcus lactis subsp. crem
oris S

K
11]

x
62513221

>gi|62513221|ref|ZP
_00384782.1| C

O
G

0148: E
nolase [Lactobacillus casei ATC

C
 334]

x

62515717
>gi|62515717|ref|ZP

_00387107.1| C
O

G
0148: E

nolase [Lactobacillus delbrueckii subsp. bulgaricus 
ATC

C
 B

A
A

-365]
x

39721879
>gi|39721879|dbj|B

A
D

04369.1| enolase [O
nion yellow

s phytoplasm
a O

Y-M
]

x
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62528387
>gi|62528387|ref|ZP

_00389641.1| C
O

G
0148: E

nolase [S
treptococcus therm

ophilus LM
D

-9]
x

48869740
>gi|48869740|ref|ZP

_00322483.1| C
O

G
0148: E

nolase [P
ediococcus pentosaceus ATC

C
 25745]

x
23003759

>gi|23003759|ref|ZP
_00047409.1| C

O
G

0148: E
nolase [Lactobacillus gasseri]

x
23002885

>gi|23002885|ref|ZP
_00046557.1| C

O
G

0148: E
nolase [Lactobacillus gasseri]

x

23015298
>gi|23015298|ref|ZP

_00055078.1| C
O

G
0148: E

nolase [M
agnetospirillum

 m
agnetotacticum

 M
S

-1]
x

54018341
>gi|54018341|dbj|B

A
D

59711.1| putative enolase [N
ocardia farcinica IFM

 10152]
x

23128142
>gi|23128142|ref|ZP

_00109996.1| C
O

G
0148: E

nolase [N
ostoc punctiform

e P
C

C
 73102]

x
46191081

>gi|46191081|ref|ZP
_00120494.2| C

O
G

0148: E
nolase [B

ifidobacterium
 longum

 D
JO

10A
]

x

46164345
>gi|46164345|ref|ZP

_00137024.2| C
O

G
0148: E

nolase [P
seudom

onas aeruginosa U
C

B
P

P
-PA

14]
x

32029561
>gi|32029561|ref|ZP

_00132564.1| C
O

G
0148: E

nolase [H
aem

ophilus som
nus 2336]

x

32035526
>gi|32035526|ref|ZP

_00135469.1| C
O

G
0148: E

nolase [A
ctinobacillus pleuropneum

oniae serovar 1 
str. 4074]

x
46129115

>gi|46129115|ref|ZP
_00202000.1| C

O
G

0148: E
nolase [H

aem
ophilus influenzae R

2846]
x

46133204
>gi|46133204|ref|ZP

_00156796.2| C
O

G
0148: E

nolase [H
aem

ophilus influenzae R
2866]

x
47574355

>gi|47574355|ref|ZP
_00244391.1| C

O
G

0148: E
nolase [R

ubrivivax gelatinosus P
M

1]
x

21228938
>gi|21228938|ref|N

P
_634860.1| E

nolase [M
ethanosarcina m

azei G
o1]

x
27806645

>gi|27806645|ref|N
P

_776474.1| enolase 1 [B
os taurus]

x
17982798

>gi|17982798|gb|A
A

L52032.1| E
N

O
LA

S
E

 [B
rucella m

elitensis 16M
]

x
14021357

>gi|14021357|dbj|B
A

B
47970.1| enolase [M

esorhizobium
 loti M

A
FF303099]

x
17132671

>gi|17132671|dbj|B
A

B
75237.1| enolase [N

ostoc sp. P
C

C
 7120]

x
26453833

>gi|26453833|dbj|B
A

C
44164.1| enolase [M

ycoplasm
a penetrans H

F-2]
x

23492880
>gi|23492880|dbj|B

A
C

17852.1| putative enolase [C
orynebacterium

 efficiens Y
S

-314]
x

22294379
>gi|22294379|dbj|B

A
C

08209.1| enolase [Therm
osynechococcus elongatus B

P
-1]

x
27353058

>gi|27353058|dbj|B
A

C
50059.1| enolase [B

radyrhizobium
 japonicum

 U
S

D
A 110]

x
35212688

>gi|35212688|dbj|B
A

C
90062.1| enolase [G

loeobacter violaceus P
C

C
 7421]

x
18144961

>gi|18144961|dbj|B
A

B
81005.1| enolase [C

lostridium
 perfringens str. 13]

x

55771384
>gi|55771384|dbj|B

A
D

69825.1| enolase (2-phosphoglycerate dehydratase) [Therm
us therm

ophilus 
H

B
8]

x
53757045

>gi|53757045|gb|A
A

U
91336.1| enolase [M

ethylococcus capsulatus str. B
ath]

x
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53757787
>gi|53757787|gb|A

A
U

92078.1| enolase [M
ethylococcus capsulatus str. B

ath]
x

8979174
>gi|8979174|dbj|B

A
A

99008.1| enolase [C
hlam

ydophila pneum
oniae J138]

x

56381431
>gi|56381431|dbj|B

A
D

77339.1| enolase (2-phosphoglycerate dehydratase) [G
eobacillus 

kaustophilus H
TA

426]
x

10176180
>gi|10176180|dbj|B

A
B

07275.1| enolase (2-phosphoglycerate dehydratase) [B
acillus halodurans C

-
125]

x

22778120
>gi|22778120|dbj|B

A
C

14390.1| enolase (2-phosphoglycerate dehydratase) [O
ceanobacillus 

iheyensis H
TE

831]
x

10039081
>gi|10039081|dbj|B

A
B

13115.1| enolase [B
uchnera aphidicola str. A

P
S

 (A
cyrthosiphon pisum

)]
x

14325249
>gi|14325249|dbj|B

A
B

60153.1| enolase [Therm
oplasm

a volcanium
 G

S
S

1]
x

5106162
>gi|5106162|dbj|B

A
A

81473.1| 432aa long hypothetical enolase [A
eropyrum

 pernix K
1]

x

3258386
>gi|3258386|dbj|B

A
A

31069.1| 428aa long hypothetical phosphoglycerate dehydratase [P
yrococcus 

horikoshii O
T3]

x
1653839

>gi|1653839|dbj|B
A

A
18749.1| enolase [S

ynechocystis sp. P
C

C
 6803]

x
24377625

>gi|24377625|gb|A
A

N
58930.1| putative enolase [S

treptococcus m
utans U

A
159]

x
46908628

>gi|46908628|ref|Y
P

_015017.1| enolase [Listeria m
onocytogenes str. 4b F2365]

x
13242907

>gi|13242907|gb|A
A

G
42022.2| enolase [A

lternaria alternata]
x

21646048
>gi|21646048|gb|A

A
M

71393.1| enolase [C
hlorobium

 tepidum
 TLS

]
x

21647988
>gi|21647988|gb|A

A
M

73181.1| enolase [C
hlorobium

 tepidum
 TLS

]
x

71062748
>gi|71062748|gb|A

A
Z21751.1| E

nolase [C
andidatus P

elagibacter ubique H
TC

C
1062]

x
4377111

>gi|4377111|gb|A
A

D
18938.1| E

nolase [C
hlam

ydophila pneum
oniae C

W
L029]

x
13569595

>gi|13569595|gb|A
A

K
31161.1| enolase [M

astigam
oeba balam

uthi]
x

13774515
>gi|13774515|gb|A

A
K

38886.1| enolase [E
im

eria tenella]
x

13925873
>gi|13925873|gb|A

A
K

49451.1| enolase [A
spergillus fum

igatus]
x

13991101
>gi|13991101|gb|A

A
K

51201.1| enolase [P
enicillium

 citrinum
]

x
16878083

>gi|16878083|gb|A
A

H
17249.1| E

nolase 3 [H
om

o sapiens]
x

57240685
>gi|57240685|ref|ZP

_00368633.1| enolase [C
am

pylobacter lari R
M

2100]
x

57504666
>gi|57504666|ref|ZP

_00370744.1| enolase [C
am

pylobacter coli R
M

2228]
x

57505300
>gi|57505300|ref|ZP

_00371229.1| enolase [C
am

pylobacter upsaliensis R
M

3195]
x

58698888
>gi|58698888|ref|ZP

_00373755.1| enolase [W
olbachia endosym

biont of D
rosophila ananassae]

x
2688240

>gi|2688240|gb|A
A

C
66719.1| enolase (eno) [B

orrelia burgdorferi B
31]

x
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69928271
>gi|69928271|ref|ZP

_00625432.1| E
nolase [N

itrobacter ham
burgensis X

14]
x

21623311
>gi|21623311|gb|A

A
M

67951.1| enolase [B
uchnera aphidicola str. S

g (S
chizaphis gram

inum
)]

x
69933446

>gi|69933446|ref|ZP
_00628648.1| E

nolase [P
aracoccus denitrificans P

D
1222]

x
69953339

>gi|69953339|ref|ZP
_00640506.1| E

nolase [S
hew

anella frigidim
arina N

C
IM

B
 400]

x
30314940

>gi|30314940|gb|A
A

P
30720.1| enolase [R

hodotorula m
ucilaginosa]

x
85858513

>gi|85858513|ref|Y
P

_460715.1| enolase [S
yntrophus aciditrophicus S

B
]

x
14585753

>gi|14585753|gb|A
A

K
67491.1| enolase [C

urvularia lunata]
x

19713005
>gi|19713005|gb|A

A
L93877.1| E

nolase [Fusobacterium
 nucleatum

 subsp. nucleatum
 ATC

C
 25586]

x

1087071
>gi|1087071|gb|A

A
B

34986.1| 2-phospho-D
-glycerate hydrolase; enolase [M

esem
bryanthem

um
 

crystallinum
]

x
12619316

>gi|12619316|gb|A
A

G
60329.1| enolase [Toxoplasm

a gondii]
x

56178891
>gi|56178891|gb|A

AV
81613.1| E

nolase [Idiom
arina loihiensis L2TR

]
x

18159635
>gi|18159635|gb|A

A
L63046.1| enolase [P

yrobaculum
 aerophilum

 str. IM
2]

x
56911024

>gi|56911024|dbj|B
A

D
65551.1| enolase [B

acillus clausii K
S

M
-K

16]
x

29607186
>gi|29607186|dbj|B

A
C

71245.1| putative enolase [S
treptom

yces averm
itilis M

A
-4680]

x
28807571

>gi|28807571|dbj|B
A

C
60824.1| enolase [Vibrio parahaem

olyticus R
IM

D
 2210633]

x

18892150
>gi|18892150|gb|A

A
L80339.1| enolase (2-phosphoglycerate dehydratase) [P

yrococcus furiosus 
D

S
M

 3638]
x

57160365
>gi|57160365|dbj|B

A
D

86295.1| enolase [Therm
ococcus kodakarensis K

O
D

1]
x

71000211
>gi|71000211|dbj|B

A
E

07163.1| enolase 2 [K
arenia brevis]

x
71000213

>gi|71000213|dbj|B
A

E
07164.1| enolase 2 [K

arenia brevis]
x

71000219
>gi|71000219|dbj|B

A
E

07165.1| enolase 3 [K
arenia brevis]

x
71000227

>gi|71000227|dbj|B
A

E
07167.1| enolase 3 [K

arenia brevis]
x

71000239
>gi|71000239|dbj|B

A
E

07170.1| enolase 2 [K
arenia m

ikim
otoi]

x
71000241

>gi|71000241|dbj|B
A

E
07171.1| enolase 3 [K

arenia m
ikim

otoi]
x

71000247
>gi|71000247|dbj|B

A
E

07173.1| enolase 3 [K
arenia m

ikim
otoi]

x
24195632

>gi|24195632|gb|A
A

N
49150.1| E

nolase [Leptospira interrogans serovar Lai str. 56601]
x

19915551
>gi|19915551|gb|A

A
M

05080.1| phosphopyruvate hydratase [M
ethanosarcina acetivorans C

2A
]

x
21107915

>gi|21107915|gb|A
A

M
36586.1| enolase [X

anthom
onas axonopodis pv. citri str. 306]

x
85703404

>gi|85703404|ref|ZP
_01034508.1| enolase [R

oseovarius sp. 217]
x
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85708563
>gi|85708563|ref|ZP

_01039629.1| enolase [E
rythrobacter sp. N

A
P

1]
x

85712138
>gi|85712138|ref|ZP

_01043191.1| E
nolase [Idiom

arina baltica O
S

145]
x

85716527
>gi|85716527|ref|ZP

_01047498.1| enolase [N
itrobacter sp. N

b-311A
]

x
14141143

>gi|14141143|gb|A
A

F71925.2| beta beta enolase [O
ryctolagus cuniculus]

x
13423140

>gi|13423140|gb|A
A

K
23700.1| enolase [C

aulobacter crescentus C
B

15]
x

86132574
>gi|86132574|ref|ZP

_01051167.1| enolase [C
ellulophaga sp. M

E
D

134]
x

86135551
>gi|86135551|ref|ZP

_01054132.1| enolase [Tenacibaculum
 sp. M

E
D

152]
x

86138676
>gi|86138676|ref|ZP

_01057249.1| enolase [R
oseobacter sp. M

E
D

193]
x

86141170
>gi|86141170|ref|ZP

_01059716.1| enolase [Flavobacterium
 sp. M

E
D

217]
x

86152289
>gi|86152289|ref|ZP

_01070500.1| enolase [C
am

pylobacter jejuni subsp. jejuni 260.94]
x

86169224
>gi|86169224|gb|E

A
Q

70480.1| E
nolase [S

ynechococcus sp. R
S

9917]
x

42518800
>gi|42518800|ref|N

P
_964730.1| enolase [Lactobacillus johnsonii N

C
C

 533]
x

42519171
>gi|42519171|ref|N

P
_965101.1| phosphopyruvate hydratase [Lactobacillus johnsonii N

C
C

 533]
x

42519286
>gi|42519286|ref|N

P
_965216.1| phosphopyruvate hydratase [Lactobacillus johnsonii N

C
C

 533]
x

86357552
>gi|86357552|ref|Y

P
_469444.1| 2-phosphoglycerate dehydratase (enolase) protein [R

hizobium
 etli 

C
FN

 42]
x

68567781
>gi|68567781|gb|A

AY
80710.1| enolase [S

ulfolobus acidocaldarius D
S

M
 639]

x
45382393

>gi|45382393|ref|N
P

_990207.1| enolase 2 (gam
m

a, neuronal) [G
allus gallus]

x

74316639
>gi|74316639|ref|Y

P
_314379.1| phosphopyruvate hydratase [Thiobacillus denitrificans ATC

C
 

25259]
x

30583767
>gi|30583767|gb|A

A
P

36132.1| H
om

o sapiens enolase 1, (alpha) [synthetic construct]
x

68342877
>gi|68342877|gb|A

AY
90483.1| enolase [P

seudom
onas fluorescens P

f-5]
x

70885013
>gi|70885013|gb|E

A
N

97849.1| enolase, putative [Trypanosom
a cruzi]

x
71364941

>gi|71364941|ref|ZP
_00655507.1| E

nolase [P
sychrobacter cryohalolentis K

5]
x

71368692
>gi|71368692|ref|ZP

_00659180.1| E
nolase [N

ocardioides sp. JS
614]

x
71481429

>gi|71481429|ref|ZP
_00661136.1| E

nolase [P
rosthecochloris vibrioform

is D
S

M
 265]

x
71546423

>gi|71546423|ref|ZP
_00667224.1| E

nolase [S
yntrophobacter fum

aroxidans M
P

O
B

]
x

71548704
>gi|71548704|ref|ZP

_00668928.1| E
nolase [N

itrosom
onas eutropha C

71]
x

71064151
>gi|71064151|gb|A

A
Z22544.1| alpha-enolase [B

ifidobacterium
 anim

alis subsp. lactis]
x

71839487
>gi|71839487|ref|ZP

_00679235.1| E
nolase [P

elobacter propionicus D
S

M
 2379]

x
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29542233
>gi|29542233|gb|A

A
O

91170.1| enolase [C
oxiella burnetii R

S
A 493]

x
71145813

>gi|71145813|gb|A
A

Z26286.1| enolase [C
olw

ellia psychrerythraea 34H
]

x
72003261

>gi|72003261|gb|A
A

Z59063.1| enolase [P
rochlorococcus m

arinus str. N
ATL2A

]
x

72495736
>gi|72495736|dbj|B

A
E

19057.1| enolase [S
taphylococcus saprophyticus subsp. saprophyticus ATC

C
 

15305]
x

25989631
>gi|25989631|gb|A

A
N

28926.1| enolase [A
erom

onas hydrophila]
x

33236671
>gi|33236671|gb|A

A
P

98758.1| enolase [C
hlam

ydophila pneum
oniae TW

-183]
x

32880095
>gi|32880095|gb|A

A
P

88878.1| enolase 2, (gam
m

a, neuronal) [synthetic construct]
x

71850822
>gi|71850822|gb|A

A
Z43431.1| enolase [M

ycoplasm
a synoviae 53]

x
51973903

>gi|51973903|gb|A
A

U
15453.1| enolase [B

acillus cereus E
33L]

x
37199752

>gi|37199752|dbj|B
A

C
95582.1| enolase [Vibrio vulnificus Y

J016]
x

15622261
>gi|15622261|dbj|B

A
B

66253.1| 416aa long hypothetical enolase [S
ulfolobus tokodaii str. 7]

x
68447834

>gi|68447834|dbj|B
A

E
05418.1| enolase [S

taphylococcus haem
olyticus JC

S
C

1435]
x

51855076
>gi|51855076|dbj|B

A
D

39234.1| enolase [S
ym

biobacterium
 therm

ophilum
 IA

M
 14863]

x
82945763

>gi|82945763|dbj|B
A

E
50627.1| E

nolase [M
agnetospirillum

 m
agneticum

 A
M

B
-1]

x
84368411

>gi|84368411|dbj|B
A

E
69569.1| enolase [X

anthom
onas oryzae pv. oryzae M

A
FF 311018]

x
84779011

>gi|84779011|dbj|B
A

E
73788.1| enolase [S

odalis glossinidius str. 'm
orsitans']

x
37147852

>gi|37147852|gb|A
A

Q
88397.1| enolase [Tuber borchii]

x
40806812

>gi|40806812|gb|A
A

R
92205.1| enolase [C

ryphonectria parasitica]
x

9581744
>gi|9581744|em

b|C
A

C
00532.1| enolase, isoform

 1 [H
evea brasiliensis]

x
9581746

>gi|9581746|em
b|C

A
C

00533.1| enolase, isoform
 2 [H

evea brasiliensis]
x

5459136
>gi|5459136|em

b|C
A

B
50622.1| eno enolase (2-phosphoglycerate dehydratase) (2-phospho-D

-
glycerate hydro-lyase) (E

C
 4.2.1.11) [P

yrococcus abyssi G
E

5]
x

8670811
>gi|8670811|em

b|C
A

B
94910.1| enolase [E

nterococcus faecalis]
x

74420888
>gi|74420888|gb|A

B
A

05087.1| enolase [N
itrobacter w

inogradskyi N
b-255]

x
71557144

>gi|71557144|gb|A
A

Z36355.1| enolase [P
seudom

onas syringae pv. phaseolicola 1448A
]

x

56604320
>gi|56604320|em

b|C
A

G
45342.1| E

nolase (2-phosphoglycerate dehydratase) [Francisella tularensis 
subsp. tularensis S

C
H

U
 S

4]
x

6969088
>gi|6969088|em

b|C
A

B
73659.1| enolase [C

am
pylobacter jejuni subsp. jejuni N

C
TC

 11168]
x

71851725
>gi|71851725|gb|A

A
Z44333.1| enolase [M

ycoplasm
a hyopneum

oniae J]
x

71913713
>gi|71913713|gb|A

A
Z53624.1| enolase [M

ycoplasm
a hyopneum

oniae 7448]
x

7380143
>gi|7380143|em

b|C
A

B
84728.1| enolase [N

eisseria m
eningitidis Z2491]

x
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13092594
>gi|13092594|em

b|C
A

C
29763.1| putative enolase [M

ycobacterium
 leprae]

x

17428142
>gi|17428142|em

b|C
A

D
14831.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 (2-P
H

O
S

P
H

O
G

LY
C

E
R

ATE
 

D
E

H
Y

D
R

ATA
S

E
) P

R
O

TE
IN

 [R
alstonia solanacearum

]
x

28271404
>gi|28271404|em

b|C
A

D
64309.1| phosphopyruvate hydratase [Lactobacillus plantarum

 W
C

FS
1]

x
10241779

>gi|10241779|em
b|C

A
C

09537.1| enolase [S
treptom

yces coelicolor A
3(2)]

x
11323224

>gi|11323224|em
b|C

A
C

16971.1| enolase [S
treptom

yces coelicolor A
3(2)]

x

31617802
>gi|31617802|em

b|C
A

D
93911.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 E
N

O
 [M

ycobacterium
 bovis A

F2122/97]
x

38199773
>gi|38199773|em

b|C
A

E
49433.1| E

nolase [C
orynebacterium

 diphtheriae]
x

33517294
>gi|33517294|em

b|C
A

D
83678.1| enolase [C

andidatus B
lochm

annia floridanus]
x

28411067
>gi|28411067|em

b|C
A

D
67452.1| enolase [Tropherym

a w
hipplei TW

08/27]
x

32448033
>gi|32448033|em

b|C
A

D
77550.1| enolase (2-phosphoglycerate dehydratase) [R

hodopirellula baltica 
S

H
 1]

x

34483549
>gi|34483549|em

b|C
A

E
10546.1| P

U
TATIV

E
 E

N
O

LA
S

E
 (2-P

H
O

S
P

H
O

G
LY

C
E

R
ATE

 
D

E
H

Y
D

R
ATA

S
E

) [W
olinella succinogenes]

x

49244091
>gi|49244091|em

b|C
A

G
42517.1| putative enolase [S

taphylococcus aureus subsp. aureus 
M

S
S

A
476]

x

36784331
>gi|36784331|em

b|C
A

E
13208.1| E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase) [P
hotorhabdus lum

inescens subsp. laum
ondii TTO

1]
x

33577120
>gi|33577120|em

b|C
A

E
35677.1| enolase [B

ordetella bronchiseptica R
B

50]
x

49238171
>gi|49238171|em

b|C
A

F27380.1| E
nolase [B

artonella henselae str. H
ouston-1]

x
49239628

>gi|49239628|em
b|C

A
F25987.1| E

nolase [B
artonella quintana str. Toulouse]

x

46399418
>gi|46399418|em

b|C
A

F22867.1| probable phosphopyruvate hydratase (enolase) [P
arachlam

ydia 
sp. U

W
E

25]
x

41325200
>gi|41325200|em

b|C
A

F19681.1| E
N

O
LA

S
E

 (2-P
H

O
S

P
H

O
G

LY
C

E
R

ATE
 D

E
H

Y
D

R
ATA

S
E

 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032]

x

42492297
>gi|42492297|em

b|C
A

E
76894.1| phosphopyruvate hydratase [M

ycoplasm
a m

ycoides subsp. 
m

ycoides S
C

]
x

49613013
>gi|49613013|em

b|C
A

G
76464.1| enolase [E

rw
inia carotovora subsp. atroseptica S

C
R

I1043]
x

44920716
>gi|44920716|em

b|C
A

F29952.1| E
nolase [M

ethanococcus m
aripaludis S

2]
x

46914618
>gi|46914618|em

b|C
A

G
21395.1| putative enolase [P

hotobacterium
 profundum

 S
S

9]
x
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39574904
>gi|39574904|em

b|C
A

E
78745.1| phosphopyruvate hydratase [B

dellovibrio bacteriovorus H
D

100]
x

50876688
>gi|50876688|em

b|C
A

G
36528.1| probable enolase [D

esulfotalea psychrophila LS
v54]

x
49531112

>gi|49531112|em
b|C

A
G

68824.1| enolase [A
cinetobacter sp. A

D
P

1]
x

56315000
>gi|56315000|em

b|C
A

I09645.1| E
nolase [A

zoarcus sp. E
bN

1]
x

53751750
>gi|53751750|em

b|C
A

H
13172.1| enolase [Legionella pneum

ophila str. P
aris]

x
53754768

>gi|53754768|em
b|C

A
H

16255.1| enolase [Legionella pneum
ophila str. Lens]

x
467660

>gi|467660|em
b|C

A
A

55070.1| enolase; phosphopyruvate hydratase [D
avidiella tassiana]

x

693933
>gi|693933|em

b|C
A

A
59331.1| 2-phosphopyruvate-hydratase alpha-enolase; carbonate 

dehydratase [H
om

o sapiens]
x

1041245
>gi|1041245|em

b|C
A

A
63121.1| enolase [A

lnus glutinosa]
x

3367647
>gi|3367647|em

b|C
A

A
76735.1| enolase [C

unningham
ella elegans]

x
2635903

>gi|2635903|em
b|C

A
B

15395.1| enolase [B
acillus subtilis subsp. subtilis str. 168]

x
76167854

>gi|76167854|gb|A
A

X
50862.1| enolase [C

hlam
ydia trachom

atis A
/H

A
R

-13]
x

76365089
>gi|76365089|gb|A

A
R

00929.2| enolase [D
avidiella tassiana]

x
57866440

>gi|57866440|ref|Y
P

_188039.1| enolase [S
taphylococcus epiderm

idis R
P

62A
]

x
17739845

>gi|17739845|gb|A
A

L42432.1| enolase [A
grobacterium

 tum
efaciens str. C

58]
x

12723138
>gi|12723138|gb|A

A
K

04374.1| 2-phosphoglycerate dehydratase (E
C

 4.2.1.11) [Lactococcus lactis 
subsp. lactis Il1403]

x
12723548

>gi|12723548|gb|A
A

K
04742.1| enolase (E

C
 4.2.1.11) [Lactococcus lactis subsp. lactis Il1403]

x
13621912

>gi|13621912|gb|A
A

K
33680.1| putative enolase [S

treptococcus pyogenes M
1 G

A
S

]
x

13814095
>gi|13814095|gb|A

A
K

41195.1| E
nolase [S

ulfolobus solfataricus P
2]

x
20516770

>gi|20516770|gb|A
A

M
24953.1| E

nolase [Therm
oanaerobacter tengcongensis M

B
4]

x
6899148

>gi|6899148|gb|A
A

F30591.1| enolase [U
reaplasm

a parvum
 serovar 3 str. ATC

C
 700970]

x
9106280

>gi|9106280|gb|A
A

F84100.1| enolase [X
ylella fastidiosa 9a5c]

x
19281

>gi|19281|em
b|C

A
A

41115.1| enolase [Lycopersicon esculentum
]

x
39984275

>gi|39984275|gb|A
A

R
35662.1| enolase [G

eobacter sulfurreducens P
C

A
]

x
50363841

>gi|50363841|gb|A
AT75826.1| enolase [M

esoplasm
a florum

 L1]
x

74017775
>gi|74017775|ref|ZP

_00688398.1| E
nolase [B

urkholderia am
bifaria A

M
M

D
]

x
74022142

>gi|74022142|ref|ZP
_00692726.1| E

nolase [R
hodoferax ferrireducens D

S
M

 15236]
x

50839631
>gi|50839631|gb|A

AT82298.1| enolase [P
ropionibacterium

 acnes K
PA

171202]
x

50951779
>gi|50951779|gb|A

AT89480.1| enolase [Leifsonia xyli subsp. xyli str. C
TC

B
07]

x
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75763414
>gi|75763414|ref|ZP

_00743143.1| E
nolase [B

acillus thuringiensis serovar israelensis ATC
C

 35646]
x

75828720
>gi|75828720|ref|ZP

_00758069.1| C
O

G
0148: E

nolase [Vibrio cholerae M
O

10]
x

15074376
>gi|15074376|em

b|C
A

C
46022.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 P
R

O
TE

IN
 [S

inorhizobium
 m

eliloti]
x

71853151
>gi|71853151|gb|A

A
Z51174.1| enolase [S

treptococcus pyogenes M
G

A
S

5005]
x

74830117
>gi|74830117|em

b|C
A

I39008.1| enolase, putative [P
aram

ecium
 tetraurelia]

x
74830161

>gi|74830161|em
b|C

A
I39017.1| enolase, putative [P

aram
ecium

 tetraurelia]
x

76556213
>gi|76556213|em

b|C
A

D
48739.1| enolase 2 [P

ropionibacterium
 freudenreichii subsp. sherm

anii]
x

76556211
>gi|76556211|em

b|C
A

D
48738.1| enolase 1 [P

ropionibacterium
 freudenreichii subsp. sherm

anii]
x

47458343
>gi|47458343|gb|A

AT27666.1| enolase [M
ycoplasm

a m
obile 163K

]
x

15458655
>gi|15458655|gb|A

A
K

99840.1| E
nolase [S

treptococcus pneum
oniae R

6]
x

76557930
>gi|76557930|em

b|C
A

I49514.1| phosphopyruvate hydratase (E
C

 4.2.1.11) (enolase) 
[N

atronom
onas pharaonis D

S
M

 2160]
x

76874604
>gi|76874604|em

b|C
A

I85825.1| enolase [P
seudoalterom

onas haloplanktis TA
C

125]
x

78035738
>gi|78035738|em

b|C
A

J23429.1| E
nolase [X

anthom
onas cam

pestris pv. vesicatoria str. 85-10]
x

73660149
>gi|73660149|em

b|C
A

I82756.1| enolase [D
ehalococcoides sp. C

B
D

B
1]

x
77176833

>gi|77176833|gb|A
B

A
64522.1| enolase [Leishm

ania m
exicana]

x

52629365
>gi|52629365|gb|A

A
U

28106.1| enolase [Legionella pneum
ophila subsp. pneum

ophila str. 
P

hiladelphia 1]
x

77544917
>gi|77544917|gb|A

B
A

88479.1| enolase [P
elobacter carbinolicus D

S
M

 2380]
x

23495020
>gi|23495020|gb|A

A
N

35353.1| enolase [P
lasm

odium
 falciparum

 3D
7]

x
76785279

>gi|76785279|ref|ZP
_00772451.1| C

O
G

0148: E
nolase [M

ycobacterium
 tuberculosis F11]

x
76792445

>gi|76792445|ref|ZP
_00774944.1| E

nolase [P
seudoalterom

onas atlantica T6c]
x

76797225
>gi|76797225|ref|ZP

_00779559.1| E
nolase [Therm

oanaerobacter ethanolicus ATC
C

 33223]
x

77406132
>gi|77406132|ref|ZP

_00783205.1| enolase [S
treptococcus agalactiae H

36B
]

x
77407751

>gi|77407751|ref|ZP
_00784505.1| enolase [S

treptococcus agalactiae C
O

H
1]

x
77411108

>gi|77411108|ref|ZP
_00787461.1| enolase [S

treptococcus agalactiae C
JB

111]
x

77414276
>gi|77414276|ref|ZP

_00790435.1| enolase [S
treptococcus agalactiae 515]

x
77631732

>gi|77631732|ref|ZP
_00794318.1| C

O
G

0148: E
nolase [Yersinia pseudotuberculosis IP 31758]

x
77635114

>gi|77635114|ref|ZP
_00797203.1| C

O
G

0148: E
nolase [Yersinia pestis A

ngola]
x
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77689478
>gi|77689478|ref|ZP

_00804659.1| E
nolase [R

hodopseudom
onas palustris B

isB
5]

x
77994855

>gi|77994855|gb|A
B

B
13754.1| enolase [C

arboxydotherm
us hydrogenoform

ans Z-2901]
x

46048768
>gi|46048768|ref|N

P
_990451.1| enolase 1 [G

allus gallus]
x

77742416
>gi|77742416|ref|ZP

_00810894.1| E
nolase [R

hodopseudom
onas palustris B

isA
53]

x
69159144

>gi|69159144|gb|E
A

N
71282.1| E

nolase [S
hew

anella denitrificans O
S

217]
x

78167716
>gi|78167716|gb|A

B
B

24814.1| E
nolase [P

elodictyon luteolum
 D

S
M

 273]
x

78170022
>gi|78170022|gb|A

B
B

27119.1| E
nolase [S

ynechococcus sp. C
C

9902]
x

78170524
>gi|78170524|gb|A

B
B

27620.1| E
nolase [C

hlorobium
 chlorochrom

atii C
aD

3]
x

77815272
>gi|77815272|ref|ZP

_00814510.1| E
nolase [S

hew
anella putrefaciens C

N
-32]

x
78198443

>gi|78198443|gb|A
B

B
36208.1| enolase [S

ynechococcus sp. C
C

9605]
x

77952809
>gi|77952809|ref|ZP

_00817222.1| E
nolase [M

arinobacter aquaeolei V
T8]

x
77962820

>gi|77962820|ref|ZP
_00826636.1| C

O
G

0148: E
nolase [Yersinia m

ollaretii ATC
C

 43969]
x

77976028
>gi|77976028|ref|ZP

_00831561.1| C
O

G
0148: E

nolase [Yersinia frederiksenii ATC
C

 33641]
x

77979609
>gi|77979609|ref|ZP

_00835026.1| C
O

G
0148: E

nolase [Yersinia interm
edia ATC

C
 29909]

x
55590655

>gi|55590655|ref|X
P

_514354.1| P
R

E
D

IC
TE

D
: enolase 1 [P

an troglodytes]
x

78363890
>gi|78363890|gb|A

B
B

41855.1| enolase [Thiom
icrospira crunogena X

C
L-2]

x
78712095

>gi|78712095|gb|A
B

B
49272.1| enolase [P

rochlorococcus m
arinus str. M

IT 9312]
x

19888365
>gi|19888365|gb|A

A
M

02860.1| E
nolase [M

ethanopyrus kandleri AV
19]

x
51573166

>gi|51573166|gb|A
A

U
07191.1| enolase [B

orrelia garinii P
B

i]
x

3152725
>gi|3152725|gb|A

A
C

17130.1| enolase [S
taphylococcus aureus]

x

55738590
>gi|55738590|gb|A

AV
62231.1| 2-phosphoglycerate dehydratase, enolase [S

treptococcus 
therm

ophilus C
N

R
Z1066]

x
56679062

>gi|56679062|gb|A
AV

95728.1| enolase [S
ilicibacter pom

eroyi D
S

S
-3]

x
24053192

>gi|24053192|gb|A
A

N
44282.1| enolase [S

higella flexneri 2a str. 301]
x

57225057
>gi|57225057|gb|A

AW
40114.1| enolase [D

ehalococcoides ethenogenes 195]
x

57167487
>gi|57167487|gb|A

AW
36266.1| enolase [C

am
pylobacter jejuni R

M
1221]

x
78365755

>gi|78365755|ref|ZP
_00836040.1| E

nolase [S
hew

anella sp. P
V-4]

x
78492903

>gi|78492903|ref|ZP
_00845138.1| E

nolase [R
hodopseudom

onas palustris B
isB

18]
x

78685818
>gi|78685818|ref|ZP

_00850593.1| E
nolase [S

hew
anella sp. A

N
A

-3]
x

78691419
>gi|78691419|ref|ZP

_00856036.1| E
nolase [S

hew
anella sp. M

R
-7]

x
78702809

>gi|78702809|ref|ZP
_00867233.1| E

nolase [A
lkalilim

nicola ehrlichei M
LH

E
-1]

x
78704928

>gi|78704928|ref|ZP
_00869322.1| E

nolase [M
ethanospirillum

 hungatei JF-1]
x
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78705604
>gi|78705604|ref|ZP

_00869981.1| E
nolase [M

ethanospirillum
 hungatei JF-1]

x
78695164

>gi|78695164|ref|ZP
_00859676.1| E

nolase [B
radyrhizobium

 sp. B
TA

i1]
x

78706225
>gi|78706225|ref|ZP

_00870566.1| E
nolase [M

ethanospirillum
 hungatei JF-1]

x

42545184
>gi|42545184|gb|E

A
A

68027.1| E
N

O
_A

LTA
L E

nolase (2-phosphoglycerate dehydratase) (2-
phospho-D

-glycerate hydro-lyase) (M
ajor allergen A

lt a 11) (A
lt a X

I) [G
ibberella zeae P

H
-1]

x
66848203

>gi|66848203|gb|E
A

L88532.1| enolase [A
spergillus fum

igatus A
f293]

x
66797943

>gi|66797943|ref|ZP
_00396700.1| E

nolase [D
einococcus geotherm

alis D
S

M
 11300]

x
66879038

>gi|66879038|ref|ZP
_00404072.1| C

O
G

0148: E
nolase [S

treptococcus pneum
oniae TIG

R
4]

x
67676250

>gi|67676250|ref|ZP
_00473001.1| E

nolase [C
hrom

ohalobacter salexigens D
S

M
 3043]

x
67657013

>gi|67657013|ref|ZP
_00454393.1| E

nolase [B
urkholderia cenocepacia A

U
 1054]

x
67917474

>gi|67917474|ref|ZP
_00511080.1| E

nolase [C
hlorobium

 lim
icola D

S
M

 245]
x

67934468
>gi|67934468|ref|ZP

_00527517.1| E
nolase [S

olibacter usitatus E
llin6076]

x
67935050

>gi|67935050|ref|ZP
_00528074.1| E

nolase [C
hlorobium

 phaeobacteroides D
S

M
 266]

x
67940099

>gi|67940099|ref|ZP
_00532567.1| E

nolase [C
hlorobium

 phaeobacteroides B
S

1]
x

67941827
>gi|67941827|ref|ZP

_00533828.1| E
nolase [C

hlorobium
 phaeobacteroides B

S
1]

x
67988318

>gi|67988318|gb|E
A

M
76098.1| E

nolase [K
ineococcus radiotolerans S

R
S

30216]
x

68056418
>gi|68056418|ref|ZP

_00540539.1| E
nolase [E

xiguobacterium
 sp. 255-15]

x
68171488

>gi|68171488|ref|ZP
_00544872.1| E

nolase [E
hrlichia chaffeensis str. S

apulpa]
x

68179394
>gi|68179394|ref|ZP

_00552459.1| E
nolase [D

esulfurom
onas acetoxidans D

S
M

 684]
x

68182317
>gi|68182317|ref|ZP

_00555297.1| E
nolase [Jannaschia sp. C

C
S

1]
x

68234022
>gi|68234022|ref|ZP

_00573122.1| E
nolase [Frankia sp. E

A
N

1pec]
x

68351290
>gi|68351290|gb|E

A
N

32053.1| enolase, putative [Theileria parva]
x

68539232
>gi|68539232|ref|ZP

_00579005.1| E
nolase [S

phingopyxis alaskensis R
B

2256]
x

68551301
>gi|68551301|ref|ZP

_00590717.1| E
nolase [P

elodictyon phaeoclathratiform
e B

U
-1]

x
68551717

>gi|68551717|ref|ZP
_00591111.1| E

nolase [P
rosthecochloris aestuarii D

S
M

 271]
x

68546866
>gi|68546866|ref|ZP

_00586410.1| E
nolase [S

hew
anella am

azonensis S
B

2B
]

x
68543414

>gi|68543414|ref|ZP
_00583120.1| E

nolase [S
hew

anella baltica O
S

155]
x

56685854
>gi|56685854|dbj|B

A
D

79076.1| enolase [S
ynechococcus elongatus P

C
C

 6301]
x

66044611
>gi|66044611|ref|Y

P
_234452.1| phosphopyruvate hydratase [P

seudom
onas syringae pv. syringae 

B
728a]

x
66044729

>gi|66044729|ref|Y
P

_234570.1| E
nolase [P

seudom
onas syringae pv. syringae B

728a]
x
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3023709
>gi|3023709|sp|Q

27727|E
N

O
_P

LA
FA E

nolase (2-phosphoglycerate dehydratase) (2-phospho-D
-

glycerate hydro-lyase)
x

460259
>gi|460259|gb|A

A
A

21681.1| enolase
x

37805239
>gi|37805239|gb|A

A
H

60310.1| E
nolase 2, gam

m
a [R

attus norvegicus]
x

155581
>gi|155581|gb|A

A
A

27686.1| enolase
x

56416785
>gi|56416785|ref|Y

P
_153859.1| E

nolase 1 (2-phosphoglycerate dehydratase 1) [A
naplasm

a 
m

arginale str. S
t. M

aries]
x

182118
>gi|182118|gb|A

A
A

52388.1| gam
m

a enolase
x

6624229
>gi|6624229|dbj|B

A
A

88479.1| enolase [E
ptatretus burgeri]

x
6624235

>gi|6624235|dbj|B
A

A
88482.1| enolase-1 [Lethenteron reissneri]

x
46048765

>gi|46048765|ref|N
P

_990450.1| enolase [G
allus gallus]

x
6624237

>gi|6624237|dbj|B
A

A
88483.1| enolase-2 [Lethenteron reissneri]

x

34762728
>gi|34762728|ref|ZP

_00143718.1| E
nolase [Fusobacterium

 nucleatum
 subsp. vincentii ATC

C
 

49256]
x

535442
>gi|535442|gb|A

A
A

70080.1| enolase
x

38636433
>gi|38636433|em

b|C
A

E
81969.1| probable enolase [N

eurospora crassa]
x

18481669
>gi|18481669|gb|A

A
L73509.1| enolase [G

iardia intestinalis]
x

67466006
>gi|67466006|ref|X

P
_649161.1| enolase [E

ntam
oeba histolytica H

M
-1:IM

S
S

]
x

458897
>gi|458897|gb|A

A
B

68019.1| E
no2p: E

nolase 2; 2-phosphoglycerate dehydratase [S
accharom

yces 
cerevisiae]

x
31165

>gi|31165|em
b|C

A
A

36215.1| hum
an gam

m
a enolase [H

om
o sapiens]

x
16504025

>gi|16504025|em
b|C

A
D

06058.1| enolase [S
alm

onella enterica subsp. enterica serovar Typhi]
x

34789
>gi|34789|em

b|C
A

A
36216.1| m

uscle-specific enolase [H
om

o sapiens]
x

21112791
>gi|21112791|gb|A

A
M

40994.1| enolase [X
anthom

onas cam
pestris pv. cam

pestris str. ATC
C

 33913]
x

65317107
>gi|65317107|ref|ZP

_00390066.1| C
O

G
0148: E

nolase [B
acillus anthracis str. A

2012]
x

23347962
>gi|23347962|gb|A

A
N

30052.1| enolase [B
rucella suis 1330]

x
62148599

>gi|62148599|em
b|C

A
H

64371.1| enolase [C
hlam

ydophila abortus S
26/3]

x

58417796
>gi|58417796|em

b|C
A

I27000.1| E
nolase (2-phosphoglycerate dehydratase) [E

hrlichia rum
inantium

 
str. W

elgevonden]
x

48430954
>gi|48430954|gb|A

AT43819.1| enolase [P
icrophilus torridus D

S
M

 9790]
x
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60492114
>gi|60492114|em

b|C
A

H
06877.1| putative hem

e-binding enolase [B
acteroides fragilis N

C
TC

 9343]
x

67642981
>gi|67642981|ref|ZP

_00441731.1| C
O

G
0148: E

nolase [B
urkholderia m

allei G
B

8 horse 4]
x

52005169
>gi|52005169|gb|A

A
U

25111.1| enolase [B
acillus licheniform

is ATC
C

 14580]
x

58418695
>gi|58418695|gb|A

AW
70710.1| E

nolase [W
olbachia endosym

biont strain TR
S

 of B
rugia m

alayi]
x

58416835
>gi|58416835|em

b|C
A

I27948.1| E
nolase (2-phosphoglycerate dehydratase) [E

hrlichia rum
inantium

 
str. G

ardel]
x

13937125
>gi|13937125|gb|A

A
K

50056.1| enolase [Trichinella spiralis]
x

22273
>gi|22273|em

b|C
A

A
39454.1| enolase [Zea m

ays]
x

37222051
>gi|37222051|gb|A

A
Q

17040.2| pollen 2-phosphoglycerate dehydrogenase 2 precursor [C
ynodon 

dactylon]
x

54673814
>gi|54673814|gb|A

A
H

85098.1| E
nolase 1, alpha non-neuron [M

us m
usculus]

x
31167

>gi|31167|em
b|C

A
A

40163.1| m
uscle specific enolase [H

om
o sapiens]

x
6679651

>gi|6679651|ref|N
P

_031959.1| enolase 3, beta m
uscle [M

us m
usculus]

x
21618816

>gi|21618816|gb|A
A

H
31739.1| E

nolase 2, gam
m

a neuronal [M
us m

usculus]
x

15227987
>gi|15227987|ref|N

P
_181192.1| LO

S
2; phosphopyruvate hydratase [A

rabidopsis thaliana]
x

16272869
>gi|16272869|ref|N

P
_439092.1| phosphopyruvate hydratase [H

aem
ophilus influenzae R

d K
W

20]
x

14089932
>gi|14089932|em

b|C
A

C
13691.1| E

N
O

LA
S

E
 (2-P

H
O

S
P

H
O

G
LY

C
E

R
ATE

 D
E

H
Y

D
R

ATA
S

E
) (2-

P
H

O
S

P
H

O
-D

-G
LY

C
E

R
ATE

 H
Y

D
R

O
-LYA

S
E

) [M
ycoplasm

a pulm
onis]

x
7226525

>gi|7226525|gb|A
A

F41661.1| enolase [N
eisseria m

eningitidis M
C

58]
x

433609
>gi|433609|em

b|C
A

A
82232.1| enolase [R

icinus com
m

unis]
x

31179
>gi|31179|em

b|C
A

A
47179.1| enolase [H

om
o sapiens]

x
30138660

>gi|30138660|em
b|C

A
D

84955.1| E
nolase [N

itrosom
onas europaea ATC

C
 19718]

x
56496865

>gi|56496865|em
b|C

A
H

99714.1| enolase, putative [P
lasm

odium
 berghei]

x

28270478
>gi|28270478|em

b|C
A

D
63380.1| phosphopyruvate hydratase [Lactobacillus plantarum

 W
C

FS
1]

x
1911573

>gi|1911573|gb|A
A

B
50731.1| enolase [Loligo pealei]

x
515827

>gi|515827|em
b|C

A
A

56645.1| enolase [N
eocallim

astix frontalis]
x

33641127
>gi|33641127|em

b|C
A

E
22257.1| E

nolase [P
rochlorococcus m

arinus str. M
IT 9313]

x
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33633710
>gi|33633710|em

b|C
A

E
18667.1| E

nolase [P
rochlorococcus m

arinus subsp. pastoris str. 
C

C
M

P
1986]

x
39649793

>gi|39649793|em
b|C

A
E

28315.1| enolase [R
hodopseudom

onas palustris C
G

A
009]

x
33639479

>gi|33639479|em
b|C

A
E

08863.1| E
nolase [S

ynechococcus sp. W
H

 8102]
x

83589135
>gi|83589135|ref|Y

P
_429144.1| enolase [M

oorella therm
oacetica ATC

C
 39073]

x
58429954

>gi|58429954|gb|A
AW

78351.1| enolase [Trichom
onas vaginalis]

x
81096520

>gi|81096520|ref|ZP
_00874861.1| E

nolase [S
treptococcus suis 89/1591]

x
67762048

>gi|67762048|ref|ZP
_00500752.1| C

O
G

0148: E
nolase [B

urkholderia pseudom
allei S

13]
x

4416379
>gi|4416379|gb|A

A
D

20342.1| alpha enolase [C
aim

an crocodilus]
x

4416381
>gi|4416381|gb|A

A
D

20343.1| alpha enolase [S
phenodon punctatus]

x
4416383

>gi|4416383|gb|A
A

D
20344.1| alpha enolase [E

um
eces inexpectatus]

x
4416385

>gi|4416385|gb|A
A

D
20345.1| alpha enolase [Trachem

ys scripta]
x

4416387
>gi|4416387|gb|A

A
D

20346.1| alpha enolase [P
elusios subniger]

x
77387470

>gi|77387470|gb|A
B

A
78655.1| E

nolase [R
hodobacter sphaeroides 2.4.1]

x
19074779

>gi|19074779|ref|N
P

_586285.1| E
N

O
LA

S
E

 [E
ncephalitozoon cuniculi G

B
-M

1]
x

59808815
>gi|59808815|gb|A

A
H

90069.1| E
nolase 1, alpha [R

attus norvegicus]
x

48762657
>gi|48762657|ref|N

P
_997887.1| enolase 1, (alpha) [D

anio rerio]
x

69298335
>gi|69298335|ref|ZP

_00620615.1| E
nolase [S

ilicibacter sp. TM
1040]

x
60099812

>gi|60099812|gb|A
A

X
13040.1| enolase [D

rosophila pseudoobscura]
x

60099838
>gi|60099838|gb|A

A
X

13053.1| enolase [D
rosophila m

iranda]
x

60099832
>gi|60099832|gb|A

A
X

13050.1| enolase [D
rosophila m

iranda]
x

68194237
>gi|68194237|gb|E

A
N

08760.1| E
nolase [E

nterococcus faecium
 D

O
]

x
68245979

>gi|68245979|gb|E
A

N
28087.1| E

nolase [M
agnetococcus sp. M

C
-1]

x
68193510

>gi|68193510|gb|E
A

N
08162.1| E

nolase [M
esorhizobium

 sp. B
N

C
1]

x
71847604

>gi|71847604|gb|A
A

Z47100.1| E
nolase [D

echlorom
onas arom

atica R
C

B
]

x
78217747

>gi|78217747|gb|A
B

B
37096.1| enolase [D

esulfovibrio desulfuricans G
20]

x
75703448

>gi|75703448|gb|A
B

A
23124.1| E

nolase [A
nabaena variabilis ATC

C
 29413]

x
5566201

>gi|5566201|gb|A
A

D
45332.1| enolase 2 [M

onocercom
onas ATC

C
50210]

x
5566203

>gi|5566203|gb|A
A

D
45334.1| enolase 1 [Trichom

onas vaginalis]
x

5566204
>gi|5566204|gb|A

A
D

45335.1| enolase 2 [Trichom
onas vaginalis]

x
5566205

>gi|5566205|gb|A
A

D
45336.1| enolase 3 [Trichom

onas vaginalis]
x

5566206
>gi|5566206|gb|A

A
D

45337.1| enolase 4 [Trichom
onas vaginalis]

x
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5566207
>gi|5566207|gb|A

A
D

45338.1| enolase 5 [Trichom
onas vaginalis]

x
5566208

>gi|5566208|gb|A
A

D
45339.1| enolase [Trypanosom

a brucei]
x

65304337
>gi|65304337|em

b|C
A

I76716.1| enolase, putative [Theileria annulata]
x

71039176
>gi|71039176|gb|A

A
Z19484.1| enolase [P

sychrobacter arcticus 273-4]
x

72118206
>gi|72118206|gb|A

A
Z60469.1| E

nolase [R
alstonia eutropha JM

P
134]

x
72394249

>gi|72394249|gb|A
A

Z68526.1| E
nolase [E

hrlichia canis str. Jake]
x

78194830
>gi|78194830|gb|A

B
B

32597.1| E
nolase [G

eobacter m
etallireducens G

S
-15]

x
71914564

>gi|71914564|gb|A
A

Z54466.1| enolase [Therm
obifida fusca Y

X
]

x
70832210

>gi|70832210|gb|E
A

N
77714.1| enolase [Trypanosom

a brucei]
x

27262298
>gi|27262298|gb|A

A
N

87430.1| E
nolase [H

eliobacillus m
obilis]

x
68057718

>gi|68057718|gb|A
A

X
87971.1| enolase [H

aem
ophilus influenzae 86-028N

P
]

x
40949670

>gi|40949670|gb|A
A

R
97546.1| enolase 1 [A

podachlya brachynem
a]

x
40949672

>gi|40949672|gb|A
A

R
97547.1| enolase 2 [A

podachlya brachynem
a]

x
40949674

>gi|40949674|gb|A
A

R
97548.1| enolase [H

eterosigm
a akashiw

o]
x

40949676
>gi|40949676|gb|A

A
R

97549.1| enolase [Isochrysis galbana]
x

40949680
>gi|40949680|gb|A

A
R

97551.1| enolase [P
haeodactylum

 tricornutum
]

x
40949682

>gi|40949682|gb|A
A

R
97552.1| enolase [P

hytophthora palm
ivora]

x
40949684

>gi|40949684|gb|A
A

R
97553.1| enolase [P

rym
nesium

 parvum
]

x
40949686

>gi|40949686|gb|A
A

R
97554.1| enolase [Thraustotheca clavata]

x
40949688

>gi|40949688|gb|A
A

R
97555.1| enolase [H

eterocapsa triquetra]
x

57227282
>gi|57227282|gb|A

AW
43741.1| enolase 1, putative [C

ryptococcus neoform
ans var. neoform

ans 
JE

C
21]

x
37572552

>gi|37572552|dbj|B
A

C
98826.1| enolase [Trichonym

pha agilis]
x

84787058
>gi|84787058|gb|A

B
C

63240.1| enolase [E
rythrobacter litoralis H

TC
C

2594]
x

66357920
>gi|66357920|ref|X

P
_626138.1| enolase (2-phosphoglycerate dehydratase) [C

ryptosporidium
 

parvum
]

x
48787796

>gi|48787796|ref|ZP
_00283775.1| C

O
G

0148: E
nolase [B

urkholderia fungorum
 LB

400]
x

48855292
>gi|48855292|ref|ZP

_00309451.1| C
O

G
0148: E

nolase [C
ytophaga hutchinsonii]

x
48861278

>gi|48861278|ref|ZP
_00315181.1| C

O
G

0148: E
nolase [M

icrobulbifer degradans 2-40]
x

48865594
>gi|48865594|ref|ZP

_00319453.1| C
O

G
0148: E

nolase [O
enococcus oeni P

S
U

-1]
x

67539152
>gi|67539152|ref|X

P
_663350.1| enolase [A

spergillus nidulans FG
S

C
 A

4]
x

55297212
>gi|55297212|dbj|B

A
D

68886.1| putative enolase [O
ryza sativa (japonica cultivar-group)]

x
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23024413
>gi|23024413|ref|ZP

_00063626.1| C
O

G
0148: E

nolase [Leuconostoc m
esenteroides subsp. 

m
esenteroides ATC

C
 8293]

x

38511762
>gi|38511762|gb|A

A
H

61287.1| E
nolase (2-phosphoglycerate dehydratase) [X

enopus tropicalis]
x

49257392
>gi|49257392|gb|A

A
H

72713.1| E
nolase 2 [D

anio rerio]
x

34597330
>gi|34597330|gb|A

A
Q

77240.1| enolase [B
rassica rapa]

x
60280039

>gi|60280039|gb|A
A

X
16379.1| enolase [uncultured m

urine large bow
el bacterium

 B
A

C
 31B

]
x

11999247
>gi|11999247|gb|A

A
G

16301.1| alpha enolase-1 [A
m

ia calva]
x

11999249
>gi|11999249|gb|A

A
G

16302.1| beta enolase-1 [A
m

ia calva]
x

11999251
>gi|11999251|gb|A

A
G

16303.1| alpha enolase-1 [Latim
eria chalum

nae]
x

11999257
>gi|11999257|gb|A

A
G

16306.1| beta enolase-1 [Lepidosiren paradoxa]
x

11999259
>gi|11999259|gb|A

A
G

16307.1| beta enolase-1 [N
eoceratodus forsteri]

x
11999261

>gi|11999261|gb|A
A

G
16308.1| alpha enolase-1 [C

hiloscyllium
 punctatum

]
x

11999263
>gi|11999263|gb|A

A
G

16309.1| beta enolase-1 [C
hiloscyllium

 punctatum
]

x
11999265

>gi|11999265|gb|A
A

G
16310.1| alpha-1 enolase-1 [S

alm
o trutta]

x
11999267

>gi|11999267|gb|A
A

G
16311.1| alpha-2 enolase-1 [S

alm
o trutta]

x
15221107

>gi|15221107|ref|N
P

_177543.1| phosphopyruvate hydratase [A
rabidopsis thaliana]

x
2655161

>gi|2655161|gb|A
A

B
87890.1| enolase [D

rosophila pseudoobscura]
x

2655163
>gi|2655163|gb|A

A
B

87891.1| enolase [D
rosophila subobscura]

x
8101740

>gi|8101740|gb|A
A

F72639.1| enolase [P
olyxenus fasciculatus]

x
8101742

>gi|8101742|gb|A
A

F72640.1| enolase [S
colopendra polym

orpha]
x

8101744
>gi|8101744|gb|A

A
F72641.1| enolase [Tom

ocerus sp. 'Tom
']

x
29650775

>gi|29650775|gb|A
A

O
86694.1| enolase [D

unaliella salina]
x

86158067
>gi|86158067|ref|Y

P
_464852.1| enolase [A

naerom
yxobacter dehalogenans 2C

P
-C

]
x

15667704
>gi|15667704|gb|A

A
L05459.1| enolase 1 [M

astocarpus papillatus]
x

15667706
>gi|15667706|gb|A

A
L05460.1| enolase 2 [M

astocarpus papillatus]
x

15667709
>gi|15667709|gb|A

A
L05461.1| enolase 1 [P

rionitis lanceolata]
x

15667711
>gi|15667711|gb|A

A
L05462.1| enolase 2 [P

rionitis lanceolata]
x

15667717
>gi|15667717|gb|A

A
L05465.1| enolase [P

aram
ecium

 tetraurelia]
x

15667719
>gi|15667719|gb|A

A
L05466.1| enolase [C

olpidium
 aqueous]

x
15667721

>gi|15667721|gb|A
A

L05467.1| enolase [Tetrahym
ena therm

ophila]
x

15667723
>gi|15667723|gb|A

A
L05468.1| enolase [Tetrahym

ena bergeri]
x
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41033679
>gi|41033679|em

b|C
A

F18506.1| enolase [Therm
oproteus tenax]

x
19171969

>gi|19171969|gb|A
A

L85688.1| enolase [S
treptococcus agalactiae]

x
14161523

>gi|14161523|gb|A
A

K
54778.1| enolase [H

ypocryphalus m
angiferae]

x
4106354

>gi|4106354|gb|A
A

D
02812.1| enolase [P

neum
ocystis carinii f. sp. ratti]

x
62896593

>gi|62896593|dbj|B
A

D
96237.1| enolase 1 variant [H

om
o sapiens]

x
62897945

>gi|62897945|dbj|B
A

D
96912.1| enolase 1 variant [H

om
o sapiens]

x
15227561

>gi|15227561|ref|N
P

_180516.1| phosphopyruvate hydratase [A
rabidopsis thaliana]

fixd
x

20260174
>gi|20260174|gb|A

A
M

12985.1| enolase (2-phospho-D
-glycerate hydroylase) [A

rabidopsis thaliana]
x

21325986
>gi|21325986|gb|A

A
M

47554.1| alpha-enolase [C
rocodylus palustris]

x
68086449

>gi|68086449|gb|A
A

H
92869.2| E

nolase 3, (beta, m
uscle) [D

anio rerio]
x

86572923
>gi|86572923|gb|A

B
D

07480.1| enolase [R
hodopseudom

onas palustris H
aA

2]
x

71274918
>gi|71274918|ref|ZP

_00651206.1| E
nolase [X

ylella fastidiosa D
ixon]

x
71674738

>gi|71674738|ref|ZP
_00672484.1| E

nolase [Trichodesm
ium

 erythraeum
 IM

S
101]

x
71898806

>gi|71898806|ref|ZP
_00680974.1| E

nolase [X
ylella fastidiosa A

nn-1]
x

37531422
>gi|37531422|ref|N

P
_920013.1| putative enolase (2-phospho-D

-glycerate hydroylase) [O
ryza sativa 

(japonica cultivar-group)]
x

18175728
>gi|18175728|gb|A

A
L59917.1| putative enolase (2-phospho-D

-glycerate hydroylase) [A
rabidopsis 

thaliana]
x

32440997
>gi|32440997|gb|A

A
P

81756.1| enolase [O
nchocerca volvulus]

x
33113259

>gi|33113259|gb|A
A

P
94211.1| enolase [O

ryza sativa (japonica cultivar-group)]
x

23394379
>gi|23394379|gb|A

A
N

31479.1| enolase [P
hytophthora infestans]

x
33415263

>gi|33415263|gb|A
A

Q
18140.1| enolase [G

ossypium
 barbadense]

x
22652630

>gi|22652630|gb|A
A

N
03783.1| enolase [C

lonorchis sinensis]
x

34597332
>gi|34597332|gb|A

A
Q

77241.1| enolase [B
rassica napus]

x
27902665

>gi|27902665|gb|A
A

O
24625.1| enolase [M

ethylobacterium
 extorquens]

x
40063045

>gi|40063045|gb|A
A

R
37901.1| enolase [uncultured bacterium

 560]
x

33465417
>gi|33465417|gb|A

A
Q

19194.1| enolase [Tritrichom
onas foetus]

x
33465419

>gi|33465419|gb|A
A

Q
19195.1| enolase [Tetratrichom

onas gallinarum
]

x
40063711

>gi|40063711|gb|A
A

R
38492.1| enolase [uncultured bacterium

 583]
x

37681795
>gi|37681795|gb|A

A
Q

97775.1| enolase 1, (alpha) [D
anio rerio]

x
42521309

>gi|42521309|gb|A
A

S
18240.1| enolase [G

lycine m
ax]

x
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8919731
>gi|8919731|em

b|C
A

B
96173.1| enolase [S

pinacia oleracea]
x

6996529
>gi|6996529|em

b|C
A

B
75428.1| enolase [Lupinus luteus]

x
8919600

>gi|8919600|em
b|C

A
B

96125.1| enolase [E
uglena gracilis]

x
8919602

>gi|8919602|em
b|C

A
B

96126.1| chloroplast enolase [E
uglena gracilis]

x
16151617

>gi|16151617|em
b|C

A
C

83091.1| alpha-enolase [S
treptococcus pneum

oniae]
x

22035897
>gi|22035897|em

b|C
A

D
43170.1| enolase [A

nisakis sim
plex]

x
28866546

>gi|28866546|em
b|C

A
D

60544.1| enolase [S
treptococcus sobrinus]

x
56711110

>gi|56711110|em
b|C

A
D

98929.1| enolase [Lactobacillus sakei]
x

57336904
>gi|57336904|em

b|C
A

H
60998.1| alpha-enolase [Lactobacillus crispatus]

x
6978809

>gi|6978809|ref|N
P

_036686.1| enolase 1, alpha [R
attus norvegicus]

x
930101

>gi|930101|em
b|C

A
A

32505.1| gam
m

a enolase [H
om

o sapiens]
x

39598758
>gi|39598758|gb|A

A
R

28936.1| enolase [Zooterm
opsis parabasalian sym

biont 11]
x

39598760
>gi|39598760|gb|A

A
R

28937.1| enolase [Zooterm
opsis parabasalian sym

biont 13]
x

39598762
>gi|39598762|gb|A

A
R

28938.1| enolase [Zooterm
opsis parabasalian sym

biont 17]
x

39598764
>gi|39598764|gb|A

A
R

28939.1| enolase [Zooterm
opsis parabasalian sym

biont 19]
x

39598766
>gi|39598766|gb|A

A
R

28940.1| enolase [Zooterm
opsis parabasalian sym

biont 22]
x

39598768
>gi|39598768|gb|A

A
R

28941.1| enolase [Zooterm
opsis parabasalian sym

biont 29]
x

39598770
>gi|39598770|gb|A

A
R

28942.1| enolase [Zooterm
opsis parabasalian sym

biont 30]
x

39598772
>gi|39598772|gb|A

A
R

28943.1| enolase [Zooterm
opsis parabasalian sym

biont 31]
x

39598774
>gi|39598774|gb|A

A
R

28944.1| enolase [Zooterm
opsis parabasalian sym

biont 33]
x

37590349
>gi|37590349|gb|A

A
H

59511.1| E
nolase 1, (alpha) [D

anio rerio]
x

76257976
>gi|76257976|ref|ZP

_00765633.1| E
nolase [C

hloroflexus aurantiacus J-10-fl]
x

68125330
>gi|68125330|em

b|C
A

J03181.1| enolase [Leishm
ania m

ajor]
x

52550388
>gi|52550388|gb|A

A
U

84237.1| phosphopyruvate hydratase enolase [uncultured archaeon 
G

Zfos3D
4]

x
53830714

>gi|53830714|gb|A
A

U
95200.1| enolase [O

ncom
etopia nigricans]

x
54035288

>gi|54035288|gb|A
A

H
83566.1| E

nolase 3, beta [R
attus norvegicus]

x
51980244

>gi|51980244|gb|A
A

U
20794.1| enolase 2 [H

eterocapsa triquetra]
x

55846716
>gi|55846716|gb|A

AV
67362.1| enolase 2 [M

acaca fascicularis]
x

79042712
>gi|79042712|ref|ZP

_00873466.1| E
nolase [N

ovosphingobium
 arom

aticivorans D
S

M
 12444]

x
66964439

>gi|66964439|ref|ZP
_00412009.1| E

nolase [A
rthrobacter sp. FB

24]
x

67157908
>gi|67157908|ref|ZP

_00419053.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x
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67157754
>gi|67157754|ref|ZP

_00418949.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x

67156392
>gi|67156392|ref|ZP

_00417985.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x

67154735
>gi|67154735|ref|ZP

_00416480.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x

67549711
>gi|67549711|ref|ZP

_00427562.1| E
nolase [B

urkholderia vietnam
iensis G

4]
x

67910846
>gi|67910846|ref|ZP

_00509232.1| E
nolase [P

olarom
onas sp. JS

666]
x

67924949
>gi|67924949|ref|ZP

_00518338.1| E
nolase [C

rocosphaera w
atsonii W

H
 8501]

x
68207426

>gi|68207426|ref|ZP
_00559588.1| E

nolase [D
esulfitobacterium

 hafniense D
C

B
-2]

x
68210333

>gi|68210333|ref|ZP
_00562199.1| E

nolase [M
ethanococcoides burtonii D

S
M

 6242]
x

68188665
>gi|68188665|gb|E

A
N

03344.1| E
nolase [M

ethylobacillus flagellatus K
T]

x
68561157

>gi|68561157|ref|ZP
_00600460.1| E

nolase [R
ubrobacter xylanophilus D

S
M

 9941]
x

68555733
>gi|68555733|ref|ZP

_00595077.1| E
nolase [R

alstonia m
etallidurans C

H
34]

x
68555849

>gi|68555849|ref|ZP
_00595193.1| E

nolase [R
alstonia m

etallidurans C
H

34]
x

1363309
>gi|1363309|pir||JC

1039 phosphopyruvate hydratase (E
C

 4.2.1.11) - rat
x

84390114
>gi|84390114|ref|ZP

_00991376.1| phosphopyruvate hydratase [Vibrio splendidus 12B
01]

x
84497843

>gi|84497843|ref|ZP
_00996640.1| phosphopyruvate hydratase [Janibacter sp. H

TC
C

2649]
x

81428222
>gi|81428222|ref|Y

P
_395222.1| P

hosphopyruvate hydratase [Lactobacillus sakei subsp. sakei 23K
]

x
83816221

>gi|83816221|ref|Y
P

_444923.1| phosphopyruvate hydratase [S
alinibacter ruber D

S
M

 13855]
x

86146349
>gi|86146349|ref|ZP

_01064673.1| phosphopyruvate hydratase [Vibrio sp. M
E

D
222]

x

86153067
>gi|86153067|ref|ZP

_01071272.1| phosphopyruvate hydratase [C
am

pylobacter jejuni subsp. jejuni 
H

B
93-13]

x

86154615
>gi|86154615|ref|ZP

_01072782.1| phosphopyruvate hydratase [C
am

pylobacter fetus subsp. fetus 
82-40]

x
86166241

>gi|86166241|gb|E
A

Q
67507.1| phosphopyruvate hydratase [M

arinom
onas sp. M

E
D

121]
x

86607174
>gi|86607174|ref|Y

P
_475937.1| phosphopyruvate hydratase [C

yanobacteria bacterium
 Yellow

stone 
A

-P
rim

e]
x

86609966
>gi|86609966|ref|Y

P
_478728.1| phosphopyruvate hydratase [C

yanobacteria bacterium
 Yellow

stone 
B

-P
rim

e]
x

76882684
>gi|76882684|gb|A

B
A

57365.1| P
hosphopyruvate hydratase [N

itrosococcus oceani ATC
C

 19707]
x

66811048
>gi|66811048|ref|X

P
_639231.1| 2-phospho-D

-glycerate hydrolase [D
ictyostelium

 discoideum
]

x
66828593

>gi|66828593|ref|X
P

_647650.1| 2-phospho-D
-glycerate hydrolase [D

ictyostelium
 discoideum

]
x
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627094
>gi|627094|pir||A

53665 phosphopyruvate hydratase (E
C

 4.2.1.11) - liver fluke
x

83593220
>gi|83593220|ref|Y

P
_426972.1| P

hosphopyruvate hydratase [R
hodospirillum

 rubrum
 ATC

C
 11170]

x
77967627

>gi|77967627|gb|A
B

B
09007.1| P

hosphopyruvate hydratase [B
urkholderia sp. 383]

x
3885968

>gi|3885968|gb|A
A

C
78141.1| phosphopyruvate hydratase [P

enaeus m
onodon]

x
68140076

>gi|68140076|gb|E
A

M
93386.1| P

hosphopyruvate hydratase [Ferroplasm
a acidarm

anus Fer1]
x

57225611
>gi|57225611|gb|A

AW
42072.1| phosphopyruvate hydratase, putative [C

ryptococcus neoform
ans 

var. neoform
ans JE

C
21]

x
77381351

>gi|77381351|gb|A
B

A
72864.1| P

hosphopyruvate hydratase [P
seudom

onas fluorescens P
fO

-1]
x

72397477
>gi|72397477|gb|A

A
Z71750.1| phosphopyruvate hydratase [M

ethanosarcina barkeri str. fusaro]
x

86742602
>gi|86742602|ref|Y

P
_483002.1| P

hosphopyruvate hydratase [Frankia sp. C
cI3]

x

78778195
>gi|78778195|ref|Y

P
_394510.1| P

hosphopyruvate hydratase [Thiom
icrospira denitrificans ATC

C
 

33889]
x

533474
>gi|533474|gb|A

A
A

21277.1| 2-phospho-D
-glycerate hydrolase

x
41394387

>gi|41394387|gb|A
A

S
02297.1| 2-phospho-D

-glycerate hydrolase [Lithobius sp. S
B

H
266126]

x
41394389

>gi|41394389|gb|A
A

S
02298.1| 2-phospho-D

-glycerate hydrolase [D
iplopoda sp. S

B
H

266145]
x

41394391
>gi|41394391|gb|A

A
S

02299.1| 2-phospho-D
-glycerate hydrolase [P

horm
ictopus sp. S

B
H

266263]
x

41394393
>gi|41394393|gb|A

A
S

02300.1| 2-phospho-D
-glycerate hydrolase [Lim

ulus polyphem
us]

x
41394395

>gi|41394395|gb|A
A

S
02301.1| 2-phospho-D

-glycerate hydrolase [A
rtem

ia sp. S
B

H
266677]

x
41394397

>gi|41394397|gb|A
A

S
02302.1| 2-phospho-D

-glycerate hydrolase [D
aphnia m

agna]
x

41394399
>gi|41394399|gb|A

A
S

02303.1| 2-phospho-D
-glycerate hydrolase [C

allinectes sapidus]
x

41394401
>gi|41394401|gb|A

A
S

02304.1| 2-phospho-D
-glycerate hydrolase [N

ereis m
acrydi]

x
41394403

>gi|41394403|gb|A
A

S
02305.1| 2-phospho-D

-glycerate hydrolase [O
stracoda sp. S

B
H

266127]
x

41394405
>gi|41394405|gb|A

A
S

02306.1| 2-phospho-D
-glycerate hydrolase [C

entruroides sp. S
B

H
266264]

x
148781

>gi|148781|gb|A
A

A
73101.1| 2-phosphoglycerate dehydratase

x
17066742

>gi|17066742|gb|A
A

L35382.1| 2-phosphoglycerate dehydratase [S
treptococcus therm

ophilus]
x

83375076
>gi|83375076|ref|ZP

_00919840.1| probable galactonate dehydratase protein [R
hodobacter 

sphaeroides ATC
C

 17029]
x

83363605
>gi|83363605|gb|E

A
P

67101.1| probable galactonate dehydratase protein [R
hodobacter 

sphaeroides ATC
C

 17029]
x
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86359287
>gi|86359287|ref|Y

P
_471179.1| galactonate dehydratase protein [R

hizobium
 etli C

FN
 42]

x
86283389

>gi|86283389|gb|A
B

C
92452.1| galactonate dehydratase protein [R

hizobium
 etli C

FN
 42]

x

71554501
>gi|71554501|gb|A

A
Z33712.1| galactonate dehydratase [P

seudom
onas syringae pv. phaseolicola 

1448A
]

x

71733948
>gi|71733948|ref|Y

P
_274182.1| galactonate dehydratase [P

seudom
onas syringae pv. phaseolicola 

1448A
]

x

15140365
>gi|15140365|em

b|C
A

C
48892.1| probable galactonate dehydratase protein [S

inorhizobium
 m

eliloti 
1021]

x

16264240
>gi|16264240|ref|N

P
_437032.1| probable galactonate dehydratase protein [S

inorhizobium
 m

eliloti 
1021]

x
48994953

>gi|48994953|gb|A
AT48197.1| galactonate dehydratase [E

scherichia coli K
12]

x
85676352

>gi|85676352|dbj|B
A

E
77602.1| galactonate dehydratase [E

scherichia coli W
3110]

x
49176390

>gi|49176390|ref|Y
P

_026237.1| galactonate dehydratase [E
scherichia coli K

12]
x

55977863
>gi|55977863|sp|Q

6B
F17|D

G
O

D
_E

C
O

LI G
alactonate dehydratase

x

78035782
>gi|78035782|em

b|C
A

J23473.1| G
alactonate dehydratase [X

anthom
onas cam

pestris pv. 
vesicatoria str. 85-10]

x

78047352
>gi|78047352|ref|Y

P
_363527.1| G

alactonate dehydratase [X
anthom

onas cam
pestris pv. vesicatoria 

str. 85-10]
x

56908537
>gi|56908537|dbj|B

A
D

63064.1| galactonate dehydratase [B
acillus clausii K

S
M

-K
16]

x
56962300

>gi|56962300|ref|Y
P

_174025.1| galactonate dehydratase [B
acillus clausii K

S
M

-K
16]

x

37201785
>gi|37201785|dbj|B

A
C

97606.1| probable galactonate dehydratase protein [Vibrio vulnificus Y
J016]

x

37677240
>gi|37677240|ref|N

P
_937636.1| probable galactonate dehydratase protein [Vibrio vulnificus Y

J016]
x

52208756
>gi|52208756|em

b|C
A

H
34692.1| putative galactonate dehydratase protein [B

urkholderia 
pseudom

allei K
96243]

x

53718342
>gi|53718342|ref|Y

P
_107328.1| putative galactonate dehydratase protein [B

urkholderia 
pseudom

allei K
96243]

x

62182315
>gi|62182315|ref|Y

P
_218732.1| galactonate dehydratase [S

alm
onella enterica subsp. enterica 

serovar C
holeraesuis str. S

C
-B

67]
x

62129948
>gi|62129948|gb|A

A
X

67651.1| galactonate dehydratase [S
alm

onella enterica subsp. enterica 
serovar C

holeraesuis str. S
C

-B
67]

x
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56380332
>gi|56380332|dbj|B

A
D

76240.1| galactonate dehydratase [G
eobacillus kaustophilus H

TA
426]

x
56420490

>gi|56420490|ref|Y
P

_147808.1| galactonate dehydratase [G
eobacillus kaustophilus H

TA
426]

x

17429773
>gi|17429773|em

b|C
A

D
16458.1| P

U
TATIV

E
 G

A
LA

C
TO

N
ATE

 D
E

H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 
[R

alstonia solanacearum
]

x

17547470
>gi|17547470|ref|N

P
_520872.1| P

U
TATIV

E
 G

A
LA

C
TO

N
ATE

 D
E

H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 [R
alstonia 

solanacearum
 G

M
I1000]

x
494811

>gi|494811|pdb|2M
N

R
|  M

andelate R
acem

ase (E
.C

.5.1.2.2)
x

443131
>gi|443131|pdb|1M

N
S

|   M
andelate R

acem
ase (E

.C
.5.1.2.2)

x
151356

>gi|151356|gb|A
A

C
15504.1| m

andelate racem
ase [P

seudom
onas putida]

x
126731

>gi|126731|sp|P
11444|M

A
N

R
_P

S
E

P
U

 M
andelate racem

ase (M
R

)
x

151352
>gi|151352|gb|A

A
A

25887.1| m
andelate racem

ase (E
C

 5.1.2.2)
x

640264
>gi|640264|pdb|1M

D
R

|   M
andelate R

acem
ase (E

.C
.5.1.2.2)

x

16504040
>gi|16504040|em

b|C
A

D
06074.1| probable glucarate dehydratase 1 [S

alm
onella enterica subsp. 

enterica serovar Typhi]
x

29138856
>gi|29138856|gb|A

A
O

70425.1| probable glucarate dehydratase 1 [S
alm

onella enterica subsp. 
enterica serovar Typhi Ty2]

x

16761739
>gi|16761739|ref|N

P
_457356.1| probable glucarate dehydratase 1 [S

alm
onella enterica subsp. 

enterica serovar Typhi str. C
T18]

x

29143223
>gi|29143223|ref|N

P
_806565.1| probable glucarate dehydratase 1 [S

alm
onella enterica subsp. 

enterica serovar Typhi Ty2]
x

25291986
>gi|25291986|pir||A

C
0861 glucarate dehydratase (E

C
 4.2.1.40) - S

alm
onella enterica subsp. 

enterica serovar Typhi (strain C
T18)

x
74313359

>gi|74313359|ref|Y
P

_311778.1| putative glucarate dehydratase [S
higella sonnei S

s046]
x

73856836
>gi|73856836|gb|A

A
Z89543.1| putative glucarate dehydratase [S

higella sonnei S
s046]

x

12517262
>gi|12517262|gb|A

A
G

57900.1| putative glucarate dehydratase [E
scherichia coli O

157:H
7 E

D
L933]

x

15803308
>gi|15803308|ref|N

P
_289341.1| putative glucarate dehydratase [E

scherichia coli O
157:H

7 E
D

L933]
x

25291985
>gi|25291985|pir||H

85929 probable glucarate dehydratase ygcX
 [im

ported] - E
scherichia coli (strain 

O
157:H

7, substrain E
D

L933)
x

1170131
>gi|1170131|sp|P

42206|G
U

D
H

_P
S

E
P

U
 G

lucarate dehydratase (G
D

H
) (G

lucD
)

x
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5107516
>gi|5107516|pdb|1B

Q
G

|   The S
tructure O

f The D
-G

lucarate D
ehydratase P

rotein From
 

P
seudom

onas P
utida

x
151315

>gi|151315|gb|A
A

A
25868.1| glucarate dehydratase

x
82740091

>gi|82740091|ref|ZP
_00902855.1| glucarate dehydratase [P

seudom
onas putida F1]

x
82712829

>gi|82712829|gb|E
A

P
47979.1| glucarate dehydratase [P

seudom
onas putida F1]

x
83748918

>gi|83748918|ref|ZP
_00945928.1| G

lucarate dehydratase [R
alstonia solanacearum

 U
W

551]
x

83724417
>gi|83724417|gb|E

A
P

71585.1| G
lucarate dehydratase [R

alstonia solanacearum
 U

W
551]

x
83749284

>gi|83749284|ref|ZP
_00946283.1| G

lucarate dehydratase [R
alstonia solanacearum

 U
W

551]
x

83724065
>gi|83724065|gb|E

A
P

71244.1| G
lucarate dehydratase [R

alstonia solanacearum
 U

W
551]

x

84715424
>gi|84715424|ref|ZP

_01022525.1| glucarate dehydratase [P
olarom

onas naphthalenivorans C
J2]

x
84693248

>gi|84693248|gb|E
A

Q
19050.1| glucarate dehydratase [P

olarom
onas naphthalenivorans C

J2]
x

83719461
>gi|83719461|ref|Y

P
_440747.1| glucarate dehydratase [B

urkholderia thailandensis E
264]

x
83653286

>gi|83653286|gb|A
B

C
37349.1| glucarate dehydratase [B

urkholderia thailandensis E
264]

x
82545086

>gi|82545086|ref|Y
P

_409033.1| putative glucarate dehydratase [S
higella boydii S

b227]
x

81246497
>gi|81246497|gb|A

B
B

67205.1| putative glucarate dehydratase [S
higella boydii S

b227]
x

1789150
>gi|1789150|gb|A

A
C

75829.1| (D
)-glucarate dehydratase 1 [E

scherichia coli K
12]

x
85675606

>gi|85675606|dbj|B
A

A
16572.2| (D

)-glucarate dehydratase 1 [E
scherichia coli W

3110]
x

13363118
>gi|13363118|dbj|B

A
B

37070.1| putative glucarate dehydratase [E
scherichia coli O

157:H
7]

x
16130694

>gi|16130694|ref|N
P

_417267.1| (D
)-glucarate dehydratase 1 [E

scherichia coli K
12]

x
15832901

>gi|15832901|ref|N
P

_311674.1| putative glucarate dehydratase [E
scherichia coli O

157:H
7]

x
84028816

>gi|84028816|sp|P
0A

E
S

2|G
U

D
H

_E
C

O
LI G

lucarate dehydratase (G
D

H
) (G

lucD
)

x
84028815

>gi|84028815|sp|P
0A

E
S

3|G
U

D
H

_E
C

O
57 G

lucarate dehydratase (G
D

H
) (G

lucD
)

x
8569464

>gi|8569464|pdb|1E
C

7|D
 C

hain D
, E

. C
oli G

lucarate D
ehydratase N

ative E
nzym

e
x

8569463
>gi|8569463|pdb|1E

C
7|C

 C
hain C

, E
. C

oli G
lucarate D

ehydratase N
ative E

nzym
e

x
8569462

>gi|8569462|pdb|1E
C

7|B
 C

hain B
, E

. C
oli G

lucarate D
ehydratase N

ative E
nzym

e
x

8569461
>gi|8569461|pdb|1E

C
7|A C

hain A
, E

. C
oli G

lucarate D
ehydratase N

ative E
nzym

e
x

8569476
>gi|8569476|pdb|1E

C
Q

|D
 C

hain D
, E

. C
oli G

lucarate D
ehydratase B

ound To 4-D
eoxyglucarate

x

8569475
>gi|8569475|pdb|1E

C
Q

|C
 C

hain C
, E

. C
oli G

lucarate D
ehydratase B

ound To 4-D
eoxyglucarate

x
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8569474
>gi|8569474|pdb|1E

C
Q

|B
 C

hain B
, E

. C
oli G

lucarate D
ehydratase B

ound To 4-D
eoxyglucarate

x

8569473
>gi|8569473|pdb|1E

C
Q

|A C
hain A

, E
. C

oli G
lucarate D

ehydratase B
ound To 4-D

eoxyglucarate
x

8569472
>gi|8569472|pdb|1E

C
9|D

 C
hain D

, E
. C

oli G
lucarate D

ehydratase B
ound To X

ylarohydroxam
ate

x

8569471
>gi|8569471|pdb|1E

C
9|C

 C
hain C

, E
. C

oli G
lucarate D

ehydratase B
ound To X

ylarohydroxam
ate

x

8569470
>gi|8569470|pdb|1E

C
9|B

 C
hain B

, E
. C

oli G
lucarate D

ehydratase B
ound To X

ylarohydroxam
ate

x

8569469
>gi|8569469|pdb|1E

C
9|A C

hain A
, E

. C
oli G

lucarate D
ehydratase B

ound To X
ylarohydroxam

ate
x

8569468
>gi|8569468|pdb|1E

C
8|D

 C
hain D

, E
. C

oli G
lucarate D

ehydratase B
ound To P

roduct 2,3- D
ihydroxy-

5-O
xo-H

exanedioate
x

8569467
>gi|8569467|pdb|1E

C
8|C

 C
hain C

, E
. C

oli G
lucarate D

ehydratase B
ound To P

roduct 2,3- D
ihydroxy-

5-O
xo-H

exanedioate
x

8569466
>gi|8569466|pdb|1E

C
8|B

 C
hain B

, E
. C

oli G
lucarate D

ehydratase B
ound To P

roduct 2,3- D
ihydroxy-

5-O
xo-H

exanedioate
x

8569465
>gi|8569465|pdb|1E

C
8|A C

hain A
, E

. C
oli G

lucarate D
ehydratase B

ound To P
roduct 2,3- D

ihydroxy-
5-O

xo-H
exanedioate

x
74019874

>gi|74019874|ref|ZP
_00690485.1| G

lucarate dehydratase [B
urkholderia am

bifaria A
M

M
D

]
x

72607384
>gi|72607384|gb|E

A
O

43345.1| G
lucarate dehydratase [B

urkholderia am
bifaria A

M
M

D
]

x

75428530
>gi|75428530|ref|ZP

_00731732.1| G
lucarate dehydratase [A

ctinobacillus succinogenes 130Z]
x

74277622
>gi|74277622|gb|E

A
O

51194.1| G
lucarate dehydratase [A

ctinobacillus succinogenes 130Z]
x

77965618
>gi|77965618|gb|A

B
B

06998.1| G
lucarate dehydratase [B

urkholderia sp. 383]
x

78064873
>gi|78064873|ref|Y

P
_367642.1| G

lucarate dehydratase [B
urkholderia sp. 383]

x
78694788

>gi|78694788|ref|ZP
_00859301.1| G

lucarate dehydratase [B
radyrhizobium

 sp. B
TA

i1]
x

78517904
>gi|78517904|gb|E

A
P

31202.1| G
lucarate dehydratase [B

radyrhizobium
 sp. B

TA
i1]

x
67666682

>gi|67666682|ref|ZP
_00463925.1| G

lucarate dehydratase [B
urkholderia cenocepacia H

I2424]
x

67661211
>gi|67661211|ref|ZP

_00458533.1| G
lucarate dehydratase [B

urkholderia cenocepacia A
U

 1054]
x
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67099777
>gi|67099777|gb|E

A
M

16944.1| G
lucarate dehydratase [B

urkholderia cenocepacia H
I2424]

x
67091199

>gi|67091199|gb|E
A

M
08786.1| G

lucarate dehydratase [B
urkholderia cenocepacia A

U
 1054]

x

28870449
>gi|28870449|ref|N

P
_793068.1| glucarate dehydratase [P

seudom
onas syringae pv. tom

ato str. 
D

C
3000]

x

28853696
>gi|28853696|gb|A

A
O

56763.1| glucarate dehydratase [P
seudom

onas syringae pv. tom
ato str. 

D
C

3000]
x

66046349
>gi|66046349|ref|Y

P
_236190.1| G

lucarate dehydratase [P
seudom

onas syringae pv. syringae 
B

728a]
x

63257056
>gi|63257056|gb|A

AY
38152.1| G

lucarate dehydratase [P
seudom

onas syringae pv. syringae B
728a]

x

21114479
>gi|21114479|gb|A

A
M

42512.1| glucarate hydratase [X
anthom

onas cam
pestris pv. cam

pestris str. 
ATC

C
 33913]

x

66572615
>gi|66572615|gb|A

AY
48025.1| glucarate hydratase [X

anthom
onas cam

pestris pv. cam
pestris str. 

8004]
x

66767283
>gi|66767283|ref|Y

P
_242045.1| glucarate hydratase [X

anthom
onas cam

pestris pv. cam
pestris str. 

8004]
x

21232671
>gi|21232671|ref|N

P
_638588.1| glucarate hydratase [X

anthom
onas cam

pestris pv. cam
pestris str. 

ATC
C

 33913]
x

49613022
>gi|49613022|em

b|C
A

G
76473.1| glucarate dehydratase [E

rw
inia carotovora subsp. atroseptica 

S
C

R
I1043]

x

50122496
>gi|50122496|ref|Y

P
_051663.1| glucarate dehydratase [E

rw
inia carotovora subsp. atroseptica 

S
C

R
I1043]

x
22778523

>gi|22778523|dbj|B
A

C
14792.1| glucarate dehydratase [O

ceanobacillus iheyensis H
TE

831]
x

23100291
>gi|23100291|ref|N

P
_693758.1| glucarate dehydratase [O

ceanobacillus iheyensis H
TE

831]
x

1170130
>gi|1170130|sp|P

42238|G
U

D
H

_B
A

C
S

U
 P

robable glucarate dehydratase (G
D

H
) (G

lucD
)

x
710000

>gi|710000|dbj|B
A

A
06470.1| glucarate dehydratase [B

acillus subtilis]
x

27354149
>gi|27354149|dbj|B

A
C

51137.1| glucarate dehydratase [B
radyrhizobium

 japonicum
 U

S
D

A 110]
x

27380983
>gi|27380983|ref|N

P
_772512.1| glucarate dehydratase [B

radyrhizobium
 japonicum

 U
S

D
A 110]

x

56129169
>gi|56129169|gb|A

AV
78675.1| probable glucarate dehydratase 1 [S

alm
onella enterica subsp. 

enterica serovar P
aratyphi A str. ATC

C
 9150]

x
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56414912
>gi|56414912|ref|Y

P
_151987.1| probable glucarate dehydratase 1 [S

alm
onella enterica subsp. 

enterica serovar P
aratyphi A str. ATC

C
 9150]

x
16421511

>gi|16421511|gb|A
A

L21840.1| d-glucarate dehydratase [S
alm

onella typhim
urium

 LT2]
x

62181470
>gi|62181470|ref|Y

P
_217887.1| d-glucarate dehydratase [S

alm
onella enterica subsp. enterica 

serovar C
holeraesuis str. S

C
-B

67]
x

62129103
>gi|62129103|gb|A

A
X

66806.1| d-glucarate dehydratase [S
alm

onella enterica subsp. enterica 
serovar C

holeraesuis str. S
C

-B
67]

x
16766266

>gi|16766266|ref|N
P

_461881.1| d-glucarate dehydratase [S
alm

onella typhim
urium

 LT2]
x

26991438
>gi|26991438|ref|N

P
_746863.1| glucarate dehydratase [P

seudom
onas putida K

T2440]
x

24986512
>gi|24986512|gb|A

A
N

70327.1| glucarate dehydratase [P
seudom

onas putida K
T2440]

x
49529393

>gi|49529393|em
b|C

A
G

67105.1| D
-glucarate dehydratase [A

cinetobacter sp. A
D

P
1]

x
50083417

>gi|50083417|ref|Y
P

_044927.1| D
-glucarate dehydratase [A

cinetobacter sp. A
D

P
1]

x
24053199

>gi|24053199|gb|A
A

N
44288.1| putative glucarate dehydratase [S

higella flexneri 2a str. 301]
x

30042388
>gi|30042388|gb|A

A
P

18113.1| putative glucarate dehydratase [S
higella flexneri 2a str. 2457T]

x

30064132
>gi|30064132|ref|N

P
_838303.1| putative glucarate dehydratase [S

higella flexneri 2a str. 2457T]
x

24114071
>gi|24114071|ref|N

P
_708581.1| putative glucarate dehydratase [S

higella flexneri 2a str. 301]
x

72120887
>gi|72120887|gb|A

A
Z63073.1| G

lucarate dehydratase [R
alstonia eutropha JM

P
134]

x
73537550

>gi|73537550|ref|Y
P

_297917.1| G
lucarate dehydratase [R

alstonia eutropha JM
P

134]
x

17428092
>gi|17428092|em

b|C
A

D
14781.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 [R
alstonia 

solanacearum
]

x

17545798
>gi|17545798|ref|N

P
_519200.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 [R
alstonia 

solanacearum
 G

M
I1000]

x

17431301
>gi|17431301|em

b|C
A

D
17980.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 [R
alstonia 

solanacearum
]

x

17549050
>gi|17549050|ref|N

P
_522390.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 [R
alstonia 

solanacearum
 G

M
I1000]

x
67549363

>gi|67549363|ref|ZP
_00427228.1| G

lucarate dehydratase [B
urkholderia vietnam

iensis G
4]

x
67529304

>gi|67529304|gb|E
A

M
26174.1| G

lucarate dehydratase [B
urkholderia vietnam

iensis G
4]

x
67778298

>gi|67778298|gb|E
A

M
37921.1| G

lucarate dehydratase [P
olarom

onas sp. JS
666]

x
67909708

>gi|67909708|ref|ZP
_00508103.1| G

lucarate dehydratase [P
olarom

onas sp. JS
666]

x
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68555520
>gi|68555520|ref|ZP

_00594864.1| G
lucarate dehydratase [R

alstonia m
etallidurans C

H
34]

x
68529990

>gi|68529990|gb|E
A

N
52952.1| G

lucarate dehydratase [R
alstonia m

etallidurans C
H

34]
x

18655552
>gi|18655552|pdb|1K

K
R

|B
 C

hain B
, C

rystal S
tructure O

f C
itrobacter A

m
alonaticus M

ethylaspartate 
A

m
m

onia Lyase C
ontaining (2s,3s)-3- M

ethylaspartic A
cid

x

18655551
>gi|18655551|pdb|1K

K
R

|A C
hain A

, C
rystal S

tructure O
f C

itrobacter A
m

alonaticus M
ethylaspartate 

A
m

m
onia Lyase C

ontaining (2s,3s)-3- M
ethylaspartic A

cid
x

18655550
>gi|18655550|pdb|1K

K
O

|B
 C

hain B
, C

rystal S
tructure O

f C
itrobacter A

m
alonaticus M

ethylaspartate 
A

m
m

onia Lyase
x

18655549
>gi|18655549|pdb|1K

K
O

|A C
hain A

, C
rystal S

tructure O
f C

itrobacter A
m

alonaticus M
ethylaspartate 

A
m

m
onia Lyase

x

82776003
>gi|82776003|ref|Y

P
_402350.1| putative m

ethylaspartate am
m

onia-lyase [S
higella dysenteriae 

S
d197]

x

81240151
>gi|81240151|gb|A

B
B

60861.1| putative m
ethylaspartate am

m
onia-lyase [S

higella dysenteriae 
S

d197]
x

68206184
>gi|68206184|ref|ZP

_00558376.1| M
ethylaspartate am

m
onia-lyase [D

esulfitobacterium
 hafniense 

D
C

B
-2]

x

68169895
>gi|68169895|gb|E

A
M

97789.1| M
ethylaspartate am

m
onia-lyase [D

esulfitobacterium
 hafniense D

C
B

-
2]

x
3184397

>gi|3184397|dbj|B
A

A
28709.1| 3-m

ethylaspartate am
m

onia-lyase [C
itrobacter am

alonaticus]
x

10581701
>gi|10581701|gb|A

A
G

20402.1| m
ethylaspartate am

m
onia-lyase; M

al [H
alobacterium

 sp. N
R

C
-1]

x
15791098

>gi|15791098|ref|N
P

_280922.1| M
al [H

alobacterium
 sp. N

R
C

-1]
x

13360220
>gi|13360220|dbj|B

A
B

34184.1| 3-m
ethylaspartate am

m
onia-lyase [E

scherichia coli O
157:H

7]
x

15830015
>gi|15830015|ref|N

P
_308788.1| 3-m

ethylaspartate am
m

onia-lyase [E
scherichia coli O

157:H
7]

x

12513655
>gi|12513655|gb|A

A
G

55061.1| putative m
ethylaspartate am

m
onia-lyase [E

scherichia coli O
157:H

7 
E

D
L933]

x

15800441
>gi|15800441|ref|N

P
_286453.1| putative m

ethylaspartate am
m

onia-lyase [E
scherichia coli O

157:H
7 

E
D

L933]
x

14025840
>gi|14025840|dbj|B

A
B

52439.1| 3-m
ethylaspartate am

m
onia-lyase [M

esorhizobium
 loti 

M
A

FF303099]
x
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13475089
>gi|13475089|ref|N

P
_106653.1| 3-m

ethylaspartate am
m

onia-lyase [M
esorhizobium

 loti 
M

A
FF303099]

x

259429
>gi|259429|gb|A

A
B

24070.1| beta-m
ethylaspartase; 3-m

ethylaspartate am
m

onia-lyase [C
lostridium

 
tetanom

orphum
]

x
729971

>gi|729971|sp|Q
05514|M

A
A

L_C
LO

TT M
ethylaspartate am

m
onia-lyase (B

eta-m
ethylaspartase)

x
28204585

>gi|28204585|gb|A
A

O
37022.1| m

ethylaspartate am
m

onia-lyase [C
lostridium

 tetani E
88]

x
28212141

>gi|28212141|ref|N
P

_783085.1| m
ethylaspartate am

m
onia-lyase [C

lostridium
 tetani E

88]
x

18159000
>gi|18159000|pdb|1K

C
Z|B

 C
hain B

, C
rystal S

tructure O
f B

eta-M
ethylaspartase From

 C
lostridium

 
Tetanom

orphum
. M

g-C
om

plex
x

18158999
>gi|18158999|pdb|1K

C
Z|A C

hain A
, C

rystal S
tructure O

f B
eta-M

ethylaspartase From
 C

lostridium
 

Tetanom
orphum

. M
g-C

om
plex

x

18159002
>gi|18159002|pdb|1K

D
0|B

 C
hain B

, C
rystal S

tructure O
f B

eta-M
ethylaspartase From

 C
lostridium

 
Tetanom

orphum
. A

po-S
tructure

x

18159001
>gi|18159001|pdb|1K

D
0|A C

hain A
, C

rystal S
tructure O

f B
eta-M

ethylaspartase From
 C

lostridium
 

Tetanom
orphum

. A
po-S

tructure
x

10120813
>gi|10120813|pdb|1FH

V
|A C

hain A
, C

rystal S
tructure A

nalysis O
f O

-S
uccinylbenzoate S

ynthase 
From

 E
. C

oli C
om

plexed W
ith M

g A
nd O

sb
x

74312783
>gi|74312783|ref|Y

P
_311202.1| O

-succinylbenzoate synthase [S
higella sonnei S

s046]
x

17380438
>gi|17380438|sp|P

44961|M
E

N
C

_H
A

E
IN

 O
-succinylbenzoate synthase (O

S
B

 synthase) (O
S

B
S

) (4-
(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-succinylbenzoic acid synthase)
x

30995414
>gi|30995414|ref|N

P
_439130.2| O

-succinylbenzoate synthase [H
aem

ophilus influenzae R
d K

W
20]

x
84387750

>gi|84387750|ref|ZP
_00990766.1| O

-succinylbenzoate synthase [Vibrio splendidus 12B
01]

x

23467878
>gi|23467878|ref|ZP

_00123455.1| C
O

G
1441: O

-succinylbenzoate synthase [H
aem

ophilus som
nus 

129P
T]

x

32029563
>gi|32029563|ref|ZP

_00132566.1| C
O

G
1441: O

-succinylbenzoate synthase [H
aem

ophilus som
nus 

2336]
x

46143800
>gi|46143800|ref|ZP

_00133907.2| C
O

G
1441: O

-succinylbenzoate synthase [A
ctinobacillus 

pleuropneum
oniae serovar 1 str. 4074]

x

46129092
>gi|46129092|ref|ZP

_00155737.2| C
O

G
1441: O

-succinylbenzoate synthase [H
aem

ophilus 
influenzae R

2846]
x
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42631291
>gi|42631291|ref|ZP

_00156829.1| C
O

G
1441: O

-succinylbenzoate synthase [H
aem

ophilus 
influenzae R

2866]
x

85860671
>gi|85860671|ref|Y

P
_462873.1| o-succinylbenzoate synthase [S

yntrophus aciditrophicus S
B

]
x

86148507
>gi|86148507|ref|ZP

_01066795.1| O
-succinylbenzoate synthase [Vibrio sp. M

E
D

222]
x

86169287
>gi|86169287|gb|E

A
Q

70543.1| putative O
-succinylbenzoate synthase [S

ynechococcus sp. R
S

9917]
x

86605931
>gi|86605931|ref|Y

P
_474694.1| O

-succinylbenzoate synthetase [C
yanobacteria bacterium

 
Yellow

stone A
-P

rim
e]

x

86608214
>gi|86608214|ref|Y

P
_476976.1| O

-succinylbenzoate synthetase [C
yanobacteria bacterium

 
Yellow

stone B
-P

rim
e]

x

71481154
>gi|71481154|ref|ZP

_00660862.1| O
-succinylbenzoate-C

oA synthase [P
rosthecochloris vibrioform

is 
D

S
M

 265]
x

75177946
>gi|75177946|ref|ZP

_00698008.1| C
O

G
1441: O

-succinylbenzoate synthase [S
higella boydii B

S
512]

x

75196304
>gi|75196304|ref|ZP

_00706374.1| C
O

G
1441: O

-succinylbenzoate synthase [E
scherichia coli H

S
]

x

75230352
>gi|75230352|ref|ZP

_00716842.1| C
O

G
1441: O

-succinylbenzoate synthase [E
scherichia coli B

7A
]

x

75238050
>gi|75238050|ref|ZP

_00722055.1| C
O

G
1441: O

-succinylbenzoate synthase [E
scherichia coli 

E
110019]

x

75243077
>gi|75243077|ref|ZP

_00726783.1| C
O

G
1441: O

-succinylbenzoate synthase [E
scherichia coli F11]

x

75259725
>gi|75259725|ref|ZP

_00731027.1| C
O

G
1441: O

-succinylbenzoate synthase [E
scherichia coli E

22]
x

75512739
>gi|75512739|ref|ZP

_00735241.1| C
O

G
1441: O

-succinylbenzoate synthase [E
scherichia coli 

53638]
x

75818947
>gi|75818947|ref|ZP

_00749056.1| C
O

G
1441: O

-succinylbenzoate synthase [Vibrio cholerae V
51]

x

75823556
>gi|75823556|ref|ZP

_00753049.1| C
O

G
1441: O

-succinylbenzoate synthase [Vibrio cholerae 
R

C
385]

x

75827285
>gi|75827285|ref|ZP

_00756720.1| C
O

G
1441: O

-succinylbenzoate synthase [Vibrio cholerae O
395]

x
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75830779
>gi|75830779|ref|ZP

_00760051.1| C
O

G
1441: O

-succinylbenzoate synthase [Vibrio cholerae M
O

10]
x

75854299
>gi|75854299|ref|ZP

_00762001.1| C
O

G
1441: O

-succinylbenzoate synthase [Vibrio sp. E
x25]

x

77629610
>gi|77629610|ref|ZP

_00792196.1| C
O

G
1441: O

-succinylbenzoate synthase [Yersinia 
pseudotuberculosis IP 31758]

x

77636599
>gi|77636599|ref|ZP

_00798672.1| C
O

G
1441: O

-succinylbenzoate synthase [Yersinia pestis A
ngola]

x

78169979
>gi|78169979|gb|A

B
B

27076.1| putative O
-succinylbenzoate synthase [S

ynechococcus sp. C
C

9902]
x

78171873
>gi|78171873|gb|A

B
B

28969.1| O
-succinylbenzoate-C

oA synthase [C
hlorobium

 chlorochrom
atii 

C
aD

3]
x

78198404
>gi|78198404|gb|A

B
B

36169.1| putative O
-succinylbenzoate synthase [S

ynechococcus sp. C
C

9605]
x

77957630
>gi|77957630|ref|ZP

_00821681.1| C
O

G
1441: O

-succinylbenzoate synthase [Yersinia bercovieri 
ATC

C
 43970]

x

77961210
>gi|77961210|ref|ZP

_00825054.1| C
O

G
1441: O

-succinylbenzoate synthase [Yersinia m
ollaretii 

ATC
C

 43969]
x

77975452
>gi|77975452|ref|ZP

_00830987.1| C
O

G
1441: O

-succinylbenzoate synthase [Yersinia frederiksenii 
ATC

C
 33641]

x

77976638
>gi|77976638|ref|ZP

_00832116.1| C
O

G
1441: O

-succinylbenzoate synthase [Yersinia interm
edia 

ATC
C

 29909]
x

78712062
>gi|78712062|gb|A

B
B

49239.1| putative O
-succinylbenzoate synthase [P

rochlorococcus m
arinus str. 

M
IT 9312]

x

49259032
>gi|49259032|pdb|1S

JD
|D

 C
hain D

, X
-R

ay S
tructure O

f O
-S

uccinylbenzoate S
ynthase C

om
plexed 

W
ith N

-S
uccinyl P

henylglycine
x

37198046
>gi|37198046|dbj|B

A
C

93883.1| O
-succinylbenzoate synthase [Vibrio vulnificus Y

J016]
x

27362631
>gi|27362631|gb|A

A
O

11485.1| O
-succinylbenzoate synthase [Vibrio vulnificus C

M
C

P
6]

x

51974118
>gi|51974118|gb|A

A
U

15668.1| possible N
-acylam

ino acid racem
ase; possible O

-succinylbenzoate 
synthase [B

acillus cereus E
33L]

x
59712274

>gi|59712274|ref|Y
P

_205050.1| O
-succinylbenzoate synthase [Vibrio fischeri E

S
114]

x

41410148
>gi|41410148|ref|N

P
_962984.1| O

-succinylbenzoate synthase [M
ycobacterium

 avium
 subsp. 

paratuberculosis K
-10]

x
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17135012
>gi|17135012|dbj|B

A
B

77558.1| O
-succinylbenzoic acid synthase [N

ostoc sp. P
C

C
 7120]

x
24376048

>gi|24376048|ref|N
P

_720091.1| O
-succinylbenzoate synthase [S

hew
anella oneidensis M

R
-1]

x

33633677
>gi|33633677|em

b|C
A

E
18634.1| putative O

-succinylbenzoate synthase [P
rochlorococcus m

arinus 
subsp. pastoris str. C

C
M

P
1986]

x

33641103
>gi|33641103|em

b|C
A

E
22232.1| putative O

-succinylbenzoate synthase [P
rochlorococcus m

arinus 
str. M

IT 9313]
x

33639437
>gi|33639437|em

b|C
A

E
08821.1| putative O

-succinylbenzoate synthase [S
ynechococcus sp. W

H
 

8102]
x

75702573
>gi|75702573|gb|A

B
A

22249.1| O
-succinylbenzoic acid synthase [A

nabaena variabilis ATC
C

 29413]
x

68057755
>gi|68057755|gb|A

A
X

88008.1| O
-succinylbenzoate synthase [H

aem
ophilus influenzae 86-028N

P
]

x

82751377
>gi|82751377|ref|Y

P
_417118.1| o-succinylbenzoic acid synthetase [S

taphylococcus aureus R
F122]

x

47568030
>gi|47568030|ref|ZP

_00238736.1| O
-succinylbenzoic acid (O

S
B

) synthetase [B
acillus cereus 

G
9241]

x

83814286
>gi|83814286|ref|Y

P
_445478.1| o-succinylbenzoic acid (O

S
B

) synthetase [S
alinibacter ruber D

S
M

 
13855]

x

72494795
>gi|72494795|dbj|B

A
E

18116.1| O
-succinylbenzoic acid synthetase [S

taphylococcus saprophyticus 
subsp. saprophyticus ATC

C
 15305]

x

68446858
>gi|68446858|dbj|B

A
E

04442.1| O
-succinylbenzoic acid (O

S
B

) synthetase [S
taphylococcus 

haem
olyticus JC

S
C

1435]
x

57284767
>gi|57284767|gb|A

AW
36861.1| o-succinylbenzoic acid (O

S
B

) synthetase, putative [S
taphylococcus 

aureus subsp. aureus C
O

L]
x

27315928
>gi|27315928|gb|A

A
O

05062.1| o-succinylbenzoic acid (O
S

B
) synthetase [S

taphylococcus 
epiderm

idis ATC
C

 12228]
x

57867276
>gi|57867276|ref|Y

P
_188928.1| O

-succinylbenzoic acid synthetase, putative [S
taphylococcus 

epiderm
idis R

P
62A

]
x

14247568
>gi|14247568|dbj|B

A
B

57958.1| o-succinylbenzoic acid synthetase [S
taphylococcus aureus subsp. 

aureus M
u50]

x
146811

>gi|146811|gb|A
A

A
71917.1| 4-(2'-carboxyphenyl)-4-oxybutyric acid synthase

x
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6466408
>gi|6466408|gb|A

A
F12990.1| unknow

n; 4-(2'-carboxyphenyl)-4-oxybutyric acid synthase 
[C

yanidium
 caldarium

]
x

30409241
>gi|30409241|dbj|B

A
C

76190.1| 4-(2'-carboxyphenyl)-4-oxybutyric acid synthase [C
yanidioschyzon 

m
erolae]

G
S

A
x

18158849
>gi|18158849|pdb|1JP

D
|X

 C
hain X

, L-A
la-D

L-G
lu E

pim
erase

x

49176883
>gi|49176883|ref|Y

P
_025386.1| chlorom

uconate cycloisom
erase [R

alstonia eutropha JM
P

134]
x

39777463
>gi|39777463|gb|A

A
R

31038.1| chlorom
uconate cycloisom

erase [R
alstonia eutropha JM

P
134]

x
150768

>gi|150768|gb|A
A

A
98263.1| chlorom

uconate cycloisom
erase [R

alstonia eutropha]
x

135651
>gi|135651|sp|P

05404|TFD
D

1_R
A

LE
J C

hlorom
uconate cycloisom

erase (M
uconate cycloisom

erase 
II)

x
1127206

>gi|1127206|pdb|2C
H

R
|   C

hlorom
uconate C

ycloisom
erase (C

m
ci) (E

.C
.5.5.1.7)

x
442737

>gi|442737|pdb|1C
H

R
|B

 C
hain B

, C
hlorom

uconate C
ycloisom

erase (E
.C

.5.5.1.7)
x

442736
>gi|442736|pdb|1C

H
R

|A C
hain A

, C
hlorom

uconate C
ycloisom

erase (E
.C

.5.5.1.7)
x

116506
>gi|116506|sp|P

11452|C
LC

B
_P

S
E

P
U

 C
hlorom

uconate cycloisom
erase (M

uconate cycloisom
erase 

II)
x

15026865
>gi|15026865|gb|A

A
K

81674.1| chlorom
uconate cycloisom

erase [B
urkholderia cepacia]

x
6521701

>gi|6521701|dbj|B
A

A
88065.1| chlorom

uconate cycloisom
erase [Variovorax paradoxus]

x
14209510

>gi|14209510|dbj|B
A

B
56010.1| chlorom

uconate cycloisom
erase [B

urkholderia sp. N
K

8]
x

26185980
>gi|26185980|em

b|C
A

D
56207.1| chlorom

uconate cycloisom
erase [A

chrom
obacter xylosoxidans]

x
19386505

>gi|19386505|gb|A
A

K
57008.2| chlorom

uconate cycloisom
erase [D

elftia acidovorans]
x

44888544
>gi|44888544|sp|Q

9R
N

Z9|TFD
D

_C
O

M
A

C
 C

hlorom
uconate cycloisom

erase
x

58616645
>gi|58616645|ref|Y

P
_195854.1| chlorom

uconate cycloisom
erase [A

chrom
obacter xylosoxidans]

x

54035685
>gi|54035685|sp|P

83763|C
B

N
B

_R
A

LE
U

 C
hlorom

uconate cycloisom
erase cbnB

 (M
uconate 

cycloisom
erase II cbnB

)
x

4210466
>gi|4210466|dbj|B

A
A

74531.1| chlorom
uconate cycloisom

erase [R
alstonia eutropha]

x

135517
>gi|135517|sp|P

27099|TC
B

D
_P

S
E

S
Q

 C
hlorom

uconate cycloisom
erase (M

uconate cycloisom
erase 

II)
x

151578
>gi|151578|gb|A

A
D

13626.1| cycloisom
erase II [P

seudom
onas sp.]

x
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-1. G

enB
ank N

R
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hapter 2)

A
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A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

40889146
>gi|40889146|pdb|1N

U
5|A C

hain A
, C

rystal S
tructure O

f P
seudom

onas S
p. P

51 C
hlorom

uconate 
Lactonizing E

nzym
e

x
2935031

>gi|2935031|gb|A
A

C
38249.1| chlorom

uconate cycloisom
erase [R

hodococcus opacus]
x

6002915
>gi|6002915|gb|A

A
F00196.1| chlorom

uconate cycloisom
erase [P

seudom
onas aeruginosa]

x
3643989

>gi|3643989|gb|A
A

C
69475.1| chlorom

uconate cycloisom
erase [P

seudom
onas aeruginosa]

x
40019136

>gi|40019136|em
b|C

A
E

92860.1| chlorom
uconate cycloisom

erase [P
seudom

onas putida]
x

6002924
>gi|6002924|gb|A

A
F00202.1| chlorom

uconate cycloisom
erase [P

seudom
onas aeruginosa]

x
23094408

>gi|23094408|em
b|C

A
D

28144.1| chlorom
uconate cycloisom

erase [R
hodococcus opacus]

x
141917

>gi|141917|gb|A
A

A
98282.1| m

uconate cycloisom
erase II

x
151123

>gi|151123|gb|A
A

A
25765.1| cis,cis-m

uconate lactonizing enzym
e I (E

.C
. 5.5.1.1)

x
151125

>gi|151125|gb|A
A

A
25766.1| cis,cis-m

uconate lactonizing enzym
e I (E

C
 5.5.1.1)

x
13399453

>gi|13399453|pdb|1F9C
|B

 C
hain B

, C
rystal S

tructure O
f M

le D
178n Variant

x
13399452

>gi|13399452|pdb|1F9C
|A C

hain A
, C

rystal S
tructure O

f M
le D

178n Variant
x

3419684
>gi|3419684|gb|A

A
C

31766.1| cic,cis-m
uconate lactonizing enzym

e I [A
cinetobacter lw

offii K
24]

x

115713
>gi|115713|sp|P

08310|C
ATB

_P
S

E
P

U
 M

uconate cycloisom
erase I (C

is,cis-m
uconate lactonizing 

enzym
e I) (M

LE
)

x
225599

>gi|225599|prf||1307186A m
uconate lactonizing enzym

e I
x

2589174
>gi|2589174|gb|A

A
C

46226.1| cic,cis-m
uconate lactonizing enzym

e I [A
cinetobacter lw

offii K
24]

x

6014740
>gi|6014740|sp|O

33946|C
ATB

1_A
C

ILW
 M

uconate cycloisom
erase I 1 (C

is,cis-m
uconate 

lactonizing enzym
e I 1) (M

LE
 1)

x

49530597
>gi|49530597|em

b|C
A

G
68309.1| m

uconate cycloisom
erase I (C

is,cis-m
uconate lactonizing enzym

e 
I) (M

LE
) [A

cinetobacter sp. A
D

P
1]

x

50084621
>gi|50084621|ref|Y

P
_046131.1| m

uconate cycloisom
erase I (C

is,cis-m
uconate lactonizing enzym

e 
I) (M

LE
) [A

cinetobacter sp. A
D

P
1]

x

51704317
>gi|51704317|sp|Q

43931|C
ATB

_A
C

IA
D

 M
uconate cycloisom

erase I (C
is,cis-m

uconate lactonizing 
enzym

e I) (M
LE

)
x

1771524
>gi|1771524|em

b|C
A

A
67934.1| m

uconate cycloisom
erase [R

hodococcus opacus]
x

5915882
>gi|5915882|sp|P

95608|C
ATB

_R
H

O
O

P M
uconate cycloisom

erase I (C
is,cis-m

uconate lactonizing 
enzym

e I) (M
LE

)
x

3891690
>gi|3891690|pdb|1B

K
H

|A C
hain A

, M
uconate Lactonizing E

nzym
e From

 P
seudom

onas P
utida

x
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enB
ank N
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A
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A
nnotation

M
isan. 

C
ode
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C

orrect

3891691
>gi|3891691|pdb|1B

K
H

|B
 C

hain B
, M

uconate Lactonizing E
nzym

e From
 P

seudom
onas P

utida
x

3891692
>gi|3891692|pdb|1B

K
H

|C
 C

hain C
, M

uconate Lactonizing E
nzym

e From
 P

seudom
onas P

utida
x

6730024
>gi|6730024|pdb|2M

U
C

|B
 C

hain B
, M

uconate C
ycloisom

erase Variant F329i
x

6730023
>gi|6730023|pdb|2M

U
C

|A C
hain A

, M
uconate C

ycloisom
erase Variant F329i

x
6730036

>gi|6730036|pdb|3M
U

C
|B

 C
hain B

, M
uconate C

ycloisom
erase Variant I54v

x
6730035

>gi|6730035|pdb|3M
U

C
|A C

hain A
, M

uconate C
ycloisom

erase Variant I54v
x

82735481
>gi|82735481|ref|ZP

_00898343.1| m
uconate cycloisom

erase [P
seudom

onas putida F1]
x

82717114
>gi|82717114|gb|E

A
P

52166.1| m
uconate cycloisom

erase [P
seudom

onas putida F1]
x

83749259
>gi|83749259|ref|ZP

_00946259.1| M
uconate cycloisom

erase [R
alstonia solanacearum

 U
W

551]
x

83724099
>gi|83724099|gb|E

A
P

71277.1| M
uconate cycloisom

erase [R
alstonia solanacearum

 U
W

551]
x

83716982
>gi|83716982|ref|Y

P
_438685.1| m

uconate cycloisom
erase [B

urkholderia thailandensis E
264]

x
83650807

>gi|83650807|gb|A
B

C
34871.1| m

uconate cycloisom
erase [B

urkholderia thailandensis E
264]

x

69936817
>gi|69936817|ref|ZP

_00631572.1| M
uconate cycloisom

erase [P
aracoccus denitrificans P

D
1222]

x
69151840

>gi|69151840|gb|E
A

N
65022.1| M

uconate cycloisom
erase [P

aracoccus denitrificans P
D

1222]
x

2996615
>gi|2996615|gb|A

A
C

46430.1| m
uconate cycloisom

erase [A
cinetobacter sp. A

D
P

1]
x

740997
>gi|740997|prf||2006268E

 m
uconate cycloisom

erase
x

1633162
>gi|1633162|pdb|1M

U
C

|B
 C

hain B
, S

tructure O
f M

uconate Lactonizing E
nzym

e A
t 1.85 A

ngstrom
s 

R
esolution

x

1633161
>gi|1633161|pdb|1M

U
C

|A C
hain A

, S
tructure O

f M
uconate Lactonizing E

nzym
e A

t 1.85 A
ngstrom

s 
R

esolution
x

68345520
>gi|68345520|gb|A

AY
93126.1| m

uconate cycloisom
erase [P

seudom
onas fluorescens P

f-5]
x

70731221
>gi|70731221|ref|Y

P
_260962.1| m

uconate cycloisom
erase [P

seudom
onas fluorescens P

f-5]
x

77362681
>gi|77362681|dbj|B

A
E

46388.1| cis,cis-m
uconate cycloisom

erase [R
hodococcus sp. A

N
-22]

E
S

A
x

67665468
>gi|67665468|ref|ZP

_00462731.1| M
uconate cycloisom

erase [B
urkholderia cenocepacia H

I2424]
x

67656859
>gi|67656859|ref|ZP

_00454240.1| M
uconate cycloisom

erase [B
urkholderia cenocepacia A

U
 1054]

x
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         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
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A
nnotation

M
isan. 

C
ode
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C

orrect

67101001
>gi|67101001|gb|E

A
M

18148.1| M
uconate cycloisom

erase [B
urkholderia cenocepacia H

I2424]
x

67095576
>gi|67095576|gb|E

A
M

13104.1| M
uconate cycloisom

erase [B
urkholderia cenocepacia A

U
 1054]

x
34392416

>gi|34392416|dbj|B
A

C
82532.1| m

uconate cycloisom
erase [Frateuria sp. A

N
A

-18]
x

4579699
>gi|4579699|dbj|B

A
A

75205.1| m
uconate cycloisom

erase [Frateuria sp. A
N

A
-18]

x
4579705

>gi|4579705|dbj|B
A

A
75210.1| m

uconate cycloisom
erase [Frateuria sp. A

N
A

-18]
x

12539415
>gi|12539415|dbj|B

A
B

21460.1| m
uconate cycloisom

erase [B
urkholderia sp. N

K
8]

x
607908

>gi|607908|gb|A
A

A
66202.1| m

uconate lactonizing enzym
e

x

23494145
>gi|23494145|dbj|B

A
C

19113.1| putative m
uconate cycloisom

erase [C
orynebacterium

 efficiens Y
S

-
314]

x

25028859
>gi|25028859|ref|N

P
_738913.1| putative m

uconate cycloisom
erase [C

orynebacterium
 efficiens Y

S
-

314]
x

76583804
>gi|76583804|gb|A

B
A

53278.1| m
uconate cycloisom

erase [B
urkholderia pseudom

allei 1710b]
x

76819331
>gi|76819331|ref|Y

P
_336144.1| m

uconate cycloisom
erase [B

urkholderia pseudom
allei 1710b]

x
52422485

>gi|52422485|gb|A
A

U
46055.1| m

uconate cycloisom
erase [B

urkholderia m
allei ATC

C
 23344]

x
53716515

>gi|53716515|ref|Y
P

_105027.1| m
uconate cycloisom

erase [B
urkholderia m

allei ATC
C

 23344]
x

9948563
>gi|9948563|gb|A

A
G

05897.1| m
uconate cycloisom

erase I [P
seudom

onas aeruginosa PA
O

1]
x

15597705
>gi|15597705|ref|N

P
_251199.1| m

uconate cycloisom
erase I [P

seudom
onas aeruginosa PA

O
1]

x
23491535

>gi|23491535|dbj|B
A

C
16768.1| cis,cis-m

uconate lactonizing enzym
e [B

urkholderia sp. TH
2]

x
23491545

>gi|23491545|dbj|B
A

C
16777.1| cis,cis-m

uconate lactonizing enzym
e [B

urkholderia sp. TH
2]

x
26990423

>gi|26990423|ref|N
P

_745848.1| m
uconate cycloisom

erase [P
seudom

onas putida K
T2440]

x
24985391

>gi|24985391|gb|A
A

N
69312.1| m

uconate cycloisom
erase [P

seudom
onas putida K

T2440]
x

77971060
>gi|77971060|gb|A

B
B

12439.1| M
uconate cycloisom

erase [B
urkholderia sp. 383]

x
78063175

>gi|78063175|ref|Y
P

_373083.1| M
uconate cycloisom

erase [B
urkholderia sp. 383]

x

52213326
>gi|52213326|em

b|C
A

H
39369.1| m

uconate cycloisom
erase I [B

urkholderia pseudom
allei K

96243]
x

53722912
>gi|53722912|ref|Y

P
_111897.1| m

uconate cycloisom
erase I [B

urkholderia pseudom
allei K

96243]
x

42627730
>gi|42627730|dbj|B

A
D

11152.1| cis,cis-m
uconate cycloisom

erase [A
rthrobacter sp. B

A
-5-17]

E
S

A
x
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-1. G

enB
ank N

R
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A
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A
nnotation

M
isan. 

C
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C

orrect

12862418
>gi|12862418|dbj|B

A
B

32456.1| cis,cis-m
uconate cycloisom

erase C
atB

 [P
seudom

onas sp. C
A

10]
x

14132758
>gi|14132758|gb|A

A
K

52296.1| putative m
uconate cycloisom

erase I C
atB

 [P
seudom

onas putida]
x

11967279
>gi|11967279|gb|A

A
G

42035.1| putative m
uconate cycloisom

erase [R
alstonia eutropha]

x
13660733

>gi|13660733|gb|A
A

K
33064.1| cis,cis-m

uconate lactonizing enzym
e [P

seudom
onas putida]

x
56710236

>gi|56710236|dbj|B
A

D
80960.1| m

uconate lactonizing enzym
e I [uncultured bacterium

]
x

38638055
>gi|38638055|ref|N

P
_943029.1| putative m

uconate cycloisom
erase [C

upriavidus necator]
x

32527393
>gi|32527393|gb|A

A
P

86143.1| putative m
uconate cycloisom

erase [R
alstonia eutropha]

x
38638066

>gi|38638066|ref|N
P

_943040.1| putative m
uconate cycloisom

erase [C
upriavidus necator]

x
32527404

>gi|32527404|gb|A
A

P
86154.1| putative m

uconate cycloisom
erase [R

alstonia eutropha]
x

60594324
>gi|60594324|pdb|1Y

E
Y

|D
 C

hain D
, C

rystal S
tructure O

f L-Fuconate D
ehydratase From

 
X

anthom
onas C

am
pestris P

v. C
am

pestris S
tr. A

tcc 33913
x

1169205

>gi|1169205|sp|P
42125|D

3D
2_M

O
U

S
E

 3,2-trans-enoyl-C
oA isom

erase, m
itochondrial precursor 

(D
odecenoyl-C

oA isom
erase) (D

elta(3),delta(2)-enoyl-C
oA isom

erase) (D
3,D

2-enoyl-C
oA 

isom
erase)

x
817974

>gi|817974|em
b|C

A
A

78418.1| dodecenoyl-C
oA delta isom

erase [M
us m

usculus]
x

414902
>gi|414902|em

b|C
A

A
78417.1| dodecenoyl-C

oA delta-isom
erase [M

us m
usculus]

x

62530384
>gi|62530384|ref|N

P
_001910.2| dodecenoyl-C

oenzym
e A delta isom

erase precursor [H
om

o 
sapiens]

x

1169204

>gi|1169204|sp|P
42126|D

3D
2_H

U
M

A
N

 3,2-trans-enoyl-C
oA isom

erase, m
itochondrial precursor 

(D
odecenoyl-C

oA isom
erase) (D

elta(3),delta(2)-enoyl-C
oA isom

erase) (D
3,D

2-enoyl-C
oA 

isom
erase)

x
825689

>gi|825689|em
b|C

A
A

81066.1| dodecenoyl-C
oA delta-isom

erase [H
om

o sapiens]
x

8393243
>gi|8393243|ref|N

P
_059002.1| dodecenoyl-coenzym

e A delta isom
erase [R

attus norvegicus]
x

57333
>gi|57333|em

b|C
A

A
43488.1| 3-2trans-enoyl-C

oA isom
erase [R

attus norvegicus]
x

118210

>gi|118210|sp|P
23965|D

3D
2_R

AT 3,2-trans-enoyl-C
oA isom

erase, m
itochondrial precursor 

(D
odecenoyl-C

oA isom
erase) (D

elta(3),delta(2)-enoyl-C
oA isom

erase) (D
3,D

2-enoyl-C
oA 

isom
erase)

x
56967286

>gi|56967286|pdb|1X
X

4|A C
hain A

, C
rystal S

tructure O
f R

at M
itochondrial 3,2-E

noyl-C
oa

x
472987

>gi|472987|em
b|C

A
A

81065.1| dodecenoyl-C
oA delta-isom

erase [H
om

o sapiens]
x
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         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
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A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

6015047
>gi|6015047|sp|Q

62651|E
C

H
1_R

AT D
elta3,5-delta2,4-dienoyl-C

oA isom
erase, m

itochondrial 
precursor

x

75055278
>gi|75055278|sp|Q

5R
FG

0|E
C

H
1_P

O
N

P
Y D

elta3,5-delta2,4-dienoyl-C
oA isom

erase, m
itochondrial 

precursor
x

82654933
>gi|82654933|sp|Q

13011|E
C

H
1_H

U
M

A
N

 D
elta3,5-delta2,4-dienoyl-C

oA isom
erase, m

itochondrial 
precursor

x

3122065
>gi|3122065|sp|O

35459|E
C

H
1_M

O
U

S
E

 D
elta3,5-delta2,4-dienoyl-C

oA isom
erase, m

itochondrial 
precursor

x
4699609

>gi|4699609|pdb|1D
C

I|C
 C

hain C
, D

ienoyl-C
oa Isom

erase
x

4699608
>gi|4699608|pdb|1D

C
I|B

 C
hain B

, D
ienoyl-C

oa Isom
erase

x
4699607

>gi|4699607|pdb|1D
C

I|A C
hain A

, D
ienoyl-C

oa Isom
erase

x

18307432
>gi|18307432|em

b|C
A

D
21495.1| probable D

E
LTA

3, 5-D
E

LTA
2, 4-D

IE
N

O
Y

L-C
O

A IS
O

M
E

R
A

S
E

 
P

R
E

C
U

R
S

O
R

 (E
C

H
1) [N

eurospora crassa]
x

2623168
>gi|2623168|gb|A

A
B

86485.1| putative dienoyl-C
oA isom

erase [H
om

o sapiens]
x

85675730
>gi|85675730|dbj|B

A
E

76983.1| m
ethylm

alonyl-C
oA decarboxylase, biotin-independent [E

scherichia 
coli W

3110]
x

1723839
>gi|1723839|sp|P

52045|M
M

C
D

_E
C

O
LI M

ethylm
alonyl-C

oA decarboxylase (Transcarboxylase) 
(M

M
C

D
)

x

8569417
>gi|8569417|pdb|1E

F9|A C
hain A

, The C
rystal S

tructure O
f M

ethylm
alonyl C

oa D
ecarboxylase 

C
om

plexed W
ith 2s-C

arboxypropyl C
oa

x
8569416

>gi|8569416|pdb|1E
F8|C

 C
hain C

, C
rystal S

tructure O
f M

ethylm
alonyl C

oa D
ecarboxylase

x
8569415

>gi|8569415|pdb|1E
F8|B

 C
hain B

, C
rystal S

tructure O
f M

ethylm
alonyl C

oa D
ecarboxylase

x
8569414

>gi|8569414|pdb|1E
F8|A C

hain A
, C

rystal S
tructure O

f M
ethylm

alonyl C
oa D

ecarboxylase
x

49176283
>gi|49176283|ref|N

P
_417394.3| m

ethylm
alonyl-C

oA decarboxylase, biotin-independent 
[E

scherichia coli K
12]

x

83747299
>gi|83747299|ref|ZP

_00944340.1| 3-hydroxyisobutyryl-C
oA hydrolase [R

alstonia solanacearum
 

U
W

551]
x

83725999
>gi|83725999|gb|E

A
P

73136.1| 3-hydroxyisobutyryl-C
oA hydrolase [R

alstonia solanacearum
 

U
W

551]
x

83749668
>gi|83749668|ref|ZP

_00946649.1| 3-hydroxyisobutyryl-C
oA hydrolase [R

alstonia solanacearum
 

U
W

551]
x
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83723670
>gi|83723670|gb|E

A
P

70867.1| 3-hydroxyisobutyryl-C
oA hydrolase [R

alstonia solanacearum
 

U
W

551]
x

79332547
>gi|79332547|ref|N

P
_001032155.1| C

H
Y

1 (B
E

TA
-H

Y
D

R
O

X
Y

IS
O

B
U

TY
R

Y
L-C

O
A H

Y
D

R
O

LA
S

E
 1); 

3-hydroxyisobutyryl-C
oA hydrolase [A

rabidopsis thaliana]
x

15239206
>gi|15239206|ref|N

P
_201395.1| C

H
Y

1 (B
E

TA
-H

Y
D

R
O

X
Y

IS
O

B
U

TY
R

Y
L-C

O
A H

Y
D

R
O

LA
S

E
 1); 3-

hydroxyisobutyryl-C
oA hydrolase [A

rabidopsis thaliana]
x

24030391
>gi|24030391|gb|A

A
N

41356.1| putative 3-hydroxyisobutyryl-coenzym
e A hydrolase [A

rabidopsis 
thaliana]

x

9759578
>gi|9759578|dbj|B

A
B

11141.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [A

rabidopsis thaliana]
x

42565158
>gi|42565158|ref|N

P
_189079.2| 3-hydroxyisobutyryl-C

oA hydrolase/ catalytic [A
rabidopsis thaliana]

x

30679729
>gi|30679729|ref|N

P
_172142.2| 3-hydroxyisobutyryl-C

oA hydrolase/ catalytic [A
rabidopsis thaliana]

x

62320504
>gi|62320504|dbj|B

A
D

95058.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [A

rabidopsis thaliana]
x

66851010
>gi|66851010|gb|E

A
L91336.1| m

itochondrial 3-hydroxyisobutyryl-C
oA hydrolase, putative 

[A
spergillus fum

igatus A
f293]

x

70997244
>gi|70997244|ref|X

P
_753374.1| m

itochondrial 3-hydroxyisobutyryl-C
oA hydrolase [A

spergillus 
fum

igatus A
f293]

x

22329062
>gi|22329062|ref|N

P
_194909.2| 3-hydroxyisobutyryl-C

oA hydrolase/ catalytic [A
rabidopsis thaliana]

x

77554202
>gi|77554202|gb|A

B
A

96998.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase, putative [O

ryza sativa 
(japonica cultivar-group)]

x

77554203
>gi|77554203|gb|A

B
A

96999.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase, putative [O

ryza sativa 
(japonica cultivar-group)]

x

84717486
>gi|84717486|ref|ZP

_01023545.1| probable enoyl(3-hydroxyisobutyryl)-coenzym
e A      hydratase 

protein [P
olarom

onas naphthalenivorans C
J2]

x

84692147
>gi|84692147|gb|E

A
Q

17970.1| probable enoyl(3-hydroxyisobutyryl)-coenzym
e A      hydratase 

protein [P
olarom

onas naphthalenivorans C
J2]

x

37594469
>gi|37594469|ref|N

P
_932164.1| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase isoform

 2 [H
om

o 
sapiens]

x
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29895975
>gi|29895975|gb|A

A
P

09256.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [B

acillus cereus ATC
C

 
14579]

x

14027690
>gi|14027690|dbj|B

A
B

54283.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase [M
esorhizobium

 loti 
M

A
FF303099]

x

49238423
>gi|49238423|em

b|C
A

F27650.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [B

artonella henselae 
str. H

ouston-1]
x

51976589
>gi|51976589|gb|A

A
U

18139.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [B

acillus cereus E
33L]

x

52628217
>gi|52628217|gb|A

A
U

26958.1| 3-hydroxyisobutyryl C
oenzym

e A hydrolase [Legionella pneum
ophila 

subsp. pneum
ophila str. P

hiladelphia 1]
x

52841106
>gi|52841106|ref|Y

P
_094905.1| 3-hydroxyisobutyryl C

oenzym
e A hydrolase [Legionella 

pneum
ophila subsp. pneum

ophila str. P
hiladelphia 1]

x
3320120

>gi|3320120|gb|A
A

C
52114.1| 3-hydroxyisobutyryl-coenzym

e A hydrolase [H
om

o sapiens]
x

53733532
>gi|53733532|gb|A

A
H

83737.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase (predicted) [R
attus 

norvegicus]
x

61556993
>gi|61556993|ref|N

P
_001013130.1| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase (predicted) [R

attus 
norvegicus]

x

17428312
>gi|17428312|em

b|C
A

D
15000.1| P

R
O

B
A

B
LE

 E
N

O
Y

L(3-H
Y

D
R

O
X

Y
IS

O
B

U
TY

R
Y

L)-C
O

E
N

ZY
M

E
 A 

H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 [R
alstonia solanacearum

]
x

49329189
>gi|49329189|gb|A

AT59835.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [B

acillus thuringiensis 
serovar konkukian str. 97-27]

x

50725651
>gi|50725651|dbj|B

A
D

33117.1| putative 3-hydroxyisobutyryl-coenzym
e A hydrolase [O

ryza sativa 
(japonica cultivar-group)]

x

50725401
>gi|50725401|dbj|B

A
D

32875.1| putative 3-hydroxyisobutyryl-coenzym
e A hydrolase [O

ryza sativa 
(japonica cultivar-group)]

x

62897519
>gi|62897519|dbj|B

A
D

96699.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase isoform
 1 variant 

[H
om

o sapiens]
x

62897607
>gi|62897607|dbj|B

A
D

96743.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase isoform
 1 variant 

[H
om

o sapiens]
x

2880043
>gi|2880043|gb|A

A
C

02737.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [A

rabidopsis thaliana]
x
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2880042
>gi|2880042|gb|A

A
C

02736.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase [A

rabidopsis thaliana]
x

22122625
>gi|22122625|ref|N

P
_666220.1| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase [M

us m
usculus]

x
20071741

>gi|20071741|gb|A
A

H
26437.1| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase [M

us m
usculus]

x

45767881
>gi|45767881|gb|A

A
H

67822.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase, isoform
 1 [H

om
o 

sapiens]
x

61403546
>gi|61403546|gb|A

A
H

91995.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase [D
anio rerio]

x
62122813

>gi|62122813|ref|N
P

_001014338.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase [D
anio rerio]

x
71895123

>gi|71895123|ref|N
P

_001026414.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase [G
allus gallus]

x

37594471
>gi|37594471|ref|N

P
_055177.2| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase isoform

 1 [H
om

o 
sapiens]

x

419529
>gi|419529|pir||A

42560 4-chlorobenzoate dehalogenase (E
C

 3.8.1.6), 30K
 chain - P

seudom
onas 

sp. (strain C
B

S
-3)

x
4584855

>gi|4584855|gb|A
A

D
25164.1| 4-chlorobenzoyl C

oA dehalogenase [A
rthrobacter sp. S

U
]

x
8517279

>gi|8517279|gb|A
A

F76241.1| 4-chlorobenzoyl C
oA dehalogenase [A

rthrobacter sp. TM
1]

x

11991170
>gi|11991170|gb|A

A
G

42236.1| 4-chlorobenzoate C
o-A dehalogenase [A

rthrobacter globiform
is]

x
142207

>gi|142207|gb|A
A

C
80223.1| 4-chlorobenzoyl C

oA dehalogenase [A
rthrobacter sp. S

U
]

x
477389

>gi|477389|pir||A
48956 4-chlorobenzoate-C

oA dehalogenase - A
rthrobacter sp

x

2392483
>gi|2392483|pdb|1N

ZY
|B

 C
hain B

, 4-C
hlorobenzoyl C

oenzym
e A D

ehalogenase From
 

P
seudom

onas S
p. S

train C
bs-3

x

2392484
>gi|2392484|pdb|1N

ZY
|C

 C
hain C

, 4-C
hlorobenzoyl C

oenzym
e A D

ehalogenase From
 

P
seudom

onas S
p. S

train C
bs-3

x

2392482
>gi|2392482|pdb|1N

ZY
|A C

hain A
, 4-C

hlorobenzoyl C
oenzym

e A D
ehalogenase From

 
P

seudom
onas S

p. S
train C

bs-3
x

2952540
>gi|2952540|gb|A

A
C

05576.1| 4-chlorobenzoyl C
oA dehalogenase [P

seudom
onas sp. D

J-12]
x

8712875
>gi|8712875|gb|A

A
F78820.1| 4-chlorobenzoyl C

oA dehalogenase [A
rthrobacter sp. TM

1]
x

22901870
>gi|22901870|gb|A

A
N

10108.1| 4-chlorobenzoyl C
oA dehalogenase [A

lcaligenes sp. A
L3007]

x
13516855

>gi|13516855|dbj|B
A

B
40580.1| 4-C

B
A

-C
oA dehalogenase [A

rthrobacter sp. FH
P

1]
x

13516852
>gi|13516852|dbj|B

A
B

40577.1| 4-C
B

A
-C

oA dehalogenase [A
rthrobacter sp. FH

P
1]

x

15826387
>gi|15826387|pdb|1JC

4|D
 C

hain D
, C

rystal S
tructure O

f S
e-M

et M
ethylm

alonyl-C
oa E

pim
erase

x
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21314762
>gi|21314762|ref|N

P
_115990.2| m

ethylm
alonyl-C

oA epim
erase [H

om
o sapiens]

x

22022367
>gi|22022367|gb|A

A
L02261.1| m

ethylm
alonyl-C

oA epim
erase [P

ropionibacterium
 freudenreichii 

subsp. sherm
anii]

x
14010614

>gi|14010614|gb|A
A

K
52052.1| m

ethylm
alonyl-C

oA epim
erase [H

om
o sapiens]

x
14010616

>gi|14010616|gb|A
A

K
52053.1| m

ethylm
alonyl-C

oA epim
erase [P

yrococcus horikoshii]
x

52695751
>gi|52695751|pdb|1TG

5|A C
hain A

, C
rystal S

tructures O
f P

lant 4-H
ydroxyphenylpyruvate 

D
ioxygenases C

om
plexed W

ith D
as645

x
55669756

>gi|55669756|pdb|1S
P

8|D
 C

hain D
, 4-H

ydroxyphenylpyruvate D
ioxygenase

x

74846152
>gi|74846152|sp|Q

60Y
65|H

P
P

D
_C

A
E

B
R

 4-hydroxyphenylpyruvate dioxygenase (4H
P

P
D

) (H
P

D
) 

(H
P

P
D

ase)
x

82735751
>gi|82735751|ref|ZP

_00898613.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudom

onas putida F1]
x

82740811
>gi|82740811|ref|ZP

_00903545.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella sp. W
3-18-1]

x

83746408
>gi|83746408|ref|ZP

_00943460.1| 4-hydroxyphenylpyruvate dioxygenase [R
alstonia solanacearum

 
U

W
551]

x

83855941
>gi|83855941|ref|ZP

_00949470.1| 4-hydroxyphenylpyruvate dioxygenase [C
roceibacter atlanticus 

H
TC

C
2559]

x

83858849
>gi|83858849|ref|ZP

_00952371.1| 4-hydroxyphenylpyruvate dioxygenase [O
ceanicaulis alexandrii 

H
TC

C
2633]

x

83942846
>gi|83942846|ref|ZP

_00955307.1| 4-hydroxyphenylpyruvate dioxygenase [S
ulfitobacter sp. E

E
-36]

x

83955679
>gi|83955679|ref|ZP

_00964259.1| 4-hydroxyphenylpyruvate dioxygenase [S
ulfitobacter sp. N

A
S

-
14.1]

x

84386189
>gi|84386189|ref|ZP

_00989218.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio splendidus 12B
01]

x

84494414
>gi|84494414|ref|ZP

_00993533.1| putative 4-hydroxyphenylpyruvate dioxygenase [Janibacter sp. 
H

TC
C

2649]
x

84500900
>gi|84500900|ref|ZP

_00999135.1| 4-hydroxyphenylpyruvate dioxygenase [O
ceanicola batsensis 

H
TC

C
2597]

x

84715414
>gi|84715414|ref|ZP

_01022515.1| 4-hydroxyphenylpyruvate dioxygenase [P
olarom

onas 
naphthalenivorans C

J2]
x
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13810184
>gi|13810184|em

b|C
A

C
37394.1| 4-hydroxyphenylpyruvate dioxygenase [S

olenostem
on 

scutellarioides]
x

83716682
>gi|83716682|ref|Y

P
_439418.1| 4-hydroxyphenylpyruvate dioxygenase [B

urkholderia thailandensis 
E

264]
x

83718326
>gi|83718326|ref|Y

P
_440247.1| 4-hydroxyphenylpyruvate dioxygenase, putative [B

urkholderia 
thailandensis E

264]
x

83720009
>gi|83720009|ref|Y

P
_443601.1| 4-hydroxyphenylpyruvate dioxygenase [B

urkholderia thailandensis 
E

264]
x

83643833
>gi|83643833|ref|Y

P
_432268.1| 4-hydroxyphenylpyruvate dioxygenase [H

ahella chejuensis K
C

TC
 

2396]
x

47567476
>gi|47567476|ref|ZP

_00238188.1| 4-hydroxyphenylpyruvate dioxygenase [B
acillus cereus G

9241]
x

47523532
>gi|47523532|ref|N

P
_999389.1| 4-hydroxyphenylpyruvic acid dioxygenase [S

us scrofa]
x

83816571
>gi|83816571|ref|Y

P
_445494.1| 4-hydroxyphenylpyruvate dioxygenase [S

alinibacter ruber D
S

M
 

13855]
x

69934333
>gi|69934333|ref|ZP

_00629411.1| 4-hydroxyphenylpyruvate dioxygenase [P
aracoccus denitrificans 

P
D

1222]
x

69951167
>gi|69951167|ref|ZP

_00638934.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella frigidim
arina 

N
C

IM
B

 400]
x

83744141
>gi|83744141|gb|A

B
C

42332.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudom

onas chlororaphis]
x

29608808
>gi|29608808|dbj|B

A
C

72861.1| 4-hydroxyphenylpyruvate dioxygenase [S
treptom

yces averm
itilis 

M
A

-4680]
x

86360259
>gi|86360259|ref|Y

P
_472148.1| putative 4-hydroxyphenylpyruvate dioxygenase protein [R

hizobium
 

etli C
FN

 42]
x

85710284
>gi|85710284|ref|ZP

_01041349.1| 4-hydroxyphenylpyruvate dioxygenase [E
rythrobacter sp. N

A
P

1]
x

85712096
>gi|85712096|ref|ZP

_01043149.1| 4-hydroxyphenylpyruvate dioxygenase [Idiom
arina baltica 

O
S

145]
x

86130810
>gi|86130810|ref|ZP

_01049409.1| 4-hydroxyphenylpyruvate dioxygenase [C
ellulophaga sp. 

M
E

D
134]

x
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86134911
>gi|86134911|ref|ZP

_01053493.1| 4-hydroxyphenylpyruvate dioxygenase [Tenacibaculum
 sp. 

M
E

D
152]

x

86137851
>gi|86137851|ref|ZP

_01056427.1| 4-hydroxyphenylpyruvate dioxygenase [R
oseobacter sp. 

M
E

D
193]

x

86143740
>gi|86143740|ref|ZP

_01062116.1| 4-hydroxyphenylpyruvate dioxygenase [Flavobacterium
 sp. 

M
E

D
217]

x
86144791

>gi|86144791|ref|ZP
_01063123.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio sp. M

E
D

222]
x

86277802
>gi|86277802|gb|A

B
C

88387.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudom

onas fluorescens]
x

86166180
>gi|86166180|gb|E

A
Q

67446.1| 4-hydroxyphenylpyruvate dioxygenase [M
arinom

onas sp. M
E

D
121]

x

86357375
>gi|86357375|ref|Y

P
_469267.1| probable 4-hydroxyphenylpyruvate dioxygenase protein 

[R
hizobium

 etli C
FN

 42]
x

68345050
>gi|68345050|gb|A

AY
92656.1| 4-hydroxyphenylpyruvate dioxygenase [P

seudom
onas fluorescens 

P
f-5]

x

68346989
>gi|68346989|gb|A

AY
94595.1| 4-hydroxyphenylpyruvate dioxygenase, putative [P

seudom
onas 

fluorescens P
f-5]

x

71364775
>gi|71364775|ref|ZP

_00655353.1| 4-hydroxyphenylpyruvate dioxygenase [P
sychrobacter 

cryohalolentis K
5]

x

71366476
>gi|71366476|ref|ZP

_00657018.1| 4-hydroxyphenylpyruvate dioxygenase [N
ocardioides sp. JS

614]
x

71147316
>gi|71147316|gb|A

A
Z27789.1| 4-hydroxyphenylpyruvate dioxygenase [C

olw
ellia psychrerythraea 

34H
]

x

72122197
>gi|72122197|gb|A

A
Z64383.1| 4-hydroxyphenylpyruvate dioxygenase [R

alstonia eutropha JM
P

134]
x

60552039
>gi|60552039|gb|A

A
H

91035.1| H
pd-prov protein [X

enopus tropicalis]
x

84369443
>gi|84369443|dbj|B

A
E

70601.1| 4-hydroxyphenylpyruvate dioxygenase [X
anthom

onas oryzae pv. 
oryzae M

A
FF 311018]

x

71557567
>gi|71557567|gb|A

A
Z36778.1| 4-hydroxyphenylpyruvate dioxygenase [P

seudom
onas syringae pv. 

phaseolicola 1448A
]

x

71557637
>gi|71557637|gb|A

A
Z36848.1| 4-hydroxyphenylpyruvate dioxygenase, putative [P

seudom
onas 

syringae pv. phaseolicola 1448A
]

x
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5531376
>gi|5531376|em

b|C
A

B
51008.1| putative 4-hydroxyphenylpyruvate dioxygenase [S

treptom
yces 

coelicolor A
3(2)]

x

28881241
>gi|28881241|em

b|C
A

D
70479.1| probable 4-hydroxyphenylpyruvate dioxygenase [N

eurospora 
crassa]

x
62751490

>gi|62751490|ref|N
P

_001015611.1| 4-hydroxyphenylpyruvate dioxygenase [B
os taurus]

x

74016264
>gi|74016264|ref|ZP

_00686890.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia am

bifaria 
A

M
M

D
]

x

74018538
>gi|74018538|ref|ZP

_00689158.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia am

bifaria 
A

M
M

D
]

x

74020299
>gi|74020299|ref|ZP

_00690899.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia am

bifaria 
A

M
M

D
]

x

75760149
>gi|75760149|ref|ZP

_00740208.1| 4-hydroxyphenylpyruvate dioxygenase [B
acillus thuringiensis 

serovar israelensis ATC
C

 35646]
x

76883245
>gi|76883245|gb|A

B
A

57926.1| 4-hydroxyphenylpyruvate dioxygenase [N
itrosococcus oceani ATC

C
 

19707]
x

51980500
>gi|51980500|gb|A

A
H

81819.1| 4-hydroxyphenylpyruvic acid dioxygenase [R
attus norvegicus]

x

76876002
>gi|76876002|em

b|C
A

I87224.1| 4-hydroxyphenylpyruvate dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) 

[P
seudoalterom

onas haloplanktis TA
C

125]
x

78034468
>gi|78034468|em

b|C
A

J22113.1| 4-hydroxyphenylpyruvate dioxygenase [X
anthom

onas cam
pestris 

pv. vesicatoria str. 85-10]
x

52629602
>gi|52629602|gb|A

A
U

28343.1| 4-hydroxyphenylpyruvate dioxygenase [Legionella pneum
ophila 

subsp. pneum
ophila str. P

hiladelphia 1]
x

76791393
>gi|76791393|ref|ZP

_00773900.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudoalterom

onas 
atlantica T6c]

x

76791947
>gi|76791947|ref|ZP

_00774450.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudoalterom

onas 
atlantica T6c]

x
77970360

>gi|77970360|gb|A
B

B
11739.1| 4-hydroxyphenylpyruvate dioxygenase [B

urkholderia sp. 383]
x

2231615
>gi|2231615|gb|A

A
C

49815.1| 4-hydroxyphenylpyruvate dioxygenase [D
aucus carota]

x

22136134
>gi|22136134|gb|A

A
M

91145.1| 4-hydroxyphenylpyruvate dioxygenase (H
P

D
) [A

rabidopsis thaliana]
x

3334221
>gi|3334221|sp|O

42764|H
P

P
D

_M
Y

C
G

R
 4-hydroxyphenylpyruvate dioxygenase (4H

P
P

D
) (H

P
D

) 
(H

P
P

D
ase)

x
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849053
>gi|849053|dbj|B

A
A

06267.1| 4-hydroxyphenylpyruvate dioxygenase [M
us m

usculus]
x

69157650
>gi|69157650|gb|E

A
N

69869.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella denitrificans 
O

S
217]

x

77816006
>gi|77816006|ref|ZP

_00815218.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella putrefaciens 
C

N
-32]

x

55666795
>gi|55666795|ref|X

P
_528667.1| P

R
E

D
IC

TE
D

: 4-hydroxyphenylpyruvate dioxygenase [P
an 

troglodytes]
x

37681833
>gi|37681833|gb|A

A
Q

97794.1| 4-hydroxyphenylpyruvate dioxygenase [D
anio rerio]

x

78368776
>gi|78368776|ref|ZP

_00838982.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella sp. P
V-4]

x

78691757
>gi|78691757|ref|ZP

_00856354.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella sp. M
R

-7]
x

78694655
>gi|78694655|ref|ZP

_00859168.1| 4-hydroxyphenylpyruvate dioxygenase [B
radyrhizobium

 sp. 
B

TA
i1]

x

78696078
>gi|78696078|ref|ZP

_00860588.1| 4-hydroxyphenylpyruvate dioxygenase [B
radyrhizobium

 sp. 
B

TA
i1]

x

66849398
>gi|66849398|gb|E

A
L89726.1| 4-hydroxyphenylpyruvate dioxygenase [A

spergillus fum
igatus A

f293]
x

66847183
>gi|66847183|gb|E

A
L87514.1| 4-hydroxyphenylpyruvate dioxygenase [A

spergillus fum
igatus A

f293]
x

67542525
>gi|67542525|ref|ZP

_00420461.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia 

vietnam
iensis G

4]
x

67549551
>gi|67549551|ref|ZP

_00427409.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia 

vietnam
iensis G

4]
x

67667845
>gi|67667845|ref|ZP

_00465053.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia 

cenocepacia H
I2424]

x

67664502
>gi|67664502|ref|ZP

_00461775.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia 

cenocepacia H
I2424]

x

67667262
>gi|67667262|ref|ZP

_00464490.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia 

cenocepacia H
I2424]

x

67928870
>gi|67928870|ref|ZP

_00522055.1| 4-hydroxyphenylpyruvate dioxygenase [S
olibacter usitatus 

E
llin6076]

x
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68182021
>gi|68182021|ref|ZP

_00555002.1| 4-hydroxyphenylpyruvate dioxygenase [Jannaschia sp. C
C

S
1]

x

68232050
>gi|68232050|ref|ZP

_00571206.1| 4-hydroxyphenylpyruvate dioxygenase [Frankia sp. E
A

N
1pec]

x

68189545
>gi|68189545|gb|E

A
N

04210.1| 4-hydroxyphenylpyruvate dioxygenase [M
esorhizobium

 sp. B
N

C
1]

x

68540317
>gi|68540317|ref|ZP

_00580078.1| 4-hydroxyphenylpyruvate dioxygenase [S
phingopyxis alaskensis 

R
B

2256]
x

68542976
>gi|68542976|ref|ZP

_00582695.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella baltica 
O

S
155]

x

68547720
>gi|68547720|ref|ZP

_00587251.1| 4-hydroxyphenylpyruvate dioxygenase [S
hew

anella 
am

azonensis S
B

2B
]

x

28869544
>gi|28869544|ref|N

P
_792163.1| 4-hydroxyphenylpyruvate dioxygenase, putative [P

seudom
onas 

syringae pv. tom
ato str. D

C
3000]

x

28870714
>gi|28870714|ref|N

P
_793333.1| 4-hydroxyphenylpyruvate dioxygenase [P

seudom
onas syringae pv. 

tom
ato str. D

C
3000]

x

66045370
>gi|66045370|ref|Y

P
_235211.1| 4-hydroxyphenylpyruvate dioxygenase [P

seudom
onas syringae pv. 

syringae B
728a]

x

66046559
>gi|66046559|ref|Y

P
_236400.1| 4-hydroxyphenylpyruvate dioxygenase [P

seudom
onas syringae pv. 

syringae B
728a]

x
4504477

>gi|4504477|ref|N
P

_002141.1| 4-hydroxyphenylpyruvate dioxygenase [H
om

o sapiens]
x

3334224
>gi|3334224|sp|Q

00415|H
P

P
D

_C
O

C
IM

 4-hydroxyphenylpyruvate dioxygenase (4H
P

P
D

) (H
P

D
) 

(H
P

P
D

ase) (T-cell reactive protein)
x

3334226
>gi|3334226|sp|Q

27203|H
P

P
D

_TE
TTH

 4-hydroxyphenylpyruvate dioxygenase (4H
P

P
D

) (H
P

D
) 

(H
P

P
D

ase) (F-antigen hom
olog) (TF-A

G
)

x

50057356
>gi|50057356|em

b|C
A

H
03340.1| 4-hydroxyphenylpyruvate dioxygenase, putative [P

aram
ecium

 
tetraurelia]

x

21111421
>gi|21111421|gb|A

A
M

39754.1| 4-hydroxyphenylpyruvate dioxygenase [X
anthom

onas cam
pestris 

pv. cam
pestris str. ATC

C
 33913]

x

28806337
>gi|28806337|dbj|B

A
C

59612.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio parahaem
olyticus 

R
IM

D
 2210633]

x
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27348587
>gi|27348587|dbj|B

A
C

45604.1| 4-hydroxyphenylpyruvate dioxygenase [B
radyrhizobium

 japonicum
 

U
S

D
A 110]

x

29894029
>gi|29894029|gb|A

A
P

07321.1| 4-hydroxyphenylpyruvate dioxygenase [B
acillus cereus ATC

C
 

14579]
x

54018563
>gi|54018563|dbj|B

A
D

59933.1| putative 4-hydroxyphenylpyruvate dioxygenase [N
ocardia farcinica 

IFM
 10152]

x

39577105
>gi|39577105|em

b|C
A

E
78334.1| 4-hydroxyphenylpyruvate dioxygenase [B

dellovibrio bacteriovorus 
H

D
100]

x

15075967
>gi|15075967|em

b|C
A

C
47521.1| P

U
TATIV

E
 4-H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 
P

R
O

TE
IN

 [S
inorhizobium

 m
eliloti]

x

14027622
>gi|14027622|dbj|B

A
B

53891.1| 4-hydroxyphenylpyruvate dioxygenase [M
esorhizobium

 loti 
M

A
FF303099]

x

56178841
>gi|56178841|gb|A

AV
81563.1| 4-hydroxyphenylpyruvate dioxygenase [Idiom

arina loihiensis L2TR
]

x

53754956
>gi|53754956|em

b|C
A

H
16444.1| 4-hydroxyphenylpyruvate dioxygenase (legiolysin) [Legionella 

pneum
ophila str. Lens]

x

53751960
>gi|53751960|em

b|C
A

H
13384.1| 4-hydroxyphenylpyruvate dioxygenase (legiolysin) [Legionella 

pneum
ophila str. P

aris]
x

15426479
>gi|15426479|gb|A

A
H

13343.1| 4-hydroxyphenylpyruvic acid dioxygenase [M
us m

usculus]
x

58583694
>gi|58583694|ref|Y

P
_202710.1| 4-hydroxyphenylpyruvate dioxygenase [X

anthom
onas oryzae pv. 

oryzae K
A

C
C

10331]
x

248959
>gi|248959|gb|A

A
B

22111.1| 4-hydroxyphenylpyruvate dioxygenase {E
C

 1.13.11.27} [P
seudom

onas, 
P.J. 874, P

eptide, 357 aa]
x

26989274
>gi|26989274|ref|N

P
_744699.1| 4-hydroxyphenylpyruvate dioxygenase, putative [P

seudom
onas 

putida K
T2440]

x

34496424
>gi|34496424|ref|N

P
_900639.1| 4-hydroxyphenylpyruvate dioxygenase [C

hrom
obacterium

 
violaceum

 ATC
C

 12472]
x

9946763
>gi|9946763|gb|A

A
G

04254.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudom

onas aeruginosa 
PA

O
1]

x

26990146
>gi|26990146|ref|N

P
_745571.1| 4-hydroxyphenylpyruvate dioxygenase [P

seudom
onas putida 

K
T2440]

x
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69298020
>gi|69298020|ref|ZP

_00620300.1| 4-hydroxyphenylpyruvate dioxygenase [S
ilicibacter sp. TM

1040]
x

62003087
>gi|62003087|gb|A

A
X

59006.1| 4-hydroxyphenylpyruvate dioxygenase [M
edicago truncatula]

x

68192496
>gi|68192496|gb|E

A
N

07150.1| 4-hydroxyphenylpyruvate dioxygenase [M
esorhizobium

 sp. B
N

C
1]

x

24373526
>gi|24373526|ref|N

P
_717569.1| 4-hydroxyphenylpyruvate dioxygenase [S

hew
anella oneidensis M

R
-

1]
x

21106538
>gi|21106538|gb|A

A
M

35343.1| 4-hydroxyphenylpyruvate dioxygenase [X
anthom

onas axonopodis 
pv. citri str. 306]

x

56678047
>gi|56678047|gb|A

AV
94713.1| 4-hydroxyphenylpyruvate dioxygenase [S

ilicibacter pom
eroyi D

S
S

-3]
x

39652710
>gi|39652710|em

b|C
A

E
25449.1| 4-hydroxyphenylpyruvate dioxygenase [R

hodopseudom
onas 

palustris C
G

A
009]

x

72121665
>gi|72121665|gb|A

A
Z63851.1| 4-hydroxyphenylpyruvate dioxygenase [R

alstonia eutropha JM
P

134]
x

72122190
>gi|72122190|gb|A

A
Z64376.1| 4-hydroxyphenylpyruvate dioxygenase [R

alstonia eutropha JM
P

134]
x

17430127
>gi|17430127|em

b|C
A

D
16812.1| P

R
O

B
A

B
LE

 4-H
Y

D
R

O
X

Y
P

H
E

N
Y

LP
Y

R
U

VATE
 D

IO
X

Y
G

E
N

A
S

E
 

O
X

ID
O

R
E

D
U

C
TA

S
E

 P
R

O
TE

IN
 [R

alstonia solanacearum
]

x

17431820
>gi|17431820|em

b|C
A

D
18498.1| P

R
O

B
A

B
LE

 4-H
Y

D
R

O
X

Y
P

H
E

N
Y

LP
Y

R
U

VATE
 D

IO
X

Y
G

E
N

A
S

E
 

O
X

ID
O

R
E

D
U

C
TA

S
E

 P
R

O
TE

IN
 [R

alstonia solanacearum
]

x
77965642

>gi|77965642|gb|A
B

B
07022.1| 4-hydroxyphenylpyruvate dioxygenase [B

urkholderia sp. 383]
x

77969080
>gi|77969080|gb|A

B
B

10459.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia sp. 383]

x

46916283
>gi|46916283|em

b|C
A

G
23052.1| putative 4-hydroxyphenylpyruvate dioxygenase [P

hotobacterium
 

profundum
 S

S
9]

x

84787193
>gi|84787193|gb|A

B
C

63375.1| 4-hydroxyphenylpyruvate dioxygenase [E
rythrobacter litoralis 

H
TC

C
2594]

x

13424094
>gi|13424094|gb|A

A
K

24504.1| 4-hydroxyphenylpyruvate dioxygenase [C
aulobacter crescentus 

C
B

15]
x

77383145
>gi|77383145|gb|A

B
A

74658.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudom

onas fluorescens 
P

fO
-1]

x
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77385129
>gi|77385129|gb|A

B
A

76642.1| 4-hydroxyphenylpyruvate dioxygenase [P
seudom

onas fluorescens 
P

fO
-1]

x

50905533
>gi|50905533|ref|X

P
_464255.1| putative 4-hydroxyphenylpyruvate dioxygenase [O

ryza sativa 
(japonica cultivar-group)]

x
18104608

>gi|18104608|gb|A
A

L59614.1| 4-hydroxyphenylpyruvate dioxygenase [Listonella anguillarum
]

x

22530912
>gi|22530912|gb|A

A
M

96960.1| 4-hydroxyphenylpyruvate dioxygenase H
P

D
 [A

rabidopsis thaliana]
x

31324014
>gi|31324014|gb|A

A
P

47152.1| 4-hydroxyphenylpyruvate dioxygenase [uncultured soil bacterium
]

x

76261015
>gi|76261015|ref|ZP

_00768638.1| 4-hydroxyphenylpyruvate dioxygenase [C
hloroflexus aurantiacus 

J-10-fl]
x

79040915
>gi|79040915|ref|ZP

_00872288.1| 4-hydroxyphenylpyruvate dioxygenase [N
ovosphingobium

 
arom

aticivorans D
S

M
 12444]

x

79039649
>gi|79039649|ref|ZP

_00871355.1| 4-hydroxyphenylpyruvate dioxygenase [N
ovosphingobium

 
arom

aticivorans D
S

M
 12444]

x

67157862
>gi|67157862|ref|ZP

_00419007.1| 4-hydroxyphenylpyruvate dioxygenase [A
zotobacter vinelandii 

AvO
P

]
x

67156324
>gi|67156324|ref|ZP

_00417917.1| 4-hydroxyphenylpyruvate dioxygenase [A
zotobacter vinelandii 

AvO
P

]
x

67155173
>gi|67155173|ref|ZP

_00416801.1| 4-hydroxyphenylpyruvate dioxygenase [A
zotobacter vinelandii 

AvO
P

]
x

67542103
>gi|67542103|ref|ZP

_00420040.1| 4-hydroxyphenylpyruvate dioxygenase [B
urkholderia 

vietnam
iensis G

4]
x

67780042
>gi|67780042|gb|E

A
M

39659.1| 4-hydroxyphenylpyruvate dioxygenase [P
olarom

onas sp. JS
666]

x

68556085
>gi|68556085|ref|ZP

_00595428.1| 4-hydroxyphenylpyruvate dioxygenase [R
alstonia m

etallidurans 
C

H
34]

x
3694811

>gi|3694811|gb|A
A

C
62457.1| p-hydroxyphenylpyruvate dioxygenase [A

rabidopsis thaliana]
x

37727200
>gi|37727200|gb|A

A
O

12525.1| p-hydroxyphenylpyruvate dioxygenase [P
seudom

onas putida]
x

3860238
>gi|3860238|gb|A

A
C

73008.1| 4-hydroxyphenylpyruvate-dioxygenase [H
om

o sapiens]
x

555806
>gi|555806|gb|A

A
A

50231.1| 4-hydroxyphenylpyruvate acid dioxygenase
x
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46395699
>gi|46395699|sp|Q

56415|FO
S

A
_S

E
R

M
A G

lutathione transferase fosA (Fosfom
ycin resistance 

protein)
x

46014944
>gi|46014944|pdb|1N

P
B

|F C
hain F, C

rystal S
tructure O

f The Fosfom
ycin R

esistance P
rotein From

 
Transposon Tn2921

x

46014943
>gi|46014943|pdb|1N

P
B

|E
 C

hain E
, C

rystal S
tructure O

f The Fosfom
ycin R

esistance P
rotein From

 
Transposon Tn2921

x

46014942
>gi|46014942|pdb|1N

P
B

|D
 C

hain D
, C

rystal S
tructure O

f The Fosfom
ycin R

esistance P
rotein From

 
Transposon Tn2921

x

46014941
>gi|46014941|pdb|1N

P
B

|C
 C

hain C
, C

rystal S
tructure O

f The Fosfom
ycin R

esistance P
rotein From

 
Transposon Tn2921

x

46014940
>gi|46014940|pdb|1N

P
B

|B
 C

hain B
, C

rystal S
tructure O

f The Fosfom
ycin R

esistance P
rotein From

 
Transposon Tn2921

x

46014939
>gi|46014939|pdb|1N

P
B

|A C
hain A

, C
rystal S

tructure O
f The Fosfom

ycin R
esistance P

rotein From
 

Transposon Tn2921
x

320413
>gi|320413|pir||A

60635 glutathione transferase (E
C

 2.5.1.18), fosfom
ycin-m

odifying - E
scherichia 

coli plasm
id pS

U
961 transposon Tn2921

x

46395995
>gi|46395995|sp|Q

9I4K
6|FO

S
A

_P
S

E
A

E
 G

lutathione transferase fosA (Fosfom
ycin resistance 

protein)
x

42543104
>gi|42543104|pdb|1N

N
R

|B
 C

hain B
, C

rystal S
tructure O

f A P
robable Fosfom

ycin R
esistance 

P
rotein (P

a1129) From
 P

seudom
onas A

eruginosa W
ith S

ulfate P
resent In The A

ctive S
ite

x

42543103
>gi|42543103|pdb|1N

N
R

|A C
hain A

, C
rystal S

tructure O
f A P

robable Fosfom
ycin R

esistance P
rotein 

(P
a1129) From

 P
seudom

onas A
eruginosa W

ith S
ulfate P

resent In The A
ctive S

ite
x

42543067
>gi|42543067|pdb|1N

K
I|B

 C
hain B

, C
rystal S

trucure O
f The Fosfom

ycin R
esistance P

rotein A 
(Fosa) C

ontaining B
ound P

hosphonoform
ate

x

42543066
>gi|42543066|pdb|1N

K
I|A C

hain A
, C

rystal S
trucure O

f The Fosfom
ycin R

esistance P
rotein A 

(Fosa) C
ontaining B

ound P
hosphonoform

ate
x

24158887
>gi|24158887|pdb|1LQ

O
|B

 C
hain B

, C
rystal S

trutcure O
f The Fosfom

ycin R
esistance P

rotein A 
(Fosa) C

ontaining B
ound Thallium

 C
ations

x

24158886
>gi|24158886|pdb|1LQ

O
|A C

hain A
, C

rystal S
trutcure O

f The Fosfom
ycin R

esistance P
rotein A 

(Fosa) C
ontaining B

ound Thallium
 C

ations
x

24158889
>gi|24158889|pdb|1LQ

P
|B

 C
hain B

, C
rystal S

tructure O
f The Fosfom

ycin R
esistance P

rotein (Fosa) 
C

ontaining B
ound S

ubstrate
x
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24158888
>gi|24158888|pdb|1LQ

P
|A C

hain A
, C

rystal S
tructure O

f The Fosfom
ycin R

esistance P
rotein (Fosa) 

C
ontaining B

ound S
ubstrate

x

24158885
>gi|24158885|pdb|1LQ

K
|B

 C
hain B

, H
igh R

esolution S
tructure O

f Fosfom
ycin R

esistance P
rotein A 

(Fosa)
x

24158884
>gi|24158884|pdb|1LQ

K
|A C

hain A
, H

igh R
esolution S

tructure O
f Fosfom

ycin R
esistance P

rotein A 
(Fosa)

x

16502774
>gi|16502774|em

b|C
A

D
01932.1| lactoylglutathione lyase [S

alm
onella enterica subsp. enterica 

serovar Typhi]
x

16580747
>gi|16580747|dbj|B

A
B

71741.1| glyoxalase I [O
ryza sativa (japonica cultivar-group)]

x

6573422
>gi|6573422|pdb|1Q

IP
|D

 C
hain D

, H
um

an G
lyoxalase I C

om
plexed W

ith S
-P

- 
N

itrobenzyloxycarbonylglutathione
x

82735426
>gi|82735426|ref|ZP

_00898288.1| G
lyoxalase I [P

seudom
onas putida F1]

x
15030212

>gi|15030212|gb|A
A

H
11365.1| G

lyoxalase I [H
om

o sapiens]
x

84715589
>gi|84715589|ref|ZP

_01022618.1| G
lyoxalase I [P

olarom
onas naphthalenivorans C

J2]
x

82703738
>gi|82703738|ref|Y

P
_413304.1| G

lyoxalase I [N
itrosospira m

ultiform
is ATC

C
 25196]

x

28807102
>gi|28807102|dbj|B

A
C

60372.1| lactoylglutathione lyase [Vibrio parahaem
olyticus R

IM
D

 2210633]
x

71550295
>gi|71550295|ref|ZP

_00670425.1| G
lyoxalase I [N

itrosom
onas eutropha C

71]
x

9655474
>gi|9655474|gb|A

A
F94171.1| lactoylglutathione lyase [Vibrio cholerae O

1 biovar eltor str. N
16961]

x
2909424

>gi|2909424|em
b|C

A
A

12028.1| G
lyoxalase I [C

icer arietinum
]

x
11182130

>gi|11182130|em
b|C

A
C

16163.1| glyoxalase I [S
accharom

yces cerevisiae]
x

2113825
>gi|2113825|em

b|C
A

A
73691.1| G

lyoxalase I [B
rassica juncea]

x
38181954

>gi|38181954|gb|A
A

H
61570.1| G

lyoxylase 1 [R
attus norvegicus]

x
74014235

>gi|74014235|ref|ZP
_00684864.1| G

lyoxalase I [B
urkholderia am

bifaria A
M

M
D

]
x

76884453
>gi|76884453|gb|A

B
A

59134.1| G
lyoxalase I [N

itrosococcus oceani ATC
C

 19707]
x

76875453

>gi|76875453|em
b|C

A
I86674.1| Lactoylglutathione lyase (M

ethylglyoxalase) (A
ldoketom

utase) 
(G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase) 
[P

seudoalterom
onas haloplanktis TA

C
125]

x
76791872

>gi|76791872|ref|ZP
_00774376.1| G

lyoxalase I [P
seudoalterom

onas atlantica T6c]
x

77968247
>gi|77968247|gb|A

B
B

09627.1| G
lyoxalase I [B

urkholderia sp. 383]
x

54696834
>gi|54696834|gb|A

AV
38789.1| glyoxalase I [synthetic construct]

x
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77953933
>gi|77953933|ref|ZP

_00818336.1| G
lyoxalase I [M

arinobacter aquaeolei V
T8]

x
50941905

>gi|50941905|ref|X
P

_480480.1| glyoxalase I [O
ryza sativa (japonica cultivar-group)]

x

30680509
>gi|30680509|ref|N

P
_849609.1| calm

odulin binding / lactoylglutathione lyase [A
rabidopsis thaliana]

x
24052010

>gi|24052010|gb|A
A

N
43259.1| lactoylglutathione lyase [S

higella flexneri 2a str. 301]
x

67674810
>gi|67674810|ref|ZP

_00471570.1| G
lyoxalase I [C

hrom
ohalobacter salexigens D

S
M

 3043]
x

67663996
>gi|67663996|ref|ZP

_00461274.1| G
lyoxalase I [B

urkholderia cenocepacia H
I2424]

x
67777486

>gi|67777486|gb|E
A

M
37113.1| G

lyoxalase I [P
olarom

onas sp. JS
666]

x
68188408

>gi|68188408|gb|E
A

N
03088.1| G

lyoxalase I [M
ethylobacillus flagellatus K

T]
x

56685855
>gi|56685855|dbj|B

A
D

79077.1| lactoylglutathione lyase [S
ynechococcus elongatus P

C
C

 6301]
x

66046204
>gi|66046204|ref|Y

P
_236045.1| G

lyoxalase I [P
seudom

onas syringae pv. syringae B
728a]

x
16198506

>gi|16198506|gb|A
A

H
15934.1| G

lyoxalase I [H
om

o sapiens]
x

2506469

>gi|2506469|sp|P
16635|LG

U
L_P

S
E

P
U

 Lactoylglutathione lyase (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

68057128
>gi|68057128|gb|A

A
X

87381.1| lactoylglutathione lyase [H
aem

ophilus influenzae 86-028N
P

]
x

2281946
>gi|2281946|em

b|C
A

A
74673.1| lactoylglutathione lyase [N

eisseria m
eningitidis]

x

79317664
>gi|79317664|ref|N

P
_001031025.1| ATG

LX
1 (G

LY
O

X
A

LA
S

E
 I H

O
M

O
LO

G
); lactoylglutathione 

lyase [A
rabidopsis thaliana]

x
56495052

>gi|56495052|em
b|C

A
H

99110.1| glyoxalase I, putative [P
lasm

odium
 berghei]

x
70950284

>gi|70950284|ref|X
P

_744478.1| glyoxalase I [P
lasm

odium
 chabaudi chabaudi]

x
1177314

>gi|1177314|em
b|C

A
A

88233.1| glyoxalase-I [Lycopersicon esculentum
]

x
54696838

>gi|54696838|gb|A
AV

38791.1| glyoxalase I [H
om

o sapiens]
x

71848772
>gi|71848772|gb|A

A
Z48268.1| G

lyoxalase I [D
echlorom

onas arom
atica R

C
B

]
x

75700089
>gi|75700089|gb|A

B
A

19765.1| G
lyoxalase I [A

nabaena variabilis ATC
C

 29413]
x

72117622
>gi|72117622|gb|A

A
Z59885.1| G

lyoxalase I [R
alstonia eutropha JM

P
134]

x
77383151

>gi|77383151|gb|A
B

A
74664.1| G

lyoxalase I [P
seudom

onas fluorescens P
fO

-1]
x

50252391
>gi|50252391|dbj|B

A
D

28547.1| putative glyoxalase I [O
ryza sativa (japonica cultivar-group)]

x
68473834

>gi|68473834|ref|X
P

_719020.1| glyoxalase I [C
andida albicans S

C
5314]

x
12744892

>gi|12744892|gb|A
A

K
06838.1| glyoxalase I [Avicennia m

arina]
x

30016920
>gi|30016920|gb|A

A
P

03992.1| glyoxalase I [P
aracoccidioides brasiliensis]

x
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21537360
>gi|21537360|gb|A

A
M

61701.1| glyoxalase I, putative [A
rabidopsis thaliana]

x
62089188

>gi|62089188|dbj|B
A

D
93038.1| glyoxalase I variant [H

om
o sapiens]

x
71900928

>gi|71900928|ref|ZP
_00683042.1| G

lyoxalase I [X
ylella fastidiosa A

nn-1]
x

71677562
>gi|71677562|ref|ZP

_00675298.1| G
lyoxalase I [Trichodesm

ium
 erythraeum

 IM
S

101]
x

71897576
>gi|71897576|ref|ZP

_00679821.1| G
lyoxalase I [X

ylella fastidiosa A
nn-1]

x
23508336

>gi|23508336|ref|N
P

_701005.1| glyoxalase I, putative [P
lasm

odium
 falciparum

 3D
7]

x
4127862

>gi|4127862|em
b|C

A
A

09177.1| glyoxalase I [G
lycine m

ax]
x

7619802
>gi|7619802|em

b|C
A

B
50787.2| putative glyoxalase I [Triticum

 aestivum
]

x
37932483

>gi|37932483|gb|A
A

P
76396.1| glyoxalase I [Zea m

ays]
x

52839948
>gi|52839948|gb|A

A
U

87880.1| glyoxalase I [Leishm
ania donovani]

E
S

A
x

67157387
>gi|67157387|ref|ZP

_00418689.1| G
lyoxalase I [A

zotobacter vinelandii AvO
P

]
x

67547158
>gi|67547158|ref|ZP

_00425064.1| G
lyoxalase I [B

urkholderia vietnam
iensis G

4]
x

67920488
>gi|67920488|ref|ZP

_00514008.1| G
lyoxalase I [C

rocosphaera w
atsonii W

H
 8501]

x

36785924
>gi|36785924|em

b|C
A

E
14976.1| lactoylglutathione lyase (m

ethylglyoxalase) (S
-D

-lactolyglutathione 
m

ethylglyoxal lyase) [P
hotorhabdus lum

inescens subsp. laum
ondii TTO

1]
x

19354350
>gi|19354350|gb|A

A
H

24663.1| G
lyoxalase 1 [M

us m
usculus]

x
47085917

>gi|47085917|ref|N
P

_998316.1| glyoxalase 1 [D
anio rerio]

x
83720549

>gi|83720549|ref|Y
P

_441137.1| lactoylglutathione lyase [B
urkholderia thailandensis E

264]
x

85712601
>gi|85712601|ref|ZP

_01043648.1| Lactoylglutathione lyase [Idiom
arina baltica O

S
145]

x
86147966

>gi|86147966|ref|ZP
_01066270.1| lactoylglutathione lyase [Vibrio sp. M

E
D

222]
x

86605927
>gi|86605927|ref|Y

P
_474690.1| lactoylglutathione lyase [C

yanobacteria bacterium
 Yellow

stone A
-

P
rim

e]
x

68345056
>gi|68345056|gb|A

AY
92662.1| lactoylglutathione lyase [P

seudom
onas fluorescens P

f-5]
x

84366281
>gi|84366281|dbj|B

A
E

67439.1| lactoylglutathione lyase [X
anthom

onas oryzae pv. oryzae M
A

FF 
311018]

x

71554395
>gi|71554395|gb|A

A
Z33606.1| lactoylglutathione lyase [P

seudom
onas syringae pv. phaseolicola 

1448A
]

x
76578699

>gi|76578699|gb|A
B

A
48174.1| lactoylglutathione lyase [B

urkholderia pseudom
allei 1710b]

x

75431428
>gi|75431428|ref|ZP

_00733000.1| Lactoylglutathione lyase [A
ctinobacillus succinogenes 130Z]

x

78037735
>gi|78037735|em

b|C
A

J25480.1| Lactoylglutathione lyase [X
anthom

onas cam
pestris pv. vesicatoria 

str. 85-10]
x
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79317307
>gi|79317307|ref|N

P
_001030996.1| calm

odulin binding / lactoylglutathione lyase [A
rabidopsis 

thaliana]
x

28870279
>gi|28870279|ref|N

P
_792898.1| lactoylglutathione lyase [P

seudom
onas syringae pv. tom

ato str. 
D

C
3000]

x
82597002

>gi|82597002|ref|X
P

_726497.1| lactoylglutathione lyase [P
lasm

odium
 yoelii yoelii str. 17X

N
L]

x
9106409

>gi|9106409|gb|A
A

F84208.1| lactoylglutathione lyase [X
ylella fastidiosa 9a5c]

x

21111572
>gi|21111572|gb|A

A
M

39891.1| lactoylglutathione lyase [X
anthom

onas cam
pestris pv. cam

pestris 
str. ATC

C
 33913]

x
37198112

>gi|37198112|dbj|B
A

C
93949.1| lactoylglutathione lyase [Vibrio vulnificus Y

J016]
x

49611385
>gi|49611385|em

b|C
A

G
74832.1| lactoylglutathione lyase [E

rw
inia carotovora subsp. atroseptica 

S
C

R
I1043]

x
39576464

>gi|39576464|em
b|C

A
E

80629.1| lactoylglutathione lyase [B
dellovibrio bacteriovorus H

D
100]

x
56180743

>gi|56180743|gb|A
AV

83465.1| Lactoylglutathione lyase [Idiom
arina loihiensis L2TR

]
x

58580377
>gi|58580377|ref|Y

P
_199393.1| lactoylglutathione lyase [X

anthom
onas oryzae pv. oryzae 

K
A

C
C

10331]
x

28198538
>gi|28198538|ref|N

P
_778852.1| lactoylglutathione lyase [X

ylella fastidiosa Tem
ecula1]

x
59711535

>gi|59711535|ref|Y
P

_204311.1| lactoylglutathione lyase [Vibrio fischeri E
S

114]
x

34497115
>gi|34497115|ref|N

P
_901330.1| lactoylglutathione lyase [C

hrom
obacterium

 violaceum
 ATC

C
 12472]

x
9951408

>gi|9951408|gb|A
A

G
08496.1| lactoylglutathione lyase [P

seudom
onas aeruginosa PA

O
1]

x
17131413

>gi|17131413|dbj|B
A

B
74020.1| lactoylglutathione lyase [N

ostoc sp. P
C

C
 7120]

x
9949673

>gi|9949673|gb|A
A

G
06912.1| lactoylglutathione lyase [P

seudom
onas aeruginosa PA

O
1]

x
26990471

>gi|26990471|ref|N
P

_745896.1| lactoylglutathione lyase [P
seudom

onas putida K
T2440]

x
49531298

>gi|49531298|em
b|C

A
G

69010.1| lactoylglutathione lyase [A
cinetobacter sp. A

D
P

1]
x

56313950
>gi|56313950|em

b|C
A

I08595.1| Lactoylglutathione lyase [A
zoarcus sp. E

bN
1]

x
33639478

>gi|33639478|em
b|C

A
E

08862.1| lactoylglutathione lyase [S
ynechococcus sp. W

H
 8102]

x

21110013
>gi|21110013|gb|A

A
M

38475.1| lactoylglutathione lyase [X
anthom

onas axonopodis pv. citri str. 306]
x

28809009
>gi|28809009|dbj|B

A
C

62117.1| lactoylglutathione lyase [Vibrio parahaem
olyticus R

IM
D

 2210633]
x

30138761
>gi|30138761|em

b|C
A

D
85338.1| possible gloA

; lactoylglutathione lyase [N
itrosom

onas europaea 
ATC

C
 19718]

x
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45436822
>gi|45436822|gb|A

A
S

62375.1| lactoylglutathione lyase [Yersinia pestis biovar M
edievalis str. 91001]

x
33568699

>gi|33568699|em
b|C

A
E

34457.1| lactoylglutathione lyase [B
ordetella bronchiseptica R

B
50]

x
15220397

>gi|15220397|ref|N
P

_176896.1| lactoylglutathione lyase [A
rabidopsis thaliana]

x
66848318

>gi|66848318|gb|E
A

L88647.1| lactoylglutathione lyase [A
spergillus fum

igatus A
f293]

x
15810219

>gi|15810219|gb|A
A

L07227.1| putative lactoylglutathione lyase [A
rabidopsis thaliana]

x
1354847

>gi|1354847|gb|A
A

C
44877.1| S

-D
-lactolyglutathione m

ethylglyoxal lyase
x

2624696
>gi|2624696|pdb|5E

A
S

|  5-E
pi-A

ristolochene S
ynthase From

 N
icotiana Tabacum

x

2624425
>gi|2624425|pdb|5E

AT|  5-E
pi-A

ristolochene S
ynthase From

 N
icotiana Tabacum

 W
ith S

ubstrate 
A

nalog Farnesyl H
ydroxyphosphonate

x

3121724
>gi|3121724|sp|Q

40577|5E
A

S
_TO

B
A

C
 A

ristolchene synthase (5-epi-aristolochene synthase) (E
A

S
)

x
3114378

>gi|3114378|pdb|5E
A

U
|   5-E

pi-A
ristolochene S

ynthase From
 N

icotiana Tabacum
x

505588
>gi|505588|gb|A

A
A

19216.1| 5-epi-aristolochene synthase
x

29468500
>gi|29468500|gb|A

A
O

85555.1| 5-epi-aristolochene synthase [N
icotiana attenuata]

x
29837351

>gi|29837351|gb|A
A

P
05760.1| 5-epi-aristolochene synthase 12 [N

icotiana attenuata]
x

29837353
>gi|29837353|gb|A

A
P

05761.1| 5-epi-aristolochene synthase 34 [N
icotiana attenuata]

x
29837355

>gi|29837355|gb|A
A

P
05762.1| 5-epi-aristolochene synthase 37 [N

icotiana attenuata]
x

3687297
>gi|3687297|em

b|C
A

A
06614.1| 5-epi-aristolochene synthase [C

apsicum
 annuum

 var. annuum
]

x

27065865
>gi|27065865|pdb|1N

24|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: C
om

plex W
ith M

g A
nd 

P
roduct

x

27065864
>gi|27065864|pdb|1N

24|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: C

om
plex W

ith M
g A

nd 
P

roduct
x

27065862
>gi|27065862|pdb|1N

23|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: C
om

plex W
ith M

g, 
P

yrophosphate, A
nd (1r,4s)-2-A

zabornane
x

27065861
>gi|27065861|pdb|1N

23|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: C

om
plex W

ith M
g, 

P
yrophosphate, A

nd (1r,4s)-2-A
zabornane

x

27065855
>gi|27065855|pdb|1N

22|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: C
om

plex W
ith M

g, 
P

yrophosphate, A
nd (4r)-7-A

za-7,8-D
ihydrolim

onene
x

27065854
>gi|27065854|pdb|1N

22|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: C

om
plex W

ith M
g, 

P
yrophosphate, A

nd (4r)-7-A
za-7,8-D

ihydrolim
onene

x
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27065853
>gi|27065853|pdb|1N

21|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: C

ocrystal W
ith M

g A
nd 3- 

A
za-2,3-D

ihydrogeranyl D
iphosphate

x

27065851
>gi|27065851|pdb|1N

20|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: C
om

plex W
ith M

g A
nd 3-A

za- 
2,3-D

ihydrogeranyl D
iphosphate

x

27065850
>gi|27065850|pdb|1N

20|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: C

om
plex W

ith M
g A

nd 3-A
za- 

2,3-D
ihydrogeranyl D

iphosphate
x

27065849
>gi|27065849|pdb|1N

1Z|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: C
om

plex W
ith M

g A
nd 

P
yrophosphate

x

27065848
>gi|27065848|pdb|1N

1Z|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: C

om
plex W

ith M
g A

nd 
P

yrophosphate
x

27065842
>gi|27065842|pdb|1N

1B
|B

 C
hain B

, C
rystal S

tructure O
f (+)-B

ornyl D
iphosphate S

ynthase From
 

S
age

x

27065841
>gi|27065841|pdb|1N

1B
|A C

hain A
, C

rystal S
tructure O

f (+)-B
ornyl D

iphosphate S
ynthase From

 
S

age
x

62899675
>gi|62899675|sp|O

81192|B
P

P
S

_S
A

LO
F (+)-bornyl diphosphate synthase, chloroplast precursor 

(S
B

S
) (B

P
P

S
)

x
3309119

>gi|3309119|gb|A
A

C
26017.1| (+)-bornyl diphosphate synthase [S

alvia officinalis]
x

2833457
>gi|2833457|sp|Q

55012|P
TLS

_S
TR

S
3 P

entalenene synthase
x

2127584
>gi|2127584|pir||A

54214 C
 4.2.3.7 pentalenene synthase () - S

treptom
yces sp. (strain U

C
5319)

x
3114507

>gi|3114507|pdb|1P
S

1|B
 C

hain B
, P

entalenene S
ynthase

x
3114506

>gi|3114506|pdb|1P
S

1|A C
hain A

, P
entalenene S

ynthase
x

451846
>gi|451846|gb|A

A
A

19131.1| pentalenene synthase
x

29606648
>gi|29606648|dbj|B

A
C

70709.1| pentalenene synthase [S
treptom

yces averm
itilis M

A
-4680]

x
29829540

>gi|29829540|ref|N
P

_824174.1| pentalenene synthase [S
treptom

yces averm
itilis M

A
-4680]

x
2851526

>gi|2851526|sp|P
33247|S

Q
H

C
_A

LIA
C

 S
qualene--hopene cyclase

x
83716953

>gi|83716953|ref|Y
P

_440546.1| squalene-hopene cyclase [B
urkholderia thailandensis E

264]
x

27351262
>gi|27351262|dbj|B

A
C

48269.1| squalene-hopene cyclase [B
radyrhizobium

 japonicum
 U

S
D

A 110]
x

2113823
>gi|2113823|em

b|C
A

A
60250.1| squalene-hopene cyclase [B

radyrhizobium
 japonicum

]
x

76583469
>gi|76583469|gb|A

B
A

52943.1| squalene-hopene cyclase [B
urkholderia pseudom

allei 1710b]
x

77544139
>gi|77544139|gb|A

B
A

87701.1| squalene-hopene cyclase [P
elobacter carbinolicus D

S
M

 2380]
x
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65320833
>gi|65320833|ref|ZP

_00393792.1| C
O

G
1657: S

qualene cyclase [B
acillus anthracis str. A

2012]
x

32468770
>gi|32468770|em

b|C
A

B
13824.2| squalene-hopene cyclase [B

acillus subtilis subsp. subtilis str. 168]
x

35214631
>gi|35214631|dbj|B

A
C

91998.1| squalene-hopene cyclase [G
loeobacter violaceus P

C
C

 7421]
x

51975448
>gi|51975448|gb|A

A
U

16998.1| squalene-hopene cyclase [B
acillus cereus E

33L]
x

58003100
>gi|58003100|gb|A

AW
61994.1| S

qualene-hopene cyclase [G
luconobacter oxydans 621H

]
x

42782622
>gi|42782622|ref|N

P
_979869.1| squalene-hopene cyclase [B

acillus cereus ATC
C

 10987]
x

677871
>gi|677871|em

b|C
A

A
56749.1| squalene-hopene cyclase [Zym

om
onas m

obilis]
x

29605294
>gi|29605294|dbj|B

A
C

69361.1| squalene-hopene cyclase [S
treptom

yces averm
itilis M

A
-4680]

x
52421851

>gi|52421851|gb|A
A

U
45421.1| squalene-hopene cyclase [B

urkholderia m
allei ATC

C
 23344]

x
39982558

>gi|39982558|gb|A
A

R
34018.1| squalene-hopene cyclase [G

eobacter sulfurreducens P
C

A
]

x
39985098

>gi|39985098|gb|A
A

R
36453.1| squalene-hopene cyclase [G

eobacter sulfurreducens P
C

A
]

x

53758581
>gi|53758581|gb|A

A
U

92872.1| squalene-hopene cyclase [M
ethylococcus capsulatus str. B

ath]
x

49329830
>gi|49329830|gb|A

AT60476.1| squalene-hopene cyclase [B
acillus thuringiensis serovar konkukian 

str. 97-27]
x

4539168
>gi|4539168|em

b|C
A

B
39697.1| putative squalene-hopene cyclase [S

treptom
yces coelicolor A

3(2)]
x

927384
>gi|927384|em

b|C
A

A
61950.1| squalene-hopene cyclase [A

licyclobacillus acidoterrestris]
x

3164082
>gi|3164082|em

b|C
A

A
71098.1| squalene-hopene cyclase [M

ethylococcus capsulatus str. B
ath]

x
3164106

>gi|3164106|em
b|C

A
A

71101.1| squalene-hopene cyclase [R
hodopseudom

onas palustris]
x

987617
>gi|987617|gb|A

A
A

75452.1| squalene-hopene-cyclase
x

59803022
>gi|59803022|sp|P

33990|S
Q

H
C

_ZY
M

M
O

 S
qualene--hopene cyclase

x

84352143
>gi|84352143|ref|ZP

_00977114.1| C
O

G
1657: S

qualene cyclase [B
urkholderia cenocepacia P

C
184]

x

84353268
>gi|84353268|ref|ZP

_00978203.1| C
O

G
1657: S

qualene cyclase [B
urkholderia cenocepacia P

C
184]

x

84358827
>gi|84358827|ref|ZP

_00983594.1| C
O

G
1657: S

qualene cyclase [B
urkholderia dolosa A

U
O

158]
x

82703671
>gi|82703671|ref|Y

P
_413237.1| S

qualene cyclase [N
itrosospira m

ultiform
is ATC

C
 25196]

x
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47568915
>gi|47568915|ref|ZP

_00239607.1| squalene--hopene cyclase [B
acillus cereus G

9241]
x

46203107
>gi|46203107|ref|ZP

_00052068.2| C
O

G
1657: S

qualene cyclase [M
agnetospirillum

 
m

agnetotacticum
 M

S
-1]

x

23126680
>gi|23126680|ref|ZP

_00108569.1| C
O

G
1657: S

qualene cyclase [N
ostoc punctiform

e P
C

C
 73102]

x

85716675
>gi|85716675|ref|ZP

_01047644.1| terpene synthase/S
qualene cyclase [N

itrobacter sp. N
b-311A

]
x

74421324
>gi|74421324|gb|A

B
A

05523.1| terpene synthase/S
qualene cyclase [N

itrobacter w
inogradskyi N

b-
255]

x

76883137
>gi|76883137|gb|A

B
A

57818.1| Terpene synthase/S
qualene cyclase [N

itrosococcus oceani ATC
C

 
19707]

x

77544053
>gi|77544053|gb|A

B
A

87615.1| squalene--hopene cyclase [P
elobacter carbinolicus D

S
M

 2380]
x

77690249
>gi|77690249|ref|ZP

_00805427.1| Terpene synthase:S
qualene cyclase [R

hodopseudom
onas 

palustris B
isB

5]
x

77965182
>gi|77965182|gb|A

B
B

06563.1| Terpene synthase/S
qualene cyclase [B

urkholderia sp. 383]
x

78492501
>gi|78492501|ref|ZP

_00844737.1| Terpene synthase:S
qualene cyclase [R

hodopseudom
onas 

palustris B
isB

18]
x

67759490
>gi|67759490|ref|ZP

_00498226.1| C
O

G
1657: S

qualene cyclase [B
urkholderia pseudom

allei S
13]

x

56552444
>gi|56552444|ref|Y

P
_163283.1| squalene--hopene cyclase [Zym

om
onas m

obilis subsp. m
obilis 

ZM
4]

x

22296036
>gi|22296036|dbj|B

A
C

09861.1| squalene-hopene-cyclase [Therm
osynechococcus elongatus B

P
-1]

x
29897214

>gi|29897214|gb|A
A

P
10491.1| S

qualene--hopene cyclase [B
acillus cereus ATC

C
 14579]

x

83591402
>gi|83591402|ref|Y

P
_425154.1| terpene synthase, squalene cyclase [R

hodospirillum
 rubrum

 ATC
C

 
11170]

x

67680231
>gi|67680231|ref|ZP

_00474818.1| C
O

G
1657: S

qualene cyclase [B
urkholderia pseudom

allei 1710a]
x

67645915
>gi|67645915|ref|ZP

_00444187.1| C
O

G
1657: S

qualene cyclase [B
urkholderia m

allei N
C

TC
 10247]

x
17130120

>gi|17130120|dbj|B
A

B
72732.1| squalene-hopene-cyclase [N

ostoc sp. P
C

C
 7120]

x
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1653061
>gi|1653061|dbj|B

A
A

17978.1| squalene-hopene-cyclase [S
ynechocystis sp. P

C
C

 6803]
x

39650658
>gi|39650658|em

b|C
A

E
29181.1| squalene-hopene-cyclase [R

hodopseudom
onas palustris 

C
G

A
009]

x

72122116
>gi|72122116|gb|A

A
Z64302.1| Terpene synthase:S

qualene cyclase [R
alstonia eutropha JM

P
134]

x
77968757

>gi|77968757|gb|A
B

B
10136.1| Terpene synthase/S

qualene cyclase [B
urkholderia sp. 383]

x

78192895
>gi|78192895|gb|A

B
B

30662.1| Terpene synthase:S
qualene cyclase [G

eobacter m
etallireducens G

S
-

15]
x

78195271
>gi|78195271|gb|A

B
B

33038.1| Terpene synthase:S
qualene cyclase [G

eobacter m
etallireducens G

S
-

15]
x

48782682
>gi|48782682|ref|ZP

_00279188.1| C
O

G
1657: S

qualene cyclase [B
urkholderia fungorum

 LB
400]

x
86571877

>gi|86571877|gb|A
B

D
06434.1| S

qualene cyclase [R
hodopseudom

onas palustris H
aA

2]
x

86739536
>gi|86739536|ref|Y

P
_479936.1| S

qualene cyclase [Frankia sp. C
cI3]

x
13621069

>gi|13621069|gb|A
A

K
33074.1| trichodiene synthase [Fusarium

 sporotrichioides]
x

168160
>gi|168160|gb|A

A
D

13657.1| trichodiene synthase TR
I5 [Fusarium

 sporotrichioides]
x

15054400
>gi|15054400|gb|A

A
K

77935.1| trichodiene synthase [Fusarium
 sporotrichioides]

x
68280

>gi|68280|pir||S
Y

FU
TP trichodiene synthase (E

C
 4.2.3.6) - fungus (Fusarium

 sporotrichioides)
x

136010
>gi|136010|sp|P

13513|TR
I5_FU

S
S

P Trichodiene synthase (S
esquiterpene cyclase) (TS

)
x

17942972
>gi|17942972|pdb|1JFA

|B
 C

hain B
, Trichodiene S

ynthase From
 Fusarium

 S
porotrichioides

x
17942971

>gi|17942971|pdb|1JFA
|A C

hain A
, Trichodiene S

ynthase From
 Fusarium

 S
porotrichioides

x

17942970
>gi|17942970|pdb|1JFG

|B
 C

hain B
, Trichodiene S

ynthase From
 Fusarium

 S
porotrichioides 

C
om

plexed W
ith D

iphosphate
x

17942969
>gi|17942969|pdb|1JFG

|A C
hain A

, Trichodiene S
ynthase From

 Fusarium
 S

porotrichioides 
C

om
plexed W

ith D
iphosphate

x
2267599

>gi|2267599|gb|A
A

C
49957.1| trichodiene synthase [M

yrothecium
 roridum

]
x

4033476
>gi|4033476|sp|O

13489|TR
I5_M

Y
R

R
O

 Trichodiene synthase (S
esquiterpene cyclase) (TS

)
x

21429542
>gi|21429542|gb|A

A
M

49006.1| trichodiene synthase [G
ibberella zeae]

x
558954

>gi|558954|gb|A
A

A
50765.1| trichodiene synthase [Fusarium

 poae]
x

4033478
>gi|4033478|sp|Q

00835|TR
I5_FU

S
P

O
 Trichodiene synthase (S

esquiterpene cyclase) (TS
)

x
33413587

>gi|33413587|gb|A
A

N
05032.1| trichodiene synthase [G

ibberella zeae]
x
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42549660
>gi|42549660|gb|E

A
A

72503.1| TR
I5_G

IB
ZE

 Trichodiene synthase (S
esquiterpene cyclase) (TS

) 
[G

ibberella zeae P
H

-1]
x

46115390
>gi|46115390|ref|X

P
_383713.1| TR

I5_G
IB

ZE
 Trichodiene synthase (S

esquiterpene cyclase) (TS
) 

[G
ibberella zeae P

H
-1]

x
13621080

>gi|13621080|gb|A
A

K
33084.1| trichodiene synthase [G

ibberella zeae]
x

14091070
>gi|14091070|gb|A

A
K

53586.1| trichodiene synthase [G
ibberella zeae]

x
4033479

>gi|4033479|sp|Q
00909|TR

I5_G
IB

ZE
 Trichodiene synthase (S

esquiterpene cyclase) (TS
)

x
21429596

>gi|21429596|gb|A
A

M
49054.1| trichodiene synthase [G

ibberella zeae]
x

21429578
>gi|21429578|gb|A

A
M

49038.1| trichodiene synthase [G
ibberella zeae]

x
21429380

>gi|21429380|gb|A
A

M
48862.1| trichodiene synthase [G

ibberella zeae]
x

2218058
>gi|2218058|gb|A

A
B

72033.1| trichodiene synthase [G
ibberella zeae]

x
12584945

>gi|12584945|gb|A
A

G
59895.1| trichodiene synthase [S

tachybotrys chartarum
]

x
3023077

>gi|3023077|gb|A
A

C
12640.1| trichodiene synthase [S

tachybotrys chartarum
]

x
4033477

>gi|4033477|sp|O
59947|TR

I5_S
TA

C
H

 Trichodiene synthase (S
esquiterpene cyclase) (TS

)
x

168190
>gi|168190|gb|A

A
B

02038.1| trichodiene synthase
x

136011
>gi|136011|sp|P

27679|TR
I5_G

IB
P

U
 Trichodiene synthase (S

esquiterpene cyclase) (TS
)

x
21429434

>gi|21429434|gb|A
A

M
48910.1| trichodiene synthase [G

ibberella zeae]
x

21429353
>gi|21429353|gb|A

A
M

48838.1| trichodiene synthase [Fusarium
 acaciae-m

earnsii]
x

21429344
>gi|21429344|gb|A

A
M

48830.1| trichodiene synthase [Fusarium
 acaciae-m

earnsii]
x

21429335
>gi|21429335|gb|A

A
M

48822.1| trichodiene synthase [Fusarium
 acaciae-m

earnsii]
x

21429308
>gi|21429308|gb|A

A
M

48798.1| trichodiene synthase [Fusarium
 m

esoam
ericanum

]
x

21429254
>gi|21429254|gb|A

A
M

48750.1| trichodiene synthase [G
ibberella zeae]

x
21429263

>gi|21429263|gb|A
A

M
48758.1| trichodiene synthase [Fusarium

 lunulosporum
]

x
21429317

>gi|21429317|gb|A
A

M
48806.1| trichodiene synthase [Fusarium

 cerealis]
x

21429299
>gi|21429299|gb|A

A
M

48790.1| trichodiene synthase [Fusarium
 cerealis]

x
21429281

>gi|21429281|gb|A
A

M
48774.1| trichodiene synthase [Fusarium

 asiaticum
]

x
21429272

>gi|21429272|gb|A
A

M
48766.1| trichodiene synthase [Fusarium

 cerealis]
x

21429569
>gi|21429569|gb|A

A
M

49030.1| trichodiene synthase [Fusarium
 culm

orum
]

x
21429407

>gi|21429407|gb|A
A

M
48886.1| trichodiene synthase [G

ibberella zeae]
x

21429290
>gi|21429290|gb|A

A
M

48782.1| trichodiene synthase [Fusarium
 culm

orum
]

x
24371019

>gi|24371019|dbj|B
A

C
22117.1| trichodiene synthase [G

ibberella zeae]
x

21429326
>gi|21429326|gb|A

A
M

48814.1| trichodiene synthase [Fusarium
 asiaticum

]
x
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21429524
>gi|21429524|gb|A

A
M

48990.1| trichodiene synthase [Fusarium
 boothii]

x
21429506

>gi|21429506|gb|A
A

M
48974.1| trichodiene synthase [Fusarium

 boothii]
x

21429497
>gi|21429497|gb|A

A
M

48966.1| trichodiene synthase [Fusarium
 boothii]

x
21429362

>gi|21429362|gb|A
A

M
48846.1| trichodiene synthase [Fusarium

 boothii]
x

21429416
>gi|21429416|gb|A

A
M

48894.1| trichodiene synthase [Fusarium
 pseudogram

inearum
]

x
21429398

>gi|21429398|gb|A
A

M
48878.1| trichodiene synthase [Fusarium

 pseudogram
inearum

]
x

21429371
>gi|21429371|gb|A

A
M

48854.1| trichodiene synthase [Fusarium
 pseudogram

inearum
]

x
21429389

>gi|21429389|gb|A
A

M
48870.1| trichodiene synthase [Fusarium

 pseudogram
inearum

]
x

21429560
>gi|21429560|gb|A

A
M

49022.1| trichodiene synthase [Fusarium
 cortaderiae]

x
21429551

>gi|21429551|gb|A
A

M
49014.1| trichodiene synthase [Fusarium

 cortaderiae]
x

21429488
>gi|21429488|gb|A

A
M

48958.1| trichodiene synthase [Fusarium
 m

eridionale]
x

21429479
>gi|21429479|gb|A

A
M

48950.1| trichodiene synthase [Fusarium
 m

eridionale]
x

21429470
>gi|21429470|gb|A

A
M

48942.1| trichodiene synthase [G
ibberella zeae]

x
21429443

>gi|21429443|gb|A
A

M
48918.1| trichodiene synthase [Fusarium

 austroam
ericanum

]
x

21429425
>gi|21429425|gb|A

A
M

48902.1| trichodiene synthase [Fusarium
 m

eridionale]
x

21429515
>gi|21429515|gb|A

A
M

48982.1| trichodiene synthase [Fusarium
 austroam

ericanum
]

x
21429452

>gi|21429452|gb|A
A

M
48926.1| trichodiene synthase [Fusarium

 austroam
ericanum

]
x

21429587
>gi|21429587|gb|A

A
M

49046.1| trichodiene synthase [Fusarium
 asiaticum

]
x

21429461
>gi|21429461|gb|A

A
M

48934.1| trichodiene synthase [Fusarium
 asiaticum

]
x

21429533
>gi|21429533|gb|A

A
M

48998.1| trichodiene synthase [Fusarium
 m

esoam
ericanum

]
x

14091062
>gi|14091062|gb|A

A
K

53579.1| trichodiene synthase [G
ibberella zeae]

x
33413589

>gi|33413589|gb|A
A

N
05033.1| trichodiene synthase [Fusarium

 culm
orum

]
x

33413593
>gi|33413593|gb|A

A
N

05035.1| trichodiene synthase [Fusarium
 sporotrichioides]

x
33413595

>gi|33413595|gb|A
A

N
05036.1| trichodiene synthase [Fusarium

 poae]
x

22087477
>gi|22087477|gb|A

A
M

90953.1| trichodiene synthetase [G
ibberella zeae]

x
22087480

>gi|22087480|gb|A
A

M
90954.1| trichodiene synthetase [G

ibberella zeae]
x

13096103
>gi|13096103|pdb|1D

G
P

|B
 C

hain B
, A

ristolochene S
ynthase Farnesol C

om
plex

x
416643

>gi|416643|sp|Q
03471|A

R
IS

_P
E

N
R

O
 A

ristolochene synthase (S
esquiterpene cyclase) (A

S
)

x
6467980

>gi|6467980|gb|A
A

F13264.1| aristolochene synthase [A
spergillus terreus]

x

20150364
>gi|20150364|pdb|1J8D

|D
 C

hain D
, S

tructure O
f The M

etal-Free Form
 O

f The D
eoxy-D

-M
annose- 

O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x
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20150363
>gi|20150363|pdb|1J8D

|C
 C

hain C
, S

tructure O
f The M

etal-Free Form
 O

f The D
eoxy-D

-M
annose- 

O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150362
>gi|20150362|pdb|1J8D

|B
 C

hain B
, S

tructure O
f The M

etal-Free Form
 O

f The D
eoxy-D

-M
annose- 

O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150361
>gi|20150361|pdb|1J8D

|A C
hain A

, S
tructure O

f The M
etal-Free Form

 O
f The D

eoxy-D
-M

annose- 
O

ctulosonate 8-P
hosphate P

hosphatase (Y
rbi) From

 H
aem

ophilus Influenzae (H
i1679)

x

68342600
>gi|68342600|gb|A

AY
90206.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[P
seudom

onas fluorescens P
f-5]

x

70728301
>gi|70728301|ref|Y

P
_258050.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[P
seudom

onas fluorescens P
f-5]

x

85675992
>gi|85675992|dbj|B

A
E

77242.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[E

scherichia coli W
3110]

E
S

A
, 

sw
isspro

t
x

16131088
>gi|16131088|ref|N

P
_417665.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[E
scherichia coli K

12]

E
S

A
, 

sw
isspro

t
x

81170926
>gi|81170926|sp|P

0A
B

Z4|K
D

S
C

_E
C

O
LI 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

(K
D

O
 8-P phosphatase)

E
S

A
, 

sw
isspro

t
x

81170925
>gi|81170925|sp|P

0A
B

Z5|K
D

S
C

_E
C

O
57 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (K
D

O
 8-P phosphatase)

E
S

A
, 

sw
isspro

t
x

15833331
>gi|15833331|ref|N

P
_312104.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[E
scherichia coli O

157:H
7]

E
S

A
, 

sw
isspro

t
x

74313735
>gi|74313735|ref|Y

P
_312154.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
higella sonnei S

s046]

E
S

A
, 

sw
isspro

t
x
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15803738
>gi|15803738|ref|N

P
_289772.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[E
scherichia coli O

157:H
7 E

D
L933]

E
S

A
, 

sw
isspro

t
x

75431114
>gi|75431114|ref|ZP

_00732941.1| 3-deoxy-m
anno-octulosonate-8-phosphatase [A

ctinobacillus 
succinogenes 130Z]

x

74276377
>gi|74276377|gb|E

A
O

49988.1| 3-deoxy-m
anno-octulosonate-8-phosphatase [A

ctinobacillus 
succinogenes 130Z]

x

30064536
>gi|30064536|ref|N

P
_838707.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
higella flexneri 2a str. 2457T]

E
S

A
, 

sw
isspro

t
x

24114487
>gi|24114487|ref|N

P
_708997.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
higella flexneri 2a str. 301]

E
S

A
, 

sw
isspro

t
x

54037513
>gi|54037513|sp|P

67654|K
D

S
C

_S
H

IFL 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
(K

D
O

 8-P phosphatase)

E
S

A
, 

sw
isspro

t
x

26249784
>gi|26249784|ref|N

P
_755824.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[E
scherichia coli C

FT073]

E
S

A
, 

sw
isspro

t
x

54041561
>gi|54041561|sp|P

67653|K
D

S
C

_E
C

O
L6 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

(K
D

O
 8-P phosphatase)

E
S

A
, 

sw
isspro

t
x

1176845
>gi|1176845|sp|P

45314|K
D

O
P

_H
A

E
IN

 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
(K

D
O

 8-P phosphatase)
x

20150637
>gi|20150637|pdb|1K

1E
|L C

hain L, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-M
annose- 

O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150636
>gi|20150636|pdb|1K

1E
|K

 C
hain K

, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-
M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x
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20150635
>gi|20150635|pdb|1K

1E
|J C

hain J, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-M
annose- 

O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150634
>gi|20150634|pdb|1K

1E
|I C

hain I, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-M
annose- 

O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150633
>gi|20150633|pdb|1K

1E
|H

 C
hain H

, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-
M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150632
>gi|20150632|pdb|1K

1E
|G

 C
hain G

, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-
M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150631
>gi|20150631|pdb|1K

1E
|F C

hain F, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-M
annose- 

O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150630
>gi|20150630|pdb|1K

1E
|E

 C
hain E

, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-
M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150629
>gi|20150629|pdb|1K

1E
|D

 C
hain D

, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-
M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150628
>gi|20150628|pdb|1K

1E
|C

 C
hain C

, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-
M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150627
>gi|20150627|pdb|1K

1E
|B

 C
hain B

, S
tructure O

f The C
obalt-B

ound Form
 O

f The D
eoxy-D

-
M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 H

aem
ophilus Influenzae (H

i1679)
x

20150626
>gi|20150626|pdb|1K

1E
|A C

hain A
, S

tructure O
f The C

obalt-B
ound Form

 O
f The D

eoxy-D
-

M
annose- O

ctulosonate 8-P
hosphate P

hosphatase (Y
rbi) From

 H
aem

ophilus Influenzae (H
i1679)

x

68058479
>gi|68058479|gb|A

A
X

88732.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[H

aem
ophilus influenzae 86-028N

P
]

x
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68250280
>gi|68250280|ref|Y

P
_249392.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[H
aem

ophilus influenzae 86-028N
P

]
x

10835408
>gi|10835408|pdb|1FE

Z|D
 C

hain D
, The C

rystal S
tructure O

f B
acillus C

ereus 
P

hosphonoacetaldehyde H
ydrolase C

om
plexed W

ith Tungstate, A P
roduct A

nalog
x

48425373
>gi|48425373|pdb|1R

Q
N

|B
 C

hain B
, P

hosphonoacetaldehyde H
ydrolase C

om
plexed W

ith 
M

agnesium
x

52695385
>gi|52695385|pdb|1R

D
F|F C

hain F, G
50p M

utant O
f P

hosphonoacetaldehyde H
ydrolase In 

C
om

plex W
ith S

ubstrate A
nalogue Vinyl S

ulfonate
x

55669792
>gi|55669792|pdb|1S

W
W

|B
 C

hain B
, C

rystal S
tructure O

f The P
hosphonoacetaldehyde H

ydrolase 
D

12a M
utant C

om
plexed W

ith M
agnesium

 A
nd S

ubstrate P
hosphonoacetaldehyde

x

68345624
>gi|68345624|gb|A

AY
93230.1| 2-phosphonoacetaldehyde hydrolase [P

seudom
onas fluorescens P

f-
5]

x

49331329
>gi|49331329|gb|A

AT61975.1| possible phosphonoacetaldehyde hydrolase [B
acillus thuringiensis 

serovar konkukian str. 97-27]
x

51977481
>gi|51977481|gb|A

A
U

19031.1| possible phosphonoacetaldehyde hydrolase [B
acillus cereus E

33L]
x

26988932
>gi|26988932|ref|N

P
_744357.1| 2-phosphonoacetaldehyde hydrolase [P

seudom
onas putida 

K
T2440]

x

28270410
>gi|28270410|em

b|C
A

D
63313.1| phosphonoacetaldehyde hydrolase [Lactobacillus plantarum

 
W

C
FS

1]
x

9947248
>gi|9947248|gb|A

A
G

04700.1| 2-phosphonoacetaldehyde hydrolase [P
seudom

onas aeruginosa 
PA

O
1]

x

77383909
>gi|77383909|gb|A

B
A

75422.1| P
hosphonoacetaldehyde hydrolase [P

seudom
onas fluorescens P

fO
-

1]
x

18254515
>gi|18254515|gb|A

A
B

86434.2| phosphonoacetaldehyde hydrolase [B
acillus cereus]

x
18996325

>gi|18996325|em
b|C

A
D

24489.1| 2-phosphonoacetaldehyde hydrolase [P
seudom

onas putida]
x

47566213
>gi|47566213|ref|ZP

_00237241.1| phosphonoacetaldehyde phosphonohydrolase V
C

A
0606 

[B
acillus cereus G

9241]
x

16501700
>gi|16501700|em

b|C
A

D
08888.1| phosphonoacetaldehyde phosphonohydrolase [S

alm
onella 

enterica subsp. enterica serovar Typhi]
x

37200675
>gi|37200675|dbj|B

A
C

96500.1| phosphonoacetaldehyde phosphonohydrolase [Vibrio vulnificus 
Y

J016]
x

              326



         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

56128670
>gi|56128670|gb|A

AV
78176.1| phosphonoacetaldehyde phosphonohydrolase [S

alm
onella enterica 

subsp. enterica serovar P
aratyphi A str. ATC

C
 9150]

x

42780513
>gi|42780513|ref|N

P
_977760.1| phosphonoacetaldehyde phosphonohydrolase [B

acillus cereus 
ATC

C
 10987]

x

28808371
>gi|28808371|dbj|B

A
C

61576.1| phosphonoacetaldehyde phosphonohydrolase [Vibrio 
parahaem

olyticus R
IM

D
 2210633]

x

4699780
>gi|4699780|pdb|1ZR

N
|  Interm

ediate S
tructure O

f L-2-H
aloacid D

ehalogenase W
ith 

M
onochloroacetate

x

6435583
>gi|6435583|pdb|1Q

Q
5|B

 C
hain B

, S
tructure O

f L-2-H
aloacid D

ehalogenase From
 X

anthobacter 
A

utotrophicus
x

6435569
>gi|6435569|pdb|1Q

Q
7|B

 C
hain B

, S
tructure O

f L-2-H
aloacid D

ehalogenase From
 X

anthobacter 
A

utotrophicus W
ith C

hloropropionic A
cid C

ovalently B
ound

X

3122193

>gi|3122193|sp|Q
59728|H

A
D

9_P
S

E
P

U
 (S

)-2-haloacid dehalogenase H
-109 (2-haloalkanoic acid 

dehalogenase H
-109) (L-2-haloacid dehalogenase H

-109) (H
alocarboxylic acid halidohydrolase H

-
109)

x

3122178
>gi|3122178|sp|Q

60099|H
A

D
_X

A
N

A
U

 (S
)-2-haloacid dehalogenase (2-haloalkanoic acid 

dehalogenase) (L-2-haloacid dehalogenase) (H
alocarboxylic acid halidohydrolase)

x

44887977

>gi|44887977|sp|P
60527|H

A
D

_A
G

R
TR

 2-haloalkanoic acid dehalogenase (L-2-haloacid 
dehalogenase) (H

alocarboxylic acid halidohydrolase) (L-D
E

X
) (C

ryptic L-isom
er-specific 

dehalogenase) (D
hlS

5I)
x

6580616
>gi|6580616|em

b|C
A

A
63861.2| 2-haloacid dehalogenase; L-2-halidohydrolase [P

seudom
onas 

fluorescens]
x

396771
>gi|396771|em

b|C
A

A
46976.1| 2-haloacid halidohydrolase IVa [B

urkholderia cepacia]
x

3122191
>gi|3122191|sp|Q

52087|H
A

D
L_P

S
E

P
U

 (S
)-2-haloacid dehalogenase (2-haloalkanoic acid 

dehalogenase) (L-2-haloacid dehalogenase) (H
alocarboxylic acid halidohydrolase)

x

122212
>gi|122212|sp|P

24070|H
A

D
2_P

S
E

U
C

 (S
)-2-haloacid dehalogenase II (2-haloalkanoic acid 

dehalogenase II) (L-2-haloacid dehalogenase II) (H
alocarboxylic acid halidohydrolase II) (D

E
H

C
II)

x
691747

>gi|691747|gb|A
A

B
32245.1| L-2-halo acid dehalogenase; L-D

E
X

 [P
seudom

onas sp.]
x

417106
>gi|417106|sp|P

24069|H
A

D
1_P

S
E

U
C

 (S
)-2-haloacid dehalogenase I (2-haloalkanoic acid 

dehalogenase I) (L-2-haloacid dehalogenase I) (H
alocarboxylic acid halidohydrolase I) (D

E
H

C
I)

x
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62086241
>gi|62086241|dbj|B

A
D

91552.1| L-2-haloacid dehalogenase [B
urkholderia sp. W

S
]

x

83719028
>gi|83719028|ref|Y

P
_442519.1| haloacid dehalogenase, type II [B

urkholderia thailandensis E
264]

x

76578370
>gi|76578370|gb|A

B
A

47845.1| haloacid dehalogenase, type II [B
urkholderia pseudom

allei 1710b]
x

77967574
>gi|77967574|gb|A

B
B

08954.1| H
aloacid dehalogenase, type II [B

urkholderia sp. 383]
x

23347357
>gi|23347357|gb|A

A
N

29496.1| haloacid dehalogenase, type II [B
rucella suis 1330]

x

78693202

>gi|78693202|ref|ZP
_00857716.1| H

aloacid dehalogenase, type II:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 2:H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 1 [B

radyrhizobium
 sp. 

B
TA

i1]
x

321693
>gi|321693|pir||S

29096 2-haloacid halidohydrolase IVa - P
seudom

onas cepacia
x

14027103
>gi|14027103|dbj|B

A
B

54057.1| 2-haloacid halidohydrolase Iva [M
esorhizobium

 loti M
A

FF303099]
x

52427537
>gi|52427537|gb|A

A
U

48130.1| haloacid dehalogenase, type II [B
urkholderia m

allei ATC
C

 23344]
x

39651117
>gi|39651117|em

b|C
A

E
29640.1| putative 2-haloacid halidohydrolase Iva [R

hodopseudom
onas 

palustris C
G

A
009]

x

72119053
>gi|72119053|gb|A

A
Z61316.1| H

aloacid dehalogenase, type II:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 2 [R

alstonia eutropha JM
P

134]
x

4127501
>gi|4127501|em

b|C
A

A
06738.1| cryptic haloacid dehalogenase 1 [B

urkholderia cepacia]
x

86160229
>gi|86160229|ref|Y

P
_467014.1| haloacid dehalogenase, type II [A

naerom
yxobacter dehalogenans 

2C
P

-C
]

x

76259263
>gi|76259263|ref|ZP

_00766913.1| H
aloacid dehalogenase, type II:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [C
hloroflexus aurantiacus J-10-fl]

x

74017830
>gi|74017830|ref|ZP

_00688453.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [B
urkholderia 

am
bifaria A

M
M

D
]

X

67666092
>gi|67666092|ref|ZP

_00463346.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [B
urkholderia 

cenocepacia H
I2424]

X

68189622
>gi|68189622|gb|E

A
N

04287.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [M
esorhizobium

 
sp. B

N
C

1]
X

67907457
>gi|67907457|ref|ZP

_00505859.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[P

olarom
onas sp. JS

666]
X
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67777344
>gi|67777344|gb|E

A
M

36972.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [P
olarom

onas 
sp. JS

666]
X

68559621
>gi|68559621|ref|ZP

_00598953.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [R
alstonia 

m
etallidurans C

H
34]

X

27355843
>gi|27355843|dbj|B

A
C

52825.1| 2-haloalkanoic acid dehalogenase [B
radyrhizobium

 japonicum
 

U
S

D
A 110]

X

56311903
>gi|56311903|em

b|C
A

I06548.1| putative 2-haloalkanoic acid dehalogenase [A
zoarcus sp. E

bN
1]

X

17428377
>gi|17428377|em

b|C
A

D
15064.1| P

U
TATIV

E
 2-H

A
LO

A
LK

A
N

O
IC

 A
C

ID
 D

E
H

A
LO

G
E

N
A

S
E

 
P

R
O

TE
IN

 [R
alstonia solanacearum

]
X

4468652
>gi|4468652|em

b|C
A

B
38090.1| haloalkanoic acid dehalogenase [P

seudom
onas putida]

x
155350

>gi|155350|gb|A
A

A
27590.1| halocarboxylic acid halidohydrolase

x

15073899
>gi|15073899|em

b|C
A

C
45540.1| P

U
TATIV

E
 A

LP
H

A
-H

A
LO

C
A

R
B

O
X

Y
LIC

 A
C

ID
 D

E
H

A
LO

G
E

N
A

S
E

 
P

R
O

TE
IN

 [S
inorhizobium

 m
eliloti]

x

12723306
>gi|12723306|gb|A

A
K

04527.1| beta-phosphoglucom
utase (E

C
 5.4.2.6) [Lactococcus lactis subsp. 

lactis Il1403]
x

23200375
>gi|23200375|pdb|1LV

H
|B

 C
hain B

, The S
tructure O

f P
hosphorylated B

eta-P
hosphoglucom

utase 
From

 Lactoccocus Lactis To 2.3 A
ngstrom

 R
esolution

x
74312316

>gi|74312316|ref|Y
P

_310735.1| putative beta-phosphoglucom
utase [S

higella sonnei S
s046]

x
1495997

>gi|1495997|em
b|C

A
A

94734.1| beta-phosphoglucom
utase [Lactococcus lactis]

x

47093202
>gi|47093202|ref|ZP

_00230975.1| beta-phosphoglucom
utase [Listeria m

onocytogenes str. 4b 
H

7858]
x

47097361
>gi|47097361|ref|ZP

_00234914.1| beta-phosphoglucom
utase [Listeria m

onocytogenes str. 1/2a 
F6854]

x

13361361
>gi|13361361|dbj|B

A
B

35319.1| putative beta-phosphoglucom
utase [E

scherichia coli O
157:H

7]
x

29342999
>gi|29342999|gb|A

A
O

80763.1| beta-phosphoglucom
utase [E

nterococcus faecalis V
583]

x

46909020
>gi|46909020|ref|Y

P
_015409.1| beta-phosphoglucom

utase [Listeria m
onocytogenes str. 4b F2365]

x

28269830
>gi|28269830|em

b|C
A

D
62727.1| beta-phosphoglucom

utase [Lactobacillus plantarum
 W

C
FS

1]
x
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28269859
>gi|28269859|em

b|C
A

D
62756.1| beta-phosphoglucom

utase [Lactobacillus plantarum
 W

C
FS

1]
x

7225613
>gi|7225613|gb|A

A
F40831.1| beta-phosphoglucom

utase [N
eisseria m

eningitidis M
C

58]
x

7380718
>gi|7380718|em

b|C
A

B
85309.1| beta-phosphoglucom

utase [N
eisseria m

eningitidis Z2491]
x

7380722
>gi|7380722|em

b|C
A

B
85313.1| beta-phosphoglucom

utase [N
eisseria m

eningitidis Z2491]
x

24051633
>gi|24051633|gb|A

A
N

42930.1| putative beta-phosphoglucom
utase [S

higella flexneri 2a str. 301]
x

15025638
>gi|15025638|gb|A

A
K

80561.1| B
eta-phosphoglucom

utase [C
lostridium

 acetobutylicum
 ATC

C
 824]

x

14090050
>gi|14090050|em

b|C
A

C
13808.1| B

E
TA

-P
H

O
S

P
H

O
G

LU
C

O
M

U
TA

S
E

 (B
E

TA
-P

G
M

) [M
ycoplasm

a 
pulm

onis]
x

3724126
>gi|3724126|em

b|C
A

A
11906.1| beta-phosphoglucom

utase [Lactobacillus sanfranciscensis]
x

18655482
>gi|18655482|pdb|1K

70|A C
hain A

, The S
tructure O

f E
scherichia C

oli C
ytosine D

eam
inase B

ound 
To 4-H

ydroxy-3,4-D
ihydro-1h-P

yrim
idin-2-O

ne
x

55669648
>gi|55669648|pdb|1R

A
0|A C

hain A
, B

acterial C
ytosine D

eam
inase D

314g M
utant B

ound To 5-
Fluoro- 4-(S

)-H
ydroxy-3,4-D

ihydropyrim
idine

x

55669649
>gi|55669649|pdb|1R

A
5|A C

hain A
, B

acterial C
ytosine D

eam
inase D

314a M
utant B

ound To 5-
Fluoro- 4-(S

)-H
ydroxyl-3,4-D

ihydropyrim
idine

x

55669650
>gi|55669650|pdb|1R

A
K

|A C
hain A

, B
acterial C

ytosine D
eam

inase D
314s M

utant B
ound To 5-

Fluoro- 4-(S
)-H

ydroxyl-3,4-D
ihydropyrim

idine
x

1246363
>gi|1246363|gb|A

A
A

93512.1| cytosine deam
inase:uracil phosphoribosyltransferase fusion protein

x
82736446

>gi|82736446|ref|ZP
_00899304.1| cytosine deam

inase [P
seudom

onas putida F1]
x

1657533
>gi|1657533|gb|A

A
B

18061.1| cytosine deam
inase [E

scherichia coli]
x

83745851
>gi|83745851|ref|ZP

_00942908.1| C
ytosine deam

inase [R
alstonia solanacearum

 U
W

551]
x

83952722
>gi|83952722|ref|ZP

_00961452.1| cytosine deam
inase [R

oseovarius nubinhibens IS
M

]
x

84387544
>gi|84387544|ref|ZP

_00990562.1| cytosine deam
inase [Vibrio splendidus 12B

01]
x

84714350
>gi|84714350|ref|ZP

_01021815.1| codA
, R

S
c1594; probable cytosine deam

inase (cytosine      
am

inohydrolase) protein [P
olarom

onas naphthalenivorans C
J2]

x
83717088

>gi|83717088|ref|Y
P

_439833.1| cytosine deam
inase [B

urkholderia thailandensis E
264]

x
86359986

>gi|86359986|ref|Y
P

_471876.1| cytosine deam
inase protein [R

hizobium
 etli C

FN
 42]

x
85705815

>gi|85705815|ref|ZP
_01036912.1| cytosine deam

inase [R
oseovarius sp. 217]

x
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86135886
>gi|86135886|ref|ZP

_01054465.1| C
ytosine deam

inase [R
oseobacter sp. M

E
D

193]
x

86144452
>gi|86144452|ref|ZP

_01062784.1| cytosine deam
inase [Vibrio sp. M

E
D

222]
x

86163518
>gi|86163518|gb|E

A
Q

64793.1| cytosine deam
inase [M

arinom
onas sp. M

E
D

121]
x

68567500
>gi|68567500|gb|A

AY
80429.1| cytosine deam

inase [S
ulfolobus acidocaldarius D

S
M

 639]
x

86606249
>gi|86606249|ref|Y

P
_475012.1| cytosine deam

inase [C
yanobacteria bacterium

 Yellow
stone A

-
P

rim
e]

x

86607889
>gi|86607889|ref|Y

P
_476651.1| cytosine deam

inase [C
yanobacteria bacterium

 Yellow
stone B

-
P

rim
e]

x
68345688

>gi|68345688|gb|A
AY

93294.1| cytosine deam
inase [P

seudom
onas fluorescens P

f-5]
x

57339189
>gi|57339189|gb|A

AW
49583.1| cytosine deam

inase [B
ifidobacterium

 breve]
x

67664077
>gi|67664077|ref|ZP

_00461354.1| C
ytosine deam

inase [B
urkholderia cenocepacia H

I2424]
x

23464639
>gi|23464639|ref|N

P
_695242.1| cytosine deam

inase [B
ifidobacterium

 longum
 N

C
C

2705]
x

56912036
>gi|56912036|dbj|B

A
D

66563.1| cytosine deam
inase [B

acillus clausii K
S

M
-K

16]
x

13359847
>gi|13359847|dbj|B

A
B

33813.1| cytosine deam
inase [E

scherichia coli O
157:H

7]
x

16504399
>gi|16504399|em

b|C
A

D
07851.1| cytosine deam

inase [S
alm

onella enterica subsp. enterica serovar 
Typhi]

x

23494693
>gi|23494693|dbj|B

A
C

19659.1| putative cytosine deam
inase [C

orynebacterium
 efficiens Y

S
-314]

x
37201459

>gi|37201459|dbj|B
A

C
97281.1| cytosine deam

inase [Vibrio vulnificus Y
J016]

x
26106750

>gi|26106750|gb|A
A

N
78935.1| C

ytosine deam
inase [E

scherichia coli C
FT073]

x
27358767

>gi|27358767|gb|A
A

O
07716.1| C

ytosine deam
inase [Vibrio vulnificus C

M
C

P
6]

x
35213096

>gi|35213096|dbj|B
A

C
90469.1| cytosine deam

inase [G
loeobacter violaceus P

C
C

 7421]
x

14524455
>gi|14524455|gb|A

A
K

65940.1| putative C
odA

1 cytosine deam
inase [S

inorhizobium
 m

eliloti 1021]
x

14025224
>gi|14025224|dbj|B

A
B

51825.1| creatinine deam
inase [M

esorhizobium
 loti M

A
FF303099]

x
13816107

>gi|13816107|gb|A
A

K
42880.1| C

ytosine deam
inase (codA

) [S
ulfolobus solfataricus P

2]
x

15623524
>gi|15623524|dbj|B

A
B

67512.1| 412aa long hypothetical cytosine deam
inase [S

ulfolobus tokodaii 
str. 7]

x

56129520
>gi|56129520|gb|A

AV
79026.1| cytosine deam

inase [S
alm

onella enterica subsp. enterica serovar 
P

aratyphi A str. ATC
C

 9150]
x

581052
>gi|581052|em

b|C
A

A
45196.1| cytosine deam

inase [E
scherichia coli]

x
16421892

>gi|16421892|gb|A
A

L22203.1| putative cytosine deam
inase [S

alm
onella typhim

urium
 LT2]

x
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59711138
>gi|59711138|ref|Y

P
_203914.1| cytosine deam

inase [Vibrio fischeri E
S

114]
x

28203958
>gi|28203958|gb|A

A
O

36398.1| cytosine deam
inase [C

lostridium
 tetani E

88]
x

26989908
>gi|26989908|ref|N

P
_745333.1| cytosine deam

inase [P
seudom

onas putida K
T2440]

x

62181842
>gi|62181842|ref|Y

P
_218259.1| cytosine deam

inase [S
alm

onella enterica subsp. enterica serovar 
C

holeraesuis str. S
C

-B
67]

x
18144416

>gi|18144416|dbj|B
A

B
80462.1| cytosine deam

inase [C
lostridium

 perfringens str. 13]
x

28809611
>gi|28809611|dbj|B

A
C

62586.1| putative cytosine deam
inase [Vibrio parahaem

olyticus R
IM

D
 

2210633]
x

56679381
>gi|56679381|gb|A

AV
96047.1| cytosine deam

inase, putative [S
ilicibacter pom

eroyi D
S

S
-3]

x

17428610
>gi|17428610|em

b|C
A

D
15296.1| P

R
O

B
A

B
LE

 C
Y

TO
S

IN
E

 D
E

A
M

IN
A

S
E

 (C
Y

TO
S

IN
E

 
A

M
IN

O
H

Y
D

R
O

LA
S

E
) P

R
O

TE
IN

 [R
alstonia solanacearum

]
x

77388331
>gi|77388331|gb|A

B
A

79516.1| C
ytosine deam

inase [R
hodobacter sphaeroides 2.4.1]

x
51591311

>gi|51591311|em
b|C

A
H

22977.1| cytosine deam
inase [Yersinia pseudotuberculosis IP 32953]

x

46916477
>gi|46916477|em

b|C
A

G
23242.1| putative cytosine deam

inase [P
hotobacterium

 profundum
 S

S
9]

x
36958684

>gi|36958684|gb|A
A

Q
87152.1| C

ytosine deam
inase [R

hizobium
 sp. N

G
R

234]
x

45356869
>gi|45356869|gb|A

A
S

58473.1| cytosine deam
inase [E

scherichia coli]
x

51493749
>gi|51493749|gb|A

A
U

04862.1| cytosine deam
inase [Tam

arix chinensis]
x

67153359
>gi|67153359|ref|ZP

_00415104.1| C
ytosine deam

inase [A
zotobacter vinelandii AvO

P
]

x
67779564

>gi|67779564|gb|E
A

M
39182.1| C

ytosine deam
inase [P

olarom
onas sp. JS

666]
x

68560577
>gi|68560577|ref|ZP

_00599889.1| C
ytosine deam

inase [R
ubrobacter xylanophilus D

S
M

 9941]
x

3892031
>gi|3892031|pdb|1A

4M
|D

 C
hain D

, A
da S

tructure C
om

plexed W
ith P

urine R
iboside A

t P
h 7.0

x

55669583
>gi|55669583|pdb|1Q

X
L|A C

hain A
, C

rystal S
tructure O

f A
denosine D

eam
inase C

om
plexed W

ith 
Fr235380

x

55670514
>gi|55670514|pdb|1W

1I|H
 C

hain H
, C

rystal S
tructure O

f D
ipeptidyl P

eptidase Iv (D
ppiv O

r C
d26) In 

C
om

plex W
ith A

denosine D
eam

inase
x

1518868
>gi|1518868|gb|A

A
B

07142.1| adenosine deam
inase (A

D
A

) [M
us m

usculus]
x

74312050
>gi|74312050|ref|Y

P
_310469.1| adenosine deam

inase [S
higella sonnei S

s046]
x

75765416
>gi|75765416|pdb|1W

X
Z|A C

hain A
, C

rystal S
tructure O

f A
denosine D

eam
inase Ligated W

ith A 
P

otent Inhibitor
x

82497819
>gi|82497819|ref|ZP

_00883345.1| A
denosine deam

inase [S
hew

anella sp. M
R

-4]
x

82743060
>gi|82743060|ref|ZP

_00905728.1| A
denosine deam

inase [S
hew

anella sp. W
3-18-1]

x
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83571009
>gi|83571009|ref|ZP

_00922451.1| C
O

G
1816: A

denosine deam
inase [S

higella dysenteriae 1012]
x

24376203
>gi|24376203|ref|N

P
_720247.1| adenosine deam

inase [S
hew

anella oneidensis M
R

-1]
x

82777097
>gi|82777097|ref|Y

P
_403446.1| adenosine deam

inase [S
higella dysenteriae S

d197]
x

13361798
>gi|13361798|dbj|B

A
B

35754.1| adenosine deam
inase [E

scherichia coli O
157:H

7]
x

69951986
>gi|69951986|ref|ZP

_00639598.1| A
denosine deam

inase [S
hew

anella frigidim
arina N

C
IM

B
 400]

x

28805098
>gi|28805098|dbj|B

A
C

58379.1| adenosine deam
inase [Vibrio parahaem

olyticus R
IM

D
 2210633]

x
62898355

>gi|62898355|dbj|B
A

D
97117.1| adenosine deam

inase variant [H
om

o sapiens]
x

16419984
>gi|16419984|gb|A

A
L20385.1| adenosine deam

inase [S
alm

onella typhim
urium

 LT2]
x

52354740
>gi|52354740|gb|A

A
H

82820.1| A
denosine deam

inase [X
enopus tropicalis]

x

16502746
>gi|16502746|em

b|C
A

D
01904.1| adenosine deam

inase [S
alm

onella enterica subsp. enterica 
serovar Typhi]

x
1197210

>gi|1197210|em
b|C

A
A

26130.1| adenosine deam
inase [H

om
o sapiens]

x
75178481

>gi|75178481|ref|ZP
_00698527.1| C

O
G

1816: A
denosine deam

inase [S
higella boydii B

S
512]

x
75238816

>gi|75238816|ref|ZP
_00722800.1| C

O
G

1816: A
denosine deam

inase [E
scherichia coli F11]

x
75257042

>gi|75257042|ref|ZP
_00728602.1| C

O
G

1816: A
denosine deam

inase [E
scherichia coli E

22]
x

75512944
>gi|75512944|ref|ZP

_00735425.1| C
O

G
1816: A

denosine deam
inase [E

scherichia coli 53638]
x

75820650
>gi|75820650|ref|ZP

_00750693.1| C
O

G
1816: A

denosine deam
inase [Vibrio cholerae V

51]
x

75822633
>gi|75822633|ref|ZP

_00752223.1| C
O

G
1816: A

denosine deam
inase [Vibrio cholerae R

C
385]

x
75830675

>gi|75830675|ref|ZP
_00759949.1| C

O
G

1816: A
denosine deam

inase [Vibrio cholerae M
O

10]
x

75855670
>gi|75855670|ref|ZP

_00763315.1| C
O

G
1816: A

denosine deam
inase [Vibrio sp. E

x25]
x

27806933
>gi|27806933|ref|N

P
_776312.1| adenosine deam

inase [B
os taurus]

x

77629257
>gi|77629257|ref|ZP

_00791843.1| C
O

G
1816: A

denosine deam
inase [Yersinia pseudotuberculosis 

IP 31758]
x

69159081
>gi|69159081|gb|E

A
N

71219.1| A
denosine deam

inase [S
hew

anella denitrificans O
S

217]
x

77816434
>gi|77816434|ref|ZP

_00815623.1| A
denosine deam

inase [S
hew

anella putrefaciens C
N

-32]
x

77956975
>gi|77956975|ref|ZP

_00821045.1| C
O

G
1816: A

denosine deam
inase [Yersinia bercovieri ATC

C
 

43970]
x

77963273
>gi|77963273|ref|ZP

_00827084.1| C
O

G
1816: A

denosine deam
inase [Yersinia m

ollaretii ATC
C

 
43969]

x
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77973198
>gi|77973198|ref|ZP

_00828749.1| C
O

G
1816: A

denosine deam
inase [Yersinia frederiksenii ATC

C
 

33641]
x

77976844
>gi|77976844|ref|ZP

_00832313.1| C
O

G
1816: A

denosine deam
inase [Yersinia interm

edia ATC
C

 
29909]

x
56789878

>gi|56789878|gb|A
A

H
88116.1| A

denosine deam
inase [R

attus norvegicus]
x

24051977
>gi|24051977|gb|A

A
N

43230.1| adenosine deam
inase [S

higella flexneri 2a str. 301]
x

78368950
>gi|78368950|ref|ZP

_00839137.1| A
denosine deam

inase [S
hew

anella sp. P
V-4]

x
78688097

>gi|78688097|ref|ZP
_00852819.1| A

denosine deam
inase [S

hew
anella sp. A

N
A

-3]
x

78691154
>gi|78691154|ref|ZP

_00855782.1| A
denosine deam

inase [S
hew

anella sp. M
R

-7]
x

68544028
>gi|68544028|ref|ZP

_00583706.1| A
denosine deam

inase [S
hew

anella baltica O
S

155]
x

68547729
>gi|68547729|ref|ZP

_00587259.1| A
denosine deam

inase [S
hew

anella am
azonensis S

B
2B

]
x

145201
>gi|145201|gb|A

A
A

23419.1| adenosine deam
inase

x
25955532

>gi|25955532|gb|A
A

H
40226.1| A

denosine deam
inase [H

om
o sapiens]

x

62180050
>gi|62180050|ref|Y

P
_216467.1| adenosine deam

inase [S
alm

onella enterica subsp. enterica serovar 
C

holeraesuis str. S
C

-B
67]

x

51589788
>gi|51589788|em

b|C
A

H
21418.1| adenosine deam

inase [Yersinia pseudotuberculosis IP 32953]
x

46914992
>gi|46914992|em

b|C
A

G
21767.1| putative adenosine deam

inase [P
hotobacterium

 profundum
 S

S
9]

x
76259953

>gi|76259953|ref|ZP
_00767596.1| A

denosine deam
inase [C

hloroflexus aurantiacus J-10-fl]
x

83719564
>gi|83719564|ref|Y

P
_441103.1| N

-acyl-D
-am

ino-acid deacylase fam
ily protein [B

urkholderia 
thailandensis E

264]
x

74014202
>gi|74014202|ref|ZP

_00684831.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia am
bifaria A

M
M

D
]

x

67667435
>gi|67667435|ref|ZP

_00464658.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia cenocepacia 
H

I2424]
x

66043682
>gi|66043682|ref|Y

P
_233523.1| N

-acyl-D
-am

ino-acid deacylase [P
seudom

onas syringae pv. 
syringae B

728a]
x

1488357
>gi|1488357|gb|A

A
B

35881.1| D
-am

inoacylase; N
-acyl-D

-am
ino acid am

idohydrolase 
[A

chrom
obacter xylosoxidans]

x

67647671
>gi|67647671|ref|ZP

_00445910.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia m

allei N
C

TC
 10247]

x
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72121190
>gi|72121190|gb|A

A
Z63376.1| N

-acyl-D
-am

ino-acid deacylase [R
alstonia eutropha JM

P
134]

x
77968282

>gi|77968282|gb|A
B

B
09662.1| N

-acyl-D
-am

ino-acid deacylase [B
urkholderia sp. 383]

x

67547194
>gi|67547194|ref|ZP

_00425100.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia vietnam
iensis G

4]
x

68559991
>gi|68559991|ref|ZP

_00599319.1| N
-acyl-D

-am
ino-acid deacylase [R

alstonia m
etallidurans C

H
34]

x

68556229
>gi|68556229|ref|ZP

_00595572.1| N
-acyl-D

-am
ino-acid deacylase [R

alstonia m
etallidurans C

H
34]

x

3287879
>gi|3287879|sp|P

94212|N
D

D
D

_A
LC

X
X

 N
-acyl-D

-aspartate deacylase (N
-acyl-D

-aspartate 
am

idohydrolase)
x

1707291
>gi|1707291|dbj|B

A
A

08778.1| N
-acyl-D

-am
ino acids am

idohydrolase [A
chrom

obacter xylosoxidans]
x

48425876
>gi|48425876|pdb|1V

51|A C
hain A

, The Functional R
ole O

f The B
inuclear M

etal C
enter In D

- 
A

m
inoacylase. O

ne-M
etal A

ctivation A
nd S

econd-M
etal A

ttenuation
x

83745626
>gi|83745626|ref|ZP

_00942684.1| D
-am

inoacylase [R
alstonia solanacearum

 U
W

551]
x

13194736
>gi|13194736|gb|A

A
K

15530.1| D
-am

inoacylase [A
lcaligenes faecalis]

x
52208687

>gi|52208687|em
b|C

A
H

34623.1| D
-am

inoacylase [B
urkholderia pseudom

allei K
96243]

x

67757137
>gi|67757137|ref|ZP

_00496015.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia pseudom

allei P
asteur]

x

33576700
>gi|33576700|em

b|C
A

E
33777.1| N

-acyl-D
-glutam

ate deacylase [B
ordetella bronchiseptica R

B
50]

E
S

A
x

33566217
>gi|33566217|em

b|C
A

E
37123.1| N

-acyl-D
-glutam

ate deacylase [B
ordetella parapertussis]

E
S

A
x

33571981
>gi|33571981|em

b|C
A

E
41503.1| N

-acyl-D
-glutam

ate deacylase [B
ordetella pertussis Toham

a I]
E

S
A

x

17431661
>gi|17431661|em

b|C
A

D
18338.1| P

R
O

B
A

B
LE

 N
-A

C
Y

L-D
-G

LU
TA

M
ATE

 D
E

A
C

Y
LA

S
E

 P
R

O
TE

IN
 

[R
alstonia solanacearum

]
x

84355751
>gi|84355751|ref|ZP

_00980625.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia cenocepacia P

C
184]

x

84362911
>gi|84362911|ref|ZP

_00987522.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia dolosa A

U
O

158]
x

67670108
>gi|67670108|ref|ZP

_00466921.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia pseudom

allei 1655]
x
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67762107
>gi|67762107|ref|ZP

_00500810.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia pseudom

allei S
13]

x

48786563
>gi|48786563|ref|ZP

_00282697.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia fungorum

 LB
400]

x

22218652
>gi|22218652|pdb|1G

K
R

|D
 C

hain D
, L-H

ydantoinase (D
ihydropyrim

idinase) From
 A

rthrobacter 
A

urescens
x

9931313
>gi|9931313|gb|A

A
G

02130.1| L-hydantoinase H
yuH

 [A
rthrobacter aurescens]

x
3122243

>gi|3122243|sp|P
81006|H

Y
D

L_A
R

TA
U

 N
on-ATP

-dependent L-selective hydantoinase
x

21730180
>gi|21730180|pdb|1G

K
Q

|D
 C

hain D
, D

-H
ydantoinase (D

ihydropyrim
idinase) From

 Therm
us S

p. In 
S

pace G
roup P

212121
x

23200227
>gi|23200227|pdb|1K

1D
|H

 C
hain H

, C
rystal S

tructure O
f D

-H
ydantoinase

x
34811416

>gi|34811416|pdb|1N
FG

|D
 C

hain D
, S

tructure O
f D

-H
ydantoinase

x
82739934

>gi|82739934|ref|ZP
_00902711.1| D

-hydantoinase [P
seudom

onas putida F1]
x

82747261
>gi|82747261|ref|ZP

_00909760.1| D
-hydantoinase [C

lostridium
 beijerincki N

C
IM

B
 8052]

x
83369112

>gi|83369112|ref|ZP
_00913970.1| D

-hydantoinase [R
hodobacter sphaeroides ATC

C
 17025]

x
83368213

>gi|83368213|ref|ZP
_00913078.1| D

-hydantoinase [R
hodobacter sphaeroides ATC

C
 17025]

x
83374693

>gi|83374693|ref|ZP
_00919463.1| D

-hydantoinase [R
hodobacter sphaeroides ATC

C
 17029]

x
83374826

>gi|83374826|ref|ZP
_00919594.1| D

-hydantoinase [R
hodobacter sphaeroides ATC

C
 17029]

x
84686022

>gi|84686022|ref|ZP
_01013918.1| D

-hydantoinase [R
hodobacterales bacterium

 H
TC

C
2654]

x
84711150

>gi|84711150|ref|ZP
_01019452.1| D

-hydantoinase [P
olarom

onas naphthalenivorans C
J2]

x
71146703

>gi|71146703|gb|A
A

Z27176.1| D
-hydantoinase [C

olw
ellia psychrerythraea 34H

]
x

72117164
>gi|72117164|gb|A

A
Z59427.1| D

-hydantoinase [R
alstonia eutropha JM

P
134]

x
3127836

>gi|3127836|em
b|C

A
A

18902.1| putative D
-hydantoinase [S

treptom
yces coelicolor A

3(2)]
x

1296441
>gi|1296441|em

b|C
A

A
62549.1| D

-hydantoinase [A
grobacterium

 tum
efaciens]

x

77388169
>gi|77388169|gb|A

B
A

79354.1| putative D
-hydantoinase (dihydropyrim

idinase) [R
hodobacter 

sphaeroides 2.4.1]
x

3334230
>gi|3334230|sp|Q

59699|H
Y

D
A

_P
S

E
P

U
 D

-hydantoinase (D
ihydropyrim

idinase) (D
H

P
ase)

x
78693606

>gi|78693606|ref|ZP
_00858120.1| D

-hydantoinase [B
radyrhizobium

 sp. B
TA

i1]
x

78694838
>gi|78694838|ref|ZP

_00859351.1| D
-hydantoinase [B

radyrhizobium
 sp. B

TA
i1]

x
78696155

>gi|78696155|ref|ZP
_00860665.1| D

-hydantoinase [B
radyrhizobium

 sp. B
TA

i1]
x

56911787
>gi|56911787|dbj|B

A
D

66314.1| D
-hydantoinase [B

acillus clausii K
S

M
-K

16]
x

23347063
>gi|23347063|gb|A

A
N

29227.1| D
-hydantoinase [B

rucella suis 1330]
x
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55794125
>gi|55794125|gb|A

AV
65953.1| D

-hydantoinase [B
acillus sp. A

R
9]

x
27351554

>gi|27351554|dbj|B
A

C
48560.1| D

-hydantoinase [B
radyrhizobium

 japonicum
 U

S
D

A 110]
x

27351592
>gi|27351592|dbj|B

A
C

48598.1| D
-hydantoinase [B

radyrhizobium
 japonicum

 U
S

D
A 110]

x
17983665

>gi|17983665|gb|A
A

L52825.1| D
-H

Y
D

A
N

TO
IN

A
S

E
 [B

rucella m
elitensis 16M

]
x

15075477
>gi|15075477|em

b|C
A

C
47033.1| P

U
TATIV

E
 D

-H
Y

D
A

N
TO

IN
A

S
E

 (D
IH

Y
D

R
O

P
Y

R
IM

ID
IN

A
S

E
) 

P
R

O
TE

IN
 [S

inorhizobium
 m

eliloti]
x

28203869
>gi|28203869|gb|A

A
O

36309.1| D
-hydantoinase [C

lostridium
 tetani E

88]
x

56379800
>gi|56379800|dbj|B

A
D

75708.1| dihydropyrim
idinase (D

-hydantoinase) [G
eobacillus kaustophilus 

H
TA

426]
x

56678396
>gi|56678396|gb|A

AV
95062.1| D

-hydantoinase [S
ilicibacter pom

eroyi D
S

S
-3]

x
77964327

>gi|77964327|gb|A
B

B
05708.1| D

-hydantoinase [B
urkholderia sp. 383]

x

77389882
>gi|77389882|gb|A

B
A

81066.1| putative D
-hydantoinase dihydropyrim

idinase [R
hodobacter 

sphaeroides 2.4.1]
x

77383666
>gi|77383666|gb|A

B
A

75179.1| D
-hydantoinase [P

seudom
onas fluorescens P

fO
-1]

x
27903506

>gi|27903506|gb|A
A

O
24771.1| D

-hydantoinase [A
rthrobacter crystallopoietes]

x
18478562

>gi|18478562|gb|A
A

L73199.1| D
-hydantoinase [A

grobacterium
 sp. IP I-671]

x
37222601

>gi|37222601|gb|A
A

Q
90019.1| D

-hydantoinase [P
seudom

onas putida]
x

85675686
>gi|85675686|dbj|B

A
E

76939.1| D
-stereospecific phenylhydantoinase [E

scherichia coli W
3110]

x

1311330

>gi|1311330|pdb|1K
R

B
|C

 C
hain C

, A
ctive S

ite M
utant, N

ickel M
etalloenzym

e M
ol_id: 1; M

olecule: 
U

rease; C
hain: A

, B
, C

; E
c: 3.5.1.5; M

utation: H
(C

 219)a; H
eterogen: C

arbon D
ioxide; H

eterogen: 
N

ickel
x

1311327

>gi|1311327|pdb|1K
R

C
|C

 C
hain C

, A
ctive S

ite M
utant, N

ickel M
etalloenzym

e M
ol_id: 1; M

olecule: 
U

rease; C
hain: A

, B
, C

; E
c: 3.5.1.5; M

utation: H
(C

 320)a; H
eterogen: C

arbon D
ioxide; H

eterogen: 
N

ickel
x

76557515
>gi|76557515|em

b|C
A

I49096.1| urease (E
C

 3.5.1.5), alpha subunit [N
atronom

onas pharaonis D
S

M
 

2160]
x

137070
>gi|137070|sp|P

18314|U
R

E
1_K

LE
A

E
 U

rease alpha subunit (U
rea am

idohydrolase)
x

224797
>gi|224797|prf||1201293A urease

x
227457

>gi|227457|prf||1704174C
 urease alpha

x

7245287
>gi|7245287|pdb|1E

F2|A C
hain A

, C
rystal S

tructure O
f M

anganese-S
ubstituted K

lebsiella 
A

erogenes U
rease

x
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16974909
>gi|16974909|pdb|1E

9Y
|B

 C
hain B

, C
rystal S

tructure O
f H

elicobacter P
ylori U

rease In C
om

plex 
W

ith A
cetohydroxam

ic A
cid

x
16974911

>gi|16974911|pdb|1E
9Z|B

 C
hain B

, C
rystal S

tructure O
f H

elicobacter P
ylori U

rease
x

14278353
>gi|14278353|pdb|1IE

7|C
 C

hain C
, P

hosphate Inhibited B
acillus P

asteurii U
rease C

rystal S
tructure

x

39654041
>gi|39654041|pdb|1E

JW
|C

 C
hain C

, C
rystal S

tructure O
f W

ild-Type K
lebsiella A

erogenes U
rease A

t 
298k

x

7245484
>gi|7245484|pdb|4U

B
P

|C
 C

hain C
, S

tructure O
f B

acillus P
asteurii U

rease Inhibited W
ith 

A
cetohydroxam

ic A
cid A

t 1.55 A R
esolution

x
85541984

>gi|85541984|sp|Q
6A

3P
9|U

R
E

A
_A

S
P

FU
 U

rease (U
rea am

idohydrolase)
x

2130642
>gi|2130642|gb|A

A
C

46128.1| urease structural subunit C
 [B

ordetella bronchiseptica]
x

82500240
>gi|82500240|ref|ZP

_00885663.1| U
rease, alpha  subunit [C

aldicellulosiruptor saccharolyticus D
S

M
 

8903]
x

82735364
>gi|82735364|ref|ZP

_00898227.1| U
rease, alpha  subunit [P

seudom
onas putida F1]

x

83368250
>gi|83368250|ref|ZP

_00913114.1| U
rease, alpha  subunit [R

hodobacter sphaeroides ATC
C

 17025]
x

83373265
>gi|83373265|ref|ZP

_00918044.1| U
rease, alpha  subunit [R

hodobacter sphaeroides ATC
C

 17029]
x

83680720
>gi|83680720|ref|ZP

_00942424.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia pseudom

allei 406e]
x

3915207
>gi|3915207|sp|O

54420|U
R

E
1_A

C
TP

L U
rease alpha subunit (U

rea am
idohydrolase)

x
137071

>gi|137071|sp|P
26929|U

R
E

1_LA
C

FE
 A

cid urease alpha subunit (U
rea am

idohydrolase)
x

83748047
>gi|83748047|ref|ZP

_00945076.1| U
rease alpha subunit [R

alstonia solanacearum
 U

W
551]

x
83944265

>gi|83944265|ref|ZP
_00956720.1| urease, alpha subunit [S

ulfitobacter sp. E
E

-36]
x

83953306
>gi|83953306|ref|ZP

_00962028.1| urease, alpha subunit [S
ulfitobacter sp. N

A
S

-14.1]
x

84317527
>gi|84317527|ref|ZP

_00965968.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[P
seudom

onas aeruginosa C
3719]

x

84357037
>gi|84357037|ref|ZP

_00981867.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia cenocepacia P

C
184]

x

84361059
>gi|84361059|ref|ZP

_00985743.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia dolosa A

U
O

158]
x

84387642
>gi|84387642|ref|ZP

_00990659.1| urease, alpha subunit [Vibrio splendidus 12B
01]

x

              338



         Table K
-1. G

enB
ank N

R
 data (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

84499667
>gi|84499667|ref|ZP

_00997955.1| urease, alpha subunit [O
ceanicola batsensis H

TC
C

2597]
x

84503105
>gi|84503105|ref|ZP

_01001201.1| U
rease [O

ceanicola batsensis H
TC

C
2597]

x
84515944

>gi|84515944|ref|ZP
_01003305.1| urease, alpha subunit [Loktanella vestfoldensis S

K
A

53]
x

84685183
>gi|84685183|ref|ZP

_01013082.1| urease, alpha subunit [R
hodobacterales bacterium

 H
TC

C
2654]

x

84714992
>gi|84714992|ref|ZP

_01022214.1| U
rease, alpha  subunit [P

olarom
onas naphthalenivorans C

J2]
x

83720169
>gi|83720169|ref|Y

P
_442042.1| urease, alpha subunit [B

urkholderia thailandensis E
264]

x
580821

>gi|580821|em
b|C

A
A

55175.1| urease [S
porosarcina pasteurii]

x
82751878

>gi|82751878|ref|Y
P

_417619.1| urease alpha subunit [S
taphylococcus aureus R

F122]
x

82702370
>gi|82702370|ref|Y

P
_411936.1| urease, alpha subunit [N

itrosospira m
ultiform

is ATC
C

 25196]
x

83647213
>gi|83647213|ref|Y

P
_435648.1| urease, alpha subunit [H

ahella chejuensis K
C

TC
 2396]

x

71796401
>gi|71796401|gb|A

A
Z41152.1| putative urease structural subunit C

 (alpha) [C
andidatus 

B
lochm

annia pennsylvanicus str. B
P

E
N

]
x

62527922
>gi|62527922|ref|ZP

_00389185.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[S
treptococcus therm

ophilus LM
D

-9]
x

48782084
>gi|48782084|ref|ZP

_00278657.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia fungorum

 LB
400]

x

48855146
>gi|48855146|ref|ZP

_00309306.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[C
ytophaga hutchinsonii]

x

23005331
>gi|23005331|ref|ZP

_00048203.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[M
agnetospirillum

 m
agnetotacticum

 M
S

-1]
x

53687606
>gi|53687606|ref|ZP

_00107943.2| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit [N

ostoc 
punctiform

e P
C

C
 73102]

x

32044238
>gi|32044238|ref|ZP

_00141339.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[P
seudom

onas aeruginosa U
C

B
P

P
-PA

14]
x

53729261
>gi|53729261|ref|ZP

_00133792.2| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[A
ctinobacillus pleuropneum

oniae serovar 1 str. 4074]
x

53733072
>gi|53733072|ref|ZP

_00155532.2| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[H
aem

ophilus influenzae R
2846]

x

47574669
>gi|47574669|ref|ZP

_00244705.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[R
ubrivivax gelatinosus P

M
1]

x
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1185472
>gi|1185472|gb|A

A
A

87854.1| urease alpha subunit [Yersinia pseudotuberculosis]
x

3688063
>gi|3688063|gb|A

A
C

62257.1| urease [C
ryptococcus neoform

ans var. grubii]
x

1652159
>gi|1652159|dbj|B

A
A

17083.1| urease alpha subunit [S
ynechocystis sp. P

C
C

 6803]
x

69936847
>gi|69936847|ref|ZP

_00631602.1| U
rease [P

aracoccus denitrificans P
D

1222]
x

85700461
>gi|85700461|gb|A

B
C

74584.1| urease structural subunit [Yersinia enterocolitica]
x

85704480
>gi|85704480|ref|ZP

_01035582.1| urease, alpha subunit [R
oseovarius sp. 217]

x
85705527

>gi|85705527|ref|ZP
_01036625.1| U

rease [R
oseovarius sp. 217]

x
86137786

>gi|86137786|ref|ZP
_01056362.1| urease, alpha subunit [R

oseobacter sp. M
E

D
193]

x
86163898

>gi|86163898|gb|E
A

Q
65170.1| urease, alpha subunit [M

arinom
onas sp. M

E
D

121]
x

86169120
>gi|86169120|gb|E

A
Q

70376.1| urease, alpha subunit [S
ynechococcus sp. R

S
9917]

x

86358904
>gi|86358904|ref|Y

P
_470796.1| urease (urea am

idohydrolase) alpha subunit protein [R
hizobium

 etli 
C

FN
 42]

x

21958000
>gi|21958000|gb|A

A
M

84814.1| urease (urea am
idohydrolase) alpha subunit [Yersinia pestis K

IM
]

x

86605319
>gi|86605319|ref|Y

P
_474082.1| urease, alpha subunit [C

yanobacteria bacterium
 Yellow

stone A
-

P
rim

e]
x

86607525
>gi|86607525|ref|Y

P
_476287.1| urease, alpha subunit [C

yanobacteria bacterium
 Yellow

stone B
-

P
rim

e]
x

86571954
>gi|86571954|gb|A

B
D

06511.1| urease, alpha subunit [R
hodopseudom

onas palustris H
aA

2]
x

68348432
>gi|68348432|gb|A

AY
96038.1| urease, alpha subunit [P

seudom
onas fluorescens P

f-5]
x

71361909
>gi|71361909|ref|ZP

_00653069.1| U
rease [P

sychrobacter cryohalolentis K
5]

x
71362355

>gi|71362355|ref|ZP
_00653514.1| U

rease [P
sychrobacter cryohalolentis K

5]
x

72002743
>gi|72002743|gb|A

A
Z58545.1| urease, alpha  subunit [P

rochlorococcus m
arinus str. N

ATL2A
]

x

72494087
>gi|72494087|dbj|B

A
E

17408.1| urease alpha subunit [S
taphylococcus saprophyticus subsp. 

saprophyticus ATC
C

 15305]
x

50788080
>gi|50788080|em

b|C
A

E
17672.1| putative urease [A

spergillus fum
igatus]

x
1167544

>gi|1167544|gb|A
A

C
43564.1| urease alpha subunit [S

treptococcus salivarius]
x

74099907
>gi|74099907|gb|A

A
Z99164.1| urease alpha subunit [S

treptococcus vestibularis]
x

71556913
>gi|71556913|gb|A

A
Z36124.1| urease, alpha subunit [P

seudom
onas syringae pv. phaseolicola 

1448A
]

x
75703548

>gi|75703548|gb|A
B

A
23224.1| U

rease, alpha  subunit [A
nabaena variabilis ATC

C
 29413]

x
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17429050
>gi|17429050|em

b|C
A

D
15734.1| P

R
O

B
A

B
LE

 U
R

E
A

S
E

 (A
LP

H
A S

U
B

U
N

IT) P
R

O
TE

IN
 [R

alstonia 
solanacearum

]
x

49242634
>gi|49242634|em

b|C
A

G
41355.1| urease alpha subunit [S

taphylococcus aureus subsp. aureus 
M

R
S

A
252]

x

49245514
>gi|49245514|em

b|C
A

G
43991.1| urease alpha subunit [S

taphylococcus aureus subsp. aureus 
M

S
S

A
476]

x
33574493

>gi|33574493|em
b|C

A
E

39138.1| urease alpha subunit [B
ordetella parapertussis]

x
33577421

>gi|33577421|em
b|C

A
E

34686.1| urease alpha subunit [B
ordetella bronchiseptica R

B
50]

x
914897

>gi|914897|em
b|C

A
A

35697.1| urease alpha subunit [U
reaplasm

a urealyticum
]

x
1780784

>gi|1780784|em
b|C

A
A

71385.1| urease catalytic subunit [C
lostridium

 perfringens]
x

2636189
>gi|2636189|em

b|C
A

B
15681.1| urease (alpha subunit) [B

acillus subtilis subsp. subtilis str. 168]
x

57867797
>gi|57867797|ref|Y

P
_189432.1| urease, alpha subunit [S

taphylococcus epiderm
idis R

P
62A

]
x

1174891
>gi|1174891|sp|P

42823|U
R

E
2_H

E
LH

E
 U

rease beta subunit (U
rea am

idohydrolase)
x

76579628
>gi|76579628|gb|A

B
A

49103.1| urease, alpha subunit [B
urkholderia pseudom

allei 1710b]
x

74016945
>gi|74016945|ref|ZP

_00687570.1| U
rease [B

urkholderia am
bifaria A

M
M

D
]

x
74020417

>gi|74020417|ref|ZP
_00691006.1| U

rease [R
hodoferax ferrireducens D

S
M

 15236]
x

75234470
>gi|75234470|ref|ZP

_00718825.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[E
scherichia coli E

110019]
x

15075493
>gi|15075493|em

b|C
A

C
47049.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT P

R
O

TE
IN

 [S
inorhizobium

 m
eliloti]

x
76884645

>gi|76884645|gb|A
B

A
59326.1| U

rease, alpha subunit [N
itrosococcus oceani ATC

C
 19707]

x

77388295
>gi|77388295|gb|A

B
A

79480.1| U
rea am

idohydrolase (urease) alpha subunit [R
hodobacter 

sphaeroides 2.4.1]
x

76875610
>gi|76875610|em

b|C
A

I86831.1| urease, alpha subunit [P
seudoalterom

onas haloplanktis TA
C

125]
x

9967061
>gi|9967061|gb|A

A
D

28133.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a urealyticum
 serovar 

13]
x

9967077
>gi|9967077|gb|A

A
D

28139.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a parvum
 serovar 1]

x

9967085
>gi|9967085|gb|A

A
D

28145.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a parvum
 serovar 14]

x
77543439

>gi|77543439|gb|A
B

A
87133.1| urease B

 [H
elicobacter pylori]

x
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77635026
>gi|77635026|ref|ZP

_00797116.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[Yersinia pestis A
ngola]

x
77966223

>gi|77966223|gb|A
B

B
07603.1| U

rease, alpha subunit [B
urkholderia sp. 383]

x

77688020
>gi|77688020|ref|ZP

_00803205.1| U
rease, alpha  subunit [R

hodopseudom
onas palustris B

isB
5]

x

77740711
>gi|77740711|ref|ZP

_00809197.1| U
rease, alpha  subunit [R

hodopseudom
onas palustris B

isA
53]

x
78170118

>gi|78170118|gb|A
B

B
27215.1| U

rease, alpha  subunit [S
ynechococcus sp. C

C
9902]

x
78198587

>gi|78198587|gb|A
B

B
36352.1| urease, alpha subunit [S

ynechococcus sp. C
C

9605]
x

77955793
>gi|77955793|ref|ZP

_00820133.1| U
rease, alpha  subunit [M

arinobacter aquaeolei V
T8]

x

77957751
>gi|77957751|ref|ZP

_00821799.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[Yersinia bercovieri ATC
C

 43970]
x

77973096
>gi|77973096|ref|ZP

_00828648.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[Yersinia frederiksenii ATC
C

 33641]
x

77978460
>gi|77978460|ref|ZP

_00833889.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[Yersinia interm
edia ATC

C
 29909]

x
78712719

>gi|78712719|gb|A
B

B
49896.1| urease, alpha subunit [P

rochlorococcus m
arinus str. M

IT 9312]
x

78494014
>gi|78494014|ref|ZP

_00846244.1| U
rease, alpha  subunit [R

hodopseudom
onas palustris B

isB
18]

x
78692690

>gi|78692690|ref|ZP
_00857204.1| U

rease, alpha  subunit [B
radyrhizobium

 sp. B
TA

i1]
x

78693475
>gi|78693475|ref|ZP

_00857989.1| U
rease, alpha  subunit [B

radyrhizobium
 sp. B

TA
i1]

x
78701765

>gi|78701765|ref|ZP
_00866213.1| U

rease, alpha  subunit [A
lkalilim

nicola ehrlichei M
LH

E
-1]

x
78695136

>gi|78695136|ref|ZP
_00859648.1| U

rease, alpha  subunit [B
radyrhizobium

 sp. B
TA

i1]
x

66847836
>gi|66847836|gb|E

A
L88166.1| urease [A

spergillus fum
igatus A

f293]
x

67545844
>gi|67545844|ref|ZP

_00423763.1| U
rease [B

urkholderia vietnam
iensis G

4]
x

67648604
>gi|67648604|ref|ZP

_00446833.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia m

allei N
C

TC
 10247]

x
67665979

>gi|67665979|ref|ZP
_00463234.1| U

rease [B
urkholderia cenocepacia H

I2424]
x

67677174
>gi|67677174|ref|ZP

_00473914.1| U
rease [C

hrom
ohalobacter salexigens D

S
M

 3043]
x

67739644
>gi|67739644|ref|ZP

_00490204.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia pseudom

allei 668]
x
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67757584
>gi|67757584|ref|ZP

_00496460.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia pseudom

allei P
asteur]

x

67761072
>gi|67761072|ref|ZP

_00499785.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia pseudom

allei S
13]

x
67985209

>gi|67985209|gb|E
A

M
73168.1| U

rease [K
ineococcus radiotolerans S

R
S

30216]
x

68182273
>gi|68182273|ref|ZP

_00555253.1| U
rease [Jannaschia sp. C

C
S

1]
x

68234677
>gi|68234677|ref|ZP

_00573744.1| U
rease [Frankia sp. E

A
N

1pec]
x

68246713
>gi|68246713|gb|E

A
N

28807.1| U
rease [M

agnetococcus sp. M
C

-1]
x

225714
>gi|225714|prf||1311327A urease

x

28872010
>gi|28872010|ref|N

P
_794629.1| urease, alpha subunit [P

seudom
onas syringae pv. tom

ato str. 
D

C
3000]

x
66045437

>gi|66045437|ref|Y
P

_235278.1| U
rease [P

seudom
onas syringae pv. syringae B

728a]
x

66047663
>gi|66047663|ref|Y

P
_237504.1| U

rease [P
seudom

onas syringae pv. syringae B
728a]

x
17402589

>gi|17402589|dbj|B
A

B
78715.1| urease [O

ryza sativa (indica cultivar-group)]
x

4154576
>gi|4154576|gb|A

A
D

05651.1| U
R

E
A

S
E

 B
E

TA S
U

B
U

N
IT [H

elicobacter pylori J99]
x

137073
>gi|137073|sp|P

17086|U
R

E
1_P

R
O

M
I U

rease alpha subunit (U
rea am

idohydrolase)
x

12313641
>gi|12313641|dbj|B

A
B

21067.1| alpha subunit of urease [R
hodobacter capsulatus]

x
5913962

>gi|5913962|dbj|B
A

A
84533.1| urease B

 [H
elicobacter pylori]

x
586164

>gi|586164|sp|Q
07397|U

R
E

1_B
A

C
S

B
 U

rease alpha subunit (U
rea am

idohydrolase)
x

1174889
>gi|1174889|sp|P

31494|U
R

E
1_Y

E
R

E
N

 U
rease alpha subunit (U

rea am
idohydrolase)

x

55738254
>gi|55738254|gb|A

AV
61895.1| urea am

idohydrolase (urease) alpha subunit [S
treptococcus 

therm
ophilus C

N
R

Z1066]
x

38567277
>gi|38567277|em

b|C
A

E
76567.1| probable urease [N

eurospora crassa]
x

167228
>gi|167228|gb|A

A
A

83831.1| urease
x

13360784
>gi|13360784|dbj|B

A
B

34747.1| urease alpha subunit [E
scherichia coli O

157:H
7]

x
17740887

>gi|17740887|gb|A
A

L43389.1| urease alpha subunit [A
grobacterium

 tum
efaciens str. C

58]
x

23492833
>gi|23492833|dbj|B

A
C

17805.1| urease alpha subunit [C
orynebacterium

 efficiens Y
S

-314]
x

22293726
>gi|22293726|dbj|B

A
C

07558.1| urease alpha subunit [Therm
osynechococcus elongatus B

P
-1]

x

33504317
>gi|33504317|em

b|C
A

D
83209.1| putative urease structural subunit C

 (alpha) [C
andidatus 

B
lochm

annia floridanus]
x

23347054
>gi|23347054|gb|A

A
N

29219.1| urease, alpha subunit [B
rucella suis 1330]

x
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23348201
>gi|23348201|gb|A

A
N

30272.1| urease, alpha subunit [B
rucella suis 1330]

x
27349709

>gi|27349709|dbj|B
A

C
46722.1| urease alpha subunit [B

radyrhizobium
 japonicum

 U
S

D
A 110]

x
17982574

>gi|17982574|gb|A
A

L51828.1| U
R

E
A

S
E

 A
LP

H
A S

U
B

U
N

IT [B
rucella m

elitensis 16M
]

x
17983673

>gi|17983673|gb|A
A

L52833.1| U
R

E
A

S
E

 A
LP

H
A S

U
B

U
N

IT [B
rucella m

elitensis 16M
]

x
14579320

>gi|14579320|gb|A
A

K
69199.1| urease beta subunit U

reB
 [H

elicobacter hepaticus]
x

6460756
>gi|6460756|gb|A

A
F12461.1| urease, alpha subunit [D

einococcus radiodurans R
1]

x

36785519
>gi|36785519|em

b|C
A

E
14466.1| urease alpha subunit [P

hotorhabdus lum
inescens subsp. 

laum
ondii TTO

1]
x

54016003
>gi|54016003|dbj|B

A
D

57373.1| putative urease alpha subunit [N
ocardia farcinica IFM

 10152]
x

14024880
>gi|14024880|dbj|B

A
B

51482.1| urease alpha subunit [M
esorhizobium

 loti M
A

FF303099]
x

10172866
>gi|10172866|dbj|B

A
B

03973.1| urease alpha subunit [B
acillus halodurans C

-125]
x

52210683
>gi|52210683|em

b|C
A

H
36667.1| urease alpha subunit [B

urkholderia pseudom
allei K

96243]
x

55229415
>gi|55229415|gb|A

AV
44835.1| urease alpha subunit [H

aloarcula m
arism

ortui ATC
C

 43049]
x

15622060
>gi|15622060|dbj|B

A
B

66053.1| 493aa long hypothetical urease alpha subunit [S
ulfolobus tokodaii 

str. 7]
x

396162
>gi|396162|em

b|C
A

A
48826.1| urease beta-6 subunit [H

elicobacter felis]
x

2708800
>gi|2708800|gb|A

A
C

26155.1| urease alpha subunit [S
ynechococcus sp. P

C
C

 7002]
x

76784366
>gi|76784366|ref|ZP

_00771551.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[M
ycobacterium

 tuberculosis F11]
x

13959023
>gi|13959023|gb|A

A
K

51069.1| urease alpha subunit U
reC

 [B
rucella m

elitensis biovar A
bortus]

x

62290254
>gi|62290254|ref|Y

P
_222047.1| U

reC
-2, urease, alpha subunit [B

rucella abortus biovar 1 str. 9-941]
x

21637179
>gi|21637179|gb|A

A
M

70367.1| urease U
reB

 [H
elicobacter pylori 26695]

x
21637192

>gi|21637192|gb|A
A

M
70375.1| urease U

reB
 [C

andidatus H
elicobacter heilm

annii]
x

21637202
>gi|21637202|gb|A

A
M

70382.1| urease U
reB

 [H
elicobacter bizzozeronii]

x
21637205

>gi|21637205|gb|A
A

M
70384.1| urease U

reB
 [H

elicobacter bizzozeronii]
x

21637208
>gi|21637208|gb|A

A
M

70386.1| urease U
reB

 [H
elicobacter felis]

x
21637244

>gi|21637244|gb|A
A

M
70410.1| urease U

reB
 [H

elicobacter pylori S
S

1]
x

59711280
>gi|59711280|ref|Y

P
_204056.1| urease alpha subunit [Vibrio fischeri E

S
114]

x
4249613

>gi|4249613|gb|A
A

D
13732.1| urease alpha subunit U

reC
 [A

ctinom
yces naeslundii]

x
3659633

>gi|3659633|gb|A
A

C
61502.1| urease alpha subunit [S

ynechococcus sp. W
H

 7805]
x

4545295
>gi|4545295|gb|A

A
D

22480.1| urease alpha subunit [Lactobacillus ferm
entum

]
x
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67644011
>gi|67644011|ref|ZP

_00442754.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia m

allei G
B

8 horse 4]
x

42782712
>gi|42782712|ref|N

P
_979959.1| urease alpha subunit [B

acillus cereus ATC
C

 10987]
x

16272483
>gi|16272483|ref|N

P
_438697.1| urease alpha subunit [H

aem
ophilus influenzae R

d K
W

20]
x

410516
>gi|410516|em

b|C
A

A
52680.1| urease alpha subunit [S

taphylococcus xylosus]
x

465008
>gi|465008|sp|P

07374|U
R

E
A

_C
A

N
E

N
 U

rease (U
rea am

idohydrolase)
x

57228623
>gi|57228623|gb|A

AW
45058.1| urease [C

ryptococcus neoform
ans var. neoform

ans JE
C

21]
x

60280325
>gi|60280325|gb|A

A
C

49868.3| urease [C
occidioides posadasii]

x
9951141

>gi|9951141|gb|A
A

G
08253.1| urease alpha subunit [P

seudom
onas aeruginosa PA

O
1]

x

41324314
>gi|41324314|em

b|C
A

F18654.1| U
R

E
A

S
E

 A
LP

H
A S

U
B

U
N

IT [C
orynebacterium

 glutam
icum

 ATC
C

 
13032]

x
17132803

>gi|17132803|dbj|B
A

B
75369.1| urease alpha subunit [N

ostoc sp. P
C

C
 7120]

x
26989564

>gi|26989564|ref|N
P

_744989.1| urease, alpha subunit [P
seudom

onas putida K
T2440]

x
69298861

>gi|69298861|ref|ZP
_00620990.1| U

rease [S
ilicibacter sp. TM

1040]
x

68192333
>gi|68192333|gb|E

A
N

06987.1| U
rease [M

esorhizobium
 sp. B

N
C

1]
x

33634096
>gi|33634096|em

b|C
A

E
19422.1| U

rease alpha subunit [P
rochlorococcus m

arinus subsp. pastoris 
str. C

C
M

P
1986]

x
49530264

>gi|49530264|em
b|C

A
G

67976.1| urease alpha subunit [A
cinetobacter sp. A

D
P

1]
x

33641280
>gi|33641280|em

b|C
A

E
22410.1| U

rease alpha subunit [P
rochlorococcus m

arinus str. M
IT 9313]

x
33639580

>gi|33639580|em
b|C

A
E

08964.1| urease alpha subunit [S
ynechococcus sp. W

H
 8102]

x
71846680

>gi|71846680|gb|A
A

Z46176.1| U
rease, alpha  subunit [D

echlorom
onas arom

atica R
C

B
]

x

29606364
>gi|29606364|dbj|B

A
C

70426.1| putative urease alpha subunit [S
treptom

yces averm
itilis M

A
-4680]

x

29610772
>gi|29610772|dbj|B

A
C

74817.1| putative urease alpha subunit [S
treptom

yces averm
itilis M

A
-4680]

x

56380307
>gi|56380307|dbj|B

A
D

76215.1| urease alpha subunit (urea am
idohydrolase) [G

eobacillus 
kaustophilus H

TA
426]

x
56678330

>gi|56678330|gb|A
AV

94996.1| urease, alpha subunit [S
ilicibacter pom

eroyi D
S

S
-3]

x
33564160

>gi|33564160|em
b|C

A
E

43436.1| urease alpha subunit [B
ordetella pertussis Toham

a I]
x

39650578
>gi|39650578|em

b|C
A

E
29101.1| urease alpha subunit [R

hodopseudom
onas palustris C

G
A

009]
x
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72118111
>gi|72118111|gb|A

A
Z60374.1| U

rease, alpha  subunit [R
alstonia eutropha JM

P
134]

x
68057335

>gi|68057335|gb|A
A

X
87588.1| U

rease alpha subunit [H
aem

ophilus influenzae 86-028N
P

]
x

77380811
>gi|77380811|gb|A

B
A

72324.1| U
rease, alpha  subunit [P

seudom
onas fluorescens P

fO
-1]

x
48958361

>gi|48958361|dbj|B
A

D
23924.1| urease beta subunit [C

am
pylobacter lari]

x
48958364

>gi|48958364|dbj|B
A

D
23926.1| urease beta subunit [C

am
pylobacter lari]

x
48958367

>gi|48958367|dbj|B
A

D
23928.1| urease beta subunit [C

am
pylobacter lari]

x
48958373

>gi|48958373|dbj|B
A

D
23932.1| urease beta subunit [C

am
pylobacter lari]

x
48958376

>gi|48958376|dbj|B
A

D
23934.1| urease beta subunit [C

am
pylobacter lari]

x
48958379

>gi|48958379|dbj|B
A

D
23936.1| urease beta subunit [C

am
pylobacter lari]

x
48958382

>gi|48958382|dbj|B
A

D
23938.1| urease beta subunit [C

am
pylobacter lari]

x
48958385

>gi|48958385|dbj|B
A

D
23940.1| urease beta subunit [C

am
pylobacter lari]

x
48958388

>gi|48958388|dbj|B
A

D
23942.1| urease beta subunit [C

am
pylobacter lari]

x
48958391

>gi|48958391|dbj|B
A

D
23944.1| urease beta subunit [C

am
pylobacter lari]

x

48864341
>gi|48864341|ref|ZP

_00318234.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[M
icrobulbifer degradans 2-40]

x

28372407
>gi|28372407|gb|A

A
O

34403.1| urease beta; urease subunit B
; urease large subunit [H

elicobacter 
pylori]

x
22831365

>gi|22831365|gb|A
A

N
08919.1| urease JB

U
R

E
-II [C

anavalia ensiform
is]

x
41350153

>gi|41350153|gb|A
A

S
00415.1| urease alpha subunit [S

accharopolyspora spinosa]
x

15220459
>gi|15220459|ref|N

P
_176922.1| hydrolase/ nickel ion binding / urease [A

rabidopsis thaliana]
x

9716120
>gi|9716120|em

b|C
A

C
01458.1| urease alpha subunit [S

treptom
yces coelicolor A

3(2)]
x

3355674
>gi|3355674|em

b|C
A

A
19974.1| urease alpha subunit [S

treptom
yces coelicolor A

3(2)]
x

13605430
>gi|13605430|gb|A

A
K

32714.1| urease B
 [H

elicobacter pylori]
x

58801243
>gi|58801243|dbj|B

A
D

89502.1| urease B
 subunit [C

am
pylobacter lari]

x
27462198

>gi|27462198|gb|A
A

O
15374.1| urease B

 [H
elicobacter bizzozeronii]

x
86739545

>gi|86739545|ref|Y
P

_479945.1| urease, alpha subunit [Frankia sp. C
cI3]

x
71676622

>gi|71676622|ref|ZP
_00674363.1| U

rease [Trichodesm
ium

 erythraeum
 IM

S
101]

x
31580721

>gi|31580721|gb|A
A

P
51176.1| urease B

 [H
elicobacter pylori]

x
32170829

>gi|32170829|gb|A
A

O
85884.1| em

bryo-specific urease [G
lycine m

ax]
x

14599161
>gi|14599161|em

b|C
A

C
43845.1| urease [G

lycine m
ax]

x
37731823

>gi|37731823|gb|A
A

O
63582.1| urease C

 [N
itrosom

onas cryotolerans]
x
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77961632
>gi|77961632|ref|ZP

_00825465.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[Yersinia m
ollaretii ATC

C
 43969]

x
14599435

>gi|14599435|em
b|C

A
C

43859.1| urease [S
olanum

 tuberosum
]

x
14599413

>gi|14599413|em
b|C

A
C

43857.1| urease [S
olanum

 tuberosum
]

x
37726861

>gi|37726861|gb|A
A

O
38226.1| urease subunit C

 [N
itrosospira m

ultiform
is]

x
32966209

>gi|32966209|gb|A
A

P
92141.1| urease C

 subunit [N
itrosospira m

ultiform
is]

x
2340847

>gi|2340847|em
b|C

A
A

74065.1| urease, structural subunit [C
upriavidus necator]

x
19338960

>gi|19338960|gb|A
A

L86896.1| urease B
 subunit [H

elicobacter pylori]
x

14599415
>gi|14599415|em

b|C
A

C
43858.1| urease [S

olanum
 tuberosum

]
x

52429706
>gi|52429706|gb|A

A
U

50299.1| urease, alpha subunit [B
urkholderia m

allei ATC
C

 23344]
x

66963659
>gi|66963659|ref|ZP

_00411230.1| U
rease [A

rthrobacter sp. FB
24]

x
67156658

>gi|67156658|ref|ZP
_00418155.1| U

rease [A
zotobacter vinelandii AvO

P
]

x

67686103
>gi|67686103|ref|ZP

_00479859.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia pseudom

allei 1710a]
x

67850889
>gi|67850889|gb|E

A
M

46460.1| U
rease [C

lostridium
 therm

ocellum
 ATC

C
 27405]

x
68187175

>gi|68187175|gb|E
A

N
01866.1| U

rease [M
ethylobacillus flagellatus K

T]
x

68555641
>gi|68555641|ref|ZP

_00594985.1| U
rease [R

alstonia m
etallidurans C

H
34]

x
7272374

>gi|7272374|gb|A
A

A
89189.2| U

reC
 [U

reaplasm
a urealyticum

]
x

10336584
>gi|10336584|dbj|B

A
B

13788.1| U
reC

 [Vibrio parahaem
olyticus]

x
6633958

>gi|6633958|dbj|B
A

A
88554.1| U

reC
 [C

orynebacterium
 glutam

icum
]

x
38489172

>gi|38489172|gb|A
A

R
21273.1| U

reC
 protein [S

treptococcus therm
ophilus]

x
886331

>gi|886331|gb|A
A

C
37007.1| ureC

 gene product
x

28208583
>gi|28208583|gb|A

A
O

37372.1| U
reC

 [S
treptococcus therm

ophilus]
x

545801
>gi|545801|gb|A

A
B

30138.1| U
reC

 [S
inorhizobium

 m
eliloti]

x
19070377

>gi|19070377|gb|A
A

L83830.1| U
reC

 [R
hizobium

 legum
inosarum

 bv. viciae]
x

45774390
>gi|45774390|gb|A

A
N

76657.2| U
reC

 [N
itrosospira sp. N

pAV
]

x
38232576

>gi|38232576|gb|A
A

R
15086.1| U

reC
 [Yersinia aldovae]

x
38232585

>gi|38232585|gb|A
A

R
15094.1| U

reC
 [Yersinia bercovieri]

x
38232594

>gi|38232594|gb|A
A

R
15102.1| U

reC
 [Yersinia frederiksenii]

x
38232603

>gi|38232603|gb|A
A

R
15110.1| U

reC
 [Yersinia interm

edia]
x

38232613
>gi|38232613|gb|A

A
R

15119.1| U
reC

 [Yersinia kristensenii]
x

38232633
>gi|38232633|gb|A

A
R

15137.1| U
reC

 [Yersinia rohdei]
x
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28411228
>gi|28411228|em

b|C
A

D
67483.1| ureC

 protein [S
treptococcus therm

ophilus]
x

40888979
>gi|40888979|gb|A

A
R

97335.1| U
reC

 [N
itrosospira tenuis]

x
37724518

>gi|37724518|gb|A
A

O
17783.1| urea am

idohydrolase alpha subunit [N
itrosospira briensis]

x
19310948

>gi|19310948|gb|A
A

L86691.1| urea am
idohydrolase alpha subunit [N

itrosococcus oceani]
x

40737715
>gi|40737715|gb|A

A
R

89361.1| U
reB

 [H
elicobacter felis]

x
40737730

>gi|40737730|gb|A
A

R
89371.1| U

reB
 [H

elicobacter pylori]
x

40737733
>gi|40737733|gb|A

A
R

89373.1| U
reB

 [H
elicobacter pylori]

x
51989332

>gi|51989332|gb|A
A

U
21200.1| U

reB
 [H

elicobacter pylori]
x

50513301
>gi|50513301|pdb|1P

O
K

|A C
hain A

, C
rystal S

tructure O
f Isoaspartyl D

ipeptidase
x

16505629
>gi|16505629|em

b|C
A

D
03357.1| probable isoaspartyl dipeptidase [S

alm
onella enterica subsp. 

enterica serovar Typhi]
x

13364764
>gi|13364764|dbj|B

A
B

38709.1| isoaspartyl dipeptidase [E
scherichia coli O

157:H
7]

x
26111649

>gi|26111649|gb|A
A

N
83830.1| Isoaspartyl dipeptidase [E

scherichia coli C
FT073]

x

56130553
>gi|56130553|gb|A

AV
80059.1| probable isoaspartyl dipeptidase [S

alm
onella enterica subsp. 

enterica serovar P
aratyphi A str. ATC

C
 9150]

x
1790784

>gi|1790784|gb|A
A

C
77284.1| isoaspartyl dipeptidase [E

scherichia coli K
12]

x
16423078

>gi|16423078|gb|A
A

L23330.1| isoaspartyl dipeptidase [S
alm

onella typhim
urium

 LT2]
x

62182937
>gi|62182937|ref|Y

P
_219354.1| isoaspartyl dipeptidase [S

alm
onella enterica subsp. enterica 

serovar C
holeraesuis str. S

C
-B

67]
x

24054703
>gi|24054703|gb|A

A
N

45611.1| isoaspartyl dipeptidase [S
higella flexneri 2a str. 301]

x
52420926

>gi|52420926|em
b|C

A
H

55805.1| isoaspartyl dipeptidase yadA [E
scherichia coli]

x
226366

>gi|226366|prf||1508181A enolase
N

S
A

x
5305425

>gi|5305425|gb|A
A

D
41645.1| alpha enolase [Trachem

ys scripta elegans]
M

FR
x

48864450
>gi|48864450|ref|ZP

_00318343.1| C
O

G
0148: E

nolase [M
icrobulbifer degradans 2-40]

N
S

A
x

23014637
>gi|23014637|ref|ZP

_00054443.1| C
O

G
0148: E

nolase [M
agnetospirillum

 m
agnetotacticum

 M
S

-1]
N

S
A

x
30584989

>gi|30584989|gb|A
A

P
36767.1| H

om
o sapiens enolase 1, (alpha) [synthetic construct]

N
S

A
x

70865791
>gi|70865791|gb|E

A
N

81679.1| enolase, putative [Trypanosom
a cruzi]

N
S

A
x

70880803
>gi|70880803|gb|E

A
N

93876.1| enolase, putative [Trypanosom
a cruzi]

N
S

A
x

70835084
>gi|70835084|gb|E

A
N

80586.1| enolase, putative [Trypanosom
a brucei]

N
S

A
x

18893794
>gi|18893794|gb|A

A
L81765.1| enolase (2-phosphoglycerate dehydratase) [P

yrococcus furiosus 
D

S
M

 3638]
N

S
A

x
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58428815
>gi|58428815|gb|A

AW
77852.1| E

nolase [X
anthom

onas oryzae pv. oryzae K
A

C
C

10331]
N

S
A

x
5566199

>gi|5566199|gb|A
A

D
45330.1| enolase 2 [Trichom

itus batrachorum
]

B
TC

x
5566200

>gi|5566200|gb|A
A

D
45331.1| enolase 1 [Trichom

itus batrachorum
]

B
TC

x
5566202

>gi|5566202|gb|A
A

D
45333.1| enolase 1 [M

onocercom
onas ATC

C
50210]

B
TC

x
45047757

>gi|45047757|em
b|C

A
F30884.1| E

nolase [M
ethanococcus m

aripaludis S
2]

N
S

A
x

28630228
>gi|28630228|gb|A

A
M

88900.1| enolase 3 [B
ranchiostom

a lanceolatum
]

M
FR

x
33465413

>gi|33465413|gb|A
A

Q
19192.1| enolase 1 [H

ypotrichom
onas acosta]

B
TC

x
33465415

>gi|33465415|gb|A
A

Q
19193.1| enolase 2 [H

ypotrichom
onas acosta]

B
TC

x
5881830

>gi|5881830|em
b|C

A
B

55631.1| putative enolase [G
luconobacter oxydans]

N
S

A
x

11292212
>gi|11292212|pir||T45116 phosphopyruvate hydratase (E

C
 4.2.1.11) [im

ported] - fission yeast 
(S

chizosaccharom
yces pom

be)
N

S
A

x
7473329

>gi|7473329|pir||C
75251 phosphopyruvate hydratase - D

einococcus radiodurans (strain R
1)

N
S

A
x

83952176
>gi|83952176|ref|ZP

_00960908.1| probable phosphopyruvate hydratase [R
oseovarius nubinhibens 

IS
M

]
N

S
A

x

84501066
>gi|84501066|ref|ZP

_00999301.1| probable phosphopyruvate hydratase [O
ceanicola batsensis 

H
TC

C
2597]

N
S

A
x

84787057
>gi|84787057|gb|A

B
C

63239.1| probable phosphopyruvate hydratase [E
rythrobacter litoralis 

H
TC

C
2594]

N
S

A
x

34498913
>gi|34498913|ref|N

P
_903128.1| probable phosphopyruvate hydratase [C

hrom
obacterium

 
violaceum

 ATC
C

 12472]
N

S
A

x

16082480
>gi|16082480|ref|N

P
_393564.1| G

alactonate dehydratase [Therm
oplasm

a acidophilum
 D

S
M

 1728]
B

TC
, 

M
O

F
x

86360374
>gi|86360374|ref|Y

P
_472262.1| putative galactonate dehydratase protein [R

hizobium
 etli C

FN
 42]

B
TC

x

86284476
>gi|86284476|gb|A

B
C

93535.1| putative galactonate dehydratase protein [R
hizobium

 etli C
FN

 42]
B

TC
x

56680714
>gi|56680714|gb|A

AV
97379.1| galactonate dehydratase, putative [S

ilicibacter pom
eroyi D

S
S

-3]
S

FA
x

56709029
>gi|56709029|ref|Y

P
_165074.1| galactonate dehydratase, putative [S

ilicibacter pom
eroyi D

S
S

-3]
S

FA
x

13540999
>gi|13540999|ref|N

P
_110687.1| G

alactonate dehydratase [Therm
oplasm

a volcanium
 G

S
S

1]
B

TC
, 

M
O

F
x
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13542025
>gi|13542025|ref|N

P
_111713.1| G

alactonate dehydratase [Therm
oplasm

a volcanium
 G

S
S

1]
B

TC
, 

M
O

F
x

16420830
>gi|16420830|gb|A

A
L21192.1| putative galactonate dehydratase [S

alm
onella typhim

urium
 LT2]

S
FA

x

16765618
>gi|16765618|ref|N

P
_461233.1| putative galactonate dehydratase [S

alm
onella typhim

urium
 LT2]

S
FA

x

62180864
>gi|62180864|ref|Y

P
_217281.1| paral putative galactonate dehydratase [S

alm
onella enterica subsp. 

enterica serovar C
holeraesuis str. S

C
-B

67]
S

FA
x

62128497
>gi|62128497|gb|A

A
X

66200.1| paral putative galactonate dehydratase [S
alm

onella enterica subsp. 
enterica serovar C

holeraesuis str. S
C

-B
67]

S
FA

x
17984511

>gi|17984511|gb|A
A

L53598.1| G
A

LA
C

TO
N

ATE
 D

E
H

Y
D

R
ATA

S
E

 [B
rucella m

elitensis 16M
]

N
S

A
x

82499349
>gi|82499349|ref|ZP

_00884796.1| conserved hypothetical m
andelate racem

ase 
[C

aldicellulosiruptor saccharolyticus D
S

M
 8903]

B
TC

, 
M

O
F

x

82402672
>gi|82402672|gb|E

A
P

43446.1| conserved hypothetical m
andelate racem

ase [C
aldicellulosiruptor 

saccharolyticus D
S

M
 8903]

B
TC

, 
M

O
F

x

82746834
>gi|82746834|ref|ZP

_00909337.1| putative m
andelate racem

ase [C
lostridium

 beijerincki N
C

IM
B

 
8052]

S
FA

x

82725330
>gi|82725330|gb|E

A
P

60076.1| putative m
andelate racem

ase [C
lostridium

 beijerincki N
C

IM
B

 8052]
S

FA
x

86360704
>gi|86360704|ref|Y

P
_472592.1| probable m

andelate racem
ase protein [R

hizobium
 etli C

FN
 42]

S
FA

x

86284806
>gi|86284806|gb|A

B
C

93865.1| probable m
andelate racem

ase protein [R
hizobium

 etli C
FN

 42]
S

FA
x

86361111
>gi|86361111|ref|Y

P
_472998.1| putative m

andelate racem
ase protein [R

hizobium
 etli C

FN
 42]

B
TC

, 
M

O
F

x

86285213
>gi|86285213|gb|A

B
C

94271.1| putative m
andelate racem

ase protein [R
hizobium

 etli C
FN

 42]
B

TC
, 

M
O

F
x

86165177
>gi|86165177|gb|E

A
Q

66445.1| probable m
andelate racem

ase [M
arinom

onas sp. M
E

D
121]

B
TC

x
68568553

>gi|68568553|gb|A
AY

81482.1| m
andelate racem

ase [S
ulfolobus acidocaldarius D

S
M

 639]
S

FA
x

70607905
>gi|70607905|ref|Y

P
_256775.1| m

andelate racem
ase [S

ulfolobus acidocaldarius D
S

M
 639]

S
FA

x

33577784
>gi|33577784|em

b|C
A

E
35049.1| putative m

andelate racem
ase [B

ordetella bronchiseptica R
B

50]
B

TC
, 

M
O

F
x
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33603659
>gi|33603659|ref|N

P
_891219.1| putative m

andelate racem
ase [B

ordetella bronchiseptica R
B

50]
B

TC
, 

M
O

F
x

77359254
>gi|77359254|ref|Y

P
_338829.1| m

andelate racem
ase [P

seudoalterom
onas haloplanktis TA

C
125]

S
FA

x
78695260

>gi|78695260|ref|ZP
_00859772.1| probable m

andelate racem
ase [B

radyrhizobium
 sp. B

TA
i1]

B
TC

x
78516934

>gi|78516934|gb|E
A

P
30233.1| probable m

andelate racem
ase [B

radyrhizobium
 sp. B

TA
i1]

B
TC

x

29137654
>gi|29137654|gb|A

A
O

69216.1| putative m
andelate racem

ase [S
alm

onella enterica subsp. enterica 
serovar Typhi Ty2]

S
FA

x

56552124
>gi|56552124|ref|Y

P
_162963.1| m

andelate racem
ase [Zym

om
onas m

obilis subsp. m
obilis ZM

4]
S

FA
x

56543698
>gi|56543698|gb|A

AV
89852.1| m

andelate racem
ase [Zym

om
onas m

obilis subsp. m
obilis ZM

4]
S

FA
x

56552160
>gi|56552160|ref|Y

P
_162999.1| putative m

andelate racem
ase [Zym

om
onas m

obilis subsp. m
obilis 

ZM
4]

S
FA

x

56543734
>gi|56543734|gb|A

AV
89888.1| putative m

andelate racem
ase [Zym

om
onas m

obilis subsp. m
obilis 

ZM
4]

S
FA

x
17983732

>gi|17983732|gb|A
A

L52888.1| M
A

N
D

E
LATE

 R
A

C
E

M
A

S
E

 [B
rucella m

elitensis 16M
]

S
FA

x
17987990

>gi|17987990|ref|N
P

_540624.1| M
A

N
D

E
LATE

 R
A

C
E

M
A

S
E

 [B
rucella m

elitensis 16M
]

S
FA

x

49610464
>gi|49610464|em

b|C
A

G
73909.1| putative m

andelate racem
ase [E

rw
inia carotovora subsp. 

atroseptica S
C

R
I1043]

B
TC

x

50119938
>gi|50119938|ref|Y

P
_049105.1| putative m

andelate racem
ase [E

rw
inia carotovora subsp. 

atroseptica S
C

R
I1043]

B
TC

x

27381460
>gi|27381460|ref|N

P
_772989.1| putative m

andelate racem
ase [B

radyrhizobium
 japonicum

 U
S

D
A 

110]
S

FA
x

27382736
>gi|27382736|ref|N

P
_774265.1| probable m

andelate racem
ase [B

radyrhizobium
 japonicum

 U
S

D
A 

110]
B

TC
x

17983738
>gi|17983738|gb|A

A
L52893.1| M

A
N

D
E

LATE
 R

A
C

E
M

A
S

E
 [B

rucella m
elitensis 16M

]
B

TC
x

17987995
>gi|17987995|ref|N

P
_540629.1| M

A
N

D
E

LATE
 R

A
C

E
M

A
S

E
 [B

rucella m
elitensis 16M

]
B

TC
x

14026713
>gi|14026713|dbj|B

A
B

53309.1| m
andelate racem

ase [M
esorhizobium

 loti M
A

FF303099]
B

TC
x

13475953
>gi|13475953|ref|N

P
_107523.1| m

andelate racem
ase [M

esorhizobium
 loti M

A
FF303099]

B
TC

x

52208779
>gi|52208779|em

b|C
A

H
34717.1| putative m

andelate racem
ase [B

urkholderia pseudom
allei 

K
96243]

B
TC

x
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53718365
>gi|53718365|ref|Y

P
_107351.1| putative m

andelate racem
ase [B

urkholderia pseudom
allei K

96243]
B

TC
x

15622149
>gi|15622149|dbj|B

A
B

66141.1| 373aa long hypothetical m
andelate racem

ase [S
ulfolobus tokodaii 

str. 7]
B

TC
x

15921363
>gi|15921363|ref|N

P
_377032.1| hypothetical m

andelate racem
ase [S

ulfolobus tokodaii str. 7]
B

TC
x

56127654
>gi|56127654|gb|A

AV
77160.1| putative m

andelate racem
ase [S

alm
onella enterica subsp. enterica 

serovar P
aratyphi A str. ATC

C
 9150]

S
FA

x

56413397
>gi|56413397|ref|Y

P
_150472.1| putative m

andelate racem
ase [S

alm
onella enterica subsp. enterica 

serovar P
aratyphi A str. ATC

C
 9150]

S
FA

x
16422264

>gi|16422264|gb|A
A

L22556.1| putative m
andelate racem

ase [S
alm

onella typhim
urium

 LT2]
B

TC
x

16766982
>gi|16766982|ref|N

P
_462597.1| putative m

andelate racem
ase [S

alm
onella typhim

urium
 LT2]

B
TC

x
16422406

>gi|16422406|gb|A
A

L22692.1| putative m
andelate racem

ase [S
alm

onella typhim
urium

 LT2]
S

FA
x

16767118
>gi|16767118|ref|N

P
_462733.1| putative m

andelate racem
ase [S

alm
onella typhim

urium
 LT2]

S
FA

x
76579348

>gi|76579348|gb|A
B

A
48823.1| m

andelate racem
ase [B

urkholderia pseudom
allei 1710b]

B
TC

x
76809895

>gi|76809895|ref|Y
P

_332360.1| m
andelate racem

ase [B
urkholderia pseudom

allei 1710b]
B

TC
x

29610948
>gi|29610948|dbj|B

A
C

74993.1| putative m
andelate racem

ase [S
treptom

yces averm
itilis M

A
-4680]

S
FA

x

29833824
>gi|29833824|ref|N

P
_828458.1| putative m

andelate racem
ase [S

treptom
yces averm

itilis M
A

-4680]
S

FA
x

33576228
>gi|33576228|em

b|C
A

E
33307.1| putative m

andelate racem
ase [B

ordetella bronchiseptica R
B

50]
S

FA
x

33573688
>gi|33573688|em

b|C
A

E
37980.1| putative m

andelate racem
ase [B

ordetella parapertussis]
S

FA
x

33572111
>gi|33572111|em

b|C
A

E
41651.1| putative m

andelate racem
ase [B

ordetella pertussis Toham
a I]

S
FA

x
33592465

>gi|33592465|ref|N
P

_880109.1| putative m
andelate racem

ase [B
ordetella pertussis Toham

a I]
S

FA
x

33597261
>gi|33597261|ref|N

P
_884904.1| putative m

andelate racem
ase [B

ordetella parapertussis 12822]
S

FA
x

33601791
>gi|33601791|ref|N

P
_889351.1| putative m

andelate racem
ase [B

ordetella bronchiseptica R
B

50]
S

FA
x

16504041
>gi|16504041|em

b|C
A

D
06075.1| probable glucarate dehydratase 2 [S

alm
onella enterica subsp. 

enterica serovar Typhi]
B

TC
x
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29138857
>gi|29138857|gb|A

A
O

70426.1| probable glucarate dehydratase 2 [S
alm

onella enterica subsp. 
enterica serovar Typhi Ty2]

B
TC

x

16761740
>gi|16761740|ref|N

P
_457357.1| probable glucarate dehydratase 2 [S

alm
onella enterica subsp. 

enterica serovar Typhi str. C
T18]

B
TC

x

29143224
>gi|29143224|ref|N

P
_806566.1| probable glucarate dehydratase 2 [S

alm
onella enterica subsp. 

enterica serovar Typhi Ty2]
B

TC
x

25291987
>gi|25291987|pir||A

D
0861 glucarate dehydratase (E

C
 4.2.1.40) - S

alm
onella enterica subsp. 

enterica serovar Typhi (strain C
T18)

B
TC

x
74313360

>gi|74313360|ref|Y
P

_311779.1| putative glucarate dehydratase [S
higella sonnei S

s046]
B

TC
x

73856837
>gi|73856837|gb|A

A
Z89544.1| putative glucarate dehydratase [S

higella sonnei S
s046]

B
TC

x
151314

>gi|151314|gb|A
A

A
25867.1| glucarate dehydratase

N
S

F
x

82545087
>gi|82545087|ref|Y

P
_409034.1| putative glucarate dehydratase [S

higella boydii S
b227]

B
TC

x
81246498

>gi|81246498|gb|A
B

B
67206.1| putative glucarate dehydratase [S

higella boydii S
b227]

B
TC

x
1789151

>gi|1789151|gb|A
A

C
75830.1| putative (D

)-glucarate dehydratase 2 [E
scherichia coli K

12]
B

TC
x

85675607
>gi|85675607|dbj|B

A
E

76860.1| predicted glucarate dehydratase [E
scherichia coli W

3110]
B

TC
x

16130695
>gi|16130695|ref|N

P
_417268.1| putative (D

)-glucarate dehydratase 2 [E
scherichia coli K

12]
B

TC
x

6714756
>gi|6714756|em

b|C
A

B
66220.1| putative glucarate dehydratase. [S

treptom
yces coelicolor A

3(2)]
B

TC
x

21221001
>gi|21221001|ref|N

P
_626780.1| glucarate dehydratase [S

treptom
yces coelicolor A

3(2)]
B

TC
x

9910726
>gi|9910726|sp|Q

9R
D

E
9|G

U
D

H
_S

TR
C

O
 P

robable glucarate dehydratase (G
D

H
) (G

lucD
)

B
TC

x

75428535
>gi|75428535|ref|ZP

_00731737.1| putative d-glucarate dehydratase [A
ctinobacillus succinogenes 

130Z]
B

TC
x

74277627
>gi|74277627|gb|E

A
O

51199.1| putative d-glucarate dehydratase [A
ctinobacillus succinogenes 

130Z]
B

TC
x

67675577
>gi|67675577|ref|ZP

_00472333.1| G
lucarate dehydratase [C

hrom
ohalobacter salexigens D

S
M

 
3043]

B
TC

x

67520396
>gi|67520396|gb|E

A
M

24340.1| G
lucarate dehydratase [C

hrom
ohalobacter salexigens D

S
M

 3043]
B

TC
x

12517263
>gi|12517263|gb|A

A
G

57901.1| putative glucarate dehydratase [E
scherichia coli O

157:H
7 E

D
L933]

B
TC

x

15803309
>gi|15803309|ref|N

P
_289342.1| putative glucarate dehydratase [E

scherichia coli O
157:H

7 E
D

L933]
B

TC
x
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17741388
>gi|17741388|gb|A

A
L43845.1| glucarate dehydratase [A

grobacterium
 tum

efaciens str. C
58]

B
TC

x
17936740

>gi|17936740|ref|N
P

_533529.1| glucarate dehydratase [A
grobacterium

 tum
efaciens str. C

58]
B

TC
x

26109595
>gi|26109595|gb|A

A
N

81798.1| G
lucarate dehydratase [E

scherichia coli C
FT073]

B
TC

x
26249188

>gi|26249188|ref|N
P

_755228.1| G
lucarate dehydratase [E

scherichia coli C
FT073]

B
TC

x

49610404
>gi|49610404|em

b|C
A

G
73848.1| putative glucarate dehydratase [E

rw
inia carotovora subsp. 

atroseptica S
C

R
I1043]

B
TC

x

50119878
>gi|50119878|ref|Y

P
_049045.1| putative glucarate dehydratase [E

rw
inia carotovora subsp. 

atroseptica S
C

R
I1043]

B
TC

x

49613023
>gi|49613023|em

b|C
A

G
76474.1| probable glucarate dehydratase [E

rw
inia carotovora subsp. 

atroseptica S
C

R
I1043]

B
TC

x

50122497
>gi|50122497|ref|Y

P
_051664.1| probable glucarate dehydratase [E

rw
inia carotovora subsp. 

atroseptica S
C

R
I1043]

B
TC

x
709999

>gi|709999|dbj|B
A

A
06469.1| glucarate dehydratase [B

acillus subtilis]
N

S
F

x

54016985
>gi|54016985|dbj|B

A
D

58355.1| putative glucarate dehydratase [N
ocardia farcinica IFM

 10152]
B

TC
x

54025477
>gi|54025477|ref|Y

P
_119719.1| putative glucarate dehydratase [N

ocardia farcinica IFM
 10152]

B
TC

x
13363119

>gi|13363119|dbj|B
A

B
37071.1| putative glucarate dehydratase [E

scherichia coli O
157:H

7]
B

TC
x

15832902
>gi|15832902|ref|N

P
_311675.1| putative glucarate dehydratase [E

scherichia coli O
157:H

7]
B

TC
x

16421512
>gi|16421512|gb|A

A
L21841.1| putative d-glucarate dehydratase [S

alm
onella typhim

urium
 LT2]

B
TC

x

16766267
>gi|16766267|ref|N

P
_461882.1| putative D

-glucarate dehydratase [S
alm

onella typhim
urium

 LT2]
B

TC
x

56383734
>gi|56383734|gb|A

A
N

44289.2| putative glucarate dehydratase [S
higella flexneri 2a str. 301]

B
TC

x

30042389
>gi|30042389|gb|A

A
P

18114.1| putative glucarate dehydratase [S
higella flexneri 2a str. 2457T]

B
TC

x

30064133
>gi|30064133|ref|N

P
_838304.1| putative glucarate dehydratase [S

higella flexneri 2a str. 2457T]
B

TC
x

56480183
>gi|56480183|ref|N

P
_708582.2| putative glucarate dehydratase [S

higella flexneri 2a str. 301]
B

TC
x

29609242
>gi|29609242|dbj|B

A
C

73293.1| putative glucarate dehydratase [S
treptom

yces averm
itilis M

A
-4680]

B
TC

x
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29832124
>gi|29832124|ref|N

P
_826758.1| putative glucarate dehydratase [S

treptom
yces averm

itilis M
A

-4680]
B

TC
x

77684111
>gi|77684111|ref|ZP

_00799549.1| M
ethylaspartate am

m
onia-lyase [A

lkaliphilus m
etalliredigenes 

Q
Y

M
F]

B
TC

x

77640128
>gi|77640128|gb|E

A
O

82478.1| M
ethylaspartate am

m
onia-lyase [A

lkaliphilus m
etalliredigenes 

Q
Y

M
F]

B
TC

x

77997310
>gi|77997310|gb|A

B
B

16209.1| m
ethylaspartate am

m
onia-lyase [C

arboxydotherm
us 

hydrogenoform
ans Z-2901]

B
TC

x

78045195
>gi|78045195|ref|Y

P
_359438.1| m

ethylaspartate am
m

onia-lyase [C
arboxydotherm

us 
hydrogenoform

ans Z-2901]
B

TC
x

77997332
>gi|77997332|gb|A

B
B

16231.1| m
ethylaspartate am

m
onia-lyase [C

arboxydotherm
us 

hydrogenoform
ans Z-2901]

B
TC

x

78045217
>gi|78045217|ref|Y

P
_359342.1| m

ethylaspartate am
m

onia-lyase [C
arboxydotherm

us 
hydrogenoform

ans Z-2901]
B

TC
x

77975622
>gi|77975622|ref|ZP

_00831157.1| C
O

G
3799: M

ethylaspartate am
m

onia-lyase [Yersinia 
frederiksenii ATC

C
 33641]

B
TC

x

77976541
>gi|77976541|ref|ZP

_00832024.1| C
O

G
3799: M

ethylaspartate am
m

onia-lyase [Yersinia interm
edia 

ATC
C

 29909]
B

TC
x

42527737
>gi|42527737|ref|N

P
_972835.1| m

ethylaspartate am
m

onia-lyase [Treponem
a denticola ATC

C
 

35405]
B

TC
x

41818565
>gi|41818565|gb|A

A
S

12754.1| m
ethylaspartate am

m
onia-lyase [Treponem

a denticola ATC
C

 35405]B
TC

x

55377543
>gi|55377543|ref|Y

P
_135393.1| m

ethylaspartate am
m

onia-lyase [H
aloarcula m

arism
ortui ATC

C
 

43049]
B

TC
x

55230268
>gi|55230268|gb|A

AV
45687.1| m

ethylaspartate am
m

onia-lyase [H
aloarcula m

arism
ortui ATC

C
 

43049]
B

TC
x

33577289
>gi|33577289|em

b|C
A

E
35846.1| m

ethylaspartate am
m

onia-lyase [B
ordetella bronchiseptica R

B
50]

B
TC

X

33571620
>gi|33571620|em

b|C
A

E
41110.1| m

ethylaspartate am
m

onia-lyase [B
ordetella pertussis Toham

a I]
B

TC
X

33591976
>gi|33591976|ref|N

P
_879620.1| m

ethylaspartate am
m

onia-lyase [B
ordetella pertussis Toham

a I]
B

TC
X
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33602847
>gi|33602847|ref|N

P
_890407.1| m

ethylaspartate am
m

onia-lyase [B
ordetella bronchiseptica R

B
50]

B
TC

X

33577435
>gi|33577435|em

b|C
A

E
34700.1| putative m

ethylaspartate am
m

onia-lyase [B
ordetella 

bronchiseptica R
B

50]
B

TC
X

33564168
>gi|33564168|em

b|C
A

E
43445.1| putative m

ethylaspartate am
m

onia-lyase [B
ordetella pertussis 

Toham
a I]

B
TC

X

33594094
>gi|33594094|ref|N

P
_881738.1| putative m

ethylaspartate am
m

onia-lyase [B
ordetella pertussis 

Toham
a I]

B
TC

X

33603311
>gi|33603311|ref|N

P
_890871.1| putative m

ethylaspartate am
m

onia-lyase [B
ordetella bronchiseptica 

R
B

50]
B

TC
X

33574369
>gi|33574369|em

b|C
A

E
38707.1| m

ethylaspartate am
m

onia-lyase [B
ordetella parapertussis]

B
TC

X

33597940
>gi|33597940|ref|N

P
_885583.1| m

ethylaspartate am
m

onia-lyase [B
ordetella parapertussis 12822]

B
TC

X

33574502
>gi|33574502|em

b|C
A

E
39147.1| putative m

ethylaspartate am
m

onia-lyase [B
ordetella 

parapertussis]
B

TC
X

33598373
>gi|33598373|ref|N

P
_886016.1| putative m

ethylaspartate am
m

onia-lyase [B
ordetella parapertussis 

12822]
B

TC
X

66846029
>gi|66846029|gb|E

A
L86362.1| m

ethylaspartate am
m

onia-lyase [A
spergillus fum

igatus A
f293]

B
TC

x
70985789

>gi|70985789|ref|X
P

_748400.1| m
ethylaspartate am

m
onia-lyase [A

spergillus fum
igatus A

f293]
B

TC
x

20804010
>gi|20804010|em

b|C
A

D
31587.1| P

U
TATIV

E
 M

E
TH

Y
LA

S
PA

R
TATE

 A
M

M
O

N
IA

-LYA
S

E
 P

R
O

TE
IN

 
[M

esorhizobium
 loti]

B
TC

x

71915096
>gi|71915096|gb|A

A
Z54998.1| n-acylam

ino acid racem
ase : O

-succinylbenzoate-C
oA synthase 

[Therm
obifida fusca Y

X
]

M
FR

x

46400938
>gi|46400938|em

b|C
A

F24387.1| putative o-succinylbenzoate synthase II, m
enC

 [P
arachlam

ydia sp. 
U

W
E

25]
S

FA
x

52004778
>gi|52004778|gb|A

A
U

24720.1| o-succinylbenzoate synthase [B
acillus licheniform

is ATC
C

 14580]
N

S
F

x
48428779

>gi|48428779|gb|A
AT42427.1| L-alanine-D

L-glutam
ate epim

erase [C
ollim

onas fungivorans]
S

FA
x

83857375
>gi|83857375|ref|ZP

_00950903.1| chlorom
uconate cycloisom

erase [C
roceibacter atlanticus 

H
TC

C
2559]

S
FA

x

83848742
>gi|83848742|gb|E

A
P

86611.1| chlorom
uconate cycloisom

erase [C
roceibacter atlanticus 

H
TC

C
2559]

S
FA

x
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86131888
>gi|86131888|ref|ZP

_01050485.1| chlorom
uconate cycloisom

erase [C
ellulophaga sp. M

E
D

134]
S

FA
x

85817710
>gi|85817710|gb|E

A
Q

38884.1| chlorom
uconate cycloisom

erase [C
ellulophaga sp. M

E
D

134]
S

FA
x

86133686
>gi|86133686|ref|ZP

_01052268.1| chlorom
uconate cycloisom

erase [Tenacibaculum
 sp. M

E
D

152]
S

FA
x

85820549
>gi|85820549|gb|E

A
Q

41696.1| chlorom
uconate cycloisom

erase [Tenacibaculum
 sp. M

E
D

152]
S

FA
x

78037966
>gi|78037966|em

b|C
A

J25711.1| putative chlorom
uconate cycloisom

erase [X
anthom

onas 
cam

pestris pv. vesicatoria str. 85-10]
B

TC
, 

M
O

F
x

78049536
>gi|78049536|ref|Y

P
_365711.1| putative chlorom

uconate cycloisom
erase [X

anthom
onas 

cam
pestris pv. vesicatoria str. 85-10]

B
TC

, 
M

O
F

x

49176892
>gi|49176892|ref|Y

P
_025395.1| chlorom

uconate cycloisom
erase [R

alstonia eutropha JM
P

134]
B

TC
x

39777472
>gi|39777472|gb|A

A
R

31047.1| chlorom
uconate cycloisom

erase [R
alstonia eutropha JM

P
134]

B
TC

x

60415960
>gi|60415960|sp|P

42428|TFD
D

2_R
A

LE
J C

hlorom
uconate cycloisom

erase (M
uconate 

cycloisom
erase II)

B
TC

x

10580624
>gi|10580624|gb|A

A
G

19476.1| chlorom
uconate cycloisom

erase; Y
kfB

2 [H
alobacterium

 sp. N
R

C
-1]

S
FA

x

10581283
>gi|10581283|gb|A

A
G

20045.1| chlorom
uconate cycloisom

erase; Y
kfB

1 [H
alobacterium

 sp. N
R

C
-1]

B
TC

, 
M

O
F

x

17743934
>gi|17743934|gb|A

A
L46164.1| chlorom

uconate cycloisom
erase [A

grobacterium
 tum

efaciens str. 
C

58]
S

FA
x

17939060
>gi|17939060|ref|N

P
_535848.1| chlorom

uconate cycloisom
erase [A

grobacterium
 tum

efaciens str. 
C

58]
S

FA
x

21115078
>gi|21115078|gb|A

A
M

43053.1| chlorom
uconate cycloisom

erase [X
anthom

onas cam
pestris pv. 

cam
pestris str. ATC

C
 33913]

B
TC

, 
M

O
F

x

21233235
>gi|21233235|ref|N

P
_639152.1| chlorom

uconate cycloisom
erase [X

anthom
onas cam

pestris pv. 
cam

pestris str. ATC
C

 33913]
B

TC
, 

M
O

F
x

6459649
>gi|6459649|gb|A

A
F11422.1| chlorom

uconate cycloisom
erase, putative [D

einococcus radiodurans 
R

1]
B

TC
x

15806871
>gi|15806871|ref|N

P
_295594.1| chlorom

uconate cycloisom
erase, putative [D

einococcus 
radiodurans R

1]
B

TC
x
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14026881
>gi|14026881|dbj|B

A
B

53477.1| chlorom
uconate cycloisom

erase [M
esorhizobium

 loti M
A

FF303099]
M

FR
x

13476121
>gi|13476121|ref|N

P
_107691.1| chlorom

uconate cycloisom
erase [M

esorhizobium
 loti 

M
A

FF303099]
M

FR
x

52215476
>gi|52215476|dbj|B

A
D

48069.1| chlorom
uconate cycloisom

erase [B
acteroides fragilis Y

C
H

46]
S

FA
x

53712611
>gi|53712611|ref|Y

P
_098603.1| chlorom

uconate cycloisom
erase [B

acteroides fragilis Y
C

H
46]

S
FA

x
55773206

>gi|55773206|dbj|B
A

D
71647.1| chlorom

uconate cycloisom
erase [Therm

us therm
ophilus H

B
8]

S
FA

x

55981793
>gi|55981793|ref|Y

P
_145090.1| chlorom

uconate cycloisom
erase [Therm

us therm
ophilus H

B
8]

S
FA

x

2599298
>gi|2599298|gb|A

A
B

86807.1| putative chlorom
uconate cycloisom

erase [B
urkholderia cepacia]

M
FR

x
1747426

>gi|1747426|gb|A
A

C
44729.1| chlorom

uconate cycloisom
erase [R

alstonia eutropha]
B

TC
x

84369475
>gi|84369475|dbj|B

A
E

70633.1| chlorom
uconate cycloisom

erase [X
anthom

onas oryzae pv. oryzae 
M

A
FF 311018]

B
TC

, 
M

O
F

x

84625535
>gi|84625535|ref|Y

P
_452907.1| chlorom

uconate cycloisom
erase [X

anthom
onas oryzae pv. oryzae 

M
A

FF 311018]
B

TC
, 

M
O

F
x

58583725
>gi|58583725|ref|Y

P
_202741.1| chlorom

uconate cycloisom
erase [X

anthom
onas oryzae pv. oryzae 

K
A

C
C

10331]
B

TC
, 

M
O

F
x

58428319
>gi|58428319|gb|A

AW
77356.1| chlorom

uconate cycloisom
erase [X

anthom
onas oryzae pv. oryzae 

K
A

C
C

10331]
B

TC
, 

M
O

F
x

16765024
>gi|16765024|ref|N

P
_460639.1| putative chlorom

uconate cycloisom
erase [S

alm
onella typhim

urium
 

LT2]
S

FA
x

29350111
>gi|29350111|ref|N

P
_813614.1| chlorom

uconate cycloisom
erase [B

acteroides thetaiotaom
icron V

P
I-

5482]
S

FA
x

29342023
>gi|29342023|gb|A

A
O

79808.1| chlorom
uconate cycloisom

erase [B
acteroides thetaiotaom

icron V
P

I-
5482]

S
FA

x

55377148
>gi|55377148|ref|Y

P
_134998.1| chlorom

uconate cycloisom
erase [H

aloarcula m
arism

ortui ATC
C

 
43049]

B
TC

, 
M

O
F

x

55229873
>gi|55229873|gb|A

AV
45292.1| chlorom

uconate cycloisom
erase [H

aloarcula m
arism

ortui ATC
C

 
43049]

B
TC

, 
M

O
F

x

55377682
>gi|55377682|ref|Y

P
_135532.1| chlorom

uconate cycloisom
erase [H

aloarcula m
arism

ortui ATC
C

 
43049]

S
FA

x
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55230407
>gi|55230407|gb|A

AV
45826.1| chlorom

uconate cycloisom
erase [H

aloarcula m
arism

ortui ATC
C

 
43049]

S
FA

x

55379988
>gi|55379988|ref|Y

P
_137838.1| chlorom

uconate cycloisom
erase [H

aloarcula m
arism

ortui ATC
C

 
43049]

S
FA

x

55232713
>gi|55232713|gb|A

AV
48132.1| chlorom

uconate cycloisom
erase [H

aloarcula m
arism

ortui ATC
C

 
43049]

S
FA

x

41326584
>gi|41326584|em

b|C
A

F21066.1| C
H

LO
R

O
M

U
C

O
N

ATE
 C

Y
C

LO
IS

O
M

E
R

A
S

E
 [C

orynebacterium
 

glutam
icum

 ATC
C

 13032]
B

TC
, 

M
O

F
x

62391244
>gi|62391244|ref|Y

P
_226646.1| C

H
LO

R
O

M
U

C
O

N
ATE

 C
Y

C
LO

IS
O

M
E

R
A

S
E

 [C
orynebacterium

 
glutam

icum
 ATC

C
 13032]

B
TC

, 
M

O
F

x

23308936
>gi|23308936|ref|N

P
_601602.2| putative chlorom

uconate cycloisom
erase [C

orynebacterium
 

glutam
icum

 ATC
C

 13032]
B

TC
, 

M
O

F
x

62180244
>gi|62180244|ref|Y

P
_216661.1| putative chlorom

uconate cycloisom
erase (m

uconate 
cycloisom

erase) [S
alm

onella enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67]
S

FA
x

62127877
>gi|62127877|gb|A

A
X

65580.1| putative chlorom
uconate cycloisom

erase (m
uconate 

cycloisom
erase) [S

alm
onella enterica subsp. enterica serovar C

holeraesuis str. S
C

-B
67]

S
FA

x

21110264
>gi|21110264|gb|A

A
M

38704.1| chlorom
uconate cycloisom

erase [X
anthom

onas axonopodis pv. citri 
str. 306]

B
TC

, 
M

O
F

x

21244586
>gi|21244586|ref|N

P
_644168.1| chlorom

uconate cycloisom
erase [X

anthom
onas axonopodis pv. 

citri str. 306]
B

TC
, 

M
O

F
x

32446038
>gi|32446038|em

b|C
A

D
75867.1| chlorom

uconate cycloisom
erase Y

kfB
1 [R

hodopirellula baltica S
H

 
1]

S
FA

x

32475496
>gi|32475496|ref|N

P
_868490.1| chlorom

uconate cycloisom
erase Y

kfB
1 [R

hodopirellula baltica S
H

 
1]

S
FA

x

32447344
>gi|32447344|em

b|C
A

D
77170.1| chlorom

uconate cycloisom
erase Y

kfB
1 [R

hodopirellula baltica S
H

 
1]

S
FA

x

32476798
>gi|32476798|ref|N

P
_869792.1| chlorom

uconate cycloisom
erase Y

kfB
1 [R

hodopirellula baltica S
H

 
1]

S
FA

x

53757661
>gi|53757661|gb|A

A
U

91952.1| putative chlorom
uconate cycloisom

erase [M
ethylococcus 

capsulatus str. B
ath]

B
TC

, 
M

O
F

x

53803900
>gi|53803900|ref|Y

P
_114271.1| chlorom

uconate cycloisom
erase, putative [M

ethylococcus 
capsulatus str. B

ath]
B

TC
, 

M
O

F
x
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52629284
>gi|52629284|gb|A

A
U

28025.1| chlorom
uconate cycloisom

erase [Legionella pneum
ophila subsp. 

pneum
ophila str. P

hiladelphia 1]
B

TC
, 

M
O

F
x

52842173
>gi|52842173|ref|Y

P
_095972.1| chlorom

uconate cycloisom
erase [Legionella pneum

ophila subsp. 
pneum

ophila str. P
hiladelphia 1]

B
TC

, 
M

O
F

x

66575509
>gi|66575509|gb|A

AY
50919.1| chlorom

uconate cycloisom
erase [X

anthom
onas cam

pestris pv. 
cam

pestris str. 8004]
B

TC
, 

M
O

F
x

66770177
>gi|66770177|ref|Y

P
_244939.1| chlorom

uconate cycloisom
erase [X

anthom
onas cam

pestris pv. 
cam

pestris str. 8004]
B

TC
, 

M
O

F
x

11499682
>gi|11499682|ref|N

P
_070924.1| m

uconate cycloisom
erase II (clcB

) [A
rchaeoglobus fulgidus D

S
M

 
4304]

S
FA

x

2648434
>gi|2648434|gb|A

A
B

89156.1| m
uconate cycloisom

erase II (clcB
) [A

rchaeoglobus fulgidus D
S

M
 

4304]
S

FA
x

13880091
>gi|13880091|gb|A

A
K

44802.1| m
uconate cycloisom

erase I, putative [M
ycobacterium

 tuberculosis 
C

D
C

1551]
S

G
A

x

3261782
>gi|3261782|em

b|C
A

B
08964.1| P

R
O

B
A

B
LE

 M
U

C
O

N
ATE

 C
Y

C
LO

IS
O

M
E

R
A

S
E

 M
E

N
C

 (C
IS

,C
IS

-
M

U
C

O
N

ATE
 LA

C
TO

N
IZIN

G
 E

N
ZY

M
E

) (M
LE

) [M
ycobacterium

 tuberculosis H
37R

v]
S

G
A

x

31617321
>gi|31617321|em

b|C
A

D
93430.1| P

R
O

B
A

B
LE

 M
U

C
O

N
ATE

 C
Y

C
LO

IS
O

M
E

R
A

S
E

 M
E

N
C

 (C
IS

,C
IS

-
M

U
C

O
N

ATE
 LA

C
TO

N
IZIN

G
 E

N
ZY

M
E

) (M
LE

) [M
ycobacterium

 bovis A
F2122/97]

S
G

A
x

82548049
>gi|82548049|gb|A

B
B

82573.1| cis-m
uconate cycloisom

erase [N
ocardia sp. C

-14-1]
B

TC
x

74312308
>gi|74312308|ref|Y

P
_310727.1| putative m

uconate cycloisom
erase I [S

higella sonnei S
s046]

S
G

A
x

73855785
>gi|73855785|gb|A

A
Z88492.1| putative m

uconate cycloisom
erase I [S

higella sonnei S
s046]

S
G

A
x

38703962
>gi|38703962|ref|N

P
_309931.2| putative m

uconate cycloisom
erase I [E

scherichia coli O
157:H

7]
S

G
A

x

82500522
>gi|82500522|ref|ZP

_00885932.1| m
uconate cycloisom

erase [C
aldicellulosiruptor saccharolyticus 

D
S

M
 8903]

S
G

A
x

82401463
>gi|82401463|gb|E

A
P

42274.1| m
uconate cycloisom

erase [C
aldicellulosiruptor saccharolyticus D

S
M

 
8903]

S
G

A
x

84389418
>gi|84389418|ref|ZP

_00991224.1| putative m
uconate cycloisom

erase I [Vibrio splendidus 12B
01]

S
G

A
x

84376933
>gi|84376933|gb|E

A
P

93806.1| putative m
uconate cycloisom

erase I [Vibrio splendidus 12B
01]

S
G

A
x
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84713193
>gi|84713193|ref|ZP

_01020979.1| m
uconate cycloisom

erase I [P
olarom

onas naphthalenivorans 
C

J2]
B

TC
x

84694767
>gi|84694767|gb|E

A
Q

20559.1| m
uconate cycloisom

erase I [P
olarom

onas naphthalenivorans C
J2]

B
TC

x

84713395
>gi|84713395|ref|ZP

_01021160.1| putative cis-m
uconate cycloisom

erase [P
olarom

onas 
naphthalenivorans C

J2]
N

S
F

x

84694572
>gi|84694572|gb|E

A
Q

20365.1| putative cis-m
uconate cycloisom

erase [P
olarom

onas 
naphthalenivorans C

J2]
N

S
F

x

82776689
>gi|82776689|ref|Y

P
_403038.1| putative m

uconate cycloisom
erase I [S

higella dysenteriae S
d197]

S
G

A
x

81240837
>gi|81240837|gb|A

B
B

61547.1| putative m
uconate cycloisom

erase I [S
higella dysenteriae S

d197]
S

G
A

x
82544227

>gi|82544227|ref|Y
P

_408174.1| putative m
uconate cycloisom

erase I [S
higella boydii S

b227]
S

G
A

x
81245638

>gi|81245638|gb|A
B

B
66346.1| putative m

uconate cycloisom
erase I [S

higella boydii S
b227]

S
G

A
x

14026882
>gi|14026882|dbj|B

A
B

53478.1| m
uconate lactonizing enzym

e [M
esorhizobium

 loti M
A

FF303099]
S

G
A

x

13476122
>gi|13476122|ref|N

P
_107692.1| m

uconate lactonizing enzym
e [M

esorhizobium
 loti M

A
FF303099]

S
G

A
x

86140323
>gi|86140323|ref|ZP

_01058882.1| putative m
uconate cycloisom

erase [Flavobacterium
 sp. 

M
E

D
217]

S
G

A
x

85832265
>gi|85832265|gb|E

A
Q

50714.1| putative m
uconate cycloisom

erase [Flavobacterium
 sp. M

E
D

217]
S

G
A

x
86145024

>gi|86145024|ref|ZP
_01063356.1| putative m

uconate cycloisom
erase I [Vibrio sp. M

E
D

222]
S

G
A

x
85837923

>gi|85837923|gb|E
A

Q
56035.1| putative m

uconate cycloisom
erase I [Vibrio sp. M

E
D

222]
S

G
A

x

86357965
>gi|86357965|ref|Y

P
_469857.1| probable m

uconate cycloisom
erase I protein [R

hizobium
 etli C

FN
 

42]
sG

A
x

86282067
>gi|86282067|gb|A

B
C

91130.1| probable m
uconate cycloisom

erase I protein [R
hizobium

 etli C
FN

 
42]

S
G

A
x

68183493
>gi|68183493|ref|ZP

_00556468.1| M
uconate cycloisom

erase [Jannaschia sp. C
C

S
1]

B
TC

, 
M

O
F

x

67976423
>gi|67976423|gb|E

A
M

66050.1| M
uconate cycloisom

erase [Jannaschia sp. C
C

S
1]

B
TC

, 
M

O
F

x
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56911020
>gi|56911020|dbj|B

A
D

65547.1| m
uconate cycloisom

erase [B
acillus clausii K

S
M

-K
16]

S
FA

x
56964777

>gi|56964777|ref|Y
P

_176508.1| m
uconate cycloisom

erase [B
acillus clausii K

S
M

-K
16]

S
FA

x

15801845
>gi|15801845|ref|N

P
_287863.1| putative m

uconate cycloisom
erase I [E

scherichia coli O
157:H

7 
E

D
L933]

S
G

A
x

23492313
>gi|23492313|dbj|B

A
C

17287.1| putative m
uconate cycloisom

erase [C
orynebacterium

 efficiens Y
S

-
314]

S
G

A
x

22778530
>gi|22778530|dbj|B

A
C

14799.1| m
uconate cycloisom

erase [O
ceanobacillus iheyensis H

TE
831]

S
FA

x

23100298
>gi|23100298|ref|N

P
_693765.1| m

uconate cycloisom
erase [O

ceanobacillus iheyensis H
TE

831]
S

FA
x

22778653
>gi|22778653|dbj|B

A
C

14921.1| m
uconate cycloisom

erase [O
ceanobacillus iheyensis H

TE
831]

B
TC

, 
M

O
F

x

23100420
>gi|23100420|ref|N

P
_693887.1| m

uconate cycloisom
erase [O

ceanobacillus iheyensis H
TE

831]
B

TC
, 

M
O

F
x

17982924
>gi|17982924|gb|A

A
L52147.1| M

U
C

O
N

ATE
 C

Y
C

LO
IS

O
M

E
R

A
S

E
 I [B

rucella m
elitensis 16M

]
S

G
A

x
17987249

>gi|17987249|ref|N
P

_539883.1| M
U

C
O

N
ATE

 C
Y

C
LO

IS
O

M
E

R
A

S
E

 I [B
rucella m

elitensis 16M
]

S
G

A
x

4980489
>gi|4980489|gb|A

A
D

35100.1| m
uconate cycloisom

erase [Therm
otoga m

aritim
a M

S
B

8]
S

G
A

x
15642781

>gi|15642781|ref|N
P

_227822.1| m
uconate cycloisom

erase [Therm
otoga m

aritim
a M

S
B

8]
S

G
A

x

54016999
>gi|54016999|dbj|B

A
D

58369.1| putative m
uconate cycloisom

erase [N
ocardia farcinica IFM

 10152]
B

TC
, 

M
O

F
x

54025491
>gi|54025491|ref|Y

P
_119733.1| putative m

uconate cycloisom
erase [N

ocardia farcinica IFM
 10152]

B
TC

, 
M

O
F

x

72123629
>gi|72123629|gb|A

A
Z65772.1| M

uconate cycloisom
erase [R

alstonia eutropha JM
P

134]
B

TC
, 

M
O

F
x

72384276
>gi|72384276|ref|Y

P
_293629.1| M

uconate cycloisom
erase [R

alstonia eutropha JM
P

134]
B

TC
, 

M
O

F
x

14523923
>gi|14523923|gb|A

A
K

65455.1| P
utative m

uconate cycloisom
erase [S

inorhizobium
 m

eliloti 1021]
S

G
A

x

16263250
>gi|16263250|ref|N

P
_436043.1| P

utative m
uconate cycloisom

erase [S
inorhizobium

 m
eliloti 1021]

S
G

A
x

14021703
>gi|14021703|dbj|B

A
B

48315.1| probable m
uconate cycloisom

erase [M
esorhizobium

 loti 
M

A
FF303099]

S
G

A
x
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13470960
>gi|13470960|ref|N

P
_102529.1| probable m

uconate cycloisom
erase [M

esorhizobium
 loti 

M
A

FF303099]
S

G
A

x
10175628

>gi|10175628|dbj|B
A

B
06725.1| m

uconate cycloisom
erase [B

acillus halodurans C
-125]

S
G

A
x

15615568
>gi|15615568|ref|N

P
_243872.1| m

uconate cycloisom
erase [B

acillus halodurans C
-125]

S
G

A
x

60492256
>gi|60492256|em

b|C
A

H
07021.1| putative m

uconate cycloisom
erase [B

acteroides fragilis N
C

TC
 

9343]
S

G
A

x

60680822
>gi|60680822|ref|Y

P
_210966.1| putative m

uconate cycloisom
erase [B

acteroides fragilis N
C

TC
 

9343]
S

G
A

x

60493669
>gi|60493669|em

b|C
A

H
08458.1| putative m

uconate cycloisom
erase [B

acteroides fragilis N
C

TC
 

9343]
S

G
A

x

60682235
>gi|60682235|ref|Y

P
_212379.1| putative m

uconate cycloisom
erase [B

acteroides fragilis N
C

TC
 

9343]
S

G
A

x

52003007
>gi|52003007|gb|A

A
U

22949.1| putative m
uconate cycloisom

erase [B
acillus subtilis phage P

B
S

X
]

B
TC

, 
M

O
F

x

52079796
>gi|52079796|ref|Y

P
_078587.1| putative m

uconate cycloisom
erase [B

acillus licheniform
is ATC

C
 

14580]
B

TC
, 

M
O

F
x

52216903
>gi|52216903|dbj|B

A
D

49496.1| m
uconate cycloisom

erase [B
acteroides fragilis Y

C
H

46]
S

G
A

x
53714038

>gi|53714038|ref|Y
P

_100030.1| m
uconate cycloisom

erase [B
acteroides fragilis Y

C
H

46]
S

G
A

x
46199775

>gi|46199775|ref|Y
P

_005442.1| m
uconate cycloisom

erase [Therm
us therm

ophilus H
B

27]
S

G
A

x
46197402

>gi|46197402|gb|A
A

S
81815.1| m

uconate cycloisom
erase [Therm

us therm
ophilus H

B
27]

S
G

A
x

29346723
>gi|29346723|ref|N

P
_810226.1| m

uconate cycloisom
erase [B

acteroides thetaiotaom
icron V

P
I-

5482]
S

G
A

x

29338620
>gi|29338620|gb|A

A
O

76420.1| m
uconate cycloisom

erase [B
acteroides thetaiotaom

icron V
P

I-5482]
S

G
A

x
17132665

>gi|17132665|dbj|B
A

B
75231.1| m

uconate cycloisom
erase [N

ostoc sp. P
C

C
 7120]

S
G

A
x

30698534
>gi|30698534|dbj|B

A
C

76455.1| cis,cis-m
uconate cycloisom

erase [R
hodococcus erythropolis]

B
TC

x

56383430
>gi|56383430|gb|A

A
N

42937.2| putative m
uconate cycloisom

erase I [S
higella flexneri 2a str. 301]

S
G

A
x

30041091
>gi|30041091|gb|A

A
P

16821.1| putative m
uconate cycloisom

erase I [S
higella flexneri 2a str. 2457T]

S
G

A
x

30062843
>gi|30062843|ref|N

P
_837014.1| putative m

uconate cycloisom
erase I [S

higella flexneri 2a str. 
2457T]

S
G

A
x
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56479879
>gi|56479879|ref|N

P
_707230.2| putative m

uconate cycloisom
erase I [S

higella flexneri 2a str. 301]
S

G
A

x
21958818

>gi|21958818|gb|A
A

M
85557.1| putative m

uconate cycloisom
erase I [Yersinia pestis K

IM
]

S
G

A
x

22125883
>gi|22125883|ref|N

P
_669306.1| m

uconate cycloisom
erase I [Yersinia pestis K

IM
]

S
G

A
x

28808495
>gi|28808495|dbj|B

A
C

61672.1| putative m
uconate cycloisom

erase I [Vibrio parahaem
olyticus R

IM
D

 
2210633]

S
G

A
x

28900184
>gi|28900184|ref|N

P
_799839.1| putative m

uconate cycloisom
erase I [Vibrio parahaem

olyticus 
R

IM
D

 2210633]
S

G
A

x
32447201

>gi|32447201|em
b|C

A
D

77027.1| m
uconate cycloisom

erase I [R
hodopirellula baltica S

H
 1]

S
G

A
x

32476655
>gi|32476655|ref|N

P
_869649.1| m

uconate cycloisom
erase I [R

hodopirellula baltica S
H

 1]
S

G
A

x

56680224
>gi|56680224|gb|A

AV
96890.1| m

uconate cycloisom
erase I [S

ilicibacter pom
eroyi D

S
S

-3]
B

TC
, 

M
O

F
x

56698487
>gi|56698487|ref|Y

P
_168862.1| m

uconate cycloisom
erase I [S

ilicibacter pom
eroyi D

S
S

-3]
B

TC
, 

M
O

F
x

39650882
>gi|39650882|em

b|C
A

E
29405.1| putative m

uconate cycloisom
erase [R

hodopseudom
onas palustris 

C
G

A
009]

S
G

A
x

39937025
>gi|39937025|ref|N

P
_949301.1| putative m

uconate cycloisom
erase [R

hodopseudom
onas palustris 

C
G

A
009]

S
G

A
x

46913516
>gi|46913516|em

b|C
A

G
20302.1| H

ypothetical m
uconate cycloisom

erase I [P
hotobacterium

 
profundum

 S
S

9]
S

G
A

x

54309084
>gi|54309084|ref|Y

P
_130104.1| H

ypothetical m
uconate cycloisom

erase I [P
hotobacterium

 
profundum

 S
S

9]
S

G
A

x
38198158

>gi|38198158|em
b|C

A
E

53842.1| m
uconate cycloisom

erase [R
hodococcus erythropolis]

B
TC

x

13361369
>gi|13361369|dbj|B

A
B

35327.1| putative m
uconate cycloisom

erase I [E
scherichia coli O

157:H
7]

S
G

A
x

25990736
>gi|25990736|gb|A

A
N

76672.1| m
uconate cycloisom

erase [S
treptom

yces setonii]
S

G
A

x
61611869

>gi|61611869|gb|A
A

X
47261.1| m

uconate cycloisom
erase [D

elftia tsuruhatensis]
B

TC
x

68560306
>gi|68560306|ref|ZP

_00599621.1| M
uconate cycloisom

erase [R
ubrobacter xylanophilus D

S
M

 9941]
M

FR
x

68513655
>gi|68513655|gb|E

A
N

37447.1| M
uconate cycloisom

erase [R
ubrobacter xylanophilus D

S
M

 9941]
M

FR
x
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6324754

>gi|6324754|ref|N
P

_014823.1| P
eroxisom

al delta(3,5)-delta(2,4)-dienoyl-C
oA isom

erase, involved 
in fatty acid m

etabolism
, contains peroxisom

e targeting signals at am
ino and carboxy term

ini; D
ci1p 

[S
accharom

yces cerevisiae]
S

FA
x

75764210
>gi|75764210|ref|ZP

_00743772.1| 3-hydroxyisobutyryl-C
oA hydrolase [B

acillus thuringiensis 
serovar israelensis ATC

C
 35646]

B
TC

x

74488304
>gi|74488304|gb|E

A
O

51958.1| 3-hydroxyisobutyryl-C
oA hydrolase [B

acillus thuringiensis serovar 
israelensis ATC

C
 35646]

B
TC

x

57222845
>gi|57222845|gb|A

AW
40889.1| 3-hydroxyisobutyryl-C

oA hydrolase, putative [C
ryptococcus 

neoform
ans var. neoform

ans JE
C

21]
B

TC
x

58258591
>gi|58258591|ref|X

P
_566708.1| 3-hydroxyisobutyryl-C

oA hydrolase [C
ryptococcus neoform

ans var. 
neoform

ans JE
C

21]
B

TC
x

77554204
>gi|77554204|gb|A

B
A

97000.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase, putative [O

ryza sativa 
(japonica cultivar-group)]

B
TC

x

83286275
>gi|83286275|ref|X

P
_730090.1| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase [P

lasm
odium

 yoelii 
yoelii str. 17X

N
L]

N
S

F
x

52628216
>gi|52628216|gb|A

A
U

26957.1| 3-hydroxyisobutyryl C
oenzym

e A hydrolase [Legionella pneum
ophila 

subsp. pneum
ophila str. P

hiladelphia 1]
S

FA
x

52841105
>gi|52841105|ref|Y

P
_094904.1| 3-hydroxyisobutyryl C

oenzym
e A hydrolase [Legionella 

pneum
ophila subsp. pneum

ophila str. P
hiladelphia 1]

S
FA

x

23509082
>gi|23509082|ref|N

P
_701750.1| 3-hydroxyisobutyryl-coenzym

e A hydrolase, putative [P
lasm

odium
 

falciparum
 3D

7]
B

TC
x

23496922
>gi|23496922|gb|A

A
N

36474.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase, putative [P

lasm
odium

 
falciparum

 3D
7]

B
TC

x

83369758
>gi|83369758|ref|ZP

_00914609.1| m
ethylm

alonyl-C
oA epim

erase [R
hodobacter sphaeroides ATC

C
 

17025]
B

TC
x

83373654
>gi|83373654|ref|ZP

_00918432.1| m
ethylm

alonyl-C
oA epim

erase [R
hodobacter sphaeroides ATC

C
 

17029]
B

TC
x

83952781
>gi|83952781|ref|ZP

_00961511.1| m
ethylm

alonyl-C
oA epim

erase [R
oseovarius nubinhibens IS

M
]

B
TC

x

84499556
>gi|84499556|ref|ZP

_00997844.1| m
ethylm

alonyl-C
oA epim

erase [O
ceanicola batsensis 

H
TC

C
2597]

B
TC

x
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84514460
>gi|84514460|ref|ZP

_01001824.1| m
ethylm

alonyl-C
oA epim

erase [Loktanella vestfoldensis S
K

A
53]

B
TC

x

84685301
>gi|84685301|ref|ZP

_01013199.1| m
ethylm

alonyl-C
oA epim

erase [R
hodobacterales bacterium

 
H

TC
C

2654]
B

TC
x

85704719
>gi|85704719|ref|ZP

_01035820.1| m
ethylm

alonyl-C
oA epim

erase [R
oseovarius sp. 217]

B
TC

x
86131463

>gi|86131463|ref|ZP
_01050061.1| m

ethylm
alonyl-C

oA epim
erase [C

ellulophaga sp. M
E

D
134]

B
TC

x
86136527

>gi|86136527|ref|ZP
_01055106.1| m

ethylm
alonyl-C

oA epim
erase [R

oseobacter sp. M
E

D
193]

B
TC

x

66820506
>gi|66820506|ref|X

P
_643859.1| m

ethylm
alonyl coenzym

e A racem
ase [D

ictyostelium
 discoideum

]
B

TC
x

38199911
>gi|38199911|em

b|C
A

E
49577.1| P

utative m
ethylm

alonyl-C
oA epim

erase [C
orynebacterium

 
diphtheriae]

B
TC

x

55771774
>gi|55771774|dbj|B

A
D

70215.1| probable m
ethylm

alonyl-C
oA epim

erase [Therm
us therm

ophilus 
H

B
8]

B
TC

x
5457681

>gi|5457681|em
b|C

A
B

49172.1| M
ethylm

alonyl-coA epim
erase [P

yrococcus abyssi G
E

5]
B

TC
x

57158589
>gi|57158589|dbj|B

A
D

84519.1| m
ethylm

alonyl-C
oA epim

erase [Therm
ococcus kodakarensis 

K
O

D
1]

B
TC

x

39985338
>gi|39985338|gb|A

A
R

36693.1| m
ethylm

alonyl-C
oA epim

erase [G
eobacter sulfurreducens P

C
A

]
B

TC
x

56677571
>gi|56677571|gb|A

AV
94237.1| m

ethylm
alonyl-C

oA epim
erase [S

ilicibacter pom
eroyi D

S
S

-3]
B

TC
x

28207558
>gi|28207558|gb|A

A
O

32148.1| m
ethylm

alonyl-C
oA epim

erase [M
ethylobacterium

 extorquens]
B

TC
x

83318921
>gi|83318921|em

b|C
A

J38798.1| 4-hydroxyphenylpyruvate dioxygenase protein [P
latynereis 

dum
erilii]

B
TC

x

84712295
>gi|84712295|ref|ZP

_01020207.1| 4-hydroxyphenylpyruvate dioxygenase, putative [P
olarom

onas 
naphthalenivorans C

J2]
B

TC
x

84715779
>gi|84715779|ref|ZP

_01022729.1| 4-hydroxyphenylpyruvate dioxygenase [P
olarom

onas 
naphthalenivorans C

J2]
N

S
F

x

86605196
>gi|86605196|ref|Y

P
_473959.1| putative 4-hydroxyphenylpyruvate dioxygenase [C

yanobacteria 
bacterium

 Yellow
stone A

-P
rim

e]
B

TC
x

86607745
>gi|86607745|ref|Y

P
_476507.1| 4-hydroxyphenylpyruvate dioxygenase, putative [C

yanobacteria 
bacterium

 Yellow
stone B

-P
rim

e]
B

TC
x

72256523
>gi|72256523|gb|A

A
Z67144.1| 4-hydroxyphenylpyruvate dioxygenase [Triticum

 aestivum
]

B
TC

x
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2695710
>gi|2695710|em

b|C
A

A
04245.1| 4-hydroxyphenylpyruvate dioxygenase [H

ordeum
 vulgare subsp. 

vulgare]
B

TC
x

78696458
>gi|78696458|ref|ZP

_00860968.1| 4-hydroxyphenylpyruvate dioxygenase [B
radyrhizobium

 sp. 
B

TA
i1]

N
S

F
x

67677616
>gi|67677616|ref|ZP

_00474345.1| 4-hydroxyphenylpyruvate dioxygenase [C
hrom

ohalobacter 
salexigens D

S
M

 3043]
B

TC
x

67779648
>gi|67779648|gb|E

A
M

39266.1| 4-hydroxyphenylpyruvate dioxygenase [P
olarom

onas sp. JS
666]

N
S

F
x

35213661
>gi|35213661|dbj|B

A
C

91032.1| 4-hydroxyphenylpyruvate dioxygenase [G
loeobacter violaceus P

C
C

 
7421]

B
TC

x

48431089
>gi|48431089|gb|A

AT43954.1| 4-hydroxyphenylpyruvate dioxygenase [P
icrophilus torridus D

S
M

 
9790]

B
TC

x

58001357
>gi|58001357|gb|A

AW
60251.1| P

utative 4-hydroxyphenylpyruvate dioxygenase [G
luconobacter 

oxydans 621H
]

N
S

F
x

17130116
>gi|17130116|dbj|B

A
B

72728.1| 4-hydroxyphenylpyruvate dioxygenase [N
ostoc sp. P

C
C

 7120]
B

TC
x

68139770
>gi|68139770|gb|E

A
M

93093.1| 4-hydroxyphenylpyruvate dioxygenase [Ferroplasm
a acidarm

anus 
Fer1]

B
TC

x

75704587
>gi|75704587|gb|A

B
A

24263.1| 4-hydroxyphenylpyruvate dioxygenase [A
nabaena variabilis ATC

C
 

29413]
B

TC
x

15141381
>gi|15141381|em

b|C
A

C
49893.1| putative 4-hydroxyphenylpyruvate dioxygenase protein 

[S
inorhizobium

 m
eliloti 1021]

B
TC

x

68489346
>gi|68489346|ref|X

P
_711514.1| 4-hydroxyphenylpyruvate dioxygenase [C

andida albicans S
C

5314]
B

TC
x

86159841
>gi|86159841|ref|Y

P
_466626.1| 4-hydroxyphenylpyruvate dioxygenase [A

naerom
yxobacter 

dehalogenans 2C
P

-C
]

B
TC

x

66843900
>gi|66843900|gb|E

A
L84241.1| 4-hydroxyphenylpyruvate dioxygenase, putative [A

spergillus 
fum

igatus A
f293]

N
S

F
x

66846300
>gi|66846300|gb|E

A
L86633.1| 4-hydroxyphenylpyruvate dioxygenase, putative [A

spergillus 
fum

igatus A
f293]

N
S

F
x

66848396
>gi|66848396|gb|E

A
L88725.1| 4-hydroxyphenylpyruvate dioxygenase, putative [A

spergillus 
fum

igatus A
f293]

N
S

F
x
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66850157
>gi|66850157|gb|E

A
L90484.1| 4-hydroxyphenylpyruvate dioxygenase, putative [A

spergillus 
fum

igatus A
f293]

N
S

F
x

66851780
>gi|66851780|gb|E

A
L92105.1| 4-hydroxyphenylpyruvate dioxygenase, putative [A

spergillus 
fum

igatus A
f293]

N
S

F
x

86741150
>gi|86741150|ref|Y

P
_481550.1| 4-hydroxyphenylpyruvate dioxygenase [Frankia sp. C

cI3]
B

TC
x

71673567
>gi|71673567|ref|ZP

_00671315.1| 4-hydroxyphenylpyruvate dioxygenase [Trichodesm
ium

 
erythraeum

 IM
S

101]
B

TC
x

32394683
>gi|32394683|gb|A

A
N

39008.1| putative 4-hydroxyphenylpyruvate dioxygenase oxidoreductase 
protein [G

riffithsia japonica]
N

S
F

x
23505684

>gi|23505684|gb|A
A

N
28922.1| 4-hydroxyphenylpyruvate dioxygenase [A

butilon theophrasti]
B

TC
x

67909206
>gi|67909206|ref|ZP

_00507603.1| 4-hydroxyphenylpyruvate dioxygenase [P
olarom

onas sp. JS
666]

B
TC

x

67922247
>gi|67922247|ref|ZP

_00515761.1| 4-hydroxyphenylpyruvate dioxygenase [C
rocosphaera w

atsonii 
W

H
 8501]

B
TC

x

42600537
>gi|42600537|em

b|C
A

D
24031.1| p-hydroxyphenylpyruvate dioxigenase [C

hlam
ydom

onas 
reinhardtii]

B
TC

x

4481935
>gi|4481935|em

b|C
A

B
38519.1| putative 4-hydroxyphenylpyruvic acid dioxygenase [S

treptom
yces 

coelicolor A
3(2)]

B
TC

x

1001726
>gi|1001726|dbj|B

A
A

10563.1| 4-hydroxyphenylpyruvic acid dioxgenase [S
ynechocystis sp. P

C
C

 
6803]

B
TC

x

78167527
>gi|78167527|gb|A

B
B

24625.1| glutathione S
-transferase, fosfom

ycin resistance protein, putative 
[P

elodictyon luteolum
 D

S
M

 273]
S

FA
x

78187625
>gi|78187625|ref|Y

P
_375668.1| glutathione S

-transferase, fosfom
ycin resistance protein, putative 

[P
elodictyon luteolum

 D
S

M
 273]

S
FA

x

78171614
>gi|78171614|gb|A

B
B

28710.1| glutathione S
-transferase, fosfom

ycin resistance protein, putative 
[C

hlorobium
 chlorochrom

atii C
aD

3]
S

FA
x

78189415
>gi|78189415|ref|Y

P
_379753.1| glutathione S

-transferase, fosfom
ycin resistance protein, putative 

[C
hlorobium

 chlorochrom
atii C

aD
3]

S
FA

x

21646159
>gi|21646159|gb|A

A
M

71495.1| glutathione S
-transferase, fosfom

ycin resistance protein, putative 
[C

hlorobium
 tepidum

 TLS
]

S
FA

x

21673088
>gi|21673088|ref|N

P
_661153.1| glutathione S

-transferase, fosfom
ycin resistance protein, putative 

[C
hlorobium

 tepidum
 TLS

]
S

FA
x
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42737746
>gi|42737746|gb|A

A
S

41677.1| fosfom
ycin resistance protein (glutathione transferase) B

H
1778 

[B
acillus cereus ATC

C
 10987]

S
FA

x
216886

>gi|216886|dbj|B
A

A
00248.1| glyoxalase I [P

seudom
onas putida]

B
TC

x
82495720

>gi|82495720|ref|ZP
_00881294.1| G

lyoxalase I [S
hew

anella sp. M
R

-4]
B

TC
x

82746264
>gi|82746264|ref|ZP

_00908771.1| glyoxalase I [C
lostridium

 beijerincki N
C

IM
B

 8052]
S

FA
x

82749136
>gi|82749136|ref|ZP

_00911603.1| glyoxalase I (glyoxalase fam
ily) [C

lostridium
 beijerincki N

C
IM

B
 

8052]
S

FA
x

83701621
>gi|83701621|gb|A

B
C

41262.1| glyoxalase I [Leishm
ania infantum

]
B

TC
x

83953359
>gi|83953359|ref|ZP

_00962081.1| G
lyoxalase I (lactoylglutathione lyase) [S

ulfitobacter sp. N
A

S
-

14.1]
S

FA
x

69952143
>gi|69952143|ref|ZP

_00639697.1| G
lyoxalase I [S

hew
anella frigidim

arina N
C

IM
B

 400]
B

TC
x

69953426
>gi|69953426|ref|ZP

_00640556.1| G
lyoxalase I [S

hew
anella frigidim

arina N
C

IM
B

 400]
B

TC
x

71362651
>gi|71362651|ref|ZP

_00653802.1| G
lyoxalase I [P

sychrobacter cryohalolentis K
5]

B
TC

x
505585

>gi|505585|em
b|C

A
A

48717.1| lactoylglutathione lyase [G
lycine m

ax]
N

S
F

x
74023999

>gi|74023999|ref|ZP
_00694563.1| G

lyoxalase I [R
hodoferax ferrireducens D

S
M

 15236]
B

TC
x

76874945
>gi|76874945|em

b|C
A

I86166.1| glyoxalase I, nickel isom
erase (Lactoylglutathione lyase) 

[P
seudoalterom

onas haloplanktis TA
C

125]
B

TC
x

78034245
>gi|78034245|em

b|C
A

J21890.1| putative glyoxalase I [X
anthom

onas cam
pestris pv. vesicatoria str. 

85-10]
N

S
F

x
76792566

>gi|76792566|ref|ZP
_00775064.1| G

lyoxalase I [P
seudoalterom

onas atlantica T6c]
B

TC
x

69156636
>gi|69156636|gb|E

A
N

68934.1| G
lyoxalase I [S

hew
anella denitrificans O

S
217]

B
TC

x
78170021

>gi|78170021|gb|A
B

B
27118.1| G

lyoxalase I [S
ynechococcus sp. C

C
9902]

B
TC

x
77815744

>gi|77815744|ref|ZP
_00814966.1| G

lyoxalase I [S
hew

anella putrefaciens C
N

-32]
B

TC
x

78198442
>gi|78198442|gb|A

B
B

36207.1| G
lyoxalase I [S

ynechococcus sp. C
C

9605]
B

TC
x

78364163
>gi|78364163|gb|A

B
B

42128.1| G
lyoxalase I [Thiom

icrospira crunogena X
C

L-2]
B

TC
x

78712536
>gi|78712536|gb|A

B
B

49713.1| G
lyoxalase I [P

rochlorococcus m
arinus str. M

IT 9312]
B

TC
x

79317690
>gi|79317690|ref|N

P
_001031026.1| ATG

LX
1 (G

LY
O

X
A

LA
S

E
 I H

O
M

O
LO

G
); lactoylglutathione 

lyase [A
rabidopsis thaliana]

B
TC

x
78366563

>gi|78366563|ref|ZP
_00836842.1| G

lyoxalase I [S
hew

anella sp. P
V-4]

B
TC

x
78686502

>gi|78686502|ref|ZP
_00851269.1| G

lyoxalase I [S
hew

anella sp. A
N

A
-3]

B
TC

x
78690516

>gi|78690516|ref|ZP
_00855161.1| G

lyoxalase I [S
hew

anella sp. M
R

-7]
B

TC
x

68542244
>gi|68542244|ref|ZP

_00581978.1| G
lyoxalase I [S

hew
anella baltica O

S
155]

B
TC

x
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68547433
>gi|68547433|ref|ZP

_00586969.1| G
lyoxalase I [S

hew
anella am

azonensis S
B

2B
]

B
TC

x

55739422
>gi|55739422|gb|A

AV
63063.1| glyoxalase I/lactoylglutathione lyase [S

treptococcus therm
ophilus 

C
N

R
Z1066]

B
TC

x
23348107

>gi|23348107|gb|A
A

N
30186.1| lactoylglutathione lyase [B

rucella suis 1330]
B

TC
x

13815730
>gi|13815730|gb|A

A
K

42570.1| Lactoylglutathione lyase (glyoxalase I), putative [S
ulfolobus 

solfataricus P
2]

S
FA

x
52002505

>gi|52002505|gb|A
A

U
22447.1| G

lyoxalase I Y
fiE

 [B
acillus licheniform

is ATC
C

 14580]
N

S
F

x
51973817

>gi|51973817|gb|A
A

U
15367.1| lactoylglutathione lyase (glyoxalase I) [B

acillus cereus E
33L]

N
S

F
x

82698979
>gi|82698979|ref|Y

P
_413553.1| G

lyoxalase/B
leom

ycin resistance protein/dioxygenase 
dom

ain:G
lyoxalase I [B

rucella m
elitensis biovar A

bortus 2308]
B

TC
x

56491581
>gi|56491581|em

b|C
A

I02444.1| glyoxalase I, putative [P
lasm

odium
 berghei]

N
S

F
x

70946959
>gi|70946959|ref|X

P
_743141.1| glyoxalase I [P

lasm
odium

 chabaudi chabaudi]
N

S
F

x
28204236

>gi|28204236|gb|A
A

O
36675.1| putative lactoylglutathione lyase [C

lostridium
 tetani E

88]
S

FA
x

70905885
>gi|70905885|gb|A

A
Z14524.1| trypanothione-dependent glyoxalase I [Leishm

ania m
ajor strain 

Friedlin]
B

TC
x

77388805
>gi|77388805|gb|A

B
A

79990.1| G
lyoxalase I (lactoylglutathione lyase) [R

hodobacter sphaeroides 
2.4.1]

S
FA

x
52005756

>gi|52005756|gb|A
A

U
25698.1| G

lyoxalase I [B
acillus licheniform

is ATC
C

 14580]
N

S
F

x

49332759
>gi|49332759|gb|A

AT63405.1| lactoylglutathione lyase (glyoxalase I) [B
acillus thuringiensis serovar 

konkukian str. 97-27]
N

S
F

x
46362279

>gi|46362279|em
b|C

A
G

25217.1| glyoxalase I, putative [P
lasm

odium
 falciparum

 3D
7]

N
S

F
x

68555141
>gi|68555141|ref|ZP

_00594486.1| G
lyoxalase I [R

alstonia m
etallidurans C

H
34]

B
TC

x

86357507
>gi|86357507|ref|Y

P
_469399.1| lactoylglutathione lyase m

ethylglyoxalase protein [R
hizobium

 etli 
C

FN
 42]

B
TC

x

15074653
>gi|15074653|em

b|C
A

C
46298.1| P

R
O

B
A

B
LE

 LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 

M
E

TH
Y

LG
LY

O
X

A
LA

S
E

 P
R

O
TE

IN
 [S

inorhizobium
 m

eliloti]
B

TC
x

33639942
>gi|33639942|em

b|C
A

E
19112.1| LA

C
TO

Y
LG

LU
TATH

IO
N

E
 LYA

S
E

 [P
rochlorococcus m

arinus 
subsp. pastoris str. C

C
M

P
1986]

B
TC

x

33641128
>gi|33641128|em

b|C
A

E
22258.1| lactoylglutathione lyase; G

lyoxalase/B
leom

ycin resistance 
protein/D

ioxygenase superfam
ily [P

rochlorococcus m
arinus str. M

IT 9313]
B

TC
x

17427530
>gi|17427530|em

b|C
A

D
14048.1| P

R
O

B
A

B
LE

 LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 

(M
E

TH
Y

LG
LY

O
X

A
LA

S
E

) P
R

O
TE

IN
 [R

alstonia solanacearum
]

B
TC

x
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49330669
>gi|49330669|gb|A

AT61315.1| lactoylglutathione lyase, glyoxalase fam
ily protein [B

acillus 
thuringiensis serovar konkukian str. 97-27]

S
FA

x

2621847
>gi|2621847|gb|A

A
B

85261.1| S
-D

-lactoylglutathione m
ethylglyoxal lyase [M

ethanotherm
obacter 

therm
autotrophicus str. D

elta H
]

S
FA

x

82748396
>gi|82748396|ref|ZP

_00910881.1| lactoylglutathione lyase [C
lostridium

 beijerincki N
C

IM
B

 8052]
B

TC
x

83368940
>gi|83368940|ref|ZP

_00913800.1| lactoylglutathione lyase [R
hodobacter sphaeroides ATC

C
 17025]

B
TC

x

83369976
>gi|83369976|ref|ZP

_00914824.1| lactoylglutathione lyase, putative [R
hodobacter sphaeroides 

ATC
C

 17025]
B

TC
x

83372766
>gi|83372766|ref|ZP

_00917545.1| lactoylglutathione lyase [R
hodobacter sphaeroides ATC

C
 17029]

B
TC

x

83373191
>gi|83373191|ref|ZP

_00917970.1| lactoylglutathione lyase, putative [R
hodobacter sphaeroides 

ATC
C

 17029]
B

TC
x

83747838
>gi|83747838|ref|ZP

_00944871.1| Lactoylglutathione lyase [R
alstonia solanacearum

 U
W

551]
S

FA
x

83749342
>gi|83749342|ref|ZP

_00946339.1| Lactoylglutathione lyase [R
alstonia solanacearum

 U
W

551]
B

TC
x

83858397
>gi|83858397|ref|ZP

_00951919.1| lactoylglutathione lyase, putative [O
ceanicaulis alexandrii 

H
TC

C
2633]

S
FA

x
83943291

>gi|83943291|ref|ZP
_00955751.1| lactoylglutathione lyase [S

ulfitobacter sp. E
E

-36]
N

S
F

x

83945063
>gi|83945063|ref|ZP

_00957429.1| lactoylglutathione lyase [O
ceanicaulis alexandrii H

TC
C

2633]
B

TC
x

83950701
>gi|83950701|ref|ZP

_00959434.1| Lactoylglutathione lyase [R
oseovarius nubinhibens IS

M
]

B
TC

x

83951513
>gi|83951513|ref|ZP

_00960245.1| lactoylglutathione lyase, putative [R
oseovarius nubinhibens IS

M
]

B
TC

x

83954069
>gi|83954069|ref|ZP

_00962789.1| lactoylglutathione lyase, putative [S
ulfitobacter sp. N

A
S

-14.1]
B

TC
x

84360451
>gi|84360451|ref|ZP

_00985153.1| C
O

G
3607: P

redicted lactoylglutathione lyase [B
urkholderia 

dolosa A
U

O
158]

S
FA

x
84385192

>gi|84385192|ref|ZP
_00988224.1| putative lactoylglutathione lyase [Vibrio splendidus 12B

01]
S

FA
x

84386626
>gi|84386626|ref|ZP

_00989652.1| lactoylglutathione lyase [Vibrio splendidus 12B
01]

B
TC

x
84386685

>gi|84386685|ref|ZP
_00989711.1| Lactoylglutathione lyase [Vibrio splendidus 12B

01]
S

FA
x
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84501614
>gi|84501614|ref|ZP

_00999786.1| lactoylglutathione lyase, putative [O
ceanicola batsensis 

H
TC

C
2597]

B
TC

x

84515363
>gi|84515363|ref|ZP

_01002725.1| probable lactoylglutathione lyase [Loktanella vestfoldensis 
S

K
A

53]
B

TC
x

84685556
>gi|84685556|ref|ZP

_01013454.1| G
loA

, lactoylglutathione lyase [R
hodobacterales bacterium

 
H

TC
C

2654]
B

TC
x

84686020
>gi|84686020|ref|ZP

_01013916.1| lactoylglutathione lyase [R
hodobacterales bacterium

 H
TC

C
2654]S

FA
x

84711566
>gi|84711566|ref|ZP

_01019712.1| lactoylglutathione lyase [P
olarom

onas naphthalenivorans C
J2]

N
S

F
x

83644418
>gi|83644418|ref|Y

P
_432853.1| Lactoylglutathione lyase [H

ahella chejuensis K
C

TC
 2396]

S
FA

x
83644521

>gi|83644521|ref|Y
P

_432956.1| Lactoylglutathione lyase [H
ahella chejuensis K

C
TC

 2396]
S

FA
x

83644845
>gi|83644845|ref|Y

P
_433280.1| Lactoylglutathione lyase [H

ahella chejuensis K
C

TC
 2396]

N
S

F
x

83646548
>gi|83646548|ref|Y

P
_434983.1| Lactoylglutathione lyase [H

ahella chejuensis K
C

TC
 2396]

N
S

F
x

83646952
>gi|83646952|ref|Y

P
_435387.1| Lactoylglutathione lyase [H

ahella chejuensis K
C

TC
 2396]

S
FA

x
83647341

>gi|83647341|ref|Y
P

_435776.1| Lactoylglutathione lyase [H
ahella chejuensis K

C
TC

 2396]
N

S
F

x
83647554

>gi|83647554|ref|Y
P

_435989.1| Lactoylglutathione lyase [H
ahella chejuensis K

C
TC

 2396]
N

S
F

x
83648464

>gi|83648464|ref|Y
P

_436899.1| Lactoylglutathione lyase [H
ahella chejuensis K

C
TC

 2396]
S

FA
x

83649126
>gi|83649126|ref|Y

P
_437561.1| Lactoylglutathione lyase [H

ahella chejuensis K
C

TC
 2396]

N
S

F
x

83649348
>gi|83649348|ref|Y

P
_437783.1| Lactoylglutathione lyase [H

ahella chejuensis K
C

TC
 2396]

N
S

F
x

47095742
>gi|47095742|ref|ZP

_00233348.1| lactoylglutathione lyase, putative [Listeria m
onocytogenes str. 

1/2a F6854]
B

TC
x

47564331
>gi|47564331|ref|ZP

_00235376.1| lactoylglutathione lyase [B
acillus cereus G

9241]
S

FA
x

47564348
>gi|47564348|ref|ZP

_00235393.1| lactoylglutathione lyase [B
acillus cereus G

9241]
B

TC
x

47564484
>gi|47564484|ref|ZP

_00235529.1| lactoylglutathione lyase [B
acillus cereus G

9241]
S

FA
x

47564743
>gi|47564743|ref|ZP

_00235787.1| lactoylglutathione lyase [B
acillus cereus G

9241]
S

FA
x

62464063
>gi|62464063|ref|ZP

_00383365.1| C
O

G
3607: P

redicted lactoylglutathione lyase [Lactococcus lactis 
subsp. crem

oris S
K

11]
N

S
F

x
47570268

>gi|47570268|ref|ZP
_00240918.1| lactoylglutathione lyase, putative [B

acillus cereus G
9241]

N
S

F
X

53688539
>gi|53688539|ref|ZP

_00110851.2| C
O

G
3607: P

redicted lactoylglutathione lyase [N
ostoc 

punctiform
e P

C
C

 73102]
N

S
F

x
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47572332
>gi|47572332|ref|ZP

_00242377.1| C
O

G
3607: P

redicted lactoylglutathione lyase [R
ubrivivax 

gelatinosus P
M

1]
N

S
F

x

71062469
>gi|71062469|gb|A

A
Z21472.1| lactoylglutathione lyase [C

andidatus P
elagibacter ubique 

H
TC

C
1062]

B
TC

x
85859982

>gi|85859982|ref|Y
P

_462184.1| lactoylglutathione lyase [S
yntrophus aciditrophicus S

B
]

S
FA

x
85703449

>gi|85703449|ref|ZP
_01034553.1| Lactoylglutathione lyase [R

oseovarius sp. 217]
B

TC
x

85704765
>gi|85704765|ref|ZP

_01035866.1| Lactoylglutathione lyase [R
oseovarius sp. 217]

S
FA

x
85707130

>gi|85707130|ref|ZP
_01038218.1| probable lactoylglutathione lyase [R

oseovarius sp. 217]
B

TC
x

85707649
>gi|85707649|ref|ZP

_01038715.1| lactoylglutathione lyase [E
rythrobacter sp. N

A
P

1]
B

TC
x

85708379
>gi|85708379|ref|ZP

_01039445.1| lactoylglutathione lyase, putative [E
rythrobacter sp. N

A
P

1]
S

FA
x

86137415
>gi|86137415|ref|ZP

_01055992.1| lactoylglutathione lyase, putative [R
oseobacter sp. M

E
D

193]
B

TC
x

86145772
>gi|86145772|ref|ZP

_01064101.1| putative lactoylglutathione lyase [Vibrio sp. M
E

D
222]

S
FA

x
86146970

>gi|86146970|ref|ZP
_01065288.1| lactoylglutathione lyase [Vibrio sp. M

E
D

222]
B

TC
x

86162424
>gi|86162424|gb|E

A
Q

63707.1| lactoylglutathione lyase [M
arinom

onas sp. M
E

D
121]

B
TC

x
86166361

>gi|86166361|gb|E
A

Q
67627.1| putative lactoylglutathione lyase [M

arinom
onas sp. M

E
D

121]
S

FA
x

86356019
>gi|86356019|ref|Y

P
_467911.1| probable lactoylglutathione lyase protein [R

hizobium
 etli C

FN
 42]

S
FA

x

86356437
>gi|86356437|ref|Y

P
_468329.1| putative lactoylglutathione lyase protein [R

hizobium
 etli C

FN
 42]

N
S

F
x

86356906
>gi|86356906|ref|Y

P
_468798.1| probable lactoylglutathione lyase protein [R

hizobium
 etli C

FN
 42]

N
S

F
x

86357255
>gi|86357255|ref|Y

P
_469147.1| putative lactoylglutathione lyase protein [R

hizobium
 etli C

FN
 42]

S
FA

x

86358230
>gi|86358230|ref|Y

P
_470122.1| probable lactoylglutathione lyase protein [R

hizobium
 etli C

FN
 42]

S
FA

x

74318361
>gi|74318361|ref|Y

P
_316101.1| lactoylglutathione lyase [Thiobacillus denitrificans ATC

C
 25259]

B
TC

x

68164578
>gi|68164578|gb|A

AY
87307.1| predicted lactoylglutathione lyase [uncultured bacterium

 B
A

C
17H

8]
B

TC
x

71144858
>gi|71144858|gb|A

A
Z25331.1| lactoylglutathione lyase [C

olw
ellia psychrerythraea 34H

]
B

TC
x
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72495716
>gi|72495716|dbj|B

A
E

19037.1| putative lactoylglutathione lyase [S
taphylococcus saprophyticus 

subsp. saprophyticus ATC
C

 15305]
N

S
F

x

71802610
>gi|71802610|gb|A

A
X

71963.1| lactoylglutathione lyase [S
treptococcus pyogenes M

G
A

S
6180]

S
FA

x

74023435
>gi|74023435|ref|ZP

_00694008.1| putative lactoylglutathione lyase [R
hodoferax ferrireducens D

S
M

 
15236]

N
S

F
x

75759432
>gi|75759432|ref|ZP

_00739526.1| Lactoylglutathione lyase [B
acillus thuringiensis serovar 

israelensis ATC
C

 35646]
N

S
F

x

75760536
>gi|75760536|ref|ZP

_00740571.1| Lactoylglutathione lyase [B
acillus thuringiensis serovar 

israelensis ATC
C

 35646]
S

FA
x

75763726
>gi|75763726|ref|ZP

_00743400.1| Lactoylglutathione lyase [B
acillus thuringiensis serovar 

israelensis ATC
C

 35646]
B

TC
x

75763843
>gi|75763843|ref|ZP

_00743493.1| Lactoylglutathione lyase [B
acillus thuringiensis serovar 

israelensis ATC
C

 35646]
S

FA
x

71853471
>gi|71853471|gb|A

A
Z51494.1| lactoylglutathione lyase [S

treptococcus pyogenes M
G

A
S

5005]
S

FA
x

77389666
>gi|77389666|gb|A

B
A

80850.1| Lactoylglutathione lyase [R
hodobacter sphaeroides 2.4.1]

B
TC

x
77544204

>gi|77544204|gb|A
B

A
87766.1| lactoylglutathione lyase [P

elobacter carbinolicus D
S

M
 2380]

B
TC

x
77545161

>gi|77545161|gb|A
B

A
88723.1| lactoylglutathione lyase [P

elobacter carbinolicus D
S

M
 2380]

B
TC

x
77546720

>gi|77546720|gb|A
B

A
90282.1| lactoylglutathione lyase [P

elobacter carbinolicus D
S

M
 2380]

S
FA

x
77408563

>gi|77408563|ref|ZP
_00785299.1| lactoylglutathione lyase [S

treptococcus agalactiae C
O

H
1]

B
TC

x
78167051

>gi|78167051|gb|A
B

B
24149.1| lactoylglutathione lyase [P

elodictyon luteolum
 D

S
M

 273]
S

FA
x

77952624
>gi|77952624|ref|ZP

_00817038.1| lactoylglutathione lyase [M
arinobacter aquaeolei V

T8]
B

TC
x

78693250
>gi|78693250|ref|ZP

_00857764.1| lactoylglutathione lyase [B
radyrhizobium

 sp. B
TA

i1]
B

TC
x

78700706
>gi|78700706|ref|ZP

_00865161.1| lactoylglutathione lyase [A
lkalilim

nicola ehrlichei M
LH

E
-1]

B
TC

x
78696758

>gi|78696758|ref|ZP
_00861267.1| lactoylglutathione lyase [B

radyrhizobium
 sp. B

TA
i1]

B
TC

x

34763440
>gi|34763440|ref|ZP

_00144387.1| Lactoylglutathione lyase [Fusobacterium
 nucleatum

 subsp. 
vincentii ATC

C
 49256]

 B
TC

x

34763318
>gi|34763318|ref|ZP

_00144274.1| Lactoylglutathione lyase [Fusobacterium
 nucleatum

 subsp. 
vincentii ATC

C
 49256]

N
S

F
x
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34762987
>gi|34762987|ref|ZP

_00143964.1| Lactoylglutathione lyase [Fusobacterium
 nucleatum

 subsp. 
vincentii ATC

C
 49256]

S
FA

x
66802462

>gi|66802462|ref|X
P

_635103.1| glyoxylase I [D
ictyostelium

 discoideum
]

B
TC

x

56550926
>gi|56550926|ref|Y

P
_161765.1| lactoylglutathione lyase [Zym

om
onas m

obilis subsp. m
obilis ZM

4]
N

S
F

x

56551657
>gi|56551657|ref|Y

P
_162496.1| lactoylglutathione lyase [Zym

om
onas m

obilis subsp. m
obilis ZM

4]
N

S
F

x

56552617
>gi|56552617|ref|Y

P
_163456.1| lactoylglutathione lyase [Zym

om
onas m

obilis subsp. m
obilis ZM

4]
N

S
F

x
56908846

>gi|56908846|dbj|B
A

D
63373.1| lactoylglutathione lyase [B

acillus clausii K
S

M
-K

16]
S

FA
x

56909760
>gi|56909760|dbj|B

A
D

64287.1| lactoylglutathione lyase [B
acillus clausii K

S
M

-K
16]

S
FA

x
17740245

>gi|17740245|gb|A
A

L42800.1| lactoylglutathione lyase [A
grobacterium

 tum
efaciens str. C

58]
B

TC
x

17740947
>gi|17740947|gb|A

A
L43444.1| lactoylglutathione lyase [A

grobacterium
 tum

efaciens str. C
58]

B
TC

x
17740826

>gi|17740826|gb|A
A

L43333.1| lactoylglutathione lyase [A
grobacterium

 tum
efaciens str. C

58]
S

FA
x

17741988
>gi|17741988|gb|A

A
L44391.1| lactoylglutathione lyase [A

grobacterium
 tum

efaciens str. C
58]

S
FA

x

24195004
>gi|24195004|gb|A

A
N

48616.1| Lactoylglutathione lyase, putative [Leptospira interrogans serovar 
Lai str. 56601]

S
FA

x

19713822
>gi|19713822|gb|A

A
L94559.1| Lactoylglutathione lyase [Fusobacterium

 nucleatum
 subsp. 

nucleatum
 ATC

C
 25586]

B
TC

x

19714549
>gi|19714549|gb|A

A
L95170.1| Lactoylglutathione lyase [Fusobacterium

 nucleatum
 subsp. 

nucleatum
 ATC

C
 25586]

S
FA

x

19714639
>gi|19714639|gb|A

A
L95246.1| Lactoylglutathione lyase [Fusobacterium

 nucleatum
 subsp. 

nucleatum
 ATC

C
 25586]

N
S

F
x

21111152
>gi|21111152|gb|A

A
M

39511.1| lactoylglutathione lyase [X
anthom

onas cam
pestris pv. cam

pestris str. 
ATC

C
 33913]

S
FA

x
37197078

>gi|37197078|dbj|B
A

C
92919.1| lactoylglutathione lyase [Vibrio vulnificus Y

J016]
B

TC
x

37198867
>gi|37198867|dbj|B

A
C

94701.1| lactoylglutathione lyase [Vibrio vulnificus Y
J016]

S
FA

x
37198983

>gi|37198983|dbj|B
A

C
94816.1| lactoylglutathione lyase [Vibrio vulnificus Y

J016]
S

FA
x

37199332
>gi|37199332|dbj|B

A
C

95164.1| lactoylglutathione lyase [Vibrio vulnificus Y
J016]

B
TC

x
37200497

>gi|37200497|dbj|B
A

C
96323.1| lactoylglutathione lyase [Vibrio vulnificus Y

J016]
S

FA
x

37201361
>gi|37201361|dbj|B

A
C

97183.1| lactoylglutathione lyase [Vibrio vulnificus Y
J016]

S
FA

x
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49333330
>gi|49333330|gb|A

AT63976.1| lactoylglutathione lyase [B
acillus thuringiensis serovar konkukian str. 

97-27]
N

S
F

x

24377970
>gi|24377970|gb|A

A
N

59245.1| putative lactoylglutathione lyase [S
treptococcus m

utans U
A

159]
B

TC
x

27361504
>gi|27361504|gb|A

A
O

10412.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
B

TC
x

27361763
>gi|27361763|gb|A

A
O

10670.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

27361919
>gi|27361919|gb|A

A
O

10825.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

27361948
>gi|27361948|gb|A

A
O

10854.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

27361997
>gi|27361997|gb|A

A
O

10903.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

27358602
>gi|27358602|gb|A

A
O

07551.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

27359219
>gi|27359219|gb|A

A
O

08164.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

27359402
>gi|27359402|gb|A

A
O

08346.1| Lactoylglutathione lyase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

22777545
>gi|22777545|dbj|B

A
C

13817.1| lactoylglutathione lyase [O
ceanobacillus iheyensis H

TE
831]

S
FA

x

28807159
>gi|28807159|dbj|B

A
C

60429.1| putative lactoylglutathione lyase [Vibrio parahaem
olyticus R

IM
D

 
2210633]

B
TC

x

27352662
>gi|27352662|dbj|B

A
C

49664.1| lactoylglutathione lyase [B
radyrhizobium

 japonicum
 U

S
D

A 110]
B

TC
x

27355772
>gi|27355772|dbj|B

A
C

52754.1| lactoylglutathione lyase [B
radyrhizobium

 japonicum
 U

S
D

A 110]
B

TC
x

17982044
>gi|17982044|gb|A

A
L51346.1| P

R
O

B
A

B
LE

 LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 [B

rucella m
elitensis 

16M
]

S
FA

x
17982666

>gi|17982666|gb|A
A

L51911.1| LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 [B

rucella m
elitensis 16M

]
B

TC
x

17983931
>gi|17983931|gb|A

A
L53069.1| LA

C
TO

Y
LG

LU
TATH

IO
N

E
 LYA

S
E

 [B
rucella m

elitensis 16M
]

B
TC

x
29894336

>gi|29894336|gb|A
A

P
07627.1| Lactoylglutathione lyase [B

acillus cereus ATC
C

 14579]
S

FA
x

29894525
>gi|29894525|gb|A

A
P

07815.1| Lactoylglutathione lyase [B
acillus cereus ATC

C
 14579]

S
FA

x
51976787

>gi|51976787|gb|A
A

U
18337.1| lactoylglutathione lyase [B

acillus cereus E
33L]

N
S

F
x

29896623
>gi|29896623|gb|A

A
P

09902.1| Lactoylglutathione lyase [B
acillus cereus ATC

C
 14579]

S
FA

x
29896661

>gi|29896661|gb|A
A

P
09940.1| Lactoylglutathione lyase [B

acillus cereus ATC
C

 14579]
S

FA
x

29896818
>gi|29896818|gb|A

A
P

10096.1| Lactoylglutathione lyase [B
acillus cereus ATC

C
 14579]

S
FA

x
29896842

>gi|29896842|gb|A
A

P
10120.1| Lactoylglutathione lyase [B

acillus cereus ATC
C

 14579]
B

TC
x

29898812
>gi|29898812|gb|A

A
P

12084.1| Lactoylglutathione lyase [B
acillus cereus ATC

C
 14579]

N
S

F
x

29343177
>gi|29343177|gb|A

A
O

80940.1| lactoylglutathione lyase [E
nterococcus faecalis V

583]
B

TC
x
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33148019
>gi|33148019|gb|A

A
P

95540.1| lactoylglutathione lyase [H
aem

ophilus ducreyi 35000H
P

]
B

TC
x

35214133
>gi|35214133|dbj|B

A
C

91502.1| lactoylglutathione lyase [G
loeobacter violaceus P

C
C

 7421]
B

TC
x

14021196
>gi|14021196|dbj|B

A
B

47809.1| lactoylglutathione lyase [M
esorhizobium

 loti M
A

FF303099]
B

TC
x

14022819
>gi|14022819|dbj|B

A
B

49427.1| probable lactoylglutathione lyase [M
esorhizobium

 loti M
A

FF303099]N
S

F
x

14024632
>gi|14024632|dbj|B

A
B

51235.1| lactoylglutathione lyase [M
esorhizobium

 loti M
A

FF303099]
S

FA
x

60492330
>gi|60492330|em

b|C
A

H
07095.1| putative lactoylglutathione lyase [B

acteroides fragilis N
C

TC
 9343]

B
TC

x
56179552

>gi|56179552|gb|A
AV

82274.1| Lactoylglutathione lyase [Idiom
arina loihiensis L2TR

]
B

TC
x

71853016
>gi|71853016|gb|A

A
Z51039.1| lactoylglutathione lyase [S

treptococcus pyogenes M
G

A
S

5005]
B

TC
x

50903292
>gi|50903292|gb|A

AT87007.1| Lactoylglutathione lyase [S
treptococcus pyogenes M

G
A

S
10394]

S
FA

x
51977990

>gi|51977990|gb|A
A

U
19540.1| lactoylglutathione lyase [B

acillus cereus E
33L]

N
S

F
x

51978173
>gi|51978173|gb|A

A
U

19723.1| lactoylglutathione lyase (glyoxylase I) [B
acillus cereus E

33L]
S

FA
x

58002669
>gi|58002669|gb|A

AW
61563.1| Lactoylglutathione lyase [G

luconobacter oxydans 621H
]

B
TC

x

51856015
>gi|51856015|dbj|B

A
D

40173.1| putative lactoylglutathione lyase [S
ym

biobacterium
 therm

ophilum
 

IA
M

 14863]
S

FA
x

16418740
>gi|16418740|gb|A

A
L19199.1| putative lactoylglutathione lyase [S

alm
onella typhim

urium
 LT2]

S
FA

x
52214981

>gi|52214981|dbj|B
A

D
47574.1| putative lactoylglutathione lyase [B

acteroides fragilis Y
C

H
46]

S
FA

x

52629211
>gi|52629211|gb|A

A
U

27952.1| lactoylglutathione lyase [Legionella pneum
ophila subsp. 

pneum
ophila str. P

hiladelphia 1]
B

TC
x

46908401
>gi|46908401|ref|Y

P
_014790.1| lactoylglutathione lyase, putative [Listeria m

onocytogenes str. 4b 
F2365]

B
TC

x

41325166
>gi|41325166|em

b|C
A

F19647.1| P
redicted lactoylglutathione lyase [C

orynebacterium
 glutam

icum
 

ATC
C

 13032]
S

FA
x

79317995
>gi|79317995|ref|N

P
_001031049.1| lactoylglutathione lyase [A

rabidopsis thaliana]
S

FA
x

21229131
>gi|21229131|ref|N

P
_635053.1| Lactoylglutathione lyase [M

ethanosarcina m
azei G

o1]
S

FA
x

16421670
>gi|16421670|gb|A

A
L21991.1| putative lactoylglutathione lyase [S

alm
onella typhim

urium
 LT2]

S
FA

x
59713823

>gi|59713823|ref|Y
P

_206598.1| lactoylglutathione lyase [Vibrio fischeri E
S

114]
N

S
F

x
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59713972
>gi|59713972|ref|Y

P
_206747.1| lactoylglutathione lyase [Vibrio fischeri E

S
114]

S
FA

x
9946593

>gi|9946593|gb|A
A

G
04099.1| lactoylglutathione lyase [P

seudom
onas aeruginosa PA

O
1]

B
TC

x

45658176
>gi|45658176|ref|Y

P
_002262.1| putative lactoylglutathione lyase [Leptospira interrogans serovar 

C
openhageni str. Fiocruz L1-130]

S
FA

x

29346990
>gi|29346990|ref|N

P
_810493.1| lactoylglutathione lyase [B

acteroides thetaiotaom
icron V

P
I-5482]

B
TC

x

55378194
>gi|55378194|ref|Y

P
_136044.1| lactoylglutathione lyase [H

aloarcula m
arism

ortui ATC
C

 43049]
B

TC
x

55378690
>gi|55378690|ref|Y

P
_136540.1| lactoylglutathione lyase [H

aloarcula m
arism

ortui ATC
C

 43049]
B

TC
x

77414114
>gi|77414114|ref|ZP

_00790281.1| lactoylglutathione lyase [S
treptococcus agalactiae 515]

B
TC

x

34540535
>gi|34540535|ref|N

P
_905014.1| lactoylglutathione lyase, putative [P

orphyrom
onas gingivalis W

83]
B

TC
x

24373604
>gi|24373604|ref|N

P
_717647.1| lactoylglutathione lyase [S

hew
anella oneidensis M

R
-1]

B
TC

x
71845563

>gi|71845563|gb|A
A

Z45059.1| lactoylglutathione lyase [D
echlorom

onas arom
atica R

C
B

]
S

FA
x

15458468
>gi|15458468|gb|A

A
K

99668.1| Lactoylglutathione lyase [S
treptococcus pneum

oniae R
6]

B
TC

x

21106272
>gi|21106272|gb|A

A
M

35103.1| lactoylglutathione lyase [X
anthom

onas axonopodis pv. citri str. 306]
S

FA
x

18144105
>gi|18144105|dbj|B

A
B

80153.1| lactoylglutathione lyase [C
lostridium

 perfringens str. 13]
B

TC
x

28810087
>gi|28810087|dbj|B

A
C

63028.1| putative lactoylglutathione lyase [Vibrio parahaem
olyticus R

IM
D

 
2210633]

S
FA

x

29609062
>gi|29609062|dbj|B

A
C

73114.1| putative lactoylglutathione lyase [S
treptom

yces averm
itilis M

A
-

4680]
S

FA
x

56380727
>gi|56380727|dbj|B

A
D

76635.1| lactoylglutathione lyase [G
eobacillus kaustophilus H

TA
426]

S
FA

x
42571377

>gi|42571377|ref|N
P

_973779.1| catalytic/ lactoylglutathione lyase [A
rabidopsis thaliana]

N
S

F
x

53758036
>gi|53758036|gb|A

A
U

92327.1| lactoylglutathione lyase [M
ethylococcus capsulatus str. B

ath]
B

TC
x

56677896
>gi|56677896|gb|A

AV
94562.1| lactoylglutathione lyase, putative [S

ilicibacter pom
eroyi D

S
S

-3]
B

TC
x

39649388
>gi|39649388|em

b|C
A

E
27910.1| putative lactoylglutathione lyase [R

hodopseudom
onas palustris 

C
G

A
009]

S
FA

x

39649442
>gi|39649442|em

b|C
A

E
27964.1| putative lactoylglutathione lyase [R

hodopseudom
onas palustris 

C
G

A
009]

B
TC

x
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71037783
>gi|71037783|gb|A

A
Z18091.1| probable lactoylglutathione lyase [P

sychrobacter arcticus 273-4]
B

TC
x

15025187
>gi|15025187|gb|A

A
K

80149.1| Lactoylglutathione lyase, Y
Q

JC
 B

.subtilis ortholog [C
lostridium

 
acetobutylicum

 ATC
C

 824]
S

FA
x

77388381
>gi|77388381|gb|A

B
A

79566.1| probable lactoylglutathione lyase [R
hodobacter sphaeroides 2.4.1]

B
TC

x

49328358
>gi|49328358|gb|A

AT59004.1| lactoylglutathione lyase [B
acillus thuringiensis serovar konkukian str. 

97-27]
S

FA
x

49329075
>gi|49329075|gb|A

AT59721.1| lactoylglutathione lyase [B
acillus thuringiensis serovar konkukian str. 

97-27]
N

S
F

x

49331751
>gi|49331751|gb|A

AT62397.1| lactoylglutathione lyase (glyoxylase I) [B
acillus thuringiensis serovar 

konkukian str. 97-27]
S

FA
x

46913068
>gi|46913068|em

b|C
A

G
19857.1| P

utative lactoylglutathione lyase [P
hotobacterium

 profundum
 S

S
9]N

S
F

x

57229143
>gi|57229143|gb|A

AW
45577.1| lactoylglutathione lyase, putative [C

ryptococcus neoform
ans var. 

neoform
ans JE

C
21]

B
TC

x

84786157
>gi|84786157|gb|A

B
C

62339.1| lactoylglutathione lyase, putative [E
rythrobacter litoralis H

TC
C

2594]
B

TC
x

84786889
>gi|84786889|gb|A

B
C

63071.1| lactoylglutathione lyase, putative [E
rythrobacter litoralis H

TC
C

2594]
S

FA
x

13422656
>gi|13422656|gb|A

A
K

23296.1| lactoylglutathione lyase, putative [C
aulobacter crescentus C

B
15]

B
TC

x

13423390
>gi|13423390|gb|A

A
K

23908.1| lactoylglutathione lyase, putative [C
aulobacter crescentus C

B
15]

S
FA

x
15242020

>gi|15242020|ref|N
P

_200514.1| catalytic/ lactoylglutathione lyase [A
rabidopsis thaliana]

N
S

F
x

48789047
>gi|48789047|ref|ZP

_00285026.1| C
O

G
3607: P

redicted lactoylglutathione lyase [B
urkholderia 

fungorum
 LB

400]
N

S
F

x

48854992
>gi|48854992|ref|ZP

_00309152.1| C
O

G
3607: P

redicted lactoylglutathione lyase [C
ytophaga 

hutchinsonii]
N

S
F

x

48856747
>gi|48856747|ref|ZP

_00310904.1| C
O

G
3607: P

redicted lactoylglutathione lyase [C
ytophaga 

hutchinsonii]
N

S
F

x
18412683

>gi|18412683|ref|N
P

_565231.1| lactoylglutathione lyase [A
rabidopsis thaliana]

N
S

F
x
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18402873
>gi|18402873|ref|N

P
_565737.1| lactoylglutathione lyase [A

rabidopsis thaliana]
S

FA
x

18401734
>gi|18401734|ref|N

P
_029429.1| lactoylglutathione lyase [A

rabidopsis thaliana]
S

FA
x

66853326
>gi|66853326|gb|E

A
L93650.1| lactoylglutathione lyase [A

spergillus fum
igatus A

f293]
B

TC
x

67906790
>gi|67906790|gb|A

AY
82853.1| predicted lactoylglutathione lyase [uncultured bacterium

 
M

edeB
A

C
46A

06]
N

S
F

x

31789451
>gi|31789451|gb|A

A
P

58565.1| putative lactoylglutathione lyase [uncultured A
cidobacteria 

bacterium
]

S
FA

x
40063586

>gi|40063586|gb|A
A

R
38375.1| lactoylglutathione lyase [uncultured bacterium

 582]
B

TC
x

79041861
>gi|79041861|ref|ZP

_00872997.1| lactoylglutathione lyase, putative [N
ovosphingobium

 
arom

aticivorans D
S

M
 12444]

B
TC

x

79039852
>gi|79039852|ref|ZP

_00871558.1| lactoylglutathione lyase, putative [N
ovosphingobium

 
arom

aticivorans D
S

M
 12444]

S
FA

x
67907184

>gi|67907184|ref|ZP
_00505589.1| lactoylglutathione lyase, putative [P

olarom
onas sp. JS

666]
N

S
F

x
10444007

>gi|10444007|gb|A
A

G
17667.1| 5-epi-aristolochene synthase [N

icotiana tabacum
]

B
TC

x
5458240

>gi|5458240|em
b|C

A
B

49729.1| S
qualene-hopene cyclase, putative [P

yrococcus abyssi G
E

5]
N

S
F

x

32444518
>gi|32444518|em

b|C
A

D
74517.1| probable squalene-hopene cyclase [R

hodopirellula baltica S
H

 1]
N

S
F

x
66844527

>gi|66844527|gb|E
A

L84865.1| squalene-hopene cyclase [A
spergillus fum

igatus A
f293]

B
TC

x

77741245
>gi|77741245|ref|ZP

_00809729.1| Terpene synthase:S
qualene cyclase [R

hodopseudom
onas 

palustris B
isA

53]
B

TC
x

78697648
>gi|78697648|ref|ZP

_00862154.1| Terpene synthase:S
qualene cyclase [B

radyrhizobium
 sp. B

TA
i1]

B
TC

x

48861106
>gi|48861106|ref|ZP

_00315011.1| C
O

G
1657: S

qualene cyclase [M
icrobulbifer degradans 2-40]

N
S

F
X

50787825
>gi|50787825|em

b|C
A

H
05021.1| putative trichodiene synthase [H

ypocrea lixii]
B

TC
x

83746572
>gi|83746572|ref|ZP

_00943622.1| 3-deoxy-m
anno-octulosonate-8-phosphatase [R

alstonia 
solanacearum

 U
W

551]
B

TC
x

83726706
>gi|83726706|gb|E

A
P

73834.1| 3-deoxy-m
anno-octulosonate-8-phosphatase [R

alstonia 
solanacearum

 U
W

551]
B

TC
x

24375444
>gi|24375444|ref|N

P
_719487.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
hew

anella oneidensis M
R

-1]
B

TC
x
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85859054
>gi|85859054|ref|Y

P
_461256.1| 3-deoxy-m

anno-octulosonate-8-phosphatase [S
yntrophus 

aciditrophicus S
B

]
B

TC
x

85722145
>gi|85722145|gb|A

B
C

77088.1| 3-deoxy-m
anno-octulosonate-8-phosphatase [S

yntrophus 
aciditrophicus S

B
]

B
TC

x

86147576
>gi|86147576|ref|ZP

_01065886.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[Vibrio sp. M

E
D

222]
B

TC
x

85834615
>gi|85834615|gb|E

A
Q

52763.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase [Vibrio 
sp. M

E
D

222]
B

TC
x

86153227
>gi|86153227|ref|ZP

_01071431.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[C

am
pylobacter jejuni subsp. jejuni H

B
93-13]

B
TC

x

85842953
>gi|85842953|gb|E

A
Q

60164.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[C

am
pylobacter jejuni subsp. jejuni H

B
93-13]

B
TC

x

86154279
>gi|86154279|ref|ZP

_01072447.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[C

am
pylobacter fetus subsp. fetus 82-40]

B
TC

x

85845514
>gi|85845514|gb|E

A
Q

62715.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[C

am
pylobacter fetus subsp. fetus 82-40]

B
TC

x

86163942
>gi|86163942|gb|E

A
Q

65214.1| 3-deoxy-m
anno-octulosonate-8-phosphatase [M

arinom
onas sp. 

M
E

D
121]

B
TC

x

71280996
>gi|71280996|ref|Y

P
_271187.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[C
olw

ellia psychrerythraea 34H
]

B
TC

x

16766611
>gi|16766611|ref|N

P
_462226.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
alm

onella typhim
urium

 LT2]
B

TC
x

37079527
>gi|37079527|sp|Q

8ZLS
0|K

D
S

C
_S

A
LTY 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

(K
D

O
 8-P phosphatase)

B
TC

x

76876373
>gi|76876373|em

b|C
A

I87595.1| 3-D
eoxy-D

-m
anno-octulosonate 8-phosphate (K

D
O

 8-P
) 

phosphatase [P
seudoalterom

onas haloplanktis TA
C

125]
B

TC
x

77361462
>gi|77361462|ref|Y

P
_341037.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[P
seudoalterom

onas haloplanktis TA
C

125]
B

TC
x

78172127
>gi|78172127|gb|A

B
B

29223.1| putative 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
[C

hlorobium
 chlorochrom

atii C
aD

3]
M

FR
x

78189928
>gi|78189928|ref|Y

P
_380266.1| putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[C
hlorobium

 chlorochrom
atii C

aD
3]

M
FR

x
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56415245
>gi|56415245|ref|Y

P
_152320.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
alm

onella enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150]

B
TC

x

16762078
>gi|16762078|ref|N

P
_457695.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
alm

onella enterica subsp. enterica serovar Typhi str. C
T18]

B
TC

x

29143567
>gi|29143567|ref|N

P
_806909.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
alm

onella enterica subsp. enterica serovar Typhi Ty2]
B

TC
x

37079509
>gi|37079509|sp|Q

8Z3G
5|K

D
S

C
_S

A
LTI 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

(K
D

O
 8-P phosphatase)

B
TC

x

22124070
>gi|22124070|ref|N

P
_667493.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[Yersinia pestis K
IM

]
B

TC
x

51597814
>gi|51597814|ref|Y

P
_072005.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[Yersinia pseudotuberculosis IP 32953]
B

TC
x

45443564
>gi|45443564|ref|N

P
_995103.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[Yersinia pestis biovar M
edievalis str. 91001]

B
TC

x

16123722
>gi|16123722|ref|N

P
_407035.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[Yersinia pestis C
O

92]
B

TC
x

37079519
>gi|37079519|sp|Q

8ZB
47|K

D
S

C
_Y

E
R

P
E

 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase (K

D
O

 8-P phosphatase)
B

TC
x

37678636
>gi|37678636|ref|N

P
_933245.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase [Vibrio 

vulnificus Y
J016]

B
TC

x

27364145
>gi|27364145|ref|N

P
_759673.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase [Vibrio 

vulnificus C
M

C
P

6]
B

TC
x

50119252
>gi|50119252|ref|Y

P
_048419.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase [E

rw
inia 

carotovora subsp. atroseptica S
C

R
I1043]

B
TC

x

37527889
>gi|37527889|ref|N

P
_931234.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[P
hotorhabdus lum

inescens subsp. laum
ondii TTO

1]
B

TC
x

76580258
>gi|76580258|gb|A

B
A

49733.1| 3-deoxy-m
anno-octulosonate-8-phosphatase [B

urkholderia 
pseudom

allei 1710b]
B

TC
x

76810805
>gi|76810805|ref|Y

P
_334634.1| 3-deoxy-m

anno-octulosonate-8-phosphatase [B
urkholderia 

pseudom
allei 1710b]

B
TC

x

56459511
>gi|56459511|ref|Y

P
_154792.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[Idiom
arina loihiensis L2TR

]
B

TC
x
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59710784
>gi|59710784|ref|Y

P
_203560.1| 3-deoxy-m

anno-octulosonate-8-phosphatase [Vibrio fischeri 
E

S
114]

B
TC

x

59478885
>gi|59478885|gb|A

AW
84672.1| 3-deoxy-m

anno-octulosonate-8-phosphatase [Vibrio fischeri E
S

114]
B

TC
x

59710998
>gi|59710998|ref|Y

P
_203774.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase [Vibrio 

fischeri E
S

114]
B

TC
x

59479099
>gi|59479099|gb|A

AW
84886.1| 3-deoxy-m

anno-octulosonate-8-phosphatase [Vibrio fischeri E
S

114]
B

TC
x

62181824
>gi|62181824|ref|Y

P
_218241.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[S
alm

onella enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67]
B

TC
x

49530630
>gi|49530630|em

b|C
A

G
68342.1| 3-D

eoxy-D
-m

anno-octulosonate 8-phosphate (K
D

O
 8-P

) 
phosphatase [A

cinetobacter sp. A
D

P
1]

B
TC

x

50084654
>gi|50084654|ref|Y

P
_046164.1| 3-D

eoxy-D
-m

anno-octulosonate 8-phosphate (K
D

O
 8-P

) 
phosphatase [A

cinetobacter sp. A
D

P
1]

B
TC

x

56604608
>gi|56604608|em

b|C
A

G
45660.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[Francisella tularensis subsp. tularensis S
C

H
U

 S
4]

B
TC

x

56708116
>gi|56708116|ref|Y

P
_170012.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[Francisella tularensis subsp. tularensis S
C

H
U

 S
4]

B
TC

x

15642520
>gi|15642520|ref|N

P
_232153.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase [Vibrio 

cholerae O
1 biovar eltor str. N

16961]
B

TC
x

54310339
>gi|54310339|ref|Y

P
_131359.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[P
hotobacterium

 profundum
 S

S
9]

B
TC

x

83749932
>gi|83749932|ref|ZP

_00946890.1| P
ossible phosphonoacetaldehyde hydrolase [R

alstonia 
solanacearum

 U
W

551]
B

TC
x

29895021
>gi|29895021|gb|A

A
P

08309.1| phosphonoacetaldehyde hydrolase [B
acillus cereus ATC

C
 14579]

B
TC

x

81429277
>gi|81429277|ref|Y

P
_396278.1| P

hosphonoacetaldehyde hydrolase [Lactobacillus sakei subsp. 
sakei 23K

]
B

TC
x

83645840
>gi|83645840|ref|Y

P
_434275.1| phosphonoacetaldehyde hydrolase [H

ahella chejuensis K
C

TC
 

2396]
B

TC
x

71543658
>gi|71543658|ref|ZP

_00664735.1| P
hosphonoacetaldehyde hydrolase [S

yntrophobacter 
fum

aroxidans M
P

O
B

]
B

TC
x
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71546673
>gi|71546673|ref|ZP

_00667446.1| P
hosphonoacetaldehyde hydrolase [S

yntrophobacter 
fum

aroxidans M
P

O
B

]
B

TC
x

68195077
>gi|68195077|gb|E

A
N

09538.1| P
hosphonoacetaldehyde hydrolase [E

nterococcus faecium
 D

O
]

B
TC

x

50950950
>gi|50950950|gb|A

AT88651.1| phosphonoacetaldehyde hydrolase [Leifsonia xyli subsp. xyli str. 
C

TC
B

07]
N

S
F

x

86166076
>gi|86166076|gb|E

A
Q

67342.1| phosphonoacetaldehyde phosphonohydrolase [M
arinom

onas sp. 
M

E
D

121]
B

TC
x

71061958
>gi|71061958|gb|A

A
Z20961.1| (S

)-2-haloacid dehalogenase [C
andidatus P

elagibacter ubique 
H

TC
C

1062]
B

TC
x

28272147
>gi|28272147|em

b|C
A

D
65051.1| 2-haloacid dehalogenase (putative) [Lactobacillus plantarum

 
W

C
FS

1]
S

FA
x

83749723
>gi|83749723|ref|ZP

_00946701.1| P
robable 2-haloacid halidohydrolase IVa [R

alstonia 
solanacearum

 U
W

551]
S

FA
x

83854744
>gi|83854744|ref|ZP

_00948274.1| haloacid dehalogenase, type II [S
ulfitobacter sp. N

A
S

-14.1]
B

TC
x

83941267
>gi|83941267|ref|ZP

_00953729.1| haloacid dehalogenase, type II [S
ulfitobacter sp. E

E
-36]

B
TC

x

83943521
>gi|83943521|ref|ZP

_00955980.1| probable H
aloacid dehalogenase, type II [S

ulfitobacter sp. E
E

-
36]

B
TC

x

83949587
>gi|83949587|ref|ZP

_00958320.1| haloacid dehalogenase, type II [R
oseovarius nubinhibens IS

M
]

B
TC

x

83954905
>gi|83954905|ref|ZP

_00963583.1| probable H
aloacid dehalogenase, type II [S

ulfitobacter sp. N
A

S
-

14.1]
B

TC
x

84517059
>gi|84517059|ref|ZP

_01004416.1| haloacid dehalogenase, type II [Loktanella vestfoldensis S
K

A
53]

B
TC

x

84687508
>gi|84687508|ref|ZP

_01015385.1| haloacid dehalogenase, type II [R
hodobacterales bacterium

 
H

TC
C

2654]
B

TC
x

84714733
>gi|84714733|ref|ZP

_01022025.1| H
aloacid dehalogenase, type II:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [P
olarom

onas naphthalenivorans C
J2]

B
TC

x

83717933
>gi|83717933|ref|Y

P
_438707.1| haloacid dehalogenase, type II [B

urkholderia thailandensis E
264]

S
FA

x
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82750318
>gi|82750318|ref|Y

P
_416059.1| probable haloacid dehalogenase hydrolase [S

taphylococcus 
aureus R

F122]
S

FA
x

83816227
>gi|83816227|ref|Y

P
_445384.1| haloacid dehalogenase type II [S

alinibacter ruber D
S

M
 13855]

S
FA

x
85706310

>gi|85706310|ref|ZP
_01037404.1| haloacid dehalogenase, type II [R

oseovarius sp. 217]
B

TC
x

86130983
>gi|86130983|ref|ZP

_01049582.1| C
ryptic haloacid dehalogenase 1 [C

ellulophaga sp. M
E

D
134]

B
TC

x
86136004

>gi|86136004|ref|ZP
_01054583.1| haloacid dehalogenase, type II [R

oseobacter sp. M
E

D
193]

B
TC

x

71145189
>gi|71145189|gb|A

A
Z25662.1| haloacid dehalogenase, type II [C

olw
ellia psychrerythraea 34H

]
B

TC
x

72122818
>gi|72122818|gb|A

A
Z65004.1| H

aloacid dehalogenase, type II:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 2 [R

alstonia eutropha JM
P

134]
S

FA
x

72122821
>gi|72122821|gb|A

A
Z65007.1| H

aloacid dehalogenase, type II:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 2 [R

alstonia eutropha JM
P

134]
S

FA
x

71556271
>gi|71556271|gb|A

A
Z35482.1| haloacid dehalogenase, type II [P

seudom
onas syringae pv. 

phaseolicola 1448A
]

S
FA

x

71558624
>gi|71558624|gb|A

A
Z37835.1| haloacid dehalogenase, type II [P

seudom
onas syringae pv. 

phaseolicola 1448A
]

S
FA

x

32397860
>gi|32397860|em

b|C
A

D
73861.1| cryptic haloacid dehalogenase 1 [R

hodopirellula baltica S
H

 1]
B

TC
x

76795038

>gi|76795038|ref|ZP
_00777483.1| H

aloacid dehalogenase, type II:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 2:H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 3 [P

seudoalterom
onas 

atlantica T6c]
B

TC
x

77691950
>gi|77691950|ref|ZP

_00807116.1| H
aloacid dehalogenase, type II:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [R
hodopseudom

onas palustris B
isB

5]
S

FA
x

77740310
>gi|77740310|ref|ZP

_00808798.1| H
aloacid dehalogenase, type II:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [R
hodopseudom

onas palustris B
isA

53]
S

FA
x

78492307
>gi|78492307|ref|ZP

_00844544.1| H
aloacid dehalogenase, type II:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [R
hodopseudom

onas palustris B
isB

18]
S

FA
x

78693432
>gi|78693432|ref|ZP

_00857946.1| H
aloacid dehalogenase, type II:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [B
radyrhizobium

 sp. B
TA

i1]
S

FA
x
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78696732
>gi|78696732|ref|ZP

_00861241.1| H
aloacid dehalogenase, type II:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [B
radyrhizobium

 sp. B
TA

i1]
S

FA
x

28867479
>gi|28867479|ref|N

P
_790098.1| haloacid dehalogenase, type II [P

seudom
onas syringae pv. tom

ato 
str. D

C
3000]

S
FA

x
56680903

>gi|56680903|gb|A
AV

97568.1| haloacid dehalogenase, type II [S
ilicibacter pom

eroyi D
S

S
-3]

B
TC

x

9946703
>gi|9946703|gb|A

A
G

04199.1| probable haloacid dehalogenase [P
seudom

onas aeruginosa PA
O

1]
B

TC
x

56604165
>gi|56604165|em

b|C
A

G
45174.1| haloacid dehalogenase [Francisella tularensis subsp. tularensis 

S
C

H
U

 S
4]

S
FA

x

56679061
>gi|56679061|gb|A

AV
95727.1| haloacid dehalogenase, type II, putative [S

ilicibacter pom
eroyi D

S
S

-
3]

B
TC

x

33567032
>gi|33567032|em

b|C
A

E
30945.1| probable haloacid dehalogenase [B

ordetella bronchiseptica R
B

50]
S

FA
x

71038936
>gi|71038936|gb|A

A
Z19244.1| probable H

aloacid dehalogenase, type II [P
sychrobacter arcticus 

273-4]
B

TC
x

77970761
>gi|77970761|gb|A

B
B

12140.1| H
aloacid dehalogenase, type II [B

urkholderia sp. 383]
B

TC
x

76583431
>gi|76583431|gb|A

B
A

52905.1| haloacid dehalogenase, type II [B
urkholderia pseudom

allei 1710b]
S

FA
x

57229109
>gi|57229109|gb|A

AW
45543.1| haloacid dehalogenase, putative [C

ryptococcus neoform
ans var. 

neoform
ans JE

C
21]

N
S

F
x

77384027
>gi|77384027|gb|A

B
A

75540.1| H
aloacid dehalogenase, type II [P

seudom
onas fluorescens P

fO
-1]

S
FA

x
66850829

>gi|66850829|gb|E
A

L91155.1| haloacid dehalogenase, type II [A
spergillus fum

igatus A
f293]

B
TC

x
66852748

>gi|66852748|gb|E
A

L93072.1| haloacid dehalogenase, type II [A
spergillus fum

igatus A
f293]

S
FA

x

86573108
>gi|86573108|gb|A

B
D

07665.1| haloacid dehalogenase, type II [R
hodopseudom

onas palustris 
H

aA
2]

S
FA

x
36959128

>gi|36959128|gb|A
A

Q
87553.1| 2-haloacid halidohydrolase IVa [R

hizobium
 sp. N

G
R

234]
S

FA
x

36959159
>gi|36959159|gb|A

A
Q

87584.1| 2-haloacid halidohydrolase IVa [R
hizobium

 sp. N
G

R
234]

S
FA

x
36959162

>gi|36959162|gb|A
A

Q
87587.1| 2-haloacid halidohydrolase IVa [R

hizobium
 sp. N

G
R

234]
S

FA
x

68056242

>gi|68056242|ref|ZP
_00540371.1| H

aloacid dehalogenase, type II:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 2:H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 1 [E

xiguobacterium
 sp. 

255-15]
B

TC
x
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84499630
>gi|84499630|ref|ZP

_00997918.1| L-2-haloalkanoic acid dehalogenase, H
A

D
 superfam

ily protein 
[O

ceanicola batsensis H
TC

C
2597]

B
TC

X

69937246
>gi|69937246|ref|ZP

_00631938.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [P
aracoccus 

denitrificans P
D

1222]
S

FA
X

69937252
>gi|69937252|ref|ZP

_00631944.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [P
aracoccus 

denitrificans P
D

1222]
S

FA
X

69952780
>gi|69952780|ref|ZP

_00640147.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [S
hew

anella 
frigidim

arina N
C

IM
B

 400]
B

TC
X

69953831
>gi|69953831|ref|ZP

_00640782.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [S
hew

anella 
frigidim

arina N
C

IM
B

 400]
B

TC
X

86166360
>gi|86166360|gb|E

A
Q

67626.1| L-2-haloalkanoic acid dehalogenase, H
A

D
 superfam

ily protein 
[M

arinom
onas sp. M

E
D

121]
B

TC
X

71362373
>gi|71362373|ref|ZP

_00653532.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[P

sychrobacter cryohalolentis K
5]

B
TC

X

71366969
>gi|71366969|ref|ZP

_00657503.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[N

ocardioides sp. JS
614]

B
TC

X

74016581
>gi|74016581|ref|ZP

_00687207.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [B
urkholderia 

am
bifaria A

M
M

D
]

B
TC

X

74014423
>gi|74014423|ref|ZP

_00685052.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2:H
A

D
-

superfam
ily hydrolase, subfam

ily IA
, variant 1 [B

urkholderia am
bifaria A

M
M

D
]

S
FA

X

74014492
>gi|74014492|ref|ZP

_00685121.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [B
urkholderia 

am
bifaria A

M
M

D
]

B
TC

X

74024447
>gi|74024447|ref|ZP

_00694997.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [R
hodoferax 

ferrireducens D
S

M
 15236]

B
TC

X

78693435
>gi|78693435|ref|ZP

_00857949.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[B

radyrhizobium
 sp. B

TA
i1]

S
FA

X

67667932
>gi|67667932|ref|ZP

_00465136.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [B
urkholderia 

cenocepacia H
I2424]

B
TC

X

67675308
>gi|67675308|ref|ZP

_00472066.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[C

hrom
ohalobacter salexigens D

S
M

 3043]
B

TC
X

67934346
>gi|67934346|ref|ZP

_00527413.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [S
olibacter 

usitatus E
llin6076]

M
FR

X
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67938584
>gi|67938584|ref|ZP

_00531107.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [C
hlorobium

 
phaeobacteroides B

S
1]

B
TC

X

68183273
>gi|68183273|ref|ZP

_00556249.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [Jannaschia 
sp. C

C
S

1]
B

TC
X

68551689
>gi|68551689|ref|ZP

_00591084.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[P

rosthecochloris aestuarii D
S

M
 271]

B
TC

X

68562756
>gi|68562756|ref|ZP

_00601996.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [R
ubrobacter 

xylanophilus D
S

M
 9941]

B
TC

X

66043429
>gi|66043429|ref|Y

P
_233270.1| H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 2 [P

seudom
onas 

syringae pv. syringae B
728a]

S
FA

X

66045035
>gi|66045035|ref|Y

P
_234876.1| H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 2 [P

seudom
onas 

syringae pv. syringae B
728a]

S
FA

X

56179691
>gi|56179691|gb|A

AV
82413.1| L-2-haloalkanoic acid dehalogenase, H

A
D

 superfam
ily [Idiom

arina 
loihiensis L2TR

]
B

TC
x

69299585
>gi|69299585|ref|ZP

_00621572.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [S
ilicibacter 

sp. TM
1040]

B
TC

X

67909226
>gi|67909226|ref|ZP

_00507623.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[P

olarom
onas sp. JS

666]
B

TC
X

67847238
>gi|67847238|ref|ZP

_00502357.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[P

olarom
onas sp. JS

666]
S

FA
X

67847249
>gi|67847249|ref|ZP

_00502368.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 
[P

olarom
onas sp. JS

666]
S

FA
X

68560337
>gi|68560337|ref|ZP

_00599651.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 2 [R
ubrobacter 

xylanophilus D
S

M
 9941]

B
TC

X

22776613
>gi|22776613|dbj|B

A
C

12888.1| L-2-haloalkanoic acid dehalogenase [O
ceanobacillus iheyensis 

H
TE

831]
S

FA
X

27355108
>gi|27355108|dbj|B

A
C

52092.1| 2-haloalkanoic acid dehalogenase [B
radyrhizobium

 japonicum
 

U
S

D
A 110]

S
FA

X

17983363
>gi|17983363|gb|A

A
L52549.1| 2-H

A
LO

A
LK

A
N

O
IC

 A
C

ID
 D

E
H

A
LO

G
E

N
A

S
E

 I [B
rucella m

elitensis 
16M

]
M

FR
X

29896404
>gi|29896404|gb|A

A
P

09684.1| 2-haloalkanoic acid dehalogenase [B
acillus cereus ATC

C
 14579]

N
S

F
X
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29896996
>gi|29896996|gb|A

A
P

10274.1| 2-haloalkanoic acid dehalogenase [B
acillus cereus ATC

C
 14579]

S
FA

X

29898999
>gi|29898999|gb|A

A
P

12270.1| 2-haloalkanoic acid dehalogenase [B
acillus cereus ATC

C
 14579]

S
FA

X

14024598
>gi|14024598|dbj|B

A
B

51201.1| 2-haloalkanoic acid dehalogenase [M
esorhizobium

 loti 
M

A
FF303099]

S
FA

X

13813894
>gi|13813894|gb|A

A
K

41024.1| 2-haloalkanoic acid dehalogenase, putative [S
ulfolobus solfataricus 

P
2]

N
S

F
X

13815156
>gi|13815156|gb|A

A
K

42086.1| 2-haloalkanoic acid dehalogenase [S
ulfolobus solfataricus P

2]
N

S
F

X

13815309
>gi|13815309|gb|A

A
K

42215.1| 2-haloalkanoic acid dehalogenase [S
ulfolobus solfataricus P

2]
N

S
F

X

13815455
>gi|13815455|gb|A

A
K

42335.1| 2-haloalkanoic acid dehalogenase [S
ulfolobus solfataricus P

2]
N

S
F

X

15623694
>gi|15623694|dbj|B

A
B

67681.1| 201aa long hypothetical 2-haloalkanoic acid dehalogenase 
[S

ulfolobus tokodaii str. 7]
B

TC
X

27314846
>gi|27314846|gb|A

A
O

03982.1| L-2-haloalkanoic acid dehalogenase [S
taphylococcus epiderm

idis 
ATC

C
 12228]

S
FA

X
28203997

>gi|28203997|gb|A
A

O
36437.1| 2-haloalkanoic acid dehalogenase I [C

lostridium
 tetani E

88]
N

S
F

X

42783986
>gi|42783986|ref|N

P
_981233.1| L-2-haloalkanoic acid dehalogenase [B

acillus cereus ATC
C

 10987]
N

S
F

X

55377155
>gi|55377155|ref|Y

P
_135005.1| 2-haloalkanoic acid dehalogenase [H

aloarcula m
arism

ortui ATC
C

 
43049]

B
TC

X

29604376
>gi|29604376|dbj|B

A
C

68447.1| putative 2-haloalkanoic acid dehalogenase [S
treptom

yces 
averm

itilis M
A

-4680]
B

TC
X

6138872
>gi|6138872|em

b|C
A

B
59701.1| putative 2-haloalkanoic acid dehalogenase [S

treptom
yces 

coelicolor A
3(2)]

S
FA

X

66845015
>gi|66845015|gb|E

A
L85351.1| 2-haloalkanoic acid dehalogenase, putative [A

spergillus fum
igatus 

A
f293]

N
S

F
X

66848953
>gi|66848953|gb|E

A
L89282.1| 2-haloalkanoic acid dehalogenase [A

spergillus fum
igatus A

f293]
S

FA
X
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17741799
>gi|17741799|gb|A

A
L44218.1| haloalkanoic acid dehalogenase [A

grobacterium
 tum

efaciens str. 
C

58]
S

FA
X

78709032
>gi|78709032|gb|A

B
B

48007.1| beta-phosphoglucom
utase, putative [O

ryza sativa (japonica cultivar-
group)]

S
FA

x

4981809
>gi|4981809|gb|A

A
D

36329.1| beta-phosphoglucom
utase, putative [Therm

otoga m
aritim

a M
S

B
8]

B
TC

x
86133112

>gi|86133112|ref|ZP
_01051694.1| B

eta-phosphoglucom
utase [Tenacibaculum

 sp. M
E

D
152]

B
TC

x

68566592
>gi|68566592|gb|A

AY
79521.1| beta-phosphoglucom

utase [S
ulfolobus acidocaldarius D

S
M

 639]
S

FA
x

71147190
>gi|71147190|gb|A

A
Z27663.1| putative beta-phosphoglucom

utase [C
olw

ellia psychrerythraea 34H
]

B
TC

x
71850918

>gi|71850918|gb|A
A

Z43527.1| beta-phosphoglucom
utase [M

ycoplasm
a synoviae 53]

B
TC

x

71802268
>gi|71802268|gb|A

A
X

71621.1| beta-phosphoglucom
utase [S

treptococcus pyogenes M
G

A
S

6180]
S

FA
x

78167074
>gi|78167074|gb|A

B
B

24172.1| B
eta-phosphoglucom

utase hydrolase [P
elodictyon luteolum

 D
S

M
 

273]
B

TC
x

78167835
>gi|78167835|gb|A

B
B

24933.1| B
eta-phosphoglucom

utase hydrolase [P
elodictyon luteolum

 D
S

M
 

273]
B

TC
x

78170254
>gi|78170254|gb|A

B
B

27350.1| B
eta-phosphoglucom

utase hydrolase [C
hlorobium

 chlorochrom
atii 

C
aD

3]
B

TC
x

78171094
>gi|78171094|gb|A

B
B

28190.1| B
eta-phosphoglucom

utase hydrolase [C
hlorobium

 chlorochrom
atii 

C
aD

3]
B

TC
x

68549482
>gi|68549482|ref|ZP

_00588945.1| B
eta-phosphoglucom

utase hydrolase [P
elodictyon 

phaeoclathratiform
e B

U
-1]

B
TC

x

55820471
>gi|55820471|ref|Y

P
_138913.1| beta-phosphoglucom

utase, putative [S
treptococcus therm

ophilus 
LM

G
 18311]

S
FA

x

23492927
>gi|23492927|dbj|B

A
C

17899.1| putative beta-phosphoglucom
utase [C

orynebacterium
 efficiens Y

S
-

314]
B

TC
x

27361675
>gi|27361675|gb|A

A
O

10582.1| B
eta-phosphoglucom

utase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

47458560
>gi|47458560|gb|A

AT27882.1| beta-phosphoglucom
utase [M

ycoplasm
a m

obile 163K
]

B
TC

x
10176489

>gi|10176489|dbj|B
A

B
07583.1| beta-phosphoglucom

utase [B
acillus halodurans C

-125]
B

TC
x

58255432
>gi|58255432|gb|A

AV
43669.1| beta-phosphoglucom

utase [Lactobacillus acidophilus N
C

FM
]

B
TC

x
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52217963
>gi|52217963|dbj|B

A
D

50556.1| putative beta-phosphoglucom
utase [B

acteroides fragilis Y
C

H
46]

S
FA

x
21226798

>gi|21226798|ref|N
P

_632720.1| B
eta-phosphoglucom

utase [M
ethanosarcina m

azei G
o1]

S
FA

x
21227737

>gi|21227737|ref|N
P

_633659.1| B
eta-phosphoglucom

utase [M
ethanosarcina m

azei G
o1]

S
FA

x
42518300

>gi|42518300|ref|N
P

_964230.1| beta-phosphoglucom
utase [Lactobacillus johnsonii N

C
C

 533]
B

TC
x

34496849
>gi|34496849|ref|N

P
_901064.1| probable beta-phosphoglucom

utase [C
hrom

obacterium
 violaceum

 
ATC

C
 12472]

S
FA

x

34496852
>gi|34496852|ref|N

P
_901067.1| probable beta-phosphoglucom

utase [C
hrom

obacterium
 violaceum

 
ATC

C
 12472]

S
FA

x

29347537
>gi|29347537|ref|N

P
_811040.1| putative beta-phosphoglucom

utase [B
acteroides thetaiotaom

icron 
V

P
I-5482]

S
FA

x
19914233

>gi|19914233|gb|A
A

M
03897.1| beta-phosphoglucom

utase [M
ethanosarcina acetivorans C

2A
]

S
FA

x

15022982
>gi|15022982|gb|A

A
K

78137.1| B
eta-phosphoglucom

utase, putative [C
lostridium

 acetobutylicum
 

ATC
C

 824]
B

TC
x

52628437
>gi|52628437|gb|A

A
U

27178.1| beta-phosphoglucom
utase [Legionella pneum

ophila subsp. 
pneum

ophila str. P
hiladelphia 1]

S
FA

x

55738341
>gi|55738341|gb|A

AV
61982.1| beta-phosphoglucom

utase, putative [S
treptococcus therm

ophilus 
C

N
R

Z1066]
S

FA
x

72394903
>gi|72394903|gb|A

A
Z69176.1| beta-phosphoglucom

utase [M
ethanosarcina barkeri str. fusaro]

S
FA

x
72395447

>gi|72395447|gb|A
A

Z69720.1| beta-phosphoglucom
utase [M

ethanosarcina barkeri str. fusaro]
S

FA
x

37536998
>gi|37536998|ref|N

P
_922801.1| putative beta-phosphoglucom

utase [O
ryza sativa (japonica cultivar-

group)]
S

FA
x

74310904
>gi|74310904|ref|Y

P
_309323.1| cytosine deam

inase [S
higella sonnei S

s046]
S

FA
x

84517580
>gi|84517580|ref|ZP

_01004929.1| possible cytosine deam
inase [P

rochlorococcus m
arinus str. M

IT 
9211]

S
FA

x

86360352
>gi|86360352|ref|Y

P
_472240.1| probable cytosine deam

inase protein [R
hizobium

 etli C
FN

 42]
S

FA
x

86166819
>gi|86166819|gb|E

A
Q

68081.1| possible cytosine deam
inase [S

ynechococcus sp. R
S

9917]
S

FA
x

86357662
>gi|86357662|ref|Y

P
_469554.1| cytosine deam

inase protein [R
hizobium

 etli C
FN

 42]
S

FA
x

72002559
>gi|72002559|gb|A

A
Z58361.1| possible cytosine deam

inase [P
rochlorococcus m

arinus str. 
N

ATL2A
]

S
FA

x
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75760736
>gi|75760736|ref|ZP

_00740758.1| C
ytosine deam

inase [B
acillus thuringiensis serovar israelensis 

ATC
C

 35646]
S

FA
x

78169399
>gi|78169399|gb|A

B
B

26496.1| possible cytosine deam
inase [S

ynechococcus sp. C
C

9902]
S

FA
x

78196857
>gi|78196857|gb|A

B
B

34622.1| possible cytosine deam
inase [S

ynechococcus sp. C
C

9605]
S

FA
x

81299379
>gi|81299379|ref|Y

P
_399587.1| cytosine deam

inase [S
ynechococcus elongatus P

C
C

 7942]
S

FA
x

13359830
>gi|13359830|dbj|B

A
B

33796.1| putative deam
inase [E

scherichia coli O
157:H

7]
S

FA
x

33238356
>gi|33238356|gb|A

A
Q

00422.1| C
ytosine deam

inase [P
rochlorococcus m

arinus subsp. m
arinus str. 

C
C

M
P

1375]
S

FA
x

37199997
>gi|37199997|dbj|B

A
C

95826.1| cytosine deam
inase [Vibrio vulnificus Y

J016]
S

FA
x

27360848
>gi|27360848|gb|A

A
O

09758.1| C
ytosine deam

inase [Vibrio vulnificus C
M

C
P

6]
S

FA
x

29898140
>gi|29898140|gb|A

A
P

11414.1| C
ytosine deam

inase [B
acillus cereus ATC

C
 14579]

S
FA

x
14022090

>gi|14022090|dbj|B
A

B
48700.1| cytosine deam

inase [M
esorhizobium

 loti M
A

FF303099]
S

FA
x

14022678
>gi|14022678|dbj|B

A
B

49287.1| cytosine deam
inase [M

esorhizobium
 loti M

A
FF303099]

B
A

C
X

55229512
>gi|55229512|gb|A

AV
44932.1| cytosine deam

inase [H
aloarcula m

arism
ortui ATC

C
 43049]

S
FA

x
42783674

>gi|42783674|ref|N
P

_980921.1| cytosine deam
inase [B

acillus cereus ATC
C

 10987]
S

FA
x

1652606
>gi|1652606|dbj|B

A
A

17527.1| cytosine deam
inase [S

ynechocystis sp. P
C

C
 6803]

B
A

C
x

33640228
>gi|33640228|em

b|C
A

E
19763.1| possible cytosine deam

inase [P
rochlorococcus m

arinus subsp. 
pastoris str. C

C
M

P
1986]

S
FA

x

49529401
>gi|49529401|em

b|C
A

G
67113.1| conserved hypothetical protein; putative cytosine deam

inase 
[A

cinetobacter sp. A
D

P
1]

N
S

F
X

33634515
>gi|33634515|em

b|C
A

E
20501.1| possible cytosine deam

inase [P
rochlorococcus m

arinus str. M
IT 

9313]
S

FA
x

33639147
>gi|33639147|em

b|C
A

E
08153.1| possible cytosine deam

inase [S
ynechococcus sp. W

H
 8102]

S
FA

x
56685922

>gi|56685922|dbj|B
A

D
79144.1| cytosine deam

inase [S
ynechococcus elongatus P

C
C

 6301]
S

FA
x

32455877
>gi|32455877|ref|N

P
_862530.1| putative cytosine deam

inase [P
seudom

onas sp. A
D

P
]

S
FA

x

12723150
>gi|12723150|gb|A

A
K

04385.1| adenosine deam
inase (E

C
 3.5.4.4) [Lactococcus lactis subsp. lactis 

Il1403]
M

FR
x

1703170
>gi|1703170|sp|P

53984|A
D

D
_S

TR
V

G
 A

denosine deam
inase (A

denosine am
inohydrolase)

B
TC

x

78101384
>gi|78101384|pdb|2A

M
X

|B
 C

hain B
, C

rystal S
tructure O

f P
lasm

odium
 Yoelii A

denosine D
eam

inase 
(P

y02076)
B

TC
x

81167689
>gi|81167689|sp|Q

6D
G

22|A
D

A
_B

R
A

R
E

 A
denosine deam

inase (A
denosine am

inohydrolase)
B

TC
x

78609339
>gi|78609339|em

b|C
A

I54385.1| A
denosine deam

inase [Lactobacillus sakei subsp. sakei 23K
]

B
TC

x
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15073060
>gi|15073060|em

b|C
A

C
41519.1| P

U
TATIV

E
 A

D
E

N
O

S
IN

E
 D

E
A

M
IN

A
S

E
 P

R
O

TE
IN

 [S
inorhizobium

 
m

eliloti]
B

TC
x

74039773
>gi|74039773|gb|A

A
Z94911.1| putative adenosine deam

inase [M
oneuplotes crassus]

S
FA

x
82737003

>gi|82737003|ref|ZP
_00899857.1| A

denosine deam
inase [P

seudom
onas putida F1]

B
TC

x

83369663
>gi|83369663|ref|ZP

_00914515.1| A
denosine deam

inase [R
hodobacter sphaeroides ATC

C
 17025]

B
TC

x

83372006
>gi|83372006|ref|ZP

_00916786.1| A
denosine deam

inase [R
hodobacter sphaeroides ATC

C
 17029]

B
TC

x
83748873

>gi|83748873|ref|ZP
_00945884.1| A

denosine deam
inase [R

alstonia solanacearum
 U

W
551]

B
TC

x

3322300
>gi|3322300|gb|A

A
C

65039.1| adenosine deam
inase, putative [Treponem

a pallidum
 subsp. pallidum

 
str. N

ichols]
N

S
F

x

33147825
>gi|33147825|gb|A

A
P

95347.1| probable adenosine deam
inase [H

aem
ophilus ducreyi 35000H

P
]

M
FR

x
29342279

>gi|29342279|gb|A
A

O
80045.1| adenosine deam

inase [E
nterococcus faecalis V

583]
M

FR
x

84318459
>gi|84318459|ref|ZP

_00966883.1| C
O

G
1816: A

denosine deam
inase [P

seudom
onas aeruginosa 

C
3719]

B
TC

x

84352861
>gi|84352861|ref|ZP

_00977807.1| C
O

G
1816: A

denosine deam
inase [B

urkholderia cenocepacia 
P

C
184]

B
TC

x

84357185
>gi|84357185|ref|ZP

_00982013.1| C
O

G
1816: A

denosine deam
inase [B

urkholderia cenocepacia 
P

C
184]

B
TC

x

84361177
>gi|84361177|ref|ZP

_00985857.1| C
O

G
1816: A

denosine deam
inase [B

urkholderia dolosa A
U

O
158]

B
TC

x
27358471

>gi|27358471|gb|A
A

O
07421.1| A

denosine deam
inase [Vibrio vulnificus C

M
C

P
6]

M
FR

x
84385821

>gi|84385821|ref|ZP
_00988851.1| adenosine deam

inase [Vibrio splendidus 12B
01]

B
TC

x
84386552

>gi|84386552|ref|ZP
_00989579.1| adenosine deam

inase [Vibrio splendidus 12B
01]

M
FR

x
84387206

>gi|84387206|ref|ZP
_00990227.1| adenosine deam

inase [Vibrio splendidus 12B
01]

B
TC

x
84494818

>gi|84494818|ref|ZP
_00993937.1| putative adenosine deam

inase [Janibacter sp. H
TC

C
2649]

B
TC

x
84496719

>gi|84496719|ref|ZP
_00995573.1| adenosine deam

inase [Janibacter sp. H
TC

C
2649]

B
TC

x
84498036

>gi|84498036|ref|ZP
_00996833.1| adenosine deam

inase [Janibacter sp. H
TC

C
2649]

M
FR

x
84499523

>gi|84499523|ref|ZP
_00997811.1| adenosine deam

inase [O
ceanicola batsensis H

TC
C

2597]
B

TC
x

84514417
>gi|84514417|ref|ZP

_01001781.1| adenosine deam
inase [Loktanella vestfoldensis S

K
A

53]
B

TC
x
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84683858
>gi|84683858|ref|ZP

_01011761.1| adenosine deam
inase [R

hodobacterales bacterium
 H

TC
C

2654]
B

TC
x

84704670
>gi|84704670|ref|ZP

_01018170.1| adenosine deam
inase [P

arvularcula berm
udensis H

TC
C

2503]
S

FA
x

84715335
>gi|84715335|ref|ZP

_01022436.1| A
denosine deam

inase [P
olarom

onas naphthalenivorans C
J2]

B
TC

x
26987329

>gi|26987329|ref|N
P

_742754.1| adenosine deam
inase [P

seudom
onas putida K

T2440]
B

TC
x

77748521
>gi|77748521|ref|N

P
_640664.2| adenosine deam

inase [X
anthom

onas axonopodis pv. citri str. 306]
S

FA
x

28867985
>gi|28867985|ref|N

P
_790604.1| adenosine deam

inase [P
seudom

onas syringae pv. tom
ato str. 

D
C

3000]
B

TC
x

17546817
>gi|17546817|ref|N

P
_520219.1| adenosine deam

inase [R
alstonia solanacearum

 G
M

I1000]
B

TC
x

83721046
>gi|83721046|ref|Y

P
_442150.1| adenosine deam

inase [B
urkholderia thailandensis E

264]
B

TC
x

77761081
>gi|77761081|ref|Y

P
_241410.2| adenosine deam

inase [X
anthom

onas cam
pestris pv. cam

pestris 
str. 8004]

S
FA

x
83644351

>gi|83644351|ref|Y
P

_432786.1| adenosine deam
inase [H

ahella chejuensis K
C

TC
 2396]

B
TC

x
15026062

>gi|15026062|gb|A
A

K
80946.1| A

denosine deam
inase [C

lostridium
 acetobutylicum

 ATC
C

 824]
M

FR
x

62464326
>gi|62464326|ref|ZP

_00383620.1| C
O

G
1816: A

denosine deam
inase [Lactococcus lactis subsp. 

crem
oris S

K
11]

M
FR

x

62516339
>gi|62516339|ref|ZP

_00387694.1| C
O

G
1816: A

denosine deam
inase [Lactobacillus delbrueckii 

subsp. bulgaricus ATC
C

 B
A

A
-365]

M
FR

x

62528085
>gi|62528085|ref|ZP

_00389344.1| C
O

G
1816: A

denosine deam
inase [S

treptococcus therm
ophilus 

LM
D

-9]
M

FR
x

9945979
>gi|9945979|gb|A

A
G

03538.1| probable adenosine deam
inase [P

seudom
onas aeruginosa PA

O
1]

B
TC

x

53686932
>gi|53686932|ref|ZP

_00106539.2| C
O

G
1816: A

denosine deam
inase [N

ostoc punctiform
e P

C
C

 
73102]

S
FA

x

23129077
>gi|23129077|ref|ZP

_00110911.1| C
O

G
1816: A

denosine deam
inase [N

ostoc punctiform
e P

C
C

 
73102]

S
FA

x

23024940
>gi|23024940|ref|ZP

_00064127.1| C
O

G
1816: A

denosine deam
inase [Leuconostoc m

esenteroides 
subsp. m

esenteroides ATC
C

 8293]
B

TC
x
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32043305
>gi|32043305|ref|ZP

_00140567.1| C
O

G
1816: A

denosine deam
inase [P

seudom
onas aeruginosa 

U
C

B
P

P
-PA

14]
B

TC
x

47573398
>gi|47573398|ref|ZP

_00243437.1| C
O

G
1816: A

denosine deam
inase [R

ubrivivax gelatinosus P
M

1]
B

TC
x

83814751
>gi|83814751|ref|Y

P
_444811.1| adenosine deam

inase [S
alinibacter ruber D

S
M

 13855]
M

FR
x

14023508
>gi|14023508|dbj|B

A
B

50114.1| A
denosine D

eam
inase [M

esorhizobium
 loti M

A
FF303099]

B
TC

x
49904346

>gi|49904346|gb|A
A

H
76532.1| A

denosine deam
inase [D

anio rerio]
B

TC
x

18146172
>gi|18146172|dbj|B

A
B

82212.1| probable adenosine deam
inase [C

lostridium
 perfringens str. 13]

M
FR

x
24377670

>gi|24377670|gb|A
A

N
58972.1| putative adenosine deam

inase [S
treptococcus m

utans U
A

159]
M

FR
x

69936059
>gi|69936059|ref|ZP

_00630919.1| A
denosine deam

inase [P
aracoccus denitrificans P

D
1222]

B
TC

x

28809660
>gi|28809660|dbj|B

A
C

62635.1| adenosine deam
inase [Vibrio parahaem

olyticus R
IM

D
 2210633]

B
TC

x
85709314

>gi|85709314|ref|ZP
_01040379.1| adenosine deam

inase [E
rythrobacter sp. N

A
P

1]
B

TC
x

85712769
>gi|85712769|ref|ZP

_01043813.1| A
denosine deam

inase [Idiom
arina baltica O

S
145]

M
FR

x
13424854

>gi|13424854|gb|A
A

K
25142.1| adenosine deam

inase [C
aulobacter crescentus C

B
15]

B
TC

x
86144727

>gi|86144727|ref|ZP
_01063059.1| adenosine deam

inase [Vibrio sp. M
E

D
222]

M
FR

x
86163110

>gi|86163110|gb|E
A

Q
64387.1| adenosine deam

inase [M
arinom

onas sp. M
E

D
121]

B
TC

x
86163133

>gi|86163133|gb|E
A

Q
64410.1| adenosine deam

inase [M
arinom

onas sp. M
E

D
121]

M
FR

x
86164135

>gi|86164135|gb|E
A

Q
65406.1| adenosine deam

inase [M
arinom

onas sp. M
E

D
121]

B
TC

x
86355856

>gi|86355856|ref|Y
P

_467748.1| adenosine deam
inase protein [R

hizobium
 etli C

FN
 42]

B
TC

x

86606562
>gi|86606562|ref|Y

P
_475325.1| putative adenosine deam

inase [C
yanobacteria bacterium

 
Yellow

stone A
-P

rim
e]

S
FA

x

86609455
>gi|86609455|ref|Y

P
_478217.1| adenosine deam

inase, putative [C
yanobacteria bacterium

 
Yellow

stone B
-P

rim
e]

S
FA

x
68348520

>gi|68348520|gb|A
AY

96126.1| adenosine deam
inase [P

seudom
onas fluorescens P

f-5]
B

TC
x

71364008
>gi|71364008|ref|ZP

_00654607.1| A
denosine deam

inase [P
sychrobacter cryohalolentis K

5]
B

TC
x

71365621
>gi|71365621|ref|ZP

_00656172.1| A
denosine deam

inase [N
ocardioides sp. JS

614]
M

FR
x

71366810
>gi|71366810|ref|ZP

_00657347.1| A
denosine deam

inase [N
ocardioides sp. JS

614]
B

TC
x

71366934
>gi|71366934|ref|ZP

_00657469.1| A
denosine deam

inase [N
ocardioides sp. JS

614]
B

TC
x

71144852
>gi|71144852|gb|A

A
Z25325.1| adenosine deam

inase [C
olw

ellia psychrerythraea 34H
]

B
TC

x
71148192

>gi|71148192|gb|A
A

Z28665.1| adenosine deam
inase [C

olw
ellia psychrerythraea 34H

]
B

TC
x
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72496222
>gi|72496222|dbj|B

A
E

19543.1| putative adenosine deam
inase [S

taphylococcus saprophyticus 
subsp. saprophyticus ATC

C
 15305]

M
FR

x
37201223

>gi|37201223|dbj|B
A

C
97046.1| adenosine deam

inase [Vibrio vulnificus Y
J016]

M
FR

x

71555915
>gi|71555915|gb|A

A
Z35126.1| adenosine deam

inase [P
seudom

onas syringae pv. phaseolicola 
1448A

]
B

TC
x

13092845
>gi|13092845|em

b|C
A

C
30209.1| putative adenosine deam

inase [M
ycobacterium

 leprae]
M

FR
x

6714760
>gi|6714760|em

b|C
A

B
66224.1| probable adenosine deam

inase [S
treptom

yces coelicolor A
3(2)]

B
TC

x
7248338

>gi|7248338|em
b|C

A
B

77418.1| adenosine deam
inase [S

treptom
yces coelicolor A

3(2)]
B

TC
x

13162090
>gi|13162090|em

b|C
A

C
33066.1| putative adenosine deam

inase [S
treptom

yces coelicolor A
3(2)]

M
FR

x

3319724
>gi|3319724|em

b|C
A

A
19890.1| putative adenosine deam

inase [S
treptom

yces coelicolor A
3(2)]

B
TC

x

4835327
>gi|4835327|em

b|C
A

B
42949.1| putative adenosine deam

inase [S
treptom

yces coelicolor A
3(2)]

M
FR

x

34482857
>gi|34482857|em

b|C
A

E
09856.1| P

U
TATIV

E
 A

D
E

N
O

S
IN

E
 D

E
A

M
IN

A
S

E
 [W

olinella succinogenes]
B

TC
x

36785694
>gi|36785694|em

b|C
A

E
14655.1| adenosine deam

inase (adenosine am
inohydrolase) 

[P
hotorhabdus lum

inescens subsp. laum
ondii TTO

1]
B

TC
x

33567838
>gi|33567838|em

b|C
A

E
31752.1| adenosine deam

inase [B
ordetella bronchiseptica R

B
50]

B
TC

x
76563285

>gi|76563285|gb|A
B

A
45869.1| adenosine deam

inase [S
treptococcus agalactiae A

909]
M

FR
x

76580731
>gi|76580731|gb|A

B
A

50206.1| adenosine deam
inase [B

urkholderia pseudom
allei 1710b]

B
TC

x
17738457

>gi|17738457|gb|A
A

L41160.1| adenosine deam
inase [A

grobacterium
 tum

efaciens str. C
58]

B
TC

x
74015908

>gi|74015908|ref|ZP
_00686535.1| A

denosine deam
inase [B

urkholderia am
bifaria A

M
M

D
]

B
TC

x
74018265

>gi|74018265|ref|ZP
_00688886.1| A

denosine deam
inase [B

urkholderia am
bifaria A

M
M

D
]

B
TC

x

74020523
>gi|74020523|ref|ZP

_00691112.1| A
denosine deam

inase [R
hodoferax ferrireducens D

S
M

 15236]
B

TC
x

76260060
>gi|76260060|ref|ZP

_00767701.1| A
denosine deam

inase [C
hloroflexus aurantiacus J-10-fl]

B
TC

x

76873990
>gi|76873990|em

b|C
A

I85211.1| adenosine deam
inase [P

seudoalterom
onas haloplanktis TA

C
125]

B
TC

x

70905801
>gi|70905801|gb|A

A
Z14440.1| adenosine deam

inase, putative [Leishm
ania m

ajor strain Friedlin]
B

TC
x
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78034303
>gi|78034303|em

b|C
A

J21948.1| putative adenosine deam
inase [X

anthom
onas cam

pestris pv. 
vesicatoria str. 85-10]

S
FA

x

76782997
>gi|76782997|ref|ZP

_00770191.1| C
O

G
1816: A

denosine deam
inase [M

ycobacterium
 tuberculosis 

F11]
M

FR
x

76794044
>gi|76794044|ref|ZP

_00776521.1| A
denosine deam

inase [P
seudoalterom

onas atlantica T6c]
B

TC
x

76794867
>gi|76794867|ref|ZP

_00777322.1| A
denosine deam

inase [P
seudoalterom

onas atlantica T6c]
B

TC
x

77408515
>gi|77408515|ref|ZP

_00785252.1| adenosine deam
inase [S

treptococcus agalactiae C
O

H
1]

M
FR

x
77413694

>gi|77413694|ref|ZP
_00789877.1| adenosine deam

inase [S
treptococcus agalactiae 515]

M
FR

x
54697118

>gi|54697118|gb|A
AV

38931.1| adenosine deam
inase [synthetic construct]

M
FR

x
78167283

>gi|78167283|gb|A
B

B
24381.1| A

denosine deam
inase [P

elodictyon luteolum
 D

S
M

 273]
B

TC
x

78493342
>gi|78493342|ref|ZP

_00845576.1| A
denosine deam

inase [R
hodopseudom

onas palustris B
isB

18]
B

TC
x

67677253
>gi|67677253|ref|ZP

_00473992.1| A
denosine deam

inase [C
hrom

ohalobacter salexigens D
S

M
 

3043]
B

TC
x

67735855
>gi|67735855|ref|ZP

_00486789.1| C
O

G
1816: A

denosine deam
inase [B

urkholderia pseudom
allei 

668]
B

TC
x

67665401
>gi|67665401|ref|ZP

_00462665.1| A
denosine deam

inase [B
urkholderia cenocepacia H

I2424]
B

TC
x

67777791
>gi|67777791|gb|E

A
M

37416.1| A
denosine deam

inase [P
olarom

onas sp. JS
666]

B
TC

x

67935693
>gi|67935693|ref|ZP

_00528712.1| A
denosine deam

inase [C
hlorobium

 phaeobacteroides D
S

M
 266]

B
TC

x

67938139
>gi|67938139|ref|ZP

_00530668.1| A
denosine deam

inase [C
hlorobium

 phaeobacteroides B
S

1]
B

TC
x

67928188
>gi|67928188|ref|ZP

_00521377.1| A
denosine deam

inase [S
olibacter usitatus E

llin6076]
B

TC
x

67987878
>gi|67987878|gb|E

A
M

75664.1| A
denosine deam

inase [K
ineococcus radiotolerans S

R
S

30216]
B

TC
x

67988152
>gi|67988152|gb|E

A
M

75934.1| A
denosine deam

inase [K
ineococcus radiotolerans S

R
S

30216]
B

TC
x

67988687
>gi|67988687|gb|E

A
M

76464.1| A
denosine deam

inase [K
ineococcus radiotolerans S

R
S

30216]
B

TC
x

67987476
>gi|67987476|gb|E

A
M

75271.1| A
denosine deam

inase [K
ineococcus radiotolerans S

R
S

30216]
B

TC
x
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67985535
>gi|67985535|gb|E

A
M

73395.1| A
denosine deam

inase [K
ineococcus radiotolerans S

R
S

30216]
M

FR
x

67668081
>gi|67668081|ref|ZP

_00465276.1| A
denosine deam

inase [B
urkholderia cenocepacia H

I2424]
B

TC
x

68183558
>gi|68183558|ref|ZP

_00556532.1| A
denosine deam

inase [Jannaschia sp. C
C

S
1]

B
TC

x
68229598

>gi|68229598|ref|ZP
_00568791.1| A

denosine deam
inase [Frankia sp. E

A
N

1pec]
M

FR
x

68230521
>gi|68230521|ref|ZP

_00569703.1| A
denosine deam

inase [Frankia sp. E
A

N
1pec]

B
TC

x
68234903

>gi|68234903|ref|ZP
_00573955.1| A

denosine deam
inase [Frankia sp. E

A
N

1pec]
B

TC
x

68538871
>gi|68538871|ref|ZP

_00578646.1| A
denosine deam

inase [S
phingopyxis alaskensis R

B
2256]

B
TC

x

66043928
>gi|66043928|ref|Y

P
_233769.1| adenosine deam

inase [P
seudom

onas syringae pv. syringae 
B

728a]
B

TC
x

55820814
>gi|55820814|ref|Y

P
_139256.1| adenosine deam

inase [S
treptococcus therm

ophilus LM
G

 18311]
M

FR
x

83285917
>gi|83285917|ref|X

P
_729933.1| adenosine deam

inase [P
lasm

odium
 yoelii yoelii str. 17X

N
L]

B
TC

x
66807095

>gi|66807095|ref|X
P

_637270.1| adenosine deam
inase [D

ictyostelium
 discoideum

]
M

FR
x

56551551
>gi|56551551|ref|Y

P
_162390.1| adenosine deam

inase [Zym
om

onas m
obilis subsp. m

obilis ZM
4]

S
FA

x

56551867
>gi|56551867|ref|Y

P
_162706.1| adenosine deam

inase [Zym
om

onas m
obilis subsp. m

obilis ZM
4]

B
TC

x

24197788
>gi|24197788|gb|A

A
N

50981.1| A
denosine deam

inase [Leptospira interrogans serovar Lai str. 
56601]

B
TC

x

49611720
>gi|49611720|em

b|C
A

G
75169.1| adenosine deam

inase [E
rw

inia carotovora subsp. atroseptica 
S

C
R

I1043]
B

TC
x

54014428
>gi|54014428|dbj|B

A
D

55798.1| putative adenosine deam
inase [N

ocardia farcinica IFM
 10152]

M
FR

x
50363587

>gi|50363587|gb|A
AT75572.1| adenosine deam

inase [M
esoplasm

a florum
 L1]

S
FA

x

67758351
>gi|67758351|ref|ZP

_00497121.1| C
O

G
1816: A

denosine deam
inase [B

urkholderia pseudom
allei 

S
13]

B
TC

x
58255117

>gi|58255117|gb|A
AV

43354.1| adenosine deam
inase [Lactobacillus acidophilus N

C
FM

]
B

TC
x

56178481
>gi|56178481|gb|A

AV
81203.1| A

denosine deam
inase [Idiom

arina loihiensis L2TR
]

M
FR

x
58002292

>gi|58002292|gb|A
AW

61186.1| A
denosine deam

inase [G
luconobacter oxydans 621H

]
S

FA
x

52217988
>gi|52217988|dbj|B

A
D

50581.1| putative adenosine deam
inase [B

acteroides fragilis Y
C

H
46]

S
FA

x
854497

>gi|854497|em
b|C

A
A

86885.1| adenosine deam
inase (putative) [S

accharom
yces cerevisiae]

B
TC

x
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68070263
>gi|68070263|ref|X

P
_677043.1| adenosine deam

inase [P
lasm

odium
 berghei strain A

N
K

A
]

B
TC

x
83592105

>gi|83592105|ref|Y
P

_425857.1| A
denosine deam

inase [R
hodospirillum

 rubrum
 ATC

C
 11170]

B
TC

x
70945981

>gi|70945981|ref|X
P

_742752.1| adenosine deam
inase [P

lasm
odium

 chabaudi chabaudi]
B

TC
x

42519515
>gi|42519515|ref|N

P
_965445.1| adenosine deam

inase [Lactobacillus johnsonii N
C

C
 533]

M
FR

x
81096978

>gi|81096978|ref|ZP
_00875297.1| A

denosine deam
inase [S

treptococcus suis 89/1591]
M

FR
x

67646444
>gi|67646444|ref|ZP

_00444703.1| C
O

G
1816: A

denosine deam
inase [B

urkholderia m
allei N

C
TC

 
10247]

B
TC

x

41409536
>gi|41409536|ref|N

P
_962372.1| adenosine deam

inase [M
ycobacterium

 avium
 subsp. 

paratuberculosis K
-10]

M
FR

x
68192770

>gi|68192770|gb|E
A

N
07423.1| A

denosine deam
inase [M

esorhizobium
 sp. B

N
C

1]
B

TC
x

67986152
>gi|67986152|gb|E

A
M

73984.1| A
denosine deam

inase [K
ineococcus radiotolerans S

R
S

30216]
S

FA
x

49530407
>gi|49530407|em

b|C
A

G
68119.1| adenosine deam

inase [A
cinetobacter sp. A

D
P

1]
B

TC
x

56604528
>gi|56604528|em

b|C
A

G
45572.1| adenosine deam

inase [Francisella tularensis subsp. tularensis 
S

C
H

U
 S

4]
B

TC
x

29604806
>gi|29604806|dbj|B

A
C

68875.1| putative adenosine deam
inase [S

treptom
yces averm

itilis M
A

-4680]
M

FR
x

29606243
>gi|29606243|dbj|B

A
C

70306.1| putative adenosine deam
inase [S

treptom
yces averm

itilis M
A

-4680]
B

TC
x

29607009
>gi|29607009|dbj|B

A
C

71069.1| putative adenosine deam
inase [S

treptom
yces averm

itilis M
A

-4680]
M

FR
x

29608564
>gi|29608564|dbj|B

A
C

72618.1| putative adenosine deam
inase [S

treptom
yces averm

itilis M
A

-4680]
B

TC
x

29609238
>gi|29609238|dbj|B

A
C

73289.1| putative adenosine deam
inase [S

treptom
yces averm

itilis M
A

-4680]
B

TC
x

56679502
>gi|56679502|gb|A

AV
96168.1| adenosine deam

inase [S
ilicibacter pom

eroyi D
S

S
-3]

B
TC

x
8745398

>gi|8745398|gb|A
A

F78901.1| putative adenosine deam
inase [Lutzom

yia longipalpis]
S

FA
x

72119527
>gi|72119527|gb|A

A
Z61790.1| A

denosine deam
inase [R

alstonia eutropha JM
P

134]
B

TC
x

50841312
>gi|50841312|gb|A

AT83979.1| adenosine deam
inase [P

ropionibacterium
 acnes K

PA
171202]

M
FR

x
77966348

>gi|77966348|gb|A
B

B
07728.1| A

denosine deam
inase [B

urkholderia sp. 383]
B

TC
x

77969126
>gi|77969126|gb|A

B
B

10505.1| A
denosine deam

inase [B
urkholderia sp. 383]

B
TC

x
71916694

>gi|71916694|gb|A
A

Z56596.1| adenosine deam
inase [Therm

obifida fusca Y
X

]
M

FR
x
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71916793
>gi|71916793|gb|A

A
Z56695.1| adenosine deam

inase [Therm
obifida fusca Y

X
]

B
TC

x

52627853
>gi|52627853|gb|A

A
U

26594.1| adenosine deam
inase [Legionella pneum

ophila subsp. pneum
ophila 

str. P
hiladelphia 1]

S
FA

x

52627928
>gi|52627928|gb|A

A
U

26669.1| adenosine deam
inase [Legionella pneum

ophila subsp. pneum
ophila 

str. P
hiladelphia 1]

B
TC

x
77386556

>gi|77386556|gb|A
B

A
77741.1| adenosine deam

inase [R
hodobacter sphaeroides 2.4.1]

B
TC

x

50950754
>gi|50950754|gb|A

AT88455.1| adenosine deam
inase protein [Leifsonia xyli subsp. xyli str. C

TC
B

07]
M

FR
x

50951472
>gi|50951472|gb|A

AT89173.1| adenosine deam
inase protein [Leifsonia xyli subsp. xyli str. C

TC
B

07]
B

TC
x

46916287
>gi|46916287|em

b|C
A

G
23056.1| putative adenosine deam

inase [P
hotobacterium

 profundum
 S

S
9]

B
TC

x

46916481
>gi|46916481|em

b|C
A

G
23246.1| putative adenosine deam

inase [P
hotobacterium

 profundum
 S

S
9]

B
TC

x
77380902

>gi|77380902|gb|A
B

A
72415.1| A

denosine deam
inase [P

seudom
onas fluorescens P

fO
-1]

B
TC

x

48784786
>gi|48784786|ref|ZP

_00281091.1| C
O

G
1816: A

denosine deam
inase [B

urkholderia fungorum
 

LB
400]

B
TC

x
23495155

>gi|23495155|gb|A
A

N
35486.1| adenosine deam

inase, putative [P
lasm

odium
 falciparum

 3D
7]

B
TC

x

34899120
>gi|34899120|ref|N

P
_910906.1| putative adenosine deam

inase [O
ryza sativa (japonica cultivar-

group)]
B

TC
x

67474174
>gi|67474174|ref|X

P
_652836.1| adenosine deam

inase [E
ntam

oeba histolytica H
M

-1:IM
S

S
]

S
FA

x
67479401

>gi|67479401|ref|X
P

_655082.1| adenosine deam
inase [E

ntam
oeba histolytica H

M
-1:IM

S
S

]
M

FR
x

86156527
>gi|86156527|ref|Y

P
_463312.1| adenosine deam

inase [A
naerom

yxobacter dehalogenans 2C
P

-C
]

M
FR

x

86157675
>gi|86157675|ref|Y

P
_464460.1| A

denosine deam
inase [A

naerom
yxobacter dehalogenans 2C

P
-C

]
M

FR
x

21111264
>gi|21111264|gb|A

A
M

39613.1| adenosine deam
inase [X

anthom
onas cam

pestris pv. cam
pestris str. 

ATC
C

 33913]
S

FA
x

21106379
>gi|21106379|gb|A

A
M

35200.1| adenosine deam
inase [X

anthom
onas axonopodis pv. citri str. 306]

S
FA

x
66852887

>gi|66852887|gb|E
A

L93211.1| adenosine deam
inase [A

spergillus fum
igatus A

f293]
B

TC
x

86739247
>gi|86739247|ref|Y

P
_479647.1| adenosine deam

inase [Frankia sp. C
cI3]

B
TC

x
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86739399
>gi|86739399|ref|Y

P
_479799.1| adenosine deam

inase [Frankia sp. C
cI3]

M
FR

x
86740475

>gi|86740475|ref|Y
P

_480875.1| adenosine deam
inase [Frankia sp. C

cI3]
M

FR
x

86743133
>gi|86743133|ref|Y

P
_483533.1| adenosine deam

inase [Frankia sp. C
cI3]

B
TC

x

15419920
>gi|15419920|gb|A

A
K

97208.1| salivary adenosine deam
inase [C

ulex pipiens quinquefasciatus]
S

FA
x

18568326
>gi|18568326|gb|A

A
L76033.1| putative adenosine deam

inase [A
edes aegypti]

S
FA

x
7267246

>gi|7267246|em
b|C

A
B

80853.1| putative adenosine deam
inase [A

rabidopsis thaliana]
B

TC
x

47934208
>gi|47934208|gb|A

AT39739.1| adenosine deam
inase [Trichinella spiralis]

B
TC

x
56417438

>gi|56417438|gb|A
AV

90660.1| putative adenosine deam
inase [A

edes albopictus]
S

FA
x

66964441
>gi|66964441|ref|ZP

_00412011.1| A
denosine deam

inase [A
rthrobacter sp. FB

24]
M

FR
x

67157764
>gi|67157764|ref|ZP

_00418959.1| A
denosine deam

inase [A
zotobacter vinelandii AvO

P
]

B
TC

x
67546828

>gi|67546828|ref|ZP
_00424738.1| A

denosine deam
inase [B

urkholderia vietnam
iensis G

4]
B

TC
x

68555572
>gi|68555572|ref|ZP

_00594916.1| A
denosine deam

inase [R
alstonia m

etallidurans C
H

34]
B

TC
x

74018433
>gi|74018433|ref|ZP

_00689054.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia am
bifaria A

M
M

D
]

B
TC

x

74022046
>gi|74022046|ref|ZP

_00692631.1| N
-acyl-D

-am
ino-acid deacylase [R

hodoferax ferrireducens D
S

M
 

15236]
B

TC
x

74023922
>gi|74023922|ref|ZP

_00694488.1| N
-acyl-D

-am
ino-acid deacylase [R

hodoferax ferrireducens D
S

M
 

15236]
B

TC
x

77683559
>gi|77683559|ref|ZP

_00799006.1| N
-acyl-D

-am
ino-acid deacylase [A

lkaliphilus m
etalliredigenes 

Q
Y

M
F]

B
TC

x

77686173
>gi|77686173|ref|ZP

_00801539.1| N
-acyl-D

-am
ino-acid deacylase [A

lkaliphilus m
etalliredigenes 

Q
Y

M
F]

B
TC

x

67655311
>gi|67655311|ref|ZP

_00452698.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia cenocepacia A
U

 
1054]

B
TC

x

67663573
>gi|67663573|ref|ZP

_00460854.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia cenocepacia 
H

I2424]
B

TC
x

67674685
>gi|67674685|ref|ZP

_00471445.1| N
-acyl-D

-am
ino-acid deacylase [C

hrom
ohalobacter salexigens 

D
S

M
 3043]

B
TC

x

67930121
>gi|67930121|ref|ZP

_00523297.1| N
-acyl-D

-am
ino-acid deacylase [S

olibacter usitatus E
llin6076]

B
TC

x
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67932281
>gi|67932281|ref|ZP

_00525428.1| N
-acyl-D

-am
ino-acid deacylase [S

olibacter usitatus E
llin6076]

B
TC

x

67934147
>gi|67934147|ref|ZP

_00527233.1| N
-acyl-D

-am
ino-acid deacylase [S

olibacter usitatus E
llin6076]

B
TC

x

67988281
>gi|67988281|gb|E

A
M

76061.1| N
-acyl-D

-am
ino-acid deacylase [K

ineococcus radiotolerans 
S

R
S

30216]
B

TC
X

68182035
>gi|68182035|ref|ZP

_00555016.1| N
-acyl-D

-am
ino-acid deacylase [Jannaschia sp. C

C
S

1]
B

TC
x

68207945
>gi|68207945|ref|ZP

_00560087.1| N
-acyl-D

-am
ino-acid deacylase [D

esulfitobacterium
 hafniense 

D
C

B
-2]

B
TC

x

68538072
>gi|68538072|ref|ZP

_00577851.1| N
-acyl-D

-am
ino-acid deacylase [S

phingopyxis alaskensis 
R

B
2256]

B
TC

x

83590149
>gi|83590149|ref|Y

P
_430158.1| N

-acyl-D
-am

ino-acid deacylase [M
oorella therm

oacetica ATC
C

 
39073]

B
TC

x

78218721
>gi|78218721|gb|A

B
B

38070.1| N
-acyl-D

-am
ino-acid deacylase [D

esulfovibrio desulfuricans G
20]

B
TC

x
67910973

>gi|67910973|ref|ZP
_00509357.1| N

-acyl-D
-am

ino-acid deacylase [P
olarom

onas sp. JS
666]

B
TC

x
67847388

>gi|67847388|ref|ZP
_00502507.1| N

-acyl-D
-am

ino-acid deacylase [P
olarom

onas sp. JS
666]

B
TC

x
37545840

>gi|37545840|gb|A
A

M
96826.1| N

-acyl-D
-am

ino acid am
idohydrolase [Variovorax paradoxus]

B
TC

x

82748093
>gi|82748093|ref|ZP

_00910582.1| D
-am

inoacylase (aspartate, glutam
ate etc) [C

lostridium
 

beijerincki N
C

IM
B

 8052]
S

FA
x

83950583
>gi|83950583|ref|ZP

_00959316.1| d-am
inoacylase (aspartate, glutam

ate etc) [R
oseovarius 

nubinhibens IS
M

]
B

TC
x

71068206
>gi|71068206|gb|A

A
Z23061.1| probable D

-am
inoacylase [S

treptom
yces fradiae]

B
TC

x
78697027

>gi|78697027|ref|ZP
_00861535.1| D

-am
inoacylase [B

radyrhizobium
 sp. B

TA
i1]

B
TC

x
68227645

>gi|68227645|ref|ZP
_00566851.1| putative D

-am
inoacylase [Frankia sp. E

A
N

1pec]
S

FA
x

58002044
>gi|58002044|gb|A

AW
60938.1| D

-am
inoacylase [G

luconobacter oxydans 621H
]

N
S

F
x

51857994
>gi|51857994|dbj|B

A
D

42152.1| D
-A

m
inoacylase [S

ym
biobacterium

 therm
ophilum

 IA
M

 14863]
B

TC
x

5457574
>gi|5457574|em

b|C
A

B
49065.1| ndaD

 D
-am

inoacylase [P
yrococcus abyssi G

E
5]

B
TC

x
29606933

>gi|29606933|dbj|B
A

C
70993.1| putative D

-am
inoacylase [S

treptom
yces averm

itilis M
A

-4680]
B

TC
x

29607453
>gi|29607453|dbj|B

A
C

71511.1| putative D
-am

inoacylase [S
treptom

yces averm
itilis M

A
-4680]

S
FA

x
32397119

>gi|32397119|em
b|C

A
D

72423.1| D
-am

inoacylase [R
hodopirellula baltica S

H
 1]

B
TC

x
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57228983
>gi|57228983|gb|A

AW
45417.1| D

-am
inoacylase, putative [C

ryptococcus neoform
ans var. 

neoform
ans JE

C
21]

B
TC

x
14285280

>gi|14285280|em
b|C

A
C

40599.1| putative D
-am

inoacylase [S
treptom

yces coelicolor A
3(2)]

B
TC

x
48374197

>gi|48374197|gb|A
AT41901.1| putative d-am

inoacylase [Frem
yella diplosiphon]

S
FA

x

79043464
>gi|79043464|ref|ZP

_00874026.1| putative D
-am

inoacylase [N
ovosphingobium

 arom
aticivorans 

D
S

M
 12444]

S
FA

x

84386136
>gi|84386136|ref|ZP

_00989165.1| probable N
-acyl-D

-glutam
ate deacylase protein [Vibrio 

splendidus 12B
01]

B
TC

x

84502478
>gi|84502478|ref|ZP

_01000614.1| probable n-acyl-d-glutam
ate deacylase protein [O

ceanicola 
batsensis H

TC
C

2597]
B

TC
x

71366212
>gi|71366212|ref|ZP

_00656757.1| N
-acyl-D

-glutam
ate deacylase [N

ocardioides sp. JS
614]

B
TC

x

37201349
>gi|37201349|dbj|B

A
C

97171.1| probable N
-acyl-D

-glutam
ate deacylase protein [Vibrio vulnificus 

Y
J016]

B
TC

x

37201374
>gi|37201374|dbj|B

A
C

97196.1| putative N
-acyl-D

-glutam
ate deacylase protein [Vibrio vulnificus 

Y
J016]

S
FA

x

83624999
>gi|83624999|ref|ZP

_00935237.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia m

allei JH
U

]
S

FA
x

48784106
>gi|48784106|ref|ZP

_00280487.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia fungorum

 LB
400]

S
FA

x

23126238
>gi|23126238|ref|ZP

_00108140.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase [N

ostoc 
punctiform

e P
C

C
 73102]

S
FA

x

76783389
>gi|76783389|ref|ZP

_00770581.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[M
ycobacterium

 tuberculosis F11]
S

FA
x

67639245
>gi|67639245|ref|ZP

_00438125.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia m

allei G
B

8 horse 4]
S

FA
x

27358591
>gi|27358591|gb|A

A
O

07540.1| N
-acyl-D

-aspartate/D
-glutam

ate deacylase [Vibrio vulnificus 
C

M
C

P
6]

B
TC

x

27358685
>gi|27358685|gb|A

A
O

07634.1| N
-acyl-D

-aspartate/D
-glutam

ate deacylase [Vibrio vulnificus 
C

M
C

P
6]

N
S

F
x

67758918
>gi|67758918|ref|ZP

_00497667.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia pseudom

allei S
13]

S
FA

x
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67638370
>gi|67638370|ref|ZP

_00437306.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia m

allei 10399]
S

FA
x

84520150
>gi|84520150|ref|ZP

_01007287.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia m

allei S
AV

P
1]

S
FA

x

46912894
>gi|46912894|em

b|C
A

G
19683.1| P

utative N
-acyl-D

-aspartate/D
-glutam

ate deacylase 
[P

hotobacterium
 profundum

 S
S

9]
B

TC
x

67647101
>gi|67647101|ref|ZP

_00445348.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[B
urkholderia m

allei N
C

TC
 10247]

S
FA

x

83716453
>gi|83716453|ref|Y

P
_439486.1| N

-acyl-D
-glutam

ate am
idohydrolase [B

urkholderia thailandensis 
E

264]
S

FA
x

37542814
>gi|37542814|gb|A

A
L55412.1| L-hydantoinase H

yuH
 [A

rthrobacter sp. B
T801]

S
FA

x
82748354

>gi|82748354|ref|ZP
_00910839.1| D

-hydantoinase [C
lostridium

 beijerincki N
C

IM
B

 8052]
B

TC
x

71366085
>gi|71366085|ref|ZP

_00656632.1| D
-hydantoinase [N

ocardioides sp. JS
614]

S
FA

x
29344533

>gi|29344533|gb|A
A

O
82291.1| D

-hydantoinase [E
nterococcus faecalis V

583]
B

TC
x

15622042
>gi|15622042|dbj|B

A
B

66035.1| 433aa long hypothetical D
-hydantoinase [S

ulfolobus tokodaii str. 7]
B

TC
x

15622051
>gi|15622051|dbj|B

A
B

66044.1| 413aa long hypothetical D
-hydantoinase [S

ulfolobus tokodaii str. 7]
S

FA
x

15622159
>gi|15622159|dbj|B

A
B

66151.1| 464aa long hypothetical D
-hydantoinase [S

ulfolobus tokodaii str. 7]
B

TC
x

83590827
>gi|83590827|ref|Y

P
_430836.1| D

-hydantoinase [M
oorella therm

oacetica ATC
C

 39073]
B

TC
x

17134148
>gi|17134148|dbj|B

A
B

76709.1| D
-hydantoinase [N

ostoc sp. P
C

C
 7120]

S
FA

x
67470002

>gi|67470002|ref|X
P

_650972.1| D
-hydantoinase [E

ntam
oeba histolytica H

M
-1:IM

S
S

]
B

TC
x

84325440
>gi|84325440|ref|ZP

_00973475.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[P
seudom

onas aeruginosa 2192]
N

S
F

x

48782486
>gi|48782486|ref|ZP

_00279015.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[B
urkholderia fungorum

 LB
400]

N
S

F
x

23129838
>gi|23129838|ref|ZP

_00111661.1| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit [N

ostoc 
punctiform

e P
C

C
 73102]

N
S

F
x

46164408
>gi|46164408|ref|ZP

_00137111.2| C
O

G
0804: U

rea am
idohydrolase (urease) alpha subunit 

[P
seudom

onas aeruginosa U
C

B
P

P
-PA

14]
N

S
F

x
6690687

>gi|6690687|gb|A
A

F24255.1| U
reC

 [R
hodobacter sphaeroides]

M
FR

x
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71148102
>gi|71148102|gb|A

A
Z28575.1| isoaspartyl dipeptidase [C

olw
ellia psychrerythraea 34H

]
B

TC
x

10173745
>gi|10173745|dbj|B

A
B

04848.1| isoaspartyl dipeptidase [B
acillus halodurans C

-125]
B

TC
X

20515832
>gi|20515832|gb|A

A
M

24094.1| isoaspartyl dipeptidase [Therm
oanaerobacter tengcongensis M

B
4]

B
TC

X
59712116

>gi|59712116|ref|Y
P

_204892.1| isoaspartyl dipeptidase [Vibrio fischeri E
S

114]
B

TC
x

18146022
>gi|18146022|dbj|B

A
B

82062.1| isoaspartyl dipeptidase [C
lostridium

 perfringens str. 13]
B

TC
X

46913159
>gi|46913159|em

b|C
A

G
19947.1| hypothetical isoaspartyl dipeptidase [P

hotobacterium
 profundum

 
S

S
9]

B
TC

x

82749209
>gi|82749209|ref|ZP

_00911673.1| P
eptidase M

38, beta-aspartyl dipeptidase [C
lostridium

 beijerincki 
N

C
IM

B
 8052]

B
TC

X

71541505
>gi|71541505|ref|ZP

_00663253.1| P
eptidase M

38, beta-aspartyl dipeptidase [S
yntrophom

onas 
w

olfei str. G
oettingen]

B
TC

X

76795810
>gi|76795810|ref|ZP

_00778181.1| P
eptidase M

38, beta-aspartyl dipeptidase [Therm
oanaerobacter 

ethanolicus ATC
C

 33223]
B

TC
X

67674966
>gi|67674966|ref|ZP

_00471725.1| P
eptidase M

38, beta-aspartyl dipeptidase [C
hrom

ohalobacter 
salexigens D

S
M

 3043]
B

TC
X

68054545
>gi|68054545|ref|ZP

_00538702.1| P
eptidase M

38, beta-aspartyl dipeptidase [E
xiguobacterium

 sp. 
255-15]

B
TC

X

68208959
>gi|68208959|ref|ZP

_00561037.1| P
eptidase M

38, beta-aspartyl dipeptidase [D
esulfitobacterium

 
hafniense D

C
B

-2]
B

TC
X

67850704
>gi|67850704|gb|E

A
M

46278.1| P
eptidase M

38, beta-aspartyl dipeptidase [C
lostridium

 
therm

ocellum
 ATC

C
 27405]

B
TC

X

68541856
>gi|68541856|ref|ZP

_00581595.1| P
eptidase M

38, beta-aspartyl dipeptidase [S
hew

anella baltica 
O

S
155]

M
FR

x

68545938
>gi|68545938|ref|ZP

_00585487.1| P
eptidase M

38, beta-aspartyl dipeptidase [S
hew

anella 
am

azonensis S
B

2B
]

M
FR

x

68195904
>gi|68195904|gb|E

A
N

10338.1| P
eptidase M

38, beta-aspartyl dipeptidase [E
nterococcus faecium

 
D

O
]

B
TC

X
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M
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A
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A
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M
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C
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Q
4J9V

1_S
U

LA
C

>gnl|tr|Q
4J9V

1_S
U

LA
C

 (Q
4J9V

1) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
97V

65_S
U

LS
O

>gnl|tr|Q
97V

65_S
U

LS
O

 (Q
97V

65) C
ytosine deam

inase (C
odA

) (E
C

 3.5.4.1)
x

Q
3JG

17_B
U

R
P

1
>gnl|tr|Q

3JG
17_B

U
R

P
1 (Q

3JG
17) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

3X
5C

2_9A
C

TN
>gnl|tr|Q

3X
5C

2_9A
C

TN
 (Q

3X
5C

2) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
4A

ZB
6_9B

U
R

K
>gnl|tr|Q

4A
ZB

6_9B
U

R
K

 (Q
4A

ZB
6) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

4J633_A
ZO

V
I

>gnl|tr|Q
4J633_A

ZO
V

I (Q
4J633) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

4LTU
9_9B

U
R

K
>gnl|tr|Q

4LTU
9_9B

U
R

K
 (Q

4LTU
9) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

6W
266_R

H
IS

N
>gnl|tr|Q

6W
266_R

H
IS

N
 (Q

6W
266) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

4K
9F3_P

S
E

F5
>gnl|tr|Q

4K
9F3_P

S
E

F5 (Q
4K

9F3) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
5E

7H
0_V

IB
F1

>gnl|tr|Q
5E

7H
0_V

IB
F1 (Q

5E
7H

0) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
5W

A
P

7_B
A

C
S

K
>gnl|tr|Q

5W
A

P
7_B

A
C

S
K

 (Q
5W

A
P

7) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
62D

65_B
U

R
M

A
>gnl|tr|Q

62D
65_B

U
R

M
A (Q

62D
65) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

63M
99_B

U
R

P
S

>gnl|tr|Q
63M

99_B
U

R
P

S
 (Q

63M
99) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

664N
0_Y

E
R

P
S
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LTU

 (Q
93X
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rease (E

C
 3.5.1.5)

x
Q

948Z6_S
O

LTU
>gnl|tr|Q

948Z6_S
O

LTU
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948Z6) U
rease (E

C
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ent)
x

Q
949H

4_S
O

Y
B
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O
87402_S

Y
N

P
V

>gnl|tr|O
87402_S

Y
N

P
V

 (O
87402) U

rease alpha subunit (E
C

 3.5.1.5)
x

Q
2S

D
Q

1_9G
A

M
M

>gnl|tr|Q
2S

D
Q

1_9G
A

M
M

 (Q
2S

D
Q

1) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

2S
Y

F7_B
U

R
TH

>gnl|tr|Q
2S

Y
F7_B

U
R

TH
 (Q

2S
Y

F7) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

2Y
9M

7_N
ITM

U
>gnl|tr|Q

2Y
9M

7_N
ITM

U
 (Q

2Y
9M

7) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

2Y
Y

Q
6_S

TA
A

B
>gnl|tr|Q

2Y
Y

Q
6_S

TA
A

B
 (Q

2Y
Y

Q
6) U

rease alpha subunit (E
C

 3.5.1.5)
x

Q
31B

49_P
R

O
M

9
>gnl|tr|Q

31B
49_P

R
O

M
9 (Q

31B
49) U

rease, alpha subunit (E
C

 3.5.1.5)
x

Q
34R

K
6_R

H
O

PA
>gnl|tr|Q

34R
K

6_R
H

O
PA (Q

34R
K

6) U
rease (E

C
 3.5.1.5)

x
Q

34X
U

6_9G
A

M
M

>gnl|tr|Q
34X

U
6_9G

A
M

M
 (Q

34X
U

6) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

35JE
7_9B

R
A

D
>gnl|tr|Q

35JE
7_9B

R
A

D
 (Q

35JE
7) U

rease, alpha subunit (E
C

 3.5.1.5)
x

Q
35P

05_9B
R

A
D

>gnl|tr|Q
35P

05_9B
R

A
D

 (Q
35P

05) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

35R
D

7_9B
R

A
D

>gnl|tr|Q
35R

D
7_9B

R
A

D
 (Q

35R
D

7) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

374G
2_R

H
O

PA
>gnl|tr|Q

374G
2_R

H
O

PA (Q
374G

2) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

37N
01_R

H
O

PA
>gnl|tr|Q

37N
01_R

H
O

PA (Q
37N

01) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

39IW
3_B

U
R

S
3

>gnl|tr|Q
39IW

3_B
U

R
S
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39IW
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rease, alpha subunit (E

C
 3.5.1.5)

x
Q

3A
G

D
0_S

Y
N

S
C

>gnl|tr|Q
3A

G
D
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Y

N
S

C
 (Q

3A
G

D
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rease, alpha subunit (E
C

 3.5.1.5)
x

Q
3AV

R
1_S

Y
N

S
9

>gnl|tr|Q
3AV

R
1_S

Y
N

S
9 (Q

3AV
R

1) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

3FB
A

4_9B
U

R
K

>gnl|tr|Q
3FB

A
4_9B

U
R

K
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3FB
A

4) U
rease (E

C
 3.5.1.5)

x
Q

3FX
N

9_9B
U

R
K

>gnl|tr|Q
3FX

N
9_9B

U
R

K
 (Q

3FX
N
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rease (E

C
 3.5.1.5)

x
Q

3G
R

G
7_9G

A
M

M
>gnl|tr|Q

3G
R

G
7_9G

A
M

M
 (Q

3G
R

G
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rease (E
C

 3.5.1.5)
x

Q
3G

S
R

3_9G
A

M
M

>gnl|tr|Q
3G

S
R

3_9G
A

M
M
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3G
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R
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rease (E

C
 3.5.1.5)

x
Q

3H
B

C
3_TR

IE
R

>gnl|tr|Q
3H
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C

3_TR
IE

R
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3H
B
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C

 3.5.1.5)
x

Q
3IH

68_P
S

E
H

T
>gnl|tr|Q

3IH
68_P
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E

H
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3IH
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rease, alpha subunit (E
C

 3.5.1.5)
x

Q
3J154_R

H
O

S
4

>gnl|tr|Q
3J154_R

H
O

S
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3J154) U
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idohydrolase (U
rease) alpha subunit (E

C
 

3.5.1.5)
x

Q
3J770_N

ITO
C

>gnl|tr|Q
3J770_N

ITO
C
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3J770) U

rease, alpha subunit (E
C

 3.5.1.5)
x

Q
3JP

J6_B
U

R
P

1
>gnl|tr|Q

3JP
J6_B

U
R

P
1 (Q

3JP
J6) U

rease, alpha subunit (E
C

 3.5.1.5)
x

Q
3M

712_A
N

AV
T

>gnl|tr|Q
3M

712_A
N

AV
T (Q

3M
712) U

rease, alpha subunit (E
C

 3.5.1.5)
x

Q
3R

W
B

6_R
A

LM
E

>gnl|tr|Q
3R

W
B

6_R
A

LM
E
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3R

W
B
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rease (E

C
 3.5.1.5)

x
Q

3V
ZP

2_9A
C

TO
>gnl|tr|Q

3V
ZP

2_9A
C

TO
 (Q

3V
ZP
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rease (E

C
 3.5.1.5)

x
Q

3X
7H

8_M
E

TFL
>gnl|tr|Q

3X
7H

8_M
E
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3X

7H
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x

Q
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F6_C
H
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S

L
>gnl|tr|Q

44D
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R
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 3.5.1.5)
x

Q
454M

1_9B
U

R
K

>gnl|tr|Q
454M

1_9B
U

R
K
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454M
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rease (E
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 3.5.1.5)

x
Q

46IY
3_P
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O

M
T

>gnl|tr|Q
46IY

3_P
R

O
M
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46IY
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rease, alpha subunit (E
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 3.5.1.5)

x
Q

48D
E

6_P
S

E
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>gnl|tr|Q
48D

E
6_P
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E
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48D
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rease, alpha subunit (E
C

 3.5.1.5)
x

Q
4B
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6_B
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R
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I

>gnl|tr|Q
4B

IH
6_B
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R
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 3.5.1.5)

x
Q

4C
H

E
3_C
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4C
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E
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H
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C

 3.5.1.5)
x

Q
4IX

D
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V

I
>gnl|tr|Q

4IX
D
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4IX
D
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rease (E
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 3.5.1.5)

x
Q

4LN
H

4_9B
U

R
K

>gnl|tr|Q
4LN

H
4_9B

U
R

K
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4LN
H

4) U
rease (E

C
 3.5.1.5)

x
Q

4N
K

R
4_9M
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C

>gnl|tr|Q
4N

K
R

4_9M
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C
 (Q

4N
K
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rease (E
C

 3.5.1.5)
x
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4ZN
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S
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E

U
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x
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4ZU

D
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2
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4ZU
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Q
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Y
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x
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T4_R
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O
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A
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O
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Q
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 3.5.1.5)
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4K
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E
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E
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Q
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N
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A

E
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4Q
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E
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x

Q
5E
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F1
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 3.5.1.5)
x

Q
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M
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E
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K

A
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5K
Y
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O
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x
Q
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ILP

O
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O
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Q
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Q
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S
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U

R
M

A
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62H
S
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R
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 3.5.1.5)
x

Q
63R

L3_B
U

R
P

S
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63R
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R

P
S
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rease alpha subunit (E
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 3.5.1.5)

x
Q
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83_A
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D
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D
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6FD
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rease alpha subunit (E
C

 3.5.1.5)
x

Q
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3N
3_R
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O
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3_R
H

O
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Q
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A
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C
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A
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C
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733J6) U
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x
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O

R
G

L
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79V
J3_C
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R
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C
 3.5.1.5) (U

R
E
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S
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LP
H
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U

B
U

N
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x
Q

7U
3I3_S

Y
N

P
X
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7U

3I3_S
Y

N
P

X
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7U
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rease alpha subunit (E
C

 3.5.1.5)
x

Q
7V

1B
6_P

R
O

M
P
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7V

1B
6_P

R
O

M
P (Q

7V
1B
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rease alpha subunit (E
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 3.5.1.5)
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Q

7V
3V

2_P
R

O
M

M
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7V
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R
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Q
7W

417_B
O

R
PA

>gnl|tr|Q
7W

417_B
O

R
PA (Q

7W
417) U

rease alpha subunit (E
C

 3.5.1.5)
x

Q
8FQ

X
2_C

O
R

E
F

>gnl|tr|Q
8FQ

X
2_C

O
R

E
F (Q

8FQ
X

2) U
rease alpha subunit (E

C
 3.5.1.5)

x
Q

8FZW
2_B

R
U

S
U

>gnl|tr|Q
8FZW

2_B
R

U
S

U
 (Q

8FZW
2) U

rease, alpha subunit (E
C

 3.5.1.5)
x

Q
8G

2P
8_B

R
U

S
U

>gnl|tr|Q
8G

2P
8_B

R
U

S
U

 (Q
8G

2P
8) U

rease, alpha subunit (E
C

 3.5.1.5)
x

Q
8X

X
T1_R

A
LS

O
>gnl|tr|Q

8X
X

T1_R
A

LS
O

 (Q
8X

X
T1) P

R
O

B
A

B
LE

 U
R

E
A

S
E

 (A
LP

H
A S

U
B

U
N

IT) 
P

R
O

TE
IN

 (E
C

 3.5.1.5)
x

Q
8Y

F72_B
R

U
M

E
>gnl|tr|Q

8Y
F72_B

R
U

M
E

 (Q
8Y

F72) U
R

E
A

S
E

 A
LP

H
A S

U
B

U
N

IT (E
C

 3.5.1.5)
x

Q
8Y

H
Z8_B

R
U

M
E

>gnl|tr|Q
8Y

H
Z8_B

R
U

M
E

 (Q
8Y

H
Z8) U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT (E

C
 3.5.1.5)

x
Q

9K
G

59_B
A

C
H

D
>gnl|tr|Q

9K
G

59_B
A

C
H

D
 (Q

9K
G

59) U
rease alpha subunit (E

C
 3.5.1.5)

x
Q

2Y
P

D
5_B

R
U

A
2

>gnl|tr|Q
2Y

P
D

5_B
R

U
A

2 (Q
2Y

P
D

5) U
rease:A
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idohydrolase (E

C
 3.5.1.5)

x
Q

2Y
Q

D
8_B

R
U

A
2

>gnl|tr|Q
2Y

Q
D

8_B
R

U
A
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2Y

Q
D

8) U
rease:A

m
idohydrolase (E

C
 3.5.1.5)

x

Q
972W

0_S
U

LTO
>gnl|tr|Q

972W
0_S

U
LTO

 (Q
972W

0) 493aa long hypothetical urease alpha subunit
x

Q
7S

FW
8_N

E
U

C
R

>gnl|tr|Q
7S

FW
8_N

E
U

C
R

 (Q
7S

FW
8) H
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Q

8H
6V

8_C
A

N
E

N
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8H
6V

8_C
A

N
E

N
 (Q

8H
6V

8) U
rease JB

U
R

E
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x
Q

9S
R

52_A
R

ATH
>gnl|tr|Q

9S
R

52_A
R

ATH
 (Q

9S
R

52) P
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x
O

52305_S
Y

N
P

2
>gnl|tr|O
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Y

N
P
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Q
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S
E
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U
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rease, alpha subunit
x
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A
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A
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2ZG
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A
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H
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Y
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F
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B
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E
>gnl|tr|Q
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>gnl|tr|Q
3W

T92_9R
H
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Q
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R

S
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O

T
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R
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Q
4A
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S
1

>gnl|tr|Q
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x
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>gnl|tr|Q
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rease B
 subunit

x
Q

6I6H
1_C

A
M

LA
>gnl|tr|Q

6I6H
1_C

A
M

LA (Q
6I6H

1) U
rease beta subunit (Fragm

ent)
x

Q
6I6H

3_C
A

M
LA

>gnl|tr|Q
6I6H

3_C
A

M
LA (Q

6I6H
3) U

rease beta subunit (Fragm
ent)

x
Q

6I6H
5_C

A
M

LA
>gnl|tr|Q

6I6H
5_C

A
M

LA (Q
6I6H

5) U
rease beta subunit (Fragm

ent)
x

Q
6I6H

7_C
A

M
LA

>gnl|tr|Q
6I6H

7_C
A

M
LA (Q

6I6H
7) U

rease beta subunit (Fragm
ent)

x
Q

6I6H
9_C

A
M

LA
>gnl|tr|Q

6I6H
9_C

A
M

LA (Q
6I6H

9) U
rease beta subunit (Fragm

ent)
x

Q
6I6I1_C

A
M

LA
>gnl|tr|Q

6I6I1_C
A

M
LA (Q

6I6I1) U
rease beta subunit (Fragm

ent)
x

Q
6I6I3_C

A
M

LA
>gnl|tr|Q

6I6I3_C
A

M
LA (Q

6I6I3) U
rease beta subunit (Fragm

ent)
x

Q
6I6I5_C

A
M
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>gnl|tr|Q

6I6I5_C
A

M
LA (Q

6I6I5) U
rease beta subunit (Fragm

ent)
x

Q
6I6I9_C

A
M

LA
>gnl|tr|Q

6I6I9_C
A

M
LA (Q

6I6I9) U
rease beta subunit (Fragm

ent)
x

Q
6I6J1_C

A
M

LA
>gnl|tr|Q

6I6J1_C
A

M
LA (Q

6I6J1) U
rease beta subunit (Fragm

ent)
x

Q
6JH

P
2_9P

S
E

U
>gnl|tr|Q

6JH
P

2_9P
S

E
U

 (Q
6JH

P
2) U

rease alpha subunit
x

Q
6W

V
G

4_9P
R

O
T

>gnl|tr|Q
6W

V
G

4_9P
R

O
T (Q

6W
V

G
4) U

rease C
 subunit

x
Q

6Y
3X

2_9P
R

O
T

>gnl|tr|Q
6Y

3X
2_9P

R
O

T (Q
6Y

3X
2) U

rease C
x

Q
6Y

9S
4_9P

R
O

T
>gnl|tr|Q

6Y
9S

4_9P
R

O
T (Q

6Y
9S

4) U
rease subunit C

x
Q

7X
3W

5_H
E

LP
Y

>gnl|tr|Q
7X

3W
5_H

E
LP

Y (Q
7X

3W
5) U

rease B
x

Q
8G

H
97_H

E
LB

I
>gnl|tr|Q

8G
H

97_H
E

LB
I (Q

8G
H

97) U
rease B

x
Q

8K
T12_H

E
LP

Y
>gnl|tr|Q

8K
T12_H

E
LP

Y (Q
8K

T12) U
rease U

reB
 (Fragm

ent)
x

Q
8K

T24_H
E

LFE
>gnl|tr|Q

8K
T24_H

E
LFE

 (Q
8K

T24) U
rease U

reB
 (Fragm

ent)
x

Q
8K

T25_H
E

LB
I

>gnl|tr|Q
8K

T25_H
E

LB
I (Q

8K
T25) U

rease U
reB

 (Fragm
ent)

x
Q

8K
T26_H

E
LB

I
>gnl|tr|Q

8K
T26_H

E
LB

I (Q
8K

T26) U
rease U

reB
 (Fragm

ent)
x

Q
8K

T29_H
E

LH
E

>gnl|tr|Q
8K

T29_H
E

LH
E

 (Q
8K

T29) U
rease U

reB
 (Fragm

ent)
x

Q
8K

T33_H
E

LP
Y

>gnl|tr|Q
8K

T33_H
E

LP
Y (Q

8K
T33) U

rease U
reB

 (Fragm
ent)

x
Q

8R
N

U
6_H

E
LP

Y
>gnl|tr|Q

8R
N

U
6_H

E
LP

Y (Q
8R

N
U

6) U
rease B

 subunit
x

Q
9A

FB
1_H

E
LP

Y
>gnl|tr|Q

9A
FB

1_H
E

LP
Y (Q

9A
FB

1) U
rease B

x
Q

9S
0Q

5_H
E

LP
Y

>gnl|tr|Q
9S

0Q
5_H

E
LP

Y (Q
9S
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5) U

rease B
x

Q
9S

6F6_LA
C

FE
>gnl|tr|Q

9S
6F6_LA

C
FE

 (Q
9S

6F6) U
rease alpha subunit

x
Q

9Z369_A
C
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A

>gnl|tr|Q
9Z369_A

C
TN

A (Q
9Z369) U

rease alpha subunit U
reC

x
O

86508_S
TR

C
O

>gnl|tr|O
86508_S

TR
C

O
 (O

86508) U
rease alpha subunit

x
Q

57C
E

8_B
R

U
A

B
>gnl|tr|Q

57C
E

8_B
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U
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B
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57C
E
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x
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Q
5M

1G
6_S

TR
T1

>gnl|tr|Q
5M

1G
6_S

TR
T1 (Q

5M
1G

6) U
rea am

idohydrolase (U
rease) alpha subunit

x

Q
5M

607_S
TR

T2
>gnl|tr|Q

5M
607_S

TR
T2 (Q

5M
607) U

rea am
idohydrolase (U

rease) alpha subunit
x

Q
5Y

W
R

8_N
O

C
FA

>gnl|tr|Q
5Y

W
R

8_N
O

C
FA (Q

5Y
W

R
8) P

utative urease alpha subunit
x

Q
7N

4Y
7_P

H
O

LL
>gnl|tr|Q

7N
4Y

7_P
H

O
LL (Q

7N
4Y

7) U
rease alpha subunit

x
Q

826R
9_S

TR
AW

>gnl|tr|Q
826R

9_S
TR

AW
 (Q

826R
9) P

utative urease alpha subunit
x

Q
82JN

9_S
TR

AW
>gnl|tr|Q

82JN
9_S

TR
AW

 (Q
82JN

9) P
utative urease alpha subunit

x
Q

87V
P

0_P
S

E
S

M
>gnl|tr|Q

87V
P

0_P
S

E
S

M
 (Q

87V
P

0) U
rease, alpha subunit

x
Q

88J04_P
S

E
P

K
>gnl|tr|Q

88J04_P
S

E
P

K
 (Q

88J04) U
rease, alpha subunit

x
Q

89U
G
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R

A
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>gnl|tr|Q
89U

G
0_B
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A

JA (Q
89U

G
0) U

rease alpha subunit
x

Q
8D

M
V

6_S
Y

N
E

L
>gnl|tr|Q

8D
M

V
6_S

Y
N

E
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8D
M

V
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rease alpha subunit
x

Q
8U

C
T2_A

G
R
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>gnl|tr|Q

8U
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G
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T5 (Q

8U
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rease alpha subunit (A

G
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Q
8X

A
G
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C

O
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8X
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Q
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Q
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N
A

S
P
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A

S
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8Y
Q
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rease alpha subunit

x

Q
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U
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B

>gnl|tr|Q
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U
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B
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rease alpha subunit U
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-1, urease, 
alpha subunit)
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Q
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D

3_S
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O

>gnl|tr|Q
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9FC
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S
E
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E
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Q
8G

H
75_9P

R
O

T
>gnl|tr|Q

8G
H

75_9P
R

O
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8G
H

75) U
reC

x
Q

8R
P

Y
2_R

H
ILV

>gnl|tr|Q
8R

P
Y

2_R
H

ILV
 (Q

8R
P

Y
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reC
x

Q
9FA

S
5_V
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>gnl|tr|Q
9FA

S
5_V
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5) U
reC

x
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9L644_P
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O
M

A
>gnl|tr|Q

9L644_P
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O
M
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9L644) U

reC
x

Q
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H
M

4_C
O

R
G

L
>gnl|tr|Q

9R
H

M
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O
R

G
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9R
H

M
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reC
x

Q
2U

K
B

4_A
S

P
O

R
>gnl|tr|Q

2U
K

B
4_A

S
P

O
R
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2U

K
B

4) U
rea am

idohydrolase
x

Q
6Y

C
I8_9P

R
O

T
>gnl|tr|Q

6Y
C

I8_9P
R

O
T (Q

6Y
C

I8) U
rea am

idohydrolase alpha subunit
x

Q
8R

JJ9_9G
A

M
M

>gnl|tr|Q
8R

JJ9_9G
A

M
M
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8R

JJ9) U
rea am

idohydrolase alpha subunit
x

Q
64E

Y
3_H

E
LP

Y
>gnl|tr|Q

64E
Y

3_H
E

LP
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64E
Y

3) U
reB

x
Q

31T14_S
H

IB
S

>gnl|tr|Q
31T14_S

H
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S
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31T14) Isoaspartyl dipeptidase
x

Q
659Y

9_E
C

O
LI

>gnl|tr|Q
659Y

9_E
C

O
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659Y
9) Isoaspartyl dipeptidase yadA

x
Q

57G
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A
LC

H
>gnl|tr|Q

57G
89_S

A
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H
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57G
89) Isoaspartyl dipeptidase

x
Q

5P
M

50_S
A

LPA
>gnl|tr|Q

5P
M

50_S
A

LPA (Q
5P

M
50) P

robable isoaspartyl dipeptidase
x

Q
83P

79_S
H

IFL
>gnl|tr|Q

83P
79_S

H
IFL (Q

83P
79) Isoaspartyl dipeptidase

x
Q

8FA
99_E

C
O

L6
>gnl|tr|Q

8FA
99_E

C
O

L6 (Q
8FA

99) Isoaspartyl dipeptidase (E
C
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x

Q
8X

B
98_E

C
O
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>gnl|tr|Q

8X
B

98_E
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O
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98) Isoaspartyl dipeptidase
x

Q
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6_S
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LTI
>gnl|tr|Q
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A
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8Z0X
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A
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A
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Q
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M
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R
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S
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Q
4W

V
P
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S

P
FU
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V
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P
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V
P
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x

Q
53G

A
8_H

U
M

A
N

>gnl|tr|Q
53G

A
8_H

U
M

A
N
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53G
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oenzym
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ent)
x

Q
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F2_H
U

M
A

N
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ent)

x

Q
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V
Y
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U

M
A

N
>gnl|tr|Q
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V
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U
M

A
N
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V
Y

1) 3-hydroxyisobutyryl-C
oenzym

e A hydrolase, 
isoform

 1
x

Q
92931_H

U
M

A
N

>gnl|tr|Q
92931_H

U
M

A
N

 (Q
92931) 3-hydroxyisobutyryl-coenzym

e A hydrolase
x

O
49330_A

R
ATH

>gnl|tr|O
49330_A

R
ATH

 (O
49330) 3-hydroxyisobutyryl-coenzym

e A hydrolase
x

O
49331_A

R
ATH

>gnl|tr|O
49331_A

R
ATH

 (O
49331) 3-hydroxyisobutyryl-coenzym

e A hydrolase
x
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Q
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U
G

3_O
R

Y
S

A
>gnl|tr|Q

2Q
U

G
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R
Y

S
A (Q
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U

G
3) 3-hydroxyisobutyryl-coenzym

e A hydrolase, 
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x

Q
2Q

U
G

4_O
R

Y
S

A
>gnl|tr|Q

2Q
U

G
4_O

R
Y

S
A (Q

2Q
U

G
4) 3-hydroxyisobutyryl-coenzym

e A hydrolase, 
putative

x

Q
56X

U
5_A

R
ATH

>gnl|tr|Q
56X

U
5_A

R
ATH
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56X

U
5) 3-hydroxyisobutyryl-coenzym

e A hydrolase 
(A

t1g06550)
x

Q
69U

F2_O
R

Y
S

A
>gnl|tr|Q

69U
F2_O

R
Y

S
A (Q

69U
F2) P

utative 3-hydroxyisobutyryl-coenzym
e A 

hydrolase
x

Q
9LK

J1_A
R

ATH
>gnl|tr|Q

9LK
J1_A

R
ATH

 (Q
9LK

J1) C
oA

-thioester hydrolase C
H

Y
1 (3-

hydroxyisobutyryl-coenzym
e A hydrolase)

x
Q

6G
3D

0_B
A

R
H

E
>gnl|tr|Q

6G
3D

0_B
A

R
H

E
 (Q

6G
3D

0) 3-hydroxyisobutyryl-coenzym
e A hydrolase

x

Q
81D

R
3_B

A
C

C
R

>gnl|tr|Q
81D

R
3_B

A
C

C
R

 (Q
81D

R
3) 3-hydroxyisobutyryl-coenzym

e A hydrolase (E
C

 
3.1.2.4)

x
Q

983C
3_R

H
ILO

>gnl|tr|Q
983C

3_R
H

ILO
 (Q

983C
3) 3-hydroxyisobutyryl-C

oenzym
e A hydrolase

x

Q
5X

IE
6_R

AT
>gnl|tr|Q

5X
IE

6_R
AT (Q

5X
IE

6) 3-hydroxyisobutyryl-C
oenzym

e A hydrolase 
(P

redicted)
x

Q
58E

B
4_B

R
A

R
E

>gnl|tr|Q
58E

B
4_B

R
A

R
E

 (Q
58E

B
4) 3-hydroxyisobutyryl-C

oenzym
e A hydrolase

x
Q

7B
I35_A

R
TG

O
>gnl|tr|Q

7B
I35_A

R
TG

O
 (Q

7B
I35) 4-chlorobenzoate C

o-A dehalogenase
x

O
68600_9P

R
O

T
>gnl|tr|O

68600_9P
R

O
T (O

68600) 4-chlorobenzoyl C
oA dehalogenase

x
O

85078_9M
IC

C
>gnl|tr|O

85078_9M
IC

C
 (O

85078) 4-chlorobenzoyl C
oA dehalogenase

x
Q

7B
U

Z5_9M
IC

C
>gnl|tr|Q

7B
U

Z5_9M
IC

C
 (Q

7B
U

Z5) 4-chlorobenzoyl C
oA dehalogenase

x
Q

8G
N

87_9B
U

R
K

>gnl|tr|Q
8G

N
87_9B

U
R

K
 (Q

8G
N

87) 4-chlorobenzoyl C
oA dehalogenase

x
Q

9LC
U

3_9M
IC

C
>gnl|tr|Q

9LC
U

3_9M
IC

C
 (Q

9LC
U

3) 4-chlorobenzoyl C
oA dehalogenase

x
Q

99Q
J6_9M

IC
C

>gnl|tr|Q
99Q

J6_9M
IC

C
 (Q

99Q
J6) 4-C

B
A

-C
oA dehalogenase

x
Q

33E
G

2_M
E

TH
U

>gnl|tr|Q
33E

G
2_M

E
TH

U
 (Q

33E
G

2) E
nolase (E

C
 4.2.1.11)

x
Q

33G
47_M

E
TH

U
>gnl|tr|Q

33G
47_M

E
TH

U
 (Q

33G
47) E

nolase (E
C

 4.2.1.11)
x

Q
33I06_M

E
TH

U
>gnl|tr|Q

33I06_M
E

TH
U

 (Q
33I06) E

nolase (E
C

 4.2.1.11)
x

Q
3IQ

T0_N
ATP

D
>gnl|tr|Q

3IQ
T0_N

ATP
D

 (Q
3IQ

T0) P
hosphopyruvate hydratase (E

C
 4.2.1.11) 

(E
nolase) (E

C
 4.2.1.11)

x
Q

41N
P

7_M
E

TB
U

>gnl|tr|Q
41N

P
7_M

E
TB

U
 (Q

41N
P

7) E
nolase (E

C
 4.2.1.11)

x
Q

648E
0_9A

R
C

H
>gnl|tr|Q

648E
0_9A

R
C

H
 (Q

648E
0) P

hosphopyruvate hydratase enolase
x

Q
703Y

8_TH
E

TE
>gnl|tr|Q

703Y
8_TH

E
TE

 (Q
703Y

8) E
nolase (E

C
 4.2.1.11)

x
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A
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M
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C
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C
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Q
2N

G
02_9E

U
R

Y
>gnl|tr|Q

2N
G

02_9E
U

R
Y (Q

2N
G

02) E
nolase (E

C
 4.2.1.11)

x

Q
6K

ZN
3_P

IC
TO

>gnl|tr|Q
6K

ZN
3_P

IC
TO

 (Q
6K

ZN
3) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

O
93873_P

N
E

C
A

>gnl|tr|O
93873_P

N
E

C
A (O

93873) E
nolase

x
Q

2U
M

C
4_A

S
P

O
R

>gnl|tr|Q
2U

M
C

4_A
S

P
O

R
 (Q

2U
M

C
4) E

nolase
x

Q
4IN

62_G
IB

ZE

>gnl|tr|Q
4IN

62_G
IB

ZE
 (Q

4IN
62) E

N
O

_A
LTA

L E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) (M

ajor allergen A
lt a 11) (A

lt a 
X

I)
x

Q
5B

135_E
M

E
N

I
>gnl|tr|Q

5B
135_E

M
E

N
I (Q

5B
135) E

N
O

_A
S

P
O

R
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

Q
5K

G
11_C

R
Y

N
E

>gnl|tr|Q
5K

G
11_C

R
Y

N
E

 (Q
5K

G
11) E

nolase 1, putative
x

Q
8S

U
A

4_E
N

C
C

U
>gnl|tr|Q

8S
U

A
4_E

N
C

C
U

 (Q
8S

U
A

4) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

x

Q
7S

H
D

6_N
E

U
C

R
>gnl|tr|Q

7S
H

D
6_N

E
U

C
R

 (Q
7S

H
D

6) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

x
Q

53FT9_H
U

M
A

N
>gnl|tr|Q

53FT9_H
U

M
A

N
 (Q

53FT9) E
nolase 1 variant (Fragm

ent)
x

Q
53H

R
3_H

U
M

A
N

>gnl|tr|Q
53H

R
3_H

U
M

A
N

 (Q
53H

R
3) E

nolase 1 variant (Fragm
ent)

x

Q
6FH

V
6_H

U
M

A
N

>gnl|tr|Q
6FH

V
6_H

U
M

A
N

 (Q
6FH

V
6) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

O
44100_D

R
O

P
S

>gnl|tr|O
44100_D

R
O

P
S

 (O
44100) E

nolase (Fragm
ent)

X
O

44101_D
R

O
S

U
>gnl|tr|O

44101_D
R

O
S

U
 (O

44101) E
nolase (Fragm

ent)
X

Q
38B

V
6_9TR

Y
P

>gnl|tr|Q
38B

V
6_9TR

Y
P (Q

38B
V

6) E
nolase (E

C
 4.2.1.11)

x
Q

3H
L75_LE

IM
E

>gnl|tr|Q
3H

L75_LE
IM

E
 (Q

3H
L75) E

nolase (E
C

 4.2.1.11)
x

Q
3S

E
A

7_PA
R

TE
>gnl|tr|Q

3S
E

A
7_PA

R
TE

 (Q
3S

E
A

7) E
nolase, putative

x
Q

3S
E

B
6_PA

R
TE

>gnl|tr|Q
3S

E
B

6_PA
R

TE
 (Q

3S
E

B
6) E

nolase, putative
x

Q
4D

Z98_TR
Y

C
R

>gnl|tr|Q
4D

Z98_TR
Y

C
R

 (Q
4D

Z98) E
nolase, putative (E

C
 4.2.1.11)

x
Q

4N
1N

2_TH
E

PA
>gnl|tr|Q

4N
1N

2_TH
E

PA (Q
4N

1N
2) E

nolase, putative (E
C

 4.2.1.11)
x

Q
4Q

FL8_LE
IM

A
>gnl|tr|Q

4Q
FL8_LE

IM
A (Q

4Q
FL8) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

Q
4U

8Y
7_TH

E
A

N
>gnl|tr|Q

4U
8Y

7_TH
E

A
N

 (Q
4U

8Y
7) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

Q
4Y

Q
J5_P

LA
B

E
>gnl|tr|Q

4Y
Q

J5_P
LA

B
E

 (Q
4Y

Q
J5) E

nolase, putative
x
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M
isan. 

C
ode

Incorrect
C

orrect

Q
50Q

B
0_E

N
TH

I
>gnl|tr|Q

50Q
B

0_E
N

TH
I (Q

50Q
B

0) E
nolase, putative

x
Q

56R
N

2_D
R

O
M

I
>gnl|tr|Q

56R
N

2_D
R

O
M

I (Q
56R

N
2) E

nolase (Fragm
ent)

x
Q

56R
N

9_D
R

O
M

I
>gnl|tr|Q

56R
N

9_D
R

O
M

I (Q
56R

N
9) E

nolase (Fragm
ent)

x
Q

56R
P

2_D
R

O
P

S
>gnl|tr|Q

56R
P

2_D
R

O
P

S
 (Q

56R
P

2) E
nolase (Fragm

ent)
x

Q
5C

R
P

8_C
R

Y
P

V
>gnl|tr|Q

5C
R

P
8_C

R
Y

P
V

 (Q
5C

R
P

8) E
nolase (2-phosphoglycerate dehydratase) 

(Fragm
ent)

x
Q

5E
FD

8_TR
IVA

>gnl|tr|Q
5E

FD
8_TR

IVA (Q
5E

FD
8) E

nolase
x

Q
5X

X
S

5_9H
E

M
I

>gnl|tr|Q
5X

X
S

5_9H
E

M
I (Q

5X
X

S
5) E

nolase
x

Q
6A

4N
1_C

A
E

E
L

>gnl|tr|Q
6A

4N
1_C

A
E

E
L (Q

6A
4N

1) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

x
Q

6JK
T2_9E

U
K

A
>gnl|tr|Q

6JK
T2_9E

U
K

A (Q
6JK

T2) E
nolase (Fragm

ent)
x

Q
6JK

T3_9E
U

K
A

>gnl|tr|Q
6JK

T3_9E
U

K
A (Q

6JK
T3) E

nolase (Fragm
ent)

x
Q

6JK
T4_9E

U
K

A
>gnl|tr|Q

6JK
T4_9E

U
K

A (Q
6JK

T4) E
nolase (Fragm

ent)
x

Q
6JK

T5_9E
U

K
A

>gnl|tr|Q
6JK

T5_9E
U

K
A (Q

6JK
T5) E

nolase (Fragm
ent)

x
Q

6JK
T6_9E

U
K

A
>gnl|tr|Q

6JK
T6_9E

U
K

A (Q
6JK

T6) E
nolase (Fragm

ent)
x

Q
6JK

T7_9E
U

K
A

>gnl|tr|Q
6JK

T7_9E
U

K
A (Q

6JK
T7) E

nolase (Fragm
ent)

x
Q

6JK
T8_9E

U
K

A
>gnl|tr|Q

6JK
T8_9E

U
K

A (Q
6JK

T8) E
nolase (Fragm

ent)
x

Q
6JK

T9_9E
U

K
A

>gnl|tr|Q
6JK

T9_9E
U

K
A (Q

6JK
T9) E

nolase (Fragm
ent)

x
Q

6JK
U

0_9E
U

K
A

>gnl|tr|Q
6JK

U
0_9E

U
K

A (Q
6JK

U
0) E

nolase (Fragm
ent)

x
Q

6W
P

07_9E
U

K
A

>gnl|tr|Q
6W

P
07_9E

U
K

A (Q
6W

P
07) E

nolase (Fragm
ent)

x
Q

6W
P

08_TR
IFO

>gnl|tr|Q
6W

P
08_TR

IFO
 (Q

6W
P

08) E
nolase (Fragm

ent)
x

Q
76D

W
2_9E

U
K

A
>gnl|tr|Q

76D
W

2_9E
U

K
A (Q

76D
W

2) E
nolase

x
Q

7Y
ZX

3_O
N

C
V

O
>gnl|tr|Q

7Y
ZX

3_O
N

C
V

O
 (Q

7Y
ZX

3) E
nolase

x
Q

8M
U

59_A
N

IS
I

>gnl|tr|Q
8M

U
59_A

N
IS

I (Q
8M

U
59) E

nolase (E
C

 4.2.1.11)
x

Q
8M

V
R

9_C
LO

S
I

>gnl|tr|Q
8M

V
R

9_C
LO

S
I (Q

8M
V

R
9) E

nolase
x

Q
8W

P
40_G

IA
LA

>gnl|tr|Q
8W

P
40_G

IA
LA (Q

8W
P

40) E
nolase (E

C
 4.2.1.11)

x
Q

95W
A

8_9H
Y

M
N

>gnl|tr|Q
95W

A
8_9H

Y
M

N
 (Q

95W
A

8) E
nolase (Fragm

ent)
x

Q
95W

A
9_TE

TTH
>gnl|tr|Q

95W
A

9_TE
TTH

 (Q
95W

A
9) E

nolase (Fragm
ent)

x
Q

95W
B

0_9H
Y

M
N

>gnl|tr|Q
95W

B
0_9H

Y
M

N
 (Q

95W
B

0) E
nolase (Fragm

ent)
x

Q
95W

B
1_PA

R
TE

>gnl|tr|Q
95W

B
1_PA

R
TE

 (Q
95W

B
1) E

nolase (Fragm
ent)

x
Q

967M
9_9C

U
C

U
>gnl|tr|Q

967M
9_9C

U
C

U
 (Q

967M
9) E

nolase (Fragm
ent)

x
Q

967N
8_9C

U
C

U
>gnl|tr|Q

967N
8_9C

U
C

U
 (Q

967N
8) E

nolase (Fragm
ent)

x
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Q
967U

0_TR
IS

P
>gnl|tr|Q

967U
0_TR

IS
P (Q

967U
0) E

nolase
x

Q
9N

D
F5_9TR

Y
P

>gnl|tr|Q
9N

D
F5_9TR

Y
P (Q

9N
D

F5) E
nolase (E

C
 4.2.1.11) (Fragm

ent)
x

Q
9N

D
F6_TR

IVA
>gnl|tr|Q

9N
D

F6_TR
IVA (Q

9N
D

F6) E
nolase 5 (E

C
 4.2.1.11) (Fragm

ent)
x

Q
9N

D
F7_TR

IVA
>gnl|tr|Q

9N
D

F7_TR
IVA (Q

9N
D

F7) E
nolase 4 (E

C
 4.2.1.11) (Fragm

ent)
x

Q
9N

D
F8_TR

IVA
>gnl|tr|Q

9N
D

F8_TR
IVA (Q

9N
D

F8) E
nolase 3 (E

C
 4.2.1.11) (Fragm

ent)
x

Q
9N

D
F9_TR

IVA
>gnl|tr|Q

9N
D

F9_TR
IVA (Q

9N
D

F9) E
nolase 2 (E

C
 4.2.1.11) (Fragm

ent)
x

Q
9N

D
G

0_TR
IVA

>gnl|tr|Q
9N

D
G

0_TR
IVA (Q

9N
D

G
0) E

nolase 1 (E
C

 4.2.1.11) (Fragm
ent)

x
Q

9N
D

G
2_9E

U
K

A
>gnl|tr|Q

9N
D

G
2_9E

U
K

A (Q
9N

D
G

2) E
nolase 2 (E

C
 4.2.1.11) (Fragm

ent)
x

Q
9N

D
H

8_TR
Y

B
B

>gnl|tr|Q
9N

D
H

8_TR
Y

B
B

 (Q
9N

D
H

8) E
nolase (E

C
 4.2.1.11)

x
Q

9N
G

67_9H
E

X
A

>gnl|tr|Q
9N

G
67_9H

E
X

A (Q
9N

G
67) E

nolase (Fragm
ent)

x
Q

9N
G

68_9M
Y

R
I

>gnl|tr|Q
9N

G
68_9M

Y
R

I (Q
9N

G
68) E

nolase (Fragm
ent)

x
Q

9N
G

69_9M
Y

R
I

>gnl|tr|Q
9N

G
69_9M

Y
R

I (Q
9N

G
69) E

nolase (Fragm
ent)

x
Q

5IS
Q

0_M
A

C
FA

>gnl|tr|Q
5IS

Q
0_M

A
C

FA (Q
5IS

Q
0) E

nolase 2 (Fragm
ent)

x

Q
5R

6Y
1_P

O
N

P
Y

>gnl|tr|Q
5R

6Y
1_P

O
N

P
Y (Q

5R
6Y

1) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

x
Q

33A
R

3_O
R

Y
S

A
>gnl|tr|Q

33A
R

3_O
R

Y
S

A (Q
33A

R
3) E

nolase
x

Q
33A

R
4_O

R
Y

S
A

>gnl|tr|Q
33A

R
4_O

R
Y

S
A (Q

33A
R

4) E
nolase

x
Q

4H
4A

2_9D
IN

O
>gnl|tr|Q

4H
4A

2_9D
IN

O
 (Q

4H
4A

2) E
nolase 3 (Fragm

ent)
x

Q
4H

4A
4_9D

IN
O

>gnl|tr|Q
4H

4A
4_9D

IN
O

 (Q
4H

4A
4) E

nolase 3 (Fragm
ent)

x
Q

4H
4A

5_9D
IN

O
>gnl|tr|Q

4H
4A

5_9D
IN

O
 (Q

4H
4A

5) E
nolase 2 (Fragm

ent)
x

Q
4H

4A
8_K

A
R

B
R

>gnl|tr|Q
4H

4A
8_K

A
R

B
R

 (Q
4H

4A
8) E

nolase 3 (Fragm
ent)

x
Q

4H
4B

0_K
A

R
B

R
>gnl|tr|Q

4H
4B

0_K
A

R
B

R
 (Q

4H
4B

0) E
nolase 3 (Fragm

ent)
x

Q
4H

4B
1_K

A
R

B
R

>gnl|tr|Q
4H

4B
1_K

A
R

B
R

 (Q
4H

4B
1) E

nolase 2 (Fragm
ent)

x
Q

4H
4B

2_K
A

R
B

R
>gnl|tr|Q

4H
4B

2_K
A

R
B

R
 (Q

4H
4B

2) E
nolase 2 (Fragm

ent)
x

Q
5U

U
97_H

E
TTR

>gnl|tr|Q
5U

U
97_H

E
TTR

 (Q
5U

U
97) E

nolase 2 (Fragm
ent)

x
Q

5V
N

T9_O
R

Y
S

A
>gnl|tr|Q

5V
N

T9_O
R

Y
S

A (Q
5V

N
T9) P

utative enolase
x

Q
5W

Q
L5_H

E
TTR

>gnl|tr|Q
5W

Q
L5_H

E
TTR

 (Q
5W

Q
L5) E

nolase (Fragm
ent)

x
Q

5W
Q

L6_9S
TR

A
>gnl|tr|Q

5W
Q

L6_9S
TR

A (Q
5W

Q
L6) E

nolase (Fragm
ent)

x
Q

5W
Q

L7_9E
U

K
A

>gnl|tr|Q
5W

Q
L7_9E

U
K

A (Q
5W

Q
L7) E

nolase (Fragm
ent)

x
Q

5W
Q

L8_9S
TR

A
>gnl|tr|Q

5W
Q

L8_9S
TR

A (Q
5W

Q
L8) E

nolase (Fragm
ent)

x
Q

5W
Q

L9_P
H

ATR
>gnl|tr|Q

5W
Q

L9_P
H

ATR
 (Q

5W
Q

L9) E
nolase (Fragm

ent)
x

Q
5W

Q
M

1_IS
O

G
A

>gnl|tr|Q
5W

Q
M

1_IS
O

G
A (Q

5W
Q

M
1) E

nolase (Fragm
ent)

x
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Q
5W

Q
M

2_9S
TR

A
>gnl|tr|Q

5W
Q

M
2_9S

TR
A (Q

5W
Q

M
2) E

nolase (Fragm
ent)

x
Q

5W
Q

M
3_9S

TR
A

>gnl|tr|Q
5W

Q
M

3_9S
TR

A (Q
5W

Q
M

3) E
nolase 2 (Fragm

ent)
x

Q
5W

Q
M

4_9S
TR

A
>gnl|tr|Q

5W
Q

M
4_9S

TR
A (Q

5W
Q

M
4) E

nolase 1 (Fragm
ent)

x
Q

6W
7E

7_B
R

A
N

A
>gnl|tr|Q

6W
7E

7_B
R

A
N

A (Q
6W

7E
7) E

nolase
x

Q
6W

7E
8_B

R
A

C
M

>gnl|tr|Q
6W

7E
8_B

R
A

C
M

 (Q
6W

7E
8) E

nolase
x

Q
6W

B
92_G

O
S

B
A

>gnl|tr|Q
6W

B
92_G

O
S

B
A (Q

6W
B

92) E
nolase

x
Q

7X
B

E
4_O

R
Y

S
A

>gnl|tr|Q
7X

B
E

4_O
R

Y
S

A (Q
7X

B
E

4) E
nolase (E

C
 4.2.1.11)

x
Q

84R
L9_D

U
N

S
A

>gnl|tr|Q
84R

L9_D
U

N
S

A (Q
84R

L9) E
nolase

x
Q

8H
716_P

H
Y

IN
>gnl|tr|Q

8H
716_P

H
Y

IN
 (Q

8H
716) E

nolase
x

Q
8LM

12_O
R

Y
S

A
>gnl|tr|Q

8LM
12_O

R
Y

S
A (Q

8LM
12) P

utative enolase (2-phospho-D
-glycerate 

hydroylase)
x

Q
8R

W
M

8_A
R

ATH
>gnl|tr|Q

8R
W

M
8_A

R
ATH

 (Q
8R

W
M

8) E
nolase (2-phospho-D

-glycerate hydroylase)
x

Q
8V

Y
G

4_A
R

ATH
>gnl|tr|Q

8V
Y

G
4_A

R
ATH

 (Q
8V

Y
G

4) P
utative enolase (2-phospho-D

-glycerate 
hydroylase)

x
Q
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C

 4.2.1.11)
x

Q
40B

D
7_9R

H
O

B
>gnl|tr|Q

40B
D

7_9R
H

O
B

 (Q
40B

D
7) E

nolase (E
C

 4.2.1.11)
x

Q
40JH

5_E
H

R
C

H
>gnl|tr|Q

40JH
5_E

H
R

C
H

 (Q
40JH

5) E
nolase (E

C
 4.2.1.11)

x
Q

40LS
9_D

E
S

A
C

>gnl|tr|Q
40LS

9_D
E

S
A

C
 (Q

40LS
9) E

nolase (E
C

 4.2.1.11)
x

Q
415I2_K

IN
R

A
>gnl|tr|Q

415I2_K
IN

R
A (Q

415I2) E
nolase (E

C
 4.2.1.11)

x
Q

41A
A

9_9B
A

C
I

>gnl|tr|Q
41A

A
9_9B

A
C

I (Q
41A

A
9) E

nolase (E
C

 4.2.1.11)
x

Q
421L5_D

E
S

H
A

>gnl|tr|Q
421L5_D

E
S

H
A (Q

421L5) E
nolase (E

C
 4.2.1.11)

x
Q

438Q
7_9A

C
TO

>gnl|tr|Q
438Q

7_9A
C

TO
 (Q

438Q
7) E

nolase (E
C

 4.2.1.11)
x

Q
43J81_9C

H
LB

>gnl|tr|Q
43J81_9C

H
LB

 (Q
43J81) E

nolase (E
C

 4.2.1.11)
x

Q
43K

U
5_S

O
LU

S
>gnl|tr|Q

43K
U

5_S
O

LU
S

 (Q
43K

U
5) E

nolase (E
C

 4.2.1.11)
x
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M
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Q
44G

15_C
H

R
S

L
>gnl|tr|Q

44G
15_C

H
R

S
L (Q

44G
15) E

nolase (E
C

 4.2.1.11)
x

Q
44T71_C

H
LLI

>gnl|tr|Q
44T71_C

H
LLI (Q

44T71) E
nolase (E

C
 4.2.1.11)

x
Q

457U
5_9B

U
R

K
>gnl|tr|Q

457U
5_9B

U
R

K
 (Q

457U
5) E

nolase (E
C

 4.2.1.11)
x

Q
45R

T9_B
IFA

N
>gnl|tr|Q

45R
T9_B

IFA
N

 (Q
45R

T9) A
lpha-enolase

x
Q

46H
G

5_P
R

O
M

T
>gnl|tr|Q

46H
G

5_P
R

O
M

T (Q
46H

G
5) E

nolase (E
C

 4.2.1.11)
x

Q
473G

4_R
A

LE
J

>gnl|tr|Q
473G

4_R
A

LE
J (Q

473G
4) E

nolase (E
C

 4.2.1.11)
x

Q
47D

I1_D
E

C
A

R
>gnl|tr|Q

47D
I1_D

E
C

A
R

 (Q
47D

I1) E
nolase

x
Q

47S
V

1_TH
E

FY
>gnl|tr|Q

47S
V

1_TH
E

FY (Q
47S

V
1) E

nolase (E
C

 4.2.1.11)
x

Q
47W

R
1_C

O
LP

3
>gnl|tr|Q

47W
R

1_C
O

LP
3 (Q

47W
R

1) E
nolase (E

C
 4.2.1.11)

x
Q

48F79_P
S

E
14

>gnl|tr|Q
48F79_P

S
E

14 (Q
48F79) E

nolase (E
C

 4.2.1.11)
x

Q
48U

F7_S
TR

P
M

>gnl|tr|Q
48U

F7_S
TR

P
M

 (Q
48U

F7) E
nolase (E

C
 4.2.1.11)

x
Q

493N
5_B

LO
P

B
>gnl|tr|Q

493N
5_B

LO
P

B
 (Q

493N
5) E

nolase
x

Q
49W

03_S
TA

S
1

>gnl|tr|Q
49W

03_S
TA

S
1 (Q

49W
03) E

nolase
x

Q
4A

740_M
Y

C
S

5
>gnl|tr|Q

4A
740_M

Y
C

S
5 (Q

4A
740) E

nolase (E
C

 4.2.1.11)
x

Q
4A

8B
5_M

Y
C

H
7

>gnl|tr|Q
4A

8B
5_M

Y
C

H
7 (Q

4A
8B

5) E
nolase (E

C
 4.2.1.11)

x
Q

4A
A

88_M
Y

C
H

J
>gnl|tr|Q

4A
A

88_M
Y

C
H

J (Q
4A

A
88) E

nolase (E
C

 4.2.1.11)
x

Q
4A

FG
0_9C

H
LB

>gnl|tr|Q
4A

FG
0_9C

H
LB

 (Q
4A

FG
0) E

nolase (E
C

 4.2.1.11)
x

Q
4A

J21_9C
H

LB
>gnl|tr|Q

4A
J21_9C

H
LB

 (Q
4A

J21) E
nolase (E

C
 4.2.1.11)

x
Q

4A
R

P
8_9B

U
R

K
>gnl|tr|Q

4A
R

P
8_9B

U
R

K
 (Q

4A
R

P
8) E

nolase (E
C

 4.2.1.11)
x

Q
4B

7M
9_B

U
R

V
I

>gnl|tr|Q
4B

7M
9_B

U
R

V
I (Q

4B
7M

9) E
nolase (E

C
 4.2.1.11)

x
Q

4B
X

E
8_C

R
O

W
T

>gnl|tr|Q
4B

X
E

8_C
R

O
W

T (Q
4B

X
E

8) E
nolase (E

C
 4.2.1.11)

x
Q

4E
B

A
7_9R

IC
K

>gnl|tr|Q
4E

B
A

7_9R
IC

K
 (Q

4E
B

A
7) E

nolase (E
C

 4.2.1.11)
x

Q
4E

E
P

6_LIS
M

O
>gnl|tr|Q

4E
E

P
6_LIS

M
O

 (Q
4E

E
P

6) E
nolase (E

C
 4.2.1.11)

x
Q

4FM
37_P

E
LU

B
>gnl|tr|Q

4FM
37_P

E
LU

B
 (Q

4FM
37) E

nolase (E
C

 4.2.1.11)
x

Q
4FR

74_P
S

YA
R

>gnl|tr|Q
4FR

74_P
S

YA
R

 (Q
4FR

74) E
nolase (E

C
 4.2.1.11)

x
Q

4H
8Q

9_9D
E

IO
>gnl|tr|Q

4H
8Q

9_9D
E

IO
 (Q

4H
8Q

9) E
nolase (E

C
 4.2.1.11)

x
Q

4H
E

43_C
A

M
C

O
>gnl|tr|Q

4H
E

43_C
A

M
C

O
 (Q

4H
E

43) E
nolase (E

C
 4.2.1.11)

x
Q

4H
LW

3_C
A

M
LA

>gnl|tr|Q
4H

LW
3_C

A
M

LA (Q
4H

LW
3) E

nolase (E
C

 4.2.1.11)
x

Q
4H

R
03_C

A
M

U
P

>gnl|tr|Q
4H

R
03_C

A
M

U
P (Q

4H
R

03) E
nolase (E

C
 4.2.1.11)

x
Q

4IU
V

7_A
ZO

V
I

>gnl|tr|Q
4IU

V
7_A

ZO
V

I (Q
4IU

V
7) E

nolase precursor (E
C

 4.2.1.11)
x

Q
4IV

38_A
ZO

V
I

>gnl|tr|Q
4IV

38_A
ZO

V
I (Q

4IV
38) E

nolase (E
C

 4.2.1.11)
x

Q
4IX

V
2_A

ZO
V

I
>gnl|tr|Q

4IX
V

2_A
ZO

V
I (Q

4IX
V

2) E
nolase (E

C
 4.2.1.11)

x
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M
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A
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A
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M
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C
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C
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Q
4J257_A

ZO
V

I
>gnl|tr|Q

4J257_A
ZO

V
I (Q

4J257) E
nolase (E

C
 4.2.1.11)

x
Q

4LM
D

0_9B
U

R
K

>gnl|tr|Q
4LM

D
0_9B

U
R

K
 (Q

4LM
D

0) E
nolase (E

C
 4.2.1.11)

x
Q

4M
Q

53_B
A

C
C

E
>gnl|tr|Q

4M
Q

53_B
A

C
C

E
 (Q

4M
Q

53) E
nolase (E

C
 4.2.1.11)

x
Q

4N
II0_9M

IC
C

>gnl|tr|Q
4N

II0_9M
IC

C
 (Q

4N
II0) E

nolase (E
C

 4.2.1.11)
x

Q
4N

T46_9D
E

LT
>gnl|tr|Q

4N
T46_9D

E
LT (Q

4N
T46) E

nolase (E
C

 4.2.1.11)
x

Q
4U

TP
2_X

A
N

C
8

>gnl|tr|Q
4U

TP
2_X

A
N

C
8 (Q

4U
TP

2) E
nolase

x
Q

4ZW
E

0_P
S

E
U

2
>gnl|tr|Q

4ZW
E

0_P
S

E
U

2 (Q
4ZW

E
0) E

nolase (E
C

 4.2.1.11)
x

Q
4ZW

Q
8_P

S
E

U
2

>gnl|tr|Q
4ZW

Q
8_P

S
E

U
2 (Q

4ZW
Q

8) E
nolase (E

C
 4.2.1.11)

x
Q

58W
U

7_9B
A

C
T

>gnl|tr|Q
58W

U
7_9B

A
C

T (Q
58W

U
7) E

nolase
x

Q
5K

117_9LA
C

O
>gnl|tr|Q

5K
117_9LA

C
O

 (Q
5K

117) A
lpha-enolase (E

C
 4.2.1.11)

x
Q

5N
JY

7_LA
C

P
L

>gnl|tr|Q
5N

JY
7_LA

C
P

L (Q
5N

JY
7) E

nolase (E
C

 4.2.1.11)
x

Q
5N

JZ3_LA
C

S
K

>gnl|tr|Q
5N

JZ3_LA
C

S
K

 (Q
5N

JZ3) E
nolase

x
Q

6S
E

T0_9B
A

C
T

>gnl|tr|Q
6S

E
T0_9B

A
C

T (Q
6S

E
T0) E

nolase (E
C

 4.2.1.11)
x

Q
6S

G
G

1_9B
A

C
T

>gnl|tr|Q
6S

G
G

1_9B
A

C
T (Q

6S
G

G
1) E

nolase (E
C

 4.2.1.11)
x

Q
7P

791_FU
S

N
V

>gnl|tr|Q
7P

791_FU
S

N
V

 (Q
7P

791) E
nolase (E

C
 4.2.1.11)

x
Q

845Q
5_9S

TR
E

>gnl|tr|Q
845Q

5_9S
TR

E
 (Q

845Q
5) E

nolase
x

Q
84FY

9_M
E

TE
X

>gnl|tr|Q
84FY

9_M
E

TE
X

 (Q
84FY

9) E
nolase

x
Q

8G
D

Z5_H
E

LM
O

>gnl|tr|Q
8G

D
Z5_H

E
LM

O
 (Q

8G
D

Z5) E
nolase (E

C
 4.2.1.11) (Fragm

ent)
x

Q
8R

P
81_S

TR
A

G
>gnl|tr|Q

8R
P

81_S
TR

A
G

 (Q
8R

P
81) E

nolase
x

Q
935W

7_S
TR

P
N

>gnl|tr|Q
935W

7_S
TR

P
N

 (Q
935W

7) A
lpha-enolase

x
Q

2N
A

Q
1_9S

P
H

N
>gnl|tr|Q

2N
A

Q
1_9S

P
H

N
 (Q

2N
A

Q
1) E

nolase
x

Q
2N

J39_9M
O

LU
>gnl|tr|Q

2N
J39_9M

O
LU

 (Q
2N

J39) E
nolase (E

C
 4.2.1.11)

x
Q

2N
V

N
7_S

O
D

G
L

>gnl|tr|Q
2N

V
N

7_S
O

D
G

L (Q
2N

V
N

7) E
nolase

x
Q

2P
1K

8_X
A

N
O

R
>gnl|tr|Q

2P
1K

8_X
A

N
O

R
 (Q

2P
1K

8) E
nolase

x
Q

4K
H

F6_P
S

E
F5

>gnl|tr|Q
4K

H
F6_P

S
E

F5 (Q
4K

H
F6) E

nolase (E
C

 4.2.1.11)
x

Q
4L4K

7_S
TA

H
J

>gnl|tr|Q
4L4K

7_S
TA

H
J (Q

4L4K
7) E

nolase
x

Q
4Q

LX
6_H

A
E

I8
>gnl|tr|Q

4Q
LX

6_H
A

E
I8 (Q

4Q
LX

6) E
nolase (E

C
 4.2.1.11)

x
Q

57D
07_B

R
U

A
B

>gnl|tr|Q
57D

07_B
R

U
A

B
 (Q

57D
07) E

nolase
x

Q
57K

H
0_S

A
LC

H
>gnl|tr|Q

57K
H

0_S
A

LC
H

 (Q
57K

H
0) E

nolase
x

Q
5FH

95_E
H

R
R

G
>gnl|tr|Q

5FH
95_E

H
R

R
G

 (Q
5FH

95) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

x
Q

5G
TG

4_W
O

LTR
>gnl|tr|Q

5G
TG

4_W
O

LTR
 (Q

5G
TG

4) E
nolase

x
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A
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M
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C
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Q
5L4S

5_C
H

LA
B

>gnl|tr|Q
5L4S

5_C
H

LA
B

 (Q
5L4S

5) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

x

Q
5LG

64_B
A

C
FN

>gnl|tr|Q
5LG

64_B
A

C
FN

 (Q
5LG

64) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

x

Q
5PA

S
6_A

N
A

M
M

>gnl|tr|Q
5PA

S
6_A

N
A

M
M

 (Q
5PA

S
6) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

Q
2Y

P
V

0_B
R

U
A

2
>gnl|tr|Q

2Y
P

V
0_B

R
U

A
2 (Q

2Y
P

V
0) E

nolase (E
C

 4.2.1.11)
x

Q
5H

B
46_E

H
R

R
W

>gnl|tr|Q
5H

B
46_E

H
R

R
W

 (Q
5H

B
46) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

Q
65E

N
2_B

A
C

LD
>gnl|tr|Q

65E
N

2_B
A

C
LD

 (Q
65E

N
2) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

Q
3U

J20_M
O

U
S

E

>gnl|tr|Q
3U

J20_M
O

U
S

E
 (Q

3U
J20) 17 days em

bryo heart cD
N

A
, R

IK
E

N
 full-length 

enriched library, clone:I920038O
04 product:enolase 2, gam

m
a neuronal, full insert 

sequence
x

Q
545V

3_M
O

U
S

E

>gnl|tr|Q
545V

3_M
O

U
S

E
 (Q

545V
3) A

dult m
ale brain cD

N
A

, R
IK

E
N

 full-length 
enriched library, clone:0710008M

22 product:enolase 2, gam
m

a neuronal, full insert 
sequence (A

dult m
ale cerebellum

 cD
N

A
, R

IK
E

N
 full-length enriched library, 

clone:1520403G
13 product:enolase 2,

x
Q

5E
B

49_R
AT

>gnl|tr|Q
5E

B
49_R

AT (Q
5E

B
49) E

nolase 1, alpha
x

Q
5FW

97_M
O

U
S

E

>gnl|tr|Q
5FW

97_M
O

U
S

E
 (Q

5FW
97) H

ypothetical protein LO
C

433182 (M
elanocyte 

cD
N

A
, R

IK
E

N
 full-length enriched library, clone:G

270128I15 product:enolase 1, 
alpha non-neuron, full insert sequence) (B

one m
arrow

 m
acrophage cD

N
A

, R
IK

E
N

 
full-length enriched library, clone

x

Q
5S

X
58_M

O
U

S
E

>gnl|tr|Q
5S

X
58_M

O
U

S
E

 (Q
5S

X
58) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase)
x

Q
5X

IV
3_R

AT
>gnl|tr|Q

5X
IV

3_R
AT (Q

5X
IV

3) E
nolase 3, beta

x
Q

568G
3_B

R
A

R
E

>gnl|tr|Q
568G

3_B
R

A
R

E
 (Q

568G
3) E

nolase 3, (B
eta, m

uscle)
x

Q
6G

Q
M

9_B
R

A
R

E
>gnl|tr|Q

6G
Q

M
9_B

R
A

R
E

 (Q
6G

Q
M

9) E
nolase 2

x
Q

6IQ
P

5_B
R

A
R

E
>gnl|tr|Q

6IQ
P

5_B
R

A
R

E
 (Q

6IQ
P

5) E
nolase 1, (A

lpha)
x

Q
6P

8E
1_X

E
N

TR
>gnl|tr|Q

6P
8E

1_X
E

N
TR

 (Q
6P

8E
1) E

nolase (2-phosphoglycerate dehydratase)
x

Q
6P

C
12_B

R
A

R
E

>gnl|tr|Q
6P

C
12_B

R
A

R
E

 (Q
6P

C
12) E

nolase 1, (A
lpha)

x
Q

6TH
14_B

R
A

R
E

>gnl|tr|Q
6TH

14_B
R

A
R

E
 (Q

6TH
14) E

nolase 1, (A
lpha)

x
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M
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C
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Q
8JFE

0_C
R

O
P

L
>gnl|tr|Q

8JFE
0_C

R
O

P
L (Q

8JFE
0) Tau-crystallin protein (A

lpha-enolase)
x

Q
9D

D
G

6_S
A

LTR
>gnl|tr|Q

9D
D

G
6_S

A
LTR

 (Q
9D

D
G

6) A
lpha-2 enolase-1 (Fragm

ent)
x

Q
9D

D
G

7_S
A

LTR
>gnl|tr|Q

9D
D

G
7_S

A
LTR

 (Q
9D

D
G

7) A
lpha-1 enolase-1 (Fragm

ent)
x

Q
9D

D
G

8_C
H

IP
U

>gnl|tr|Q
9D

D
G

8_C
H

IP
U

 (Q
9D

D
G

8) B
eta enolase-1 (Fragm

ent)
x

Q
9D

D
G

9_C
H

IP
U

>gnl|tr|Q
9D

D
G

9_C
H

IP
U

 (Q
9D

D
G

9) A
lpha enolase-1 (Fragm

ent)
x

Q
9D

D
H

0_N
E

O
FS

>gnl|tr|Q
9D

D
H

0_N
E

O
FS

 (Q
9D

D
H

0) B
eta enolase-1 (Fragm

ent)
x

Q
9D

D
H

1_LE
P

PA
>gnl|tr|Q

9D
D

H
1_LE

P
PA (Q

9D
D

H
1) B

eta enolase-1 (Fragm
ent)

x
Q

9D
D

H
4_LATC

H
>gnl|tr|Q

9D
D

H
4_LATC

H
 (Q

9D
D

H
4) A

lpha enolase-1 (Fragm
ent)

x
Q

9D
D

H
5_A

M
IC

A
>gnl|tr|Q

9D
D

H
5_A

M
IC

A (Q
9D

D
H

5) B
eta enolase-1 (Fragm

ent)
x

Q
9D

D
H

6_A
M

IC
A

>gnl|tr|Q
9D

D
H

6_A
M

IC
A (Q

9D
D

H
6) A

lpha enolase-1 (Fragm
ent)

x
Q

9P
TX

5_LA
M

R
E

>gnl|tr|Q
9P

TX
5_LA

M
R

E
 (Q

9P
TX

5) E
nolase-2 (Fragm

ent)
x

Q
9P

TX
6_LA

M
R

E
>gnl|tr|Q

9P
TX

6_LA
M

R
E

 (Q
9P

TX
6) E

nolase-1 (Fragm
ent)

x
Q

9U
5F7_E

P
TB

U
>gnl|tr|Q

9U
5F7_E

P
TB

U
 (Q

9U
5F7) E

nolase (Fragm
ent)

x
Q

9W
6C

9_C
A

IC
R

>gnl|tr|Q
9W

6C
9_C

A
IC

R
 (Q

9W
6C

9) A
lpha enolase (Fragm

ent)
x

Q
9W

6D
0_S

P
H

P
U

>gnl|tr|Q
9W

6D
0_S

P
H

P
U

 (Q
9W

6D
0) A

lpha enolase (Fragm
ent)

x
Q

9W
6D

1_E
U

M
IN

>gnl|tr|Q
9W

6D
1_E

U
M

IN
 (Q

9W
6D

1) A
lpha enolase (Fragm

ent)
x

Q
9W

6D
2_TR

A
S

C
>gnl|tr|Q

9W
6D

2_TR
A

S
C

 (Q
9W

6D
2) A

lpha enolase (Fragm
ent)

x
Q

9W
6D

3_9S
A

U
R

>gnl|tr|Q
9W

6D
3_9S

A
U

R
 (Q

9W
6D

3) A
lpha enolase (Fragm

ent)
x

Q
41R

U
7_FE

R
A

C
>gnl|tr|Q

41R
U

7_FE
R

A
C

 (Q
41R

U
7) P

hosphopyruvate hydratase (E
C

 4.2.1.11)
x

Q
468E

2_M
E

TB
A

>gnl|tr|Q
468E

2_M
E

TB
A (Q

468E
2) P

hosphopyruvate hydratase
x

Q
5K

LA
7_C

R
Y

N
E

>gnl|tr|Q
5K

LA
7_C

R
Y

N
E

 (Q
5K

LA
7) P

hosphopyruvate hydratase, putative
x

O
96656_P

E
N

M
O

>gnl|tr|O
96656_P

E
N

M
O

 (O
96656) P

hosphopyruvate hydratase
x

Q
54R

K
5_D

IC
D

I
>gnl|tr|Q

54R
K

5_D
IC

D
I (Q

54R
K

5) P
hosphopyruvate hydratase

x
Q

55F83_D
IC

D
I

>gnl|tr|Q
55F83_D

IC
D

I (Q
55F83) P

hosphopyruvate hydratase
x

Q
2R

T60_R
H

O
R

U
>gnl|tr|Q

2R
T60_R

H
O

R
U

 (Q
2R

T60) P
hosphopyruvate hydratase (E

C
 4.2.1.11)

x
Q

2S
4F8_9S

P
H

I
>gnl|tr|Q

2S
4F8_9S

P
H

I (Q
2S

4F8) P
hosphopyruvate hydratase (E

C
 4.2.1.11)

x
Q

30P
06_TH

ID
N

>gnl|tr|Q
30P

06_TH
ID

N
 (Q

30P
06) P

hosphopyruvate hydratase (E
C

 4.2.1.11)
x

Q
34LT3_R

H
O

PA
>gnl|tr|Q

34LT3_R
H

O
PA (Q

34LT3) P
hosphopyruvate hydratase (E

C
 4.2.1.11)

x
Q

38Y
18_LA

C
S

S
>gnl|tr|Q

38Y
18_LA

C
S

S
 (Q

38Y
18) P

hosphopyruvate hydratase (E
C

 4.2.1.11)
x

Q
39E

V
9_B

U
R

S
3

>gnl|tr|Q
39E

V
9_B

U
R

S
3 (Q

39E
V

9) P
hosphopyruvate hydratase (E

C
 4.2.1.11)

x
Q

3JC
T1_N

ITO
C

>gnl|tr|Q
3JC

T1_N
ITO

C
 (Q

3JC
T1) P

hosphopyruvate hydratase (E
C

 4.2.1.11)
x

Q
3JQ

Q
6_B

U
R

P
1

>gnl|tr|Q
3JQ

Q
6_B

U
R

P
1 (Q

3JQ
Q

6) P
hosphopyruvate hydratase (E

C
 4.2.1.11)

x
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M
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A
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A
nnotation

M
isan. 

C
ode
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C

orrect

Q
3K

H
92_P

S
E

P
F

>gnl|tr|Q
3K

H
92_P

S
E

P
F (Q

3K
H

92) P
hosphopyruvate hydratase (E

C
 4.2.1.11)

x

Q
6Q

W
P

3_9S
C

O
R

>gnl|tr|Q
6Q

W
P

3_9S
C

O
R

 (Q
6Q

W
P

3) 2-phospho-D
-glycerate hydrolase (Fragm

ent)
x

Q
6Q

W
P

4_9C
R

U
S

>gnl|tr|Q
6Q

W
P

4_9C
R

U
S

 (Q
6Q

W
P

4) 2-phospho-D
-glycerate hydrolase (Fragm

ent)
x

Q
6Q

W
P

5_9A
N

N
E

>gnl|tr|Q
6Q

W
P

5_9A
N

N
E

 (Q
6Q

W
P

5) 2-phospho-D
-glycerate hydrolase (Fragm

ent)
x

Q
6Q

W
P

6_C
A

LS
I

>gnl|tr|Q
6Q

W
P

6_C
A

LS
I (Q

6Q
W

P
6) 2-phospho-D

-glycerate hydrolase (Fragm
ent)

x

Q
6Q

W
P

7_9C
R

U
S

>gnl|tr|Q
6Q

W
P

7_9C
R

U
S

 (Q
6Q

W
P

7) 2-phospho-D
-glycerate hydrolase (Fragm

ent)
x

Q
6Q

W
P

8_9C
R

U
S

>gnl|tr|Q
6Q

W
P

8_9C
R

U
S

 (Q
6Q

W
P

8) 2-phospho-D
-glycerate hydrolase (Fragm

ent)
x

Q
6Q

W
P

9_LIM
P

O
>gnl|tr|Q

6Q
W

P
9_LIM

P
O

 (Q
6Q

W
P

9) 2-phospho-D
-glycerate hydrolase (Fragm

ent)
x

Q
6Q

W
Q

0_9A
R

A
C

>gnl|tr|Q
6Q

W
Q

0_9A
R

A
C

 (Q
6Q

W
Q

0) 2-phospho-D
-glycerate hydrolase (Fragm

ent)
x

Q
6Q

W
Q

1_9M
Y

R
I

>gnl|tr|Q
6Q

W
Q

1_9M
Y

R
I (Q

6Q
W

Q
1) 2-phospho-D

-glycerate hydrolase (Fragm
ent)

x

Q
6Q

W
Q

2_9M
Y

R
I

>gnl|tr|Q
6Q

W
Q

2_9M
Y

R
I (Q

6Q
W

Q
2) 2-phospho-D

-glycerate hydrolase (Fragm
ent)

x

Q
7X

A
S

6_C
Y

N
D

A
>gnl|tr|Q

7X
A

S
6_C

Y
N

D
A (Q

7X
A

S
6) P

ollen 2-phosphoglycerate dehydrogenase 2
x

Q
8V

V
B

4_S
TR

TR
>gnl|tr|Q

8V
V

B
4_S

TR
TR

 (Q
8V

V
B

4) 2-phosphoglycerate dehydratase
x

Q
4JU

51_C
O

R
JK

>gnl|tr|Q
4JU

51_C
O

R
JK

 (Q
4JU

51) E
no protein (E

C
 4.2.1.11)

x
Q

3B
U

N
6_X

A
N

C
5

>gnl|tr|Q
3B

U
N

6_X
A

N
C

5 (Q
3B

U
N

6) G
alactonate dehydratase (E

C
 4.2.1.6)

x
Q

48K
93_P

S
E

14
>gnl|tr|Q

48K
93_P

S
E

14 (Q
48K

93) G
alactonate dehydratase (E

C
 4.2.1.6)

x
Q

57I11_S
A

LC
H

>gnl|tr|Q
57I11_S

A
LC

H
 (Q

57I11) G
alactonate dehydratase

x
Q

5K
Y

J6_G
E

O
K

A
>gnl|tr|Q

5K
Y

J6_G
E

O
K

A (Q
5K

Y
J6) G

alactonate dehydratase (E
C

 4.2.1.6)
x

Q
5W

K
P

1_B
A

C
S

K
>gnl|tr|Q

5W
K

P
1_B

A
C

S
K

 (Q
5W

K
P

1) G
alactonate dehydratase (E

C
 4.2.1.6)

x
Q

63X
38_B

U
R

P
S

>gnl|tr|Q
63X

38_B
U

R
P

S
 (Q

63X
38) P

utative galactonate dehydratase protein
x

Q
7M

C
07_V

IB
V

Y
>gnl|tr|Q

7M
C

07_V
IB

V
Y (Q

7M
C

07) P
robable galactonate dehydratase protein

x
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B

L data (C
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A
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A
nnotation

M
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C
ode
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C
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Q
8X

V
S

8_R
A

LS
O

>gnl|tr|Q
8X

V
S

8_R
A

LS
O

 (Q
8X

V
S

8) P
U

TATIV
E

 G
A

LA
C

TO
N

ATE
 D

E
H

Y
D

R
ATA

S
E

 
P

R
O

TE
IN

 (E
C

 4.2.1.6)
x

Q
92W

53_R
H

IM
E

>gnl|tr|Q
92W

53_R
H

IM
E

 (Q
92W

53) P
robable galactonate dehydratase protein (E

C
 

4.2.1.6)
x

Q
2T252_B

U
R

TH
>gnl|tr|Q

2T252_B
U

R
TH

 (Q
2T252) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
35K

A
8_9B

R
A

D
>gnl|tr|Q

35K
A

8_9B
R

A
D

 (Q
35K

A
8) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
39K

L8_B
U

R
S

3
>gnl|tr|Q

39K
L8_B

U
R

S
3 (Q

39K
L8) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
3E

IQ
9_A

C
TS

C
>gnl|tr|Q

3E
IQ

9_A
C

TS
C

 (Q
3E

IQ
9) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
3F2Y

9_9B
U

R
K

>gnl|tr|Q
3F2Y

9_9B
U

R
K

 (Q
3F2Y

9) G
lucarate dehydratase (E

C
 4.2.1.40)

x
Q

3R
W

P
4_R

A
LM

E
>gnl|tr|Q

3R
W

P
4_R

A
LM

E
 (Q

3R
W

P
4) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
44TQ

7_9B
U

R
K

>gnl|tr|Q
44TQ

7_9B
U

R
K

 (Q
44TQ

7) G
lucarate dehydratase (E

C
 4.2.1.40)

x
Q

46U
W

1_R
A

LE
J

>gnl|tr|Q
46U

W
1_R

A
LE

J (Q
46U

W
1) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
4A

U
W

2_9B
U

R
K

>gnl|tr|Q
4A

U
W

2_9B
U

R
K

 (Q
4A

U
W

2) G
lucarate dehydratase (E

C
 4.2.1.40)

x
Q

4B
8L5_B

U
R

V
I

>gnl|tr|Q
4B

8L5_B
U

R
V

I (Q
4B

8L5) G
lucarate dehydratase (E

C
 4.2.1.40)

x
Q

4LLI4_9B
U

R
K

>gnl|tr|Q
4LLI4_9B

U
R

K
 (Q

4LLI4) G
lucarate dehydratase (E

C
 4.2.1.40)

x
Q

4ZR
S

0_P
S

E
U

2
>gnl|tr|Q

4ZR
S

0_P
S

E
U

2 (Q
4ZR

S
0) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
6D

173_E
R

W
C

T
>gnl|tr|Q

6D
173_E

R
W

C
T (Q

6D
173) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
6FFQ

2_A
C

IA
D

>gnl|tr|Q
6FFQ

2_A
C

IA
D

 (Q
6FFQ

2) D
-glucarate dehydratase (E

C
 4.2.1.40)

x
Q

89H
W

7_B
R

A
JA

>gnl|tr|Q
89H

W
7_B

R
A

JA (Q
89H

W
7) G

lucarate dehydratase (E
C

 4.2.1.40)
x

Q
8E

M
K

6_O
C

E
IH

>gnl|tr|Q
8E

M
K

6_O
C

E
IH

 (Q
8E

M
K

6) G
lucarate dehydratase (E

C
 4.2.1.40)

x

Q
8X

R
K

2_R
A

LS
O

>gnl|tr|Q
8X

R
K

2_R
A

LS
O

 (Q
8X

R
K

2) P
R

O
B

A
B

LE
 G

LU
C

A
R

ATE
 D

E
H

Y
D

R
ATA

S
E

 
P

R
O

TE
IN

 (E
C

 4.2.1.40)
x

Q
8Y

0G
5_R

A
LS

O
>gnl|tr|Q

8Y
0G

5_R
A

LS
O

 (Q
8Y

0G
5) P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 

P
R

O
TE

IN
 (E

C
 4.2.1.40)

x

Q
8Z443_S

A
LTI

>gnl|tr|Q
8Z443_S

A
LTI (Q

8Z443) P
robable glucarate dehydratase 1 (E

C
 4.2.1.40)

x
Q

8ZM
D

9_S
A

LTY
>gnl|tr|Q

8ZM
D

9_S
A

LTY (Q
8ZM

D
9) D

-glucarate dehydratase (E
C

 4.2.1.40)
x

Q
2X

863_P
S

E
P

U
>gnl|tr|Q

2X
863_P

S
E

P
U

 (Q
2X

863) G
lucarate dehydratase

x
Q

31X
K

3_S
H

IB
S

>gnl|tr|Q
31X

K
3_S

H
IB

S
 (Q

31X
K

3) P
utative glucarate dehydratase

x
Q

3Y
Y

69_S
H

IS
S

>gnl|tr|Q
3Y

Y
69_S

H
IS

S
 (Q

3Y
Y

69) P
utative glucarate dehydratase

x
Q

4U
Y

48_X
A

N
C

8
>gnl|tr|Q

4U
Y

48_X
A

N
C

8 (Q
4U

Y
48) G

lucarate hydratase
x

Q
57K

F6_S
A

LC
H

>gnl|tr|Q
57K

F6_S
A

LC
H

 (Q
57K

F6) D
-glucarate dehydratase

x
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B

L data (C
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A
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A
nnotation

M
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C
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C
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Q
5P

E
J1_S

A
LPA

>gnl|tr|Q
5P

E
J1_S

A
LPA (Q

5P
E

J1) P
robable glucarate dehydratase 1

x
Q

83Q
D

4_S
H

IFL
>gnl|tr|Q

83Q
D

4_S
H

IFL (Q
83Q

D
4) P

utative glucarate dehydratase
x

Q
87ZY

7_P
S

E
S

M
>gnl|tr|Q

87ZY
7_P

S
E

S
M

 (Q
87ZY

7) G
lucarate dehydratase

x
Q

88D
R

6_P
S

E
P

K
>gnl|tr|Q

88D
R

6_P
S

E
P

K
 (Q

88D
R

6) G
lucarate dehydratase

x
Q

8P
5U

3_X
A

N
C

P
>gnl|tr|Q

8P
5U

3_X
A

N
C

P (Q
8P

5U
3) G

lucarate hydratase
x

Q
5V

465_H
A

LM
A

>gnl|tr|Q
5V

465_H
A

LM
A (Q

5V
465) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
S

W
T

x
Q

9H
N

19_H
A

LS
A

>gnl|tr|Q
9H

N
19_H

A
LS

A (Q
9H

N
19) M

ethylaspartate am
m

onia-lyase
x

O
66145_C

ITA
M

>gnl|tr|O
66145_C

ITA
M

 (O
66145) 3-m

ethylaspartate am
m

onia-lyase
x

Q
32IJ6_S

H
ID

S
>gnl|tr|Q

32IJ6_S
H

ID
S

 (Q
32IJ6) P

utative m
ethylaspartate am

m
onia-lyase

x
Q

3A
E

J6_C
A

R
H

Z
>gnl|tr|Q

3A
E

J6_C
A

R
H

Z (Q
3A

E
J6) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
S

W
T

x

Q
3A

E
U

2_C
A

R
H

Z
>gnl|tr|Q

3A
E

U
2_C

A
R

H
Z (Q

3A
E

U
2) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
S

W
T

x

Q
3C

B
X

0_9C
LO

T
>gnl|tr|Q

3C
B

X
0_9C

LO
T (Q

3C
B

X
0) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
S

W
T

x
Q

426I1_D
E

S
H

A
>gnl|tr|Q

426I1_D
E

S
H

A (Q
426I1) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
x

Q
8K

JF8_R
H

ILO
>gnl|tr|Q

8K
JF8_R

H
ILO

 (Q
8K

JF8) P
U

TATIV
E

 M
E

TH
Y

LA
S

PA
R

TATE
 A

M
M

O
N

IA
-

LYA
S

E
 P

R
O

TE
IN

 (E
C

 4.3.1.2)
S

W
T

x
Q

73K
I3_TR

E
D

E
>gnl|tr|Q

73K
I3_TR

E
D

E
 (Q

73K
I3) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
S

W
T

x
Q

890S
3_C

LO
TE

>gnl|tr|Q
890S

3_C
LO

TE
 (Q

890S
3) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
x

Q
8X

990_E
C

O
57

>gnl|tr|Q
8X

990_E
C

O
57 (Q

8X
990) P

utative m
ethylaspartate am

m
onia-lyase (3-

m
ethylaspartate am

m
onia-lyase)

x
Q

98A
98_R

H
ILO

>gnl|tr|Q
98A

98_R
H

ILO
 (Q

98A
98) 3-m

ethylaspartate am
m

onia-lyase
x

Q
85G

01_C
YA

M
E

>gnl|tr|Q
85G

01_C
YA

M
E

 (Q
85G

01) 4-(2'-carboxyphenyl)-4-oxybutyric acid synthase
G

S
A

x
Q

31D
06_P

R
O

M
9

>gnl|tr|Q
31D

06_P
R

O
M

9 (Q
31D

06) P
utative O

-succinylbenzoate synthase
x

Q
3A

G
W

3_S
Y

N
S

C
>gnl|tr|Q

3A
G

W
3_S

Y
N

S
C

 (Q
3A

G
W

3) P
utative O

-succinylbenzoate synthase
x

Q
3AV

Z3_S
Y

N
S

9
>gnl|tr|Q

3AV
Z3_S

Y
N

S
9 (Q

3AV
Z3) P

utative O
-succinylbenzoate synthase

x
Q

4Q
LT9_H

A
E

I8
>gnl|tr|Q

4Q
LT9_H

A
E

I8 (Q
4Q

LT9) O
-succinylbenzoate synthase (E

C
 4.2.1.-)

x
Q

5E
484_V

IB
F1

>gnl|tr|Q
5E

484_V
IB

F1 (Q
5E

484) O
-succinylbenzoate synthase (E

C
 4.2.1.-)

x

Q
632I6_B

A
C

C
Z

>gnl|tr|Q
632I6_B

A
C

C
Z (Q

632I6) P
ossible N

-acylam
ino acid racem

ase; possible O
-

succinylbenzoate synthase (E
C

 4.2.1.-)
x

Q
7M

M
F3_V

IB
V

Y
>gnl|tr|Q

7M
M

F3_V
IB

V
Y (Q

7M
M

F3) O
-succinylbenzoate synthase

x
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A
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A
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M
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C

orrect

Q
7U

3X
1_S

Y
N

P
X

>gnl|tr|Q
7U

3X
1_S

Y
N

P
X

 (Q
7U

3X
1) P

utative O
-succinylbenzoate synthase (E

C
 

4.2.1.-)
x

Q
7V

3A
7_P

R
O

M
P

>gnl|tr|Q
7V

3A
7_P

R
O

M
P (Q

7V
3A

7) P
utative O

-succinylbenzoate synthase
x

Q
7V

4A
4_P

R
O

M
M

>gnl|tr|Q
7V

4A
4_P

R
O

M
M

 (Q
7V

4A
4) P

utative O
-succinylbenzoate synthase (E

C
 

4.2.1.-)
x

Q
8D

823_V
IB

V
U

>gnl|tr|Q
8D

823_V
IB

V
U

 (Q
8D

823) O
-succinylbenzoate synthase

x

Q
2S

2V
3_9S

P
H

I
>gnl|tr|Q

2S
2V

3_9S
P

H
I (Q

2S
2V

3) O
-succinylbenzoic acid (O

S
B

) synthetase (E
C

 
4.2.1.-)

x

Q
2Y

TP
1_S

TA
A

B
>gnl|tr|Q

2Y
TP

1_S
TA

A
B

 (Q
2Y

TP
1) O

-succinylbenzoic acid synthetase (E
C

 4.2.1.-)
x

Q
3M

9T7_A
N

AV
T

>gnl|tr|Q
3M

9T7_A
N

AV
T (Q

3M
9T7) O

-succinylbenzoic acid synthase
x

Q
49Y

M
1_S

TA
S

1
>gnl|tr|Q

49Y
M

1_S
TA

S
1 (Q

49Y
M

1) O
-succinylbenzoic acid synthetase

x

Q
4M

N
A

0_B
A

C
C

E
>gnl|tr|Q

4M
N

A
0_B

A
C

C
E

 (Q
4M

N
A

0) O
-succinylbenzoic acid (O

S
B

) synthetase (E
C

 
4.2.1.-)

x
Q

53635_S
TA

A
U

>gnl|tr|Q
53635_S

TA
A

U
 (Q

53635) O
-succinylbenzoic acid (O

S
B

) synthetase
x

Q
4L7D

3_S
TA

H
J

>gnl|tr|Q
4L7D

3_S
TA

H
J (Q

4L7D
3) O

-succinylbenzoic acid (O
S

B
) synthetase

x

Q
5H

E
Y

3_S
TA

A
C

>gnl|tr|Q
5H

E
Y

3_S
TA

A
C

 (Q
5H

E
Y

3) O
-succinylbenzoic acid (O

S
B

) synthetase, 
putative

x

Q
5H

N
B

3_S
TA

E
Q

>gnl|tr|Q
5H

N
B

3_S
TA

E
Q

 (Q
5H

N
B

3) O
-succinylbenzoic acid synthetase, putative

x
Q

7A
4Z3_S

TA
A

N
>gnl|tr|Q

7A
4Z3_S

TA
A

N
 (Q

7A
4Z3) O

-succinylbenzoic acid synthetase
x

Q
8C

N
T4_S

TA
E

S
>gnl|tr|Q

8C
N

T4_S
TA

E
S

 (Q
8C

N
T4) O

-succinylbenzoic acid (O
S

B
) synthetase

x
Q

8N
V

Z5_S
TA

AW
>gnl|tr|Q

8N
V

Z5_S
TA

AW
 (Q

8N
V

Z5) O
-succinylbenzoic acid synthetase

x
Q

8Z0Q
6_A

N
A

S
P

>gnl|tr|Q
8Z0Q

6_A
N

A
S

P (Q
8Z0Q

6) O
-succinylbenzoic acid synthase

x
Q

99T74_S
TA

A
M

>gnl|tr|Q
99T74_S

TA
A

M
 (Q

99T74) O
-succinylbenzoic acid synthetase

x

Q
8G

FH
9_A

LC
X

X
>gnl|tr|Q

8G
FH

9_A
LC

X
X

 (Q
8G

FH
9) C

hlorom
uconate cycloisom

erase (E
C

 5.5.1.7)
x

Q
93U

Z6_9B
U

R
K

>gnl|tr|Q
93U

Z6_9B
U

R
K

 (Q
93U

Z6) C
hlorom

uconate cycloisom
erase (E

C
 5.5.1.7)

x
O

67985_R
H

O
O

P
>gnl|tr|O

67985_R
H

O
O

P (O
67985) C

hlorom
uconate cycloisom

erase
x

O
87609_P

S
E

A
E

>gnl|tr|O
87609_P

S
E

A
E

 (O
87609) C

hlorom
uconate cycloisom

erase
x

P
94138_R

A
LE

U
>gnl|tr|P

94138_R
A

LE
U

 (P
94138) C

hlorom
uconate cycloisom

erase
x
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A
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A
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M
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C
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C
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Q
706U

0_P
S

E
P

U
>gnl|tr|Q

706U
0_P

S
E

P
U

 (Q
706U

0) C
hlorom

uconate cycloisom
erase

x
Q

7B
V

50_B
U

R
C

E
>gnl|tr|Q

7B
V

50_B
U

R
C

E
 (Q

7B
V

50) C
hlorom

uconate cycloisom
erase

x
Q

8G
9L1_R

H
O

O
P

>gnl|tr|Q
8G

9L1_R
H

O
O

P (Q
8G

9L1) C
hlorom

uconate cycloisom
erase

x
Q

9R
H

Q
8_VA

R
P

D
>gnl|tr|Q

9R
H

Q
8_VA

R
P

D
 (Q

9R
H

Q
8) C

hlorom
uconate cycloisom

erase
x

Q
9R

P
B

4_P
S

E
A

E
>gnl|tr|Q

9R
P

B
4_P

S
E

A
E

 (Q
9R

P
B

4) C
hlorom

uconate cycloisom
erase

x
Q

9R
P

F7_P
S

E
A

E
>gnl|tr|Q

9R
P

F7_P
S

E
A

E
 (Q

9R
P

F7) C
hlorom

uconate cycloisom
erase

x
Q

393C
7_B

U
R

S
3

>gnl|tr|Q
393C

7_B
U

R
S

3 (Q
393C

7) M
uconate cycloisom

erase (E
C

 5.5.1.1)
x

Q
3JJV

9_B
U

R
P

1
>gnl|tr|Q

3JJV
9_B

U
R

P
1 (Q

3JJV
9) M

uconate cycloisom
erase (E

C
 5.5.1.1)

x

Q
3LH

T2_9N
O

C
A

>gnl|tr|Q
3LH

T2_9N
O

C
A (Q

3LH
T2) C

is,cis-m
uconate cycloisom

erase (E
C

 5.5.1.1)
E

S
A

x
Q

3P
B

R
5_PA

R
D

E
>gnl|tr|Q

3P
B

R
5_PA

R
D

E
 (Q

3P
B

R
5) M

uconate cycloisom
erase (E

C
 5.5.1.1)

x
Q

458I5_9B
U

R
K

>gnl|tr|Q
458I5_9B

U
R

K
 (Q

458I5) M
uconate cycloisom

erase (E
C

 5.5.1.1)
x

Q
4LP

X
1_9B

U
R

K
>gnl|tr|Q

4LP
X

1_9B
U

R
K

 (Q
4LP

X
1) M

uconate cycloisom
erase (E

C
 5.5.1.1)

x

Q
76C

C
6_9M

IC
C

>gnl|tr|Q
76C

C
6_9M

IC
C

 (Q
76C

C
6) C

is,cis-m
uconate cycloisom

erase (E
C

 5.5.1.1)
E

S
A

x
Q

9A
Q

S
7_9B

U
R

K
>gnl|tr|Q

9A
Q

S
7_9B

U
R

K
 (Q

9A
Q

S
7) M

uconate cycloisom
erase (E

C
 5.5.1.1)

x

Q
9E

V
42_R

A
LE

U
>gnl|tr|Q

9E
V

42_R
A

LE
U

 (Q
9E

V
42) P

utative m
uconate cycloisom

erase (E
C

 5.5.1.1)
x

Q
9Z9Y

1_9G
A

M
M

>gnl|tr|Q
9Z9Y

1_9G
A

M
M

 (Q
9Z9Y

1) M
uconate cycloisom

erase (E
C

 5.5.1.1)
x

Q
9Z9Y

6_9G
A

M
M

>gnl|tr|Q
9Z9Y

6_9G
A

M
M

 (Q
9Z9Y

6) M
uconate cycloisom

erase (E
C

 5.5.1.1)
x

Q
4K

9X
1_P

S
E

F5
>gnl|tr|Q

4K
9X

1_P
S

E
F5 (Q

4K
9X

1) M
uconate cycloisom

erase (E
C

 5.5.1.1)
x

Q
62E

51_B
U

R
M

A
>gnl|tr|Q

62E
51_B

U
R

M
A (Q

62E
51) M

uconate cycloisom
erase (E

C
 5.5.1.1)

x
Q

63J25_B
U

R
P

S
>gnl|tr|Q

63J25_B
U

R
P

S
 (Q

63J25) M
uconate cycloisom

erase I (E
C

 5.5.1.1)
x

Q
2T814_B

U
R

TH
>gnl|tr|Q

2T814_B
U

R
TH

 (Q
2T814) M

uconate cycloisom
erase

x
Q

2X
L31_P

S
E

P
U

>gnl|tr|Q
2X

L31_P
S

E
P

U
 (Q

2X
L31) M

uconate cycloisom
erase

x
Q

51958_P
S

E
P

U
>gnl|tr|Q

51958_P
S

E
P

U
 (Q

51958) M
uconate lactonizing enzym

e
x

Q
5N

TR
1_9B

A
C

T
>gnl|tr|Q

5N
TR

1_9B
A

C
T (Q

5N
TR

1) M
uconate lactonizing enzym

e I
x

Q
7W

W
T7_R

A
LE

U
>gnl|tr|Q

7W
W

T7_R
A

LE
U

 (Q
7W

W
T7) P

utative m
uconate cycloisom

erase
x

Q
7W

W
U

8_R
A

LE
U

>gnl|tr|Q
7W

W
U

8_R
A

LE
U

 (Q
7W

W
U

8) P
utative m

uconate cycloisom
erase

x
Q

8G
AY

8_B
U

R
S

T
>gnl|tr|Q

8G
AY

8_B
U

R
S

T (Q
8G

AY
8) C

is,cis-m
uconate lactonizing enzym

e
x

Q
8G

A
Z7_B

U
R

S
T

>gnl|tr|Q
8G

A
Z7_B

U
R

S
T (Q

8G
A

Z7) C
is,cis-m

uconate lactonizing enzym
e

x
Q

93S
R

2_P
S

E
P

U
>gnl|tr|Q

93S
R

2_P
S

E
P

U
 (Q

93S
R

2) P
utative m

uconate cycloisom
erase I C

atB
x
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A
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A
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M
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C
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Q
9A

E
Q

3_P
S

E
P

U
>gnl|tr|Q

9A
E

Q
3_P

S
E

P
U

 (Q
9A

E
Q

3) C
is,cis-m

uconate lactonizing enzym
e

x
Q

9A
Q

Q
3_9P

S
E

D
>gnl|tr|Q

9A
Q

Q
3_9P

S
E

D
 (Q

9A
Q

Q
3) C

is,cis-m
uconate cycloisom

erase C
atB

x
Q

88G
K

6_P
S

E
P

K
>gnl|tr|Q

88G
K

6_P
S

E
P

K
 (Q

88G
K

6) M
uconate cycloisom

erase
x

Q
8FN

45_C
O

R
E

F
>gnl|tr|Q

8FN
45_C

O
R

E
F (Q

8FN
45) P

utative m
uconate cycloisom

erase
x

Q
9I0X

3_P
S

E
A

E
>gnl|tr|Q

9I0X
3_P

S
E

A
E

 (Q
9I0X

3) M
uconate cycloisom

erase I
x

Q
3E

FA
0_A

C
TS

C
>gnl|tr|Q

3E
FA

0_A
C

TS
C

 (Q
3E

FA
0) 3-deoxy-m

anno-octulosonate-8-phosphatase 
(E

C
 3.1.3.45)

x
Q

3K
I02_P

S
E

P
F

>gnl|tr|Q
3K

I02_P
S

E
P

F (Q
3K

I02) P
hosphatase kdsC

 (E
C

 3.1.3.45)
x

Q
4ZN

U
9_P

S
E

U
2

>gnl|tr|Q
4ZN

U
9_P

S
E

U
2 (Q

4ZN
U

9) H
A

D
-superfam

ily hydrolase, subfam
ily 

IIIA
:P

hosphatase Y
rbI (E

C
 3.1.3.45)

x

Q
4K

I83_P
S

E
F5

>gnl|tr|Q
4K

I83_P
S

E
F5 (Q

4K
I83) 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (E
C

 3.1.3.45)
x

Q
4Q

JR
5_H

A
E

I8
>gnl|tr|Q

4Q
JR

5_H
A

E
I8 (Q

4Q
JR

5) 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase (E

C
 3.1.3.45)

x

Q
4K

9L7_P
S

E
F5

>gnl|tr|Q
4K

9L7_P
S

E
F5 (Q

4K
9L7) 2-phosphonoacetaldehyde hydrolase (E

C
 

3.11.1.1)
x

Q
63E

46_B
A

C
C

Z
>gnl|tr|Q

63E
46_B

A
C

C
Z (Q

63E
46) P

ossible phosphonoacetaldehyde hydrolase (E
C

 
3.11.1.1)

x

Q
6H

LM
1_B

A
C

H
K

>gnl|tr|Q
6H

LM
1_B

A
C

H
K

 (Q
6H

LM
1) P

ossible phosphonoacetaldehyde hydrolase 
(E

C
 3.11.1.1)

x

Q
73B

H
9_B

A
C

C
1

>gnl|tr|Q
73B

H
9_B

A
C

C
1 (Q

73B
H

9) P
hosphonoacetaldehyde phosphonohydrolase 

(E
C

 3.11.1.1)
x

Q
88Y

N
8_LA

C
P

L
>gnl|tr|Q

88Y
N

8_LA
C

P
L (Q

88Y
N

8) P
hosphonoacetaldehyde hydrolase (E

C
 

3.11.1.1)
x

O
31156_B

A
C

C
E

>gnl|tr|O
31156_B

A
C

C
E

 (O
31156) P

hosphonoacetaldehyde hydrolase
X

Q
2X

E
K

9_P
S

E
P

U
>gnl|tr|Q

2X
E

K
9_P

S
E

P
U

 (Q
2X

E
K

9) P
hosphonoacetaldehyde hydrolase:H

A
D

-
superfam

ily hydrolase subfam
ily IA

, variant 3
x

Q
3K

9Y
2_P

S
E

P
F

>gnl|tr|Q
3K

9Y
2_P

S
E

P
F (Q

3K
9Y

2) P
hosphonoacetaldehyde hydrolase

x
Q

51386_P
S

E
A

E
>gnl|tr|Q

51386_P
S

E
A

E
 (Q

51386) 2-phosphonoacetaldehyde hydrolase
x

Q
8R

S
Q

3_P
S

E
P

U
>gnl|tr|Q

8R
S

Q
3_P

S
E

P
U

 (Q
8R

S
Q

3) 2-phosphonoacetaldehyde hydrolase
x

Q
88K

T1_P
S

E
P

K
>gnl|tr|Q

88K
T1_P

S
E

P
K

 (Q
88K

T1) 2-phosphonoacetaldehyde hydrolase
x

Q
9I433_P

S
E

A
E

>gnl|tr|Q
9I433_P

S
E

A
E

 (Q
9I433) 2-phosphonoacetaldehyde hydrolase

x
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A
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A
nnotation

M
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C
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Q
4M

S
F0_B

A
C

C
E

>gnl|tr|Q
4M

S
F0_B

A
C

C
E

 (Q
4M

S
F0) P

hosphonoacetaldehyde phosphonohydrolase 
V

C
A

0606
x

Q
5P

FR
1_S

A
LPA

>gnl|tr|Q
5P

FR
1_S

A
LPA (Q

5P
FR

1) P
hosphonoacetaldehyde phosphonohydrolase

x

Q
7M

F46_V
IB

V
Y

>gnl|tr|Q
7M

F46_V
IB

V
Y (Q

7M
F46) P

hosphonoacetaldehyde phosphonohydrolase
x

Q
81TE

1_B
A

C
A

N
>gnl|tr|Q

81TE
1_B

A
C

A
N

 (Q
81TE

1) P
hosphonoacetaldehyde phosphonohydrolase

x
Q

87JL6_V
IB

PA
>gnl|tr|Q

87JL6_V
IB

PA (Q
87JL6) P

hosphonoacetaldehyde phosphonohydrolase
x

Q
8Z8W

5_S
A

LTI
>gnl|tr|Q

8Z8W
5_S

A
LTI (Q

8Z8W
5) P

hosphonoacetaldehyde phosphonohydrolase
x

Q
9K

LY
5_V

IB
C

H
>gnl|tr|Q

9K
LY

5_V
IB

C
H

 (Q
9K

LY
5) P

hosphonoacetaldehyde phosphonohydrolase
x

Q
2S

X
30_B

U
R

TH
>gnl|tr|Q

2S
X

30_B
U

R
TH

 (Q
2S

X
30) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
x

Q
39F12_B

U
R

S
3

>gnl|tr|Q
39F12_B

U
R

S
3 (Q

39F12) H
aloacid dehalogenase, type II (E

C
 3.8.1.2)

x

Q
3F8P

8_9B
U

R
K

>gnl|tr|Q
3F8P

8_9B
U

R
K

 (Q
3F8P

8) H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 (E

C
 3.8.1.2)

x
Q

3JQ
Z5_B

U
R

P
1

>gnl|tr|Q
3JQ

Z5_B
U

R
P

1 (Q
3JQ

Z5) H
aloacid dehalogenase, type II (E

C
 3.8.1.2)

x

Q
3R

K
08_R

A
LM

E
>gnl|tr|Q

3R
K

08_R
A

LM
E

 (Q
3R

K
08) H

A
D

-superfam
ily hydrolase, subfam

ily IA
, 

variant 2 (E
C

 3.8.1.2)
x

Q
3W

K
R

9_9R
H

IZ
>gnl|tr|Q

3W
K

R
9_9R

H
IZ (Q

3W
K

R
9) H

A
D

-superfam
ily hydrolase, subfam

ily IA
, 

variant 2 (E
C

 3.8.1.2)
x

Q
450N

4_9B
U

R
K

>gnl|tr|Q
450N

4_9B
U

R
K

 (Q
450N

4) H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 (E

C
 3.8.1.2)

x

Q
46ZW

7_R
A

LE
J

>gnl|tr|Q
46ZW

7_R
A

LE
J (Q

46ZW
7) H

aloacid dehalogenase, type II:H
A

D
-

superfam
ily hydrolase, subfam

ily IA
, variant 2 (E

C
 3.8.1.2)

x

Q
4A

S
X

7_9B
U

R
K

>gnl|tr|Q
4A

S
X

7_9B
U

R
K

 (Q
4A

S
X

7) H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 (E

C
 3.8.1.2)

x

Q
4B

1A
0_9B

U
R

K
>gnl|tr|Q

4B
1A

0_9B
U

R
K

 (Q
4B

1A
0) H

A
D

-superfam
ily hydrolase, subfam

ily IA
, 

variant 2 (E
C

 3.8.1.2)
x

Q
4B

9E
0_B

U
R

V
I

>gnl|tr|Q
4B

9E
0_B

U
R

V
I (Q

4B
9E

0) H
A

D
-superfam

ily hydrolase, subfam
ily IA

, variant 
2 (E

C
 3.8.1.2)

x
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A
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A
nnotation

M
isan. 

C
ode
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C

orrect

Q
4LN

60_9B
U

R
K

>gnl|tr|Q
4LN

60_9B
U

R
K

 (Q
4LN

60) H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 (E

C
 3.8.1.2)

x
Q

59I43_9B
U

R
K

>gnl|tr|Q
59I43_9B

U
R

K
 (Q

59I43) L-2-haloacid dehalogenase (E
C

 3.8.1.2)
x

Q
5P

813_A
ZO

S
E

>gnl|tr|Q
5P

813_A
ZO

S
E

 (Q
5P

813) P
utative 2-haloalkanoic acid dehalogenase (E

C
 

3.8.1.2)
x

Q
62J90_B

U
R

M
A

>gnl|tr|Q
62J90_B

U
R

M
A (Q

62J90) H
aloacid dehalogenase, type II (E

C
 3.8.1.2)

x

Q
89D

82_B
R

A
JA

>gnl|tr|Q
89D

82_B
R

A
JA (Q

89D
82) 2-haloalkanoic acid dehalogenase (E

C
 3.8.1.2)

x

Q
8G

1Y
6_B

R
U

S
U

>gnl|tr|Q
8G

1Y
6_B

R
U

S
U

 (Q
8G

1Y
6) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
x

Q
8X

ZN
3_R

A
LS

O
>gnl|tr|Q

8X
ZN

3_R
A

LS
O

 (Q
8X

ZN
3) P

U
TATIV

E
 2-H

A
LO

A
LK

A
N

O
IC

 A
C

ID
 

D
E

H
A

LO
G

E
N

A
S

E
 P

R
O

TE
IN

 (E
C

 3.8.1.2)
x

Q
3E

2N
8_C

H
LA

U
>gnl|tr|Q

3E
2N

8_C
H

LA
U

 (Q
3E

2N
8) H

aloacid dehalogenase, type II:H
A

D
-

superfam
ily hydrolase, subfam

ily IA
, variant 2

x
Q

9ZA
67_B

U
R

C
E

>gnl|tr|Q
9ZA

67_B
U

R
C

E
 (Q

9ZA
67) C

ryptic haloacid dehalogenase 1
x

Q
57E

G
9_B

R
U

A
B

>gnl|tr|Q
57E

G
9_B

R
U

A
B

 (Q
57E

G
9) H

aloacid dehalogenase
x

Q
6N

251_R
H

O
PA

>gnl|tr|Q
6N

251_R
H

O
PA (Q

6N
251) P

utative 2-haloacid halidohydrolase Iva
x

Q
985K

5_R
H

ILO
>gnl|tr|Q

985K
5_R

H
ILO

 (Q
985K

5) 2-haloacid halidohydrolase Iva
x

Q
2W

483_M
A

G
S

A
>gnl|tr|Q

2W
483_M

A
G

S
A (Q

2W
483) 2-haloalkanoic acid dehalogenase I

x
Q

9Z3Z3_P
S

E
P

U
>gnl|tr|Q

9Z3Z3_P
S

E
P

U
 (Q

9Z3Z3) H
aloalkanoic acid dehalogenase

x
Q

4E
H

91_LIS
M

O
>gnl|tr|Q

4E
H

91_LIS
M

O
 (Q

4E
H

91) B
eta-phosphoglucom

utase (E
C

 5.4.2.6)
x

Q
4E

N
F6_LIS

M
O

>gnl|tr|Q
4E

N
F6_LIS

M
O

 (Q
4E

N
F6) B

eta-phosphoglucom
utase (E

C
 5.4.2.6)

x
Q

71V
T0_LIS

M
F

>gnl|tr|Q
71V

T0_LIS
M

F (Q
71V

T0) B
eta-phosphoglucom

utase (E
C

 5.4.2.6)
x

Q
890F6_LA

C
P

L
>gnl|tr|Q

890F6_LA
C

P
L (Q

890F6) B
eta-phosphoglucom

utase (E
C

 5.4.2.6)
x

Q
890I4_LA

C
P

L
>gnl|tr|Q

890I4_LA
C

P
L (Q

890I4) B
eta-phosphoglucom

utase (E
C

 5.4.2.6)
x

Q
8FH

R
4_E

C
O

L6
>gnl|tr|Q

8FH
R

4_E
C

O
L6 (Q

8FH
R

4) P
utative beta-phosphoglucom

utase (E
C

 
5.4.2.6)

x

Q
98P

T4_M
Y

C
P

U
>gnl|tr|Q

98P
T4_M

Y
C

P
U

 (Q
98P

T4) B
E

TA
-P

H
O

S
P

H
O

G
LU

C
O

M
U

TA
S

E
 (B

E
TA

-
P

G
M

) (E
C

 5.4.2.6)
x

Q
9JS

W
9_N

E
IM

A
>gnl|tr|Q

9JS
W

9_N
E

IM
A (Q

9JS
W

9) B
eta-phosphoglucom

utase (E
C

 5.4.2.6)
x

Q
9JS

X
3_N

E
IM

A
>gnl|tr|Q

9JS
X

3_N
E

IM
A (Q

9JS
X

3) B
eta-phosphoglucom

utase (E
C

 5.4.2.6)
x

Q
9K

108_N
E

IM
B

>gnl|tr|Q
9K

108_N
E

IM
B

 (Q
9K

108) B
eta-phosphoglucom

utase (E
C

 5.4.2.6)
x
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A
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A
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M
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C
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O
87773_LA

C
S

N
>gnl|tr|O

87773_LA
C

S
N

 (O
87773) B

eta-phosphoglucom
utase

x
Q

3Z162_S
H

IS
S

>gnl|tr|Q
3Z162_S

H
IS

S
 (Q

3Z162) P
utative beta-phosphoglucom

utase
x

Q
836Y

8_E
N

TFA
>gnl|tr|Q

836Y
8_E

N
TFA (Q

836Y
8) B

eta-phosphoglucom
utase

x
Q

83R
K

7_S
H

IFL
>gnl|tr|Q

83R
K

7_S
H

IFL (Q
83R

K
7) P

utative beta-phosphoglucom
utase

x
Q

8X
8K

2_E
C

O
57

>gnl|tr|Q
8X

8K
2_E

C
O

57 (Q
8X

8K
2) P

utative beta-phosphoglucom
utase

x
Q

97FW
2_C

LO
A

B
>gnl|tr|Q

97FW
2_C

LO
A

B
 (Q

97FW
2) B

eta-phosphoglucom
utase

x
O

81923_C
A

PA
A

>gnl|tr|O
81923_C

A
PA

A (O
81923) 5-epi-aristolochene synthase

x
x

Q
84LF0_9S

O
LA

>gnl|tr|Q
84LF0_9S

O
LA (Q

84LF0) 5-epi-aristolochene synthase 37
x

x
Q

84LF1_9S
O

LA
>gnl|tr|Q

84LF1_9S
O

LA (Q
84LF1) 5-epi-aristolochene synthase 34

x
x

Q
84LF2_9S

O
LA

>gnl|tr|Q
84LF2_9S

O
LA (Q

84LF2) 5-epi-aristolochene synthase 12
x

x
Q

84LG
0_9S

O
LA

>gnl|tr|Q
84LG

0_9S
O

LA (Q
84LG

0) 5-epi-aristolochene synthase
x

x
Q

82IY
4_S

TR
AW

>gnl|tr|Q
82IY

4_S
TR

AW
 (Q

82IY
4) P

entalenene synthase
x

Q
2R

Y
C

8_R
H

O
R

U
>gnl|tr|Q

2R
Y

C
8_R

H
O

R
U

 (Q
2R

Y
C

8) Terpene synthase, squalene cyclase (E
C

 
5.4.99.17)

x
Q

2T2Q
3_B

U
R

TH
>gnl|tr|Q

2T2Q
3_B

U
R

TH
 (Q

2T2Q
3) S

qualene-hopene cyclase (E
C

 5.4.99.17)
x

Q
39B

M
5_B

U
R

S
3

>gnl|tr|Q
39B

M
5_B

U
R

S
3 (Q

39B
M

5) Terpene synthase/S
qualene cyclase (E

C
 

5.4.99.17)
x

Q
39LV

3_B
U

R
S

3
>gnl|tr|Q

39LV
3_B

U
R

S
3 (Q

39LV
3) Terpene synthase/S

qualene cyclase (E
C

 
5.4.99.17)

x
Q

3F5Y
2_9B

U
R

K
>gnl|tr|Q

3F5Y
2_9B

U
R

K
 (Q

3F5Y
2) Terpene synthase (E

C
 5.4.99.17)

x
Q

3FA
06_9B

U
R

K
>gnl|tr|Q

3FA
06_9B

U
R

K
 (Q

3FA
06) Terpene synthase (E

C
 5.4.99.17)

x
Q

3G
6F5_9D

E
LT

>gnl|tr|Q
3G

6F5_9D
E

LT (Q
3G

6F5) Terpene synthase (E
C

 5.4.99.17)
x

Q
3JB

H
8_N

ITO
C

>gnl|tr|Q
3JB

H
8_N

ITO
C

 (Q
3JB

H
8) Terpene synthase/S

qualene cyclase (E
C

 
5.4.99.17)

x
Q

3JIF6_B
U

R
P

1
>gnl|tr|Q

3JIF6_B
U

R
P

1 (Q
3JIF6) S

qualene-hopene cyclase (E
C

 5.4.99.17)
x

Q
3M

418_A
N

AV
T

>gnl|tr|Q
3M

418_A
N

AV
T (Q

3M
418) Terpene synthase (E

C
 5.4.99.17)

x
Q

3M
Y

E
8_9D

E
LT

>gnl|tr|Q
3M

Y
E

8_9D
E

LT (Q
3M

Y
E

8) Terpene synthase (E
C

 5.4.99.17)
x

Q
3M

ZV
5_9D

E
LT

>gnl|tr|Q
3M

ZV
5_9D

E
LT (Q

3M
ZV

5) Terpene synthase (E
C

 5.4.99.17)
x

Q
3N

6T0_9P
R

O
T

>gnl|tr|Q
3N

6T0_9P
R

O
T (Q

3N
6T0) Terpene synthase (E

C
 5.4.99.17)

x
Q

3P
X

P
7_N

ITH
A

>gnl|tr|Q
3P

X
P

7_N
ITH

A (Q
3P

X
P

7) Terpene synthase (E
C

 5.4.99.17)
x

Q
3R

N
02_R

A
LM

E
>gnl|tr|Q

3R
N

02_R
A

LM
E

 (Q
3R

N
02) Terpene synthase (E

C
 5.4.99.17)

x
Q

3R
ZT4_R

A
LM

E
>gnl|tr|Q

3R
ZT4_R

A
LM

E
 (Q

3R
ZT4) Terpene synthase precursor (E

C
 5.4.99.17)

x
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A
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A
nnotation

M
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C
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Q
3S

Q
B

8_N
ITW

N
>gnl|tr|Q

3S
Q

B
8_N

ITW
N

 (Q
3S

Q
B

8) Terpene synthase/S
qualene cyclase (E

C
 

5.4.99.17)
x

Q
3W

9E
9_9A

C
TO

>gnl|tr|Q
3W

9E
9_9A

C
TO

 (Q
3W

9E
9) Terpene synthase (E

C
 5.4.99.17)

x
Q

459N
5_9B

U
R

K
>gnl|tr|Q

459N
5_9B

U
R

K
 (Q

459N
5) Terpene synthase (E

C
 5.4.99.17)

x
Q

45E
I7_9B

U
R

K
>gnl|tr|Q

45E
I7_9B

U
R

K
 (Q

45E
I7) Terpene synthase precursor (E

C
 5.4.99.17)

x
Q

4B
M

L1_B
U

R
V

I
>gnl|tr|Q

4B
M

L1_B
U

R
V

I (Q
4B

M
L1) Terpene synthase (E

C
 5.4.99.17)

x
Q

4J480_A
ZO

V
I

>gnl|tr|Q
4J480_A

ZO
V

I (Q
4J480) Terpene synthase (E

C
 5.4.99.17)

X
Q

4LM
82_9B

U
R

K
>gnl|tr|Q

4LM
82_9B

U
R

K
 (Q

4LM
82) Terpene synthase (E

C
 5.4.99.17)

x
Q

4LR
R

6_9B
U

R
K

>gnl|tr|Q
4LR

R
6_9B

U
R

K
 (Q

4LR
R

6) Terpene synthase precursor (E
C

 5.4.99.17)
x

Q
5N

M
88_ZY

M
M

O
>gnl|tr|Q

5N
M

88_ZY
M

M
O

 (Q
5N

M
88) S

qualene--hopene cyclase (E
C

 5.4.99.17)
x

Q
629M

5_B
U

R
M

A
>gnl|tr|Q

629M
5_B

U
R

M
A (Q

629M
5) S

qualene-hopene cyclase (E
C

 5.4.99.17)
x

Q
63H

T1_B
U

R
P

S
>gnl|tr|Q

63H
T1_B

U
R

P
S

 (Q
63H

T1) S
qualene--hopene cyclase (E

C
 5.4.99.17)

x
Q

748E
3_G

E
O

S
L

>gnl|tr|Q
748E

3_G
E

O
S

L (Q
748E

3) S
qualene-hopene cyclase (E

C
 5.4.99.17)

x
Q

74FC
1_G

E
O

S
L

>gnl|tr|Q
74FC

1_G
E

O
S

L (Q
74FC

1) S
qualene-hopene cyclase (E

C
 5.4.99.17)

x
O

69446_M
E

TC
A

>gnl|tr|O
69446_M

E
TC

A (O
69446) S

qualene-hopene cyclase
x

O
69790_R

H
O

PA
>gnl|tr|O

69790_R
H

O
PA (O

69790) S
qualene-hopene cyclase

x
Q

3A
7E

3_P
E

LC
D

>gnl|tr|Q
3A

7E
3_P

E
LC

D
 (Q

3A
7E

3) S
qualene-hopene cyclase

x
Q

59080_9B
A

C
L

>gnl|tr|Q
59080_9B

A
C

L (Q
59080) S

qualene-hopene cyclase (E
C

 5.4.99.7)
x

Q
5FN

Q
3_G

LU
O

X
>gnl|tr|Q

5FN
Q

3_G
LU

O
X

 (Q
5FN

Q
3) S

qualene-hopene cyclase
x

Q
7N

E
23_G

LO
V

I
>gnl|tr|Q

7N
E

23_G
LO

V
I (Q

7N
E

23) S
qualene-hopene cyclase

x
Q

81Y
D

8_B
A

C
A

N
>gnl|tr|Q

81Y
D

8_B
A

C
A

N
 (Q

81Y
D

8) S
qualene-hopene cyclase

x
Q

82M
L0_S

TR
AW

>gnl|tr|Q
82M

L0_S
TR

AW
 (Q

82M
L0) S

qualene-hopene cyclase
x

Q
9X

7V
9_S

TR
C

O
>gnl|tr|Q

9X
7V

9_S
TR

C
O

 (Q
9X

7V
9) P

utative squalene-hopene cyclase
x

Q
2Y

5X
6_N

ITM
U

>gnl|tr|Q
2Y

5X
6_N

ITM
U

 (Q
2Y

5X
6) S

qualene cyclase
x

Q
34E

48_R
H

O
PA

>gnl|tr|Q
34E

48_R
H

O
PA (Q

34E
48) Terpene synthase:S

qualene cyclase
x

Q
34R

T4_R
H

O
PA

>gnl|tr|Q
34R

T4_R
H

O
PA (Q

34R
T4) S

qualene-hopene-cyclase
x

Q
37G

N
6_R

H
O

PA
>gnl|tr|Q

37G
N

6_R
H

O
PA (Q

37G
N

6) Terpene synthase:S
qualene cyclase

x
Q

39R
T6_G

E
O

M
G

>gnl|tr|Q
39R

T6_G
E

O
M

G
 (Q

39R
T6) Terpene synthase:S

qualene cyclase
x

Q
39Y

L2_G
E

O
M

G
>gnl|tr|Q

39Y
L2_G

E
O

M
G

 (Q
39Y

L2) Terpene synthase:S
qualene cyclase

x
Q

3A
7M

9_P
E

LC
D

>gnl|tr|Q
3A

7M
9_P

E
LC

D
 (Q

3A
7M

9) S
qualene--hopene cyclase

x
Q

46R
D

2_R
A

LE
J

>gnl|tr|Q
46R

D
2_R

A
LE

J (Q
46R

D
2) Terpene synthase:S

qualene cyclase
x

Q
4M

K
R

1_B
A

C
C

E
>gnl|tr|Q

4M
K

R
1_B

A
C

C
E

 (Q
4M

K
R

1) S
qualene--hopene cyclase

x
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A
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M
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P
73914_S

Y
N

Y
3

>gnl|tr|P
73914_S

Y
N

Y
3 (P

73914) S
qualene-hopene-cyclase

x
Q

8D
G

K
8_S

Y
N

E
L

>gnl|tr|Q
8D

G
K

8_S
Y

N
E

L (Q
8D

G
K

8) S
qualene-hopene-cyclase

x
Q

8Y
Y

S
1_A

N
A

S
P

>gnl|tr|Q
8Y

Y
S

1_A
N

A
S

P (Q
8Y

Y
S

1) S
qualene-hopene-cyclase

x
Q

71R
X

9_S
TA

C
H

>gnl|tr|Q
71R

X
9_S

TA
C

H
 (Q

71R
X

9) Trichodiene synthase
x

Q
76P

E
4_G

IB
ZE

>gnl|tr|Q
76P

E
4_G

IB
ZE

 (Q
76P

E
4) Trichodiene synthase

x
Q

7LJL3_G
IB

ZE
>gnl|tr|Q

7LJL3_G
IB

ZE
 (Q

7LJL3) Trichodiene synthase
x

Q
7LJL9_FU

S
A

U
>gnl|tr|Q

7LJL9_FU
S

A
U

 (Q
7LJL9) Trichodiene synthase

x
Q

7LJS
4_FU

S
M

I
>gnl|tr|Q

7LJS
4_FU

S
M

I (Q
7LJS

4) Trichodiene synthase
x

Q
7LJT2_FU

S
A

S
>gnl|tr|Q

7LJT2_FU
S

A
S

 (Q
7LJT2) Trichodiene synthase

x
Q

7LP
67_FU

S
S

P
>gnl|tr|Q

7LP
67_FU

S
S

P (Q
7LP

67) Trichodiene synthase
x

Q
7Z8B

9_FU
S

P
O

>gnl|tr|Q
7Z8B

9_FU
S

P
O

 (Q
7Z8B

9) Trichodiene synthase
x

Q
7Z8C

0_FU
S

S
P

>gnl|tr|Q
7Z8C

0_FU
S

S
P (Q

7Z8C
0) Trichodiene synthase

x
Q

8N
JH

2_FU
S

LU
>gnl|tr|Q

8N
JH

2_FU
S

LU
 (Q

8N
JH

2) Trichodiene synthase
x

Q
96W

88_G
IB

ZE
>gnl|tr|Q

96W
88_G

IB
ZE

 (Q
96W

88) Trichodiene synthase
x

Q
8N

JU
9_G

IB
ZE

>gnl|tr|Q
8N

JU
9_G

IB
ZE

 (Q
8N

JU
9) Trichodiene synthetase

x
Q

8N
JV

0_G
IB

ZE
>gnl|tr|Q

8N
JV

0_G
IB

ZE
 (Q

8N
JV

0) Trichodiene synthetase
x

Q
9U

R
08_A

S
P

TE
>gnl|tr|Q

9U
R

08_A
S

P
TE

 (Q
9U

R
08) A

ristolochene synthase
x

Q
8V

Q
N

0_P
R

O
FR

>gnl|tr|Q
8V

Q
N

0_P
R

O
FR

 (Q
8V

Q
N

0) M
ethylm

alonyl C
oA epim

erase (E
C

 5.1.99.1)
x

Q
977P

4_P
Y

R
H

O
>gnl|tr|Q

977P
4_P

Y
R

H
O

 (Q
977P

4) M
ethylm

alonyl-C
oA epim

erase (Fragm
ent)

x

Q
6B

G
80_PA

R
TE

>gnl|tr|Q
6B

G
80_PA

R
TE

 (Q
6B

G
80) 4-hydroxyphenylpyruvate dioxygenase, putative

x
Q

56H
33_M

E
D

TR
>gnl|tr|Q

56H
33_M

E
D

TR
 (Q

56H
33) 4-hydroxyphenylpyruvate dioxygenase

x

Q
6H

4V
1_O

R
Y

S
A

>gnl|tr|Q
6H

4V
1_O

R
Y

S
A (Q

6H
4V

1) P
utative 4-hydroxyphenylpyruvate dioxygenase

x
Q

8L7E
8_A

R
ATH

>gnl|tr|Q
8L7E

8_A
R

ATH
 (Q

8L7E
8) 4-hydroxyphenylpyruvate dioxygenase H

P
D

x

Q
2S

2T7_9S
P

H
I

>gnl|tr|Q
2S

2T7_9S
P

H
I (Q

2S
2T7) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
2S

N
D

1_9G
A

M
M

>gnl|tr|Q
2S

N
D

1_9G
A

M
M

 (Q
2S

N
D

1) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
2S

TZ8_B
U

R
TH

>gnl|tr|Q
2S

TZ8_B
U

R
TH

 (Q
2S

TZ8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
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A
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A
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M
isan. 

C
ode
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C

orrect

Q
2T3K

2_B
U

R
TH

>gnl|tr|Q
2T3K

2_B
U

R
TH

 (Q
2T3K

2) 4-hydroxyphenylpyruvate dioxygenase, putative
x

Q
2T5Y

1_B
U

R
TH

>gnl|tr|Q
2T5Y

1_B
U

R
TH

 (Q
2T5Y

1) 4-hydroxyphenylpyruvate dioxygenase
x

Q
2X

680_9G
A

M
M

>gnl|tr|Q
2X

680_9G
A

M
M

 (Q
2X

680) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

2X
K

A
2_P

S
E

P
U

>gnl|tr|Q
2X

K
A

2_P
S

E
P

U
 (Q

2X
K

A
2) 4-hydroxyphenylpyruvate dioxygenase

x

Q
2X

M
67_P

S
E

P
U

>gnl|tr|Q
2X

M
67_P

S
E

P
U

 (Q
2X

M
67) 4-hydroxyphenylpyruvate dioxygenase, putative

x

Q
2Z830_9G

A
M

M
>gnl|tr|Q

2Z830_9G
A

M
M

 (Q
2Z830) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
2ZN

E
8_S

H
E

P
U

>gnl|tr|Q
2ZN

E
8_S

H
E

P
U

 (Q
2ZN

E
8) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
33P

L8_9G
A

M
M

>gnl|tr|Q
33P

L8_9G
A

M
M

 (Q
33P

L8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
35G

S
2_9B

R
A

D
>gnl|tr|Q

35G
S

2_9B
R

A
D

 (Q
35G

S
2) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
35K

Q
1_9B

R
A

D
>gnl|tr|Q

35K
Q

1_9B
R

A
D

 (Q
35K

Q
1) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
35TW

0_9G
A

M
M

>gnl|tr|Q
35TW

0_9G
A

M
M

 (Q
35TW

0) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
36B

K
6_9G

A
M

M
>gnl|tr|Q

36B
K

6_9G
A

M
M

 (Q
36B

K
6) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
37V

98_S
P

H
A

R
>gnl|tr|Q

37V
98_S

P
H

A
R

 (Q
37V

98) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
37X

Y
1_S

P
H

A
R

>gnl|tr|Q
37X

Y
1_S

P
H

A
R

 (Q
37X

Y
1) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
395X

2_B
U

R
S

3
>gnl|tr|Q

395X
2_B

U
R

S
3 (Q

395X
2) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
39A

Q
2_B

U
R

S
3

>gnl|tr|Q
39A

Q
2_B

U
R

S
3 (Q

39A
Q

2) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
39K

J4_B
U

R
S

3
>gnl|tr|Q

39K
J4_B

U
R

S
3 (Q

39K
J4) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x
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A
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A
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M
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C
ode
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C

orrect

Q
3B

Y
F0_X

A
N

C
5

>gnl|tr|Q
3B

Y
F0_X

A
N

C
5 (Q

3B
Y

F0) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3C

U
Y

6_A
LTAT

>gnl|tr|Q
3C

U
Y

6_A
LTAT (Q

3C
U

Y
6) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
3C

W
I1_A

LTAT
>gnl|tr|Q

3C
W

I1_A
LTAT (Q

3C
W

I1) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

3D
X

R
8_C

H
LA

U
>gnl|tr|Q

3D
X

R
8_C

H
LA

U
 (Q

3D
X

R
8) 4-hydroxyphenylpyruvate dioxygenase

x

Q
3E

W
31_B

A
C

TI
>gnl|tr|Q

3E
W

31_B
A

C
TI (Q

3E
W

31) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3F1S

4_9B
U

R
K

>gnl|tr|Q
3F1S

4_9B
U

R
K

 (Q
3F1S

4) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3F6R

6_9B
U

R
K

>gnl|tr|Q
3F6R

6_9B
U

R
K

 (Q
3F6R

6) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3FD

81_9B
U

R
K

>gnl|tr|Q
3FD

81_9B
U

R
K

 (Q
3FD

81) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3G

L80_9G
A

M
M

>gnl|tr|Q
3G

L80_9G
A

M
M

 (Q
3G

L80) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3H

2J4_9A
C

TO
>gnl|tr|Q

3H
2J4_9A

C
TO

 (Q
3H

2J4) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3IE

T4_P
S

E
H

T
>gnl|tr|Q

3IE
T4_P

S
E

H
T (Q

3IE
T4) 4-hydroxyphenylpyruvate dioxygenase (4H

P
P

D
) 

(H
P

D
) (H

P
P

D
ase) (E

C
 1.13.11.27)

x

Q
3JB

70_N
ITO

C
>gnl|tr|Q

3JB
70_N

ITO
C

 (Q
3JB

70) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3JY

B
9_B

U
R

P
1

>gnl|tr|Q
3JY

B
9_B

U
R

P
1 (Q

3JY
B

9) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3K

6G
2_P

S
E

P
F

>gnl|tr|Q
3K

6G
2_P

S
E

P
F (Q

3K
6G

2) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

3K
C

47_P
S

E
P

F
>gnl|tr|Q

3K
C

47_P
S

E
P

F (Q
3K

C
47) 4-hydroxyphenylpyruvate dioxygenase

x

Q
3N

Q
Q

8_S
H

E
FR

>gnl|tr|Q
3N

Q
Q

8_S
H

E
FR

 (Q
3N

Q
Q

8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3P

045_9G
A

M
M

>gnl|tr|Q
3P

045_9G
A

M
M

 (Q
3P

045) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
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A
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A
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M
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C
ode
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C
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Q
3P

H
Y

1_PA
R

D
E

>gnl|tr|Q
3P

H
Y

1_PA
R

D
E

 (Q
3P

H
Y

1) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3Q

520_9G
A

M
M

>gnl|tr|Q
3Q

520_9G
A

M
M

 (Q
3Q

520) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3Q

E
M

4_9G
A

M
M

>gnl|tr|Q
3Q

E
M

4_9G
A

M
M

 (Q
3Q

E
M

4) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3Q

W
K

3_9R
H

O
B

>gnl|tr|Q
3Q

W
K

3_9R
H

O
B

 (Q
3Q

W
K

3) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3R

V
34_R

A
LM

E
>gnl|tr|Q

3R
V

34_R
A

LM
E

 (Q
3R

V
34) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
3V

924_9S
P

H
N

>gnl|tr|Q
3V

924_9S
P

H
N

 (Q
3V

924) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3W

6Y
0_9A

C
TO

>gnl|tr|Q
3W

6Y
0_9A

C
TO

 (Q
3W

6Y
0) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
3W

K
Z6_9R

H
IZ

>gnl|tr|Q
3W

K
Z6_9R

H
IZ (Q

3W
K

Z6) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
3W

TX
8_9R

H
IZ

>gnl|tr|Q
3W

TX
8_9R

H
IZ (Q

3W
TX

8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
40C

79_9R
H

O
B

>gnl|tr|Q
40C

79_9R
H

O
B

 (Q
40C

79) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
442A

4_S
O

LU
S

>gnl|tr|Q
442A

4_S
O

LU
S

 (Q
442A

4) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
44U

09_9B
U

R
K

>gnl|tr|Q
44U

09_9B
U

R
K

 (Q
44U

09) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
45B

07_9B
U

R
K

>gnl|tr|Q
45B

07_9B
U

R
K

 (Q
45B

07) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
45C

M
2_9B

U
R

K
>gnl|tr|Q

45C
M

2_9B
U

R
K

 (Q
45C

M
2) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
46R

51_R
A

LE
J

>gnl|tr|Q
46R

51_R
A

LE
J (Q

46R
51) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
46R

58_R
A

LE
J

>gnl|tr|Q
46R

58_R
A

LE
J (Q

46R
58) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x
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M
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Q
46S

N
3_R

A
LE

J
>gnl|tr|Q

46S
N

3_R
A

LE
J (Q

46S
N

3) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
47Y

G
2_C

O
LP

3
>gnl|tr|Q

47Y
G

2_C
O

LP
3 (Q

47Y
G

2) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
48G

S
3_P

S
E

14
>gnl|tr|Q

48G
S

3_P
S

E
14 (Q

48G
S

3) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
48JV

3_P
S

E
14

>gnl|tr|Q
48JV

3_P
S

E
14 (Q

48JV
3) 4-hydroxyphenylpyruvate dioxygenase, putative

x

Q
4A

ZW
6_9B

U
R

K
>gnl|tr|Q

4A
ZW

6_9B
U

R
K

 (Q
4A

ZW
6) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
4B

831_B
U

R
V

I
>gnl|tr|Q

4B
831_B

U
R

V
I (Q

4B
831) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
4B

S
U

0_B
U

R
V

I
>gnl|tr|Q

4B
S

U
0_B

U
R

V
I (Q

4B
S

U
0) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
4B

U
52_B

U
R

V
I

>gnl|tr|Q
4B

U
52_B

U
R

V
I (Q

4B
U

52) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
4IU

U
1_A

ZO
V

I
>gnl|tr|Q

4IU
U

1_A
ZO

V
I (Q

4IU
U

1) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
4IY

20_A
ZO

V
I

>gnl|tr|Q
4IY

20_A
ZO

V
I (Q

4IY
20) 4-hydroxyphenylpyruvate dioxygenase precursor 

(E
C

 1.13.11.27)
x

Q
4J186_A

ZO
V

I
>gnl|tr|Q

4J186_A
ZO

V
I (Q

4J186) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
4LIA

5_9B
U

R
K

>gnl|tr|Q
4LIA

5_9B
U

R
K

 (Q
4LIA

5) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
4LJW

9_9B
U

R
K

>gnl|tr|Q
4LJW

9_9B
U

R
K

 (Q
4LJW

9) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
4LS

N
2_9B

U
R

K
>gnl|tr|Q

4LS
N

2_9B
U

R
K

 (Q
4LS

N
2) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
4M

P
U

8_B
A

C
C

E
>gnl|tr|Q

4M
P

U
8_B

A
C

C
E

 (Q
4M

P
U

8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

4U
ZJ1_X

A
N

C
8

>gnl|tr|Q
4U

ZJ1_X
A

N
C

8 (Q
4U

ZJ1) 4-hydroxyphenylpyruvate dioxygenase
x
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M
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ode
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Q
4ZR

60_P
S

E
U

2
>gnl|tr|Q

4ZR
60_P

S
E

U
2 (Q

4ZR
60) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
4ZU

J9_P
S

E
U

2
>gnl|tr|Q

4ZU
J9_P

S
E

U
2 (Q

4ZU
J9) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
7X

4L3_9B
A

C
T

>gnl|tr|Q
7X

4L3_9B
A

C
T (Q

7X
4L3) 4-hydroxyphenylpyruvate dioxygenase

x
Q

8V
Q

C
4_V

IB
A

N
>gnl|tr|Q

8V
Q

C
4_V

IB
A

N
 (Q

8V
Q

C
4) 4-hydroxyphenylpyruvate dioxygenase

x
Q

2N
A

B
6_9S

P
H

N
>gnl|tr|Q

2N
A

B
6_9S

P
H

N
 (Q

2N
A

B
6) 4-hydroxyphenylpyruvate dioxygenase

x
Q

2N
Y

M
6_X

A
N

O
R

>gnl|tr|Q
2N

Y
M

6_X
A

N
O

R
 (Q

2N
Y

M
6) 4-hydroxyphenylpyruvate dioxygenase

x

Q
4K

5N
0_P

S
E

F5
>gnl|tr|Q

4K
5N

0_P
S

E
F5 (Q

4K
5N

0) 4-hydroxyphenylpyruvate dioxygenase, putative
x

Q
4K

B
91_P

S
E

F5
>gnl|tr|Q

4K
B

91_P
S

E
F5 (Q

4K
B

91) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

5G
V

E
8_X

A
N

O
R

>gnl|tr|Q
5G

V
E

8_X
A

N
O

R
 (Q

5G
V

E
8) 4-hydroxyphenylpyruvate dioxygenase

x

Q
5LTI8_S

ILP
O

>gnl|tr|Q
5LTI8_S

ILP
O

 (Q
5LTI8) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
5R

0G
8_ID

ILO
>gnl|tr|Q

5R
0G

8_ID
ILO

 (Q
5R

0G
8) 4-hydroxyphenylpyruvate dioxygenase

x

Q
5W

U
G

4_LE
G

P
L

>gnl|tr|Q
5W

U
G

4_LE
G

P
L (Q

5W
U

G
4) 4-hydroxyphenylpyruvate dioxygenase 

(Legiolysin)
x

Q
5X

304_LE
G

PA
>gnl|tr|Q

5X
304_LE

G
PA (Q

5X
304) 4-hydroxyphenylpyruvate dioxygenase 

(Legiolysin)
x

Q
5Y

P
F8_N

O
C

FA
>gnl|tr|Q

5Y
P

F8_N
O

C
FA (Q

5Y
P

F8) P
utative 4-hydroxyphenylpyruvate dioxygenase

x

Q
62C

M
9_B

U
R

M
A

>gnl|tr|Q
62C

M
9_B

U
R

M
A (Q

62C
M

9) P
utative 4-hydroxyphenylpyruvate 

dioxygenase
x

Q
62G

Q
1_B

U
R

M
A

>gnl|tr|Q
62G

Q
1_B

U
R

M
A (Q

62G
Q

1) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
63G

Y
1_B

A
C

C
Z

>gnl|tr|Q
63G

Y
1_B

A
C

C
Z (Q

63G
Y

1) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
63P

Y
5_B

U
R

P
S

>gnl|tr|Q
63P

Y
5_B

U
R

P
S

 (Q
63P

Y
5) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x

Q
6H

P
F2_B

A
C

H
K

>gnl|tr|Q
6H

P
F2_B

A
C

H
K

 (Q
6H

P
F2) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
x
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A
nnotation

M
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C
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Q
6LI28_P

H
O

P
R

>gnl|tr|Q
6LI28_P

H
O

P
R

 (Q
6LI28) P

utative 4-hydroxyphenylpyruvate dioxygenase
x

Q
6M

H
J8_B

D
E

B
A

>gnl|tr|Q
6M

H
J8_B

D
E

B
A (Q

6M
H

J8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

6N
D

U
9_R

H
O

PA
>gnl|tr|Q

6N
D

U
9_R

H
O

PA (Q
6N

D
U

9) 4-hydroxyphenylpyruvate dioxygenase
x

Q
73E

U
8_B

A
C

C
1

>gnl|tr|Q
73E

U
8_B

A
C

C
1 (Q

73E
U

8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
7N

ZF3_C
H

R
V

O
>gnl|tr|Q

7N
ZF3_C

H
R

V
O

 (Q
7N

ZF3) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x

Q
81IU

6_B
A

C
C

R
>gnl|tr|Q

81IU
6_B

A
C

C
R

 (Q
81IU

6) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

81V
G

6_B
A

C
A

N
>gnl|tr|Q

81V
G

6_B
A

C
A

N
 (Q

81V
G

6) 4-hydroxyphenylpyruvate dioxygenase
x

Q
87Q

01_V
IB

PA
>gnl|tr|Q

87Q
01_V

IB
PA (Q

87Q
01) 4-hydroxyphenylpyruvate dioxygenase

x
Q

87Z77_P
S

E
S

M
>gnl|tr|Q

87Z77_P
S

E
S

M
 (Q

87Z77) 4-hydroxyphenylpyruvate dioxygenase
x

Q
883L0_P

S
E

S
M

>gnl|tr|Q
883L0_P

S
E

S
M

 (Q
883L0) 4-hydroxyphenylpyruvate dioxygenase, putative

x
Q

88H
C

7_P
S

E
P

K
>gnl|tr|Q

88H
C

7_P
S

E
P

K
 (Q

88H
C

7) 4-hydroxyphenylpyruvate dioxygenase
x

Q
88JU

3_P
S

E
P

K
>gnl|tr|Q

88JU
3_P

S
E

P
K

 (Q
88JU

3) 4-hydroxyphenylpyruvate dioxygenase, putative
x

Q
89X

H
5_B

R
A

JA
>gnl|tr|Q

89X
H

5_B
R

A
JA (Q

89X
H

5) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

x
Q

8E
FK

9_S
H

E
O

N
>gnl|tr|Q

8E
FK

9_S
H

E
O

N
 (Q

8E
FK

9) 4-hydroxyphenylpyruvate dioxygenase
x

Q
8P

D
A

4_X
A

N
C

P
>gnl|tr|Q

8P
D

A
4_X

A
N

C
P (Q

8P
D

A
4) 4-hydroxyphenylpyruvate dioxygenase

x
Q

8P
Q

76_X
A

N
A

C
>gnl|tr|Q

8P
Q

76_X
A

N
A

C
 (Q

8P
Q

76) 4-hydroxyphenylpyruvate dioxygenase
x

Q
8X

F91_R
A

LS
O

>gnl|tr|Q
8X

F91_R
A

LS
O

 (Q
8X

F91) P
R

O
B

A
B

LE
 4-H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 
D

IO
X

Y
G

E
N

A
S

E
 O

X
ID

O
R

E
D

U
C

TA
S

E
 P

R
O

TE
IN

 (E
C

 1.13.11.27)
x

Q
8X

U
T2_R

A
LS

O
>gnl|tr|Q

8X
U

T2_R
A

LS
O

 (Q
8X

U
T2) P

R
O

B
A

B
LE

 4-H
Y

D
R

O
X

Y
P

H
E

N
Y

LP
Y

R
U

VATE
 

D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 P
R

O
TE

IN
 (E

C
 1.13.11.27)

x

Q
92LT1_R

H
IM

E
>gnl|tr|Q

92LT1_R
H

IM
E

 (Q
92LT1) P

U
TATIV

E
 4-H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 
D

IO
X

Y
G

E
N

A
S

E
 P

R
O

TE
IN

 (E
C

 1.13.11.27)
x
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A
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M
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C
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C

orrect

Q
983J0_R

H
ILO

>gnl|tr|Q
983J0_R

H
ILO

 (Q
983J0) 4-hydroxyphenylpyruvate dioxygenase

x
Q

9A
5B

7_C
A

U
C

R
>gnl|tr|Q

9A
5B

7_C
A

U
C

R
 (Q

9A
5B

7) 4-hydroxyphenylpyruvate dioxygenase
x

Q
9I576_P

S
E

A
E

>gnl|tr|Q
9I576_P

S
E

A
E

 (Q
9I576) 4-hydroxyphenylpyruvate dioxygenase

x

Q
9R

C
H

2_V
IB

C
H

>gnl|tr|Q
9R

C
H

2_V
IB

C
H

 (Q
9R

C
H

2) P
-hydroxyphenylpyruvate dioxygenase (4-

hydroxyphenylpyruvate dioxygenase)
x

O
82449_A

R
ATH

>gnl|tr|O
82449_A

R
ATH

 (O
82449) P

-hydroxyphenylpyruvate dioxygenase
x

Q
6E

M
J1_P

S
E

P
U

>gnl|tr|Q
6E

M
J1_P

S
E

P
U

 (Q
6E

M
J1) P

-hydroxyphenylpyruvate dioxygenase
x

Q
696X

2_P
H

A
N

O
>gnl|tr|Q

696X
2_P

H
A

N
O

 (Q
696X

2) G
lyoxylase I (E

C
 4.4.1.5)

x
Q

870H
6_PA

R
B

R
>gnl|tr|Q

870H
6_PA

R
B

R
 (Q

870H
6) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
6X

C
06_M

A
IZE

>gnl|tr|Q
6X

C
06_M

A
IZE

 (Q
6X

C
06) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
9X

G
F2_W

H
E

AT
>gnl|tr|Q

9X
G

F2_W
H

E
AT (Q

9X
G

F2) P
utative glyoxalase I (E

C
 4.4.1.5) (Fragm

ent)
x

Q
9ZS

21_S
O

Y
B

N
>gnl|tr|Q

9ZS
21_S

O
Y

B
N

 (Q
9ZS

21) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

2S
D

H
5_9G

A
M

M
>gnl|tr|Q

2S
D

H
5_9G

A
M

M
 (Q

2S
D

H
5) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

2T112_B
U

R
TH

>gnl|tr|Q
2T112_B

U
R

TH
 (Q

2T112) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
2Y

5Q
9_N

ITM
U

>gnl|tr|Q
2Y

5Q
9_N

ITM
U

 (Q
2Y

5Q
9) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
31Q

J9_S
Y

N
P

7
>gnl|tr|Q

31Q
J9_S

Y
N

P
7 (Q

31Q
J9) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
39D

39_B
U

R
S

3
>gnl|tr|Q

39D
39_B

U
R

S
3 (Q

39D
39) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
3B

P
33_X

A
N

C
5

>gnl|tr|Q
3B

P
33_X

A
N

C
5 (Q

3B
P

33) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
3C

V
50_A

LTAT
>gnl|tr|Q

3C
V

50_A
LTAT (Q

3C
V

50) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

3E
F41_A

C
TS

C
>gnl|tr|Q

3E
F41_A

C
TS

C
 (Q

3E
F41) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

3FJ10_9B
U

R
K

>gnl|tr|Q
3FJ10_9B

U
R

K
 (Q

3FJ10) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

3H
8N

5_TR
IE

R
>gnl|tr|Q

3H
8N

5_TR
IE

R
 (Q

3H
8N

5) G
lyoxalase I (E

C
 4.4.1.5)

x

Q
3IG

Q
9_P

S
E

H
T

>gnl|tr|Q
3IG

Q
9_P

S
E

H
T (Q

3IG
Q

9) Lactoylglutathione lyase (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-
lactoylglutathione m

ethylglyoxal lyase) (E
C

 4.4.1.5)
x

Q
3J7R

2_N
ITO

C
>gnl|tr|Q

3J7R
2_N

ITO
C

 (Q
3J7R

2) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

3JV
W

4_B
U

R
P

1
>gnl|tr|Q

3JV
W

4_B
U

R
P

1 (Q
3JV

W
4) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

3M
G

X
1_A

N
AV

T
>gnl|tr|Q

3M
G

X
1_A

N
AV

T (Q
3M

G
X

1) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

3N
8V

3_9P
R

O
T

>gnl|tr|Q
3N

8V
3_9P

R
O

T (Q
3N

8V
3) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
3R

2G
4_X

Y
LFA

>gnl|tr|Q
3R

2G
4_X

Y
LFA (Q

3R
2G

4) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

3R
B

N
2_X

Y
LFA

>gnl|tr|Q
3R

B
N

2_X
Y

LFA (Q
3R

B
N

2) G
lyoxalase I (E

C
 4.4.1.5)

x
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M
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Q
3R

H
69_X

Y
LFA

>gnl|tr|Q
3R

H
69_X

Y
LFA (Q

3R
H

69) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

3X
B

57_M
E

TFL
>gnl|tr|Q

3X
B

57_M
E

TFL (Q
3X

B
57) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
44K

51_C
H

R
S

L
>gnl|tr|Q

44K
51_C

H
R

S
L (Q

44K
51) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
451L0_9B

U
R

K
>gnl|tr|Q

451L0_9B
U

R
K

 (Q
451L0) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
475P

8_R
A

LE
J

>gnl|tr|Q
475P

8_R
A

LE
J (Q

475P
8) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
48JF2_P

S
E

14
>gnl|tr|Q

48JF2_P
S

E
14 (Q

48JF2) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
4AT89_9B

U
R

K
>gnl|tr|Q

4AT89_9B
U

R
K

 (Q
4AT89) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
4B

E
S

9_B
U

R
V

I
>gnl|tr|Q

4B
E

S
9_B

U
R

V
I (Q

4B
E

S
9) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
4C

9S
5_C

R
O

W
T

>gnl|tr|Q
4C

9S
5_C

R
O

W
T (Q

4C
9S

5) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

4IW
B

5_A
ZO

V
I

>gnl|tr|Q
4IW

B
5_A

ZO
V

I (Q
4IW

B
5) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
4LU

31_9B
U

R
K

>gnl|tr|Q
4LU

31_9B
U

R
K

 (Q
4LU

31) G
lyoxalase I (E

C
 4.4.1.5)

x
Q

4N
TS

9_9D
E

LT
>gnl|tr|Q

4N
TS

9_9D
E

LT (Q
4N

TS
9) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
4ZS

65_P
S

E
U

2
>gnl|tr|Q

4ZS
65_P

S
E

U
2 (Q

4ZS
65) G

lyoxalase I (E
C

 4.4.1.5)
x

Q
4K

B
85_P

S
E

F5
>gnl|tr|Q

4K
B

85_P
S

E
F5 (Q

4K
B

85) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
4Q

N
L6_H

A
E

I8
>gnl|tr|Q

4Q
N

L6_H
A

E
I8 (Q

4Q
N

L6) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
5E

6C
3_V

IB
F1

>gnl|tr|Q
5E

6C
3_V

IB
F1 (Q

5E
6C

3) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
5P

269_A
ZO

S
E

>gnl|tr|Q
5P

269_A
ZO

S
E

 (Q
5P

269) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
62M

M
1_B

U
R

M
A

>gnl|tr|Q
62M

M
1_B

U
R

M
A (Q

62M
M

1) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
63X

74_B
U

R
P

S
>gnl|tr|Q

63X
74_B

U
R

P
S

 (Q
63X

74) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
66A

37_Y
E

R
P

S
>gnl|tr|Q

66A
37_Y

E
R

P
S

 (Q
66A

37) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
6D

5V
9_E

R
W

C
T

>gnl|tr|Q
6D

5V
9_E

R
W

C
T (Q

6D
5V

9) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
6FA

A
3_A

C
IA

D
>gnl|tr|Q

6FA
A

3_A
C

IA
D

 (Q
6FA

A
3) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

6M
JD

2_B
D

E
B

A
>gnl|tr|Q

6M
JD

2_B
D

E
B

A (Q
6M

JD
2) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

7N
X

G
6_C

H
R

V
O

>gnl|tr|Q
7N

X
G

6_C
H

R
V

O
 (Q

7N
X

G
6) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

7U
3T2_S

Y
N

P
X

>gnl|tr|Q
7U

3T2_S
Y

N
P

X
 (Q

7U
3T2) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

7W
0Q

1_B
O

R
P

E
>gnl|tr|Q

7W
0Q

1_B
O

R
P

E
 (Q

7W
0Q

1) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
7W

4K
1_B

O
R

PA
>gnl|tr|Q

7W
4K

1_B
O

R
PA (Q

7W
4K

1) Lactoylglutathione lyase (E
C

 4.4.1.5)
x

Q
7W

G
26_B

O
R

B
R

>gnl|tr|Q
7W

G
26_B

O
R

B
R

 (Q
7W

G
26) Lactoylglutathione lyase (E

C
 4.4.1.5)

x

Q
82U

Q
5_N

ITE
U

>gnl|tr|Q
82U

Q
5_N

ITE
U

 (Q
82U

Q
5) P

ossible gloA
; lactoylglutathione lyase (E

C
 

4.4.1.5)
x

Q
8FH

76_E
C

O
L6

>gnl|tr|Q
8FH

76_E
C

O
L6 (Q

8FH
76) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
Q

8ZE
09_Y

E
R

P
E

>gnl|tr|Q
8ZE

09_Y
E

R
P

E
 (Q

8ZE
09) Lactoylglutathione lyase (E

C
 4.4.1.5)

x
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M
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A
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A
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M
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C
ode

Incorrect
C

orrect

Q
59E

L0_H
U

M
A

N
>gnl|tr|Q

59E
L0_H

U
M

A
N

 (Q
59E

L0) G
lyoxalase I variant (Fragm

ent)
x

Q
4X

4Q
2_P

LA
C

H
>gnl|tr|Q

4X
4Q

2_P
LA

C
H

 (Q
4X

4Q
2) G

lyoxalase I, putative
x

Q
4Y

S
97_P

LA
B

E
>gnl|tr|Q

4Y
S

97_P
LA

B
E

 (Q
4Y

S
97) G

lyoxalase I, putative
x

Q
5X

Q
R

1_LE
ID

O
>gnl|tr|Q

5X
Q

R
1_LE

ID
O

 (Q
5X

Q
R

1) G
lyoxalase I

E
S

A
x

Q
71K

M
3_P

LA
FA

>gnl|tr|Q
71K

M
3_P

LA
FA (Q

71K
M

3) G
lyoxalase I

x
Q

8IIM
5_P

LA
F7

>gnl|tr|Q
8IIM

5_P
LA

F7 (Q
8IIM

5) G
lyoxalase I, putative

x
Q

6E
S

23_O
R

Y
S

A
>gnl|tr|Q

6E
S

23_O
R

Y
S

A (Q
6E

S
23) P

utative glyoxalase I
x

Q
8LE

Y
7_A

R
ATH

>gnl|tr|Q
8LE

Y
7_A

R
ATH

 (Q
8LE

Y
7) G

lyoxalase I, putative
x

Q
9A

X
H

1_AV
IM

R
>gnl|tr|Q

9A
X

H
1_AV

IM
R

 (Q
9A

X
H

1) G
lyoxalase I

x
Q

2X
L87_P

S
E

P
U

>gnl|tr|Q
2X

L87_P
S

E
P

U
 (Q

2X
L87) G

lyoxalase I
x

Q
36N

B
0_M

A
R

H
Y

>gnl|tr|Q
36N

B
0_M

A
R

H
Y (Q

36N
B

0) G
lyoxalase I

x
Q

3K
C

41_P
S

E
P

F
>gnl|tr|Q

3K
C

41_P
S

E
P

F (Q
3K

C
41) G

lyoxalase I
x

Q
47A

63_D
E

C
A

R
>gnl|tr|Q

47A
63_D

E
C

A
R

 (Q
47A

63) G
lyoxalase I

x
Q

57P
K

1_S
A

LC
H

>gnl|tr|Q
57P

K
1_S

A
LC

H
 (Q

57P
K

1) G
lyoxalase I, nickel isom

erase
x

Q
75G

B
0_O

R
Y

S
A

>gnl|tr|Q
75G

B
0_O

R
Y

S
A (Q

75G
B

0) P
utative glyoxalase

x

Q
7N

3W
1_P

H
O

LL
>gnl|tr|Q

7N
3W

1_P
H

O
LL (Q

7N
3W

1) Lactoylglutathione lyase (M
ethylglyoxalase) (S

-
D

-lactolyglutathione m
ethylglyoxal lyase)

x
Q

6P
696_B

R
A

R
E

>gnl|tr|Q
6P

696_B
R

A
R

E
 (Q

6P
696) G

lyoxalase 1
x

Q
4W

N
17_A

S
P

FU
>gnl|tr|Q

4W
N

17_A
S

P
FU

 (Q
4W

N
17) Lactoylglutathione lyase

x
Q

7R
R

I6_P
LAY

O
>gnl|tr|Q

7R
R

I6_P
LAY

O
 (Q

7R
R

I6) Lactoylglutathione lyase, putative
x

Q
940A

4_A
R

ATH
>gnl|tr|Q

940A
4_A

R
ATH

 (Q
940A

4) P
utative lactoylglutathione lyase

x
Q

321A
6_S

H
IB

S
>gnl|tr|Q

321A
6_S

H
IB

S
 (Q

321A
6) Lactoylglutathione lyase

x
Q

32FB
9_S

H
ID

S
>gnl|tr|Q

32FB
9_S

H
ID

S
 (Q

32FB
9) Lactoylglutathione lyase

x
Q

3Z207_S
H

IS
S

>gnl|tr|Q
3Z207_S

H
IS

S
 (Q

3Z207) Lactoylglutathione lyase
x

Q
4U

Q
H

4_X
A

N
C

8
>gnl|tr|Q

4U
Q

H
4_X

A
N

C
8 (Q

4U
Q

H
4) Lactoylglutathione lyase

x
Q

8D
0L9_Y

E
R

P
E

>gnl|tr|Q
8D

0L9_Y
E

R
P

E
 (Q

8D
0L9) Lactoylglutathione lyase

x
Q

2P
7N

8_X
A

N
O

R
>gnl|tr|Q

2P
7N

8_X
A

N
O

R
 (Q

2P
7N

8) Lactoylglutathione lyase
x

Q
5H

4W
2_X

A
N

O
R

>gnl|tr|Q
5H

4W
2_X

A
N

O
R

 (Q
5H

4W
2) Lactoylglutathione lyase

x
Q

5N
3P

3_S
Y

N
P

6
>gnl|tr|Q

5N
3P

3_S
Y

N
P

6 (Q
5N

3P
3) Lactoylglutathione lyase

x
Q

5P
H

08_S
A

LPA
>gnl|tr|Q

5P
H

08_S
A

LPA (Q
5P

H
08) Lactoylglutathione lyase

x
Q

5Q
ZJ8_ID

ILO
>gnl|tr|Q

5Q
ZJ8_ID

ILO
 (Q

5Q
ZJ8) Lactoylglutathione lyase

x
Q

7M
M

88_V
IB

V
Y

>gnl|tr|Q
7M

M
88_V

IB
V

Y (Q
7M

M
88) Lactoylglutathione lyase

x
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M
B

L data (C
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A
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A
nnotation

M
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C
ode

Incorrect
C

orrect

Q
87D

Q
2_X

Y
LFT

>gnl|tr|Q
87D

Q
2_X

Y
LFT (Q

87D
Q

2) Lactoylglutathione lyase
x

Q
87I32_V

IB
PA

>gnl|tr|Q
87I32_V

IB
PA (Q

87I32) Lactoylglutathione lyase
x

Q
880P

8_P
S

E
S

M
>gnl|tr|Q

880P
8_P

S
E

S
M

 (Q
880P

8) Lactoylglutathione lyase
x

Q
88G

F8_P
S

E
P

K
>gnl|tr|Q

88G
F8_P

S
E

P
K

 (Q
88G

F8) Lactoylglutathione lyase
x

Q
8P

C
X

6_X
A

N
C

P
>gnl|tr|Q

8P
C

X
6_X

A
N

C
P (Q

8P
C

X
6) Lactoylglutathione lyase

x
Q

8P
G

I4_X
A

N
A

C
>gnl|tr|Q

8P
G

I4_X
A

N
A

C
 (Q

8P
G

I4) Lactoylglutathione lyase
x

Q
8Y

U
M

0_A
N

A
S

P
>gnl|tr|Q

8Y
U

M
0_A

N
A

S
P (Q

8Y
U

M
0) Lactoylglutathione lyase

x
Q

9H
U

72_P
S

E
A

E
>gnl|tr|Q

9H
U

72_P
S

E
A

E
 (Q

9H
U

72) Lactoylglutathione lyase
x

Q
9H

Y
85_P

S
E

A
E

>gnl|tr|Q
9H

Y
85_P

S
E

A
E

 (Q
9H

Y
85) Lactoylglutathione lyase

x
Q

9P
D

I0_X
Y

LFA
>gnl|tr|Q

9P
D

I0_X
Y

LFA (Q
9P

D
I0) Lactoylglutathione lyase

x
Q

3E
U

I1_B
A

C
TI

>gnl|tr|Q
3E

U
I1_B

A
C

TI (Q
3E

U
I1) C

ytosine deam
inase (E

C
 3.5.4.1)

S
FA

x
Q

7U
5R

2_S
Y

N
P

X
>gnl|tr|Q

7U
5R

2_S
Y

N
P

X
 (Q

7U
5R

2) P
ossible cytosine deam

inase (E
C

 3.5.4.1)
S

FA
x

Q
7V

0F8_P
R

O
M

P
>gnl|tr|Q

7V
0F8_P

R
O

M
P (Q

7V
0F8) P

ossible cytosine deam
inase (E

C
 3.5.4.1)

S
FA

x
Q

7V
8L5_P

R
O

M
M

>gnl|tr|Q
7V

8L5_P
R

O
M

M
 (Q

7V
8L5) P

ossible cytosine deam
inase (E

C
 3.5.4.1)

S
FA

x
Q

817N
4_B

A
C

C
R

>gnl|tr|Q
817N

4_B
A

C
C

R
 (Q

817N
4) C

ytosine deam
inase (E

C
 3.5.4.1)

S
FA

x
Q

5V
6C

0_H
A

LM
A

>gnl|tr|Q
5V

6C
0_H

A
LM

A (Q
5V

6C
0) C

ytosine deam
inase

S
FA

x
Q

67V
W

4_O
R

Y
S

A
>gnl|tr|Q

67V
W

4_O
R

Y
S

A (Q
67V

W
4) P

utative cytosine deam
inase

N
S

F
x

Q
31Q

R
9_S

Y
N

P
7

>gnl|tr|Q
31Q

R
9_S

Y
N

P
7 (Q

31Q
R

9) C
ytosine deam

inase
S

FA
x

Q
3A

LB
0_S

Y
N

S
C

>gnl|tr|Q
3A

LB
0_S

Y
N

S
C

 (Q
3A

LB
0) P

ossible cytosine deam
inase

S
FA

x
Q

46JG
7_P

R
O

M
T

>gnl|tr|Q
46JG

7_P
R

O
M

T (Q
46JG

7) P
ossible cytosine deam

inase
S

FA
x

Q
4B

C
59_B

U
R

V
I

>gnl|tr|Q
4B

C
59_B

U
R

V
I (Q

4B
C

59) C
ytosine deam

inase
S

FA
x

Q
936Y

0_P
S

E
S

D
>gnl|tr|Q

936Y
0_P

S
E

S
D

 (Q
936Y

0) P
utative cytosine deam

inase
S

FA
x

P
73487_S

Y
N

Y
3

>gnl|tr|P
73487_S

Y
N

Y
3 (P

73487) C
ytosine deam

inase
B

A
C

x
Q

5N
3H

6_S
Y

N
P

6
>gnl|tr|Q

5N
3H

6_S
Y

N
P

6 (Q
5N

3H
6) C

ytosine deam
inase

S
FA

x
Q

7M
H

11_V
IB

V
Y

>gnl|tr|Q
7M

H
11_V

IB
V

Y (Q
7M

H
11) C

ytosine deam
inase

S
FA

x
Q

7VA
S

6_P
R

O
M

A
>gnl|tr|Q

7VA
S

6_P
R

O
M

A (Q
7VA

S
6) C

ytosine deam
inase

S
FA

x
Q

98J79_R
H

ILO
>gnl|tr|Q

98J79_R
H

ILO
 (Q

98J79) C
ytosine deam

inase
S

FA
x

Q
98J79_R

H
ILO

>gnl|tr|Q
98J79_R

H
ILO

 (Q
98J79) C

ytosine deam
inase

B
A

C
x

Q
98K

W
4_R

H
ILO

>gnl|tr|Q
98K

W
4_R

H
ILO

 (Q
98K

W
4) C

ytosine deam
inase

S
FA

x

Q
4FW

Q
3_LE

IM
A

>gnl|tr|Q
4FW

Q
3_LE

IM
A (Q

4FW
Q

3) A
denosine deam

inase, putative (E
C

 3.5.4.4)
B

TC
x

Q
86G

S
5_P

LA
FA

>gnl|tr|Q
86G

S
5_P

LA
FA (Q

86G
S

5) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

              449



         Table K
-2. TrE

M
B

L data (C
hapter 2)

A
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A
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M
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C
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Q
9N

C
65_LU

TLO
>gnl|tr|Q

9N
C

65_LU
TLO

 (Q
9N

C
65) P

utative adenosine deam
inase (E

C
 3.5.4.4)

S
FA

x
Q

2R
W

C
5_R

H
O

R
U

>gnl|tr|Q
2R

W
C

5_R
H

O
R

U
 (Q

2R
W

C
5) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

2S
4S

0_9S
P

H
I

>gnl|tr|Q
2S

4S
0_9S

P
H

I (Q
2S

4S
0) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

2S
LW

3_9G
A

M
M

>gnl|tr|Q
2S

LW
3_9G

A
M

M
 (Q

2S
LW

3) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
300I6_S

TR
S

U
>gnl|tr|Q

300I6_S
TR

S
U

 (Q
300I6) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

38ZJ2_LA
C

S
S

>gnl|tr|Q
38ZJ2_LA

C
S

S
 (Q

38ZJ2) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
39A

K
6_B

U
R

S
3

>gnl|tr|Q
39A

K
6_B

U
R

S
3 (Q

39A
K

6) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
39II8_B

U
R

S
3

>gnl|tr|Q
39II8_B

U
R

S
3 (Q

39II8) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
3B

2Q
0_P

E
LLD

>gnl|tr|Q
3B

2Q
0_P

E
LLD

 (Q
3B

2Q
0) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x

Q
3B

Y
W

5_X
A

N
C

5
>gnl|tr|Q

3B
Y

W
5_X

A
N

C
5 (Q

3B
Y

W
5) P

utative adenosine deam
inase (E

C
 3.5.4.4)

S
FA

x
Q

3C
LR

4_A
LTAT

>gnl|tr|Q
3C

LR
4_A

LTAT (Q
3C

LR
4) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3C
P

14_A
LTAT

>gnl|tr|Q
3C

P
14_A

LTAT (Q
3C

P
14) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3D
378_S

TR
A

G
>gnl|tr|Q

3D
378_S

TR
A

G
 (Q

3D
378) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

3D
947_S

TR
A

G
>gnl|tr|Q

3D
947_S

TR
A

G
 (Q

3D
947) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

3D
E

K
8_S

TR
A

G
>gnl|tr|Q

3D
E

K
8_S

TR
A

G
 (Q

3D
E

K
8) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

3D
LP

4_S
TR

A
G

>gnl|tr|Q
3D

LP
4_S

TR
A

G
 (Q

3D
LP

4) A
denosine deam

inase (E
C

 3.5.4.4)
M

FR
x

Q
3D

TB
2_S

TR
A

G
>gnl|tr|Q

3D
TB

2_S
TR

A
G

 (Q
3D

TB
2) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

3F7I7_9B
U

R
K

>gnl|tr|Q
3F7I7_9B

U
R

K
 (Q

3F7I7) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
3FE

67_9B
U

R
K

>gnl|tr|Q
3FE

67_9B
U

R
K

 (Q
3FE

67) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
3FX

C
2_9B

U
R

K
>gnl|tr|Q

3FX
C

2_9B
U

R
K

 (Q
3FX

C
2) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3G
N

C
6_9G

A
M

M
>gnl|tr|Q

3G
N

C
6_9G

A
M

M
 (Q

3G
N

C
6) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3H
1A

0_9A
C

TO
>gnl|tr|Q

3H
1A

0_9A
C

TO
 (Q

3H
1A

0) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
3H

1M
2_9A

C
TO

>gnl|tr|Q
3H

1M
2_9A

C
TO

 (Q
3H

1M
2) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3H
4Z7_9A

C
TO

>gnl|tr|Q
3H

4Z7_9A
C

TO
 (Q

3H
4Z7) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

3IF68_P
S

E
H

T
>gnl|tr|Q

3IF68_P
S

E
H

T (Q
3IF68) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3J643_R
H

O
S

4
>gnl|tr|Q

3J643_R
H

O
S

4 (Q
3J643) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3JP
V

5_B
U

R
P

1
>gnl|tr|Q

3JP
V

5_B
U

R
P

1 (Q
3JP

V
5) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3K
2D

4_S
TR

A
1

>gnl|tr|Q
3K

2D
4_S

TR
A

1 (Q
3K

2D
4) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

3P
D

L7_PA
R

D
E

>gnl|tr|Q
3P

D
L7_PA

R
D

E
 (Q

3P
D

L7) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
3R

W
I8_R

A
LM

E
>gnl|tr|Q

3R
W

I8_R
A

LM
E

 (Q
3R

W
I8) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3V
D

51_9S
P

H
N

>gnl|tr|Q
3V

D
51_9S

P
H

N
 (Q

3V
D

51) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x
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A
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M
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Q
3V

Z32_9A
C

TO
>gnl|tr|Q

3V
Z32_9A

C
TO

 (Q
3V

Z32) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
3W

B
85_9A

C
TO

>gnl|tr|Q
3W

B
85_9A

C
TO

 (Q
3W

B
85) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

3W
D

T5_9A
C

TO
>gnl|tr|Q

3W
D

T5_9A
C

TO
 (Q

3W
D

T5) A
denosine deam

inase (E
C

 3.5.4.4)
M

FR
x

Q
3W

V
H

6_9R
H

IZ
>gnl|tr|Q

3W
V

H
6_9R

H
IZ (Q

3W
V

H
6) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

407A
3_9R

H
O

B
>gnl|tr|Q

407A
3_9R

H
O

B
 (Q

407A
3) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

40W
D

9_K
IN

R
A

>gnl|tr|Q
40W

D
9_K

IN
R

A (Q
40W

D
9) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

40Y
35_K

IN
R

A
>gnl|tr|Q

40Y
35_K

IN
R

A (Q
40Y

35) A
denosine deam

inase (E
C

 3.5.4.4)
S

FA
x

Q
412I7_K

IN
R

A
>gnl|tr|Q

412I7_K
IN

R
A (Q

412I7) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
413X

9_K
IN

R
A

>gnl|tr|Q
413X

9_K
IN

R
A (Q

413X
9) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

415A
2_K

IN
R

A
>gnl|tr|Q

415A
2_K

IN
R

A (Q
415A

2) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
416N

0_K
IN

R
A

>gnl|tr|Q
416N

0_K
IN

R
A (Q

416N
0) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

42X
Q

5_9A
C

TO
>gnl|tr|Q

42X
Q

5_9A
C

TO
 (Q

42X
Q

5) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
42X

R
5_9A

C
TO

>gnl|tr|Q
42X

R
5_9A

C
TO

 (Q
42X

R
5) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

437A
1_9A

C
TO

>gnl|tr|Q
437A

1_9A
C

TO
 (Q

437A
1) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

43A
D

5_9A
C

TO
>gnl|tr|Q

43A
D

5_9A
C

TO
 (Q

43A
D

5) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
43H

E
1_9C

H
LB

>gnl|tr|Q
43H

E
1_9C

H
LB

 (Q
43H

E
1) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

444T0_S
O

LU
S

>gnl|tr|Q
444T0_S

O
LU

S
 (Q

444T0) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
44D

76_C
H

R
S

L
>gnl|tr|Q

44D
76_C

H
R

S
L (Q

44D
76) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

44Y
C

4_9B
U

R
K

>gnl|tr|Q
44Y

C
4_9B

U
R

K
 (Q

44Y
C

4) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
45C

H
8_9B

U
R

K
>gnl|tr|Q

45C
H

8_9B
U

R
K

 (Q
45C

H
8) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

46Y
J3_R

A
LE

J
>gnl|tr|Q

46Y
J3_R

A
LE

J (Q
46Y

J3) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
47LS

6_TH
E

FY
>gnl|tr|Q

47LS
6_TH

E
FY (Q

47LS
6) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

483Q
7_C

O
LP

3
>gnl|tr|Q

483Q
7_C

O
LP

3 (Q
483Q

7) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
486B

3_C
O

LP
3

>gnl|tr|Q
486B

3_C
O

LP
3 (Q

486B
3) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

48D
01_P

S
E

14
>gnl|tr|Q

48D
01_P

S
E

14 (Q
48D

01) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
4A

P
G

9_9C
H

LB
>gnl|tr|Q

4A
P

G
9_9C

H
LB

 (Q
4A

P
G

9) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
4A

U
08_9B

U
R

K
>gnl|tr|Q

4A
U

08_9B
U

R
K

 (Q
4A

U
08) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

4B
FP

8_B
U

R
V

I
>gnl|tr|Q

4B
FP

8_B
U

R
V

I (Q
4B

FP
8) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

4IV
28_A

ZO
V

I
>gnl|tr|Q

4IV
28_A

ZO
V

I (Q
4IV

28) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
4LH

N
2_9B

U
R

K
>gnl|tr|Q

4LH
N

2_9B
U

R
K

 (Q
4LH

N
2) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

4LQ
39_9B

U
R

K
>gnl|tr|Q

4LQ
39_9B

U
R

K
 (Q

4LQ
39) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

4N
IH

8_9M
IC

C
>gnl|tr|Q

4N
IH

8_9M
IC

C
 (Q

4N
IH

8) A
denosine deam

inase precursor (E
C

 3.5.4.4)
M

FR
x
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Q
4N

V
L4_9D

E
LT

>gnl|tr|Q
4N

V
L4_9D

E
LT (Q

4N
V

L4) A
denosine deam

inase (E
C

 3.5.4.4)
M

FR
x

Q
4P

031_9D
E

LT
>gnl|tr|Q

4P
031_9D

E
LT (Q

4P
031) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

4ZY
P

1_P
S

E
U

2
>gnl|tr|Q

4ZY
P

1_P
S

E
U

2 (Q
4ZY

P
1) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

4JTJ3_C
O

R
JK

>gnl|tr|Q
4JTJ3_C

O
R

JK
 (Q

4JTJ3) A
dd protein (E

C
 3.5.4.4)

M
FR

x
Q

4K
IS

2_P
S

E
F5

>gnl|tr|Q
4K

IS
2_P

S
E

F5 (Q
4K

IS
2) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

5FIX
0_LA

C
A

C
>gnl|tr|Q

5FIX
0_LA

C
A

C
 (Q

5FIX
0) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

5FR
10_G

LU
O

X
>gnl|tr|Q

5FR
10_G

LU
O

X
 (Q

5FR
10) A

denosine deam
inase (E

C
 3.5.4.4)

S
FA

x
Q

5LP
C

1_S
ILP

O
>gnl|tr|Q

5LP
C

1_S
ILP

O
 (Q

5LP
C

1) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
5N

G
B

0_FR
ATT

>gnl|tr|Q
5N

G
B

0_FR
ATT (Q

5N
G

B
0) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

5N
N

W
5_ZY

M
M

O
>gnl|tr|Q

5N
N

W
5_ZY

M
M

O
 (Q

5N
N

W
5) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

5N
P

T1_ZY
M

M
O

>gnl|tr|Q
5N

P
T1_ZY

M
M

O
 (Q

5N
P

T1) A
denosine deam

inase (E
C

 3.5.4.4)
S

FA
x

Q
5ZY

00_LE
G

P
H

>gnl|tr|Q
5ZY

00_LE
G

P
H

 (Q
5ZY

00) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
62LZ8_B

U
R

M
A

>gnl|tr|Q
62LZ8_B

U
R

M
A (Q

62LZ8) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
63R

Y
2_B

U
R

P
S

>gnl|tr|Q
63R

Y
2_B

U
R

P
S

 (Q
63R

Y
2) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

6A
5I4_P

R
O

A
C

>gnl|tr|Q
6A

5I4_P
R

O
A

C
 (Q

6A
5I4) A

denosine deam
inase (E

C
 3.5.4.4)

M
FR

x
Q

6D
4X

4_E
R

W
C

T
>gnl|tr|Q

6D
4X

4_E
R

W
C

T (Q
6D

4X
4) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

6FC
U

0_A
C

IA
D

>gnl|tr|Q
6FC

U
0_A

C
IA

D
 (Q

6FC
U

0) A
denosine deam

inase (E
C

 3.5.4.4)
B

TC
x

Q
6M

H
R

4_B
D

E
B

A
>gnl|tr|Q

6M
H

R
4_B

D
E

B
A (Q

6M
H

R
4) A

dd protein (E
C

 3.5.4.4)
B

TC
x

Q
8E

ZR
9_LE

P
IN

>gnl|tr|Q
8E

ZR
9_LE

P
IN

 (Q
8E

ZR
9) A

denosine deam
inase (E

C
 3.5.4.4)

B
TC

x
Q

4X
1Q

4_A
S

P
FU

>gnl|tr|Q
4X

1Q
4_A

S
P

FU
 (Q

4X
1Q

4) A
denosine deam

inase
B

TC
x

Q
4Y

1U
6_P

LA
C

H
>gnl|tr|Q

4Y
1U

6_P
LA

C
H

 (Q
4Y

1U
6) A

denosine deam
inase, putative

B
TC

x
Q

4Y
Q

35_P
LA

B
E

>gnl|tr|Q
4Y

Q
35_P

LA
B

E
 (Q

4Y
Q

35) A
denosine deam

inase, putative
B

TC
x

Q
511D

9_E
N

TH
I

>gnl|tr|Q
511D

9_E
N

TH
I (Q

511D
9) A

denosine deam
inase, putative

x
Q

51A
21_E

N
TH

I
>gnl|tr|Q

51A
21_E

N
TH

I (Q
51A

21) A
denosine deam

inase, putative
M

FR
x

Q
54K

F3_D
IC

D
I

>gnl|tr|Q
54K

F3_D
IC

D
I (Q

54K
F3) A

denosine deam
inase

M
FR

x
Q

5M
IX

2_A
E

D
A

L
>gnl|tr|Q

5M
IX

2_A
E

D
A

L (Q
5M

IX
2) P

utative adenosine deam
inase

S
FA

x
Q

6IW
Y

7_TR
IS

P
>gnl|tr|Q

6IW
Y

7_TR
IS

P (Q
6IW

Y
7) A

denosine deam
inase

B
TC

x
Q

7R
M

V
2_P

LAY
O

>gnl|tr|Q
7R

M
V

2_P
LAY

O
 (Q

7R
M

V
2) A

denosine deam
inase

B
TC

x
Q

8IJA
9_P

LA
F7

>gnl|tr|Q
8IJA

9_P
LA

F7 (Q
8IJA

9) A
denosine deam

inase, putative
B

TC
x

Q
8T9T6_A

E
D

A
E

>gnl|tr|Q
8T9T6_A

E
D

A
E

 (Q
8T9T6) P

utative adenosine deam
inase

S
FA

x
Q

95W
T8_C

U
LQ

U
>gnl|tr|Q

95W
T8_C

U
LQ

U
 (Q

95W
T8) S

alivary adenosine deam
inase

S
FA

x
Q

8H
3U

7_O
R

Y
S

A
>gnl|tr|Q

8H
3U

7_O
R

Y
S

A (Q
8H

3U
7) P

utative adenosine deam
inase

B
TC

x
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Q
8LP

L7_A
R

ATH
>gnl|tr|Q

8LP
L7_A

R
ATH

 (Q
8LP

L7) P
utative adenosine deam

inase
B

TC
x

Q
9M

0Z1_A
R

ATH
>gnl|tr|Q

9M
0Z1_A

R
ATH

 (Q
9M

0Z1) P
utative adenosine deam

inase
B

TC
x

Q
2S

Y
49_B

U
R

TH
>gnl|tr|Q

2S
Y

49_B
U

R
TH

 (Q
2S

Y
49) A

denosine deam
inase

B
TC

x
Q

2X
G

R
7_P

S
E

P
U

>gnl|tr|Q
2X

G
R

7_P
S

E
P

U
 (Q

2X
G

R
7) A

denosine deam
inase

B
TC

x
Q

34B
N

5_R
H

O
PA

>gnl|tr|Q
34B

N
5_R

H
O

PA (Q
34B

N
5) A

denosine deam
inase

B
TC

x
Q

3E
0F5_C

H
LA

U
>gnl|tr|Q

3E
0F5_C

H
LA

U
 (Q

3E
0F5) A

denosine deam
inase

B
TC

x
Q

3K
IJ1_P

S
E

P
F

>gnl|tr|Q
3K

IJ1_P
S

E
P

F (Q
3K

IJ1) A
denosine deam

inase
B

TC
x

Q
47LH

7_TH
E

FY
>gnl|tr|Q

47LH
7_TH

E
FY (Q

47LH
7) A

denosine deam
inase

B
TC

x
Q

49U
M

8_S
TA

S
1

>gnl|tr|Q
49U

M
8_S

TA
S

1 (Q
49U

M
8) P

utative adenosine deam
inase

M
FR

x
Q

4U
ZY

3_X
A

N
C

8
>gnl|tr|Q

4U
ZY

3_X
A

N
C

8 (Q
4U

ZY
3) A

denosine deam
inase

S
FA

x
Q

5M
4W

6_S
TR

T2
>gnl|tr|Q

5M
4W

6_S
TR

T2 (Q
5M

4W
6) A

denosine deam
inase

M
FR

x
Q

5Q
W

C
8_ID

ILO
>gnl|tr|Q

5Q
W

C
8_ID

ILO
 (Q

5Q
W

C
8) A

denosine deam
inase

M
FR

x
Q

5Z193_N
O

C
FA

>gnl|tr|Q
5Z193_N

O
C

FA (Q
5Z193) P

utative adenosine deam
inase

M
FR

x
Q

5ZY
75_LE

G
P

H
>gnl|tr|Q

5ZY
75_LE

G
P

H
 (Q

5ZY
75) A

denosine deam
inase

S
FA

x
Q

64P
K

0_B
A

C
FR

>gnl|tr|Q
64P

K
0_B

A
C

FR
 (Q

64P
K

0) P
utative adenosine deam

inase
S

FA
x

Q
6A

E
M

3_LE
IX

X
>gnl|tr|Q

6A
E

M
3_LE

IX
X

 (Q
6A

E
M

3) A
denosine deam

inase protein
B

TC
x

Q
6A

G
P

0_LE
IX

X
>gnl|tr|Q

6A
G

P
0_LE

IX
X

 (Q
6A

G
P

0) A
denosine deam

inase protein
M

FR
x

Q
6F1Q

1_M
E

S
FL

>gnl|tr|Q
6F1Q

1_M
E

S
FL (Q

6F1Q
1) A

denosine deam
inase

S
FA

x
Q

6LH
I4_P

H
O

P
R

>gnl|tr|Q
6LH

I4_P
H

O
P

R
 (Q

6LH
I4) P

utative adenosine deam
inase

B
TC

x
Q

6LI24_P
H

O
P

R
>gnl|tr|Q

6LI24_P
H

O
P

R
 (Q

6LI24) P
utative adenosine deam

inase
B

TC
x

Q
72V

44_LE
P

IC
>gnl|tr|Q

72V
44_LE

P
IC

 (Q
72V

44) A
denosine deam

inase
B

TC
x

Q
82B

X
7_S

TR
AW

>gnl|tr|Q
82B

X
7_S

TR
AW

 (Q
82B

X
7) P

utative adenosine deam
inase

B
TC

x
Q

82D
R

3_S
TR

AW
>gnl|tr|Q

82D
R

3_S
TR

AW
 (Q

82D
R

3) P
utative adenosine deam

inase
B

TC
x

Q
82I00_S

TR
AW

>gnl|tr|Q
82I00_S

TR
AW

 (Q
82I00) P

utative adenosine deam
inase

M
FR

x
Q

82K
09_S

TR
AW

>gnl|tr|Q
82K

09_S
TR

AW
 (Q

82K
09) P

utative adenosine deam
inase

B
TC

x
Q

82N
X

6_S
TR

AW
>gnl|tr|Q

82N
X

6_S
TR

AW
 (Q

82N
X

6) P
utative adenosine deam

inase
M

FR
x

Q
8P

D
P

1_X
A

N
C

P
>gnl|tr|Q

8P
D

P
1_X

A
N

C
P (Q

8P
D

P
1) A

denosine deam
inase

S
FA

x

Q
6FP

78_C
A

N
G

A
>gnl|tr|Q

6FP
78_C

A
N

G
A (Q

6FP
78) S

im
ilar to sp|P

53909 S
accharom

yces cerevisiae 
Y

N
L141w

 A
A

H
1 A

denosine am
inohydrolase

B
TC

x

Q
2R

IX
4_M

O
O

TH
>gnl|tr|Q

2R
IX

4_M
O

O
TH

 (Q
2R

IX
4) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x
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Q
312S

6_D
E

S
D

G
>gnl|tr|Q

312S
6_D

E
S

D
G

 (Q
312S

6) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x

Q
3C

683_9C
LO

T
>gnl|tr|Q

3C
683_9C

LO
T (Q

3C
683) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x

Q
3C

D
G

6_9C
LO

T
>gnl|tr|Q

3C
D

G
6_9C

LO
T (Q

3C
D

G
6) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x

Q
3F703_9B

U
R

K
>gnl|tr|Q

3F703_9B
U

R
K

 (Q
3F703) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x

Q
3FM

P
5_9B

U
R

K
>gnl|tr|Q

3FM
P

5_9B
U

R
K

 (Q
3FM

P
5) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x

Q
3FS

Z7_9B
U

R
K

>gnl|tr|Q
3FS

Z7_9B
U

R
K

 (Q
3FS

Z7) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x

Q
3V

FC
6_9S

P
H

N
>gnl|tr|Q

3V
FC

6_9S
P

H
N

 (Q
3V

FC
6) N

-acyl-D
-am

ino-acid deacylase precursor (E
C

 
3.5.1.81)

B
TC

x

Q
40C

65_9R
H

O
B

>gnl|tr|Q
40C

65_9R
H

O
B

 (Q
40C

65) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x

Q
415M

3_K
IN

R
A

>gnl|tr|Q
415M

3_K
IN

R
A (Q

415M
3) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x

Q
41ZL3_D

E
S

H
A

>gnl|tr|Q
41ZL3_D

E
S

H
A (Q

41ZL3) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x

Q
43LM

9_S
O

LU
S

>gnl|tr|Q
43LM

9_S
O

LU
S

 (Q
43LM

9) N
-acyl-D

-am
ino-acid deacylase precursor (E

C
 

3.5.1.81)
B

TC
x

Q
43R

T2_S
O

LU
S

>gnl|tr|Q
43R

T2_S
O

LU
S

 (Q
43R

T2) N
-acyl-D

-am
ino-acid deacylase precursor (E

C
 

3.5.1.81)
B

TC
x

Q
43X

W
0_S

O
LU

S
>gnl|tr|Q

43X
W

0_S
O

LU
S

 (Q
43X

W
0) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x

Q
44K

H
6_C

H
R

S
L

>gnl|tr|Q
44K

H
6_C

H
R

S
L (Q

44K
H

6) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x

Q
45D

19_9B
U

R
K

>gnl|tr|Q
45D

19_9B
U

R
K

 (Q
45D

19) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x

Q
4A

R
C

7_9B
U

R
K

>gnl|tr|Q
4A

R
C

7_9B
U

R
K

 (Q
4A

R
C

7) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x

Q
4B

5U
4_9B

U
R

K
>gnl|tr|Q

4B
5U

4_9B
U

R
K

 (Q
4B

5U
4) N

-acyl-D
-am

ino-acid deacylase (E
C

 3.5.1.81)
B

TC
x
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Q
4LV

99_9B
U

R
K

>gnl|tr|Q
4LV

99_9B
U

R
K

 (Q
4LV

99) N
-acyl-D

-am
ino-acid deacylase (E

C
 3.5.1.81)

B
TC

x
Q

5FR
Q

8_G
LU

O
X

>gnl|tr|Q
5FR

Q
8_G

LU
O

X
 (Q

5FR
Q

8) D
-am

inoacylase (E
C

 3.5.1.81)
N

S
F

X
Q

633U
7_B

A
C

C
Z

>gnl|tr|Q
633U

7_B
A

C
C

Z (Q
633U

7) H
ypothetical protein (E

C
 3.5.1.81)

S
FA

x
Q

7U
W

E
0_R

H
O

B
A

>gnl|tr|Q
7U

W
E

0_R
H

O
B

A (Q
7U

W
E

0) D
-am

inoacylase (E
C

 3.5.1.81)
B

TC
x

Q
6E

M
R

8_VA
R

P
D

>gnl|tr|Q
6E

M
R

8_VA
R

P
D

 (Q
6E

M
R

8) N
-acyl-D

-am
ino acid am

idohydrolase
B

TC
x

Q
9V

2D
3_P

Y
R

A
B

>gnl|tr|Q
9V

2D
3_P

Y
R

A
B

 (Q
9V

2D
3) N

daD
 D

-am
inoacylase

B
TC

x
Q

5K
C

38_C
R

Y
N

E
>gnl|tr|Q

5K
C

38_C
R

Y
N

E
 (Q

5K
C

38) D
-am

inoacylase, putative
B

TC
x

Q
2W

L43_C
LO

B
E

>gnl|tr|Q
2W

L43_C
LO

B
E

 (Q
2W

L43) D
-am

inoacylase (A
spartate, glutam

ate etc)
S

FA
x

Q
35E

24_9B
R

A
D

>gnl|tr|Q
35E

24_9B
R

A
D

 (Q
35E

24) D
-am

inoacylase
B

TC
x

Q
37Q

B
2_S

P
H

A
R

>gnl|tr|Q
37Q

B
2_S

P
H

A
R

 (Q
37Q

B
2) P

utative D
-am

inoacylase
S

FA
x

Q
3W

J83_9A
C

TO
>gnl|tr|Q

3W
J83_9A

C
TO

 (Q
3W

J83) P
utative D

-am
inoacylase

S
FA

x
Q

45R
99_S

TR
FR

>gnl|tr|Q
45R

99_S
TR

FR
 (Q

45R
99) P

robable D
-am

inoacylase
B

TC
x

Q
6H

068_FR
E

D
I

>gnl|tr|Q
6H

068_FR
E

D
I (Q

6H
068) P

utative d-am
inoacylase

S
FA

x
Q

67JJ8_S
Y

M
TH

>gnl|tr|Q
67JJ8_S

Y
M

TH
 (Q

67JJ8) D
-A

m
inoacylase

B
TC

x
Q

82G
U

7_S
TR

AW
>gnl|tr|Q

82G
U

7_S
TR

AW
 (Q

82G
U

7) P
utative D

-am
inoacylase

S
FA

x
Q

82I76_S
TR

AW
>gnl|tr|Q

82I76_S
TR

AW
 (Q

82I76) P
utative D

-am
inoacylase

B
TC

x
Q

93JK
8_S

TR
C

O
>gnl|tr|Q

93JK
8_S

TR
C

O
 (Q

93JK
8) P

utative D
-am

inoacylase
B

TC
x

Q
3H

3B
2_9A

C
TO

>gnl|tr|Q
3H

3B
2_9A

C
TO

 (Q
3H

3B
2) N

-acyl-D
-glutam

ate deacylase precursor (E
C

 
3.5.1.82)

B
TC

x

Q
7M

D
66_V

IB
V

Y
>gnl|tr|Q

7M
D

66_V
IB

V
Y (Q

7M
D

66) P
utative N

-acyl-D
-glutam

ate deacylase protein
S

FA
x

Q
7M

D
91_V

IB
V

Y
>gnl|tr|Q

7M
D

91_V
IB

V
Y (Q

7M
D

91) P
robable N

-acyl-D
-glutam

ate deacylase protein
B

TC
x

Q
6LS

P
3_P

H
O

P
R

>gnl|tr|Q
6LS

P
3_P

H
O

P
R

 (Q
6LS

P
3) P

utative N
-acyl-D

-aspartate/D
-glutam

ate 
deacylase

B
TC

x
Q

8D
645_V

IB
V

U
>gnl|tr|Q

8D
645_V

IB
V

U
 (Q

8D
645) N

-acyl-D
-aspartate/D

-glutam
ate deacylase

N
S

F
X

Q
8D

6D
9_V

IB
V

U
>gnl|tr|Q

8D
6D

9_V
IB

V
U

 (Q
8D

6D
9) N

-acyl-D
-aspartate/D

-glutam
ate deacylase

B
TC

x
Q

2T5R
3_B

U
R

TH
>gnl|tr|Q

2T5R
3_B

U
R

TH
 (Q

2T5R
3) N

-acyl-D
-glutam

ate am
idohydrolase

S
FA

x
Q

6Y
N

I0_9M
IC

C
>gnl|tr|Q

6Y
N

I0_9M
IC

C
 (Q

6Y
N

I0) L-hydantoinase H
yuH

B
TC

x
Q

2R
G

Z6_M
O

O
TH

>gnl|tr|Q
2R

G
Z6_M

O
O

TH
 (Q

2R
G

Z6) D
-hydantoinase (E

C
 3.5.2.2)

B
TC

x
Q

972L4_S
U

LTO
>gnl|tr|Q

972L4_S
U

LTO
 (Q

972L4) 464aa long hypothetical D
-hydantoinase

B
TC

x
Q

972W
9_S

U
LTO

>gnl|tr|Q
972W

9_S
U

LTO
 (Q

972W
9) 413aa long hypothetical D

-hydantoinase
S

FA
x

              455
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Q
972X

8_S
U

LTO
>gnl|tr|Q

972X
8_S

U
LTO

 (Q
972X

8) 433aa long hypothetical D
-hydantoinase

B
TC

x
Q

50V
G

8_E
N

TH
I

>gnl|tr|Q
50V

G
8_E

N
TH

I (Q
50V

G
8) D

-hydantoinase, putative
B

TC
x

Q
2W

K
D

6_C
LO

B
E

>gnl|tr|Q
2W

K
D

6_C
LO

B
E

 (Q
2W

K
D

6) D
-hydantoinase

B
TC

x
Q

3H
3N

5_9A
C

TO
>gnl|tr|Q

3H
3N

5_9A
C

TO
 (Q

3H
3N

5) D
-hydantoinase

S
FA

x
Q

831D
1_E

N
TFA

>gnl|tr|Q
831D

1_E
N

TFA (Q
831D

1) D
-hydantoinase

B
TC

x
Q

8Y
M

C
4_A

N
A

S
P

>gnl|tr|Q
8Y

M
C

4_A
N

A
S

P (Q
8Y

M
C

4) D
-hydantoinase

S
FA

x
Q

41X
18_D

E
S

H
A

>gnl|tr|Q
41X

18_D
E

S
H

A (Q
41X

18) U
rease alpha-subunit, catalytic dom

ain
N

S
F

x
Q

9R
FF2_R

H
O

S
H

>gnl|tr|Q
9R

FF2_R
H

O
S

H
 (Q

9R
FF2) U

reC
M

FR
x

Q
484B

6_C
O

LP
3

>gnl|tr|Q
484B

6_C
O

LP
3 (Q

484B
6) Isoaspartyl dipeptidase (E

C
 3.4.19.-)

B
TC

X
Q

5E
4P

2_V
IB

F1
>gnl|tr|Q

5E
4P

2_V
IB

F1 (Q
5E

4P
2) Isoaspartyl dipeptidase

B
TC

x
Q

6LR
X

9_P
H

O
P

R
>gnl|tr|Q

6LR
X

9_P
H

O
P

R
 (Q

6LR
X

9) H
ypothetical isoaspartyl dipeptidase

B
TC

x
Q

8R
B

I0_TH
E

TN
>gnl|tr|Q

8R
B

I0_TH
E

TN
 (Q

8R
B

I0) Isoaspartyl dipeptidase
B

TC
X

Q
8X

H
X

0_C
LO

P
E

>gnl|tr|Q
8X

H
X

0_C
LO

P
E

 (Q
8X

H
X

0) Isoaspartyl dipeptidase
B

TC
X

Q
9K

D
T2_B

A
C

H
D

>gnl|tr|Q
9K

D
T2_B

A
C

H
D

 (Q
9K

D
T2) Isoaspartyl dipeptidase

B
TC

X
Q

2W
I02_C

LO
B

E
>gnl|tr|Q

2W
I02_C

LO
B

E
 (Q

2W
I02) P

eptidase M
38, beta-aspartyl dipeptidase

B
TC

X
Q

3C
JA

4_TH
E

E
T

>gnl|tr|Q
3C

JA
4_TH

E
E

T (Q
3C

JA
4) P

eptidase M
38, beta-aspartyl dipeptidase

B
TC

X
Q

3G
C

N
1_9FIR

M
>gnl|tr|Q

3G
C

N
1_9FIR

M
 (Q

3G
C

N
1) P

eptidase M
38, beta-aspartyl dipeptidase

B
TC

X
Q

3Q
871_9G

A
M

M
>gnl|tr|Q

3Q
871_9G

A
M

M
 (Q

3Q
871) P

eptidase M
38, beta-aspartyl dipeptidase

M
FR

x
Q

3Q
JN

6_9G
A

M
M

>gnl|tr|Q
3Q

JN
6_9G

A
M

M
 (Q

3Q
JN

6) P
eptidase M

38, beta-aspartyl dipeptidase
M

FR
x

Q
3Y

1L2_E
N

TFC
>gnl|tr|Q

3Y
1L2_E

N
TFC

 (Q
3Y

1L2) P
eptidase M

38, beta-aspartyl dipeptidase
M

FR
x

Q
41FJ1_9B

A
C

I
>gnl|tr|Q

41FJ1_9B
A

C
I (Q

41FJ1) P
eptidase M

38, beta-aspartyl dipeptidase
B

TC
X

Q
41W

X
5_D

E
S

H
A

>gnl|tr|Q
41W

X
5_D

E
S

H
A (Q

41W
X

5) P
eptidase M

38, beta-aspartyl dipeptidase
B

TC
X

Q
44JN

7_C
H

R
S

L
>gnl|tr|Q

44JN
7_C

H
R

S
L (Q

44JN
7) P

eptidase M
38, beta-aspartyl dipeptidase

B
TC

X
Q

4C
G

V
7_C

LO
TM

>gnl|tr|Q
4C

G
V

7_C
LO

TM
 (Q

4C
G

V
7) P

eptidase M
38, beta-aspartyl dipeptidase

B
TC

X

Q
4C

R
I1_TR

Y
C

R
>gnl|tr|Q

4C
R

I1_TR
Y

C
R

 (Q
4C

R
I1) 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial, 
putative (E

C
 5.3.3.8)

B
TC

x

Q
4C

TQ
3_TR

Y
C

R
>gnl|tr|Q

4C
TQ

3_TR
Y

C
R

 (Q
4C

TQ
3) 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial, 
putative (E

C
 5.3.3.8)

B
TC

x

Q
4C

X
J3_TR

Y
C

R
>gnl|tr|Q

4C
X

J3_TR
Y

C
R

 (Q
4C

X
J3) 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial, 
putative (E

C
 5.3.3.8)

M
FR

x

Q
4Q

636_LE
IM

A
>gnl|tr|Q

4Q
636_LE

IM
A (Q

4Q
636) 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial, 
putative (E

C
 5.3.3.8)

B
TC

x
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Q
57V

74_9TR
Y

P
>gnl|tr|Q

57V
74_9TR

Y
P (Q

57V
74) 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial, 
putative (E

C
 5.3.3.8)

B
TC

x

Q
580R

2_9TR
Y

P
>gnl|tr|Q

580R
2_9TR

Y
P (Q

580R
2) 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial, 
putative (E

C
 5.3.3.8)

B
TC

x

Q
584L4_9TR

Y
P

>gnl|tr|Q
584L4_9TR

Y
P (Q

584L4) 3,2-trans-enoyl-C
oA isom

erase, m
itochondrial, 

putative (E
C

 5.3.3.8)
B

TC
x

Q
64592_R

AT
>gnl|tr|Q

64592_R
AT (Q

64592) D
elta3, delta2-enoyl-C

oA isom
erase precursor (E

C
 

5.3.3.8)
B

TC
x

Q
5K

P
F9_C

R
Y

N
E

>gnl|tr|Q
5K

P
F9_C

R
Y

N
E

 (Q
5K

P
F9) 3-hydroxyisobutyryl-C

oA hydrolase, putative
B

TC
x

Q
3E

K
W

7_B
A

C
TI

>gnl|tr|Q
3E

K
W

7_B
A

C
TI (Q

3E
K

W
7) 3-hydroxyisobutyryl-C

oA hydrolase (E
C

 3.1.2.4)
B

TC
x

Q
8I523_P

LA
F7

>gnl|tr|Q
8I523_P

LA
F7 (Q

8I523) 3-hydroxyisobutyryl-coenzym
e A hydrolase, 

putative
B

TC
x

Q
2Q

U
G

2_O
R

Y
S

A
>gnl|tr|Q

2Q
U

G
2_O

R
Y

S
A (Q

2Q
U

G
2) 3-hydroxyisobutyryl-coenzym

e A hydrolase, 
putative

B
TC

x
Q

6LX
M

2_M
E

TM
P

>gnl|tr|Q
6LX

M
2_M

E
TM

P (Q
6LX

M
2) E

nolase
N

S
A

x
Q

8U
0E

9_P
Y

R
FU

>gnl|tr|Q
8U

0E
9_P

Y
R

FU
 (Q

8U
0E

9) E
nolase (2-phosphoglycerate dehydratase)

N
S

A
x

Q
381E

5_9TR
Y

P
>gnl|tr|Q

381E
5_9TR

Y
P (Q

381E
5) E

nolase, putative (E
C

 4.2.1.11)
N

S
A

X
Q

4C
N

28_TR
Y

C
R

>gnl|tr|Q
4C

N
28_TR

Y
C

R
 (Q

4C
N

28) E
nolase, putative

N
S

A
x

Q
4D

M
Y

6_TR
Y

C
R

>gnl|tr|Q
4D

M
Y

6_TR
Y

C
R

 (Q
4D

M
Y

6) E
nolase, putative

N
S

A
x

Q
6W

P
09_9E

U
K

A
>gnl|tr|Q

6W
P

09_9E
U

K
A (Q

6W
P

09) E
nolase 2 (Fragm

ent)
B

TC
x

Q
6W

P
10_9E

U
K

A
>gnl|tr|Q

6W
P

10_9E
U

K
A (Q

6W
P

10) E
nolase 1 (Fragm

ent)
B

TC
x

Q
86M

22_B
R

A
LA

>gnl|tr|Q
86M

22_B
R

A
LA (Q

86M
22) E

nolase 3 (Fragm
ent)

M
FR

x

Q
8I4F9_C

A
E

E
L

>gnl|tr|Q
8I4F9_C

A
E

E
L (Q

8I4F9) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase)

M
FR

x
Q

9N
D

G
1_9E

U
K

A
>gnl|tr|Q

9N
D

G
1_9E

U
K

A (Q
9N

D
G

1) E
nolase 1 (E

C
 4.2.1.11) (Fragm

ent)
B

TC
x

Q
9N

D
G

3_9E
U

K
A

>gnl|tr|Q
9N

D
G

3_9E
U

K
A (Q

9N
D

G
3) E

nolase 1 (E
C

 4.2.1.11) (Fragm
ent)

B
TC

x
Q

9N
D

G
4_9E

U
K

A
>gnl|tr|Q

9N
D

G
4_9E

U
K

A (Q
9N

D
G

4) E
nolase 2 (E

C
 4.2.1.11) (Fragm

ent)
B

TC
x

Q
8B

V
S

9_M
O

U
S

E

>gnl|tr|Q
8B

V
S

9_M
O

U
S

E
 (Q

8B
V

S
9) A

dult m
ale testis cD

N
A

, R
IK

E
N

 full-length 
enriched library, clone:4930412P

13 product:hypothetical E
nolase containing protein, 

full insert sequence
N

S
A

x
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-2. TrE

M
B

L data (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

Q
8C

042_M
O

U
S

E

>gnl|tr|Q
8C

042_M
O

U
S

E
 (Q

8C
042) A

dult m
ale olfactory brain cD

N
A

, R
IK

E
N

 full-
length enriched library, clone:6430537H

07 product:hypothetical E
nolase containing 

protein, full insert sequence
N

S
A

x
Q

7N
S

G
8_C

H
R

V
O

>gnl|tr|Q
7N

S
G

8_C
H

R
V

O
 (Q

7N
S

G
8) P

robable phosphopyruvate hydratase
N

S
A

x
Q

57I10_S
A

LC
H

>gnl|tr|Q
57I10_S

A
LC

H
 (Q

57I10) G
alactonate dehydratase

N
S

A
x

Q
57M

62_S
A

LC
H

>gnl|tr|Q
57M

62_S
A

LC
H

 (Q
57M

62) P
aral putative galactonate dehydratase

S
FA

x
Q

5LK
Y

4_S
ILP

O
>gnl|tr|Q

5LK
Y

4_S
ILP

O
 (Q

5LK
Y

4) G
alactonate dehydratase, putative

S
FA

x

Q
8Y

D
21_B

R
U

M
E

>gnl|tr|Q
8Y

D
21_B

R
U

M
E

 (Q
8Y

D
21) G

A
LA

C
TO

N
ATE

 D
E

H
Y

D
R

ATA
S

E
 (E

C
 4.2.1.6)

N
S

A
x

Q
8ZN

F9_S
A

LTY
>gnl|tr|Q

8ZN
F9_S

A
LTY (Q

8ZN
F9) P

utative galactonate dehydratase
S

FA
x

Q
3JV

P
3_B

U
R

P
1

>gnl|tr|Q
3JV

P
3_B

U
R

P
1 (Q

3JV
P

3) M
andelate racem

ase (E
C

 5.1.2.2)
B

TC
x

Q
5N

N
22_ZY

M
M

O
>gnl|tr|Q

5N
N

22_ZY
M

M
O

 (Q
5N

N
22) P

utative m
andelate racem

ase (E
C

 5.1.2.2)
S

FA
x

Q
5N

N
58_ZY

M
M

O
>gnl|tr|Q

5N
N

58_ZY
M

M
O

 (Q
5N

N
58) M

andelate racem
ase (E

C
 5.1.2.2)

S
FA

x
Q

63X
15_B

U
R

P
S

>gnl|tr|Q
63X

15_B
U

R
P

S
 (Q

63X
15) P

utative m
andelate racem

ase (E
C

 5.1.2.2)
B

TC
x

Q
8Y

F15_B
R

U
M

E
>gnl|tr|Q

8Y
F15_B

R
U

M
E

 (Q
8Y

F15) M
A

N
D

E
LATE

 R
A

C
E

M
A

S
E

 (E
C

 5.1.2.2)
B

TC
x

Q
8Y

F20_B
R

U
M

E
>gnl|tr|Q

8Y
F20_B

R
U

M
E

 (Q
8Y

F20) M
A

N
D

E
LATE

 R
A

C
E

M
A

S
E

 (E
C

 5.1.2.2)
S

FA
x

Q
4J6U

9_S
U

LA
C

>gnl|tr|Q
4J6U

9_S
U

LA
C

 (Q
4J6U

9) M
andelate racem

ase
S

FA
x

Q
972M

4_S
U

LTO
>gnl|tr|Q

972M
4_S

U
LTO

 (Q
972M

4) 373aa long hypothetical m
andelate racem

ase
B

TC
x

Q
2W

P
N

7_C
LO

B
E

>gnl|tr|Q
2W

P
N

7_C
LO

B
E

 (Q
2W

P
N

7) P
utative m

andelate racem
ase

S
FA

x

Q
2ZJ97_C

A
LS

A
>gnl|tr|Q

2ZJ97_C
A

LS
A (Q

2ZJ97) C
onserved hypothetical m

andelate racem
ase

B
TC

, 
M

O
F

x
Q

34P
21_R

H
O

PA
>gnl|tr|Q

34P
21_R

H
O

PA (Q
34P

21) P
utative m

andelate racem
ase

S
FA

x
Q

35J17_9B
R

A
D

>gnl|tr|Q
35J17_9B

R
A

D
 (Q

35J17) P
robable m

andelate racem
ase

B
TC

x
Q

5P
H

P
6_S

A
LPA

>gnl|tr|Q
5P

H
P

6_S
A

LPA (Q
5P

H
P

6) P
utative m

andelate racem
ase

S
FA

x
Q

6D
8H

6_E
R

W
C

T
>gnl|tr|Q

6D
8H

6_E
R

W
C

T (Q
6D

8H
6) P

utative m
andelate racem

ase
B

TC
x

Q
7V

Y
H

9_B
O

R
P

E
>gnl|tr|Q

7V
Y

H
9_B

O
R

P
E

 (Q
7V

Y
H

9) P
utative m

andelate racem
ase

S
FA

x
Q

7W
747_B

O
R

PA
>gnl|tr|Q

7W
747_B

O
R

PA (Q
7W

747) P
utative m

andelate racem
ase

S
FA

x
Q

7W
E

E
8_B

O
R

B
R

>gnl|tr|Q
7W

E
E

8_B
O

R
B

R
 (Q

7W
E

E
8) P

utative m
andelate racem

ase
B

TC
x

Q
7W

IN
6_B

O
R

B
R

>gnl|tr|Q
7W

IN
6_B

O
R

B
R

 (Q
7W

IN
6) P

utative m
andelate racem

ase
S

FA
x

Q
826B

1_S
TR

AW
>gnl|tr|Q

826B
1_S

TR
AW

 (Q
826B

1) P
utative m

andelate racem
ase

S
FA

x
Q

8Z7A
7_S

A
LTI

>gnl|tr|Q
8Z7A

7_S
A

LTI (Q
8Z7A

7) P
utative m

andelate racem
ase

S
FA

x
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M
B
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A
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A
nnotation

M
isan. 

C
ode
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C

orrect

Q
8ZK

Y
6_S

A
LTY

>gnl|tr|Q
8ZK

Y
6_S

A
LTY (Q

8ZK
Y

6) P
utative m

andelate racem
ase

S
FA

x
Q

8ZL58_S
A

LTY
>gnl|tr|Q

8ZL58_S
A

LTY (Q
8ZL58) P

utative m
andelate racem

ase
B

TC
x

Q
986Z4_R

H
ILO

>gnl|tr|Q
986Z4_R

H
ILO

 (Q
986Z4) M

andelate racem
ase

B
TC

x
Q

44H
W

8_C
H

R
S

L
>gnl|tr|Q

44H
W

8_C
H

R
S

L (Q
44H

W
8) G

lucarate dehydratase (E
C

 4.2.1.40)
B

TC
x

Q
8FE

G
5_E

C
O

L6
>gnl|tr|Q

8FE
G

5_E
C

O
L6 (Q

8FE
G

5) G
lucarate dehydratase (E

C
 4.2.1.40)

B
TC

x

Q
8Z442_S

A
LTI

>gnl|tr|Q
8Z442_S

A
LTI (Q

8Z442) P
robable glucarate dehydratase 2 (E

C
 4.2.1.40)

B
TC

x

Q
8ZM

D
8_S

A
LTY

>gnl|tr|Q
8ZM

D
8_S

A
LTY (Q

8ZM
D

8) P
utative d-glucarate dehydratase (E

C
 4.2.1.40)

B
TC

x
Q

31X
K

2_S
H

IB
S

>gnl|tr|Q
31X

K
2_S

H
IB

S
 (Q

31X
K

2) P
utative glucarate dehydratase

B
TC

x
Q

3E
IQ

4_A
C

TS
C

>gnl|tr|Q
3E

IQ
4_A

C
TS

C
 (Q

3E
IQ

4) P
utative d-glucarate dehydratase

B
TC

x
Q

3Y
Y

68_S
H

IS
S

>gnl|tr|Q
3Y

Y
68_S

H
IS

S
 (Q

3Y
Y

68) P
utative glucarate dehydratase

B
TC

x
Q

7A
B

75_E
C

O
57

>gnl|tr|Q
7A

B
75_E

C
O

57 (Q
7A

B
75) P

utative glucarate dehydratase
B

TC
x

Q
5Y

TY
6_N

O
C

FA
>gnl|tr|Q

5Y
TY

6_N
O

C
FA (Q

5Y
TY

6) P
utative glucarate dehydratase

B
TC

x
Q

6D
8N

6_E
R

W
C

T
>gnl|tr|Q

6D
8N

6_E
R

W
C

T (Q
6D

8N
6) P

utative glucarate dehydratase
B

TC
x

Q
82B

X
3_S

TR
AW

>gnl|tr|Q
82B

X
3_S

TR
AW

 (Q
82B

X
3) P

utative glucarate dehydratase
B

TC
x

Q
83Q

D
3_S

H
IFL

>gnl|tr|Q
83Q

D
3_S

H
IFL (Q

83Q
D

3) P
utative glucarate dehydratase

B
TC

x
Q

8U
B

I7_A
G

R
T5

>gnl|tr|Q
8U

B
I7_A

G
R

T5 (Q
8U

B
I7) G

lucarate dehydratase
B

TC
x

Q
8X

6T9_E
C

O
57

>gnl|tr|Q
8X

6T9_E
C

O
57 (Q

8X
6T9) P

utative glucarate dehydratase
B

TC
x

Q
4W

FW
5_A

S
P

FU
>gnl|tr|Q

4W
FW

5_A
S

P
FU

 (Q
4W

FW
5) M

ethylaspartate am
m

onia-lyase
B

N
C

x

Q
7V

U
C

6_B
O

R
P

E
>gnl|tr|Q

7V
U

C
6_B

O
R

P
E

 (Q
7V

U
C

6) P
utative m

ethylaspartate am
m

onia-lyase (E
C

 
4.3.1.2)

B
N

C
x

Q
7V

ZT1_B
O

R
P

E
>gnl|tr|Q

7V
ZT1_B

O
R

P
E

 (Q
7V

ZT1) M
ethylaspartate am

m
onia-lyase (E

C
 4.3.1.2)

B
N

C
x

Q
7W

411_B
O

R
PA

>gnl|tr|Q
7W

411_B
O

R
PA (Q

7W
411) P

utative m
ethylaspartate am

m
onia-lyase (E

C
 

4.3.1.2)
B

N
C

x

Q
7W

579_B
O

R
PA

>gnl|tr|Q
7W

579_B
O

R
PA (Q

7W
579) M

ethylaspartate am
m

onia-lyase (E
C

 4.3.1.2)
B

N
C

x

Q
7W

C
Q

9_B
O

R
B

R
>gnl|tr|Q

7W
C

Q
9_B

O
R

B
R

 (Q
7W

C
Q

9) M
ethylaspartate am

m
onia-lyase (E

C
 4.3.1.2)

B
N

C
x

Q
7W

FE
3_B

O
R

B
R

>gnl|tr|Q
7W

FE
3_B

O
R

B
R

 (Q
7W

FE
3) P

utative m
ethylaspartate am

m
onia-lyase (E

C
 

4.3.1.2)
B

N
C

x
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A
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A
nnotation

M
isan. 

C
ode
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C

orrect

Q
62R

90_B
A

C
LD

>gnl|tr|Q
62R

90_B
A

C
LD

 (Q
62R

90) O
-succinylbenzoate synthase

N
S

F
x

Q
6M

A
L2_PA

R
U

W
>gnl|tr|Q

6M
A

L2_PA
R

U
W

 (Q
6M

A
L2) P

utative o-succinylbenzoate synthase II, m
enC

S
FA

x
Q

6J674_9B
U

R
K

>gnl|tr|Q
6J674_9B

U
R

K
 (Q

6J674) L-alanine-D
L-glutam

ate epim
erase

S
FA

x

Q
3B

N
F2_X

A
N

C
5

>gnl|tr|Q
3B

N
F2_X

A
N

C
5 (Q

3B
N

F2) P
utative chlorom

uconate cycloisom
erase (E

C
 

5.5.1.7)
B

A
C

, 
M

O
F

x

Q
7U

JR
2_R

H
O

B
A

>gnl|tr|Q
7U

JR
2_R

H
O

B
A (Q

7U
JR

2) C
hlorom

uconate cycloisom
erase Y

kfB
1 (E

C
 

5.5.1.7)
S

G
A

x
Q

5U
X

71_H
A

LM
A

>gnl|tr|Q
5U

X
71_H

A
LM

A (Q
5U

X
71) C

hlorom
uconate cycloisom

erase
S

G
A

x
Q

5V
3S

6_H
A

LM
A

>gnl|tr|Q
5V

3S
6_H

A
LM

A (Q
5V

3S
6) C

hlorom
uconate cycloisom

erase
S

G
A

x

Q
5V

5B
0_H

A
LM

A
>gnl|tr|Q

5V
5B

0_H
A

LM
A (Q

5V
5B

0) C
hlorom

uconate cycloisom
erase

B
A

C
, 

M
O

F
x

Q
9H

P
25_H

A
LS

A
>gnl|tr|Q

9H
P

25_H
A

LS
A (Q

9H
P

25) C
hlorom

uconate cycloisom
erase

B
A

C
, 

M
O

F
x

Q
9H

Q
N

7_H
A

LS
A

>gnl|tr|Q
9H

Q
N

7_H
A

LS
A (Q

9H
Q

N
7) C

hlorom
uconate cycloisom

erase
S

G
A

x
O

34027_B
U

R
C

E
>gnl|tr|O

34027_B
U

R
C

E
 (O

34027) P
utative chlorom

uconate cycloisom
erase

M
FR

x

Q
4U

P
V

4_X
A

N
C

8
>gnl|tr|Q

4U
P

V
4_X

A
N

C
8 (Q

4U
P

V
4) C

hlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x
Q

2N
Y

J4_X
A

N
O

R
>gnl|tr|Q

2N
Y

J4_X
A

N
O

R
 (Q

2N
Y

J4) C
hlorom

uconate cycloisom
erase

B
A

C
x

Q
57N

Y
1_S

A
LC

H
>gnl|tr|Q

57N
Y

1_S
A

LC
H

 (Q
57N

Y
1) P

utative chlorom
uconate cycloisom

erase 
(M

uconate cycloisom
erase)

S
G

A
x

Q
5G

V
B

7_X
A

N
O

R
>gnl|tr|Q

5G
V

B
7_X

A
N

O
R

 (Q
5G

V
B

7) C
hlorom

uconate cycloisom
erase

B
A

C
, 

M
O

F
x

Q
5S

H
A

6_TH
E

T8
>gnl|tr|Q

5S
H

A
6_TH

E
T8 (Q

5S
H

A
6) C

hlorom
uconate cycloisom

erase
S

G
A

x

Q
5ZU

52_LE
G

P
H

>gnl|tr|Q
5ZU

52_LE
G

P
H

 (Q
5ZU

52) C
hlorom

uconate cycloisom
erase

B
A

C
, 

M
O

F
x

Q
607C

7_M
E

TC
A

>gnl|tr|Q
607C

7_M
E

TC
A (Q

607C
7) P

utative chlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x
Q

64W
Q

7_B
A

C
FR

>gnl|tr|Q
64W

Q
7_B

A
C

FR
 (Q

64W
Q

7) C
hlorom

uconate cycloisom
erase

S
G

A
x

Q
8P

4A
3_X

A
N

C
P

>gnl|tr|Q
8P

4A
3_X

A
N

C
P (Q

8P
4A

3) C
hlorom

uconate cycloisom
erase

B
A

C
, 

M
O

F
x
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M
B

L data (C
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A
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A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

Q
8P

FW
0_X

A
N

A
C

>gnl|tr|Q
8P

FW
0_X

A
N

A
C

 (Q
8P

FW
0) C

hlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x
Q

8U
JJ9_A

G
R

T5
>gnl|tr|Q

8U
JJ9_A

G
R

T5 (Q
8U

JJ9) C
hlorom

uconate cycloisom
erase

S
G

A
x

Q
986H

6_R
H

ILO
>gnl|tr|Q

986H
6_R

H
ILO

 (Q
986H

6) C
hlorom

uconate cycloisom
erase

M
FR

x
Q

9R
T94_D

E
IR

A
>gnl|tr|Q

9R
T94_D

E
IR

A (Q
9R

T94) C
hlorom

uconate cycloisom
erase, putative

B
A

C
x

O
28181_A

R
C

FU
>gnl|tr|O

28181_A
R

C
FU

 (O
28181) M

uconate cycloisom
erase II (C

lcB
)

S
FA

x
Q

3X
638_9A

C
TN

>gnl|tr|Q
3X

638_9A
C

TN
 (Q

3X
638) M

uconate cycloisom
erase (E

C
 5.5.1.1)

M
FR

x
Q

407G
0_9R

H
O

B
>gnl|tr|Q

407G
0_9R

H
O

B
 (Q

407G
0) M

uconate cycloisom
erase (E

C
 5.5.1.1)

B
TC

x
Q

70A
N

9_R
H

O
E

R
>gnl|tr|Q

70A
N

9_R
H

O
E

R
 (Q

70A
N

9) M
uconate cycloisom

erase (E
C

 5.5.1.1)
B

TC
x

Q
83X

A
5_R

H
O

E
R

>gnl|tr|Q
83X

A
5_R

H
O

E
R

 (Q
83X

A
5) C

is,cis-m
uconate cycloisom

erase (E
C

 5.5.1.1)
B

TC
x

Q
5LM

96_S
ILP

O
>gnl|tr|Q

5LM
96_S

ILP
O

 (Q
5LM

96) M
uconate cycloisom

erase I (E
C

 5.5.1.1)
B

TC
x

Q
5W

D
L3_B

A
C

S
K

>gnl|tr|Q
5W

D
L3_B

A
C

S
K

 (Q
5W

D
L3) M

uconate cycloisom
erase (E

C
 5.5.1.1)

S
FA

x

Q
6N

2T4_R
H

O
PA

>gnl|tr|Q
6N

2T4_R
H

O
PA (Q

6N
2T4) P

utative m
uconate cycloisom

erase (E
C

 5.5.1.1)
S

G
A

x
Q

72H
L4_TH

E
T2

>gnl|tr|Q
72H

L4_TH
E

T2 (Q
72H

L4) M
uconate cycloisom

erase (E
C

 5.5.1.1)
S

G
A

x
Q

7U
K

54_R
H

O
B

A
>gnl|tr|Q

7U
K

54_R
H

O
B

A (Q
7U

K
54) M

uconate cycloisom
erase I (E

C
 5.5.1.1)

S
G

A
x

Q
8Y

H
38_B

R
U

M
E

>gnl|tr|Q
8Y

H
38_B

R
U

M
E

 (Q
8Y

H
38) M

U
C

O
N

ATE
 C

Y
C

LO
IS

O
M

E
R

A
S

E
 I (E

C
 

5.5.1.1)
S

G
A

x

Q
92Y

R
6_R

H
IM

E
>gnl|tr|Q

92Y
R

6_R
H

IM
E

 (Q
92Y

R
6) P

utative m
uconate cycloisom

erase (E
C

 5.5.1.1)
S

G
A

x
Q

2X
Q

17_9N
O

C
A

>gnl|tr|Q
2X

Q
17_9N

O
C

A (Q
2X

Q
17) C

is-m
uconate cycloisom

erase
B

TC
x

Q
2ZG

10_C
A

LS
A

>gnl|tr|Q
2ZG

10_C
A

LS
A (Q

2ZG
10) M

uconate cycloisom
erase

S
G

A
x

Q
34S

34_R
H

O
PA

>gnl|tr|Q
34S

34_R
H

O
PA (Q

34S
34) P

utative m
uconate cycloisom

erase
S

G
A

x
Q

58LW
9_9B

U
R

K
>gnl|tr|Q

58LW
9_9B

U
R

K
 (Q

58LW
9) M

uconate cycloisom
erase

B
TC

x
Q

7A
E

G
8_E

C
O

57
>gnl|tr|Q

7A
E

G
8_E

C
O

57 (Q
7A

E
G

8) P
utative m

uconate cycloisom
erase I

S
G

A
x

Q
8G

H
61_S

TR
S

E
>gnl|tr|Q

8G
H

61_S
TR

S
E

 (Q
8G

H
61) M

uconate cycloisom
erase

S
G

A
x

Q
5LB

R
0_B

A
C

FN
>gnl|tr|Q

5LB
R

0_B
A

C
FN

 (Q
5LB

R
0) P

utative m
uconate cycloisom

erase
S

G
A

x
Q

5LFS
2_B

A
C

FN
>gnl|tr|Q

5LFS
2_B

A
C

FN
 (Q

5LFS
2) P

utative m
uconate cycloisom

erase
S

G
A

x
Q

5Y
TX

2_N
O

C
FA

>gnl|tr|Q
5Y

TX
2_N

O
C

FA (Q
5Y

TX
2) P

utative m
uconate cycloisom

erase
B

TC
x

Q
64S

N
3_B

A
C

FR
>gnl|tr|Q

64S
N

3_B
A

C
FR

 (Q
64S

N
3) M

uconate cycloisom
erase

S
G

A
x

Q
6LQ

X
4_P

H
O

P
R

>gnl|tr|Q
6LQ

X
4_P

H
O

P
R

 (Q
6LQ

X
4) H

ypothetical m
uconate cycloisom

erase I
S

G
A

x
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M
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Q
83LB

1_S
H

IFL
>gnl|tr|Q

83LB
1_S

H
IFL (Q

83LB
1) P

utative m
uconate cycloisom

erase I
S

G
A

x
Q

87JC
4_V

IB
PA

>gnl|tr|Q
87JC

4_V
IB

PA (Q
87JC

4) P
utative m

uconate cycloisom
erase I

S
G

A
x

Q
8A

861_B
A

C
TN

>gnl|tr|Q
8A

861_B
A

C
TN

 (Q
8A

861) M
uconate cycloisom

erase
S

G
A

x

Q
8E

M
93_O

C
E

IH
>gnl|tr|Q

8E
M

93_O
C

E
IH

 (Q
8E

M
93) M

uconate cycloisom
erase

B
TC

, 
M

O
F

x
Q

8E
M

J9_O
C

E
IH

>gnl|tr|Q
8E

M
J9_O

C
E

IH
 (Q

8E
M

J9) M
uconate cycloisom

erase
S

FA
x

Q
8FS

B
7_C

O
R

E
F

>gnl|tr|Q
8FS

B
7_C

O
R

E
F (Q

8FS
B

7) P
utative m

uconate cycloisom
erase

S
G

A
x

Q
8Y

R
B

6_A
N

A
S

P
>gnl|tr|Q

8Y
R

B
6_A

N
A

S
P (Q

8Y
R

B
6) M

uconate cycloisom
erase

S
G

A
x

Q
986H

5_R
H

ILO
>gnl|tr|Q

986H
5_R

H
ILO

 (Q
986H

5) M
uconate lactonizing enzym

e
S

G
A

x
Q

98LZ8_R
H

ILO
>gnl|tr|Q

98LZ8_R
H

ILO
 (Q

98LZ8) P
robable m

uconate cycloisom
erase

S
G

A
x

Q
9K

8K
0_B

A
C

H
D

>gnl|tr|Q
9K

8K
0_B

A
C

H
D

 (Q
9K

8K
0) M

uconate cycloisom
erase

S
G

A
x

Q
9W

X
M

1_TH
E

M
A

>gnl|tr|Q
9W

X
M

1_TH
E

M
A (Q

9W
X

M
1) M

uconate cycloisom
erase

S
G

A
x

Q
2X

3Y
2_9G

A
M

M
>gnl|tr|Q

2X
3Y

2_9G
A

M
M

 (Q
2X

3Y
2) H

A
D

-superfam
ily hydrolase subfam

ily 
IIIA

:P
hosphatase kdsC

 (E
C

 3.1.3.45)
B

TC
x

Q
2Y

C
X

4_N
ITM

U
>gnl|tr|Q

2Y
C

X
4_N

ITM
U

 (Q
2Y

C
X

4) P
hosphatase kdsC

 precursor (E
C

 3.1.3.45)
B

TC
x

Q
2Z8E

4_9G
A

M
M

>gnl|tr|Q
2Z8E

4_9G
A

M
M

 (Q
2Z8E

4) H
A

D
-superfam

ily hydrolase subfam
ily 

IIIA
:P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x
Q

31H
02_TH

IC
R

>gnl|tr|Q
31H

02_TH
IC

R
 (Q

31H
02) P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x
Q

31K
V

1_S
Y

N
P

7
>gnl|tr|Q

31K
V

1_S
Y

N
P

7 (Q
31K

V
1) P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x

Q
33X

06_9G
A

M
M

>gnl|tr|Q
33X

06_9G
A

M
M

 (Q
33X

06) H
A

D
-superfam

ily hydrolase, subfam
ily 

IIIA
:P

hosphatase Y
rbI (E

C
 3.1.3.45)

B
TC

x

Q
34X

Q
2_9G

A
M

M
>gnl|tr|Q

34X
Q

2_9G
A

M
M

 (Q
34X

Q
2) H

A
D

-superfam
ily hydrolase subfam

ily 
IIIA

:P
hosphatase kdsC

 precursor (E
C

 3.1.3.45)
B

TC
x

Q
35X

U
6_9G

A
M

M
>gnl|tr|Q

35X
U

6_9G
A

M
M

 (Q
35X

U
6) H

A
D

-superfam
ily hydrolase subfam

ily 
IIIA

:P
hosphatase kdsC

 (E
C

 3.1.3.45)
B

TC
x

Q
366V

6_9G
A

M
M

>gnl|tr|Q
366V

6_9G
A

M
M

 (Q
366V

6) H
A

D
-superfam

ily hydrolase subfam
ily 

IIIA
:P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x
Q

39C
V

5_B
U

R
S

3
>gnl|tr|Q

39C
V

5_B
U

R
S

3 (Q
39C

V
5) P

hosphatase K
dsC

 (E
C

 3.1.3.45)
B

TC
x

Q
39M

81_B
U

R
S

3
>gnl|tr|Q

39M
81_B

U
R

S
3 (Q

39M
81) P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x

Q
3A

P
52_C

H
LC

H
>gnl|tr|Q

3A
P

52_C
H

LC
H

 (Q
3A

P
52) P

utative 3-deoxy-D
-m

anno-octulosonate 8-
phosphate phosphatase (E

C
 3.1.3.45)

M
FR

x
Q

3A
R

P
0_C

H
LC

H
>gnl|tr|Q

3A
R

P
0_C

H
LC

H
 (Q

3A
R

P
0) P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x
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A
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M
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C
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Q
3C

M
C

6_A
LTAT

>gnl|tr|Q
3C

M
C

6_A
LTAT (Q

3C
M

C
6) P

hosphatase Y
rbI precursor (E

C
 3.1.3.45)

B
TC

x
Q

3FJA
0_9B

U
R

K
>gnl|tr|Q

3FJA
0_9B

U
R

K
 (Q

3FJA
0) P

hosphatase Y
rbI (E

C
 3.1.3.45)

B
TC

x

Q
3IG

37_P
S

E
H

T
>gnl|tr|Q

3IG
37_P

S
E

H
T (Q

3IG
37) 3-D

eoxy-D
-m

anno-octulosonate 8-phosphate 
(K

D
O

 8-P
) phosphatase (E

C
 3.1.3.45)

B
TC

X
Q

3J7G
0_N

ITO
C

>gnl|tr|Q
3J7G

0_N
ITO

C
 (Q

3J7G
0) P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x

Q
3JP

69_B
U

R
P

1
>gnl|tr|Q

3JP
69_B

U
R

P
1 (Q

3JP
69) 3-deoxy-m

anno-octulosonate-8-phosphatase 
(E

C
 3.1.3.45)

B
TC

x

Q
3N

5Y
5_9D

E
LT

>gnl|tr|Q
3N

5Y
5_9D

E
LT (Q

3N
5Y

5) H
A

D
-superfam

ily hydrolase, subfam
ily 

IIIA
:P

hosphatase Y
rbI (E

C
 3.1.3.45)

B
TC

x

Q
40R

39_D
E

S
A

C
>gnl|tr|Q

40R
39_D

E
S

A
C

 (Q
40R

39) H
A

D
-superfam

ily hydrolase, subfam
ily 

IIIA
:P

hosphatase kdsC
 (E

C
 3.1.3.45)

B
TC

x

Q
44D

T2_C
H

R
S

L
>gnl|tr|Q

44D
T2_C

H
R

S
L (Q

44D
T2) H

A
D

-superfam
ily hydrolase, subfam

ily 
IIIA

:P
hosphatase Y

rbI precursor (E
C

 3.1.3.45)
B

TC
x

Q
451D

1_9B
U

R
K

>gnl|tr|Q
451D

1_9B
U

R
K

 (Q
451D

1) P
hosphatase Y

rbI (E
C

 3.1.3.45)
B

TC
x

Q
4B

879_B
U

R
V

I
>gnl|tr|Q

4B
879_B

U
R

V
I (Q

4B
879) P

hosphatase Y
rbI (E

C
 3.1.3.45)

B
TC

x

Q
5E

7W
0_V

IB
F1

>gnl|tr|Q
5E

7W
0_V

IB
F1 (Q

5E
7W

0) 3-deoxy-m
anno-octulosonate-8-phosphatase 

(E
C

 3.1.3.45)
B

TC
x

Q
5E

8H
4_V

IB
F1

>gnl|tr|Q
5E

8H
4_V

IB
F1 (Q

5E
8H

4) 3-deoxy-m
anno-octulosonate-8-phosphatase (E

C
 

3.1.3.45)
B

TC
x

Q
5N

G
30_FR

ATT
>gnl|tr|Q

5N
G

30_FR
ATT (Q

5N
G

30) 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase (E

C
 3.1.3.45)

B
TC

x

Q
6FC

69_A
C

IA
D

>gnl|tr|Q
6FC

69_A
C

IA
D

 (Q
6FC

69) 3-D
eoxy-D

-m
anno-octulosonate 8-phosphate 

(K
D

O
 8-P

) phosphatase (E
C

 3.1.3.45)
B

TC
x

Q
2S

H
M

4_9G
A

M
M

>gnl|tr|Q
2S

H
M

4_9G
A

M
M

 (Q
2S

H
M

4) P
hosphonoacetaldehyde hydrolase (E

C
 

3.11.1.1)
B

TC
x

Q
38V

12_LA
C

S
S

>gnl|tr|Q
38V

12_LA
C

S
S

 (Q
38V

12) P
hosphonoacetaldehyde hydrolase (E

C
 3.11.1.1)

B
TC

x

Q
81G

82_B
A

C
C

R
>gnl|tr|Q

81G
82_B

A
C

C
R

 (Q
81G

82) P
hosphonoacetaldehyde hydrolase (E

C
 

3.11.1.1)
B

TC
x

Q
3M

Y
L4_9D

E
LT

>gnl|tr|Q
3M

Y
L4_9D

E
LT (Q

3M
Y

L4) P
hosphonoacetaldehyde hydrolase

B
TC

x
Q

3N
6B

6_9D
E

LT
>gnl|tr|Q

3N
6B

6_9D
E

LT (Q
3N

6B
6) P

hosphonoacetaldehyde hydrolase
B

TC
x

Q
3X

ZA
4_E

N
TFC

>gnl|tr|Q
3X

ZA
4_E

N
TFC

 (Q
3X

ZA
4) P

hosphonoacetaldehyde hydrolase
B

TC
x
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M
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Q
64P

Z2_B
A

C
FR

>gnl|tr|Q
64P

Z2_B
A

C
FR

 (Q
64P

Z2) P
hosphonoacetaldehyde hydrolase

B
TC

x
Q

6A
G

44_LE
IX

X
>gnl|tr|Q

6A
G

44_LE
IX

X
 (Q

6A
G

44) P
hosphonoacetaldehyde hydrolase

N
S

F
X

P
95933_S

U
LS

O
>gnl|tr|P

95933_S
U

LS
O

 (P
95933) O

rf c01035 protein (2-haloalkanoic acid 
dehalogenase) (E

C
 3.8.1.2)

S
FA

X

Q
5V

5A
3_H

A
LM

A
>gnl|tr|Q

5V
5A

3_H
A

LM
A (Q

5V
5A

3) 2-haloalkanoic acid dehalogenase (E
C

 3.8.1.2)
B

TC
x

Q
97W

T6_S
U

LS
O

>gnl|tr|Q
97W

T6_S
U

LS
O

 (Q
97W

T6) 2-haloalkanoic acid dehalogenase (E
C

 3.8.1.2)
N

S
F

X

Q
97X

58_S
U

LS
O

>gnl|tr|Q
97X

58_S
U

LS
O

 (Q
97X

58) 2-haloalkanoic acid dehalogenase (E
C

 3.8.1.2)
N

S
F

X

Q
9U

X
B

5_S
U

LS
O

>gnl|tr|Q
9U

X
B

5_S
U

LS
O

 (Q
9U

X
B

5) H
ypothetical protein O

R
F-c10_004 (2-

haloalkanoic acid dehalogenase, putative) (E
C

 3.8.1.2)
N

S
F

X
O

33563_R
H

IS
P

>gnl|tr|O
33563_R

H
IS

P (O
33563) 2-haloacid dehalogenase (E

C
 3.8.1.2)

N
S

F
x

Q
2S

347_9S
P

H
I

>gnl|tr|Q
2S

347_9S
P

H
I (Q

2S
347) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
S

FA
x

Q
2T7Z2_B

U
R

TH
>gnl|tr|Q

2T7Z2_B
U

R
TH

 (Q
2T7Z2) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
S

FA
x

Q
394H

6_B
U

R
S

3
>gnl|tr|Q

394H
6_B

U
R

S
3 (Q

394H
6) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
B

TC
x

Q
3FL85_9B

U
R

K
>gnl|tr|Q

3FL85_9B
U

R
K

 (Q
3FL85) H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 

2 (E
C

 3.8.1.2)
B

TC
x

Q
3IH

E
0_P

S
E

H
T

>gnl|tr|Q
3IH

E
0_P

S
E

H
T (Q

3IH
E

0) C
ryptic haloacid dehalogenase 1 (E

C
 3.8.1.2) 

(E
C

 3.8.1.2)
B

TC
x

Q
3JJY

3_B
U

R
P

1
>gnl|tr|Q

3JJY
3_B

U
R

P
1 (Q

3JJY
3) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
S

FA
x

Q
43L46_S

O
LU

S
>gnl|tr|Q

43L46_S
O

LU
S

 (Q
43L46) H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 

2 (E
C

 3.8.1.2)
M

FR
x

Q
44IP

7_C
H

R
S

L
>gnl|tr|Q

44IP
7_C

H
R

S
L (Q

44IP
7) H

A
D

-superfam
ily hydrolase, subfam

ily IA
, variant 

2 (E
C

 3.8.1.2)
B

TC
x

Q
47ZE

3_C
O

LP
3

>gnl|tr|Q
47ZE

3_C
O

LP
3 (Q

47ZE
3) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
B

TC
x

Q
48B

Y
1_P

S
E

14
>gnl|tr|Q

48B
Y

1_P
S

E
14 (Q

48B
Y

1) H
aloacid dehalogenase, type II (E

C
 3.8.1.2)

S
FA

x
Q

48K
U

3_P
S

E
14

>gnl|tr|Q
48K

U
3_P

S
E

14 (Q
48K

U
3) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
S

FA
x

Q
4AW

91_9B
U

R
K

>gnl|tr|Q
4AW

91_9B
U

R
K

 (Q
4AW

91) H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 (E

C
 3.8.1.2)

B
TC

x
Q

4FP
C

8_P
E

LU
B

>gnl|tr|Q
4FP

C
8_P

E
LU

B
 (Q

4FP
C

8) (S
)-2-haloacid dehalogenase (E

C
 3.8.1.2)

B
TC

x
Q

5LK
E

4_S
ILP

O
>gnl|tr|Q

5LK
E

4_S
ILP

O
 (Q

5LK
E

4) H
aloacid dehalogenase, type II (E

C
 3.8.1.2)

B
TC

x
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A
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M
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Q
62E

30_B
U

R
M

A
>gnl|tr|Q

62E
30_B

U
R

M
A (Q

62E
30) H

aloacid dehalogenase, type II (E
C

 3.8.1.2)
S

FA
x

Q
7U

S
D

6_R
H

O
B

A
>gnl|tr|Q

7U
S

D
6_R

H
O

B
A (Q

7U
S

D
6) C

ryptic haloacid dehalogenase 1 (E
C

 3.8.1.2)
B

TC
x

Q
814M

0_B
A

C
C

R
>gnl|tr|Q

814M
0_B

A
C

C
R

 (Q
814M

0) 2-haloalkanoic acid dehalogenase (E
C

 3.8.1.2)
S

FA
x

Q
81B

55_B
A

C
C

R
>gnl|tr|Q

81B
55_B

A
C

C
R

 (Q
81B

55) 2-haloalkanoic acid dehalogenase (E
C

 3.8.1.2)
S

FA
x

Q
81C
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4W
Y

Z8_A
S

P
FU

 (Q
4W

Y
Z8) 4-hydroxyphenylpyruvate dioxygenase, 

putative
N

S
F

x
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A
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A
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M
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C
ode
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orrect

Q
2W

B
X

9_P
LA

D
U

>gnl|tr|Q
2W

B
X

9_P
LA

D
U

 (Q
2W

B
X

9) 4-hydroxyphenylpyruvate dioxygenase protein 
(Fragm

ent)
B

TC
X

Q
45FE

8_W
H

E
AT

>gnl|tr|Q
45FE

8_W
H

E
AT (Q

45FE
8) 4-hydroxyphenylpyruvate dioxygenase

B
TC

x

Q
8H

1T5_A
B

U
TH

>gnl|tr|Q
8H

1T5_A
B

U
TH

 (Q
8H

1T5) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (Fragm

ent)
B

TC
x

Q
35G

S
3_9B

R
A

D
>gnl|tr|Q

35G
S

3_9B
R

A
D

 (Q
35G

S
3) 4-hydroxyphenylpyruvate dioxygenase

N
S

F
X

Q
3H

K
21_TR

IE
R

>gnl|tr|Q
3H

K
21_TR

IE
R

 (Q
3H

K
21) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
B

TC
x

Q
3M

423_A
N

AV
T

>gnl|tr|Q
3M

423_A
N

AV
T (Q

3M
423) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
B

TC
x

Q
430G

8_9A
C

TO
>gnl|tr|Q

430G
8_9A

C
TO

 (Q
430G

8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

B
TC

x

Q
44C

76_C
H

R
S

L
>gnl|tr|Q

44C
76_C

H
R

S
L (Q

44C
76) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27)
B

TC
X

Q
4AW

B
1_9B

U
R

K
>gnl|tr|Q

4AW
B

1_9B
U

R
K

 (Q
4AW

B
1) 4-hydroxyphenylpyruvate dioxygenase 

precursor (E
C

 1.13.11.27)
B

TC
x

Q
4A

Z09_9B
U

R
K

>gnl|tr|Q
4A

Z09_9B
U

R
K

 (Q
4A

Z09) 4-hydroxyphenylpyruvate dioxygenase
N

S
F

x

Q
4C

4V
8_C

R
O

W
T

>gnl|tr|Q
4C

4V
8_C

R
O

W
T (Q

4C
4V

8) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

B
TC

x

Q
4N

P
L0_9D

E
LT

>gnl|tr|Q
4N

P
L0_9D

E
LT (Q

4N
P

L0) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27)

B
TC

x

Q
5FTP

5_G
LU

O
X

>gnl|tr|Q
5FTP

5_G
LU

O
X

 (Q
5FTP

5) P
utative 4-hydroxyphenylpyruvate dioxygenase 

(E
C

 1.13.11.27)
N

S
F

x
Q

7N
C

88_G
LO

V
I

>gnl|tr|Q
7N

C
88_G

LO
V

I (Q
7N

C
88) 4-hydroxyphenylpyruvate dioxygenase

B
TC

x
Q

8Y
Y

S
5_A

N
A

S
P

>gnl|tr|Q
8Y

Y
S

5_A
N

A
S

P (Q
8Y

Y
S

5) 4-hydroxyphenylpyruvate dioxygenase
B

TC
x

Q
92TL8_R

H
IM

E
>gnl|tr|Q

92TL8_R
H

IM
E

 (Q
92TL8) P

utative 4-hydroxyphenylpyruvate dioxygenase 
protein (E

C
 1.13.11.27)

B
TC

x

Q
70ZL8_C

H
LR

E
>gnl|tr|Q

70ZL8_C
H

LR
E

 (Q
70ZL8) P

-hydroxyphenylpyruvate dioxigenase (E
C

 
1.13.11.27) (Fragm

ent)
B

TC
x

Q
9Z4X

7_S
TR

C
O

>gnl|tr|Q
9Z4X

7_S
TR

C
O

 (Q
9Z4X

7) P
utative 4-hydroxyphenylpyruvic acid 

dioxygenase
B

TC
x
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Q
736Y

5_B
A

C
C

1
>gnl|tr|Q

736Y
5_B

A
C

C
1 (Q

736Y
5) Fosfom

ycin resistance protein (G
lutathione 

transferase) B
H

1778 (E
C

 2.5.1.18)
S

G
A

x

Q
8K

FS
3_C

H
LTE

>gnl|tr|Q
8K

FS
3_C

H
LTE

 (Q
8K

FS
3) G

lutathione S
-transferase, fosfom

ycin resistance 
protein, putative (E

C
 2.5.1.18)

S
FA

x

Q
3A

Q
L5_C

H
LC

H
>gnl|tr|Q

3A
Q

L5_C
H

LC
H

 (Q
3A

Q
L5) G

lutathione S
-transferase, fosfom

ycin 
resistance protein, putative

S
FA

x

Q
3B

206_P
E

LLD
>gnl|tr|Q

3B
206_P

E
LLD

 (Q
3B

206) G
lutathione S

-transferase, fosfom
ycin resistance 

protein, putative
S

FA
x

Q
5U

ZJ5_H
A

LM
A

>gnl|tr|Q
5U

ZJ5_H
A

LM
A (Q

5U
ZJ5) P

utative lactoyglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
5V

0W
9_H

A
LM

A
>gnl|tr|Q

5V
0W

9_H
A

LM
A (Q

5V
0W

9) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
5V

2B
4_H

A
LM

A
>gnl|tr|Q

5V
2B

4_H
A

LM
A (Q

5V
2B

4) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
8P

S
64_M

E
TM

A
>gnl|tr|Q

8P
S

64_M
E

TM
A (Q

8P
S

64) C
onserved protein (E

C
 4.4.1.5)

S
FA

x
Q

8P
S

P
8_M

E
TM

A
>gnl|tr|Q

8P
S

P
8_M

E
TM

A (Q
8P

S
P

8) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
97W

20_S
U

LS
O

>gnl|tr|Q
97W

20_S
U

LS
O

 (Q
97W

20) Lactoylglutathione lyase (G
lyoxalase I), 

putative (E
C

 4.4.1.5)
S

FA
x

Q
2P

Y
M

9_LE
IIN

>gnl|tr|Q
2P

Y
M

9_LE
IIN

 (Q
2P

Y
M

9) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

6LFL9_P
LA

F7
>gnl|tr|Q

6LFL9_P
LA

F7 (Q
6LFL9) G

lyoxalase I, putative (E
C

 4.4.1.5)
N

S
F

x

Q
2R

R
H

9_R
H

O
R

U
>gnl|tr|Q

2R
R

H
9_R

H
O

R
U

 (Q
2R

R
H

9) G
lyoxalase/bleom

ycin resistance 
protein/dioxygenase (E

C
 4.4.1.5)

B
TC

x
Q

2S
M

R
0_9G

A
M

M
>gnl|tr|Q

2S
M

R
0_9G

A
M

M
 (Q

2S
M

R
0) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

2X
3I0_9G

A
M

M
>gnl|tr|Q

2X
3I0_9G

A
M

M
 (Q

2X
3I0) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
2Y

V
H

1_S
TA

A
B

>gnl|tr|Q
2Y

V
H

1_S
TA

A
B

 (Q
2Y

V
H

1) P
robable glyoxylase fam

ily protein (E
C

 4.4.1.5)
S

FA
x

Q
2ZA

U
5_9G

A
M

M
>gnl|tr|Q

2ZA
U

5_9G
A

M
M

 (Q
2ZA

U
5) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
2ZP

50_S
H

E
P

U
>gnl|tr|Q

2ZP
50_S

H
E

P
U

 (Q
2ZP

50) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

31B
N

2_P
R

O
M

9
>gnl|tr|Q

31B
N

2_P
R

O
M

9 (Q
31B

N
2) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
31FE

5_TH
IC

R
>gnl|tr|Q

31FE
5_TH

IC
R

 (Q
31FE

5) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

33V
Q

8_9G
A

M
M

>gnl|tr|Q
33V

Q
8_9G

A
M

M
 (Q

33V
Q

8) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

35X
A

3_9G
A

M
M

>gnl|tr|Q
35X

A
3_9G

A
M

M
 (Q

35X
A

3) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

36B
94_9G

A
M

M
>gnl|tr|Q

36B
94_9G

A
M

M
 (Q

36B
94) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
3A

G
S

5_S
Y

N
S

C
>gnl|tr|Q

3A
G

S
5_S

Y
N

S
C

 (Q
3A

G
S

5) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

3AV
W

6_S
Y

N
S

9
>gnl|tr|Q

3AV
W

6_S
Y

N
S

9 (Q
3AV

W
6) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x
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Q
3C

T67_A
LTAT

>gnl|tr|Q
3C

T67_A
LTAT (Q

3C
T67) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
3D

407_S
TR

A
G

>gnl|tr|Q
3D

407_S
TR

A
G

 (Q
3D

407) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3D

918_S
TR

A
G

>gnl|tr|Q
3D

918_S
TR

A
G

 (Q
3D

918) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3D

G
17_S

TR
A

G
>gnl|tr|Q

3D
G

17_S
TR

A
G

 (Q
3D

G
17) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
Q

3D
K

J5_S
TR

A
G

>gnl|tr|Q
3D

K
J5_S

TR
A

G
 (Q

3D
K

J5) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3D

V
B

3_S
TR

A
G

>gnl|tr|Q
3D

V
B

3_S
TR

A
G

 (Q
3D

V
B

3) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3E

LY
9_B

A
C

TI
>gnl|tr|Q

3E
LY

9_B
A

C
TI (Q

3E
LY

9) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3E

V
18_B

A
C

TI
>gnl|tr|Q

3E
V

18_B
A

C
TI (Q

3E
V

18) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
3E

Y
13_B

A
C

TI
>gnl|tr|Q

3E
Y

13_B
A

C
TI (Q

3E
Y

13) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x
Q

3FM
G

8_9B
U

R
K

>gnl|tr|Q
3FM

G
8_9B

U
R

K
 (Q

3FM
G

8) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

3G
Q

N
1_9G

A
M

M
>gnl|tr|Q

3G
Q

N
1_9G

A
M

M
 (Q

3G
Q

N
1) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
3IK

D
2_P

S
E

H
T

>gnl|tr|Q
3IK

D
2_P

S
E

H
T (Q

3IK
D

2) G
lyoxalase I, nickel isom

erase 
(Lactoylglutathione lyase) (E

C
 4.4.1.5)

B
TC

x
Q

3IX
84_R

H
O

S
4

>gnl|tr|Q
3IX

84_R
H

O
S

4 (Q
3IX

84) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3IZP

4_R
H

O
S

4
>gnl|tr|Q

3IZP
4_R

H
O

S
4 (Q

3IZP
4) G

lyoxalase I (Lactoylglutathione lyase) (E
C

 
4.4.1.5)

S
FA

x
Q

3K
038_S

TR
A

1
>gnl|tr|Q

3K
038_S

TR
A

1 (Q
3K

038) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3N

L38_S
H

E
FR

>gnl|tr|Q
3N

L38_S
H

E
FR

 (Q
3N

L38) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

3N
N

J6_S
H

E
FR

>gnl|tr|Q
3N

N
J6_S

H
E

FR
 (Q

3N
N

J6) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

3N
X

I1_9G
A

M
M

>gnl|tr|Q
3N

X
I1_9G

A
M

M
 (Q

3N
X

I1) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

3Q
738_9G

A
M

M
>gnl|tr|Q

3Q
738_9G

A
M

M
 (Q

3Q
738) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
3Q

FF7_9G
A

M
M

>gnl|tr|Q
3Q

FF7_9G
A

M
M

 (Q
3Q

FF7) G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

3R
X

S
7_R

A
LM

E
>gnl|tr|Q

3R
X

S
7_R

A
LM

E
 (Q

3R
X

S
7) G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
3S

G
F4_TH

ID
A

>gnl|tr|Q
3S

G
F4_TH

ID
A (Q

3S
G

F4) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
3S

S
69_N

ITW
N

>gnl|tr|Q
3S

S
69_N

ITW
N

 (Q
3S

S
69) G

lyoxalase/bleom
ycin resistance 

protein/dioxygenase (E
C

 4.4.1.5)
B

TC
X

Q
482V

1_C
O

LP
3

>gnl|tr|Q
482V

1_C
O

LP
3 (Q

482V
1) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
Q

48TJ7_S
TR

P
M

>gnl|tr|Q
48TJ7_S

TR
P

M
 (Q

48TJ7) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
48U

T3_S
TR

P
M

>gnl|tr|Q
48U

T3_S
TR

P
M

 (Q
48U

T3) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
48Y

S
8_S

TR
P

1
>gnl|tr|Q

48Y
S

8_S
TR

P
1 (Q

48Y
S

8) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
4FM

W
7_P

E
LU

B
>gnl|tr|Q

4FM
W

7_P
E

LU
B

 (Q
4FM

W
7) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
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M
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Q
4FV

67_P
S

YA
R

>gnl|tr|Q
4FV

67_P
S

YA
R

 (Q
4FV

67) P
robable lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
Q

4M
X

C
6_B

A
C

C
E

>gnl|tr|Q
4M

X
C

6_B
A

C
C

E
 (Q

4M
X

C
6) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
Q

6S
F47_9B

A
C

T
>gnl|tr|Q

6S
F47_9B

A
C

T (Q
6S

F47) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
7P

5L7_FU
S

N
V

>gnl|tr|Q
7P

5L7_FU
S

N
V

 (Q
7P

5L7) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
7P

5W
4_FU

S
N

V
>gnl|tr|Q

7P
5W

4_FU
S

N
V

 (Q
7P

5W
4) Lactoylglutathione lyase (E

C
 4.4.1.5)

N
S

F
x

Q
7P

6M
4_FU

S
N

V
>gnl|tr|Q

7P
6M

4_FU
S

N
V

 (Q
7P

6M
4) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

5D
ZT6_V

IB
F1

>gnl|tr|Q
5D

ZT6_V
IB

F1 (Q
5D

ZT6) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x
Q

5FP
Y

3_G
LU

O
X

>gnl|tr|Q
5FP

Y
3_G

LU
O

X
 (Q

5FP
Y

3) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
5K

X
F1_G

E
O

K
A

>gnl|tr|Q
5K

X
F1_G

E
O

K
A (Q

5K
X

F1) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
5N

FM
2_FR

ATT
>gnl|tr|Q

5N
FM

2_FR
ATT (Q

5N
FM

2) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
5N

LR
5_ZY

M
M

O
>gnl|tr|Q

5N
LR

5_ZY
M

M
O

 (Q
5N

LR
5) Lactoylglutathione lyase (E

C
 4.4.1.5)

N
S

F
x

Q
5N

P
H

5_ZY
M

M
O

>gnl|tr|Q
5N

P
H

5_ZY
M

M
O

 (Q
5N

P
H

5) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x
Q

5N
R

K
0_ZY

M
M

O
>gnl|tr|Q

5N
R

K
0_ZY

M
M

O
 (Q

5N
R

K
0) Lactoylglutathione lyase (E

C
 4.4.1.5)

N
S

F
x

Q
5W

H
68_B

A
C

S
K

>gnl|tr|Q
5W

H
68_B

A
C

S
K

 (Q
5W

H
68) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

5W
JT2_B

A
C

S
K

>gnl|tr|Q
5W

JT2_B
A

C
S

K
 (Q

5W
JT2) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

5X
C

56_S
TR

P
6

>gnl|tr|Q
5X

C
56_S

TR
P

6 (Q
5X

C
56) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

5X
D

D
0_S

TR
P

6
>gnl|tr|Q

5X
D

D
0_S

TR
P

6 (Q
5X

D
D

0) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
5ZU

C
5_LE

G
P

H
>gnl|tr|Q

5ZU
C

5_LE
G

P
H

 (Q
5ZU

C
5) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
Q

607V
5_M

E
TC

A
>gnl|tr|Q

607V
5_M

E
TC

A (Q
607V

5) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
631D

5_B
A

C
C

Z
>gnl|tr|Q

631D
5_B

A
C

C
Z (Q

631D
5) Lactoylglutathione lyase (G

lyoxalase I) (E
C

 
4.4.1.5)

N
S

F
x

Q
637I6_B

A
C

C
Z

>gnl|tr|Q
637I6_B

A
C

C
Z (Q

637I6) G
lyoxalase/bleom

ycin resistance protein (E
C

 
4.4.1.5)

S
FA

x

Q
637I9_B

A
C

C
Z

>gnl|tr|Q
637I9_B

A
C

C
Z (Q

637I9) G
lyoxalase/bleom

ycin resistance protein (E
C

 
4.4.1.5)

S
FA

x
Q

637T9_B
A

C
C

Z
>gnl|tr|Q

637T9_B
A

C
C

Z (Q
637T9) G

lyoxalase fam
ily protein (E

C
 4.4.1.5)

N
S

F
x

Q
638N

4_B
A

C
C

Z
>gnl|tr|Q

638N
4_B

A
C

C
Z (Q

638N
4) P

ossible glyoxylase fam
ily protein 

(Lactoylglutathione lyase) (E
C

 4.4.1.5)
S

FA
x

Q
638T9_B

A
C

C
Z

>gnl|tr|Q
638T9_B

A
C

C
Z (Q

638T9) G
lyoxalase fam

ily protein (E
C

 4.4.1.5)
S

FA
x

Q
639C

0_B
A

C
C

Z
>gnl|tr|Q

639C
0_B

A
C

C
Z (Q

639C
0) Lactoylglutathione lyase, glyoxylase fam

ily 
protein (E

C
 4.4.1.5)

B
TC

x
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A
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A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

Q
639V

0_B
A

C
C

Z
>gnl|tr|Q

639V
0_B

A
C

C
Z (Q

639V
0) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

63C
57_B

A
C

C
Z

>gnl|tr|Q
63C

57_B
A

C
C

Z (Q
63C

57) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x
Q

63C
P

2_B
A

C
C

Z
>gnl|tr|Q

63C
P

2_B
A

C
C

Z (Q
63C

P
2) G

lyoxalase fam
ily protein (E

C
 4.4.1.5)

S
FA

x
Q

63FK
4_B

A
C

C
Z

>gnl|tr|Q
63FK

4_B
A

C
C

Z (Q
63FK

4) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x

Q
63G

38_B
A

C
C

Z
>gnl|tr|Q

63G
38_B

A
C

C
Z (Q

63G
38) Lactoylglutathione lyase (G

lyoxylase I) (E
C

 
4.4.1.5)

S
FA

x

Q
6H

B
68_B

A
C

H
K

>gnl|tr|Q
6H

B
68_B

A
C

H
K

 (Q
6H

B
68) Lactoylglutathione lyase (G

lyoxalase I) (E
C

 
4.4.1.5)

N
S

F
x

Q
6H

C
L8_B

A
C

H
K

>gnl|tr|Q
6H

C
L8_B

A
C

H
K

 (Q
6H

C
L8) P

ossible glyoxalase/bleom
ycin resistance 

protein, dioxygenase superfam
ily (Lactoylglutathione lyase) (E

C
 4.4.1.5)

N
S

F
x

Q
6H

D
G

5_B
A

C
H

K
>gnl|tr|Q

6H
D

G
5_B

A
C

H
K

 (Q
6H

D
G

5) G
lyoxalase fam

ily protein (E
C

 4.4.1.5)
N

S
F

x

Q
6H

FF9_B
A

C
H

K
>gnl|tr|Q

6H
FF9_B

A
C

H
K

 (Q
6H

FF9) G
lyoxalase/bleom

ycin resistance protein (E
C

 
4.4.1.5)

S
FA

x

Q
6H

FG
2_B

A
C

H
K

>gnl|tr|Q
6H

FG
2_B

A
C

H
K

 (Q
6H

FG
2) G

lyoxalase/bleom
ycin resistance protein (E

C
 

4.4.1.5)
S

FA
x

Q
6H

FR
4_B

A
C

H
K

>gnl|tr|Q
6H

FR
4_B

A
C

H
K

 (Q
6H

FR
4) G

lyoxalase fam
ily protein (E

C
 4.4.1.5)

N
S

F
x

Q
6H

G
65_B

A
C

H
K

>gnl|tr|Q
6H

G
65_B

A
C

H
K

 (Q
6H

G
65) P

ossible glyoxylase fam
ily protein 

(Lactoylglutathione lyase) (E
C

 4.4.1.5)
S

FA
x

Q
6H

G
C

3_B
A

C
H

K
>gnl|tr|Q

6H
G

C
3_B

A
C

H
K

 (Q
6H

G
C

3) G
lyoxalase fam

ily protein (E
C

 4.4.1.5)
S

FA
x

Q
6H

G
M

7_B
A

C
H

K
>gnl|tr|Q

6H
G

M
7_B

A
C

H
K

 (Q
6H

G
M

7) Lactoylglutathione lyase, glyoxylase fam
ily 

protein (E
C

 4.4.1.5)
B

TC
x

Q
6H

H
A

2_B
A

C
H

K
>gnl|tr|Q

6H
H

A
2_B

A
C

H
K

 (Q
6H

H
A

2) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
6H

JK
5_B

A
C

H
K

>gnl|tr|Q
6H

JK
5_B

A
C

H
K

 (Q
6H

JK
5) Lactoylglutathione lyase (E

C
 4.4.1.5)

N
S

F
x

Q
6H

K
42_B

A
C

H
K

>gnl|tr|Q
6H

K
42_B

A
C

H
K

 (Q
6H

K
42) G

lyoxalase fam
ily protein (E

C
 4.4.1.5)

S
FA

x
Q

6H
N

10_B
A

C
H

K
>gnl|tr|Q

6H
N

10_B
A

C
H

K
 (Q

6H
N

10) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x

Q
6H

N
K

6_B
A

C
H

K
>gnl|tr|Q

6H
N

K
6_B

A
C

H
K

 (Q
6H

N
K

6) Lactoylglutathione lyase (G
lyoxylase I) (E

C
 

4.4.1.5)
S

FA
x

Q
6M

H
83_B

D
E

B
A

>gnl|tr|Q
6M

H
83_B

D
E

B
A (Q

6M
H

83) H
ypothetical protein (E

C
 4.4.1.5)

N
S

F
x

Q
6M

Q
L0_B

D
E

B
A

>gnl|tr|Q
6M

Q
L0_B

D
E

B
A (Q

6M
Q

L0) P
utative lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x

Q
6N

6U
1_R

H
O

PA
>gnl|tr|Q

6N
6U

1_R
H

O
PA (Q

6N
6U

1) P
utative lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
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M
B

L data (C
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A
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A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

Q
6N

A
09_R

H
O

PA
>gnl|tr|Q

6N
A

09_R
H

O
PA (Q

6N
A

09) P
ossible glyoxalase (E

C
 4.4.1.5)

B
TC

x

Q
7TU

C
2_P

R
O

M
P

>gnl|tr|Q
7TU

C
2_P

R
O

M
P (Q

7TU
C

2) LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 (E

C
 4.4.1.5)

B
TC

x

Q
7TU

K
6_P

R
O

M
M

>gnl|tr|Q
7TU

K
6_P

R
O

M
M

 (Q
7TU

K
6) Lactoylglutathione lyase; 

G
lyoxalase/B

leom
ycin resistance protein/D

ioxygenase superfam
ily (E

C
 4.4.1.5)

B
TC

x
Q

815E
1_B

A
C

C
R

>gnl|tr|Q
815E

1_B
A

C
C

R
 (Q

815E
1) Lactoylglutathione lyase (E

C
 4.4.1.5)

N
S

F
x

Q
81B

H
9_B

A
C

C
R

>gnl|tr|Q
81B

H
9_B

A
C

C
R

 (Q
81B

H
9) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x
Q

81B
K

1_B
A

C
C

R
>gnl|tr|Q

81B
K

1_B
A

C
C

R
 (Q

81B
K

1) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
81B

Z3_B
A

C
C

R
>gnl|tr|Q

81B
Z3_B

A
C

C
R

 (Q
81B

Z3) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
81C

30_B
A

C
C

R
>gnl|tr|Q

81C
30_B

A
C

C
R

 (Q
81C

30) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
81E

83_B
A

C
C

R
>gnl|tr|Q

81E
83_B

A
C

C
R

 (Q
81E

83) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x
Q

81H
I4_B

A
C

C
R

>gnl|tr|Q
81H

I4_B
A

C
C

R
 (Q

81H
I4) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

81I16_B
A

C
C

R
>gnl|tr|Q

81I16_B
A

C
C

R
 (Q

81I16) Lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
8D

S
Z8_S

TR
M

U
>gnl|tr|Q

8D
S

Z8_S
TR

M
U

 (Q
8D

S
Z8) P

utative lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
8E

Q
54_O

C
E

IH
>gnl|tr|Q

8E
Q

54_O
C

E
IH

 (Q
8E

Q
54) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x

Q
8F692_LE

P
IN

>gnl|tr|Q
8F692_LE

P
IN

 (Q
8F692) Lactoylglutathione lyase, putative (E

C
 4.4.1.5)

S
FA

x
Q

8G
047_B

R
U

S
U

>gnl|tr|Q
8G

047_B
R

U
S

U
 (Q

8G
047) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x

Q
8N

R
V

1_C
O

R
G

L
>gnl|tr|Q

8N
R

V
1_C

O
R

G
L (Q

8N
R

V
1) P

redicted lactoylglutathione lyase (E
C

 4.4.1.5)
S

FA
x

Q
8R

E
P

8_FU
S

N
N

>gnl|tr|Q
8R

E
P

8_FU
S

N
N

 (Q
8R

E
P

8) Lactoylglutathione lyase (E
C

 4.4.1.5)
N

S
F

x
Q

8R
E

W
3_FU

S
N

N
>gnl|tr|Q

8R
E

W
3_FU

S
N

N
 (Q

8R
E

W
3) Lactoylglutathione lyase (E

C
 4.4.1.5)

S
FA

x
Q

8R
G

E
4_FU

S
N

N
>gnl|tr|Q

8R
G

E
4_FU

S
N

N
 (Q

8R
G

E
4) Lactoylglutathione lyase (E

C
 4.4.1.5)

B
TC

x

Q
8Y

217_R
A

LS
O

>gnl|tr|Q
8Y

217_R
A

LS
O

 (Q
8Y

217) P
R

O
B

A
B

LE
 LA

C
TO

Y
LG

LU
TATH

IO
N

E
 LYA

S
E

 
(M

E
TH

Y
LG

LY
O

X
A

LA
S

E
) P

R
O

TE
IN

 (E
C

 4.4.1.5)
B

TC
x

Q
8Y

C
W

3_B
R

U
M

E
>gnl|tr|Q

8Y
C

W
3_B

R
U

M
E

 (Q
8Y

C
W

3) LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 (E

C
 

4.4.1.5)
N

S
F

x

Q
8Y

D
W

0_B
R

U
M

E
>gnl|tr|Q

8Y
D

W
0_B

R
U

M
E

 (Q
8Y

D
W

0) LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 (E

C
 

4.4.1.5)
S

FA
x

Q
8Y

E
J0_B

R
U

M
E

>gnl|tr|Q
8Y

E
J0_B

R
U

M
E

 (Q
8Y

E
J0) LA

C
TO

Y
LG

LU
TATH

IO
N

E
 LYA

S
E

 (E
C

 4.4.1.5)
B

TC
x
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M
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L data (C
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A
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A
nnotation

M
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C
ode
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C

orrect

Q
8Y

H
R

6_B
R

U
M

E
>gnl|tr|Q

8Y
H

R
6_B

R
U

M
E

 (Q
8Y

H
R

6) LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 (E

C
 4.4.1.5)

B
TC

x

Q
8Y

JC
2_B

R
U

M
E

>gnl|tr|Q
8Y

JC
2_B

R
U

M
E

 (Q
8Y

JC
2) P

R
O

B
A

B
LE

 LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 

(E
C

 4.4.1.5)
S

FA
x

Q
92P

M
1_R

H
IM

E
>gnl|tr|Q

92P
M

1_R
H

IM
E

 (Q
92P

M
1) P

R
O

B
A

B
LE

 LA
C

TO
Y

LG
LU

TATH
IO

N
E

 LYA
S

E
 

M
E

TH
Y

LG
LY

O
X

A
LA

S
E

 P
R

O
TE

IN
 (E

C
 4.4.1.5)

B
TC

x
Q

9A
121_S

TR
P

1
>gnl|tr|Q

9A
121_S

TR
P

1 (Q
9A

121) Lactoylglutathione lyase (E
C

 4.4.1.5)
B

TC
x

Q
2Y

M
78_B

R
U

A
2

>gnl|tr|Q
2Y

M
78_B

R
U

A
2 (Q

2Y
M

78) G
lyoxalase/B

leom
ycin resistance 

protein/dioxygenase dom
ain:G

lyoxalase I (E
C

 4.4.1.5)
B

TC
x

Q
2Y

N
E

7_B
R

U
A

2
>gnl|tr|Q

2Y
N

E
7_B

R
U

A
2 (Q

2Y
N

E
7) G

lyoxalase/B
leom

ycin resistance 
protein/dioxygenase dom

ain (E
C

 4.4.1.5)
S

FA
x

Q
2Y

P
P

0_B
R

U
A

2
>gnl|tr|Q

2Y
P

P
0_B

R
U

A
2 (Q

2Y
P

P
0) G

lyoxalase/B
leom

ycin resistance 
protein/dioxygenase dom

ain:G
lyoxalase I (E

C
 4.4.1.5)

B
TC

x
Q

4X
X

76_P
LA

C
H

>gnl|tr|Q
4X

X
76_P

LA
C

H
 (Q

4X
X

76) G
lyoxalase I, putative

N
S

F
x

Q
4Y

H
S

2_P
LA

B
E

>gnl|tr|Q
4Y

H
S

2_P
LA

B
E

 (Q
4Y

H
S

2) G
lyoxalase I, putative (Fragm

ent)
N

S
F

x
Q

2W
I72_C

LO
B

E
>gnl|tr|Q

2W
I72_C

LO
B

E
 (Q

2W
I72) G

lyoxalase I (G
lyoxalase fam

ily)
S

FA
x

Q
2W

R
A

4_C
LO

B
E

>gnl|tr|Q
2W

R
A

4_C
LO

B
E

 (Q
2W

R
A

4) G
lyoxalase I

S
FA

x
Q

3B
Z23_X

A
N

C
5

>gnl|tr|Q
3B

Z23_X
A

N
C

5 (Q
3B

Z23) P
utative glyoxalase I

N
S

F
x

Q
62N

G
3_B

A
C

LD
>gnl|tr|Q

62N
G

3_B
A

C
LD

 (Q
62N

G
3) G

lyoxalase I
N

S
F

x
Q

5LY
N

9_S
TR

T1
>gnl|tr|Q

5LY
N

9_S
TR

T1 (Q
5LY

N
9) G

lyoxalase I/lactoylglutathione lyase
B

TC
x

Q
5M

3A
3_S

TR
T2

>gnl|tr|Q
5M

3A
3_S

TR
T2 (Q

5M
3A

3) G
lyoxalase I/lactoylglutathione lyase

B
TC

x
Q

65M
B

8_B
A

C
LD

>gnl|tr|Q
65M

B
8_B

A
C

LD
 (Q

65M
B

8) G
lyoxalase I Y

fiE
N

S
F

x
Q

97M
E

9_C
LO

A
B

>gnl|tr|Q
97M

E
9_C

LO
A

B
 (Q

97M
E

9) G
lyoxalase I (G

lyoxalase fam
ily)

S
FA

x
Q

4X
0G

5_A
S

P
FU

>gnl|tr|Q
4X

0G
5_A

S
P

FU
 (Q

4X
0G

5) Lactoylglutathione lyase
B

TC
x

Q
5K

B
67_C

R
Y

N
E

>gnl|tr|Q
5K

B
67_C

R
Y

N
E

 (Q
5K

B
67) Lactoylglutathione lyase, putative

B
TC

x
Q

54E
Y

7_D
IC

D
I

>gnl|tr|Q
54E

Y
7_D

IC
D

I (Q
54E

Y
7) Lactoylglutathione lyase

B
TC

x
Q

2S
7L6_9G

A
M

M
>gnl|tr|Q

2S
7L6_9G

A
M

M
 (Q

2S
7L6) Lactoylglutathione lyase

N
S

F
x

Q
2S

888_9G
A

M
M

>gnl|tr|Q
2S

888_9G
A

M
M

 (Q
2S

888) Lactoylglutathione lyase
N

S
F

x
Q

2S
A

50_9G
A

M
M

>gnl|tr|Q
2S

A
50_9G

A
M

M
 (Q

2S
A

50) Lactoylglutathione lyase
S

FA
x

Q
2S

C
R

0_9G
A

M
M

>gnl|tr|Q
2S

C
R

0_9G
A

M
M

 (Q
2S

C
R

0) Lactoylglutathione lyase
N

S
F

x
Q

2S
D

C
3_9G

A
M

M
>gnl|tr|Q

2S
D

C
3_9G

A
M

M
 (Q

2S
D

C
3) Lactoylglutathione lyase

N
S

F
x

Q
2S

E
G

2_9G
A

M
M

>gnl|tr|Q
2S

E
G

2_9G
A

M
M

 (Q
2S

E
G

2) Lactoylglutathione lyase
S

FA
x

              475



         Table K
-2. TrE

M
B

L data (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

Q
2S

FL6_9G
A

M
M

>gnl|tr|Q
2S

FL6_9G
A

M
M

 (Q
2S

FL6) Lactoylglutathione lyase
N

S
F

x
Q

2S
K

G
9_9G

A
M

M
>gnl|tr|Q

2S
K

G
9_9G

A
M

M
 (Q

2S
K

G
9) Lactoylglutathione lyase

N
S

F
x

Q
2S

LE
3_9G

A
M

M
>gnl|tr|Q

2S
LE

3_9G
A

M
M

 (Q
2S

LE
3) Lactoylglutathione lyase

S
FA

x
Q

2S
LP

6_9G
A

M
M

>gnl|tr|Q
2S

LP
6_9G

A
M

M
 (Q

2S
LP

6) Lactoylglutathione lyase
S

FA
x

Q
2W

K
94_C

LO
B

E
>gnl|tr|Q

2W
K

94_C
LO

B
E

 (Q
2W

K
94) Lactoylglutathione lyase

B
TC

x
Q

34M
94_R

H
O

PA
>gnl|tr|Q

34M
94_R

H
O

PA (Q
34M

94) P
utative lactoylglutathione lyase

B
TC

x
Q

351E
9_9G

A
M

M
>gnl|tr|Q

351E
9_9G

A
M

M
 (Q

351E
9) Lactoylglutathione lyase

B
TC

x
Q

35E
T3_9B

R
A

D
>gnl|tr|Q

35E
T3_9B

R
A

D
 (Q

35E
T3) Lactoylglutathione lyase

B
TC

x
Q

35P
P

5_9B
R

A
D

>gnl|tr|Q
35P

P
5_9B

R
A

D
 (Q

35P
P

5) Lactoylglutathione lyase
B

TC
x

Q
36S

03_M
A

R
H

Y
>gnl|tr|Q

36S
03_M

A
R

H
Y (Q

36S
03) Lactoylglutathione lyase

B
TC

x
Q

37TB
7_S

P
H

A
R

>gnl|tr|Q
37TB

7_S
P

H
A

R
 (Q

37TB
7) Lactoylglutathione lyase, putative

B
TC

x
Q

37X
C

8_S
P

H
A

R
>gnl|tr|Q

37X
C

8_S
P

H
A

R
 (Q

37X
C

8) Lactoylglutathione lyase, putative
S

FA
x

Q
3A

025_P
E

LC
D

>gnl|tr|Q
3A

025_P
E

LC
D

 (Q
3A

025) Lactoylglutathione lyase
S

FA
x

Q
3A

4I4_P
E

LC
D

>gnl|tr|Q
3A

4I4_P
E

LC
D

 (Q
3A

4I4) Lactoylglutathione lyase
B

TC
x

Q
3A

778_P
E

LC
D

>gnl|tr|Q
3A

778_P
E

LC
D

 (Q
3A

778) Lactoylglutathione lyase
B

TC
x

Q
3B

3D
2_P

E
LLD

>gnl|tr|Q
3B

3D
2_P

E
LLD

 (Q
3B

3D
2) Lactoylglutathione lyase

S
FA

x
Q

3D
R

D
9_S

TR
A

G
>gnl|tr|Q

3D
R

D
9_S

TR
A

G
 (Q

3D
R

D
9) Lactoylglutathione lyase

N
S

F
X

Q
3FP

24_9B
U

R
K

>gnl|tr|Q
3FP

24_9B
U

R
K

 (Q
3FP

24) P
utative lactoylglutathione lyase

N
S

F
x

Q
3J0W

8_R
H

O
S

4
>gnl|tr|Q

3J0W
8_R

H
O

S
4 (Q

3J0W
8) P

robable lactoylglutathione lyase
B

TC
x

Q
47JC

2_D
E

C
A

R
>gnl|tr|Q

47JC
2_D

E
C

A
R

 (Q
47JC

2) Lactoylglutathione lyase
S

FA
x

Q
49W

22_S
TA

S
1

>gnl|tr|Q
49W

22_S
TA

S
1 (Q

49W
22) P

utative lactoylglutathione lyase
N

S
F

X
Q

4B
225_9B

U
R

K
>gnl|tr|Q

4B
225_9B

U
R

K
 (Q

4B
225) Lactoylglutathione lyase, putative

N
S

F
x

Q
4E

LC
3_LIS

M
O

>gnl|tr|Q
4E

LC
3_LIS

M
O

 (Q
4E

LC
3) Lactoylglutathione lyase, putative

B
TC

x
Q

4E
S

X
1_LIS

M
O

>gnl|tr|Q
4E

S
X

1_LIS
M

O
 (Q

4E
S

X
1) Lactoylglutathione lyase, putative

B
TC

x
Q

4JM
K

6_9B
A

C
T

>gnl|tr|Q
4JM

K
6_9B

A
C

T (Q
4JM

K
6) P

redicted lactoylglutathione lyase
B

TC
x

Q
4M

H
18_B

A
C

C
E

>gnl|tr|Q
4M

H
18_B

A
C

C
E

 (Q
4M

H
18) Lactoylglutathione lyase, putative

N
S

F
X

Q
4M

W
P

9_B
A

C
C

E
>gnl|tr|Q

4M
W

P
9_B

A
C

C
E

 (Q
4M

W
P

9) Lactoylglutathione lyase
S

FA
X

Q
4M

X
A

9_B
A

C
C

E
>gnl|tr|Q

4M
X

A
9_B

A
C

C
E

 (Q
4M

X
A

9) Lactoylglutathione lyase
S

FA
x

Q
4M

X
R

2_B
A

C
C

E
>gnl|tr|Q

4M
X

R
2_B

A
C

C
E

 (Q
4M

X
R

2) Lactoylglutathione lyase
S

FA
X

Q
4V

084_X
A

N
C

8
>gnl|tr|Q

4V
084_X

A
N

C
8 (Q

4V
084) Lactoylglutathione lyase

S
FA

x
Q

7X
2Z9_9B

A
C

T
>gnl|tr|Q

7X
2Z9_9B

A
C

T (Q
7X

2Z9) P
utative lactoylglutathione lyase

S
FA

x
Q

2N
B

70_9S
P

H
N

>gnl|tr|Q
2N

B
70_9S

P
H

N
 (Q

2N
B

70) Lactoylglutathione lyase, putative
S

FA
x
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         Table K
-2. TrE

M
B

L data (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

Q
2N

D
A

2_9S
P

H
N

>gnl|tr|Q
2N

D
A

2_9S
P

H
N

 (Q
2N

D
A

2) Lactoylglutathione lyase, putative
B

TC
x

Q
57C

M
6_B

R
U

A
B

>gnl|tr|Q
57C

M
6_B

R
U

A
B

 (Q
57C

M
6) G

loA
, lactoylglutathione lyase

B
TC

x
Q

57JZ9_S
A

LC
H

>gnl|tr|Q
57JZ9_S

A
LC

H
 (Q

57JZ9) P
utative lactoylglutathione lyase

S
FA

x
Q

57T20_S
A

LC
H

>gnl|tr|Q
57T20_S

A
LC

H
 (Q

57T20) P
utative lactoylglutathione lyase

S
FA

x
Q

5D
ZD

7_V
IB

F1
>gnl|tr|Q

5D
ZD

7_V
IB

F1 (Q
5D

ZD
7) Lactoylglutathione lyase

S
FA

x
Q

5LFJ8_B
A

C
FN

>gnl|tr|Q
5LFJ8_B

A
C

FN
 (Q

5LFJ8) P
utative lactoylglutathione lyase

B
TC

x
Q

5LTZ0_S
ILP

O
>gnl|tr|Q

5LTZ0_S
ILP

O
 (Q

5LTZ0) Lactoylglutathione lyase, putative
B

TC
x

Q
5Q

ZT6_ID
ILO

>gnl|tr|Q
5Q

ZT6_ID
ILO

 (Q
5Q

ZT6) Lactoylglutathione lyase
B

TC
x

Q
64W

C
5_B

A
C

FR
>gnl|tr|Q

64W
C

5_B
A

C
FR

 (Q
64W

C
5) Lactoylglutathione lyase

B
TC

x
Q

64Y
52_B

A
C

FR
>gnl|tr|Q

64Y
52_B

A
C

FR
 (Q

64Y
52) P

utative lactoylglutathione lyase
S

FA
x

Q
67Q

70_S
Y

M
TH

>gnl|tr|Q
67Q

70_S
Y

M
TH

 (Q
67Q

70) P
utative lactoylglutathione lyase

S
FA

x
Q

6LS
69_P

H
O

P
R

>gnl|tr|Q
6LS

69_P
H

O
P

R
 (Q

6LS
69) P

utative lactoylglutathione lyase
N

S
F

x
Q

6M
K

89_B
D

E
B

A
>gnl|tr|Q

6M
K

89_B
D

E
B

A (Q
6M

K
89) P

utative lactoylglutathione lyase
N

S
F

x
Q

6N
6Z4_R

H
O

PA
>gnl|tr|Q

6N
6Z4_R

H
O

PA (Q
6N

6Z4) P
utative lactoylglutathione lyase

S
FA

x
Q

71X
J8_LIS

M
F

>gnl|tr|Q
71X

J8_LIS
M

F (Q
71X

J8) P
utative lactoylglutathione lyase

B
TC

x
Q

72K
J9_TH

E
T2

>gnl|tr|Q
72K

J9_TH
E

T2 (Q
72K

J9) P
robable lactoylglutathione lyase

S
FA

x
Q

72P
Y

7_LE
P

IC
>gnl|tr|Q

72P
Y

7_LE
P

IC
 (Q

72P
Y

7) P
utative lactoylglutathione lyase

S
FA

x
Q

7C
FD

7_S
TR

P
3

>gnl|tr|Q
7C

FD
7_S

TR
P

3 (Q
7C

FD
7) P

utative lactoylglutathione lyase
B

TC
x

Q
7C

N
H

1_S
TR

P
8

>gnl|tr|Q
7C

N
H

1_S
TR

P
8 (Q

7C
N

H
1) P

utative lactoylglutathione lyase
B

TC
x

Q
7M

D
79_V

IB
V

Y
>gnl|tr|Q

7M
D

79_V
IB

V
Y (Q

7M
D

79) Lactoylglutathione lyase
S

FA
x

Q
7M

FM
3_V

IB
V

Y
>gnl|tr|Q

7M
FM

3_V
IB

V
Y (Q

7M
FM

3) Lactoylglutathione lyase
S

FA
x

Q
7M

IW
3_V

IB
V

Y
>gnl|tr|Q

7M
IW

3_V
IB

V
Y (Q

7M
IW

3) Lactoylglutathione lyase
B

TC
x

Q
7M

JV
8_V

IB
V

Y
>gnl|tr|Q

7M
JV

8_V
IB

V
Y (Q

7M
JV

8) Lactoylglutathione lyase
S

FA
x

Q
7M

K
72_V

IB
V

Y
>gnl|tr|Q

7M
K

72_V
IB

V
Y (Q

7M
K

72) Lactoylglutathione lyase
S

FA
x

Q
7M

Q
53_V

IB
V

Y
>gnl|tr|Q

7M
Q

53_V
IB

V
Y (Q

7M
Q

53) Lactoylglutathione lyase
B

TC
x

Q
7M

W
91_P

O
R

G
I

>gnl|tr|Q
7M

W
91_P

O
R

G
I (Q

7M
W

91) Lactoylglutathione lyase, putative
B

TC
x

Q
7N

FG
4_G

LO
V

I
>gnl|tr|Q

7N
FG

4_G
LO

V
I (Q

7N
FG

4) Lactoylglutathione lyase
B

TC
x

Q
7V

N
D

9_H
A

E
D

U
>gnl|tr|Q

7V
N

D
9_H

A
E

D
U

 (Q
7V

N
D

9) Lactoylglutathione lyase
B

TC
x

Q
82C

E
8_S

TR
AW

>gnl|tr|Q
82C

E
8_S

TR
AW

 (Q
82C

E
8) P

utative lactoylglutathione lyase
S

FA
x

Q
836H

2_E
N

TFA
>gnl|tr|Q

836H
2_E

N
TFA (Q

836H
2) Lactoylglutathione lyase

B
TC

x
Q

87FJ4_V
IB

PA
>gnl|tr|Q

87FJ4_V
IB

PA (Q
87FJ4) P

utative lactoylglutathione lyase
S

FA
x

Q
87M

R
5_V

IB
PA

>gnl|tr|Q
87M

R
5_V

IB
PA (Q

87M
R

5) P
utative lactoylglutathione lyase

B
TC

x
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         Table K
-2. TrE

M
B

L data (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

Q
892C

0_C
LO

TE
>gnl|tr|Q

892C
0_C

LO
TE

 (Q
892C

0) P
utative lactoylglutathione lyase

S
FA

x
Q

89D
F0_B

R
A

JA
>gnl|tr|Q

89D
F0_B

R
A

JA (Q
89D

F0) Lactoylglutathione lyase
B

TC
x

Q
89LZ4_B

R
A

JA
>gnl|tr|Q

89LZ4_B
R

A
JA (Q

89LZ4) Lactoylglutathione lyase
B

TC
x

Q
8A

7E
4_B

A
C

TN
>gnl|tr|Q

8A
7E

4_B
A

C
TN

 (Q
8A

7E
4) Lactoylglutathione lyase

B
TC

x
Q

8D
449_V

IB
V

U
>gnl|tr|Q

8D
449_V

IB
V

U
 (Q

8D
449) Lactoylglutathione lyase

S
FA

X
Q

8D
4M

2_V
IB

V
U

>gnl|tr|Q
8D

4M
2_V

IB
V

U
 (Q

8D
4M

2) Lactoylglutathione lyase
S

FA
x

Q
8D

6C
8_V

IB
V

U
>gnl|tr|Q

8D
6C

8_V
IB

V
U

 (Q
8D

6C
8) Lactoylglutathione lyase

S
FA

x
Q

8D
9P

5_V
IB

V
U

>gnl|tr|Q
8D

9P
5_V

IB
V

U
 (Q

8D
9P

5) Lactoylglutathione lyase
S

FA
X

Q
8D

9U
0_V

IB
V

U
>gnl|tr|Q

8D
9U

0_V
IB

V
U

 (Q
8D

9U
0) Lactoylglutathione lyase

S
FA

X
Q

8D
9W

7_V
IB

V
U

>gnl|tr|Q
8D

9W
7_V

IB
V

U
 (Q

8D
9W

7) Lactoylglutathione lyase
S

FA
X

Q
8D

A
B

4_V
IB

V
U

>gnl|tr|Q
8D

A
B

4_V
IB

V
U

 (Q
8D

A
B

4) Lactoylglutathione lyase
S

FA
X

Q
8D

B
12_V

IB
V

U
>gnl|tr|Q

8D
B

12_V
IB

V
U

 (Q
8D

B
12) Lactoylglutathione lyase

B
TC

x
Q

8D
Q

39_S
TR

R
6

>gnl|tr|Q
8D

Q
39_S

TR
R

6 (Q
8D

Q
39) Lactoylglutathione lyase

B
TC

x
Q

8D
Y

K
2_S

TR
A

5
>gnl|tr|Q

8D
Y

K
2_S

TR
A

5 (Q
8D

Y
K

2) Lactoylglutathione lyase
B

TC
x

Q
8E

FD
7_S

H
E

O
N

>gnl|tr|Q
8E

FD
7_S

H
E

O
N

 (Q
8E

FD
7) Lactoylglutathione lyase

B
TC

x
Q

8P
D

Z2_X
A

N
C

P
>gnl|tr|Q

8P
D

Z2_X
A

N
C

P (Q
8P

D
Z2) Lactoylglutathione lyase

S
FA

x
Q

8P
Q

W
0_X

A
N

A
C

>gnl|tr|Q
8P

Q
W

0_X
A

N
A

C
 (Q

8P
Q

W
0) Lactoylglutathione lyase

S
FA

x
Q

8U
9Z6_A

G
R

T5
>gnl|tr|Q

8U
9Z6_A

G
R

T5 (Q
8U

9Z6) Lactoylglutathione lyase
S

FA
x

Q
8U

C
M

7_A
G

R
T5

>gnl|tr|Q
8U

C
M

7_A
G

R
T5 (Q

8U
C

M
7) Lactoylglutathione lyase (A

G
R

_C
_4460p)

B
TC

x
Q

8U
C

Y
4_A

G
R

T5
>gnl|tr|Q

8U
C

Y
4_A

G
R

T5 (Q
8U

C
Y

4) Lactoylglutathione lyase
S

FA
x

Q
8U

E
F6_A

G
R

T5
>gnl|tr|Q

8U
E

F6_A
G

R
T5 (Q

8U
E

F6) Lactoylglutathione lyase (A
G

R
_C

_3314p)
B

TC
x

Q
8X

N
91_C

LO
P

E
>gnl|tr|Q

8X
N

91_C
LO

P
E

 (Q
8X

N
91) Lactoylglutathione lyase

B
TC

x
Q

8ZM
36_S

A
LTY

>gnl|tr|Q
8ZM

36_S
A

LTY (Q
8ZM

36) P
utative lactoylglutathione lyase

S
FA

x
Q

8ZR
N

6_S
A

LTY
>gnl|tr|Q

8ZR
N

6_S
A

LTY (Q
8ZR

N
6) P

utative lactoylglutathione lyase
S

FA
x

Q
97R

67_S
TR

P
N

>gnl|tr|Q
97R

67_S
TR

P
N

 (Q
97R

67) Lactoylglutathione lyase
B

TC
x

Q
98D

N
5_R

H
ILO

>gnl|tr|Q
98D

N
5_R

H
ILO

 (Q
98D

N
5) Lactoylglutathione lyase

S
FA

x
Q

98IT9_R
H

ILO
>gnl|tr|Q

98IT9_R
H

ILO
 (Q

98IT9) P
robable lactoylglutathione lyase

N
S

F
x

Q
98N

F2_R
H

ILO
>gnl|tr|Q

98N
F2_R

H
ILO

 (Q
98N

F2) Lactoylglutathione lyase
B

TC
x

Q
9A

6Z3_C
A

U
C

R
>gnl|tr|Q

9A
6Z3_C

A
U

C
R

 (Q
9A

6Z3) Lactoylglutathione lyase, putative
S

FA
x

Q
9A

8N
8_C

A
U

C
R

>gnl|tr|Q
9A

8N
8_C

A
U

C
R

 (Q
9A

8N
8) Lactoylglutathione lyase, putative

B
TC

x
Q

9I5L8_P
S

E
A

E
>gnl|tr|Q

9I5L8_P
S

E
A

E
 (Q

9I5L8) Lactoylglutathione lyase
B

TC
x

Q
9R

S
B

7_D
E

IR
A

>gnl|tr|Q
9R

S
B

7_D
E

IR
A (Q

9R
S

B
7) Lactoylglutathione lyase, putative

S
FA

X
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         Table K
-3. K

E
G

G
 D

ata (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

bcl:A
B

C
4032

>gnl|kg|bcl:A
B

C
4032 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
blo:B

L0011
>gnl|kg|blo:B

L0011 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

bm
a:B

M
A

A
0603

>gnl|kg|bm
a:B

M
A

A
0603 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

bpm
:B

U
R

P
S

1710b_A
2335

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
2335 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

bps:B
P

S
S

0761
>gnl|kg|bps:B

P
S

S
0761 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

cpe:C
P

E
0756

>gnl|kg|cpe:C
P

E
0756 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
ctc:C

TC
01883

>gnl|kg|ctc:C
TC

01883 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

cya:C
YA

_1587
>gnl|kg|cya:C

YA
_1587 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

cyb:C
Y

B
_0393

>gnl|kg|cyb:C
Y

B
_0393 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

ecc:c0456
>gnl|kg|ecc:c0456 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

ecj:JW
0328

>gnl|kg|ecj:JW
0328 codA

; C
ytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
ecs:E

C
s0390

>gnl|kg|ecs:E
C

s0390 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

ece:Z0433
>gnl|kg|ece:Z0433 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

eco:b0337
>gnl|kg|eco:b0337 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

gvi:gll2528
>gnl|kg|gvi:gll2528 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
pae:PA

0437
>gnl|kg|pae:PA

0437 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
pfl:P

FL_4033
>gnl|kg|pfl:P

FL_4033 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
pm

u:P
M

0565
>gnl|kg|pm

u:P
M

0565 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

ppr:P
B

P
R

B
1375

>gnl|kg|ppr:P
B

P
R

B
1375 putative cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
ppu:P

P
3189

>gnl|kg|ppu:P
P

3189 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

ret:R
H

E
_P

B
00107

>gnl|kg|ret:R
H

E
_P

B
00107 codA

b; cytosine deam
inase protein [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

rso:R
S

c1594
>gnl|kg|rso:R

S
c1594 codA

, R
S

03956; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x
sai:S

aci_1072
>gnl|kg|sai:S

aci_1072 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x
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sec:S
C

3272
>gnl|kg|sec:S

C
3272 codA

; putative cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x
spt:S

PA
3202

>gnl|kg|spt:S
PA

3202 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

sm
e:S

M
a2371

>gnl|kg|sm
e:S

M
a2371 codA

1; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

sil:S
P

O
2806

>gnl|kg|sil:S
P

O
2806 cytosine deam

inase, putative [E
C

:3.5.4.1] [K
O

:K
01485]

x
sso:S

S
O

2770
>gnl|kg|sso:S

S
O

2770 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
sto:S

T2403
>gnl|kg|sto:S

T2403 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

stm
:S

TM
3334

>gnl|kg|stm
:S

TM
3334 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
sty:S

TY
3514

>gnl|kg|sty:S
TY

3514 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
stt:t3251

>gnl|kg|stt:t3251 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
vfi:V

F0531
>gnl|kg|vfi:V

F0531 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

vpa:V
PA

1243
>gnl|kg|vpa:V

PA
1243 putative cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
vvu:V

V
20789

>gnl|kg|vvu:V
V

20789 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

vvy:V
VA

1255
>gnl|kg|vvy:V

VA
1255 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
ypk:y3946

>gnl|kg|ypk:y3946 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
ypm

:Y
P

0164
>gnl|kg|ypm

:Y
P

0164 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
ype:Y

P
O

0162
>gnl|kg|ype:Y

P
O

0162 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

yps:Y
P

TB
3739

>gnl|kg|yps:Y
P

TB
3739 codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

bte:B
TH

_II1639
>gnl|kg|bte:B

TH
_II1639 cytosine deam

inase
x

cef:C
E

2849
>gnl|kg|cef:C

E
2849 putative cytosine deam

inase
x

rsp:R
S

P
_0341

>gnl|kg|rsp:R
S

P
_0341 cytosine deam

inase
x

bta:280712
>gnl|kg|bta:280712 A

D
A

; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

ecc:c2015
>gnl|kg|ecc:c2015 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
ecj:JW

1615
>gnl|kg|ecj:JW

1615 add; A
denosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
ecs:E

C
s2331

>gnl|kg|ecs:E
C

s2331 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

ece:Z2628
>gnl|kg|ece:Z2628 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
eco:b1623

>gnl|kg|eco:b1623 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

hsa:100
>gnl|kg|hsa:100 A

D
A

; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x
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m
m

u:11486
>gnl|kg|m

m
u:11486 A

da; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

ppr:P
B

P
R

A
3496

>gnl|kg|ppr:P
B

P
R

A
3496 putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

rno:24165
>gnl|kg|rno:24165 A

da; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

sec:S
C

1480
>gnl|kg|sec:S

C
1480 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
sfx:S

1780
>gnl|kg|sfx:S

1780 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

sfl:S
F1648

>gnl|kg|sfl:S
F1648 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
son:S

O
4731

>gnl|kg|son:S
O

4731 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

ssn:S
S

O
_1535

>gnl|kg|ssn:S
S

O
_1535 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

stm
:S

TM
1463

>gnl|kg|stm
:S

TM
1463 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
sty:S

TY
1658

>gnl|kg|sty:S
TY

1658 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

stt:t1331
>gnl|kg|stt:t1331 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
vch:V

C
2751

>gnl|kg|vch:V
C

2751 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

vpa:V
P

0116
>gnl|kg|vpa:V

P
0116 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

xla:444167
>gnl|kg|xla:444167 M

G
C

80635; M
G

C
80635 protein [E

C
:3.5.4.4] [K

O
:K

01488]
x

xtr:496434
>gnl|kg|xtr:496434 ada-prov; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

yps:Y
P

TB
2180

>gnl|kg|yps:Y
P

TB
2180 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x
sbo:S

B
O

_1511
>gnl|kg|sbo:S

B
O

_1511 add; adenosine deam
inase

x
sdy:S

D
Y

_1846
>gnl|kg|sdy:S

D
Y

_1846 add; adenosine deam
inase

x

bm
a:B

M
A

0178
>gnl|kg|bm

a:B
M

A
0178 N

-acyl-D
-am

ino-acid deacylase fam
ily protein 

[E
C

:3.5.1.81]
X

bpm
:B

U
R

P
S

1710b_0837
>gnl|kg|bpm

:B
U

R
P

S
1710b_0837 D

-am
inoacylase [E

C
:3.5.1.81]

x
bps:B

P
S

L0630
>gnl|kg|bps:B

P
S

L0630 dan; D
-am

inoacylase [E
C

:3.5.1.81]
x

bur:B
cep18194_A

6068
>gnl|kg|bur:B

cep18194_A
6068 N

-acyl-D
-am

ino-acid deacylase [E
C

:3.5.1.81]
x

reu:R
eut_B

4020
>gnl|kg|reu:R

eut_B
4020 N

-acyl-D
-am

ino-acid deacylase [E
C

:3.5.1.81]
x

psb:P
syr_0415

>gnl|kg|psb:P
syr_0415 N

-acyl-D
-am

ino-acid deacylase [E
C

:3.5.1.82]
x
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pfl:P
FL_0775

>gnl|kg|pfl:P
FL_0775 N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[E
C

:3.5.1.82]
x

pst:P
S

P
TO

5117
>gnl|kg|pst:P

S
P

TO
5117 N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[E
C

:3.5.1.82]
x

psp:P
S

P
P

H
_0405

>gnl|kg|psp:P
S

P
P

H
_0405 N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[E
C

:3.5.1.82]
x

bbr:B
B

3285
>gnl|kg|bbr:B

B
3285 N

-acyl-D
-glutam

ate deacylase [E
C

:3.5.1.82]
E

S
A

x
bpa:B

P
P

1821
>gnl|kg|bpa:B

P
P

1821 N
-acyl-D

-glutam
ate deacylase [E

C
:3.5.1.82]

E
S

A
x

bpe:B
P

1207
>gnl|kg|bpe:B

P
1207 N

-acyl-D
-glutam

ate deacylase [E
C

:3.5.1.82]
E

S
A

x

rso:R
S

p1187
>gnl|kg|rso:R

S
p1187 ndeD

, R
S

03131; probable N
-acyl-D

-glutam
ate deacylase 

protein [E
C

:3.5.1.82]
x

bm
s:B

R
0278

>gnl|kg|bm
s:B

R
0278 dhT; D

-hydantoinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
bur:B

cep18194_C
6658

>gnl|kg|bur:B
cep18194_C

6658 D
-hydantoinase [E

C
:3.5.2.2] [K

O
:K

01464]
x

pfo:P
fl_3441

>gnl|kg|pfo:P
fl_3441 D

-hydantoinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
reu:R

eut_A
0045

>gnl|kg|reu:R
eut_A

0045 D
-hydantoinase [E

C
:3.5.2.2] [K

O
:K

01464]
x

sco:S
C

O
6415

>gnl|kg|sco:S
C

O
6415 S

C
1A

6.04; putative D
-hydantoinase [E

C
:3.5.2.2] 

[K
O

:K
01464]

x
sil:S

P
O

1783
>gnl|kg|sil:S

P
O

1783 hydA
; D

-hydantoinase [E
C

:3.5.2.2] [K
O

:K
01464]

x

aci:A
C

IA
D

1091
>gnl|kg|aci:A

C
IA

D
1091 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
ana:alr3670

>gnl|kg|ana:alr3670 urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

ath:A
t1g67550

>gnl|kg|ath:A
t1g67550 F12B

7.10; urease, putative / urea am
idohydrolase, 

putative [E
C

:3.5.1.5] [K
O

:K
01428 K

01429 K
01430]

x

atc:A
G

R
_C

_4357
>gnl|kg|atc:A

G
R

_C
_4357 ureA

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
atu:A

tu2401
>gnl|kg|atu:A

tu2401 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ava:Ava_3618
>gnl|kg|ava:Ava_3618 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

bm
b:B

ruA
b1_0296

>gnl|kg|bm
b:B

ruA
b1_0296 ureC

-1; U
reC

-1, urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bm
b:B

ruA
b1_1355

>gnl|kg|bm
b:B

ruA
b1_1355 ureC

-2; U
reC

-2, urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bbr:B
B

4323
>gnl|kg|bbr:B

B
4323 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
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bca:B
C

E
3662

>gnl|kg|bca:B
C

E
3662 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bfl:B
fl523

>gnl|kg|bfl:B
fl523 ureC

; putative urease structural subunit C
 (alpha) [E

C
:3.5.1.5] 

[K
O

:K
01428]

x
bha:B

H
0254

>gnl|kg|bha:B
H

0254 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

bja:blr1457
>gnl|kg|bja:blr1457 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bm
a:B

M
A

2184
>gnl|kg|bm

a:B
M

A
2184 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bm
f:B

A
B

1_0300
>gnl|kg|bm

f:B
A

B
1_0300 ureC

-1; urease:am
idohydrolase [E

C
:3.5.1.5] 

[K
O

:K
01427]

x
bm

f:B
A

B
1_1378

>gnl|kg|bm
f:B

A
B

1_1378 urease:am
idohydrolase [E

C
:3.5.1.5] [K

O
:K

01427]
x

bm
e:B

M
E

I0647
>gnl|kg|bm

e:B
M

E
I0647 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

bm
e:B

M
E

I1652
>gnl|kg|bm

e:B
M

E
I1652 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

bpa:B
P

P
3855

>gnl|kg|bpa:B
P

P
3855 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bpn:B
P

E
N

_542
>gnl|kg|bpn:B

P
E

N
_542 ureC

; putative urease structural subunit C
 (alpha) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x
bpe:B

P
3168

>gnl|kg|bpe:B
P

3168 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

bpm
:B

U
R

P
S

1710b_3135
>gnl|kg|bpm

:B
U

R
P

S
1710b_3135 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

bps:B
P

S
L2659

>gnl|kg|bps:B
P

S
L2659 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
bsu:B

G
11983

>gnl|kg|bsu:B
G

11983 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

bm
s:B

R
0270

>gnl|kg|bm
s:B

R
0270 ureC

-1; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bm
s:B

R
1358

>gnl|kg|bm
s:B

R
1358 ureC

-2; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bte:B
TH

_I1496
>gnl|kg|bte:B

TH
_I1496 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01427]

x

bur:B
cep18194_A

4006
>gnl|kg|bur:B

cep18194_A
4006 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

cef:C
E

0995
>gnl|kg|cef:C

E
0995 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
cgb:cg0115

>gnl|kg|cgb:cg0115 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x
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cgl:N
C

gl0085
>gnl|kg|cgl:N

C
gl0085 C

gl0086; urea am
idohydrolase (urease) alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x
cne:C

N
H

01900
>gnl|kg|cne:C

N
H

01900 urease [E
C

:3.5.1.5] [K
O

:K
01428 K

01429 K
01430]

x

cya:C
YA

_0603
>gnl|kg|cya:C

YA
_0603 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01427]

x

cyb:C
Y

B
_0023

>gnl|kg|cyb:C
Y

B
_0023 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01427]

x
dar:D

aro_1427
>gnl|kg|dar:D

aro_1427 urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
dra:D

R
A

0318
>gnl|kg|dra:D

R
A

0318 urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
ecs:E

C
s1324

>gnl|kg|ecs:E
C

s1324 urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

ece:Z1145
>gnl|kg|ece:Z1145 ureC

; putative urease structural subunit C
 (alpha) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

ece:Z1584
>gnl|kg|ece:Z1584 ureC

_2; putative urease structural subunit C
 (alpha) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x
fra:Francci3_0832

>gnl|kg|fra:Francci3_0832 urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01427]

x

gka:G
K

1930
>gnl|kg|gka:G

K
1930 ureC

; urease alpha subunit (urea am
idohydrolase) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

hch:H
C

H
_04523

>gnl|kg|hch:H
C

H
_04523 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01427]

x
hhe:H

H
0408

>gnl|kg|hhe:H
H

0408 ureB
; urease [E

C
:3.5.1.5] [K

O
:K

01428]
x

hit:N
TH

I0665
>gnl|kg|hit:N

TH
I0665 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
hin:H

I0539
>gnl|kg|hin:H

I0539 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

hm
a:pN

G
7124

>gnl|kg|hm
a:pN

G
7124 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
hpj:jhp0067

>gnl|kg|hpj:jhp0067 ureB
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

hpy:H
P

0072
>gnl|kg|hpy:H

P
0072 ureB

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

m
bo:M

b1881
>gnl|kg|m

bo:M
b1881 ureC

; urease alpha subunit U
reC

 (urea am
idohydrolase) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x
m

lo:m
ll4940

>gnl|kg|m
lo:m

ll4940 urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
m

tc:M
T1898

>gnl|kg|m
tc:M

T1898 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

m
tu:R

v1850
>gnl|kg|m

tu:R
v1850 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
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nfa:nfa25260
>gnl|kg|nfa:nfa25260 ureC

; putative urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

nm
u:N

m
ul_A

1241
>gnl|kg|nm

u:N
m

ul_A
1241 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

noc:N
oc_2880

>gnl|kg|noc:N
oc_2880 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

nph:N
P

2010A
>gnl|kg|nph:N

P
2010A ureA

; urease , alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
pae:PA

4868
>gnl|kg|pae:PA

4868 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

pfl:P
FL_0631

>gnl|kg|pfl:P
FL_0631 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

pha:P
S

H
A

a1759
>gnl|kg|pha:P

S
H

A
a1759 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01427]

x
plu:plu2173

>gnl|kg|plu:plu2173 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

pm
m

:P
M

M
0963

>gnl|kg|pm
m

:P
M

M
0963 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

pm
i:P

M
T9312_0836

>gnl|kg|pm
i:P

M
T9312_0836 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

pm
t:P

M
T2236

>gnl|kg|pm
t:P

M
T2236 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
pm

n:P
M

N
2A

_1055
>gnl|kg|pm

n:P
M

N
2A

_1055 urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
ppu:P

P
2845

>gnl|kg|ppu:P
P

2845 ureC
; urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

psb:P
syr_2197

>gnl|kg|psb:P
syr_2197 urease [E

C
:3.5.1.5] [K

O
:K

01428]
x

psb:P
syr_4436

>gnl|kg|psb:P
syr_4436 urease [E

C
:3.5.1.5] [K

O
:K

01428]
x

pst:P
S

P
TO

4895
>gnl|kg|pst:P

S
P

TO
4895 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

psp:P
S

P
P

H
_4479

>gnl|kg|psp:P
S

P
P

H
_4479 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

ret:R
H

E
_C

H
03305

>gnl|kg|ret:R
H

E
_C

H
03305 ureC

; urease (U
reA am

idohydrolase) alpha subunit 
protein [E

C
:3.5.1.5] [K

O
:K

01427]
x

reu:R
eut_A

0995
>gnl|kg|reu:R

eut_A
0995 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

rpb:R
P

B
_1803

>gnl|kg|rpb:R
P

B
_1803 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

rpa:R
PA

3660
>gnl|kg|rpa:R

PA
3660 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

rso:R
S

c2032
>gnl|kg|rso:R

S
c2032 ureC

, R
S

02789; probable urease (alpha subunit) protein 
[E

C
:3.5.1.5] [K

O
:K

01428]
x
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rsp:R
S

P
_6111

>gnl|kg|rsp:R
S

P
_6111 ureC

; U
reA am

idohydrolase (urease) alpha subunit 
[E

C
:3.5.1.5] [K

O
:K

01427]
x

sac:S
A

C
O

L2282
>gnl|kg|sac:S

A
C

O
L2282 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
sar:S

A
R

2374
>gnl|kg|sar:S

A
R

2374 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sas:S
A

S
2180

>gnl|kg|sas:S
A

S
2180 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sav:S
AV

2290
>gnl|kg|sav:S

AV
2290 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
sam

:M
W

2208
>gnl|kg|sam

:M
W

2208 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sau:S
A

2084
>gnl|kg|sau:S

A
2084 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
sab:S

A
B

2162
>gnl|kg|sab:S

A
B

2162 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

saa:S
A

U
S

A
300_2240

>gnl|kg|saa:S
A

U
S

A
300_2240 ureC

; urease, alpha subunit [E
C

:3.5.1.5]
x

sm
a:S

AV
2715

>gnl|kg|sm
a:S

AV
2715 ureC

2; putative urease subunit alpha [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sm
a:S

AV
7106

>gnl|kg|sm
a:S

AV
7106 ureC

1; putative urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sco:S
C

O
1234

>gnl|kg|sco:S
C

O
1234 2S

C
G

1.09c, ureC
; urease alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01428]

x
sco:S

C
O

5526
>gnl|kg|sco:S

C
O

5526 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sep:S
E

1863
>gnl|kg|sep:S

E
1863 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ser:S
E

R
P

1871
>gnl|kg|ser:S

E
R

P
1871 ureC

; urease, alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

sm
e:S

M
c01837

>gnl|kg|sm
e:S

M
c01837 ureC

; urease alpha subunit protein [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

spo:S
PA

C
1952.11c

>gnl|kg|spo:S
PA

C
1952.11c ure1; urease (E

C
 3.5.1.5) [E

C
:3.5.1.5] [K

O
:K

01428 
K

01429 K
01430]

x
sil:S

P
O

1714
>gnl|kg|sil:S

P
O

1714 ureC
; urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ssp:S
S

P
0263

>gnl|kg|ssp:S
S

P
0263 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

stc:str0283
>gnl|kg|stc:str0283 ureC

; urea am
idohydrolase (urease) alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

stl:stu0283
>gnl|kg|stl:stu0283 ureC

; urea am
idohydrolase (urease) alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x
sto:S

T1028
>gnl|kg|sto:S

T1028 urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
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syd:S
yncc9605_2627

>gnl|kg|syd:S
yncc9605_2627 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

sye:S
yncc9902_2257

>gnl|kg|sye:S
yncc9902_2257 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

syw
:S

Y
N

W
2449

>gnl|kg|syw
:S

Y
N

W
2449 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
syn:sll1750

>gnl|kg|syn:sll1750 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

tel:tlr0005
>gnl|kg|tel:tlr0005 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x
uur:U

U
432

>gnl|kg|uur:U
U

432 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

vfi:V
F0673

>gnl|kg|vfi:V
F0673 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ypk:y1239
>gnl|kg|ypk:y1239 ureC

; urease (urea am
idohydrolase) alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x
ypm

:Y
P

2468
>gnl|kg|ypm

:Y
P

2468 ureC
; urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ype:Y
P

O
2667

>gnl|kg|ype:Y
P

O
2667 ureC

, yeuC
; urease alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01428]

x

yps:Y
P

TB
2942

>gnl|kg|yps:Y
P

TB
2942 ureC

, yeuC
; urease alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01428]

x
pfo:P

fl_0580
>gnl|kg|pfo:P

fl_0580 urease, alpha subunit
x

ecc:c5408
>gnl|kg|ecc:c5408 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x

ecj:JW
4291

>gnl|kg|ecj:JW
4291 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x
ecs:E

C
s5286

>gnl|kg|ecs:E
C

s5286 isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x
ece:Z5927

>gnl|kg|ece:Z5927 iadA
; isoaspartyl dipeptidase [E

C
:3.4.19.5] [K

O
:K

01305]
x

eco:b4328
>gnl|kg|eco:b4328 iadA

, yjiF; isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x
sbo:S

B
O

_4379
>gnl|kg|sbo:S

B
O

_4379 iadA
; isoaspartyl dipeptidase

x

sec:S
C

4367
>gnl|kg|sec:S

C
4367 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x

spt:S
PA

4332
>gnl|kg|spt:S

PA
4332 iadA

; probable isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

sfx:S
4446

>gnl|kg|sfx:S
4446 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x
sfl:S

F4190
>gnl|kg|sfl:S

F4190 iadA
; isoaspartyl dipeptidase [E

C
:3.4.19.5] [K

O
:K

01305]
x
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stm
:S

TM
4512

>gnl|kg|stm
:S

TM
4512 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x

sty:S
TY

4868
>gnl|kg|sty:S

TY
4868 iadA

; probable isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

stt:t4562
>gnl|kg|stt:t4562 iadA

; probable isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

dm
e:C

G
4598-PA

>gnl|kg|dm
e:C

G
4598-PA C

G
4598; C

G
4598 gene product from

 transcript 
C

G
4598-R

A [E
C

:5.3.3.8] [K
O

:K
01825]

x

dm
e:C

G
4594-PA

>gnl|kg|dm
e:C

G
4594-PA C

G
4594; C

G
4594 gene product from

 transcript 
C

G
4594-R

A [E
C

:5.3.3.8] [K
O

:K
01825]

x

hsa:1632
>gnl|kg|hsa:1632 D

C
I; dodecenoyl-C

oenzym
e A delta isom

erase (3,2 trans-
enoyl-C

oenzym
e A isom

erase) [E
C

:5.3.3.8] [K
O

:K
01825]

x

m
m

u:13177
>gnl|kg|m

m
u:13177 D

ci; dodecenoyl-C
oenzym

e A delta isom
erase (3,2 trans-

enoyl-C
oenym

e A isom
erase) [E

C
:5.3.3.8] [K

O
:K

01825]
x

rno:29740
>gnl|kg|rno:29740 D

ci; dodecenoyl-coenzym
e A delta isom

erase [E
C

:5.3.3.8] 
[K

O
:K

01825]
x

xla:432103
>gnl|kg|xla:432103 M

G
C

82167; hypothetical protein M
G

C
82167 [E

C
:5.3.3.8] 

[K
O

:K
01825]

x

xtr:496654
>gnl|kg|xtr:496654 dci-prov; dodecenoyl-C

oenzym
e A delta isom

erase (3,2 trans-
enoyl-C

oenzym
e A isom

erase) [E
C

:5.3.3.8] [K
O

:K
01825]

x

eco:b2919
>gnl|kg|eco:b2919 ygfG

; m
ethylm

alonyl-C
oA decarboxylase, biotin-independent

x

ath:A
t2g30650

>gnl|kg|ath:A
t2g30650 T11J7.4; 3-hydroxyisobutyryl-coenzym

e A hydrolase, 
putative / C

oA
-thioester hydrolase, putative

x

ath:A
t2g30660

>gnl|kg|ath:A
t2g30660 T11J7.5; 3-hydroxyisobutyryl-coenzym

e A hydrolase, 
putative / C

oA
-thioester hydrolase, putative

x

ath:A
t5g65940

>gnl|kg|ath:A
t5g65940 K

14B
20.11; 3-hydroxyisobutyryl-coenzym

e A hydrolase 
(C

oA
-thioester hydrolase) (C

H
Y

1)
x

hsa:26275
>gnl|kg|hsa:26275 H

IB
C

H
; 3-hydroxyisobutyryl-C

oenzym
e A hydrolase

x
m

m
u:227095

>gnl|kg|m
m

u:227095 H
ibch; 3-hydroxyisobutyryl-C

oenzym
e A hydrolase

x

rno:301384
>gnl|kg|rno:301384 H

ibch_predicted; 3-hydroxyisobutyryl-C
oenzym

e A 
hydrolase (predicted)

x
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spo:S
P

B
C

2D
10.09

>gnl|kg|spo:S
P

B
C

2D
10.09 3-hydroxyisobutyryl-coenzym

e a hydrolase; E
noyl-

C
oA isom

erase fam
ily

x
aae:aq_484

>gnl|kg|aae:aq_484 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
aci:A

C
IA

D
2001

>gnl|kg|aci:A
C

IA
D

2001 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

ago:A
E

R
294C

>gnl|kg|ago:A
E

R
294C

 A
E

R
294C

p; enolase (E
N

O
2) (E

N
O

1) [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

am
a:A

M
600

>gnl|kg|am
a:A

M
600 eno; E

nolase 1 (2-phosphoglycerate dehydratase 1) 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

ana:all3538
>gnl|kg|ana:all3538 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ape:A
P

E
2458

>gnl|kg|ape:A
P

E
2458 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ath:A
t1g74030

>gnl|kg|ath:A
t1g74030 F2P

9.10; enolase, putative [E
C

:4.2.1.11] [K
O

:K
01689]

x
ath:A

t2g29560
>gnl|kg|ath:A

t2g29560 F16P
2.6; enolase, putative

X
ath:A

t2g36530
>gnl|kg|ath:A

t2g36530 F1O
11.16; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

atc:A
G

R
_C

_2631
>gnl|kg|atc:A

G
R

_C
_2631 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

atu:A
tu1426

>gnl|kg|atu:A
tu1426 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
b:B

ruA
b1_1138

>gnl|kg|bm
b:B

ruA
b1_1138 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

baa:B
A

_0223
>gnl|kg|baa:B

A
_0223 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bar:G
B

A
A

5364
>gnl|kg|bar:G

B
A

A
5364 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ban:B
A

5364
>gnl|kg|ban:B

A
5364 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bat:B
A

S
4985

>gnl|kg|bat:B
A

S
4985 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bab:bbp377
>gnl|kg|bab:bbp377 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bas:B
U

sg400
>gnl|kg|bas:B

U
sg400 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bbr:B
B

3703
>gnl|kg|bbr:B

B
3703 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bbu:B
B

0337
>gnl|kg|bbu:B

B
0337 eno; enolase (eno) [E

C
:4.2.1.11] [K

O
:K

01689]
x

bca:B
C

E
5238

>gnl|kg|bca:B
C

E
5238 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bce:B
C

5135
>gnl|kg|bce:B

C
5135 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bcz:B
C

ZK
4824

>gnl|kg|bcz:B
C

ZK
4824 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bcl:A
B

C
3017

>gnl|kg|bcl:A
B

C
3017 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bfl:B
fl157

>gnl|kg|bfl:B
fl157 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bfr:B
F1188

>gnl|kg|bfr:B
F1188 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bga:B
G

0338
>gnl|kg|bga:B

G
0338 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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bha:B
H

3556
>gnl|kg|bha:B

H
3556 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bhe:B
H

05720
>gnl|kg|bhe:B

H
05720 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bja:bll4794
>gnl|kg|bja:bll4794 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bld:B
Li03661

>gnl|kg|bld:B
Li03661 eno; enolase; R

B
L03415 [E

C
:4.2.1.11] [K

O
:K

01689]
x

bli:B
L03468

>gnl|kg|bli:B
L03468 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

blo:B
L1022

>gnl|kg|blo:B
L1022 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
a:B

M
A

1689
>gnl|kg|bm

a:B
M

A
1689 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
f:B

A
B

1_1155
>gnl|kg|bm

f:B
A

B
1_1155 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
e:B

M
E

I0851
>gnl|kg|bm

e:B
M

E
I0851 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bpn:B
P

E
N

_162
>gnl|kg|bpn:B

P
E

N
_162 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bps:B
P

S
L2270

>gnl|kg|bps:B
P

S
L2270 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bqu:B
Q

04880
>gnl|kg|bqu:B

Q
04880 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bsu:B
G

10899
>gnl|kg|bsu:B

G
10899 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
s:B

R
1132

>gnl|kg|bm
s:B

R
1132 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bta:281141
>gnl|kg|bta:281141 E

N
O

1; enolase 1 [E
C

:4.2.1.11] [K
O

:K
01689]

x
bte:B

TH
_I1894

>gnl|kg|bte:B
TH

_I1894 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
bth:B

T4572
>gnl|kg|bth:B

T4572 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
btk:B

T9727_4814
>gnl|kg|btk:B

T9727_4814 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
buc:B

U
417

>gnl|kg|buc:B
U

417 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cab:C

A
B

932
>gnl|kg|cab:C

A
B

932 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cac:C

A
C

0713
>gnl|kg|cac:C

A
C

0713 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cal:orf19.395

>gnl|kg|cal:orf19.395 E
N

O
1; enolase I [E

C
:4.2.1.11] [K

O
:K

01689]
x

cbu:C
B

U
_1674

>gnl|kg|cbu:C
B

U
_1674 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cca:C
C

A
00963

>gnl|kg|cca:C
C

A
00963 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cch:C
ag_0347

>gnl|kg|cch:C
ag_0347 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ccr:C
C

1724
>gnl|kg|ccr:C

C
1724 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cdi:D
IP

0917
>gnl|kg|cdi:D

IP
0917 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cef:C
E

1042
>gnl|kg|cef:C

E
1042 putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cgl:N
C

gl0935
>gnl|kg|cgl:N

C
gl0935 C

gl0974; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
chy:C

H
Y

_0284
>gnl|kg|chy:C

H
Y

_0284 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cjk:jk1483

>gnl|kg|cjk:jk1483 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cje:C

j1672c
>gnl|kg|cje:C

j1672c eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

              491



         Table K
-3. K

E
G

G
 D

ata (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

cm
e:C

M
K

131C
>gnl|kg|cm

e:C
M

K
131C

 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cm

u:TC
0876

>gnl|kg|cm
u:TC

0876 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cne:C

N
E

00040
>gnl|kg|cne:C

N
E

00040 enolase 1, putative [E
C

:4.2.1.11] [K
O

:K
01689]

x
cne:C

N
E

05250
>gnl|kg|cne:C

N
E

05250 enolase 1, putative
x

cpv:cgd5_1960
>gnl|kg|cpv:cgd5_1960 enolase (2-phosphoglycerate dehydratase) 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

cpe:C
P

E
1299

>gnl|kg|cpe:C
P

E
1299 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cpa:C
P

1071
>gnl|kg|cpa:C

P
1071 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cpj:C
P

j0800
>gnl|kg|cpj:C

P
j0800 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cpn:C
P

n0800
>gnl|kg|cpn:C

P
n0800 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cpt:C
pB

0829
>gnl|kg|cpt:C

pB
0829 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cte:C
T0145

>gnl|kg|cte:C
T0145 eno-2; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cte:C
T1962

>gnl|kg|cte:C
T1962 eno-1; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cta:C
TA

_0637
>gnl|kg|cta:C

TA
_0637 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ctr:C
T587

>gnl|kg|ctr:C
T587 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dar:D
aro_2364

>gnl|kg|dar:D
aro_2364 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dde:D
de_0295

>gnl|kg|dde:D
de_0295 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

deh:cbdb_A
573

>gnl|kg|deh:cbdb_A
573 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

det:D
E

T0593
>gnl|kg|det:D

E
T0593 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dps:D
P

1799
>gnl|kg|dps:D

P
1799 probable enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dra:D
R

2637
>gnl|kg|dra:D

R
2637 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dre:334116
>gnl|kg|dre:334116 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dre:378963
>gnl|kg|dre:378963 eno3; enolase 3, (beta, m

uscle) [E
C

:4.2.1.11] [K
O

:K
01689]

x
dre:393668

>gnl|kg|dre:393668 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
dre:402874

>gnl|kg|dre:402874 eno2; enolase 2
x

dvu:D
V

U
0322

>gnl|kg|dvu:D
V

U
0322 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ecn:E
caj_0489

>gnl|kg|ecn:E
caj_0489 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ecj:JW
2750

>gnl|kg|ecj:JW
2750 eno; E

nolase (2-phosphoglycerate dehydratase) (2-
phospho-d- glycerate hydro-lyase). [E

C
:4.2.1.11] [K

O
:K

01689]
x

ecs:E
C

s3639
>gnl|kg|ecs:E

C
s3639 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ece:Z4094
>gnl|kg|ece:Z4094 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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eco:b2779
>gnl|kg|eco:b2779 eno, eno'; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ecu:E
C

U
10_1690

>gnl|kg|ecu:E
C

U
10_1690 10_1690, E

N
O

LA
S

E
, E

N
O

_FA
S

H
E

, gene found by 
G

lim
m

er [E
C

:4.2.1.11] [K
O

:K
01689]

x
efa:E

F1961
>gnl|kg|efa:E

F1961 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ehi:337.t00001

>gnl|kg|ehi:337.t00001 enolase, putative [E
C

:4.2.1.11] [K
O

:K
01689]

x
eli:E

LI_05740
>gnl|kg|eli:E

LI_05740 enolase
x

erg:E
R

G
A

_C
D

S
_04960

>gnl|kg|erg:E
R

G
A

_C
D

S
_04960 eno; enolase (2-phosphoglycerate 

dehydratase) [E
C

:4.2.1.11] [K
O

:K
01689]

x
eru:E

rum
4840

>gnl|kg|eru:E
rum

4840 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

erw
:E

R
W

E
_C

D
S

_05060
>gnl|kg|erw

:E
R

W
E

_C
D

S
_05060 eno; enolase (2-phosphoglycerate 

dehydratase) [E
C

:4.2.1.11] [K
O

:K
01689]

x
fnu:FN

1764
>gnl|kg|fnu:FN

1764 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

ftu:FTT0709
>gnl|kg|ftu:FTT0709 eno; enolase (2-phosphoglycerate dehydratase) 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

gga:395689
>gnl|kg|gga:395689 LO

C
395689; gam

m
a-subunit of enolase

x
gga:396016

>gnl|kg|gga:396016 LO
C

396016; enolase
x

gga:396017
>gnl|kg|gga:396017 LO

C
396017; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

gm
e:G

m
et_2372

>gnl|kg|gm
e:G

m
et_2372 enolase

x
gox:G

O
X

2279
>gnl|kg|gox:G

O
X

2279 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
gsu:G

S
U

2286
>gnl|kg|gsu:G

S
U

2286 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
gvi:gll2121

>gnl|kg|gvi:gll2121 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
hal:V

N
G

1142G
>gnl|kg|hal:V

N
G

1142G
 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hch:H
C

H
_01867

>gnl|kg|hch:H
C

H
_01867 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hdu:H
D

0477
>gnl|kg|hdu:H

D
0477 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hit:N
TH

I1103
>gnl|kg|hit:N

TH
I1103 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hin:H
I0932

>gnl|kg|hin:H
I0932 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hpj:jhp0142
>gnl|kg|hpj:jhp0142 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hpy:H
P

0154
>gnl|kg|hpy:H

P
0154 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hsa:2023
>gnl|kg|hsa:2023 E

N
O

1; enolase 1, (alpha) [E
C

:4.2.1.11] [K
O

:K
01689]

x

hsa:2026
>gnl|kg|hsa:2026 E

N
O

2; enolase 2 (gam
m

a, neuronal) [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

              493



         Table K
-3. K

E
G

G
 D

ata (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

hsa:2027
>gnl|kg|hsa:2027 E

N
O

3; enolase 3 (beta, m
uscle) [E

C
:4.2.1.11] [K

O
:K

01689]
x

ilo:IL0772
>gnl|kg|ilo:IL0772 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lic:LIC
11954

>gnl|kg|lic:LIC
11954 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lil:LA
1951

>gnl|kg|lil:LA
1951 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ljo:LJ0875
>gnl|kg|ljo:LJ0875 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ljo:LJ1246
>gnl|kg|ljo:LJ1246 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ljo:LJ1416
>gnl|kg|ljo:LJ1416 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lla:L0007
>gnl|kg|lla:L0007 enoA

; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lm

a:Lm
jF14.1160

>gnl|kg|lm
a:Lm

jF14.1160 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lm

f:LM
O

f2365_2428
>gnl|kg|lm

f:LM
O

f2365_2428 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lm

o:lm
o2455

>gnl|kg|lm
o:lm

o2455 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lpf:lpl2015

>gnl|kg|lpf:lpl2015 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lpp:lpp2020

>gnl|kg|lpp:lpp2020 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lpn:lpg2037

>gnl|kg|lpn:lpg2037 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lxx:Lxx17200

>gnl|kg|lxx:Lxx17200 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

pa:M
A

P
0990

>gnl|kg|m
pa:M

A
P

0990 eno; putative enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

cp:M
C

A
P

_0213
>gnl|kg|m

cp:M
C

A
P

_0213 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ca:M
C

A
1933

>gnl|kg|m
ca:M

C
A

1933 eno-1; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ca:M
C

A
2515

>gnl|kg|m
ca:M

C
A

2515 eno-2; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

fl:M
fl468

>gnl|kg|m
fl:M

fl468 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ga:M
G

A
_0209

>gnl|kg|m
ga:M

G
A

_0209 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ge:M
G

407
>gnl|kg|m

ge:M
G

407 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ja:M
J0232

>gnl|kg|m
ja:M

J0232 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ka:M
K

1647
>gnl|kg|m

ka:M
K

1647 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

le:M
L0255

>gnl|kg|m
le:M

L0255 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

lo:m
lr0378

>gnl|kg|m
lo:m

lr0378 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ag:am
b1823

>gnl|kg|m
ag:am

b1823 enolase
x

m
m

p:M
M

P
0396

>gnl|kg|m
m

p:M
M

P
0396 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
m

a:M
M

2836
>gnl|kg|m

m
a:M

M
2836 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
m

u:13806
>gnl|kg|m

m
u:13806 E

no1; enolase 1, alpha non-neuron [E
C

:4.2.1.11] 
[K

O
:K

01689]
x
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m
m

u:13807
>gnl|kg|m

m
u:13807 E

no2; enolase 2, gam
m

a neuronal [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

m
m

u:13808
>gnl|kg|m

m
u:13808 E

no3; enolase 3, beta m
uscle [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
pe:M

Y
P

E
3750

>gnl|kg|m
pe:M

Y
P

E
3750 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
pn:M

P
N

606
>gnl|kg|m

pn:M
P

N
606 eno, C

12_orf456; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

pu:M
Y

P
U

_5180
>gnl|kg|m

pu:M
Y

P
U

_5180 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

st:M
sp_0862

>gnl|kg|m
st:M

sp_0862 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

su:M
S

0256
>gnl|kg|m

su:M
S

0256 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ta:M
oth_0266

>gnl|kg|m
ta:M

oth_0266 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

tc:M
T1051

>gnl|kg|m
tc:M

T1051 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
nfa:nfa48590

>gnl|kg|nfa:nfa48590 eno; putative enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

ngo:N
G

O
0617

>gnl|kg|ngo:N
G

O
0617 putative enolase (2-phosphoglycerate dehydratase) 

[E
C

:4.2.1.11] [K
O

:K
01689]

x
nm

a:N
M

A
1495

>gnl|kg|nm
a:N

M
A

1495 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
nm

e:N
M

B
1285

>gnl|kg|nm
e:N

M
B

1285 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
nm

u:N
m

ul_A
1228

>gnl|kg|nm
u:N

m
ul_A

1228 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
nw

i:N
w

i_1827
>gnl|kg|nw

i:N
w

i_1827 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
oih:O

B
2434

>gnl|kg|oih:O
B

2434 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pab:PA

B
1126

>gnl|kg|pab:PA
B

1126 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pai:PA

E
0812

>gnl|kg|pai:PA
E

0812 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pae:PA

3635
>gnl|kg|pae:PA

3635 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

pcu:pc0143
>gnl|kg|pcu:pc0143 eno; probable phosphopyruvate hydratase (enolase) 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

par:P
syc_1636

>gnl|kg|par:P
syc_1636 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pca:P
car_1230

>gnl|kg|pca:P
car_1230 enolase

x
pfa:P

F10_0155
>gnl|kg|pfa:P

F10_0155 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pfu:P

F0215
>gnl|kg|pfu:P

F0215 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pgi:P

G
1824

>gnl|kg|pgi:P
G

1824 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pho:P

H
1942

>gnl|kg|pho:P
H

1942 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ayw

:AY
W

B
_437

>gnl|kg|ayw
:AY

W
B

_437 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
poy:PA

M
284

>gnl|kg|poy:PA
M

284 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
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plu:plu0913
>gnl|kg|plu:plu0913 eno; enolase (2-phosphoglycerate dehydratase) (2-
phospho-D

-glycerate hydro-lyase) [E
C

:4.2.1.11] [K
O

:K
01689]

x
plt:P

lut_1972
>gnl|kg|plt:P

lut_1972 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pm

m
:P

M
M

0208
>gnl|kg|pm

m
:P

M
M

0208 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pm

i:P
M

T9312_0210
>gnl|kg|pm

i:P
M

T9312_0210 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pm

t:P
M

T2083
>gnl|kg|pm

t:P
M

T2083 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pm

n:P
M

N
2A

_1575
>gnl|kg|pm

n:P
M

N
2A

_1575 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pm

a:P
ro0235

>gnl|kg|pm
a:P

ro0235 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pm

u:P
M

1871
>gnl|kg|pm

u:P
M

1871 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ppr:P

B
P

R
A

3079
>gnl|kg|ppr:P

B
P

R
A

3079 eno; putative enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ppu:P

P
1612

>gnl|kg|ppu:P
P

1612 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
psb:P

syr_1482
>gnl|kg|psb:P

syr_1482 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pst:P

S
P

TO
1554

>gnl|kg|pst:P
S

P
TO

1554 eno-1; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pst:P

S
P

TO
4616

>gnl|kg|pst:P
S

P
TO

4616 eno-2; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
psp:P

S
P

P
H

_3820
>gnl|kg|psp:P

S
P

P
H

_3820 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ptr:457913

>gnl|kg|ptr:457913 E
N

O
1; enolase 1

x
pub:S

A
R

11_0939
>gnl|kg|pub:S

A
R

11_0939 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

rba:R
B

12381
>gnl|kg|rba:R

B
12381 eno; enolase (2-phosphoglycerate dehydratase) 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

ret:R
H

E
_C

H
01931

>gnl|kg|ret:R
H

E
_C

H
01931 eno; 2-phosphoglycerate dehydratase (enolase) 

protein [E
C

:4.2.1.11] [K
O

:K
01689]

x
reu:R

eut_A
1091

>gnl|kg|reu:R
eut_A

1091 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
rno:24333

>gnl|kg|rno:24333 E
no1; enolase 1, alpha [E

C
:4.2.1.11] [K

O
:K

01689]
x

rno:24334
>gnl|kg|rno:24334 E

no2; enolase 2, gam
m

a [E
C

:4.2.1.11] [K
O

:K
01689]

x
rno:25438

>gnl|kg|rno:25438 E
no3; enolase 3, beta [E

C
:4.2.1.11] [K

O
:K

01689]
x

rpb:R
P

B
_2778

>gnl|kg|rpb:R
P

B
_2778 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

rpa:R
PA

2874
>gnl|kg|rpa:R

PA
2874 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

rso:R
S

c1129
>gnl|kg|rso:R

S
c1129 eno, R

S
04624; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

rsp:R
S

P
_2491

>gnl|kg|rsp:R
S

P
_2491 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sai:S
aci_1377

>gnl|kg|sai:S
aci_1377 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

san:gbs0608
>gnl|kg|san:gbs0608 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sag:S
A

G
0628

>gnl|kg|sag:S
A

G
0628 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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sac:S
A

C
O

L0842
>gnl|kg|sac:S

A
C

O
L0842 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sar:S
A

R
0832

>gnl|kg|sar:S
A

R
0832 eno; putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sas:S
A

S
0742

>gnl|kg|sas:S
A

S
0742 putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sav:S
AV

0776
>gnl|kg|sav:S

AV
0776 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sam
:M

W
0738

>gnl|kg|sam
:M

W
0738 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sau:S
A

0731
>gnl|kg|sau:S

A
0731 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sab:S
A

B
0732

>gnl|kg|sab:S
A

B
0732 eno; enolase 2-phosphoglycerate dehydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x
sm

a:S
AV

3533
>gnl|kg|sm

a:S
AV

3533 eno; putative enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sbo:S

B
O

_2660
>gnl|kg|sbo:S

B
O

_2660 eno; enolase
x

sce:Y
G

R
254W

>gnl|kg|sce:Y
G

R
254W

 E
N

O
1; enolase I [E

C
:4.2.1.11] [K

O
:K

01689]
x

sce:Y
H

R
174W

>gnl|kg|sce:Y
H

R
174W

 E
N

O
2; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sco:S
C

O
3096

>gnl|kg|sco:S
C

O
3096 eno, S

C
E

41.05c; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

sco:S
C

O
7638

>gnl|kg|sco:S
C

O
7638 eno2, S

C
10F4.11c; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sdy:S
D

Y
_2996

>gnl|kg|sdy:S
D

Y
_2996 eno; enolase

x
sec:S

C
2886

>gnl|kg|sec:S
C

2886 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
spt:S

PA
2809

>gnl|kg|spt:S
PA

2809 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sep:S

E
0561

>gnl|kg|sep:S
E

0561 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ser:S

E
R

P
0446

>gnl|kg|ser:S
E

R
P

0446 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sfx:S

2988
>gnl|kg|sfx:S

2988 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sfl:S

F2794
>gnl|kg|sfl:S

F2794 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sgl:S

G
0513

>gnl|kg|sgl:S
G

0513 enolase
x

sha:S
H

2109
>gnl|kg|sha:S

H
2109 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sm
e:S

M
c01028

>gnl|kg|sm
e:S

M
c01028 eno; probable enolase protein [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
son:S

O
3440

>gnl|kg|son:S
O

3440 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
spn:S

P
1128

>gnl|kg|spn:S
P

1128 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
spr:spr1036

>gnl|kg|spr:spr1036 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
spo:S

P
B

C
1815.01

>gnl|kg|spo:S
P

B
C

1815.01 eno1; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sil:S

P
O

2474
>gnl|kg|sil:S

P
O

2474 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
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spm
:spyM

18_0798
>gnl|kg|spm

:spyM
18_0798 eno; putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

spg:S
pyM

3_0479
>gnl|kg|spg:S

pyM
3_0479 eno; putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

spy:S
P

y0731
>gnl|kg|spy:S

P
y0731 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sps:S
P

s1375
>gnl|kg|sps:S

P
s1375 putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ssp:S
S

P
1912

>gnl|kg|ssp:S
S

P
1912 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sso:S
S

O
0913

>gnl|kg|sso:S
S

O
0913 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ssn:S
S

O
_2936

>gnl|kg|ssn:S
S

O
_2936 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sth:S
TH

249
>gnl|kg|sth:S

TH
249 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

stc:str0635
>gnl|kg|stc:str0635 eno; 2-phosphoglycerate dehydratase, enolase 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

stl:stu0635
>gnl|kg|stl:stu0635 eno; 2-phosphoglycerate dehydratase, enolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
sto:S

T1212
>gnl|kg|sto:S

T1212 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
stm

:S
TM

2952
>gnl|kg|stm

:S
TM

2952 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sty:S

TY
3081

>gnl|kg|sty:S
TY

3081 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
stt:t2853

>gnl|kg|stt:t2853 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
syd:S

yncc9605_2476
>gnl|kg|syd:S

yncc9605_2476 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sye:S

yncc9902_2161
>gnl|kg|sye:S

yncc9902_2161 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
syc:syc0886_c

>gnl|kg|syc:syc0886_c eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
syf:S

ynpcc7942_0639
>gnl|kg|syf:S

ynpcc7942_0639 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
syw

:S
Y

N
W

2348
>gnl|kg|syw

:S
Y

N
W

2348 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
syn:slr0752

>gnl|kg|syn:slr0752 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tac:Ta0882

>gnl|kg|tac:Ta0882 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tan:TA

10425
>gnl|kg|tan:TA

10425 enolase, putative
x

tbr:Tb10.70.4740
>gnl|kg|tbr:Tb10.70.4740 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tcx:Tcr_1260
>gnl|kg|tcx:Tcr_1260 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tcr:504105.140
>gnl|kg|tcr:504105.140 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tde:TD
E

0949
>gnl|kg|tde:TD

E
0949 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tel:tlr0658
>gnl|kg|tel:tlr0658 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tko:TK
2106

>gnl|kg|tko:TK
2106 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tm
a:TM

0877
>gnl|kg|tm

a:TM
0877 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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tpa:TP
0817

>gnl|kg|tpa:TP
0817 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tpv:TP
04_0700

>gnl|kg|tpv:TP
04_0700 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tte:TTE
1759

>gnl|kg|tte:TTE
1759 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ttj:TTH
A

0002
>gnl|kg|ttj:TTH

A
0002 enolase (2-phosphoglycerate dehydratase) [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
tth:TTC

1610
>gnl|kg|tth:TTC

1610 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tvo:TV

N
0981

>gnl|kg|tvo:TV
N

0981 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tw

h:TW
T783

>gnl|kg|tw
h:TW

T783 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tw

s:TW
793

>gnl|kg|tw
s:TW

793 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
uur:U

U
184

>gnl|kg|uur:U
U

184 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
vch:V

C
2447

>gnl|kg|vch:V
C

2447 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
vpa:V

P
2561

>gnl|kg|vpa:V
P

2561 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
vvu:V

V
11579

>gnl|kg|vvu:V
V

11579 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
vvy:V

V
2818

>gnl|kg|vvy:V
V

2818 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
w

br:W
G

Lp353
>gnl|kg|w

br:W
G

Lp353 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
w

bm
:W

bm
0119

>gnl|kg|w
bm

:W
bm

0119 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
w

ol:W
D

0494
>gnl|kg|w

ol:W
D

0494 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
xac:X

A
C

1719
>gnl|kg|xac:X

A
C

1719 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
xcb:X

C
_2531

>gnl|kg|xcb:X
C

_2531 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
xcc:X

C
C

1700
>gnl|kg|xcc:X

C
C

1700 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
xfa:X

F1291
>gnl|kg|xfa:X

F1291 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
xft:P

D
0543

>gnl|kg|xft:P
D

0543 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

xla:380038
>gnl|kg|xla:380038 eno3-prov; enolase 3, beta m

uscle [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

xla:380298
>gnl|kg|xla:380298 eno1-prov; enolase 1, alpha [E

C
:4.2.1.11] [K

O
:K

01689]
x

xoo:X
O

O
2963

>gnl|kg|xoo:X
O

O
2963 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

xtr:394749
>gnl|kg|xtr:394749 M

G
C

75746; E
nolase (2-phosphoglycerate dehydratase) 

[E
C

:4.2.1.11] [K
O

:K
01689]

x
ypk:y0814

>gnl|kg|ypk:y0814 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ypm

:Y
P

0310
>gnl|kg|ypm

:Y
P

0310 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ype:Y

P
O

3376
>gnl|kg|ype:Y

P
O

3376 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
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zm
a:E

N
O

1
>gnl|kg|zm

a:E
N

O
1 eno1, pgh1; enolase 1 (2-phosphoglycerate dehydratase 1) 

(2-phospho- d-glycerate hydro-lyase 1). [E
C

:4.2.1.11] [S
P

:E
N

O
1_M

A
IZE

]
x

zm
a:E

N
O

2
>gnl|kg|zm

a:E
N

O
2 eno2; enolase 2 (2-phosphoglycerate dehydratase 2) (2-

phospho- d-glycerate hydro-lyase 2). [E
C

:4.2.1.11] [S
P

:E
N

O
2_M

A
IZE

]
x

zm
o:ZM

O
1608

>gnl|kg|zm
o:ZM

O
1608 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

afu:A
F1132

>gnl|kg|afu:A
F1132 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ava:Ava_3517
>gnl|kg|ava:Ava_3517 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

eba:ebA
6162

>gnl|kg|eba:ebA
6162 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bba:B
d0796

>gnl|kg|bba:B
d0796 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bfs:B
F1155

>gnl|kg|bfs:B
F1155 eno, hupA

; phosphopyruvate hydratase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

bpa:B
P

P
3252

>gnl|kg|bpa:B
P

P
3252 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bpe:B
P

2386
>gnl|kg|bpe:B

P
2386 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bpm
:B

U
R

P
S

1710b_2711
>gnl|kg|bpm

:B
U

R
P

S
1710b_2711 eno; phosphopyruvate hydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

bur:B
cep18194_A

5413
>gnl|kg|bur:B

cep18194_A
5413 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cgb:cg1111
>gnl|kg|cgb:cg1111 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cjr:C
JE

1844
>gnl|kg|cjr:C

JE
1844 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cne:C
N

C
00160

>gnl|kg|cne:C
N

C
00160 phosphopyruvate hydratase, putative [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cps:C
P

S
_4106

>gnl|kg|cps:C
P

S
_4106 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
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ctc:C
TC

00382
>gnl|kg|ctc:C

TC
00382 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cya:C
YA

_2554
>gnl|kg|cya:C

YA
_2554 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cyb:C
Y

B
_2531

>gnl|kg|cyb:C
Y

B
_2531 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

eca:E
C

A
3566

>gnl|kg|eca:E
C

A
3566 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ecc:c3344
>gnl|kg|ecc:c3344 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

fra:Francci3_3923
>gnl|kg|fra:Francci3_3923 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

gka:G
K

3054
>gnl|kg|gka:G

K
3054 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

hhe:H
H

0631
>gnl|kg|hhe:H

H
0631 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

hm
a:rrnA

C
0069

>gnl|kg|hm
a:rrnA

C
0069 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

lpl:lp_0792
>gnl|kg|lpl:lp_0792 enoA

1; phosphopyruvate hydratase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

lpl:lp_1920
>gnl|kg|lpl:lp_1920 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lsa:LS
A

0607
>gnl|kg|lsa:LS

A
0607 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
ac:M

A
1672

>gnl|kg|m
ac:M

A
1672 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
ba:M

bar_A
2850

>gnl|kg|m
ba:M

bar_A
2850 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
bo:M

b1051
>gnl|kg|m

bo:M
b1051 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
hp:M

H
P

7448_0250
>gnl|kg|m

hp:M
H

P
7448_0250 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
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m
hj:M

H
J_0242

>gnl|kg|m
hj:M

H
J_0242 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
hy:m

hp129
>gnl|kg|m

hy:m
hp129 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
m

o:M
M

O
B

1800
>gnl|kg|m

m
o:M

M
O

B
1800 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
m

y:M
S

C
_0253

>gnl|kg|m
m

y:M
S

C
_0253 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
sy:M

S
53_0009

>gnl|kg|m
sy:M

S
53_0009 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
th:M

TH
43

>gnl|kg|m
th:M

TH
43 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
tu:R

v1023
>gnl|kg|m

tu:R
v1023 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
nar:S

aro_2223
>gnl|kg|nar:S

aro_2223 phosphopyruvate hydratase [E
C

:4.2.1.11]
x

neu:N
E

1044
>gnl|kg|neu:N

E
1044 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

noc:N
oc_0852

>gnl|kg|noc:N
oc_0852 phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

nph:N
P

2846A
>gnl|kg|nph:N

P
2846A eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

pac:P
PA

0545
>gnl|kg|pac:P

PA
0545 phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pfl:P
FL_1196

>gnl|kg|pfl:P
FL_1196 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
pfo:P

fl_1121
>gnl|kg|pfo:P

fl_1121 phosphopyruvate hydratase [E
C

:4.2.1.11] [K
O

:K
01689]

x

pha:P
S

H
A

a0742
>gnl|kg|pha:P

S
H

A
a0742 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

psb:P
syr_1363

>gnl|kg|psb:P
syr_1363 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

pto:P
TO

1234
>gnl|kg|pto:P

TO
1234 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
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rru:R
ru_A

1885
>gnl|kg|rru:R

ru_A
1885 phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sak:S
A

K
_0713

>gnl|kg|sak:S
A

K
_0713 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

saa:S
A

U
S

A
300_0760

>gnl|kg|saa:S
A

U
S

A
300_0760 eno; phosphopyruvate hydratase [E

C
:4.2.1.11]

x

sm
u:S

M
U

.1247
>gnl|kg|sm

u:S
M

U
.1247 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

spz:M
5005_S

py_0556
>gnl|kg|spz:M

5005_S
py_0556 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

spb:M
28_S

py0535
>gnl|kg|spb:M

28_S
py0535 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

sru:S
R

U
_0787

>gnl|kg|sru:S
R

U
_0787 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

tdn:Tm
den_2001

>gnl|kg|tdn:Tm
den_2001 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

tbd:Tbd_0621
>gnl|kg|tbd:Tbd_0621 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

tfu:Tfu_0428
>gnl|kg|tfu:Tfu_0428 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

vfi:V
F2075

>gnl|kg|vfi:V
F2075 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] [K

O
:K

01689]
x

w
su:W

S
1494

>gnl|kg|w
su:W

S
1494 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

xcv:X
C

V
1752

>gnl|kg|xcv:X
C

V
1752 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

yps:Y
P

TB
0755

>gnl|kg|yps:Y
P

TB
0755 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ddi:D
D

B
0231355

>gnl|kg|ddi:D
D

B
0231355 enoA

; 2-phospho-D
-glycerate hydrolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ddi:D
D

B
0231356

>gnl|kg|ddi:D
D

B
0231356 enoB

; 2-phospho-D
-glycerate hydrolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
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lac:LB
A

0889
>gnl|kg|lac:LB

A
0889 2-phosphoglycerate dehydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

lla:L0008
>gnl|kg|lla:L0008 enoB

; 2-phosphoglycerate dehydratase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

cel:T21B
10.2a

>gnl|kg|cel:T21B
10.2a H

ypothetical protein T21B
10.2a [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

dm
e:C

G
17654-P

B

>gnl|kg|dm
e:C

G
17654-P

B
 C

G
17654; C

G
17654 gene product from

 transcript 
C

G
17654-R

B
 C

G
17654 gene product from

 transcript C
G

17654-R
C

 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

dm
e:C

G
17654-PA

>gnl|kg|dm
e:C

G
17654-PA C

G
17654; C

G
17654 gene product from

 transcript 
C

G
17654-R

A [E
C

:4.2.1.11] [K
O

:K
01689]

x
sce:Y

M
R

323W
>gnl|kg|sce:Y

M
R

323W
 H

ypothetical O
R

F [E
C

:4.2.1.11] [K
O

:K
01689]

x
bcl:A

B
C

0524
>gnl|kg|bcl:A

B
C

0524 galactonate dehydratase [E
C

:4.2.1.6] [K
O

:K
01684]

x

bps:B
P

S
L0699

>gnl|kg|bps:B
P

S
L0699 putative galactonate dehydratase protein [E

C
:4.2.1.6] 

[K
O

:K
01684]

x

eco:b4478
>gnl|kg|eco:b4478 dgoD

; galactonate dehydratase [E
C

:4.2.1.6] [K
O

:K
01684]

x
gka:G

K
1955

>gnl|kg|gka:G
K

1955 galactonate dehydratase [E
C

:4.2.1.6] [K
O

:K
01684]

x

oih:O
B

2215
>gnl|kg|oih:O

B
2215 putative galactonate dehydratase [E

C
:4.2.1.6] [K

O
:K

01684]
x

psp:P
S

P
P

H
_1958

>gnl|kg|psp:P
S

P
P

H
_1958 dgoD

; galactonate dehydratase [E
C

:4.2.1.6] 
[K

O
:K

01684]
x

rso:R
S

c2751
>gnl|kg|rso:R

S
c2751 dgoA

b, R
S

00103; putative galactonate dehydratase 
protein [E

C
:4.2.1.6] [K

O
:K

01684]
x

sco:S
C

O
3475

>gnl|kg|sco:S
C

O
3475 S

C
E

65.11c; putative galactonate dehydratase protein 
[E

C
:4.2.1.6] [K

O
:K

01684]
x

sec:S
C

3745
>gnl|kg|sec:S

C
3745 dgoA

; galactonate dehydratase [E
C

:4.2.1.6] [K
O

:K
01684]

x

sm
e:S

M
b20510

>gnl|kg|sm
e:S

M
b20510 dgoA

; probable galactonate dehydratase protein 
[E

C
:4.2.1.6] [K

O
:K

01684]
x

vvy:V
VA

1580
>gnl|kg|vvy:V

VA
1580 probable galactonate dehydratase protein [E

C
:4.2.1.6] 

[K
O

:K
01684]

x
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xcv:X
C

V
1796

>gnl|kg|xcv:X
C

V
1796 dgoD

; galactonate dehydratase [E
C

:4.2.1.6] [K
O

:K
01684]

x
bld:B

Li04070
>gnl|kg|bld:B

Li04070 hypothetical protein [E
C

:4.2.1.6] [K
O

:K
01684]

x

aci:A
C

IA
D

0128
>gnl|kg|aci:A

C
IA

D
0128 gudD

; D
-glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

bja:blr5872
>gnl|kg|bja:blr5872 gudD

; glucarate dehydratase [E
C

:4.2.1.40] [K
O

:K
01706]

x

bsu:B
G

11161
>gnl|kg|bsu:B

G
11161 ycbF; glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

bte:B
TH

_I0189
>gnl|kg|bte:B

TH
_I0189 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

bur:B
cep18194_A

3396
>gnl|kg|bur:B

cep18194_A
3396 glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

eca:E
C

A
3575

>gnl|kg|eca:E
C

A
3575 gudD

; glucarate dehydratase [E
C

:4.2.1.40] [K
O

:K
01706]

x

ecj:JW
2758

>gnl|kg|ecj:JW
2758 ygcX

; P
robable glucarate dehydrogenase 1 (G

D
H

) 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

ecs:E
C

s3647
>gnl|kg|ecs:E

C
s3647 putative glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

ece:Z4102
>gnl|kg|ece:Z4102 ygcX

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

eco:b2787
>gnl|kg|eco:b2787 gudD

, ygcX
, gdh1; (D

)-glucarate dehydratase 1 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

oih:O
B

2836
>gnl|kg|oih:O

B
2836 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

ppu:P
P

4757
>gnl|kg|ppu:P

P
4757 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

psb:P
syr_3120

>gnl|kg|psb:P
syr_3120 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

pst:P
S

P
TO

3285
>gnl|kg|pst:P

S
P

TO
3285 gudD

; glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

reu:R
eut_B

3715
>gnl|kg|reu:R

eut_B
3715 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

rso:R
S

c1079
>gnl|kg|rso:R

S
c1079 gudD

1, R
S

04108; probable glucarate dehydratase protein 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

rso:R
S

p0829
>gnl|kg|rso:R

S
p0829 gudD

2, R
S

05366; probable glucarate dehydratase protein 
[E

C
:4.2.1.40] [K

O
:K

01706]
x
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sec:S
C

2900
>gnl|kg|sec:S

C
2900 gudD

; D
-glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

spt:S
PA

2825
>gnl|kg|spt:S

PA
2825 ygcX

; probable glucarate dehydratase 1 [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

sfx:S
2994

>gnl|kg|sfx:S
2994 ygcX

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

sfl:S
F2800

>gnl|kg|sfl:S
F2800 ygcX

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

ssn:S
S

O
_2944

>gnl|kg|ssn:S
S

O
_2944 ygcX

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

stm
:S

TM
2960

>gnl|kg|stm
:S

TM
2960 gudD

; D
-glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

sty:S
TY

3098
>gnl|kg|sty:S

TY
3098 ygcX

; probable glucarate dehydratase 1 [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

stt:t2869
>gnl|kg|stt:t2869 ygcX

; probable glucarate dehydratase 1 [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

xcb:X
C

_0951
>gnl|kg|xcb:X

C
_0951 glucarate hydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

xcc:X
C

C
3242

>gnl|kg|xcc:X
C

C
3242 tcbD

; glucarate hydratase [E
C

:4.2.1.40] [K
O

:K
01706]

x
sbo:S

B
O

_2668
>gnl|kg|sbo:S

B
O

_2668 ygcX
; putative glucarate dehydratase

x

ctc:C
TC

02563
>gnl|kg|ctc:C

TC
02563 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

ecs:E
C

s0761
>gnl|kg|ecs:E

C
s0761 3-m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

ece:Z0892
>gnl|kg|ece:Z0892 putative m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

hal:V
N

G
2289G

>gnl|kg|hal:V
N

G
2289G

 m
al; m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

m
lo:m

lr6095
>gnl|kg|m

lo:m
lr6095 3-m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

sdy:S
D

Y
_0673

>gnl|kg|sdy:S
D

Y
_0673 putative m

ethylaspartate am
m

onia-lyase
x

cm
e:C

M
V

117C
>gnl|kg|cm

e:C
M

V
117C

 4-(2'-carboxyphenyl)-4-oxybutyric acid synthase
G

S
A

x
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ava:Ava_2635
>gnl|kg|ava:Ava_2635 O

-succinylbenzoate synthase [E
C

:4.2.1.-] [K
O

:K
02549]

x

bcz:B
C

ZK
4606

>gnl|kg|bcz:B
C

ZK
4606 m

enC
; possible N

-acylam
ino acid racem

ase; possible O
-

succinylbenzoate synthase [E
C

:4.2.1.-] [K
O

:K
02549]

x

bsu:B
G

13847
>gnl|kg|bsu:B

G
13847 m

enC
, ytfD

; o-succinylbenzoate synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

cya:C
YA

_1249
>gnl|kg|cya:C

YA
_1249 m

enC
; O

-succinylbenzoate synthetase [E
C

:4.2.1.-]
x

cyb:C
Y

B
_0729

>gnl|kg|cyb:C
Y

B
_0729 m

enC
; O

-succinylbenzoate synthetase [E
C

:4.2.1.-]
x

hit:N
TH

I1142
>gnl|kg|hit:N

TH
I1142 m

enC
; O

-succinylbenzoate synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

pm
m

:P
M

M
0175

>gnl|kg|pm
m

:P
M

M
0175 m

enC
; putative O

-succinylbenzoate synthase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

pm
i:P

M
T9312_0177

>gnl|kg|pm
i:P

M
T9312_0177 putative O

-succinylbenzoate synthase
x

pm
t:P

M
T2058

>gnl|kg|pm
t:P

M
T2058 m

enC
; putative O

-succinylbenzoate synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

syd:S
yncc9605_2437

>gnl|kg|syd:S
yncc9605_2437 putative O

-succinylbenzoate synthase
x

sye:S
yncc9902_2118

>gnl|kg|sye:S
yncc9902_2118 putative O

-succinylbenzoate synthase
x

syw
:S

Y
N

W
2306

>gnl|kg|syw
:S

Y
N

W
2306 m

enC
; putative O

-succinylbenzoate synthase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

vfi:V
F1667

>gnl|kg|vfi:V
F1667 O

-succinylbenzoate synthase [E
C

:4.2.1.-] [K
O

:K
02549]

x
vvy:V

V
1119

>gnl|kg|vvy:V
V

1119 O
-succinylbenzoate synthase [E

C
:4.2.1.-] [K

O
:K

02549]
x

ana:alr0034
>gnl|kg|ana:alr0034 m

enC
; O

-succinylbenzoic acid synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

sac:S
A

C
O

L1843
>gnl|kg|sac:S

A
C

O
L1843 O

-succinylbenzoic acid (O
S

B
) synthetase, putative 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

sav:S
AV

1796
>gnl|kg|sav:S

AV
1796 m

enC
; o-succinylbenzoic acid synthetase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

sam
:M

W
1734

>gnl|kg|sam
:M

W
1734 m

enC
; O

-succinylbenzoic acid synthetase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

sau:S
A

1614
>gnl|kg|sau:S

A
1614 m

enC
; o-succinylbenzoic acid (O

S
B

) synthetase [E
C

:4.2.1.-
] [K

O
:K

02549]
x

sab:S
A

B
1650c

>gnl|kg|sab:S
A

B
1650c O

-succinylbenzoic acid synthetase [E
C

:4.2.1.-]
x
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saa:S
A

U
S

A
300_1735

>gnl|kg|saa:S
A

U
S

A
300_1735 m

enC
; O

-succinylbenzoic acid synthetase 
[E

C
:4.2.1.-]

x

sep:S
E

1463
>gnl|kg|sep:S

E
1463 o-succinylbenzoic acid (O

S
B

) synthetase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

ser:S
E

R
P

1357
>gnl|kg|ser:S

E
R

P
1357 O

-succinylbenzoic acid synthetase, putative [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

sha:S
H

1133
>gnl|kg|sha:S

H
1133 m

enC
; O

-succinylbenzoic acid (O
S

B
) synthetase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

sru:S
R

U
_1354

>gnl|kg|sru:S
R

U
_1354 m

enC
; O

-succinylbenzoic acid (O
S

B
) synthetase 

[E
C

:4.2.1.-]
x

ssp:S
S

P
0971

>gnl|kg|ssp:S
S

P
0971 O

-succinylbenzoic acid synthetase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

aci:A
C

IA
D

1446
>gnl|kg|aci:A

C
IA

D
1446 catB

; m
uconate cycloisom

erase I (cis,cis-m
uconate 

lactonizing enzym
e I) (M

LE
) [E

C
:5.5.1.1] [K

O
:K

01856]
x

bm
a:B

M
A

A
0200

>gnl|kg|bm
a:B

M
A

A
0200 catB

; m
uconate cycloisom

erase [E
C

:5.5.1.1] 
[K

O
:K

01856]
x

bpm
:B

U
R

P
S

1710b_A
0986

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
0986 catB

; m
uconate cycloisom

erase [E
C

:5.5.1.1] 
[K

O
:K

01856]
x

bps:B
P

S
S

1891
>gnl|kg|bps:B

P
S

S
1891 catB

; m
uconate cycloisom

erase I [E
C

:5.5.1.1] 
[K

O
:K

01856]
x

bur:B
cep18194_B

2328
>gnl|kg|bur:B

cep18194_B
2328 m

uconate cycloisom
erase [E

C
:5.5.1.1] 

[K
O

:K
01856]

x

pfl:P
FL_3862

>gnl|kg|pfl:P
FL_3862 catB

; m
uconate cycloisom

erase [E
C

:5.5.1.1] [K
O

:K
01856]

x
bte:B

TH
_II0485

>gnl|kg|bte:B
TH

_II0485 m
uconate cycloisom

erase
x

cef:C
E

2303
>gnl|kg|cef:C

E
2303 putative m

uconate cycloisom
erase

x
ppu:P

P
3715

>gnl|kg|ppu:P
P

3715 catB
; m

uconate cycloisom
erase

x

aae:aq_2171
>gnl|kg|aae:aq_2171 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

eba:ebD
6

>gnl|kg|eba:ebD
6 ppcC

; phenylphosphate carboxylase, gam
m

a subunit 
[E

C
:3.1.3.45] [K

O
:K

03270]
x
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ecc:c3958
>gnl|kg|ecc:c3958 yrbI; putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

E
S

A
, 

sw
issprot

x

ecj:JW
3165

>gnl|kg|ecj:JW
3165 yrbI; putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

E
S

A
, 

sw
issprot

x

ecs:E
C

s4077
>gnl|kg|ecs:E

C
s4077 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

E
S

A
, 

sw
issprot

x

ece:Z4561
>gnl|kg|ece:Z4561 yrbI; hypothetical protein [E

C
:3.1.3.45] [K

O
:K

03270]
E

S
A

, 
sw

issprot
x

eco:b3198
>gnl|kg|eco:b3198 yrbI, yrbJ; conserved hypothetical protein, phosphatase-like 
dom

ain [E
C

:3.1.3.45] [K
O

:K
03270]

E
S

A
, 

sw
issprot

x

hit:N
TH

I1982
>gnl|kg|hit:N

TH
I1982 yrbI; 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

hin:H
I1679

>gnl|kg|hin:H
I1679 yrbI; putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x
hpj:jhp1478

>gnl|kg|hpj:jhp1478 putative [E
C

:3.1.3.45] [K
O

:K
03270]

x

hpy:H
P

1570
>gnl|kg|hpy:H

P
1570 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

ngo:N
G

O
1608

>gnl|kg|ngo:N
G

O
1608 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (K
D

O
 8-P phosphatase) [E

C
:3.1.3.45] [K

O
:K

03270]
x

nm
a:N

M
A

2134
>gnl|kg|nm

a:N
M

A
2134 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

nm
e:N

M
B

0353
>gnl|kg|nm

e:N
M

B
0353 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

pae:PA
4458

>gnl|kg|pae:PA
4458 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

pfl:P
FL_0919

>gnl|kg|pfl:P
FL_0919 kdsC

; 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase [E

C
:3.1.3.45] [K

O
:K

03270]
x

pfo:P
fl_0861

>gnl|kg|pfo:P
fl_0861 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] [K
O

:K
03270]

x

pm
u:P

M
0524

>gnl|kg|pm
u:P

M
0524 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

psb:P
syr_4143

>gnl|kg|psb:P
syr_4143 yrbI; H

A
D

-superfam
ily hydrolase, subfam

ily 
IIIA

:phosphatase Y
rbI [E

C
:3.1.3.45] [K

O
:K

03270]
x
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pst:P
S

P
TO

4449
>gnl|kg|pst:P

S
P

TO
4449 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] [K

O
:K

03270]
X

psp:P
S

P
P

H
_4147

>gnl|kg|psp:P
S

P
P

H
_4147 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] [K

O
:K

03270]
X

sfx:S
3456

>gnl|kg|sfx:S
3456 yrbI; putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

E
S

A
, 

sw
issprot

x

sfl:S
F3238

>gnl|kg|sfl:S
F3238 yrbI; putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

E
S

A
, 

sw
issprot

x

ssn:S
S

O
_3346

>gnl|kg|ssn:S
S

O
_3346 yrbI; hypothetical protein [E

C
:3.1.3.45] [K

O
:K

03270]
E

S
A

, 
sw

issprot
x

syw
:S

Y
N

W
0186

>gnl|kg|syw
:S

Y
N

W
0186 possible phosphatase [E

C
:3.1.3.45] [K

O
:K

03270]
X

xac:X
A

C
2968

>gnl|kg|xac:X
A

C
2968 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

X

xcb:X
C

_1315
>gnl|kg|xcb:X

C
_1315 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (K
D

O
 8-P phosphatase) [E

C
:3.1.3.45] [K

O
:K

03270]
X

xcc:X
C

C
2798

>gnl|kg|xcc:X
C

C
2798 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

X

xoo:X
O

O
1288

>gnl|kg|xoo:X
O

O
1288 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (K
D

O
 8-P phosphatase) [E

C
:3.1.3.45] [K

O
:K

03270]
X

bar:G
B

A
A

1340
>gnl|kg|bar:G

B
A

A
1340 phnX

; phosphonoacetaldehyde phosphonohydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
x

ban:B
A

1340
>gnl|kg|ban:B

A
1340 phnX

; phosphonoacetaldehyde phosphonohydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
x

bat:B
A

S
1239

>gnl|kg|bat:B
A

S
1239 phosphonoacetaldehyde phosphonohydrolase 

[E
C

:3.11.1.1] [K
O

:K
05306]

x

bca:B
C

E
1439

>gnl|kg|bca:B
C

E
1439 phnX

; phosphonoacetaldehyde phosphonohydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
x

bcz:B
C

ZK
1217

>gnl|kg|bcz:B
C

ZK
1217 phnX

; possible phosphonoacetaldehyde hydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
x

btk:B
T9727_1215

>gnl|kg|btk:B
T9727_1215 phnX

; possible phosphonoacetaldehyde hydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
x
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lpl:lp_0711
>gnl|kg|lpl:lp_0711 phnX

; phosphonoacetaldehyde hydrolase [E
C

:3.11.1.1] 
[K

O
:K

05306]
x

pfl:P
FL_3966

>gnl|kg|pfl:P
FL_3966 phnX

; 2-phosphonoacetaldehyde hydrolase [E
C

:3.11.1.1] 
[K

O
:K

05306]
x

pae:PA
1311

>gnl|kg|pae:PA
1311 phnX

; 2-phosphonoacetaldehyde hydrolase
x

pfo:P
fl_3684

>gnl|kg|pfo:P
fl_3684 phosphonoacetaldehyde hydrolase

x
ppu:P

P
2208

>gnl|kg|ppu:P
P

2208 phnX
; 2-phosphonoacetaldehyde hydrolase

x
spt:S

PA
2291

>gnl|kg|spt:S
PA

2291 phnX
; phosphonoacetaldehyde phosphonohydrolase

x
sty:S

TY
0471

>gnl|kg|sty:S
TY

0471 phnX
; phosphonoacetaldehyde phosphonohydrolase

x
stt:t2431

>gnl|kg|stt:t2431 phnX
; phosphonoacetaldehyde phosphonohydrolase

x
vch:V

C
A

0606
>gnl|kg|vch:V

C
A

0606 phosphonoacetaldehyde phosphonohydrolase
x

vpa:V
PA

0233
>gnl|kg|vpa:V

PA
0233 phosphonoacetaldehyde phosphonohydrolase

x
vvy:V

VA
0474

>gnl|kg|vvy:V
VA

0474 phosphonoacetaldehyde phosphonohydrolase
x

eba:ebA
812

>gnl|kg|eba:ebA
812 putative 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

bm
b:B

ruA
b1_0587

>gnl|kg|bm
b:B

ruA
b1_0587 haloacid dehalogenase [E

C
:3.8.1.2] [K

O
:K

01560]
x

bja:blr7560
>gnl|kg|bja:blr7560 dhlB

; 2-haloalkanoic acid dehalogenase [E
C

:3.8.1.2] 
[K

O
:K

01560]
x

bm
a:B

M
A

1589
>gnl|kg|bm

a:B
M

A
1589 dheII; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

bpm
:B

U
R

P
S

1710b_2616
>gnl|kg|bpm

:B
U

R
P

S
1710b_2616 dehII; haloacid dehalogenase, type II 

[E
C

:3.8.1.2] [K
O

:K
01560]

x
bps:B

P
S

L2191
>gnl|kg|bps:B

P
S

L2191 putative dehalogenase [E
C

:3.8.1.2] [K
O

:K
01560]

x

bm
s:B

R
0565

>gnl|kg|bm
s:B

R
0565 haloacid dehalogenase, type II [E

C
:3.8.1.2] [K

O
:K

01560]
x

bte:B
TH

_I1995
>gnl|kg|bte:B

TH
_I1995 dehII-1; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

bur:B
cep18194_A

5360
>gnl|kg|bur:B

cep18194_A
5360 haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

reu:R
eut_A

1952
>gnl|kg|reu:R

eut_A
1952 haloacid dehalogenase, type II:H

A
D

-superfam
ily 

hydrolase, subfam
ily IA

, variant 2 [E
C

:3.8.1.2] [K
O

:K
01560]

x
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rpa:R
PA

4199
>gnl|kg|rpa:R

PA
4199 putative 2-haloacid halidohydrolase Iva [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

rso:R
S

c1362
>gnl|kg|rso:R

S
c1362 R

S
04644; putative 2-haloalkanoic acid dehalogenase 

protein [E
C

:3.8.1.2] [K
O

:K
01560]

x
m

lo:m
ll7634

>gnl|kg|m
lo:m

ll7634 2-haloacid halidohydrolase Iva
x

m
ag:am

b2538
>gnl|kg|m

ag:am
b2538 2-haloalkanoic acid dehalogenase I

x

bsu:B
G

12422
>gnl|kg|bsu:B

G
12422 yvdM

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x
cac:C

A
C

2614
>gnl|kg|cac:C

A
C

2614 beta-phosphoglucom
utase [E

C
:5.4.2.6] [K

O
:K

01838]
x

ecc:c1789
>gnl|kg|ecc:c1789 ycjU

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

ecj:JW
1310

>gnl|kg|ecj:JW
1310 ycjU

; P
utative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

ecs:E
C

s1896
>gnl|kg|ecs:E

C
s1896 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

ece:Z2465
>gnl|kg|ece:Z2465 ycjU

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

efa:E
F0956

>gnl|kg|efa:E
F0956 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

x

lla:L0001
>gnl|kg|lla:L0001 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

x

lm
f:LM

O
f2365_2822

>gnl|kg|lm
f:LM

O
f2365_2822 beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

lm
o:lm

o2831
>gnl|kg|lm

o:lm
o2831 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

lpl:lp_0027
>gnl|kg|lpl:lp_0027 pgm

B
1; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

lpl:lp_0066
>gnl|kg|lpl:lp_0066 pgm

B
2; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

m
pu:M

Y
P

U
_6350

>gnl|kg|m
pu:M

Y
P

U
_6350 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x
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nm
a:N

M
A

2093
>gnl|kg|nm

a:N
M

A
2093 pgm

2; beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

nm
a:N

M
A

2097
>gnl|kg|nm

a:N
M

A
2097 pgm

1; beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

nm
e:N

M
B

0391
>gnl|kg|nm

e:N
M

B
0391 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

x

sfx:S
1406

>gnl|kg|sfx:S
1406 ycjU

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

sfl:S
F1323

>gnl|kg|sfl:S
F1323 ycjU

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

ssn:S
S

O
_1823

>gnl|kg|ssn:S
S

O
_1823 ycjU

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x
sm

a:S
AV

2998
>gnl|kg|sm

a:S
AV

2998 ptlA
; pentalenene synthase [E

C
:4.2.3.7]

x
ava:Ava_4671

>gnl|kg|ava:Ava_4671 terpene synthase [E
C

:5.4.99.17]
x

bm
a:B

M
A

A
2100

>gnl|kg|bm
a:B

M
A

A
2100 shc; squalene-hopene cyclase [E

C
:5.4.99.17]

x

bpm
:B

U
R

P
S

1710b_A
1490

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
1490 shc; squalene-hopene cyclase 

[E
C

:5.4.99.17]
x

bps:B
P

S
S

2339
>gnl|kg|bps:B

P
S

S
2339 shc; squalene--hopene cyclase [E

C
:5.4.99.17]

x
bte:B

TH
_II2359

>gnl|kg|bte:B
TH

_II2359 shc; squalene-hopene cyclase [E
C

:5.4.99.17]
x

bur:B
cep18194_B

0019
>gnl|kg|bur:B

cep18194_B
0019 terpene synthase/squalene cyclase 

[E
C

:5.4.99.17]
x

bur:B
cep18194_C

7519
>gnl|kg|bur:B

cep18194_C
7519 terpene synthase/squalene cyclase 

[E
C

:5.4.99.17]
x

gox:G
O

X
2260

>gnl|kg|gox:G
O

X
2260 squalene-hopene cyclase [E

C
:5.4.99.17]

x
gsu:G

S
U

0688
>gnl|kg|gsu:G

S
U

0688 shc-1; squalene-hopene cyclase [E
C

:5.4.99.17]
x

gsu:G
S

U
3061

>gnl|kg|gsu:G
S

U
3061 shc-2; squalene-hopene cyclase [E

C
:5.4.99.17]

x
noc:N

oc_1320
>gnl|kg|noc:N

oc_1320 terpene synthase/squalene cyclase [E
C

:5.4.99.17]
x

nw
i:N

w
i_2269

>gnl|kg|nw
i:N

w
i_2269 terpene synthase/squalene cyclase [E

C
:5.4.99.17]

x
reu:R

eut_B
4954

>gnl|kg|reu:R
eut_B

4954 terpene synthase:squalene cyclase [E
C

:5.4.99.17]
x

rru:R
ru_A

0062
>gnl|kg|rru:R

ru_A
0062 terpene synthase, squalene cyclase [E

C
:5.4.99.17]

x
zm

o:ZM
O

0872
>gnl|kg|zm

o:ZM
O

0872 shc; squalene--hopene cyclase [E
C

:5.4.99.17]
x

zm
o:ZM

O
1548

>gnl|kg|zm
o:ZM

O
1548 shc; squalene--hopene cyclase [E

C
:5.4.99.17]

x

              513



         Table K
-3. K

E
G

G
 D

ata (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

bsu:B
G

12679
>gnl|kg|bsu:B

G
12679 sqhC

; squalene-hopene cyclase
x

gvi:glr4057
>gnl|kg|gvi:glr4057 shc; squalene-hopene cyclase

x
pca:P

car_0441
>gnl|kg|pca:P

car_0441 squalene-hopene cyclase
x

sm
a:S

AV
1650

>gnl|kg|sm
a:S

AV
1650 hopA

; squalene-hopene cyclase
x

sco:S
C

O
6764

>gnl|kg|sco:S
C

O
6764 S

C
6A

5.13; putative squalene-hopene cyclase
x

ana:all0775
>gnl|kg|ana:all0775 squalene-hopene-cyclase

x
fra:Francci3_0823

>gnl|kg|fra:Francci3_0823 squalene cyclase
x

gm
e:G

m
et_0419

>gnl|kg|gm
e:G

m
et_0419 terpene synthase:squalene cyclase

x
gm

e:G
m

et_2820
>gnl|kg|gm

e:G
m

et_2820 terpene synthase:squalene cyclase
x

nm
u:N

m
ul_A

2556
>gnl|kg|nm

u:N
m

ul_A
2556 squalene cyclase

x
pca:P

car_0355
>gnl|kg|pca:P

car_0355 squalene--hopene cyclase
x

rpb:R
P

B
_1726

>gnl|kg|rpb:R
P

B
_1726 squalene cyclase

x

rpa:R
PA

3740
>gnl|kg|rpa:R

PA
3740 sqhC

; squalene-hopene-cyclase [E
C

:5.4.99.7] 
[K

O
:K

01852]
x

syn:slr2089
>gnl|kg|syn:slr2089 shc; squalene-hopene-cyclase

x
tel:tlr2309

>gnl|kg|tel:tlr2309 shc; squalene-hopene-cyclase
x

hsa:84693
>gnl|kg|hsa:84693 M

C
E

E
; m

ethylm
alonyl C

oA epim
erase [E

C
:5.1.99.1] 

[K
O

:K
05606]

x

m
m

u:73724
>gnl|kg|m

m
u:73724 M

cee; m
ethylm

alonyl C
oA epim

erase [E
C

:5.1.99.1] 
[K

O
:K

05606]
x

rno:293829
>gnl|kg|rno:293829 M

cee_predicted; m
ethylm

alonyl C
oA epim

erase (predicted) 
[E

C
:5.1.99.1] [K

O
:K

05606]
x

ath:A
t1g06570

>gnl|kg|ath:A
t1g06570 F12K

11.9; 4-hydroxyphenylpyruvate dioxygenase (H
P

D
) 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

atc:A
G

R
_L_678

>gnl|kg|atc:A
G

R
_L_678 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

atu:A
tu4529

>gnl|kg|atu:A
tu4529 putative 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bar:G
B

A
A

0240
>gnl|kg|bar:G

B
A

A
0240 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

ban:B
A

0240
>gnl|kg|ban:B

A
0240 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x
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bat:B
A

S
0226

>gnl|kg|bat:B
A

S
0226 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

bba:B
d3543

>gnl|kg|bba:B
d3543 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

bca:B
C

E
0260

>gnl|kg|bca:B
C

E
0260 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bce:B
C

0252
>gnl|kg|bce:B

C
0252 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

bcz:B
C

ZK
0215

>gnl|kg|bcz:B
C

ZK
0215 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bja:bll0339
>gnl|kg|bja:bll0339 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

bja:bll1053
>gnl|kg|bja:bll1053 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

bm
a:B

M
A

2582
>gnl|kg|bm

a:B
M

A
2582 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bm
a:B

M
A

A
0848

>gnl|kg|bm
a:B

M
A

A
0848 4-hydroxyphenylpyruvate dioxygenase, putative 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bpm
:B

U
R

P
S

1710b_0016
>gnl|kg|bpm

:B
U

R
P

S
1710b_0016 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bps:B
P

S
L3239

>gnl|kg|bps:B
P

S
L3239 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x
bta:516058

>gnl|kg|bta:516058 H
P

D
; 4-hydroxyphenylpyruvate dioxygenase

x

bte:B
TH

_I3106
>gnl|kg|bte:B

TH
_I3106 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bte:B
TH

_II1222
>gnl|kg|bte:B

TH
_II1222 4-hydroxyphenylpyruvate dioxygenase

x
bte:B

TH
_II2059

>gnl|kg|bte:B
TH

_II2059 4-hydroxyphenylpyruvate dioxygenase, putative
x

btk:B
T9727_0213

>gnl|kg|btk:B
T9727_0213 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bur:B
cep18194_A

3420
>gnl|kg|bur:B

cep18194_A
3420 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x
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bur:B
cep18194_B

0343
>gnl|kg|bur:B

cep18194_B
0343 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bur:B
cep18194_B

1625
>gnl|kg|bur:B

cep18194_B
1625 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ccr:C
C

2533
>gnl|kg|ccr:C

C
2533 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

cm
e:C

M
I063C

>gnl|kg|cm
e:C

M
I063C

 4-hydroxyphenylpyruvate dioxygenase, 4H
P

P
D

 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

cps:C
P

S
_3484

>gnl|kg|cps:C
P

S
_3484 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

cvi:C
V

0969
>gnl|kg|cvi:C

V
0969 hpd; 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x
eli:E

LI_06415
>gnl|kg|eli:E

LI_06415 4-hydroxyphenylpyruvate dioxygenase
x

hch:H
C

H
_00955

>gnl|kg|hch:H
C

H
_00955 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

hsa:3242
>gnl|kg|hsa:3242 H

P
D

; 4-hydroxyphenylpyruvate dioxygenase [E
C

:1.13.11.27] 
[K

O
:K

00457]
x

ilo:IL0722
>gnl|kg|ilo:IL0722 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

lpf:lpl2204
>gnl|kg|lpf:lpl2204 lly; 4-hydroxyphenylpyruvate dioxygenase (legiolysin) 
[E

C
:1.13.11.27] [K

O
:K

00457]
X

lpp:lpp2232
>gnl|kg|lpp:lpp2232 lly; 4-hydroxyphenylpyruvate dioxygenase (legiolysin) 
[E

C
:1.13.11.27] [K

O
:K

00457]
X

lpn:lpg2278
>gnl|kg|lpn:lpg2278 hpd; 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

m
lo:m

ll8309
>gnl|kg|m

lo:m
ll8309 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

nar:S
aro_0597

>gnl|kg|nar:S
aro_0597 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27]

x

nar:S
aro_1586

>gnl|kg|nar:S
aro_1586 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27]

x
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nfa:nfa50810
>gnl|kg|nfa:nfa50810 putative 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

noc:N
oc_1437

>gnl|kg|noc:N
oc_1437 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

pae:PA
0242

>gnl|kg|pae:PA
0242 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

pae:PA
0865

>gnl|kg|pae:PA
0865 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pfl:P
FL_3387

>gnl|kg|pfl:P
FL_3387 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

pfl:P
FL_5385

>gnl|kg|pfl:P
FL_5385 4-hydroxyphenylpyruvate dioxygenase, putative 

[E
C

:1.13.11.27] [K
O

:K
00457]

x
pfo:P

fl_2917
>gnl|kg|pfo:P

fl_2917 4-hydroxyphenylpyruvate dioxygenase
x

pfo:P
fl_4905

>gnl|kg|pfo:P
fl_4905 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

pha:P
S

H
A

a2168
>gnl|kg|pha:P

S
H

A
a2168 m

elA
; 4-hydroxyphenylpyruvate dioxygenase (4H

P
P

D
) 

(H
P

D
) (H

P
P

D
ase) [E

C
:1.13.11.27] [K

O
:K

00457]
x

ppr:P
B

P
R

B
1180

>gnl|kg|ppr:P
B

P
R

B
1180 putative 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ppu:P
P

2554
>gnl|kg|ppu:P

P
2554 4-hydroxyphenylpyruvate dioxygenase, putative 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ppu:P
P

3433
>gnl|kg|ppu:P

P
3433 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

psb:P
syr_2130

>gnl|kg|psb:P
syr_2130 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

psb:P
syr_3330

>gnl|kg|psb:P
syr_3330 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

pst:P
S

P
TO

2346
>gnl|kg|pst:P

S
P

TO
2346 4-hydroxyphenylpyruvate dioxygenase, putative 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pst:P
S

P
TO

3553
>gnl|kg|pst:P

S
P

TO
3553 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x
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psp:P
S

P
P

H
_2105

>gnl|kg|psp:P
S

P
P

H
_2105 4-hydroxyphenylpyruvate dioxygenase, putative 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

psp:P
S

P
P

H
_3250

>gnl|kg|psp:P
S

P
P

H
_3250 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

ptr:473296
>gnl|kg|ptr:473296 H

P
D

; 4-hydroxyphenylpyruvate dioxygenase
x

ret:R
H

E
_C

H
01745

>gnl|kg|ret:R
H

E
_C

H
01745 probable 4-hydroxyphenylpyruvate dioxygenase 

protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

ret:R
H

E
_P

C
00215

>gnl|kg|ret:R
H

E
_P

C
00215 putative 4-hydroxyphenylpyruvate dioxygenase 

protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

reu:R
eut_B

4501
>gnl|kg|reu:R

eut_B
4501 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

reu:R
eut_B

5028
>gnl|kg|reu:R

eut_B
5028 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

reu:R
eut_B

5035
>gnl|kg|reu:R

eut_B
5035 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

rpa:R
PA

0005
>gnl|kg|rpa:R

PA
0005 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

rso:R
S

c3103
>gnl|kg|rso:R

S
c3103 R

S
00556; probable 4-hydroxyphenylpyruvate 

dioxygenase oxidoreductase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

rso:R
S

05661
>gnl|kg|rso:R

S
05661 R

S
p1316; probable 4-hydroxyphenylpyruvate 

dioxygenase oxidoreductase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

rso:R
S

04776
>gnl|kg|rso:R

S
04776 R

S
p1347; probable 4-hydroxyphenylpyruvate 

dioxygenase oxidoreductase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

rso:R
S

02058
>gnl|kg|rso:R

S
02058 R

S
p1400; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

sm
a:S

AV
5149

>gnl|kg|sm
a:S

AV
5149 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

sco:S
C

O
2927

>gnl|kg|sco:S
C

O
2927 S

C
E

19A
.27c; putative 4-hydroxyphenylpyruvate 

dioxygenase [E
C

:1.13.11.27] [K
O

:K
00457]

x

sm
e:S

M
c03211

>gnl|kg|sm
e:S

M
c03211 putative 4-hydroxyphenylpyruvate dioxygenase protein 

[E
C

:1.13.11.27] [K
O

:K
00457]

x
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son:S
O

1962
>gnl|kg|son:S

O
1962 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

sil:S
P

O
1426

>gnl|kg|sil:S
P

O
1426 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

sru:S
R

U
_1370

>gnl|kg|sru:S
R

U
_1370 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

vch:V
C

1344
>gnl|kg|vch:V

C
1344 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

vpa:V
P

1349
>gnl|kg|vpa:V

P
1349 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

vvu:V
V

12768
>gnl|kg|vvu:V

V
12768 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

xac:X
A

C
0452

>gnl|kg|xac:X
A

C
0452 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

xcb:X
C

_0450
>gnl|kg|xcb:X

C
_0450 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

xcc:X
C

C
0436

>gnl|kg|xcc:X
C

C
0436 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

xcv:X
C

V
0482

>gnl|kg|xcv:X
C

V
0482 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

xoo:X
O

O
4071

>gnl|kg|xoo:X
O

O
4071 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

m
m

u:15445
>gnl|kg|m

m
u:15445 H

pd; 4-hydroxyphenylpyruvic acid dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

rno:29531
>gnl|kg|rno:29531 H

pd; 4-hydroxyphenylpyruvic acid dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

ssc:397443
>gnl|kg|ssc:397443 H

P
D

; 4-hydroxyphenylpyruvic acid dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bbr:B
B

4213
>gnl|kg|bbr:B

B
4213 bllY; putative hem

olysin [E
C

:1.13.11.27] [K
O

:K
00457]

x

bpa:B
P

P
3767

>gnl|kg|bpa:B
P

P
3767 bllY; putative hem

olysin [E
C

:1.13.11.27] [K
O

:K
00457]

x
bpe:B

P
3040

>gnl|kg|bpe:B
P

3040 bllY; putative hem
olysin [E

C
:1.13.11.27] [K

O
:K

00457]
x
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bps:B
P

S
S

0339
>gnl|kg|bps:B

P
S

S
0339 putative am

ino acid dioxygenase [E
C

:1.13.11.27] 
[K

O
:K

00457]
x

cel:T21C
12.2

>gnl|kg|cel:T21C
12.2 hpd-1; H

ypothetical protein T21C
12.2 [E

C
:1.13.11.27] 

[K
O

:K
00457]

x
ddi:D

D
B

0203373
>gnl|kg|ddi:D

D
B

0203373 hypothetical protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

dm
e:C

G
11796-PA

>gnl|kg|dm
e:C

G
11796-PA C

G
11796; C

G
11796 gene product from

 transcript 
C

G
11796-R

A [E
C

:1.13.11.27] [K
O

:K
00457]

x
dre:394142

>gnl|kg|dre:394142 zgc:56326 [E
C

:1.13.11.27] [K
O

:K
00457]

x
vvy:V

V
1495

>gnl|kg|vvy:V
V

1495 putitive hem
olysin [E

C
:1.13.11.27] [K

O
:K

00457]
x

xla:495029
>gnl|kg|xla:495029 LO

C
495029; hypothetical LO

C
495029 [E

C
:1.13.11.27] 

[K
O

:K
00457]

x
xtr:594976

>gnl|kg|xtr:594976 hpd-prov; hpd-prov protein
x

aci:A
C

IA
D

2213
>gnl|kg|aci:A

C
IA

D
2213 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

ago:A
D

R
286C

>gnl|kg|ago:A
D

R
286C

 A
D

R
286C

p; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
X

ana:alr2321
>gnl|kg|ana:alr2321 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

ath:A
t1g08110

>gnl|kg|ath:A
t1g08110 T6D

22.20; lactoylglutathione lyase, putative / glyoxalase 
I, putative [E

C
:4.4.1.5] [K

O
:K

01759]
x

ath:A
t1g11840

>gnl|kg|ath:A
t1g11840 F12F1.32; lactoylglutathione lyase, putative / glyoxalase 

I, putative [E
C

:4.4.1.5] [K
O

:K
01759]

x
ava:Ava_0139

>gnl|kg|ava:Ava_0139 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x

eba:ebB
148

>gnl|kg|eba:ebB
148 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

bba:B
d2848

>gnl|kg|bba:B
d2848 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

bbr:B
B

4094
>gnl|kg|bbr:B

B
4094 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

bm
a:B

M
A

0213
>gnl|kg|bm

a:B
M

A
0213 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

bpa:B
P

P
3659

>gnl|kg|bpa:B
P

P
3659 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
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bpe:B
P

0038
>gnl|kg|bpe:B

P
0038 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

bpm
:B

U
R

P
S

1710b_0876
>gnl|kg|bpm

:B
U

R
P

S
1710b_0876 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

bps:B
P

S
L0663

>gnl|kg|bps:B
P

S
L0663 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

bte:B
TH

_I0580
>gnl|kg|bte:B

TH
_I0580 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
bur:B

cep18194_A
6033

>gnl|kg|bur:B
cep18194_A

6033 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x
cal:orf19.6058

>gnl|kg|cal:orf19.6058 G
LO

1; glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x

cvi:C
V

1660
>gnl|kg|cvi:C

V
1660 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

cya:C
YA

_1244
>gnl|kg|cya:C

YA
_1244 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
dar:D

aro_3539
>gnl|kg|dar:D

aro_3539 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x

dm
e:C

G
1707-PA

>gnl|kg|dm
e:C

G
1707-PA C

G
1707; C

G
1707 gene product from

 transcript 
C

G
1707-R

A [E
C

:4.4.1.5] [K
O

:K
01759]

x

eca:E
C

A
1929

>gnl|kg|eca:E
C

A
1929 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
ecc:c2044

>gnl|kg|ecc:c2044 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

ecj:JW
1643

>gnl|kg|ecj:JW
1643 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
ecs:E

C
s2360

>gnl|kg|ecs:E
C

s2360 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
ece:Z2669

>gnl|kg|ece:Z2669 gloA
; hypothetical protein [E

C
:4.4.1.5] [K

O
:K

01759]
x

eco:b1651
>gnl|kg|eco:b1651 gloA

; glyoxalase I, nickel isom
erase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

hch:H
C

H
_04598

>gnl|kg|hch:H
C

H
_04598 gloA

2; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

hit:N
TH

I0441
>gnl|kg|hit:N

TH
I0441 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
hin:H

I0323
>gnl|kg|hin:H

I0323 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

hsa:2739
>gnl|kg|hsa:2739 G

LO
1; glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x
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ilo:IL2633
>gnl|kg|ilo:IL2633 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

m
m

u:109801
>gnl|kg|m

m
u:109801 G

lo1; glyoxalase 1 [E
C

:4.4.1.5] [K
O

:K
01759]

x

m
su:M

S
0703

>gnl|kg|m
su:M

S
0703 gloA

; lactoylglutathione lyase and related lyases 
[E

C
:4.4.1.5] [K

O
:K

01759]
X

neu:N
E

1427
>gnl|kg|neu:N

E
1427 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

nm
a:N

M
A

2147
>gnl|kg|nm

a:N
M

A
2147 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
nm

e:N
M

B
0340

>gnl|kg|nm
e:N

M
B

0340 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
nm

u:N
m

ul_A
2625

>gnl|kg|nm
u:N

m
ul_A

2625 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x
noc:N

oc_2681
>gnl|kg|noc:N

oc_2681 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x

pae:PA
3524

>gnl|kg|pae:PA
3524 gloA

1; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

pae:PA
5111

>gnl|kg|pae:PA
5111 gloA

3; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
pfa:P

F11_0145
>gnl|kg|pfa:P

F11_0145 glyoxalase I, putative [E
C

:4.4.1.5] [K
O

:K
01759]

x

pfl:P
FL_3393

>gnl|kg|pfl:P
FL_3393 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

pha:P
S

H
A

a1601

>gnl|kg|pha:P
S

H
A

a1601 gloA
; lactoylglutathione lyase (M

ethylglyoxalase) 
(A

ldoketom
utase) (glyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-
lactoylglutathione m

ethylglyoxal lyase) [E
C

:4.4.1.5] [K
O

:K
01759]

x

plu:plu2602
>gnl|kg|plu:plu2602 gloA

; lactoylglutathione lyase (m
ethylglyoxalase) (S

-D
-

lactolyglutathione m
ethylglyoxal lyase) [E

C
:4.4.1.5] [K

O
:K

01759]
x

pm
a:P

ro0234
>gnl|kg|pm

a:P
ro0234 gloA

; lactoylglutathione lyase fam
ily enzym

e [E
C

:4.4.1.5] 
[K

O
:K

01759]
X

pm
u:P

M
0987

>gnl|kg|pm
u:P

M
0987 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

ppu:P
P

3766
>gnl|kg|ppu:P

P
3766 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
psb:P

syr_2973
>gnl|kg|psb:P

syr_2973 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x

pst:P
S

P
TO

3106
>gnl|kg|pst:P

S
P

TO
3106 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
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psp:P
S

P
P

H
_2267

>gnl|kg|psp:P
S

P
P

H
_2267 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

reu:R
eut_A

0503
>gnl|kg|reu:R

eut_A
0503 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

sce:Y
M

L004C

>gnl|kg|sce:Y
M

L004C
 G

LO
1; R

egulated by H
O

G
 (high osm

olarity glycerol)-
M

A
P (m

itogen-activated protein) kinase pathw
ay in osm

otic stress response 
[E

C
:4.4.1.5] [K

O
:K

01759]
x

sec:S
C

1454
>gnl|kg|sec:S

C
1454 gloA

; glyoxalase I, nickel isom
erase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

spt:S
PA

1418
>gnl|kg|spt:S

PA
1418 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
sfx:S

1810
>gnl|kg|sfx:S

1810 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

sfl:S
F1678

>gnl|kg|sfl:S
F1678 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

spo:S
P

B
C

12C
2.12c

>gnl|kg|spo:S
P

B
C

12C
2.12c lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

ssn:S
S

O
_1505

>gnl|kg|ssn:S
S

O
_1505 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

stm
:S

TM
1435

>gnl|kg|stm
:S

TM
1435 gloA

; glyoxalase I, nickel isom
erase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

sty:S
TY

1687
>gnl|kg|sty:S

TY
1687 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
stt:t1303

>gnl|kg|stt:t1303 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

syc:syc0887_d
>gnl|kg|syc:syc0887_d gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
syf:S

ynpcc7942_0638
>gnl|kg|syf:S

ynpcc7942_0638 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x

syw
:S

Y
N

W
2347

>gnl|kg|syw
:S

Y
N

W
2347 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
syn:slr0381

>gnl|kg|syn:slr0381 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

vch:V
C

1010
>gnl|kg|vch:V

C
1010 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

vfi:V
F0928

>gnl|kg|vfi:V
F0928 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

vpa:V
P

2109
>gnl|kg|vpa:V

P
2109 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

vpa:V
PA

0774
>gnl|kg|vpa:V

PA
0774 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

vvy:V
V

1185
>gnl|kg|vvy:V

V
1185 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x
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xac:X
A

C
3632

>gnl|kg|xac:X
A

C
3632 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
xcb:X

C
_3658

>gnl|kg|xcb:X
C

_3658 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

xcc:X
C

C
0575

>gnl|kg|xcc:X
C

C
0575 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

xcv:X
C

V
3749

>gnl|kg|xcv:X
C

V
3749 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
xfa:X

F1399
>gnl|kg|xfa:X

F1399 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
xft:P

D
0629

>gnl|kg|xft:P
D

0629 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

xla:446359
>gnl|kg|xla:446359 M

G
C

82317; M
G

C
82317 protein [E

C
:4.4.1.5] [K

O
:K

01759]
x

xla:447401
>gnl|kg|xla:447401 M

G
C

84827; M
G

C
84827 protein [E

C
:4.4.1.5] [K

O
:K

01759]
x

xoo:X
O

O
0754

>gnl|kg|xoo:X
O

O
0754 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x
ypk:y1957

>gnl|kg|ypk:y1957 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

ypm
:Y

P
2167

>gnl|kg|ypm
:Y

P
2167 gloA

1; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

ype:Y
P

O
2381

>gnl|kg|ype:Y
P

O
2381 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

yps:Y
P

TB
2295

>gnl|kg|yps:Y
P

TB
2295 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

x

ath:A
t1g67280

>gnl|kg|ath:A
t1g67280 F1N

21.10; lactoylglutathione lyase, putative / glyoxalase 
I, putative

x
pfo:P

fl_2923
>gnl|kg|pfo:P

fl_2923 glyoxalase I
x

dre:368213
>gnl|kg|dre:368213 glo1; glyoxalase 1

x
sbo:S

B
O

_1484
>gnl|kg|sbo:S

B
O

_1484 gloA
; lactoylglutathione lyase

x
sdy:S

D
Y

_1877
>gnl|kg|sdy:S

D
Y

_1877 gloA
; lactoylglutathione lyase

x
bce:B

C
4503

>gnl|kg|bce:B
C

4503 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
S

FA
x

bja:bll7276
>gnl|kg|bja:bll7276 putative cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

M
FR

x

pm
m

:P
M

M
1304

>gnl|kg|pm
m

:P
M

M
1304 codA

; possible cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

S
FA

x
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pm
t:P

M
T0326

>gnl|kg|pm
t:P

M
T0326 codA

; possible cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

S
FA

x

pm
n:P

M
N

2A
_0870

>gnl|kg|pm
n:P

M
N

2A
_0870 possible cytosine deam

inase [E
C

:3.5.4.1] 
[K

O
:K

01485]
S

FA
x

pm
a:P

ro1378
>gnl|kg|pm

a:P
ro1378 ssnA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
S

FA
x

syc:syc0954_d
>gnl|kg|syc:syc0954_d codA

; cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
S

FA
x

syw
:S

Y
N

W
1638

>gnl|kg|syw
:S

Y
N

W
1638 codA

; possible cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

S
FA

x
syn:slr1237

>gnl|kg|syn:slr1237 codA
; cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

B
A

C
x

bar:G
B

A
A

4727
>gnl|kg|bar:G

B
A

A
4727 cytosine deam

inase
S

FA
x

bar:G
B

A
A

4728
>gnl|kg|bar:G

B
A

A
4728 cytosine deam

inase
S

FA
x

ban:B
A

4727
>gnl|kg|ban:B

A
4727 cytosine deam

inase
S

FA
x

ban:B
A

4728
>gnl|kg|ban:B

A
4728 cytosine deam

inase
S

FA
x

bat:B
A

S
4388

>gnl|kg|bat:B
A

S
4388 cytosine deam

inase
S

FA
x

bat:B
A

S
4389

>gnl|kg|bat:B
A

S
4389 cytosine deam

inase
S

FA
x

bca:B
C

E
4628

>gnl|kg|bca:B
C

E
4628 cytosine deam

inase
S

FA
x

btk:B
T9727_4229

>gnl|kg|btk:B
T9727_4229 cytosine deam

inase
S

FA
x

ecc:c0445
>gnl|kg|ecc:c0445 yahJ; cytosine deam

inase
S

FA
x

ecj:JW
0316

>gnl|kg|ecj:JW
0316 yahJ; putative cytosine deam

inase
S

FA
x

ecs:E
C

s0373
>gnl|kg|ecs:E

C
s0373 cytosine deam

inase
S

FA
x

ece:Z0413
>gnl|kg|ece:Z0413 yahJ; cytosine deam

inase
S

FA
x

efa:E
F1061

>gnl|kg|efa:E
F1061 cytosine deam

inase
S

FA
x

efa:E
F1062

>gnl|kg|efa:E
F1062 cytosine deam

inase
S

FA
x

m
lo:m

ll2061
>gnl|kg|m

lo:m
ll2061 cytosine deam

inase
B

A
C

x
oih:O

B
1267

>gnl|kg|oih:O
B

1267 cytosine deam
inase

S
FA

x
ret:R

H
E

_P
E

00074
>gnl|kg|ret:R

H
E

_P
E

00074 probable cytosine deam
inase protein

S
FA

x
sm

e:S
M

c02420
>gnl|kg|sm

e:S
M

c02420 cytosine deam
inase

S
FA

x
ssn:S

S
O

_0309
>gnl|kg|ssn:S

S
O

_0309 yahJ; cytosine deam
inase

S
FA

x
syd:S

yncc9605_0854
>gnl|kg|syd:S

yncc9605_0854 possible cytosine deam
inase

S
FA

x
syf:S

ynpcc7942_0568
>gnl|kg|syf:S

ynpcc7942_0568 cytosine deam
inase

S
FA

x
vvu:V

V
11303

>gnl|kg|vvu:V
V

11303 cytosine deam
inase

S
FA

x
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vvy:V
V

3062
>gnl|kg|vvy:V

V
3062 cytosine deam

inase
S

FA
x

aci:A
C

IA
D

1245
>gnl|kg|aci:A

C
IA

D
1245 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
atc:A

G
R

_C
_218

>gnl|kg|atc:A
G

R
_C

_218 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

atu:A
tu0136

>gnl|kg|atu:A
tu0136 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
bba:B

d3476
>gnl|kg|bba:B

d3476 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

bbr:B
B

1254
>gnl|kg|bbr:B

B
1254 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

bm
a:B

M
A

0461
>gnl|kg|bm

a:B
M

A
0461 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

bpa:B
P

P
1038

>gnl|kg|bpa:B
P

P
1038 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

bpm
:B

U
R

P
S

1710b_3021
>gnl|kg|bpm

:B
U

R
P

S
1710b_3021 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

bps:B
P

S
L2539

>gnl|kg|bps:B
P

S
L2539 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

bur:B
cep18194_A

4131
>gnl|kg|bur:B

cep18194_A
4131 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

bur:B
cep18194_B

0389
>gnl|kg|bur:B

cep18194_B
0389 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

cac:C
A

C
3005

>gnl|kg|cac:C
A

C
3005 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

cal:orf19.2251
>gnl|kg|cal:orf19.2251 A

A
H

1; adenine am
inohydrolase [E

C
:3.5.4.4] 

[K
O

:K
01488]

B
TC

x
ccr:C

C
3180

>gnl|kg|ccr:C
C

3180 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

cjk:jk1687
>gnl|kg|cjk:jk1687 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

cm
e:C

M
H

009C
>gnl|kg|cm

e:C
M

H
009C

 probable adenosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

B
TC

x

cpe:C
P

E
2506

>gnl|kg|cpe:C
P

E
2506 add; probable adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
M

FR
x

cps:C
P

S
_1359

>gnl|kg|cps:C
P

S
_1359 add1; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

              526



         Table K
-3. K

E
G

G
 D

ata (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

cps:C
P

S
_1979

>gnl|kg|cps:C
P

S
_1979 add2; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
ddi:D

D
B

0230171
>gnl|kg|ddi:D

D
B

0230171 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

eca:E
C

A
2266

>gnl|kg|eca:E
C

A
2266 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
efa:E

F0171
>gnl|kg|efa:E

F0171 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

ehi:37.t00009
>gnl|kg|ehi:37.t00009 adenosine deam

inase, putative [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

ehi:103.t00019
>gnl|kg|ehi:103.t00019 adenosine deam

inase, putative [E
C

:3.5.4.4] 
[K

O
:K

01488]
S

FA
x

fra:Francci3_0534
>gnl|kg|fra:Francci3_0534 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
fra:Francci3_0686

>gnl|kg|fra:Francci3_0686 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

fra:Francci3_1770
>gnl|kg|fra:Francci3_1770 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x
fra:Francci3_4458

>gnl|kg|fra:Francci3_4458 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

ftu:FTT0939c
>gnl|kg|ftu:FTT0939c add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
gox:G

O
X

1436
>gnl|kg|gox:G

O
X

1436 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
S

FA
x

hch:H
C

H
_01503

>gnl|kg|hch:H
C

H
_01503 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

hdu:H
D

0377
>gnl|kg|hdu:H

D
0377 add; probable adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
M

FR
x

lac:LB
A

1535
>gnl|kg|lac:LB

A
1535 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
lic:LIC

10459
>gnl|kg|lic:LIC

10459 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

lil:LA
3783

>gnl|kg|lil:LA
3783 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
ljo:LJ1639

>gnl|kg|ljo:LJ1639 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

lla:L87453
>gnl|kg|lla:L87453 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

lm
a:Lm

jF35.2160
>gnl|kg|lm

a:Lm
jF35.2160 adenosine deam

inase, putative [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

lpf:lpl0615
>gnl|kg|lpf:lpl0615 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
lpp:lpp0631

>gnl|kg|lpp:lpp0631 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

lpn:lpg0580
>gnl|kg|lpn:lpg0580 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
lsa:LS

A
0086

>gnl|kg|lsa:LS
A

0086 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x
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lxx:Lxx04660
>gnl|kg|lxx:Lxx04660 add; adenosine deam

inase protein [E
C

:3.5.4.4] 
[K

O
:K

01488]
M

FR
x

lxx:Lxx13430
>gnl|kg|lxx:Lxx13430 add; adenosine deam

inase protein [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

m
pa:M

A
P

3438c
>gnl|kg|m

pa:M
A

P
3438c add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

m
bo:M

b3342c
>gnl|kg|m

bo:M
b3342c add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x
m

fl:M
fl215

>gnl|kg|m
fl:M

fl215 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
S

FA
x

m
le:M

L0700
>gnl|kg|m

le:M
L0700 add; putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
M

FR
x

m
lo:m

ll3163
>gnl|kg|m

lo:m
ll3163 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
m

tu:R
v3313c

>gnl|kg|m
tu:R

v3313c add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

nfa:nfa9530
>gnl|kg|nfa:nfa9530 putative adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x
pac:P

PA
2273

>gnl|kg|pac:P
PA

2273 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

pae:PA
0148

>gnl|kg|pae:PA
0148 probable adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

pfa:P
F10_0289

>gnl|kg|pfa:P
F10_0289 adenosine deam

inase, putative [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

pfl:P
FL_0719

>gnl|kg|pfl:P
FL_0719 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

pha:P
S

H
A

a0102
>gnl|kg|pha:P

S
H

A
a0102 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

plu:plu2362
>gnl|kg|plu:plu2362 add; adenosine deam

inase (adenosine am
inohydrolase) 

[E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
plt:P

lut_1524
>gnl|kg|plt:P

lut_1524 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

ppr:P
B

P
R

B
1184

>gnl|kg|ppr:P
B

P
R

B
1184 putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

ppr:P
B

P
R

B
1379

>gnl|kg|ppr:P
B

P
R

B
1379 putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

ppu:P
P

0591
>gnl|kg|ppu:P

P
0591 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
psb:P

syr_0661
>gnl|kg|psb:P

syr_0661 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x
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pst:P
S

P
TO

0757
>gnl|kg|pst:P

S
P

TO
0757 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

psp:P
S

P
P

H
_4636

>gnl|kg|psp:P
S

P
P

H
_4636 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

ret:R
H

E
_C

H
00197

>gnl|kg|ret:R
H

E
_C

H
00197 add; adenosine deam

inase protein [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

reu:R
eut_A

2428
>gnl|kg|reu:R

eut_A
2428 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
rru:R

ru_A
0766

>gnl|kg|rru:R
ru_A

0766 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

rso:R
S

c2098
>gnl|kg|rso:R

S
c2098 add, R

S
03663; probable adenosine deam

inase protein 
[E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

rsp:R
S

P
_1597

>gnl|kg|rsp:R
S

P
_1597 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

sak:S
A

K
_0688

>gnl|kg|sak:S
A

K
_0688 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x
san:gbs0583

>gnl|kg|san:gbs0583 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

sag:S
A

G
0538

>gnl|kg|sag:S
A

G
0538 adenosine deam

inase, putative [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

sm
a:S

AV
1165

>gnl|kg|sm
a:S

AV
1165 add1; putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
M

FR
x

sm
a:S

AV
2595

>gnl|kg|sm
a:S

AV
2595 add2; putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

sm
a:S

AV
3358

>gnl|kg|sm
a:S

AV
3358 add3; putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
M

FR
x

sm
a:S

AV
4906

>gnl|kg|sm
a:S

AV
4906 add4; putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

sm
a:S

AV
5577

>gnl|kg|sm
a:S

AV
5577 add5; putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

sce:Y
N

L141W
>gnl|kg|sce:Y

N
L141W

 A
A

H
1; adenine am

inohydrolase (adenine deam
inase) 

[E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

sco:S
C

O
2546

>gnl|kg|sco:S
C

O
2546 S

C
C

77.13c; probable adenosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

B
TC

x
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sco:S
C

O
4644

>gnl|kg|sco:S
C

O
4644 add, S

C
D

82.15c; adenosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

B
TC

x

sco:S
C

O
4901

>gnl|kg|sco:S
C

O
4901 2S

C
K

8.27; putative adenosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

M
FR

x

sco:S
C

O
5662

>gnl|kg|sco:S
C

O
5662 S

C
6A

9.05; putative adenosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

B
TC

x

sco:S
C

O
7268

>gnl|kg|sco:S
C

O
7268 add, S

C
5H

1.24c; putative adenosine deam
inase 

[E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

sm
e:S

M
c04120

>gnl|kg|sm
e:S

M
c04120 add; putative adenosine deam

inase protein [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

sm
u:S

M
U

.1295
>gnl|kg|sm

u:S
M

U
.1295 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

spo:S
P

B
C

1683.02
>gnl|kg|spo:S

P
B

C
1683.02 putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
B

TC
x

spo:S
P

B
C

1198.02
>gnl|kg|spo:S

P
B

C
1198.02 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
sil:S

P
O

2927
>gnl|kg|sil:S

P
O

2927 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

sru:S
R

U
_0673

>gnl|kg|sru:S
R

U
_0673 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

ssp:S
S

P
2398

>gnl|kg|ssp:S
S

P
2398 putative adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x
stl:stu0750

>gnl|kg|stl:stu0750 add; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

tfu:Tfu_2563
>gnl|kg|tfu:Tfu_2563 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x
tfu:Tfu_2662

>gnl|kg|tfu:Tfu_2662 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
B

TC
x

tpa:TP
0045

>gnl|kg|tpa:TP
0045 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

N
S

F
X

vpa:V
PA

1292
>gnl|kg|vpa:V

PA
1292 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
vvu:V

V
20468

>gnl|kg|vvu:V
V

20468 adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
M

FR
x

vvy:V
VA

1020
>gnl|kg|vvy:V

VA
1020 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

M
FR

x

w
su:W

S
0737

>gnl|kg|w
su:W

S
0737 putative adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x

xcv:X
C

V
0317

>gnl|kg|xcv:X
C

V
0317 add; putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
S

FA
x
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zm
o:ZM

O
0655

>gnl|kg|zm
o:ZM

O
0655 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

S
FA

x

zm
o:ZM

O
0971

>gnl|kg|zm
o:ZM

O
0971 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

B
TC

x
bfr:B

F3839
>gnl|kg|bfr:B

F3839 putative adenosine deam
inase

S
FA

x
bte:B

TH
_I1612

>gnl|kg|bte:B
TH

_I1612 adenosine deam
inase

B
TC

x
cya:C

YA
_1916

>gnl|kg|cya:C
YA

_1916 putative adenosine deam
inase

S
FA

x
cyb:C

Y
B

_2006
>gnl|kg|cyb:C

Y
B

_2006 adenosine deam
inase, putative

S
FA

x
ilo:IL0360

>gnl|kg|ilo:IL0360 add; adenosine deam
inase

M
FR

x
lpn:lpg0497

>gnl|kg|lpn:lpg0497 adenosine deam
inase

S
FA

x
pfo:P

fl_0671
>gnl|kg|pfo:P

fl_0671 adenosine deam
inase

B
TC

x
xac:X

A
C

0308
>gnl|kg|xac:X

A
C

0308 add; adenosine deam
inase

S
FA

x
xcb:X

C
_0304

>gnl|kg|xcb:X
C

_0304 adenosine deam
inase

S
FA

x
xcc:X

C
C

0294
>gnl|kg|xcc:X

C
C

0294 add; adenosine deam
inase

S
FA

x
dde:D

de_1269
>gnl|kg|dde:D

de_1269 N
-acyl-D

-am
ino-acid deacylase [E

C
:3.5.1.81]

B
TC

x
gox:G

O
X

1177
>gnl|kg|gox:G

O
X

1177 D
-glutam

ate deacylase [E
C

:3.5.1.81]
N

S
F

X
m

ta:M
oth_1302

>gnl|kg|m
ta:M

oth_1302 N
-acyl-D

-am
ino-acid deacylase [E

C
:3.5.1.81]

B
TC

x
rba:R

B
2098

>gnl|kg|rba:R
B

2098 ndaD
; D

-am
inoacylase [E

C
:3.5.1.81]

B
TC

x
cne:C

N
I00370

>gnl|kg|cne:C
N

I00370 D
-am

inoacylase, putative
B

TC
x

gvi:gll1307
>gnl|kg|gvi:gll1307 probable D

-am
inoacylase

B
TC

x
pab:PA

B
0090

>gnl|kg|pab:PA
B

0090 ndaD
; D

-am
inoacylase (aspartate, glutam

ate etc)
B

TC
x

sm
a:S

AV
3282

>gnl|kg|sm
a:S

AV
3282 putative D

-am
inoacylase

B
TC

x
sm

a:S
AV

3799
>gnl|kg|sm

a:S
AV

3799 putative D
-am

inoacylase
S

FA
x

sco:S
C

O
4986

>gnl|kg|sco:S
C

O
4986 2S

C
K

36.09c; putative D
-am

inoacylase
B

TC
x

sth:S
TH

3170
>gnl|kg|sth:S

TH
3170 D

-A
m

inoacylase
B

TC
x

vvy:V
VA

1145
>gnl|kg|vvy:V

VA
1145 probable N

-acyl-D
-glutam

ate deacylase protein 
[E

C
:3.5.1.82]

B
TC

x

ppr:P
B

P
R

A
1272

>gnl|kg|ppr:P
B

P
R

A
1272 putative N

-acyl-D
-aspartate/D

-glutam
ate deacylase 

[E
C

:3.5.1.82]
B

TC
x

vvu:V
V

20594
>gnl|kg|vvu:V

V
20594 N

-acyl-D
-aspartate/D

-glutam
ate deacylase [E

C
:3.5.1.82]

B
TC

x
bte:B

TH
_II1290

>gnl|kg|bte:B
TH

_II1290 N
-acyl-D

-glutam
ate am

idohydrolase
S

FA
x
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efa:E
F2580

>gnl|kg|efa:E
F2580 D

-hydantoinase [E
C

:3.5.2.2] [K
O

:K
01464]

B
TC

x
m

ta:M
oth_1997

>gnl|kg|m
ta:M

oth_1997 D
-hydantoinase [E

C
:3.5.2.2] [K

O
:K

01464]
B

TC
x

sto:S
T1011

>gnl|kg|sto:S
T1011 hypothetical D

-hydantoinase
B

TC
x

sto:S
T1118

>gnl|kg|sto:S
T1118 hypothetical D

-hydantoinase [E
C

:3.5.2.-]
B

TC
x

hhe:H
H

0407
>gnl|kg|hhe:H

H
0407 ureA

; urease [E
C

:3.5.1.5] [K
O

:K
01429 K

01430]
N

S
F

x
noc:N

oc_2881
>gnl|kg|noc:N

oc_2881 urease [E
C

:3.5.1.5] [K
O

:K
01427]

N
S

F
x

noc:N
oc_2882

>gnl|kg|noc:N
oc_2882 urease [E

C
:3.5.1.5] [K

O
:K

01427]
N

S
F

x
pfo:P

fl_0584
>gnl|kg|pfo:P

fl_0584 urease [E
C

:3.5.1.5] [K
O

:K
01427]

N
S

F
x

bha:B
H

1129
>gnl|kg|bha:B

H
1129 isoaspartyl dipeptidase [E

C
:3.4.19.5] [K

O
:K

01305]
B

TC
X

cpe:C
P

E
2356

>gnl|kg|cpe:C
P

E
2356 isoaspartyl dipeptidase [E

C
:3.4.19.5] [K

O
:K

01305]
B

TC
X

cps:C
P

S
_1869

>gnl|kg|cps:C
P

S
_1869 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

B
TC

x

ppr:P
B

P
R

A
1536

>gnl|kg|ppr:P
B

P
R

A
1536 hypothetical isoaspartyl dipeptidase [E

C
:3.4.19.5] 

[K
O

:K
01305]

B
TC

x
tte:TTE

0837
>gnl|kg|tte:TTE

0837 isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

B
TC

x
vfi:V

F1509
>gnl|kg|vfi:V

F1509 isoaspartyl dipeptidase [E
C

:3.4.19.5] [K
O

:K
01305]

x

cel:R
06F6.9

>gnl|kg|cel:R
06F6.9 ech-4; H

ypothetical protein R
06F6.9 [E

C
:5.3.3.8] 

[K
O

:K
01825]

S
FA

x

dm
e:C

G
4592-PA

>gnl|kg|dm
e:C

G
4592-PA C

G
4592; C

G
4592 gene product from

 transcript 
C

G
4592-R

A [E
C

:5.3.3.8] [K
O

:K
01825]

M
FR

x

dm
e:C

G
13890-PA

>gnl|kg|dm
e:C

G
13890-PA C

G
13890; C

G
13890 gene product from

 transcript 
C

G
13890-R

A [E
C

:5.3.3.8] [K
O

:K
01825]

S
FA

x

lm
a:Lm

jF31.2250
>gnl|kg|lm

a:Lm
jF31.2250 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial 
precursor, putative [E

C
:5.3.3.8] [K

O
:K

01825]
B

TC
x

tbr:Tb927.4.4910
>gnl|kg|tbr:Tb927.4.4910 Tb04.3M

17.150; 3,2-trans-enoyl-C
oA isom

erase 
[E

C
:5.3.3.8] [K

O
:K

01825]
B

TC
x

tbr:Tb927.3.5630
>gnl|kg|tbr:Tb927.3.5630 Tb03.5L5.870; 3,2-trans-enoyl-C

oA isom
erase 

m
itochondrial precursor [E

C
:5.3.3.8] [K

O
:K

01825]
B

TC
x

tbr:Tb927.8.7530
>gnl|kg|tbr:Tb927.8.7530 Tb08.30P

3.50; 3,2-trans-enoyl-C
oA isom

erase 
m

itochondrial precursor [E
C

:5.3.3.8] [K
O

:K
01825]

B
TC

x

tcr:509261.30
>gnl|kg|tcr:509261.30 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial precursor, 
putative [E

C
:5.3.3.8] [K

O
:K

01825]
B

TC
x
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tcr:507107.40
>gnl|kg|tcr:507107.40 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial precursor, 
putative [E

C
:5.3.3.8] [K

O
:K

01825]
B

TC
x

tcr:510645.30
>gnl|kg|tcr:510645.30 3,2-trans-enoyl-C

oA isom
erase, m

itochondrial precursor, 
putative [E

C
:5.3.3.8] [K

O
:K

01825]
M

FR
x

sce:Y
O

R
180C

>gnl|kg|sce:Y
O

R
180C

 D
C

I1, E
C

I2; P
eroxisom

al delta(3,5)-delta(2,4)-dienoyl-
C

oA isom
erase, involved in fatty acid m

etabolism
, contains peroxisom

e 
targeting signals at am

ino and carboxy term
ini

S
FA

x
cne:C

N
A

02940
>gnl|kg|cne:C

N
A

02940 3-hydroxyisobutyryl-C
oA hydrolase, putative

B
TC

x

pfa:P
FL1940w

>gnl|kg|pfa:P
FL1940w

 3-hydroxyisobutyryl-coenzym
e A hydrolase, putative 

[E
C

:3.1.2.4] [K
O

:K
05605]

B
TC

x
m

m
p:M

M
P

1328
>gnl|kg|m

m
p:M

M
P

1328 enolase
N

S
A

x
pfu:P

F1641
>gnl|kg|pfu:P

F1641 enolase (2-phosphoglycerate dehydratase)
N

S
A

x
spo:S

PA
P

B
1A

10.02
>gnl|kg|spo:S

PA
P

B
1A

10.02 putative alpha enolase
N

S
A

x
tbr:Tb11.01.8100

>gnl|kg|tbr:Tb11.01.8100 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

N
S

A
x

tcr:511029.10
>gnl|kg|tcr:511029.10 enolase

N
S

A
x

tcr:511529.90
>gnl|kg|tcr:511529.90 enolase

N
S

A
x

cvi:C
V

3458
>gnl|kg|cvi:C

V
3458 probable phosphopyruvate hydratase

N
S

A
x

eli:E
LI_05735

>gnl|kg|eli:E
LI_05735 probable phosphopyruvate hydratase

N
S

A
x

ret:R
H

E
_P

E
00096

>gnl|kg|ret:R
H

E
_P

E
00096 putative galactonate dehydratase protein

B
TC

x
sec:S

C
2294

>gnl|kg|sec:S
C

2294 yfaW
; paral putative galactonate dehydratase

S
FA

x

sec:S
C

3746
>gnl|kg|sec:S

C
3746 dgoA

; galactonate dehydratase [E
C

:4.1.2.21] [K
O

:K
01631]

N
S

A
x

sil:S
P

O
A

0245
>gnl|kg|sil:S

P
O

A
0245 galactonate dehydratase, putative

S
FA

x
stm

:S
TM

2291
>gnl|kg|stm

:S
TM

2291 yfaW
; putative galactonate dehydratase

S
FA

x

tac:Ta0085m
>gnl|kg|tac:Ta0085m

 dgoA
-2; galactonate dehydratase

B
TC

, 
M

O
F

x

tvo:TV
N

0168
>gnl|kg|tvo:TV

N
0168 galactonate dehydratase

B
TC

, 
M

O
F

x

tvo:TV
N

1194
>gnl|kg|tvo:TV

N
1194 galactonate dehydratase

B
TC

, 
M

O
F

x
atc:A

G
R

_L_1470
>gnl|kg|atc:A

G
R

_L_1470 putative racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
S

FA
x

atu:A
tu4120

>gnl|kg|atu:A
tu4120 m

andelate racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
S

FA
x
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bbr:B
B

2683
>gnl|kg|bbr:B

B
2683 putative racem

ase [E
C

:5.1.2.2] [K
O

:K
01781]

B
TC

, 
M

O
F

x

bja:blr7625
>gnl|kg|bja:blr7625 probable m

andelate racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
B

TC
x

bm
e:B

M
E

I1707
>gnl|kg|bm

e:B
M

E
I1707 m

andelate racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
S

FA
x

bm
e:B

M
E

I1712
>gnl|kg|bm

e:B
M

E
I1712 m

andelate racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
B

TC
x

bpe:B
P

1161
>gnl|kg|bpe:B

P
1161 putative racem

ase [E
C

:5.1.2.2] [K
O

:K
01781]

B
TC

, 
M

O
F

x

bpm
:B

U
R

P
S

1710b_0947
>gnl|kg|bpm

:B
U

R
P

S
1710b_0947 m

andelate racem
ase [E

C
:5.1.2.2] 

[K
O

:K
01781]

B
TC

x

bps:B
P

S
L0725

>gnl|kg|bps:B
P

S
L0725 putative m

andelate racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
B

TC
x

eca:E
C

A
0998

>gnl|kg|eca:E
C

A
0998 putative m

andelate racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
B

TC
, 

M
O

F
x

m
pa:M

A
P

1382c
>gnl|kg|m

pa:M
A

P
1382c putative m

andelate racem
ase [E

C
:5.1.2.2] 

[K
O

:K
01781]

S
FA

x
m

lo:m
ll7149

>gnl|kg|m
lo:m

ll7149 m
andelate racem

ase [E
C

:5.1.2.2] [K
O

:K
01781]

B
TC

x

sco:S
C

O
3480

>gnl|kg|sco:S
C

O
3480 S

C
E

65.16c; putative racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
B

TC
, 

M
O

F
x

spt:S
PA

3549
>gnl|kg|spt:S

PA
3549 putative racem

ase [E
C

:5.1.2.2] [K
O

:K
01781]

B
TC

, 
M

O
F

x

sty:S
TY

4099
>gnl|kg|sty:S

TY
4099 putative racem

ase [E
C

:5.1.2.2] [K
O

:K
01781]

B
TC

, 
M

O
F

x

stt:t3822
>gnl|kg|stt:t3822 putative racem

ase [E
C

:5.1.2.2] [K
O

:K
01781]

B
TC

, 
M

O
F

x
tfu:Tfu_1717

>gnl|kg|tfu:Tfu_1717 putative racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
B

TC
x

zm
o:ZM

O
1228

>gnl|kg|zm
o:ZM

O
1228 ykfB

; m
andelate racem

ase [E
C

:5.1.2.2] [K
O

:K
01781]

S
FA

x

zm
o:ZM

O
1264

>gnl|kg|zm
o:ZM

O
1264 rspA

; putative m
andelate racem

ase [E
C

:5.1.2.2] 
[K

O
:K

01781]
S

FA
x

bbr:B
B

2815
>gnl|kg|bbr:B

B
2815 putative m

andelate racem
ase

S
FA

x
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bbr:B
B

4687
>gnl|kg|bbr:B

B
4687 putative m

andelate racem
ase

B
TC

, 
M

O
F

x
bja:bll6349

>gnl|kg|bja:bll6349 putative m
andelate racem

ase
S

FA
x

bpa:B
P

P
2687

>gnl|kg|bpa:B
P

P
2687 putative m

andelate racem
ase

S
FA

x
bpe:B

P
1359

>gnl|kg|bpe:B
P

1359 putative m
andelate racem

ase
S

FA
x

ret:R
H

E
_P

E
00430

>gnl|kg|ret:R
H

E
_P

E
00430 probable m

andelate racem
ase protein

S
FA

x

ret:R
H

E
_P

F00381
>gnl|kg|ret:R

H
E

_P
F00381 putative m

andelate racem
ase protein

B
TC

, 
M

O
F

x
sai:S

aci_2196
>gnl|kg|sai:S

aci_2196 m
andelate racem

ase [E
C

:5.5.1.7] [K
O

:K
01860]

S
FA

x
sm

a:S
AV

7282
>gnl|kg|sm

a:S
AV

7282 m
enC

; putative m
andelate racem

ase
S

FA
x

spt:S
PA

1203
>gnl|kg|spt:S

PA
1203 ycjG

; putative m
andelate racem

ase
S

FA
x

sto:S
T1108

>gnl|kg|sto:S
T1108 hypothetical m

andelate racem
ase

B
TC

, 
M

O
F

x
stm

:S
TM

3833
>gnl|kg|stm

:S
TM

3833 putative m
andelate racem

ase
S

FA
x

atc:A
G

R
_L_3551

>gnl|kg|atc:A
G

R
_L_3551 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
B

TC
x

atu:A
tu3029

>gnl|kg|atu:A
tu3029 gudD

; glucarate dehydratase [E
C

:4.2.1.40] [K
O

:K
01706]

B
TC

x

eca:E
C

A
3576

>gnl|kg|eca:E
C

A
3576 gudX

; probable glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
B

TC
x

ecc:c3350
>gnl|kg|ecc:c3350 ygcX

; glucarate dehydratase [E
C

:4.2.1.40] [K
O

:K
01706]

B
TC

x

ecj:JW
2759

>gnl|kg|ecj:JW
2759 gud2; P

robable glucarate dehydratase (gdh) [E
C

:4.2.1.40] 
[K

O
:K

01706]
B

TC
x

ecs:E
C

s3648
>gnl|kg|ecs:E

C
s3648 putative glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

B
TC

x

ece:Z4103
>gnl|kg|ece:Z4103 ygcY; putative glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

B
TC

x

eco:b2788
>gnl|kg|eco:b2788 gudX

, ygcY, gdh2; putative (D
)-glucarate dehydratase 2 

[E
C

:4.2.1.40] [K
O

:K
01706]

B
TC

x

nfa:nfa35070
>gnl|kg|nfa:nfa35070 putative glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
B

TC
x

sm
a:S

AV
5581

>gnl|kg|sm
a:S

AV
5581 gudD

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
B

TC
x
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sco:S
C

O
2542

>gnl|kg|sco:S
C

O
2542 S

C
C

77.09c; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
B

TC
x

sfx:S
2995

>gnl|kg|sfx:S
2995 ygcY; putative glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

B
TC

x

sfl:S
F2801

>gnl|kg|sfl:S
F2801 ygcY; putative glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

B
TC

x

ssn:S
S

O
_2945

>gnl|kg|ssn:S
S

O
_2945 ygcY; putative glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

B
TC

x

stm
:S

TM
2961

>gnl|kg|stm
:S

TM
2961 ygcY; putative D

-glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
B

TC
x

sty:S
TY

3099
>gnl|kg|sty:S

TY
3099 ygcY; probable glucarate dehydratase 2 [E

C
:4.2.1.40] 

[K
O

:K
01706]

B
TC

x

stt:t2870
>gnl|kg|stt:t2870 ygcY; probable glucarate dehydratase 2 [E

C
:4.2.1.40] 

[K
O

:K
01706]

B
TC

x
eca:E

C
A

0936
>gnl|kg|eca:E

C
A

0936 putative glucarate dehydratase
B

TC
x

sbo:S
B

O
_2669

>gnl|kg|sbo:S
B

O
_2669 ygcY; putative glucarate dehydratase

B
TC

x

bbr:B
B

3872
>gnl|kg|bbr:B

B
3872 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] [K
O

:K
04835]

B
TC

x

bbr:B
B

4337
>gnl|kg|bbr:B

B
4337 putative m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
B

TC
x

bpa:B
P

P
3422

>gnl|kg|bpa:B
P

P
3422 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
B

TC
x

bpa:B
P

P
3864

>gnl|kg|bpa:B
P

P
3864 putative m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
B

TC
x

bpe:B
P

0806
>gnl|kg|bpe:B

P
0806 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] [K
O

:K
04835]

B
TC

x

bpe:B
P

3177
>gnl|kg|bpe:B

P
3177 putative m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
B

TC
x

chy:C
H

Y
_0484

>gnl|kg|chy:C
H

Y
_0484 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
B

TC
x

chy:C
H

Y
_0582

>gnl|kg|chy:C
H

Y
_0582 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
B

TC
x
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hm
a:rrnA

C
0687

>gnl|kg|hm
a:rrnA

C
0687 m

al; m
ethylaspartate am

m
onia-lyase [E

C
:4.3.1.2] 

[K
O

:K
04835]

B
TC

x

tde:TD
E

2235
>gnl|kg|tde:TD

E
2235 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] [K
O

:K
04835]

B
TC

x
bli:B

L02407
>gnl|kg|bli:B

L02407 m
enH

A
; O

-succinylbenzoate synthase
N

S
F

x

pcu:pc1663
>gnl|kg|pcu:pc1663 m

enC
; putative o-succinylbenzoate synthase II, m

enC
 

[E
C

:4.2.1.-] [K
O

:K
02549]

S
FA

x

afu:A
F2099

>gnl|kg|afu:A
F2099 clcB

; m
uconate cycloisom

erase II (C
lcB

) [E
C

:5.5.1.7] 
[K

O
:K

01860]
S

FA
x

cgb:cg2635
>gnl|kg|cgb:cg2635 catB

; chlorom
uconate cycloisom

erase [E
C

:5.5.1.7] 
[K

O
:K

01860]
B

A
C

, 
M

O
F

x
ddi:D

D
B

0186151
>gnl|kg|ddi:D

D
B

0186151 hypothetical protein [E
C

:5.5.1.7] [K
O

:K
01860]

S
G

A
x

rba:R
B

8686
>gnl|kg|rba:R

B
8686 ykfB

; chlorom
uconate cycloisom

erase Y
kfB

1 [E
C

:5.5.1.7] 
[K

O
:K

01860]
S

G
A

x

rba:R
B

11118
>gnl|kg|rba:R

B
11118 chlorom

uconate cycloisom
erase Y

kfB
1 [E

C
:5.5.1.7] 

[K
O

:K
01860]

S
G

A
x

xcv:X
C

V
3980

>gnl|kg|xcv:X
C

V
3980 tcbD

; putative chlorom
uconate cycloisom

erase 
[E

C
:5.5.1.7] [K

O
:K

01860]
B

A
C

, 
M

O
F

x
atc:A

G
R

_pAT_707
>gnl|kg|atc:A

G
R

_pAT_707 chlorom
uconate cycloisom

erase hom
olog Y

kfB
S

G
A

x
atu:A

tu5478
>gnl|kg|atu:A

tu5478 chlorom
uconate cycloisom

erase
S

G
A

x
bfr:B

F1319
>gnl|kg|bfr:B

F1319 chlorom
uconate cycloisom

erase
S

G
A

x
bth:B

T4703
>gnl|kg|bth:B

T4703 chlorom
uconate cycloisom

erase
S

G
A

x

cgl:N
C

gl2318
>gnl|kg|cgl:N

C
gl2318 C

gl2401; putative chlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x
dra:D

R
1871

>gnl|kg|dra:D
R

1871 chlorom
uconate cycloisom

erase, putative
B

A
C

x

hm
a:rrnA

C
0233

>gnl|kg|hm
a:rrnA

C
0233 ykfB

2; chlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x
hm

a:rrnA
C

0844
>gnl|kg|hm

a:rrnA
C

0844 ykfB
1; chlorom

uconate cycloisom
erase

S
G

A
x

hm
a:rrnA

C
3455

>gnl|kg|hm
a:rrnA

C
3455 ykfB

3; chlorom
uconate cycloisom

erase
S

G
A

x

lpn:lpg1956
>gnl|kg|lpn:lpg1956 chlorom

uconate cycloisom
erase

B
A

C
, 

M
O

F
x
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m
ca:M

C
A

1834
>gnl|kg|m

ca:M
C

A
1834 chlorom

uconate cycloisom
erase, putative

B
A

C
, 

M
O

F
x

m
lo:m

ll7352
>gnl|kg|m

lo:m
ll7352 chlorom

uconate cycloisom
erase

M
S

F
x

ttj:TTH
A

1824
>gnl|kg|ttj:TTH

A
1824 chlorom

uconate cycloisom
erase

S
G

A
x

xac:X
A

C
3862

>gnl|kg|xac:X
A

C
3862 tcbD

; chlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x

xcb:X
C

_3879
>gnl|kg|xcb:X

C
_3879 chlorom

uconate cycloisom
erase

B
A

C
, 

M
O

F
x

xcc:X
C

C
3807

>gnl|kg|xcc:X
C

C
3807 tcbD

; chlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x

xoo:X
O

O
4102

>gnl|kg|xoo:X
O

O
4102 tcbD

; chlorom
uconate cycloisom

erase
B

A
C

, 
M

O
F

x
bcl:A

B
C

3013
>gnl|kg|bcl:A

B
C

3013 m
uconate cycloisom

erase [E
C

:5.5.1.1] [K
O

:K
01856]

S
FA

x

bm
e:B

M
E

I0966
>gnl|kg|bm

e:B
M

E
I0966 m

uconate cycloisom
erase I [E

C
:5.5.1.1] [K

O
:K

01856]
S

FA
x

rba:R
B

10855
>gnl|kg|rba:R

B
10855 m

uconate cycloisom
erase I [E

C
:5.5.1.1] [K

O
:K

01856]
S

FA
x

reu:R
eut_D

6474
>gnl|kg|reu:R

eut_D
6474 m

uconate cycloisom
erase [E

C
:5.5.1.1] [K

O
:K

01856]
B

A
C

x

rpa:R
PA

3964
>gnl|kg|rpa:R

PA
3964 putative m

uconate cycloisom
erase [E

C
:5.5.1.1] 

[K
O

:K
01856]

S
FA

x

sm
e:S

M
a1461

>gnl|kg|sm
e:S

M
a1461 putative m

uconate cycloisom
erase [E

C
:5.5.1.1] 

[K
O

:K
01856]

S
FA

x

sil:S
P

O
3667

>gnl|kg|sil:S
P

O
3667 catB

; m
uconate cycloisom

erase I [E
C

:5.5.1.1] 
[K

O
:K

01856]
B

A
C

x
tth:TTC

1473
>gnl|kg|tth:TTC

1473 m
uconate cycloisom

erase [E
C

:5.5.1.1] [K
O

:K
01856]

S
FA

x
atc:A

G
R

_C
_3037

>gnl|kg|atc:A
G

R
_C

_3037 putative m
uconate cycloisom

erase I
S

FA
x

bfs:B
F1304

>gnl|kg|bfs:B
F1304 putative m

uconate cycloisom
erase

S
FA

x
bfr:B

F2746
>gnl|kg|bfr:B

F2746 m
uconate cycloisom

erase
S

FA
x

bha:B
H

3006
>gnl|kg|bha:B

H
3006 m

uconate cycloisom
erase

S
FA

x
bli:B

L03765
>gnl|kg|bli:B

L03765 putative m
uconate cycloisom

erase
B

A
C

x
bth:B

T1313
>gnl|kg|bth:B

T1313 m
uconate cycloisom

erase
S

FA
x

ecs:E
C

s1904
>gnl|kg|ecs:E

C
s1904 putative m

uconate cycloisom
erase I

S
FA

x
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ece:Z2450
>gnl|kg|ece:Z2450 ycjG

; putative m
uconate cycloisom

erase I
S

FA
x

m
lo:m

lr0803
>gnl|kg|m

lo:m
lr0803 probable m

uconate cycloisom
erase

S
FA

x
m

lo:m
ll7353

>gnl|kg|m
lo:m

ll7353 m
uconate lactonizing enzym

e
S

FA
x

nfa:nfa35210
>gnl|kg|nfa:nfa35210 putative m

uconate cycloisom
erase

B
A

C
x

oih:O
B

2843
>gnl|kg|oih:O

B
2843 m

uconate cycloisom
erase

S
FA

x
oih:O

B
2965

>gnl|kg|oih:O
B

2965 m
uconate cycloisom

erase
M

FR
x

ppr:P
B

P
R

A
1898

>gnl|kg|ppr:P
B

P
R

A
1898 hypothetical m

uconate cycloisom
erase I

S
FA

x
ret:R

H
E

_C
H

02350
>gnl|kg|ret:R

H
E

_C
H

02350 probable m
uconate cycloisom

erase I protein
S

FA
x

sfx:S
1414

>gnl|kg|sfx:S
1414 ycjG

; putative m
uconate cycloisom

erase I
S

FA
x

ssn:S
S

O
_1813

>gnl|kg|ssn:S
S

O
_1813 ycjG

; putative m
uconate cycloisom

erase I
S

FA
x

vpa:V
PA

0329
>gnl|kg|vpa:V

PA
0329 putative m

uconate cycloisom
erase I

S
FA

x

aci:A
C

IA
D

1483
>gnl|kg|aci:A

C
IA

D
1483 kdsC

; 3-D
eoxy-D

-m
anno-octulosonate 8-phosphate 

(K
D

O
 8-P

) phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

eba:ebA
1316

>gnl|kg|eba:ebA
1316 conserved hypothetical protein, predicted phosphatase 

[E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

bba:B
d0827

>gnl|kg|bba:B
d0827 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

bfs:B
F3121

>gnl|kg|bfs:B
F3121 putative lipopolysaccharide biosynthesis-related protein 

[E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x
bm

a:B
M

A
3103

>gnl|kg|bm
a:B

M
A

3103 phosphatase, Y
rbI fam

ily [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

X

bpm
:B

U
R

P
S

1710b_3263
>gnl|kg|bpm

:B
U

R
P

S
1710b_3263 3-deoxy-m

anno-octulosonate-8-phosphatase 
[E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

bps:B
P

S
L0537

>gnl|kg|bps:B
P

S
L0537 hypothetical protein [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

bur:B
cep18194_A

6117
>gnl|kg|bur:B

cep18194_A
6117 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] 
[K

O
:K

03270]
B

TC
x

bur:B
cep18194_C

7391
>gnl|kg|bur:B

cep18194_C
7391 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] 
[K

O
:K

03270]
B

TC
x

cbu:C
B

U
_0749

>gnl|kg|cbu:C
B

U
_0749 hydrolase, H

A
D

-superfam
ily, subfam

ily IIIA 
[E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
X

cch:C
ag_1073

>gnl|kg|cch:C
ag_1073 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

cch:C
ag_1975

>gnl|kg|cch:C
ag_1975 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

M
FR

x
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cje:C
j0647

>gnl|kg|cje:C
j0647 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x
cjr:C

JE
0750

>gnl|kg|cjr:C
JE

0750 phosphatase, Y
rbI fam

ily [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

X
cps:C

P
S

_4539
>gnl|kg|cps:C

P
S

_4539 phosphatase, Y
rbI fam

ily [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

X

cte:C
T0087

>gnl|kg|cte:C
T0087 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

M
FR

x

cvi:C
V

3328
>gnl|kg|cvi:C

V
3328 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

X

dar:D
aro_3419

>gnl|kg|dar:D
aro_3419 kdsC

; H
A

D
-superfam

ily hydrolase subfam
ily 

IIIA
:phosphatase K

dsC
 [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

dvu:D
V

U
1625

>gnl|kg|dvu:D
V

U
1625 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
X

eca:E
C

A
0292

>gnl|kg|eca:E
C

A
0292 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

ftu:FTT1027c
>gnl|kg|ftu:FTT1027c yrbI; 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x
gsu:G

S
U

1892
>gnl|kg|gsu:G

S
U

1892 phosphatase, Y
rbI fam

ily [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

X

hdu:H
D

0297
>gnl|kg|hdu:H

D
0297 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

hhe:H
H

1326
>gnl|kg|hhe:H

H
1326 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

ilo:IL0400
>gnl|kg|ilo:IL0400 predicted phosphatase, H

A
D

 superfam
ily [E

C
:3.1.3.45] 

[K
O

:K
03270]

B
TC

X

lpf:lpl0870
>gnl|kg|lpf:lpl0870 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

(K
D

O
 8-P phosphatase) [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

lpp:lpp0901
>gnl|kg|lpp:lpp0901 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

(K
D

O
 8-P phosphatase) [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

lpn:lpg0839
>gnl|kg|lpn:lpg0839 hydrolase, H

A
D

 superfam
ily, subfam

ily III A [E
C

:3.1.3.45] 
[K

O
:K

03270]
B

TC
X

m
ca:M

C
A

0745
>gnl|kg|m

ca:M
C

A
0745 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
X

nm
u:N

m
ul_A

0088
>gnl|kg|nm

u:N
m

ul_A
0088 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x
noc:N

oc_2789
>gnl|kg|noc:N

oc_2789 kdsC
; phosphatase K

dsC
 [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x
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par:P
syc_0923

>gnl|kg|par:P
syc_0923 probable phosphatase [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
X

pgi:P
G

0658
>gnl|kg|pgi:P

G
0658 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
X

pha:P
S

H
A

a2547
>gnl|kg|pha:P

S
H

A
a2547 kdsC

; 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

pm
t:P

M
T1912

>gnl|kg|pm
t:P

M
T1912 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

ppr:P
B

P
R

A
3251

>gnl|kg|ppr:P
B

P
R

A
3251 putative low

 specificity phosphatase [E
C

:3.1.3.45] 
[K

O
:K

03270]
B

TC
X

ppu:P
P

0956
>gnl|kg|ppu:P

P
0956 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
X

rba:R
B

9821
>gnl|kg|rba:R

B
9821 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

rso:R
S

c0412
>gnl|kg|rso:R

S
c0412 R

S
03380; putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x
spt:S

PA
3183

>gnl|kg|spt:S
PA

3183 yrbI; hypothetical protein [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

son:S
O

3957
>gnl|kg|son:S

O
3957 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

sty:S
TY

3495
>gnl|kg|sty:S

TY
3495 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

stt:t3233
>gnl|kg|stt:t3233 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

syc:syc1812_d
>gnl|kg|syc:syc1812_d putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

syf:S
ynpcc7942_2288

>gnl|kg|syf:S
ynpcc7942_2288 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] 
[K

O
:K

03270]
B

TC
x

tcx:Tcr_0976
>gnl|kg|tcx:Tcr_0976 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x
tbd:Tbd_0537

>gnl|kg|tbd:Tbd_0537 kdsC
; phosphatase K

dsC
 [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

vch:V
C

2524
>gnl|kg|vch:V

C
2524 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

vfi:V
F0177

>gnl|kg|vfi:V
F0177 3-deoxy-m

anno-octulosonate-8-phosphatase [E
C

:3.1.3.45] 
[K

O
:K

03270]
B

TC
x

vfi:V
F0391

>gnl|kg|vfi:V
F0391 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

[E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x
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vvu:V
V

10688
>gnl|kg|vvu:V

V
10688 low

 specificity phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

X
vvy:V

V
0452

>gnl|kg|vvy:V
V

0452 low
 specificity phosphatase [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
X

w
su:W

S
2069

>gnl|kg|w
su:W

S
2069 conserved hypothetical protein-predicted H

A
D

 supefam
ily 

proteins [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

X

xfa:X
F1412

>gnl|kg|xfa:X
F1412 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

xft:P
D

0641
>gnl|kg|xft:P

D
0641 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

ypk:y0150
>gnl|kg|ypk:y0150 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

ype:Y
P

O
3578

>gnl|kg|ype:Y
P

O
3578 putative 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

B
TC

x

yps:Y
P

TB
3522

>gnl|kg|yps:Y
P

TB
3522 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (K
D

O
 8-P phosphatase) [E

C
:3.1.3.45] [K

O
:K

03270]
B

TC
x

bce:B
C

1326
>gnl|kg|bce:B

C
1326 phosphonoacetaldehyde hydrolase [E

C
:3.11.1.1] 

[K
O

:K
05306]

B
TC

x

bfr:B
F3696

>gnl|kg|bfr:B
F3696 phosphonoacetaldehyde hydrolase [E

C
:3.11.1.1] 

[K
O

:K
05306]

B
TC

x

hch:H
C

H
_03084

>gnl|kg|hch:H
C

H
_03084 phnX

; phosphonoacetaldehyde hydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
B

TC
x

lsa:LS
A

1665
>gnl|kg|lsa:LS

A
1665 phnX

; phosphonoacetaldehyde hydrolase [E
C

:3.11.1.1] 
[K

O
:K

05306]
B

TC
x

lxx:Lxx07220
>gnl|kg|lxx:Lxx07220 phosphonoacetaldehyde hydrolase

N
S

F
X

bce:B
C

3334
>gnl|kg|bce:B

C
3334 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

bce:B
C

5408
>gnl|kg|bce:B

C
5408 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

bm
a:B

M
A

A
0223

>gnl|kg|bm
a:B

M
A

A
0223 dehII; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

bm
e:B

M
E

I1368
>gnl|kg|bm

e:B
M

E
I1368 2-haloalkanoic acid dehalogenase I [E

C
:3.8.1.2] 

[K
O

:K
01560]

M
FR

x
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bm
e:B

M
E

I1443
>gnl|kg|bm

e:B
M

E
I1443 2-haloalkanoic acid dehalogenase I [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

bpm
:B

U
R

P
S

1710b_A
0962

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
0962 dehII; haloacid dehalogenase, type II 

[E
C

:3.8.1.2] [K
O

:K
01560]

S
FA

x

bte:B
TH

_II0507
>gnl|kg|bte:B

TH
_II0507 dehII-2; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

bur:B
cep18194_B

2027
>gnl|kg|bur:B

cep18194_B
2027 haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

bur:B
cep18194_B

2556
>gnl|kg|bur:B

cep18194_B
2556 H

A
D

-superfam
ily hydrolase, subfam

ily IA
, 

variant 1 [E
C

:3.8.1.2] [K
O

:K
01560]

S
FA

x

cps:C
P

S
_3130

>gnl|kg|cps:C
P

S
_3130 dehII; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

ctc:C
TC

01925
>gnl|kg|ctc:C

TC
01925 2-haloalkanoic acid dehalogenase I [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

hm
a:rrnA

C
0241

>gnl|kg|hm
a:rrnA

C
0241 hadL; 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

ilo:IL1575
>gnl|kg|ilo:IL1575 hadL; L-2-haloalkanoic acid dehalogenase, H

A
D

 superfam
ily 

[E
C

:3.8.1.2] [K
O

:K
01560]

B
TC

x

lic:LIC
12279

>gnl|kg|lic:LIC
12279 haloacid dehalogenase-like hydrolase [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
X

lpl:lp_2835
>gnl|kg|lpl:lp_2835 2-haloacid dehalogenase (putative) [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

m
ja:M

J1437
>gnl|kg|m

ja:M
J1437 L-2-haloalkanoic acid dehalogenase isolog [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

pab:PA
B

1316
>gnl|kg|pab:PA

B
1316 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

pha:P
S

H
A

a1832
>gnl|kg|pha:P

S
H

A
a1832 cryptic haloacid dehalogenase 1 (partial) [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

pho:P
H

0459
>gnl|kg|pho:P

H
0459 putative 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

psp:P
S

P
P

H
_1747

>gnl|kg|psp:P
S

P
P

H
_1747 dehII1; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x
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psp:P
S

P
P

H
_5028

>gnl|kg|psp:P
S

P
P

H
_5028 dehII2; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

pub:S
A

R
11_0137

>gnl|kg|pub:S
A

R
11_0137 dhlB

; (S
)-2-haloacid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

rba:R
B

4567
>gnl|kg|rba:R

B
4567 chd1; cryptic haloacid dehalogenase 1 [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

sai:S
aci_0018

>gnl|kg|sai:S
aci_0018 putative 2-haloalkanoic acid dehalogenase ; K

01560 2-
haloacid dehalogenase [E

C
:3.8.1.2] [K

O
:K

01560]
N

S
F

x
sm

e:S
M

a1851
>gnl|kg|sm

e:S
M

a1851 putative dehalogenase [E
C

:3.8.1.2] [K
O

:K
01560]

S
FA

x

sil:S
P

O
A

0437
>gnl|kg|sil:S

P
O

A
0437 dehII; haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

sru:S
R

U
_1260

>gnl|kg|sru:S
R

U
_1260 dehII; haloacid dehalogenase type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

S
FA

x

ssp:S
S

P
0367

>gnl|kg|ssp:S
S

P
0367 putative 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

B
TC

x

sso:S
S

O
0726

>gnl|kg|sso:S
S

O
0726 2-haloalkanoic acid dehalogenase, putative [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

sso:S
S

O
1896

>gnl|kg|sso:S
S

O
1896 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

sso:S
S

O
2028

>gnl|kg|sso:S
S

O
2028 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

sso:S
S

O
2159

>gnl|kg|sso:S
S

O
2159 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

sto:S
T0436

>gnl|kg|sto:S
T0436 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

sto:S
T2145

>gnl|kg|sto:S
T2145 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

sto:S
T2620

>gnl|kg|sto:S
T2620 2-haloalkanoic acid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

N
S

F
x

tko:TK
0058

>gnl|kg|tko:TK
0058 hydrolase, H

A
D

 superfam
ily [E

C
:3.8.1.2] [K

O
:K

01560]
S

FA
x

pae:PA
0810

>gnl|kg|pae:PA
0810 probable haloacid dehalogenase

B
TC

x
par:P

syc_1396
>gnl|kg|par:P

syc_1396 probable haloacid dehalogenase, type II
B

TC
x
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pfo:P
fl_3802

>gnl|kg|pfo:P
fl_3802 haloacid dehalogenase, type II

S
FA

x
pst:P

S
P

TO
0247

>gnl|kg|pst:P
S

P
TO

0247 dehII; haloacid dehalogenase, type II
S

FA
x

reu:R
eut_B

5659
>gnl|kg|reu:R

eut_B
5659 haloacid dehalogenase, type II:H

A
D

-superfam
ily 

hydrolase, subfam
ily IA

, variant 2
S

FA
x

reu:R
eut_B

5662
>gnl|kg|reu:R

eut_B
5662 haloacid dehalogenase, type II:H

A
D

-superfam
ily 

hydrolase, subfam
ily IA

, variant 2
S

FA
x

rpb:R
P

B
_2963

>gnl|kg|rpb:R
P

B
_2963 haloacid dehalogenase, type II

S
FA

x
sil:S

P
O

2473
>gnl|kg|sil:S

P
O

2473 haloacid dehalogenase, type II, putative
B

TC
x

tcr:511153.50
>gnl|kg|tcr:511153.50 haloacid dehalogenase hydrolase

N
S

F
x

tcr:506779.170
>gnl|kg|tcr:506779.170 haloacid dehalogenase hydrolase

N
S

F
x

atu:A
tu3405

>gnl|kg|atu:A
tu3405 hadL; haloalkanoic acid dehalogenase

S
FA

x
atu:A

tu3408
>gnl|kg|atu:A

tu3408 hadL; 2-haloalkanoic acid dehalogenase
S

FA
x

bja:bll6827
>gnl|kg|bja:bll6827 hadL; 2-haloalkanoic acid dehalogenase

S
FA

x
bca:B

C
E

4940
>gnl|kg|bca:B

C
E

4940 L-2-haloalkanoic acid dehalogenase
N

S
F

x
bce:B

C
2730

>gnl|kg|bce:B
C

2730 2-haloalkanoic acid dehalogenase
N

S
F

x
m

lo:m
ll4579

>gnl|kg|m
lo:m

ll4579 2-haloalkanoic acid dehalogenase
S

FA
x

oih:O
B

0932
>gnl|kg|oih:O

B
0932 L-2-haloalkanoic acid dehalogenase

S
FA

x
pca:P

car_1388
>gnl|kg|pca:P

car_1388 L-2-haloalkanoic acid dehalogenase
N

S
F

x

ret:R
H

E
_P

F00350
>gnl|kg|ret:R

H
E

_P
F00350 putative 2-haloalkanoic acid dehalogenase protein

S
FA

x
sav:S

AV
0611

>gnl|kg|sav:S
AV

0611 L-2-haloalkanoic acid dehalogenase
S

FA
x

sm
a:S

AV
737

>gnl|kg|sm
a:S

AV
737 putative 2-haloalkanoic acid dehalogenase

B
TC

x

sco:S
C

O
0404

>gnl|kg|sco:S
C

O
0404 S

C
F51.03; putative 2-haloalkanoic acid dehalogenase

S
FA

x
sep:S

E
0385

>gnl|kg|sep:S
E

0385 L-2-haloalkanoic acid dehalogenase
S

FA
x

sto:S
T1836

>gnl|kg|sto:S
T1836 hypothetical 2-haloalkanoic acid dehalogenase

N
S

F
x

ana:alr3528
>gnl|kg|ana:alr3528 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
x

ava:Ava_3074
>gnl|kg|ava:Ava_3074 H

A
D

-superfam
ily hydrolase subfam

ily IA
, variant 3 

[E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x

ava:Ava_4630
>gnl|kg|ava:Ava_4630 H

A
D

-superfam
ily hydrolase subfam

ily IA
, variant 3 

[E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x
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bha:B
H

3864
>gnl|kg|bha:B

H
3864 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

B
TC

x

cps:C
P

S
_0979

>gnl|kg|cps:C
P

S
_0979 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
x

cvi:C
V

1394
>gnl|kg|cvi:C

V
1394 probable beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
S

FA
x

cvi:C
V

1397
>gnl|kg|cvi:C

V
1397 probable beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
S

FA
X

efa:E
F3158

>gnl|kg|efa:E
F3158 hydrolase, haloacid dehalogenase-like fam

ily [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
X

gsu:G
S

U
1839

>gnl|kg|gsu:G
S

U
1839 hydrolase, haloacid dehalogenase-like fam

ily 
[E

C
:5.4.2.6] [K

O
:K

01838]
S

FA
X

gvi:glr3176
>gnl|kg|gvi:glr3176 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
x

lac:LB
A

1869
>gnl|kg|lac:LB

A
1869 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
x

ljo:LJ0214
>gnl|kg|ljo:LJ0214 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

B
TC

x
lpf:lpl1096

>gnl|kg|lpf:lpl1096 beta-phosphoglucom
utase [E

C
:5.4.2.6] [K

O
:K

01838]
S

FA
x

lpp:lpp1093
>gnl|kg|lpp:lpp1093 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x
lpn:lpg1092

>gnl|kg|lpn:lpg1092 beta-phosphoglucom
utase [E

C
:5.4.2.6] [K

O
:K

01838]
S

FA
x

m
ac:M

A
0451

>gnl|kg|m
ac:M

A
0451 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x

m
ba:M

bar_A
0742

>gnl|kg|m
ba:M

bar_A
0742 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x

m
ga:M

G
A

_1263
>gnl|kg|m

ga:M
G

A
_1263 beta-pgm

; beta-phosphoglucom
utase (beta-P

G
M

) 
[E

C
:5.4.2.6] [K

O
:K

01838]
B

TC
x

m
m

a:M
M

0696
>gnl|kg|m

m
a:M

M
0696 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x

m
m

a:M
M

1635
>gnl|kg|m

m
a:M

M
1635 beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x

m
m

o:M
M

O
B

3960
>gnl|kg|m

m
o:M

M
O

B
3960 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
x

m
sy:M

S
53_0106

>gnl|kg|m
sy:M

S
53_0106 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
x
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sai:S
aci_0094

>gnl|kg|sai:S
aci_0094 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
S

FA
x

spa:M
6_S

py0549
>gnl|kg|spa:M

6_S
py0549 beta-phosphoglucom

utase [E
C

:5.4.2.6 2.7.1.41] 
[K

O
:K

05344 K
01838]

S
FA

x

tel:tll0697
>gnl|kg|tel:tll0697 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] [K
O

:K
01838]

S
FA

x

tm
a:TM

1254
>gnl|kg|tm

a:TM
1254 beta-phosphoglucom

utase, putative [E
C

:5.4.2.6] 
[K

O
:K

01838]
B

TC
x

bfr:B
F3814

>gnl|kg|bfr:B
F3814 putative beta-phosphoglucom

utase
S

FA
x

bth:B
T2127

>gnl|kg|bth:B
T2127 putative beta-phosphoglucom

utase
S

FA
x

cac:C
A

C
0153

>gnl|kg|cac:C
A

C
0153 beta-phosphoglucom

utase, putative
B

TC
x

cef:C
E

1089
>gnl|kg|cef:C

E
1089 putative beta-phosphoglucom

utase
B

TC
x

m
ba:M

bar_A
0192

>gnl|kg|m
ba:M

bar_A
0192 beta-phosphoglucom

utase
S

FA
x

stc:str0379
>gnl|kg|stc:str0379 beta-phosphoglucom

utase, putative
S

FA
x

tfu:Tfu_3043
>gnl|kg|tfu:Tfu_3043 H

A
D

-superfam
ily hydrolase subfam

ily IA
, variant 3:beta-

phosphoglucom
utase hydrolase

B
TC

x
vvu:V

V
12198

>gnl|kg|vvu:V
V

12198 beta-phosphoglucom
utase

S
FA

x
ava:Ava_1982

>gnl|kg|ava:Ava_1982 terpene synthase, m
etal-binding [E

C
:4.2.3.7]

N
S

F
x

bce:B
C

1837
>gnl|kg|bce:B

C
1837 m

ethylm
alonyl C

oA epim
erase [E

C
:5.1.99.1] [K

O
:K

05606]
B

TC
x

pac:P
PA

1104
>gnl|kg|pac:P

PA
1104 m

ethylm
alonyl C

oA epim
erase [E

C
:5.1.99.1] [K

O
:K

05606]
B

TC
x

sil:S
P

O
0932

>gnl|kg|sil:S
P

O
0932 m

ethylm
alonyl-C

oA epim
erase [E

C
:5.1.99.1] [K

O
:K

05606]
B

TC
x

cdi:D
IP

1057
>gnl|kg|cdi:D

IP
1057 putative m

ethylm
alonyl-C

oA epim
erase

B
TC

x

gsu:G
S

U
3303

>gnl|kg|gsu:G
S

U
3303 m

ethylm
alonyl-C

oA epim
erase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

tko:TK
0330

>gnl|kg|tko:TK
0330 m

ethylm
alonyl-C

oA epim
erase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

ttj:TTH
A

0392
>gnl|kg|ttj:TTH

A
0392 probable m

ethylm
alonyl-C

oA epim
erase

B
TC

x
tth:TTC

0024
>gnl|kg|tth:TTC

0024 coa; probable m
ethylm

alonyl-coA epim
erase

B
TC

x
ddi:D

D
B

0231097
>gnl|kg|ddi:D

D
B

0231097 m
ethylm

alonyl coenzym
e A racem

ase
B

TC
x
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ana:all0771
>gnl|kg|ana:all0771 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

B
TC

x

ava:Ava_4666
>gnl|kg|ava:Ava_4666 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

B
TC

x

cal:orf19.5499
>gnl|kg|cal:orf19.5499 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

B
TC

x
cya:C

YA
_0478

>gnl|kg|cya:C
YA

_0478 putative 4-hydroxyphenylpyruvate dioxygenase
B

TC
x

cyb:C
Y

B
_0246

>gnl|kg|cyb:C
Y

B
_0246 4-hydroxyphenylpyruvate dioxygenase, putative

B
TC

x

fra:Francci3_2454
>gnl|kg|fra:Francci3_2454 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
B

TC
x

gox:G
O

X
0471

>gnl|kg|gox:G
O

X
0471 putative 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

N
S

S
X

gvi:glr3091
>gnl|kg|gvi:glr3091 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

B
TC

X

pto:P
TO

1369
>gnl|kg|pto:P

TO
1369 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

B
TC

x

sm
a:S

AV
1776

>gnl|kg|sm
a:S

AV
1776 putative 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

B
TC

x

sm
e:S

M
b20581

>gnl|kg|sm
e:S

M
b20581 putative 4-hydroxyphenylpyruvate dioxygenase protein 

[E
C

:1.13.11.27] [K
O

:K
00457]

B
TC

x

syn:slr0090
>gnl|kg|syn:slr0090 ppd; 4-hydroxyphenylpyruvate dioxygenase [E

C
:1.13.11.27] 

[K
O

:K
00457]

B
TC

x

sco:S
C

O
3229

>gnl|kg|sco:S
C

O
3229 S

C
E

63.04; putative 4-hydroxyphenylpyruvic acid 
dioxygenase

B
TC

x

dm
e:C

G
11796-P

B
>gnl|kg|dm

e:C
G

11796-P
B

 C
G

11796; C
G

11796 gene product from
 transcript 

C
G

11796-R
B

 [E
C

:1.13.11.27] [K
O

:K
00457]

B
TC

x

xla:398893
>gnl|kg|xla:398893 M

G
C

68535; hypothetical protein M
G

C
68535 

[E
C

:1.13.11.27] [K
O

:K
00457]

B
TC

x

bca:B
C

E
2765

>gnl|kg|bca:B
C

E
2765 fosfom

ycin resistance protein (glutathione transferase) 
B

H
1778 [im

ported] [E
C

:2.5.1.18] [K
O

:K
00799]

S
FA

x

cch:C
ag_1454

>gnl|kg|cch:C
ag_1454 glutathione S

-transferase, fosfom
ycin resistance protein, 

putative
S

FA
x
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cte:C
T0249

>gnl|kg|cte:C
T0249 glutathione S

-transferase, fosfom
ycin resistance protein, 

putative
S

FA
x

plt:P
lut_1771

>gnl|kg|plt:P
lut_1771 glutathione S

-transferase, fosfom
ycin resistance protein, 

putative
S

FA
x

ago:A
D

R
285W

>gnl|kg|ago:A
D

R
285W

 A
D

R
285W

p; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
N

S
F

x

atc:A
G

R
_C

_3314
>gnl|kg|atc:A

G
R

_C
_3314 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

atc:A
G

R
_C

_4460
>gnl|kg|atc:A

G
R

_C
_4460 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

atu:A
tu1802

>gnl|kg|atu:A
tu1802 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

atu:A
tu2456

>gnl|kg|atu:A
tu2456 lguL; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

eba:ebA
3749

>gnl|kg|eba:ebA
3749 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

x

bm
b:B

ruA
b1_0056

>gnl|kg|bm
b:B

ruA
b1_0056 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X

bm
b:B

ruA
b1_1270

>gnl|kg|bm
b:B

ruA
b1_1270 gloA

; G
loA

, lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

bm
b:B

ruA
b2_0029

>gnl|kg|bm
b:B

ruA
b2_0029 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

baa:B
A

_2606
>gnl|kg|baa:B

A
_2606 glyoxalase/B

leom
ycin resistance protein/D

ioxygenase 
superfam

ily [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

baa:B
A

_3519
>gnl|kg|baa:B

A
_3519 glyoxalase/bleom

ycin resistance protein/dioxygenase 
superfam

ily [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

baa:B
A

_3720
>gnl|kg|baa:B

A
_3720 glyoxalase/bleom

ycin resistance protein/dioxygenase 
superfam

ily [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X

baa:B
A

_3898
>gnl|kg|baa:B

A
_3898 glyoxalase/bleom

ycin resistance protein/dioxygenase 
superfam

ily [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
bar:G

B
A

A
0607

>gnl|kg|bar:G
B

A
A

0607 glyoxylase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bar:G
B

A
A

2111
>gnl|kg|bar:G

B
A

A
2111 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
bar:G

B
A

A
3011

>gnl|kg|bar:G
B

A
A

3011 glyoxalase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X
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bar:G
B

A
A

3208
>gnl|kg|bar:G

B
A

A
3208 glyoxylase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X
ban:B

A
0607

>gnl|kg|ban:B
A

0607 glyoxylase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

ban:B
A

2111
>gnl|kg|ban:B

A
2111 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
ban:B

A
3011

>gnl|kg|ban:B
A

3011 glyoxalase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X
ban:B

A
3208

>gnl|kg|ban:B
A

3208 glyoxylase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
X

ban:B
A

3399
>gnl|kg|ban:B

A
3399 glyoxylase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
bat:B

A
S

0574
>gnl|kg|bat:B

A
S

0574 glyoxylase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bat:B
A

S
1963

>gnl|kg|bat:B
A

S
1963 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

bat:B
A

S
2799

>gnl|kg|bat:B
A

S
2799 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
bat:B

A
S

2983
>gnl|kg|bat:B

A
S

2983 glyoxylase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
X

bat:B
A

S
3152

>gnl|kg|bat:B
A

S
3152 glyoxylase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

bba:B
d0456

>gnl|kg|bba:B
d0456 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

bca:B
C

E
0675

>gnl|kg|bca:B
C

E
0675 glyoxylase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
bca:B

C
E

2192
>gnl|kg|bca:B

C
E

2192 glyoxalase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X
bca:B

C
E

3047
>gnl|kg|bca:B

C
E

3047 glyoxalase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bca:B
C

E
3232

>gnl|kg|bca:B
C

E
3232 glyoxylase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X
bce:B

C
0609

>gnl|kg|bce:B
C

0609 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
bce:B

C
2105

>gnl|kg|bce:B
C

2105 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

bce:B
C

2954
>gnl|kg|bce:B

C
2954 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bce:B
C

2993
>gnl|kg|bce:B

C
2993 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bce:B
C

3178
>gnl|kg|bce:B

C
3178 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

bce:B
C

3178
>gnl|kg|bce:B

C
3178 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

bce:B
C

5220
>gnl|kg|bce:B

C
5220 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X

bcz:B
C

ZK
0518

>gnl|kg|bcz:B
C

ZK
0518 gloA

; lactoylglutathione lyase (glyoxylase I) [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
X

bcz:B
C

ZK
0704

>gnl|kg|bcz:B
C

ZK
0704 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X
bcz:B

C
ZK

1730
>gnl|kg|bcz:B

C
ZK

1730 glyoxalase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bcz:B
C

ZK
1918

>gnl|kg|bcz:B
C

ZK
1918 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X
bcz:B

C
ZK

2730
>gnl|kg|bcz:B

C
ZK

2730 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

bcz:B
C

ZK
2900

>gnl|kg|bcz:B
C

ZK
2900 lactoylglutathione lyase, glyoxalase fam

ily protein 
[E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X
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bcz:B
C

ZK
2910

>gnl|kg|bcz:B
C

ZK
2910 gloA

; lactoylglutathione lyase, glyoxylase fam
ily protein 

[E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X
bcz:B

C
ZK

2991
>gnl|kg|bcz:B

C
ZK

2991 glyoxalase fam
ily protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bcz:B
C

ZK
3046

>gnl|kg|bcz:B
C

ZK
3046 possible glyoxylase fam

ily protein (lactoylglutathione 
lyase) [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bcz:B
C

ZK
3242

>gnl|kg|bcz:B
C

ZK
3242 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

bcz:B
C

ZK
3343

>gnl|kg|bcz:B
C

ZK
3343 glyoxalase/bleom

ycin resistance protein [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
X

bcz:B
C

ZK
3346

>gnl|kg|bcz:B
C

ZK
3346 glyoxalase/bleom

ycin resistance protein [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
X

bcz:B
C

ZK
4912

>gnl|kg|bcz:B
C

ZK
4912 glxI; lactoylglutathione lyase (glyoxalase I) [E

C
:4.4.1.5] 

[K
O

:K
01759]

N
S

F
X

bcl:A
B

C
0834

>gnl|kg|bcl:A
B

C
0834 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bcl:A
B

C
1752

>gnl|kg|bcl:A
B

C
1752 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

bfs:B
F1382

>gnl|kg|bfs:B
F1382 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

bfs:B
F2471

>gnl|kg|bfs:B
F2471 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
bfs:B

F3127
>gnl|kg|bfs:B

F3127 hypothetical protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x
bfr:B

F1450
>gnl|kg|bfr:B

F1450 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
bfr:B

F2387
>gnl|kg|bfr:B

F2387 hypothetical protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

bfr:B
F3288

>gnl|kg|bfr:B
F3288 lactoylglutathione lyase and related protein [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

X

bja:bll4399
>gnl|kg|bja:bll4399 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

bja:blr7489
>gnl|kg|bja:blr7489 lguL; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

bld:B
Li01307

>gnl|kg|bld:B
Li01307 yyaH

; sim
ilar to proteins; R

B
L00537 [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

X

bli:B
L01952

>gnl|kg|bli:B
L01952 yyaH

; glyoxalase/bleom
ycin resistance protein/dioxygenase 

dom
ain [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

bm
f:B

A
B

1_0053
>gnl|kg|bm

f:B
A

B
1_0053 glyoxalase/bleom

ycin resistance protein/dioxygenase 
dom

ain:glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X
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bm
f:B

A
B

1_0838
>gnl|kg|bm

f:B
A

B
1_0838 glyoxalase/bleom

ycin resistance protein/dioxygenase 
dom

ain [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

bm
f:B

A
B

1_1286
>gnl|kg|bm

f:B
A

B
1_1286 gloA

; glyoxalase/bleom
ycin resistance 

protein/dioxygenase dom
ain:glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
X

bm
e:B

M
E

I0164
>gnl|kg|bm

e:B
M

E
I0164 probable lactoylglutathione lyase [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

x
bm

e:B
M

E
I0730

>gnl|kg|bm
e:B

M
E

I0730 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
bm

e:B
M

E
I1142

>gnl|kg|bm
e:B

M
E

I1142 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x
bm

e:B
M

E
I1888

>gnl|kg|bm
e:B

M
E

I1888 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
bm

e:B
M

E
II0064

>gnl|kg|bm
e:B

M
E

II0064 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x
bm

e:B
M

E
II0415

>gnl|kg|bm
e:B

M
E

II0415 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

bm
s:B

R
0056

>gnl|kg|bm
s:B

R
0056 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X

bm
s:B

R
1268

>gnl|kg|bm
s:B

R
1268 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
bth:B

T1580
>gnl|kg|bth:B

T1580 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

bth:B
T1685

>gnl|kg|bth:B
T1685 lactoylglutathione lyase and related protein [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

X

btk:B
T9727_0518

>gnl|kg|btk:B
T9727_0518 gloA

; lactoylglutathione lyase (glyoxylase I) 
[E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

btk:B
T9727_0717

>gnl|kg|btk:B
T9727_0717 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X

btk:B
T9727_1752

>gnl|kg|btk:B
T9727_1752 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

btk:B
T9727_1942

>gnl|kg|btk:B
T9727_1942 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

X

btk:B
T9727_2750

>gnl|kg|btk:B
T9727_2750 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

btk:B
T9727_2965

>gnl|kg|btk:B
T9727_2965 lactoylglutathione lyase, glyoxalase fam

ily protein 
[E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

btk:B
T9727_2976

>gnl|kg|btk:B
T9727_2976 gloA

; lactoylglutathione lyase, glyoxylase fam
ily 

protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X
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btk:B
T9727_3080

>gnl|kg|btk:B
T9727_3080 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

btk:B
T9727_3138

>gnl|kg|btk:B
T9727_3138 possible glyoxylase fam

ily protein (lactoylglutathione 
lyase) [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

btk:B
T9727_3395

>gnl|kg|btk:B
T9727_3395 glyoxalase/bleom

ycin resistance protein [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
X

btk:B
T9727_4899

>gnl|kg|btk:B
T9727_4899 glxI; lactoylglutathione lyase (glyoxalase I) 

[E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

ccr:C
C

1315
>gnl|kg|ccr:C

C
1315 lactoylglutathione lyase, putative [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

cgl:N
C

gl0903
>gnl|kg|cgl:N

C
gl0903 C

gl0940; predicted lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
x

cm
e:C

M
D

108C
>gnl|kg|cm

e:C
M

D
108C

 probable lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

cne:C
N

I03610
>gnl|kg|cne:C

N
I03610 lactoylglutathione lyase, putative [E

C
:4.4.1.5] 

[K
O

:K
01759]

B
TC

x

cpe:C
P

E
0447

>gnl|kg|cpe:C
P

E
0447 lguL; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

cps:C
P

S
_1846

>gnl|kg|cps:C
P

S
_1846 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

cps:C
P

S
_2191

>gnl|kg|cps:C
P

S
_2191 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
dar:D

aro_0300
>gnl|kg|dar:D

aro_0300 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x
ddi:D

D
B

0230987
>gnl|kg|ddi:D

D
B

0230987 gloA
; glyoxylase I [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

eca:E
C

A
2168

>gnl|kg|eca:E
C

A
2168 conserved hypothetical protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

efa:E
F1140

>gnl|kg|efa:E
F1140 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
fnu:FN

0356
>gnl|kg|fnu:FN

0356 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
fnu:FN

1050
>gnl|kg|fnu:FN

1050 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

ftu:FTT1212c
>gnl|kg|ftu:FTT1212c gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
gka:G

K
1362

>gnl|kg|gka:G
K

1362 hypothetical protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X
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gka:G
K

2350
>gnl|kg|gka:G

K
2350 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

gox:G
O

X
1824

>gnl|kg|gox:G
O

X
1824 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

gvi:gll3561
>gnl|kg|gvi:gll3561 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

hch:H
C

H
_01189

>gnl|kg|hch:H
C

H
_01189 gloA

1; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
x

hdu:H
D

0610
>gnl|kg|hdu:H

D
0610 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

hm
a:rrnA

C
1409

>gnl|kg|hm
a:rrnA

C
1409 gloA

1; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

hm
a:rrnA

C
1966

>gnl|kg|hm
a:rrnA

C
1966 gloA

3; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

hm
a:rrnA

C
2504

>gnl|kg|hm
a:rrnA

C
2504 lgl; putative lactoyglutathione lyase [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

x
ilo:IL1434

>gnl|kg|ilo:IL1434 gloA
; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

lin:lin0429
>gnl|kg|lin:lin0429 sim

ilar to B
. subtilis Y

yaH
 protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

lin:lin2271
>gnl|kg|lin:lin2271 sim

ilar to glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

X

lic:LIC
12328

>gnl|kg|lic:LIC
12328 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

lil:LA
1417

>gnl|kg|lil:LA
1417 gloA

; lactoylglutathione lyase, putative [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
x

lm
a:Lm

jF35.3010
>gnl|kg|lm

a:Lm
jF35.3010 glyoxalase i [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

lm
f:LM

O
f2365_0426

>gnl|kg|lm
f:LM

O
f2365_0426 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

lm
f:LM

O
f2365_2200

>gnl|kg|lm
f:LM

O
f2365_2200 lactoylglutathione lyase, putative [E

C
:4.4.1.5] 

[K
O

:K
01759]

B
TC

x

lm
o:lm

o0406
>gnl|kg|lm

o:lm
o0406 sim

ilar to B
. subtilis Y

yaH
 protein [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

X
lm

o:lm
o2168

>gnl|kg|lm
o:lm

o2168 sim
ilar to glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
X

lpf:lpl1843
>gnl|kg|lpf:lpl1843 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

lpp:lpp1846
>gnl|kg|lpp:lpp1846 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x
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lpn:lpg1882
>gnl|kg|lpn:lpg1882 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

m
ca:M

C
A

1648
>gnl|kg|m

ca:M
C

A
1648 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
m

lo:m
ll0167

>gnl|kg|m
lo:m

ll0167 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
m

m
a:M

M
3029

>gnl|kg|m
m

a:M
M

3029 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x

m
su:M

S
0597

>gnl|kg|m
su:M

S
0597 gloA

; lactoylglutathione lyase and related lyases 
[E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

m
su:M

S
0611

>gnl|kg|m
su:M

S
0611 gloA

; lactoylglutathione lyase and related lyases 
[E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

m
th:M

TH
758

>gnl|kg|m
th:M

TH
758 S

-D
-lactoylglutathione m

ethylglyoxal lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
X

oih:O
B

1861
>gnl|kg|oih:O

B
1861 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

pab:PA
B

2438
>gnl|kg|pab:PA

B
2438 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

pae:PA
0710

>gnl|kg|pae:PA
0710 gloA

2; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

par:P
syc_0218

>gnl|kg|par:P
syc_0218 gloA

; probable lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

pfa:M
A

L6P
1.50

>gnl|kg|pfa:M
A

L6P
1.50 glyoxalase I, putative [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

x
pfu:P

F1948
>gnl|kg|pfu:P

F1948 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x

pgi:P
G

0745
>gnl|kg|pgi:P

G
0745 lactoylglutathione lyase, putative [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

pgi:P
G

1613
>gnl|kg|pgi:P

G
1613 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

X

pha:P
S

H
A

a1091
>gnl|kg|pha:P

S
H

A
a1091 gloA

; glyoxalase I, nickel isom
erase (lactoylglutathione 

lyase) [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

pm
m

:P
M

M
0653

>gnl|kg|pm
m

:P
M

M
0653 gloA

; glyoxalase/bleom
ycin resistance 

protein/dioxygenase superfam
i... [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
X

pm
i:P

M
T9312_0652

>gnl|kg|pm
i:P

M
T9312_0652 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

pm
t:P

M
T2084

>gnl|kg|pm
t:P

M
T2084 gloA

; glyoxalase/bleom
ycin resistance 

protein/dioxygenase superfam
ily [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
X

ppr:P
B

P
R

B
0895

>gnl|kg|ppr:P
B

P
R

B
0895 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x
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pub:S
A

R
11_0652

>gnl|kg|pub:S
A

R
11_0652 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

ret:R
H

E
_C

H
01884

>gnl|kg|ret:R
H

E
_C

H
01884 gloA

; lactoylglutathione lyase m
ethylglyoxalase 

protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

rpa:R
PA

2523
>gnl|kg|rpa:R

PA
2523 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

rso:R
S

c0520
>gnl|kg|rso:R

S
c0520 gloA

, R
S

04961; probable lactoylglutathione lyase 
(m

ethylglyoxalase) protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

rsp:R
S

P
_0812

>gnl|kg|rsp:R
S

P
_0812 glyoxalase I (lactoylglutathione lyase) [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

x

rsp:R
S

P
_3237

>gnl|kg|rsp:R
S

P
_3237 lguL; lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

sai:S
aci_0923

>gnl|kg|sai:S
aci_0923 hypothetical protein [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

sak:S
A

K
_1508

>gnl|kg|sak:S
A

K
_1508 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
san:gbs1544

>gnl|kg|san:gbs1544 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

sag:S
A

G
1478

>gnl|kg|sag:S
A

G
1478 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

sab:S
A

B
0287

>gnl|kg|sab:S
A

B
0287 probable glyoxylase fam

ily protein [E
C

:4.4.1.5] 
[K

O
:K

01759]
S

FA
X

saa:S
A

U
S

A
300_1088

>gnl|kg|saa:S
A

U
S

A
300_1088 glyoxalase fam

ily protein [E
C

:4.4.1.5]
N

S
F

X
saa:S

A
U

S
A

300_1458
>gnl|kg|saa:S

A
U

S
A

300_1458 glyoxalase fam
ily protein [E

C
:4.4.1.5]

N
S

F
X

sm
a:S

AV
5402

>gnl|kg|sm
a:S

AV
5402 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x

sm
e:S

M
c00290

>gnl|kg|sm
e:S

M
c00290 gloA

; probable lactoylglutathione lyase 
m

ethylglyoxalase protein [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

sm
u:S

M
U

.1603
>gnl|kg|sm

u:S
M

U
.1603 lguL; putative lactoylglutathione lyase [E

C
:4.4.1.5] 

[K
O

:K
01759]

B
TC

x

son:S
O

2044
>gnl|kg|son:S

O
2044 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
spn:S

P
0962

>gnl|kg|spn:S
P

0962 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
spr:spr0864

>gnl|kg|spr:spr0864 lguL; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x
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sil:S
P

O
0917

>gnl|kg|sil:S
P

O
0917 glyoxalase fam

ily protein [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

sil:S
P

O
1270

>gnl|kg|sil:S
P

O
1270 lactoylglutathione lyase, putative [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

spm
:spyM

18_0569
>gnl|kg|spm

:spyM
18_0569 putative lactoylglutathione lyase [E

C
:4.4.1.5] 

[K
O

:K
01759]

B
TC

x

spg:S
pyM

3_0359
>gnl|kg|spg:S

pyM
3_0359 gloA

; putative lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

spa:M
6_S

py0448
>gnl|kg|spa:M

6_S
py0448 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

spa:M
6_S

py0872
>gnl|kg|spa:M

6_S
py0872 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

spz:M
5005_S

py_0421
>gnl|kg|spz:M

5005_S
py_0421 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

spz:M
5005_S

py_0876
>gnl|kg|spz:M

5005_S
py_0876 lactoylglutathione lyase [E

C
:4.4.1.5] 

[K
O

:K
01759]

S
FA

x

spb:M
28_S

py0409
>gnl|kg|spb:M

28_S
py0409 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

spb:M
28_S

py0850
>gnl|kg|spb:M

28_S
py0850 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

spy:S
P

y0511
>gnl|kg|spy:S

P
y0511 gloA

; putative lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

sps:S
P

s1494
>gnl|kg|sps:S

P
s1494 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

sso:S
S

O
2426

>gnl|kg|sso:S
S

O
2426 lactoylglutathione lyase (glyoxalase I), putative 

[E
C

:4.4.1.5] [K
O

:K
01759]

S
FA

x

sth:S
TH

1188
>gnl|kg|sth:S

TH
1188 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x

stc:str1532
>gnl|kg|stc:str1532 gloA

; glyoxalase I/lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

stl:stu1532
>gnl|kg|stl:stu1532 gloA

; glyoxalase I/lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
B

TC
x

sto:S
T0554

>gnl|kg|sto:S
T0554 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
x
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syd:S
yncc9605_2475

>gnl|kg|syd:S
yncc9605_2475 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

sye:S
yncc9902_2160

>gnl|kg|sye:S
yncc9902_2160 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

tcx:Tcr_1536
>gnl|kg|tcx:Tcr_1536 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

tcr:510743.70
>gnl|kg|tcr:510743.70 lactoylglutathione lyase-like protein [E

C
:4.4.1.5] 

[K
O

:K
01759]

B
TC

X

tcr:510659.240
>gnl|kg|tcr:510659.240 lactoylglutathione lyase-like protein [E

C
:4.4.1.5] 

[K
O

:K
01759]

B
TC

X
tbd:Tbd_2343

>gnl|kg|tbd:Tbd_2343 lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

B
TC

x

tte:TTE
2386

>gnl|kg|tte:TTE
2386 gloA

3; lactoylglutathione lyase and related lyases 
[E

C
:4.4.1.5] [K

O
:K

01759]
S

FA
X

vfi:V
F1212

>gnl|kg|vfi:V
F1212 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

vfi:V
FA

0640
>gnl|kg|vfi:V

FA
0640 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
N

S
F

x

vpa:V
P

2166
>gnl|kg|vpa:V

P
2166 putative lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

vvu:V
V

12016
>gnl|kg|vvu:V

V
12016 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

vvy:V
V

0155
>gnl|kg|vvy:V

V
0155 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

vvy:V
V

2400
>gnl|kg|vvy:V

V
2400 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
B

TC
x

zm
o:ZM

O
0030

>gnl|kg|zm
o:ZM

O
0030 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
x

zm
o:ZM

O
0761

>gnl|kg|zm
o:ZM

O
0761 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
x

zm
o:ZM

O
1721

>gnl|kg|zm
o:ZM

O
1721 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] [K
O

:K
01759]

N
S

F
X

ath:A
t1g11840_1

>gnl|kg|ath:A
t1g11840_1 F12F1.32; lactoylglutathione lyase, putative / 

glyoxalase I, putative
B

TC
x

ctc:C
TC

02185
>gnl|kg|ctc:C

TC
02185 glyoxalase I

S
FA

x
xcv:X

C
V

0259
>gnl|kg|xcv:X

C
V

0259 putative glyoxalase I
N

S
F

X
aci:A

C
IA

D
1805

>gnl|kg|aci:A
C

IA
D

1805 putative glyoxalase (dioxygenase dom
ain)

N
S

F
X

bm
b:B

ruA
b2_0742

>gnl|kg|bm
b:B

ruA
b2_0742 hypothetical glyoxalase

S
FA

x
atc:A

G
R

_C
_4259

>gnl|kg|atc:A
G

R
_C

_4259 probable lactoylglutathione lyase
S

FA
x

atu:A
tu2344

>gnl|kg|atu:A
tu2344 lactoylglutathione lyase

S
FA

x
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atu:A
tu3579

>gnl|kg|atu:A
tu3579 gloA

; lactoylglutathione lyase
S

FA
x

bba:B
d2520

>gnl|kg|bba:B
d2520 putative lactoylglutathione lyase

N
S

F
X

bce:B
C

0824
>gnl|kg|bce:B

C
0824 lactoylglutathione lyase

S
FA

X
bce:B

C
3154

>gnl|kg|bce:B
C

3154 lactoylglutathione lyase
S

FA
x

bfr:B
F0823

>gnl|kg|bfr:B
F0823 putative lactoylglutathione lyase

S
FA

x
cac:C

A
C

2192
>gnl|kg|cac:C

A
C

2192 lactoylglutathione lyase, Y
Q

JC
 B

.subtilis ortholog
S

FA
X

ccr:C
C

1933
>gnl|kg|ccr:C

C
1933 lactoylglutathione lyase, putative

S
FA

x
cgb:cg1073

>gnl|kg|cgb:cg1073 predicted lactoylglutathione lyase
S

FA
x

cgl:N
C

gl1170
>gnl|kg|cgl:N

C
gl1170 C

gl1217; lactoylglutathione lyase
S

FA
x

cm
e:C

M
P

124C
>gnl|kg|cm

e:C
M

P
124C

 probable lactoylglutathione lyase
N

S
F

x
dra:D

R
2208

>gnl|kg|dra:D
R

2208 lactoylglutathione lyase, putative
S

FA
X

eli:E
LI_01235

>gnl|kg|eli:E
LI_01235 lactoylglutathione lyase, putative

B
TC

x
eli:E

LI_04895
>gnl|kg|eli:E

LI_04895 lactoylglutathione lyase, putative
S

FA
x

fnu:FN
0974

>gnl|kg|fnu:FN
0974 lactoylglutathione lyase

S
FA

x
hch:H

C
H

_01571
>gnl|kg|hch:H

C
H

_01571 lactoylglutathione lyase
S

FA
x

hch:H
C

H
_01678

>gnl|kg|hch:H
C

H
_01678 lactoylglutathione lyase

S
FA

x
hch:H

C
H

_02021
>gnl|kg|hch:H

C
H

_02021 lactoylglutathione lyase
N

S
F

X
hch:H

C
H

_03828
>gnl|kg|hch:H

C
H

_03828 lactoylglutathione lyase
N

S
F

X
hch:H

C
H

_04255
>gnl|kg|hch:H

C
H

_04255 lactoylglutathione lyase
S

FA
x

hch:H
C

H
_04652

>gnl|kg|hch:H
C

H
_04652 lactoylglutathione lyase

N
S

F
x

hch:H
C

H
_04873

>gnl|kg|hch:H
C

H
_04873 lactoylglutathione lyase

N
S

F
x

hch:H
C

H
_05824

>gnl|kg|hch:H
C

H
_05824 lactoylglutathione lyase

S
FA

X
hch:H

C
H

_06495
>gnl|kg|hch:H

C
H

_06495 lactoylglutathione lyase
N

S
F

X
hch:H

C
H

_06732
>gnl|kg|hch:H

C
H

_06732 lactoylglutathione lyase
N

S
F

x
m

lo:m
ll2252

>gnl|kg|m
lo:m

ll2252 probable lactoylglutathione lyase
N

S
F

x
m

lo:m
lr4624

>gnl|kg|m
lo:m

lr4624 lactoylglutathione lyase
S

FA
x

pca:P
car_0506

>gnl|kg|pca:P
car_0506 lactoylglutathione lyase

B
TC

x
pca:P

car_1477
>gnl|kg|pca:P

car_1477 lactoylglutathione lyase
B

TC
x

pca:P
car_3047

>gnl|kg|pca:P
car_3047 lactoylglutathione lyase

S
FA

x
plt:P

lut_1289
>gnl|kg|plt:P

lut_1289 lactoylglutathione lyase
S

FA
x

ppr:P
B

P
R

A
1446

>gnl|kg|ppr:P
B

P
R

A
1446 putative lactoylglutathione lyase

N
S

F
x

ret:R
H

E
_C

H
00362

>gnl|kg|ret:R
H

E
_C

H
00362 probable lactoylglutathione lyase protein

S
FA

x

              559



         Table K
-3. K

E
G

G
 D

ata (C
hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

ret:R
H

E
_C

H
00791

>gnl|kg|ret:R
H

E
_C

H
00791 putative lactoylglutathione lyase protein

N
S

F
X

ret:R
H

E
_C

H
01266

>gnl|kg|ret:R
H

E
_C

H
01266 probable lactoylglutathione lyase protein

N
S

F
X

ret:R
H

E
_C

H
01621

>gnl|kg|ret:R
H

E
_C

H
01621 putative lactoylglutathione lyase protein

S
FA

x
ret:R

H
E

_C
H

02623
>gnl|kg|ret:R

H
E

_C
H

02623 probable lactoylglutathione lyase protein
S

FA
X

ret:R
H

E
_C

H
03999

>gnl|kg|ret:R
H

E
_C

H
03999 probable lactoylglutathione lyase protein

N
S

F
X

rpa:R
PA

2469
>gnl|kg|rpa:R

PA
2469 putative lactoylglutathione lyase

S
FA

x
rsp:R

S
P

_0392
>gnl|kg|rsp:R

S
P

_0392 probable lactoylglutathione lyase
B

TC
x

sec:S
C

0235
>gnl|kg|sec:S

C
0235 yaeR

; putative lactoylglutathione lyase
S

FA
X

sec:S
C

3057
>gnl|kg|sec:S

C
3057 agl; putative lactoylglutathione lyase

S
FA

x
ssp:S

S
P

1892
>gnl|kg|ssp:S

S
P

1892 putative lactoylglutathione lyase
N

S
F

X
stm

:S
TM

0235
>gnl|kg|stm

:S
TM

0235 yaeR
; putative lactoylglutathione lyase

S
FA

X
stm

:S
TM

3117
>gnl|kg|stm

:S
TM

3117 putative lactoylglutathione lyase
S

FA
x

tth:TTC
0449

>gnl|kg|tth:TTC
0449 probable lactoylglutathione lyase

S
FA

x
vfi:V

FA
0789

>gnl|kg|vfi:V
FA

0789 lactoylglutathione lyase
S

FA
x

vpa:V
PA

1685
>gnl|kg|vpa:V

PA
1685 putative lactoylglutathione lyase

S
FA

x
vvu:V

V
12294

>gnl|kg|vvu:V
V

12294 lactoylglutathione lyase
S

FA
X

vvu:V
V

12461
>gnl|kg|vvu:V

V
12461 lactoylglutathione lyase

S
FA

X
vvu:V

V
12494

>gnl|kg|vvu:V
V

12494 lactoylglutathione lyase
S

FA
X

vvu:V
V

12549
>gnl|kg|vvu:V

V
12549 lactoylglutathione lyase

S
FA

X
vvu:V

V
20606

>gnl|kg|vvu:V
V

20606 lactoylglutathione lyase
S

FA
x

vvu:V
V

21271
>gnl|kg|vvu:V

V
21271 lactoylglutathione lyase

S
FA

x
vvu:V

V
21477

>gnl|kg|vvu:V
V

21477 lactoylglutathione lyase
S

FA
X

vvy:V
V

1937
>gnl|kg|vvy:V

V
1937 lactoylglutathione lyase

S
FA

x
vvy:V

V
2052

>gnl|kg|vvy:V
V

2052 lactoylglutathione lyase
S

FA
x

vvy:V
VA

0297
>gnl|kg|vvy:V

VA
0297 lactoylglutathione lyase

S
FA

X
vvy:V

VA
1157

>gnl|kg|vvy:V
VA

1157 lactoylglutathione lyase
S

FA
x

xac:X
A

C
0211

>gnl|kg|xac:X
A

C
0211 gloA

; lactoylglutathione lyase
S

FA
x

xcb:X
C

_0202
>gnl|kg|xcb:X

C
_0202 lactoylglutathione lyase

S
FA

x
xcc:X

C
C

0192
>gnl|kg|xcc:X

C
C

0192 gloA
; lactoylglutathione lyase

S
FA

x
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C
O

D
A

_E
C

O
LI

>gnl|sp|C
O

D
A

_E
C

O
LI (P

25524) C
ytosine deam

inase (E
C

 3.5.4.1) (C
ytosine 

am
inohydrolase)

x

A
D

A
_B

O
V

IN
>gnl|sp|A

D
A

_B
O

V
IN

 (P
56658) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

A
_H

U
M

A
N

>gnl|sp|A
D

A
_H

U
M

A
N

 (P
00813) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

A
_M

O
U

S
E

>gnl|sp|A
D

A
_M

O
U

S
E

 (P
03958) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

A
_R

AT
>gnl|sp|A

D
A

_R
AT (Q

920P
6) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

A
_X

E
N

LA
>gnl|sp|A

D
A

_X
E

N
LA (Q

6G
P

70) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x

A
D

A
_X

E
N

TR
>gnl|sp|A

D
A

_X
E

N
TR

 (Q
63ZU

0) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x

A
D

D
1_V

IB
PA

>gnl|sp|A
D

D
1_V

IB
PA (Q

87TF3) A
denosine deam

inase 1 (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase 1)

x

A
D

D
_E

C
O

57
>gnl|sp|A

D
D

_E
C

O
57 (Q

8X
661) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_E

C
O

L6
>gnl|sp|A

D
D

_E
C

O
L6 (Q

8FH
99) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_E

C
O

LI
>gnl|sp|A

D
D

_E
C

O
LI (P

22333) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x

A
D

D
_S

A
LTI

>gnl|sp|A
D

D
_S

A
LTI (Q

8Z6R
2) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_S

A
LTY

>gnl|sp|A
D

D
_S

A
LTY (Q

8ZP
L9) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_S

H
E

O
N

>gnl|sp|A
D

D
_S

H
E

O
N

 (Q
8E

8D
4) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_S

H
IFL

>gnl|sp|A
D

D
_S

H
IFL (Q

83R
C

0) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x

A
D

D
_V

IB
C

H
>gnl|sp|A

D
D

_V
IB

C
H

 (Q
9K

N
I7) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x
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N
D

A
D

_A
LC

X
X

>gnl|sp|N
D

A
D

_A
LC

X
X

 (P
72349) D

-am
inoacylase (E

C
 3.5.1.81) (N

-acyl-D
-am

ino-acid 
deacylase)

x

N
D

D
D

_A
LC

X
X

>gnl|sp|N
D

D
D

_A
LC

X
X

 (P
94212) N

-acyl-D
-aspartate deacylase (E

C
 3.5.1.83) (N

-acyl-D
-

aspartate am
idohydrolase)

x

N
D

E
D

_A
LC

X
X

>gnl|sp|N
D

E
D

_A
LC

X
X

 (P
94211) N

-acyl-D
-glutam

ate deacylase (E
C

 3.5.1.82) (N
-acyl-D

-
glutam

ate am
idohydrolase)

x

H
Y

D
L_A

R
TA

U
>gnl|sp|H

Y
D

L_A
R

TA
U

 (P
81006) N

on-ATP
-dependent L-selective hydantoinase (E

C
 

3.5.2.2)
x

U
R

E
1_A

C
TP

L
>gnl|sp|U

R
E

1_A
C

TP
L (O

54420) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
1_B

A
C

PA
>gnl|sp|U

R
E

1_B
A

C
PA (P

41020) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
1_B

A
C

S
B

>gnl|sp|U
R

E
1_B

A
C

S
B

 (Q
07397) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x
x

U
R

E
1_B

A
C

S
U

>gnl|sp|U
R

E
1_B

A
C

S
U

 (P
77837) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_B

O
R

B
R

>gnl|sp|U
R

E
1_B

O
R

B
R

 (O
08400) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x
x

U
R

E
1_C

LO
P

E
>gnl|sp|U

R
E

1_C
LO

P
E

 (P
94669) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_H

A
E

IN
>gnl|sp|U

R
E

1_H
A

E
IN

 (P
44391) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_K

LE
A

E
>gnl|sp|U

R
E

1_K
LE

A
E

 (P
18314) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_LA

C
FE

>gnl|sp|U
R

E
1_LA

C
FE

 (P
26929) A

cid urease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x
x

U
R

E
1_M

Y
C

B
O

>gnl|sp|U
R

E
1_M

Y
C

B
O

 (P
0A

661) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

x

U
R

E
1_M

Y
C

TU
>gnl|sp|U

R
E

1_M
Y

C
TU

 (P
0A

660) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

x

U
R

E
1_P

R
O

M
I

>gnl|sp|U
R

E
1_P

R
O

M
I (P

17086) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x
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U
R

E
1_P

R
O

V
U

>gnl|sp|U
R

E
1_P

R
O

V
U

 (P
16122) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x
x

U
R

E
1_R

H
IM

E
>gnl|sp|U

R
E

1_R
H

IM
E

 (P
42885) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_S

TA
A

C
>gnl|sp|U

R
E

1_S
TA

A
C

 (Q
5H

D
R

8) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

x

U
R

E
1_S

TA
A

M
>gnl|sp|U

R
E

1_S
TA

A
M

 (P
67403) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_S

TA
A

N
>gnl|sp|U

R
E

1_S
TA

A
N

 (P
67404) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_S

TA
A

R
>gnl|sp|U

R
E

1_S
TA

A
R

 (Q
6G

E
E

4) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

x

U
R

E
1_S

TA
A

S
>gnl|sp|U

R
E

1_S
TA

A
S

 (Q
6G

732) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

x

U
R

E
1_S

TA
AW

>gnl|sp|U
R

E
1_S

TA
AW

 (P
67405) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
1_S

TA
E

Q
>gnl|sp|U

R
E

1_S
TA

E
Q

 (Q
5H

LW
1) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x
x

U
R

E
1_S

TA
E

S
>gnl|sp|U

R
E

1_S
TA

E
S

 (Q
8C

N
C

9) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

x

U
R

E
1_S

TA
X

Y
>gnl|sp|U

R
E

1_S
TA

X
Y (P

42873) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
1_S

TR
S

L
>gnl|sp|U

R
E

1_S
TR

S
L (P

50047) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
1_S

Y
N

Y
3

>gnl|sp|U
R

E
1_S

Y
N

Y
3 (P

73061) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
1_U

R
E

PA
>gnl|sp|U

R
E

1_U
R

E
PA (Q

60058) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
1_U

R
E

U
R

>gnl|sp|U
R

E
1_U

R
E

U
R

 (P
17272) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x
x

U
R

E
1_Y

E
R

E
N

>gnl|sp|U
R

E
1_Y

E
R

E
N

 (P
31494) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x
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U
R

E
1_Y

E
R

P
E

>gnl|sp|U
R

E
1_Y

E
R

P
E

 (Q
9ZFR

9) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

x

U
R

E
1_Y

E
R

P
S

>gnl|sp|U
R

E
1_Y

E
R

P
S

 (P
52313) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
2_H

E
LFE

>gnl|sp|U
R

E
2_H

E
LFE

 (Q
08716) U

rease beta subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
2_H

E
LH

E
>gnl|sp|U

R
E

2_H
E

LH
E

 (P
42823) U

rease beta subunit (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x

U
R

E
2_H

E
LP

J
>gnl|sp|U

R
E

2_H
E

LP
J (P

69997) U
rease beta subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
2_H

E
LP

Y
>gnl|sp|U

R
E

2_H
E

LP
Y (P

69996) U
rease beta subunit (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
A

_A
S

P
FU

>gnl|sp|U
R

E
A

_A
S

P
FU

 (Q
6A

3P
9) U

rease (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x
U

R
E

A
_C

A
N

E
N

>gnl|sp|U
R

E
A

_C
A

N
E

N
 (P

07374) U
rease (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
A

_C
R

Y
N

E
>gnl|sp|U

R
E

A
_C

R
Y

N
E

 (Q
5K

C
Q

6) U
rease (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

U
R

E
A

_C
R

Y
N

V
>gnl|sp|U

R
E

A
_C

R
Y

N
V

 (O
13465) U

rease (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

x
U

R
E

A
_S

C
H

P
O

>gnl|sp|U
R

E
A

_S
C

H
P

O
 (O

00084) U
rease (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
x

IA
D

A
_E

C
O

LI
>gnl|sp|IA

D
A

_E
C

O
LI (P

39377) Isoaspartyl dipeptidase (E
C

 3.4.19.-)
x

D
3D

2_H
U

M
A

N

>gnl|sp|D
3D

2_H
U

M
A

N
 (P

42126) 3,2-trans-enoyl-C
oA isom

erase, m
itochondrial precursor 

(E
C

 5.3.3.8) (D
odecenoyl-C

oA isom
erase) (D

elta(3),delta(2)-enoyl-C
oA isom

erase) (D
3,D

2-
enoyl-C

oA isom
erase)

x

D
3D

2_M
O

U
S

E

>gnl|sp|D
3D

2_M
O

U
S

E
 (P

42125) 3,2-trans-enoyl-C
oA isom

erase, m
itochondrial precursor 

(E
C

 5.3.3.8) (D
odecenoyl-C

oA isom
erase) (D

elta(3),delta(2)-enoyl-C
oA isom

erase) (D
3,D

2-
enoyl-C

oA isom
erase)

x

D
3D

2_R
AT

>gnl|sp|D
3D

2_R
AT (P

23965) 3,2-trans-enoyl-C
oA isom

erase, m
itochondrial precursor (E

C
 

5.3.3.8) (D
odecenoyl-C

oA isom
erase) (D

elta(3),delta(2)-enoyl-C
oA isom

erase) (D
3,D

2-
enoyl-C

oA isom
erase)

x

E
C

I1_Y
E

A
S

T
>gnl|sp|E

C
I1_Y

E
A

S
T (Q

05871) 3,2-trans-enoyl-C
oA isom

erase (E
C

 5.3.3.8) (D
odecenoyl-

C
oA isom

erase) (D
elta(3),delta(2)-enoyl-C

oA isom
erase) (D

3,D
2-enoyl-C

oA isom
erase)

x

E
C

H
1_H

U
M

A
N

>gnl|sp|E
C

H
1_H

U
M

A
N

 (Q
13011) D

elta3,5-delta2,4-dienoyl-C
oA isom

erase, m
itochondrial 

precursor (E
C

 5.3.3.-)
x
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E
C

H
1_M

O
U

S
E

>gnl|sp|E
C

H
1_M

O
U

S
E

 (O
35459) D

elta3,5-delta2,4-dienoyl-C
oA isom

erase, m
itochondrial 

precursor (E
C

 5.3.3.-)
x

E
C

H
1_P

O
N

P
Y

>gnl|sp|E
C

H
1_P

O
N

P
Y (Q

5R
FG

0) D
elta3,5-delta2,4-dienoyl-C

oA isom
erase, m

itochondrial 
precursor (E

C
 5.3.3.-)

x

E
C

H
1_R

AT
>gnl|sp|E

C
H

1_R
AT (Q

62651) D
elta3,5-delta2,4-dienoyl-C

oA isom
erase, m

itochondrial 
precursor (E

C
 5.3.3.-)

x

M
M

C
D

_E
C

O
LI

>gnl|sp|M
M

C
D

_E
C

O
LI (P

52045) M
ethylm

alonyl-C
oA decarboxylase (E

C
 4.1.1.41) 

(Transcarboxylase) (M
M

C
D

)
x

E
N

O
11_S

C
H

P
O

>gnl|sp|E
N

O
11_S

C
H

P
O

 (P
40370) E

nolase 1-1 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 1-1) (2-phospho-D

-glycerate hydro-lyase 1-1)
x

E
N

O
12_S

C
H

P
O

>gnl|sp|E
N

O
12_S

C
H

P
O

 (Q
8N

K
C

2) E
nolase 1-2 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1-2) (2-phospho-D
-glycerate hydro-lyase 1-2)

x

E
N

O
1B

_H
U

M
A

N

>gnl|sp|E
N

O
1B

_H
U

M
A

N
 (Q

05524) A
lpha-enolase, lung specific (E

C
 4.2.1.11) (2-phospho-

D
-glycerate hydro-lyase) (N

on-neural enolase) (N
N

E
) (P

hosphopyruvate hydratase) 
(H

LE
1)

x

E
N

O
1_C

A
N

A
L

>gnl|sp|E
N

O
1_C

A
N

A
L (P

30575) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
1_C

A
N

G
A

>gnl|sp|E
N

O
1_C

A
N

G
A (Q

6FTW
6) E

nolase 1 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1)
x

E
N

O
1_C

H
LTE

>gnl|sp|E
N

O
1_C

H
LTE

 (Q
8K

B
35) E

nolase 1 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1)
x

E
N

O
1_D

E
B

H
A

>gnl|sp|E
N

O
1_D

E
B

H
A (Q

6B
TB

1) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
1_E

N
TH

I
>gnl|sp|E

N
O

1_E
N

TH
I (P

51555) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
1_H

E
V

B
R

>gnl|sp|E
N

O
1_H

E
V

B
R

 (Q
9LE

J0) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1) (A

llergen H
ev b 9)

x

E
N

O
1_LA

C
JO

>gnl|sp|E
N

O
1_LA

C
JO

 (Q
74K

78) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
1_LA

C
LA

>gnl|sp|E
N

O
1_LA

C
LA (Q

9C
H

S
7) E

nolase 1 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1)
x

              566



         Table K
-4. S

w
iss-P

rot D
ata (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

E
N

O
1_LA

C
P

L
>gnl|sp|E

N
O

1_LA
C

P
L (Q

88Y
H

3) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
1_M

A
IZE

>gnl|sp|E
N

O
1_M

A
IZE

 (P
26301) E

nolase 1 (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase 
1) (2-phospho-D

-glycerate hydro-lyase 1)
x

E
N

O
1_M

E
TC

A
>gnl|sp|E

N
O

1_M
E

TC
A (Q

606T2) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
1_P

S
E

S
M

>gnl|sp|E
N

O
1_P

S
E

S
M

 (Q
886M

3) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
1_S

TR
C

O
>gnl|sp|E

N
O

1_S
TR

C
O

 (Q
9F2Q

3) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
1_TO

X
G

O
>gnl|sp|E

N
O

1_TO
X

G
O

 (Q
9U

A
E

6) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
1_Y

E
A

S
T

>gnl|sp|E
N

O
1_Y

E
A

S
T (P

00924) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
2_C

A
N

G
A

>gnl|sp|E
N

O
2_C

A
N

G
A (Q

6FQ
Y

4) E
nolase 2 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

E
N

O
2_C

H
LTE

>gnl|sp|E
N

O
2_C

H
LTE

 (Q
8K

G
25) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
2_D

E
B

H
A

>gnl|sp|E
N

O
2_D

E
B

H
A (Q

6B
I20) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
2_H

E
V

B
R

>gnl|sp|E
N

O
2_H

E
V

B
R

 (Q
9LE

I9) E
nolase 2 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2) (A

llergen H
ev b 9)

x

E
N

O
2_LA

C
JO

>gnl|sp|E
N

O
2_LA

C
JO

 (Q
74J64) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
2_LA

C
LA

>gnl|sp|E
N

O
2_LA

C
LA (Q

9C
IT0) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase 
2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
2_LA

C
P

L
>gnl|sp|E

N
O

2_LA
C

P
L (Q

88V
W

2) E
nolase 2 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

E
N

O
2_M

A
IZE

>gnl|sp|E
N

O
2_M

A
IZE

 (P
42895) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase 
2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
2_M

E
TC

A
>gnl|sp|E

N
O

2_M
E

TC
A (Q

604M
4) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x
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E
N

O
2_P

S
E

S
M

>gnl|sp|E
N

O
2_P

S
E

S
M

 (Q
87W

D
5) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
2_S

TR
C

O
>gnl|sp|E

N
O

2_S
TR

C
O

 (Q
9F3P

9) E
nolase 2 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

E
N

O
2_TO

X
G

O
>gnl|sp|E

N
O

2_TO
X

G
O

 (Q
9B

P
L7) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
2_Y

E
A

S
T

>gnl|sp|E
N

O
2_Y

E
A

S
T (P

00925) E
nolase 2 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

E
N

O
3_LA

C
JO

>gnl|sp|E
N

O
3_LA

C
JO

 (Q
74IV

0) E
nolase 3 (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase 

2) (2-phospho-D
-glycerate hydro-lyase 3)

x

E
N

O
A

_A
LLM

I
>gnl|sp|E

N
O

A
_A

LLM
I (Q

9P
V

K
2) A

lpha-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (P
hosphopyruvate hydratase)

x

E
N

O
A

_A
N

A
P

L
>gnl|sp|E

N
O

A
_A

N
A

P
L (P

19140) A
lpha-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase) (Tau-crystallin)

x

E
N

O
A

_B
O

V
IN

>gnl|sp|E
N

O
A

_B
O

V
IN

 (Q
9X

S
J4) A

lpha-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (N
on-neural enolase) (N

N
E

) (E
nolase 1) (P

hosphopyruvate hydratase) 
(H

A
P

47)
x

E
N

O
A

_C
H

IC
K

>gnl|sp|E
N

O
A

_C
H

IC
K

 (P
51913) A

lpha-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (P
hosphopyruvate hydratase)

x

E
N

O
A

_H
U

M
A

N

>gnl|sp|E
N

O
A

_H
U

M
A

N
 (P

06733) A
lpha-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase) (N

on-neural enolase) (N
N

E
) (E

nolase 1) (P
hosphopyruvate hydratase) (C

-
m

yc prom
oter-binding protein) (M

B
P

-1) (M
P

B
-1) (P

lasm
inogen-binding protein)

x

E
N

O
A

_M
O

U
S

E
>gnl|sp|E

N
O

A
_M

O
U

S
E

 (P
17182) A

lpha-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (N
on-neural enolase) (N

N
E

) (E
nolase 1)

x

E
N

O
A

_P
Y

TR
G

>gnl|sp|E
N

O
A

_P
Y

TR
G

 (Q
9W

7L0) A
lpha-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase) (P

hosphopyruvate hydratase)
x

E
N

O
A

_R
AT

>gnl|sp|E
N

O
A

_R
AT (P

04764) A
lpha-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate hydro-
lyase) (N

on-neural enolase) (N
N

E
) (E

nolase 1)
x

E
N

O
A

_S
C

E
U

N
>gnl|sp|E

N
O

A
_S

C
E

U
N

 (Q
9W

7L2) A
lpha-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase) (P

hosphopyruvate hydratase)
x

E
N

O
A

_X
E

N
LA

>gnl|sp|E
N

O
A

_X
E

N
LA (P

08734) A
lpha-enolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

              568



         Table K
-4. S

w
iss-P

rot D
ata (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

E
N

O
B

_C
H

IC
K

>gnl|sp|E
N

O
B

_C
H

IC
K

 (P
07322) B

eta-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate hydro-

lyase) (P
hosphopyruvate hydratase)

x

E
N

O
B

_H
U

M
A

N
>gnl|sp|E

N
O

B
_H

U
M

A
N

 (P
13929) B

eta-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal m

uscle enolase) (E
nolase 3)

x

E
N

O
B

_M
O

U
S

E
>gnl|sp|E

N
O

B
_M

O
U

S
E

 (P
21550) B

eta-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal m

uscle enolase) (E
nolase 3)

x

E
N

O
B

_R
A

B
IT

>gnl|sp|E
N

O
B

_R
A

B
IT (P

25704) B
eta-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate hydro-
lyase) (M

uscle-specific enolase) (M
S

E
) (S

keletal m
uscle enolase) (E

nolase 3)
x

E
N

O
B

_R
AT

>gnl|sp|E
N

O
B

_R
AT (P

15429) B
eta-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate hydro-
lyase) (M

uscle-specific enolase) (M
S

E
) (S

keletal m
uscle enolase) (E

nolase 3)
x

E
N

O
G

_C
H

IC
K

>gnl|sp|E
N

O
G

_C
H

IC
K

 (O
57391) G

am
m

a-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (N
eural enolase) (N

S
E

)
x

E
N

O
G

_H
U

M
A

N
>gnl|sp|E

N
O

G
_H

U
M

A
N

 (P
09104) G

am
m

a-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (N
eural enolase) (N

euron-specific enolase) (N
S

E
) (E

nolase 2)
x

E
N

O
G

_M
O

U
S

E
>gnl|sp|E

N
O

G
_M

O
U

S
E

 (P
17183) G

am
m

a-enolase (E
C

 4.2.1.11) (2-phospho-D
-glycerate 

hydro-lyase) (N
eural enolase) (N

euron-specific enolase) (N
S

E
) (E

nolase 2)
x

E
N

O
G

_R
AT

>gnl|sp|E
N

O
G

_R
AT (P

07323) G
am

m
a-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase) (N

eural enolase) (N
euron-specific enolase) (N

S
E

) (E
nolase 2)

x

E
N

O
_A

C
IA

D
>gnl|sp|E

N
O

_A
C

IA
D

 (Q
6FAT9) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_A

E
R

H
Y

>gnl|sp|E
N

O
_A

E
R

H
Y (Q

8G
E

63) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_A

E
R

P
E

>gnl|sp|E
N

O
_A

E
R

P
E

 (Q
9Y

927) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_A

G
R

T5
>gnl|sp|E

N
O

_A
G

R
T5 (Q

8U
FH

1) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_A

LLM
I

>gnl|sp|E
N

O
_A

LLM
I (P

42897) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) (2-

phospho-D
-glycerate hydro-lyase) (Fragm

ent)
x

E
N

O
_A

LN
G

L
>gnl|sp|E

N
O

_A
LN

G
L (Q

43321) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x
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E
N

O
_A

LTA
L

>gnl|sp|E
N

O
_A

LTA
L (Q

9H
D

T3) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase) (M

ajor allergen A
lt a 6) (A

lt a 11) (A
lt a X

I)
x

E
N

O
_A

N
A

S
P

>gnl|sp|E
N

O
_A

N
A

S
P (Q

8Y
R

B
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_A

Q
U

A
E

>gnl|sp|E
N

O
_A

Q
U

A
E

 (O
66778) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_A

R
ATH

>gnl|sp|E
N

O
_A

R
ATH

 (P
25696) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_A

R
C

FU
>gnl|sp|E

N
O

_A
R

C
FU

 (O
29133) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_A

S
H

G
O

>gnl|sp|E
N

O
_A

S
H

G
O

 (Q
756H

2) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_A

S
P

FU
>gnl|sp|E

N
O

_A
S

P
FU

 (Q
96X

30) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase) (A

llergen A
sp f 22)

x

E
N

O
_A

S
P

O
R

>gnl|sp|E
N

O
_A

S
P

O
R

 (Q
12560) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_A

ZO
S

E
>gnl|sp|E

N
O

_A
ZO

S
E

 (Q
5N

Z69) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_B

A
C

A
N

>gnl|sp|E
N

O
_B

A
C

A
N

 (Q
81X

78) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_B

A
C

C
1

>gnl|sp|E
N

O
_B

A
C

C
1 (Q

72X
Y

5) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_B

A
C

C
R

>gnl|sp|E
N

O
_B

A
C

C
R

 (Q
815K

8) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_B

A
C

C
Z

>gnl|sp|E
N

O
_B

A
C

C
Z (Q

631M
2) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_B

A
C

FR
>gnl|sp|E

N
O

_B
A

C
FR

 (Q
8K

N
X

9) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase) (H

em
e uptake protein A

)
x

E
N

O
_B

A
C

H
D

>gnl|sp|E
N

O
_B

A
C

H
D

 (Q
9K

717) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x
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E
N

O
_B

A
C

H
K

>gnl|sp|E
N

O
_B

A
C

H
K

 (Q
6H

B
F3) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_B

A
C

S
K

>gnl|sp|E
N

O
_B

A
C

S
K

 (Q
5W

D
K

9) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_B

A
C

S
U

>gnl|sp|E
N

O
_B

A
C

S
U

 (P
37869) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_B

A
C

TN
>gnl|sp|E

N
O

_B
A

C
TN

 (Q
89Z05) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_B

A
R

H
E

>gnl|sp|E
N

O
_B

A
R

H
E

 (Q
8L202) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
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1) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_LIS

M
O

>gnl|sp|E
N

O
_LIS

M
O

 (P
64074) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) (2-
phospho-D

-glycerate hydro-lyase)
x
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E
N

O
_LO

LP
E

>gnl|sp|E
N

O
_LO

LP
E

 (O
02654) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_LY

C
E

S
>gnl|sp|E

N
O

_LY
C

E
S

 (P
26300) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

A
N

S
M

>gnl|sp|E
N

O
_M

A
N

S
M

 (Q
65V

Z7) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

A
S

B
A

>gnl|sp|E
N

O
_M

A
S

B
A (Q

9U
615) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

E
S

C
R

>gnl|sp|E
N

O
_M

E
S

C
R

 (Q
43130) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

E
S

FL
>gnl|sp|E

N
O

_M
E

S
FL (Q

6F0Z7) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

E
TA

C
>gnl|sp|E

N
O

_M
E

TA
C

 (Q
8TQ

79) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

E
TJA

>gnl|sp|E
N

O
_M

E
TJA (Q

60173) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

E
TK

A
>gnl|sp|E

N
O

_M
E

TK
A (Q

8TU
V

6) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

E
TM

A
>gnl|sp|E

N
O

_M
E

TM
A (Q

8P
T81) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

E
TM

P
>gnl|sp|E

N
O

_M
E

TM
P (Q

6M
075) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

E
TTH

>gnl|sp|E
N

O
_M

E
TTH

 (O
26149) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

B
O

>gnl|sp|E
N

O
_M

Y
C

B
O

 (Q
7U

0U
6) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

G
A

>gnl|sp|E
N

O
_M

Y
C

G
A (Q

7N
AY

0) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

Y
C

G
E

>gnl|sp|E
N

O
_M

Y
C

G
E

 (P
47647) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

H
2

>gnl|sp|E
N

O
_M

Y
C

H
2 (Q

601S
2) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x
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E
N

O
_M

Y
C

LE
>gnl|sp|E

N
O

_M
Y

C
LE

 (Q
9C

D
42) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

M
O

>gnl|sp|E
N

O
_M

Y
C

M
O

 (Q
6K

IB
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

M
S

>gnl|sp|E
N

O
_M

Y
C

M
S

 (Q
6M

TZ2) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

Y
C

PA
>gnl|sp|E

N
O

_M
Y

C
PA (Q

741U
7) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

P
E

>gnl|sp|E
N

O
_M

Y
C

P
E

 (Q
8E

W
32) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

P
N

>gnl|sp|E
N

O
_M

Y
C

P
N

 (P
75189) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

P
U

>gnl|sp|E
N

O
_M

Y
C

P
U

 (Q
98Q

50) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

Y
C

TU
>gnl|sp|E

N
O

_M
Y

C
TU

 (P
96377) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_N

E
IG

1
>gnl|sp|E

N
O

_N
E

IG
1 (Q

5F8Z2) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_N

E
IM

A
>gnl|sp|E

N
O

_N
E

IM
A (Q

9JU
46) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_N

E
IM

B
>gnl|sp|E

N
O

_N
E

IM
B

 (Q
9JZ53) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_N

E
O

FR
>gnl|sp|E

N
O

_N
E

O
FR

 (P
42894) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_N

E
U

C
R

>gnl|sp|E
N

O
_N

E
U

C
R

 (Q
7R

V
85) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_N

ITE
U

>gnl|sp|E
N

O
_N

ITE
U

 (O
85348) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) (2-
phospho-D

-glycerate hydro-lyase)
x

E
N

O
_N

O
C

FA
>gnl|sp|E

N
O

_N
O

C
FA (Q

5Y
Q

30) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_O

C
E

IH
>gnl|sp|E

N
O

_O
C

E
IH

 (Q
8E

N
P

5) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x
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E
N

O
_O

N
Y

P
E

>gnl|sp|E
N

O
_O

N
Y

P
E

 (Q
6Y

Q
T9) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_O

R
Y

S
A

>gnl|sp|E
N

O
_O

R
Y

S
A (Q

42971) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase) (O

S
E

1)
x

E
N

O
_PA

R
U

W
>gnl|sp|E

N
O

_PA
R

U
W

 (Q
6M

E
Y

2) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_PA

S
M

U
>gnl|sp|E

N
O

_PA
S

M
U

 (P
57975) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

E
N

C
H

>gnl|sp|E
N

O
_P

E
N

C
H

 (Q
76K

F9) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_P

E
N

C
I

>gnl|sp|E
N

O
_P

E
N

C
I (Q

96X
46) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase) (A
llergen P

en c 22)
x

E
N

O
_P

H
O

LL
>gnl|sp|E

N
O

_P
H

O
LL (Q

7N
835) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

H
O

P
R

>gnl|sp|E
N

O
_P

H
O

P
R

 (Q
6LM

T1) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_P

LA
F7

>gnl|sp|E
N

O
_P

LA
F7 (Q

8IJN
7) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) (2-
phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

LA
FA

>gnl|sp|E
N

O
_P

LA
FA (Q

27727) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_P

LA
FG

>gnl|sp|E
N

O
_P

LA
FG

 (Q
9U

A
L5) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

LAY
O

>gnl|sp|E
N

O
_P

LAY
O

 (Q
7R

A
60) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

O
R

G
I

>gnl|sp|E
N

O
_P

O
R

G
I (Q

7M
TV

8) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_P

R
O

A
C

>gnl|sp|E
N

O
_P

R
O

A
C

 (Q
6A

A
B

8) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_P

R
O

M
A

>gnl|sp|E
N

O
_P

R
O

M
A (Q

7V
D

Y
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

R
O

M
M

>gnl|sp|E
N

O
_P

R
O

M
M

 (Q
7V

483) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x
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E
N

O
_P

R
O

M
P

>gnl|sp|E
N

O
_P

R
O

M
P (Q

7V
377) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

S
E

A
E

>gnl|sp|E
N

O
_P

S
E

A
E

 (Q
9H

X
Z5) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

S
E

P
K

>gnl|sp|E
N

O
_P

S
E

P
K

 (Q
88M

F9) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_P

Y
R

A
B

>gnl|sp|E
N

O
_P

Y
R

A
B

 (Q
9U

X
Z0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

Y
R

A
E

>gnl|sp|E
N

O
_P

Y
R

A
E

 (Q
8ZY

E
7) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

Y
R

FU
>gnl|sp|E

N
O

_P
Y

R
FU

 (Q
8U

477) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_P

Y
R

H
O

>gnl|sp|E
N

O
_P

Y
R

H
O

 (O
59605) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

Y
R

K
O

>gnl|sp|E
N

O
_P

Y
R

K
O

 (Q
5JE

V
6) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_R

A
LS

O
>gnl|sp|E

N
O

_R
A

LS
O

 (Q
8Y

0B
5) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_R

H
ILO

>gnl|sp|E
N

O
_R

H
ILO

 (Q
98M

Z3) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_R

H
IM

E
>gnl|sp|E

N
O

_R
H

IM
E

 (Q
92Q

98) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_R

H
O

B
A

>gnl|sp|E
N

O
_R

H
O

B
A (Q

7U
IR

2) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_R

H
O

PA
>gnl|sp|E

N
O

_R
H

O
PA (Q

6N
5U

6) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_R

H
O

R
B

>gnl|sp|E
N

O
_R

H
O

R
B

 (Q
870B

9) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase) (A

llergen R
ho m

 1)
x

E
N

O
_R

IC
C

O
>gnl|sp|E

N
O

_R
IC

C
O

 (P
42896) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

A
LPA

>gnl|sp|E
N

O
_S

A
LPA (Q

5P
E

H
4) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x
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E
N

O
_S

A
LTI

>gnl|sp|E
N

O
_S

A
LTI (P

64077) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) (2-

phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

A
LTY

>gnl|sp|E
N

O
_S

A
LTY (P

64076) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) (2-

phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

C
H

JA
>gnl|sp|E

N
O

_S
C

H
JA (P

33676) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

C
H

M
A

>gnl|sp|E
N

O
_S

C
H

M
A (Q

27877) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

H
E

O
N

>gnl|sp|E
N

O
_S

H
E

O
N

 (Q
8E

B
R

0) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

H
IFL

>gnl|sp|E
N

O
_S

H
IFL (P

0A
6Q

2) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

ILP
O

>gnl|sp|E
N

O
_S

ILP
O

 (Q
5LQ

L4) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TA
A

C
>gnl|sp|E

N
O

_S
TA

A
C

 (Q
5H

H
P

1) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TA
A

M
>gnl|sp|E

N
O

_S
TA

A
M

 (P
64078) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TA
A

N
>gnl|sp|E

N
O

_S
TA

A
N

 (P
99088) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TA
A

R
>gnl|sp|E

N
O

_S
TA

A
R

 (Q
6G

IL4) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TA
A

S
>gnl|sp|E

N
O

_S
TA

A
S

 (Q
6G

B
54) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TA
A

U
>gnl|sp|E

N
O

_S
TA

A
U

 (O
69174) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase) (Lam
inin binding protein)

x

E
N

O
_S

TA
AW

>gnl|sp|E
N

O
_S

TA
AW

 (P
64079) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TA
E

Q
>gnl|sp|E

N
O

_S
TA

E
Q

 (Q
5H

Q
V

0) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TA
E

S
>gnl|sp|E

N
O

_S
TA

E
S

 (Q
8C

P
Y

3) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x
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E
N

O
_S

TR
A

3
>gnl|sp|E

N
O

_S
TR

A
3 (P

64080) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TR
A

5
>gnl|sp|E

N
O

_S
TR

A
5 (P

64081) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TR
AW

>gnl|sp|E
N

O
_S

TR
AW

 (Q
82H

H
5) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TR
IT

>gnl|sp|E
N

O
_S

TR
IT (Q

9X
D

S
7) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TR
M

U
>gnl|sp|E

N
O

_S
TR

M
U

 (Q
8D

TS
9) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TR
P

1
>gnl|sp|E

N
O

_S
TR

P
1 (P

69949) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TR
P

3
>gnl|sp|E

N
O

_S
TR

P
3 (P

69950) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TR
P

6
>gnl|sp|E

N
O

_S
TR

P
6 (Q

5X
D

01) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TR
P

8
>gnl|sp|E

N
O

_S
TR

P
8 (P

69951) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TR
P

N
>gnl|sp|E

N
O

_S
TR

P
N

 (Q
97Q

S
2) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TR
R

6
>gnl|sp|E

N
O

_S
TR

R
6 (Q

8D
P

S
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TR
T1

>gnl|sp|E
N

O
_S

TR
T1 (Q

5M
0M

5) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

TR
T2

>gnl|sp|E
N

O
_S

TR
T2 (Q

5M
561) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

TR
TR

>gnl|sp|E
N

O
_S

TR
TR

 (O
52191) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

U
LA

C
>gnl|sp|E

N
O

_S
U

LA
C

 (Q
4J920) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

U
LS

O
>gnl|sp|E

N
O

_S
U

LS
O

 (Q
97ZJ3) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x
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E
N

O
_S

U
LTO

>gnl|sp|E
N

O
_S

U
LTO

 (Q
972B

6) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

Y
M

TH
>gnl|sp|E

N
O

_S
Y

M
TH

 (Q
67S

V
9) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

Y
N

E
L

>gnl|sp|E
N

O
_S

Y
N

E
L (Q

8D
L40) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

Y
N

P
6

>gnl|sp|E
N

O
_S

Y
N

P
6 (Q

5N
3P

4) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

Y
N

P
X

>gnl|sp|E
N

O
_S

Y
N

P
X

 (Q
7U

3T1) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

Y
N

Y
3

>gnl|sp|E
N

O
_S

Y
N

Y
3 (P

77972) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TH

E
A

C
>gnl|sp|E

N
O

_TH
E

A
C

 (Q
9H

JT1) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TH

E
M

A
>gnl|sp|E

N
O

_TH
E

M
A (P

42848) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TH

E
T2

>gnl|sp|E
N

O
_TH

E
T2 (Q

72H
85) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_TH

E
T8

>gnl|sp|E
N

O
_TH

E
T8 (Q

5S
M

E
1) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_TH

E
TN

>gnl|sp|E
N

O
_TH

E
TN

 (Q
8R

967) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TH

E
V

O
>gnl|sp|E

N
O

_TH
E

V
O

 (Q
979Z9) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_TR

E
D

E
>gnl|sp|E

N
O

_TR
E

D
E

 (Q
73P

50) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TR

E
PA

>gnl|sp|E
N

O
_TR

E
PA (P

74934) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TR

O
W

8
>gnl|sp|E

N
O

_TR
O

W
8 (Q

83H
73) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_TR

O
W

T
>gnl|sp|E

N
O

_TR
O

W
T (Q

83FF7) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x
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E
N

O
_TU

B
B

O
>gnl|sp|E

N
O

_TU
B

B
O

 (Q
6W

3C
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_U

R
E

PA
>gnl|sp|E

N
O

_U
R

E
PA (Q

9P
Q

V
9) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_V

IB
C

H
>gnl|sp|E

N
O

_V
IB

C
H

 (Q
9K

P
C

5) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_V

IB
F1

>gnl|sp|E
N

O
_V

IB
F1 (Q

5E
326) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) (2-
phospho-D

-glycerate hydro-lyase)
x

E
N

O
_V

IB
PA

>gnl|sp|E
N

O
_V

IB
PA (Q

87LQ
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_V

IB
V

U
>gnl|sp|E

N
O

_V
IB

V
U

 (Q
8D

C
62) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_V

IB
V

Y
>gnl|sp|E

N
O

_V
IB

V
Y (Q

7M
H

Q
1) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_W

IG
B

R
>gnl|sp|E

N
O

_W
IG

B
R

 (Q
8D

2K
1) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_W

O
LP

M
>gnl|sp|E

N
O

_W
O

LP
M

 (Q
73H

Q
2) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_W

O
LS

U
>gnl|sp|E

N
O

_W
O

LS
U

 (Q
7M

8Q
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_X

A
N

A
C

>gnl|sp|E
N

O
_X

A
N

A
C

 (Q
8P

LS
0) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_X

A
N

C
P

>gnl|sp|E
N

O
_X

A
N

C
P (Q

8P
9Z3) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_X

A
N

O
R

>gnl|sp|E
N

O
_X

A
N

O
R

 (Q
5G

Y
K

4) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_X

Y
LFA

>gnl|sp|E
N

O
_X

Y
LFA (Q

9P
D

T8) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_X

Y
LFT

>gnl|sp|E
N

O
_X

Y
LFT (Q

87D
Y

6) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate dehydratase) 

(2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_YA

R
LI

>gnl|sp|E
N

O
_YA

R
LI (Q

6C
1F3) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x
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E
N

O
_Y

E
R

P
E

>gnl|sp|E
N

O
_Y

E
R

P
E

 (Q
8ZB

N
2) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_Y

E
R

P
S

>gnl|sp|E
N

O
_Y

E
R

P
S

 (Q
66E

D
8) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_ZY

M
M

O
>gnl|sp|E

N
O

_ZY
M

M
O

 (P
33675) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase)
x

D
G

O
D

_E
C

O
LI

>gnl|sp|D
G

O
D

_E
C

O
LI (Q

6B
F17) G

alactonate dehydratase (E
C

 4.2.1.6)
x

M
A

N
R

_P
S

E
P

U
>gnl|sp|M

A
N

R
_P

S
E

P
U

 (P
11444) M

andelate racem
ase (E

C
 5.1.2.2) (M

R
)

x

G
U

D
H

_B
A

C
S

U
>gnl|sp|G

U
D

H
_B

A
C

S
U

 (P
42238) P

robable glucarate dehydratase (E
C

 4.2.1.40) (G
D

H
) 

(G
lucD

)
x

G
U

D
H

_E
C

O
57

>gnl|sp|G
U

D
H

_E
C

O
57 (P

0A
E

S
3) G

lucarate dehydratase (E
C

 4.2.1.40) (G
D

H
) (G

lucD
)

x
G

U
D

H
_E

C
O

LI
>gnl|sp|G

U
D

H
_E

C
O

LI (P
0A

E
S

2) G
lucarate dehydratase (E

C
 4.2.1.40) (G

D
H

) (G
lucD

)
x

G
U

D
H

_P
S

E
P

U
>gnl|sp|G

U
D

H
_P

S
E

P
U

 (P
42206) G

lucarate dehydratase (E
C

 4.2.1.40) (G
D

H
) (G

lucD
)

x

M
A

A
L_C

LO
TT

>gnl|sp|M
A

A
L_C

LO
TT (Q

05514) M
ethylaspartate am

m
onia-lyase (E

C
 4.3.1.2) (B

eta-
m

ethylaspartase)
x

M
E

N
C

_B
A

C
S

U

>gnl|sp|M
E

N
C

_B
A

C
S

U
 (O

34514) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-succinylbenzoic 
acid synthase)

x

M
E

N
C

_E
C

O
57

>gnl|sp|M
E

N
C

_E
C

O
57 (P

58484) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-succinylbenzoic 
acid synthase)

x

M
E

N
C

_E
C

O
LI

>gnl|sp|M
E

N
C

_E
C

O
LI (P

29208) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-succinylbenzoic 
acid synthase)

x

M
E

N
C

_H
A

E
IN

>gnl|sp|M
E

N
C

_H
A

E
IN

 (P
44961) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-succinylbenzoic 

acid synthase)
x

M
E

N
C

_M
Y

C
B

O

>gnl|sp|M
E

N
C

_M
Y

C
B

O
 (P

65426) P
robable O

-succinylbenzoate synthase (E
C

 4.2.1.-) 
(O

S
B

 synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x
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M
E

N
C

_M
Y

C
LE

>gnl|sp|M
E

N
C

_M
Y

C
LE

 (Q
9C

B
B

2) P
robable O

-succinylbenzoate synthase (E
C

 4.2.1.-) 
(O

S
B

 synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x

M
E

N
C

_M
Y

C
TU

>gnl|sp|M
E

N
C

_M
Y

C
TU

 (P
65425) P

robable O
-succinylbenzoate synthase (E

C
 4.2.1.-) 

(O
S

B
 synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

M
E

N
C

_PA
S

M
U

>gnl|sp|M
E

N
C

_PA
S

M
U

 (Q
9C

LV
7) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-succinylbenzoic 

acid synthase)
x

M
E

N
C

_S
A

LTI

>gnl|sp|M
E

N
C

_S
A

LTI (P
58485) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 synthase) 

(O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-succinylbenzoic acid 

synthase)
x

M
E

N
C

_S
A

LTY

>gnl|sp|M
E

N
C

_S
A

LTY (P
58486) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-succinylbenzoic 

acid synthase)
x

M
E

N
C

_S
Y

N
Y

3

>gnl|sp|M
E

N
C

_S
Y

N
Y

3 (Q
55117) P

robable O
-succinylbenzoate synthase (E

C
 4.2.1.-) 

(O
S

B
 synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

M
E

N
C

_V
IB

C
H

>gnl|sp|M
E

N
C

_V
IB

C
H

 (Q
9K

Q
M

6) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-succinylbenzoic 
acid synthase)

x

M
E

N
C

_Y
E

R
P

E

>gnl|sp|M
E

N
C

_Y
E

R
P

E
 (P

58487) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-succinylbenzoic 
acid synthase)

x

C
B

N
B

_R
A

LE
U

>gnl|sp|C
B

N
B

_R
A

LE
U

 (P
83763) C

hlorom
uconate cycloisom

erase cbnB
 (E

C
 5.5.1.7) 

(M
uconate cycloisom

erase II cbnB
)

x

C
LC

B
_P

S
E

P
U

>gnl|sp|C
LC

B
_P

S
E

P
U

 (P
11452) C

hlorom
uconate cycloisom

erase (E
C

 5.5.1.7) (M
uconate 

cycloisom
erase II)

x

TC
B

D
_P

S
E

S
Q

>gnl|sp|TC
B

D
_P

S
E

S
Q

 (P
27099) C

hlorom
uconate cycloisom

erase (E
C

 5.5.1.7) (M
uconate 

cycloisom
erase II)

x

TFD
D

1_R
A

LE
J

>gnl|sp|TFD
D

1_R
A

LE
J (P

05404) C
hlorom

uconate cycloisom
erase (E

C
 5.5.1.7) (M

uconate 
cycloisom

erase II)
x
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TFD
D

_C
O

M
A

C
>gnl|sp|TFD

D
_C

O
M

A
C

 (Q
9R

N
Z9) C

hlorom
uconate cycloisom

erase (E
C

 5.5.1.7)
x

C
ATB

1_A
C

ILW
>gnl|sp|C

ATB
1_A

C
ILW

 (O
33946) M

uconate cycloisom
erase I 1 (E

C
 5.5.1.1) (C

is,cis-
m

uconate lactonizing enzym
e I 1) (M

LE
 1)

x

C
ATB

_A
C

IA
D

>gnl|sp|C
ATB

_A
C

IA
D

 (Q
43931) M

uconate cycloisom
erase I (E

C
 5.5.1.1) (C

is,cis-
m

uconate lactonizing enzym
e I) (M

LE
)

x

C
ATB

_P
S

E
P

U
>gnl|sp|C

ATB
_P

S
E

P
U

 (P
08310) M

uconate cycloisom
erase I (E

C
 5.5.1.1) (C

is,cis-
m

uconate lactonizing enzym
e I) (M

LE
)

x

C
ATB

_R
H

O
O

P
>gnl|sp|C

ATB
_R

H
O

O
P (P

95608) M
uconate cycloisom

erase I (E
C

 5.5.1.1) (C
is,cis-

m
uconate lactonizing enzym

e I) (M
LE

)
x

K
D

O
P

_H
A

E
IN

>gnl|sp|K
D

O
P

_H
A

E
IN

 (P
45314) 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (E
C

 3.1.3.45) (K
D

O
 8-P phosphatase)

x

K
D

S
C

_E
C

O
57

>gnl|sp|K
D

S
C

_E
C

O
57 (P

0A
B

Z5) 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase (E

C
 3.1.3.45) (K

D
O

 8-P phosphatase)
E

S
A

, B
TC

x

K
D

S
C

_E
C

O
L6

>gnl|sp|K
D

S
C

_E
C

O
L6 (P

67653) 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase (E

C
 3.1.3.45) (K

D
O

 8-P phosphatase)
E

S
A

, B
TC

x

K
D

S
C

_E
C

O
LI

>gnl|sp|K
D

S
C

_E
C

O
LI (P

0A
B

Z4) 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase (E

C
 3.1.3.45) (K

D
O

 8-P phosphatase)
E

S
A

, B
TC

x

K
D

S
C

_S
H

IFL
>gnl|sp|K

D
S

C
_S

H
IFL (P

67654) 3-deoxy-D
-m

anno-octulosonate 8-phosphate phosphatase 
(E

C
 3.1.3.45) (K

D
O

 8-P phosphatase)
E

S
A

, B
TC

x

H
A

D
1_P

S
E

U
C

>gnl|sp|H
A

D
1_P

S
E

U
C

 (P
24069) (S

)-2-haloacid dehalogenase I (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase I) (L-2-haloacid dehalogenase I) (H

alocarboxylic acid 
halidohydrolase I) (D

E
H

C
I)

x

H
A

D
2_P

S
E

U
C

>gnl|sp|H
A

D
2_P

S
E

U
C

 (P
24070) (S

)-2-haloacid dehalogenase II (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase II) (L-2-haloacid dehalogenase II) (H

alocarboxylic acid 
halidohydrolase II) (D

E
H

C
II)

x

H
A

D
4_B

U
R

C
E

>gnl|sp|H
A

D
4_B

U
R

C
E

 (Q
51645) (S

)-2-haloacid dehalogenase IVA (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase IVA

) (L-2-haloacid dehalogenase IVA
) (H

alocarboxylic acid 
halidohydrolase IVA

)
x

H
A

D
9_P

S
E

P
U

>gnl|sp|H
A

D
9_P

S
E

P
U

 (Q
59728) (S

)-2-haloacid dehalogenase H
-109 (E

C
 3.8.1.2) (2-

haloalkanoic acid dehalogenase H
-109) (L-2-haloacid dehalogenase H

-109) 
(H

alocarboxylic acid halidohydrolase H
-109)

x
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H
A

D
L_P

S
E

P
U

>gnl|sp|H
A

D
L_P

S
E

P
U

 (Q
52087) (S

)-2-haloacid dehalogenase (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) (H

alocarboxylic acid 
halidohydrolase)

x

H
A

D
_A

G
R

TR

>gnl|sp|H
A

D
_A

G
R

TR
 (P

60527) 2-haloalkanoic acid dehalogenase (E
C

 3.8.1.2) (L-2-
haloacid dehalogenase) (H

alocarboxylic acid halidohydrolase) (L-D
E

X
) (C

ryptic L-isom
er-

specific dehalogenase) (D
hlS

5I)
x

H
A

D
_P

S
E

FL
>gnl|sp|H

A
D

_P
S

E
FL (Q

59666) (S
)-2-haloacid dehalogenase (E

C
 3.8.1.2) (2-haloalkanoic 

acid dehalogenase) (L-2-haloacid dehalogenase) (H
alocarboxylic acid halidohydrolase)

x

H
A

D
_P

S
E

U
Y

>gnl|sp|H
A

D
_P

S
E

U
Y (Q

53464) (S
)-2-haloacid dehalogenase (E

C
 3.8.1.2) (2-haloalkanoic 

acid dehalogenase) (L-2-haloacid dehalogenase) (H
alocarboxylic acid halidohydrolase) (L-

D
E

X
)

x

H
A

D
_X

A
N

A
U

>gnl|sp|H
A

D
_X

A
N

A
U

 (Q
60099) (S

)-2-haloacid dehalogenase (E
C

 3.8.1.2) (2-haloalkanoic 
acid dehalogenase) (L-2-haloacid dehalogenase) (H

alocarboxylic acid halidohydrolase)
x

P
G

M
B

_B
A

C
S

U
>gnl|sp|P

G
M

B
_B

A
C

S
U

 (O
06995) P

utative beta-phosphoglucom
utase (E

C
 5.4.2.6) (B

eta-
P

G
M

)
x

P
G

M
B

_E
C

O
LI

>gnl|sp|P
G

M
B

_E
C

O
LI (P

77366) P
utative beta-phosphoglucom

utase (E
C

 5.4.2.6) (B
eta-

P
G

M
)

x
P

G
M

B
_LA

C
LA

>gnl|sp|P
G

M
B

_LA
C

LA (P
71447) B

eta-phosphoglucom
utase (E

C
 5.4.2.6) (B

eta-P
G

M
)

x

B
P

P
S

_S
A

LO
F

>gnl|sp|B
P

P
S

_S
A

LO
F (O

81192) (+)-bornyl diphosphate synthase, chloroplast precursor 
(E

C
 5.5.1.8) (S

B
S

) (B
P

P
S

)
x

P
TLS

_S
TR

S
3

>gnl|sp|P
TLS

_S
TR

S
3 (Q

55012) P
entalenene synthase (E

C
 4.2.3.7)

x
S

Q
H

C
_A

LIA
C

>gnl|sp|S
Q

H
C

_A
LIA

C
 (P

33247) S
qualene--hopene cyclase (E

C
 5.4.99.17)

x
S

Q
H

C
_B

R
A

JA
>gnl|sp|S

Q
H

C
_B

R
A

JA (P
54924) S

qualene--hopene cyclase (E
C

 5.4.99.17)
x

S
Q

H
C

_R
H

IS
N

>gnl|sp|S
Q

H
C

_R
H

IS
N

 (P
55348) P

robable squalene--hopene cyclase (E
C

 5.4.99.17)
x

S
Q

H
C

_ZY
M

M
O

>gnl|sp|S
Q

H
C

_ZY
M

M
O

 (P
33990) S

qualene--hopene cyclase (E
C

 5.4.99.17)
x

TR
I5_FU

S
A

C
>gnl|sp|TR

I5_FU
S

A
C

 (Q
7LJR

6) Trichodiene synthase (E
C

 4.2.3.6) (S
esquiterpene 

cyclase) (TS
)

x

TR
I5_FU

S
A

S
>gnl|sp|TR

I5_FU
S

A
S

 (Q
8N

IH
6) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x
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TR
I5_FU

S
A

U
>gnl|sp|TR

I5_FU
S

A
U

 (Q
8N

IH
0) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
B

O
>gnl|sp|TR

I5_FU
S

B
O

 (Q
8N

IH
3) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
C

E
>gnl|sp|TR

I5_FU
S

C
E

 (Q
8N

IC
1) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
C

O
>gnl|sp|TR

I5_FU
S

C
O

 (Q
7LJF8) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
C

U
>gnl|sp|TR

I5_FU
S

C
U

 (Q
8N

IG
9) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
M

E
>gnl|sp|TR

I5_FU
S

M
E

 (Q
8N

IC
8) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
M

I
>gnl|sp|TR

I5_FU
S

M
I (Q

8N
JA

1) Trichodiene synthase (E
C

 4.2.3.6) (S
esquiterpene 

cyclase) (TS
)

x

TR
I5_FU

S
P

O
>gnl|sp|TR

I5_FU
S

P
O

 (Q
00835) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
P

S
>gnl|sp|TR

I5_FU
S

P
S

 (Q
8N

ID
7) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
S

P
>gnl|sp|TR

I5_FU
S

S
P (P

13513) Trichodiene synthase (E
C

 4.2.3.6) (S
esquiterpene cyclase) 

(TS
)

x

TR
I5_G

IB
P

U
>gnl|sp|TR

I5_G
IB

P
U

 (P
27679) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene cyclase) 
(TS

)
x

TR
I5_G

IB
ZE

>gnl|sp|TR
I5_G

IB
ZE

 (Q
00909) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene cyclase) 
(TS

)
x

TR
I5_M

Y
R

R
O

>gnl|sp|TR
I5_M

Y
R

R
O

 (O
13489) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_S

TA
C

H
>gnl|sp|TR

I5_S
TA

C
H

 (O
59947) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene cyclase) 
(TS

)
x

A
R

IS
_P

E
N

R
O

>gnl|sp|A
R

IS
_P

E
N

R
O

 (Q
03471) A

ristolochene synthase (E
C

 4.2.3.9) (S
esquiterpene 

cyclase) (A
S

)
x

M
C

E
E

_H
U

M
A

N
>gnl|sp|M

C
E

E
_H

U
M

A
N

 (Q
96P

E
7) M

ethylm
alonyl-C

oA epim
erase, m

itochondrial precursor 
(E

C
 5.1.99.1) (D

L-m
ethylm

alonyl-C
oA racem

ase)
x
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M
C

E
E

_M
O

U
S

E
>gnl|sp|M

C
E

E
_M

O
U

S
E

 (Q
9D

1I5) M
ethylm

alonyl-C
oA epim

erase, m
itochondrial precursor 

(E
C

 5.1.99.1) (D
L-m

ethylm
alonyl-C

oA racem
ase)

x

H
P

P
D

1_A
S

P
FU

>gnl|sp|H
P

P
D

1_A
S

P
FU

 (Q
4W

H
U

1) P
robable 4-hydroxyphenylpyruvate dioxygenase 1 (E

C
 

1.13.11.27) (4H
P

P
D

 1) (H
P

D
 1) (H

P
P

D
ase 1)

x

H
P

P
D

2_A
S

P
FU

>gnl|sp|H
P

P
D

2_A
S

P
FU

 (Q
4W

P
V

8) P
robable 4-hydroxyphenylpyruvate dioxygenase 2 (E

C
 

1.13.11.27) (4H
P

P
D

 2) (H
P

D
 2) (H

P
P

D
ase 2)

x

H
P

P
D

_A
R

ATH
>gnl|sp|H

P
P

D
_A

R
ATH

 (P
93836) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_B
O

V
IN

>gnl|sp|H
P

P
D

_B
O

V
IN

 (Q
5E

A
20) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_B
R

A
R

E
>gnl|sp|H

P
P

D
_B

R
A

R
E

 (Q
6TG

Z5) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x

H
P

P
D

_C
A

E
B

R
>gnl|sp|H

P
P

D
_C

A
E

B
R

 (Q
60Y

65) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x

H
P

P
D

_C
A

E
E

L
>gnl|sp|H

P
P

D
_C

A
E

E
L (Q

22633) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x

H
P

P
D

_C
O

C
IM

>gnl|sp|H
P

P
D

_C
O

C
IM

 (Q
00415) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (T-cell reactive protein)

x

H
P

P
D

_D
A

U
C

A
>gnl|sp|H

P
P

D
_D

A
U

C
A (O

23920) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x

H
P

P
D

_H
U

M
A

N
>gnl|sp|H

P
P

D
_H

U
M

A
N

 (P
32754) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_M
A

G
G

R
>gnl|sp|H

P
P

D
_M

A
G

G
R

 (Q
96X

22) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

H
P

P
D

_M
O

U
S

E

>gnl|sp|H
P

P
D

_M
O

U
S

E
 (P

49429) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (4-hydroxyphenylpyruvic acide oxidase) (H
P

P
D

ase) (F protein) (F 
A

lloantigen)
x

H
P

P
D

_M
Y

C
G

R
>gnl|sp|H

P
P

D
_M

Y
C

G
R

 (O
42764) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

H
P

P
D

_N
E

U
C

R
>gnl|sp|H

P
P

D
_N

E
U

C
R

 (Q
872T7) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x
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H
P

P
D

_P
IG

>gnl|sp|H
P

P
D

_P
IG

 (Q
02110) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_P
S

E
U

J
>gnl|sp|H

P
P

D
_P

S
E

U
J (P

80064) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

H
P

P
D

_R
AT

>gnl|sp|H
P

P
D

_R
AT (P

32755) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (4-hydroxyphenylpyruvic acide oxidase) (H
P

P
D

ase) (F protein) (F 
A

lloantigen)
x

H
P

P
D

_S
O

LS
C

>gnl|sp|H
P

P
D

_S
O

LS
C

 (Q
9A

R
F9) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_S
TR

AW
>gnl|sp|H

P
P

D
_S

TR
AW

 (Q
53586) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

H
P

P
D

_S
TR

C
O

>gnl|sp|H
P

P
D

_S
TR

C
O

 (Q
9S

2F4) 4-hydroxyphenylpyruvate dioxygenase (E
C

 1.13.11.27) 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

H
P

P
D

_TE
TTH

>gnl|sp|H
P

P
D

_TE
TTH

 (Q
27203) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase) (F-antigen hom

olog) 
(TF-A

G
)

x

H
P

P
D

_X
E

N
TR

>gnl|sp|H
P

P
D

_X
E

N
TR

 (Q
5B

K
L0) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_YA
R

LI
>gnl|sp|H

P
P

D
_YA

R
LI (Q

6C
D

R
5) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

LLY
_LE

G
P

H
>gnl|sp|LLY

_LE
G

P
H

 (Q
5ZT84) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (Legiolysin)

x

LLY
_LE

G
P

N
>gnl|sp|LLY

_LE
G

P
N

 (P
69053) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (Legiolysin)

x

FO
S

A
_P

S
E

A
E

>gnl|sp|FO
S

A
_P

S
E

A
E

 (Q
9I4K

6) G
lutathione transferase fosA (E

C
 2.5.1.18) (Fosfom

ycin 
resistance protein)

x

FO
S

A
_S

E
R

M
A

>gnl|sp|FO
S

A
_S

E
R

M
A (Q

56415) G
lutathione transferase fosA (E

C
 2.5.1.18) (Fosfom

ycin 
resistance protein)

x

LG
U

L_A
R

ATH

>gnl|sp|LG
U

L_A
R

ATH
 (Q

8H
0V

3) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x
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C
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LG
U

L_B
R

A
JU

>gnl|sp|LG
U

L_B
R

A
JU

 (O
04885) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_B
R

A
O

G

>gnl|sp|LG
U

L_B
R

A
O

G
 (Q

39366) P
utative lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-

lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_C
IC

A
R

>gnl|sp|LG
U

L_C
IC

A
R

 (O
49818) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_E
C

O
57

>gnl|sp|LG
U

L_E
C

O
57 (P

0A
C

82) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

LG
U

L_E
C

O
LI

>gnl|sp|LG
U

L_E
C

O
LI (P

0A
C

81) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

LG
U

L_H
A

E
IN

>gnl|sp|LG
U

L_H
A

E
IN

 (P
44638) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_H
U

M
A

N

>gnl|sp|LG
U

L_H
U

M
A

N
 (Q

04760) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

LG
U

L_LY
C

E
S

>gnl|sp|LG
U

L_LY
C

E
S

 (Q
42891) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_M
A

C
FA

>gnl|sp|LG
U

L_M
A

C
FA (Q

4R
5F2) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_M
O

U
S

E

>gnl|sp|LG
U

L_M
O

U
S

E
 (Q

9C
P

U
0) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-

lactoylglutathione m
ethylglyoxal lyase)

x
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LG
U

L_N
E

IM
A

>gnl|sp|LG
U

L_N
E

IM
A (P

0A
0T2) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_N
E

IM
B

>gnl|sp|LG
U

L_N
E

IM
B

 (P
0A

0T3) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

LG
U

L_O
R

Y
S

A

>gnl|sp|LG
U

L_O
R

Y
S

A (Q
948T6) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase) (A

llergen O
ry s ?) (A

llergen G
lb33) (P

P
33)

x

LG
U

L_P
S

E
P

U

>gnl|sp|LG
U

L_P
S

E
P

U
 (P

16635) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

LG
U

L_R
AT

>gnl|sp|LG
U

L_R
AT (Q

6P
7Q

4) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

LG
U

L_S
A

LTI

>gnl|sp|LG
U

L_S
A

LTI (P
0A

1Q
3) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_S
A

LTY

>gnl|sp|LG
U

L_S
A

LTY (P
0A

1Q
2) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_S
C

H
P

O

>gnl|sp|LG
U

L_S
C

H
P

O
 (Q

09751) Lactoylglutathione lyase (E
C

 4.4.1.5) (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-lactoylglutathione 
m

ethylglyoxal lyase)
x

LG
U

L_S
H

IFL

>gnl|sp|LG
U

L_S
H

IFL (P
0A

C
83) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

LG
U

L_S
Y

N
Y

3

>gnl|sp|LG
U

L_S
Y

N
Y

3 (Q
55595) P

robable lactoylglutathione lyase (E
C

 4.4.1.5) 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-
lactoylglutathione m

ethylglyoxal lyase)
x
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LG
U

L_V
IB

C
H

>gnl|sp|LG
U

L_V
IB

C
H

 (Q
9K

T93) P
robable lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-

lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_V
IB

PA

>gnl|sp|LG
U

L_V
IB

PA (P
46235) P

robable lactoylglutathione lyase (E
C

 4.4.1.5) 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-
lactoylglutathione m

ethylglyoxal lyase)
x

LG
U

L_Y
E

A
S

T

>gnl|sp|LG
U

L_Y
E

A
S

T (P
50107) Lactoylglutathione lyase (E

C
 4.4.1.5) (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-lactoylglutathione 

m
ethylglyoxal lyase)

x

A
D

A
_B

R
A

R
E

>gnl|sp|A
D

A
_B

R
A

R
E

 (Q
6D

G
22) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

A
_C

H
IC

K
>gnl|sp|A

D
A

_C
H

IC
K

 (Q
5ZK

P
6) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

A
_Y

E
A

S
T

>gnl|sp|A
D

A
_Y

E
A

S
T (P

53909) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

B
TC

x

A
D

D
1_S

TR
C

O
>gnl|sp|A

D
D

1_S
TR

C
O

 (O
86737) P

robable adenosine deam
inase 1 (E

C
 3.5.4.4) 

(A
denosine am

inohydrolase 1)
B

TC
x

A
D

D
2_S

TR
C

O
>gnl|sp|A

D
D

2_S
TR

C
O

 (Q
9X

7T2) P
robable adenosine deam

inase 2 (E
C

 3.5.4.4) 
(A

denosine am
inohydrolase 2)

M
FR

x

A
D

D
2_V

IB
PA

>gnl|sp|A
D

D
2_V

IB
PA (Q

87G
M

3) A
denosine deam

inase 2 (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase 2)

B
TC

x

A
D

D
3_S

TR
C

O
>gnl|sp|A

D
D

3_S
TR

C
O

 (Q
9R

D
E

5) P
robable adenosine deam

inase 3 (E
C

 3.5.4.4) 
(A

denosine am
inohydrolase 3)

B
TC

x

A
D

D
4_S

TR
C

O
>gnl|sp|A

D
D

4_S
TR

C
O

 (Q
9L0L6) P

robable adenosine deam
inase 4 (E

C
 3.5.4.4) 

(A
denosine am

inohydrolase 4)
B

TC
x

A
D

D
5_S

TR
C

O
>gnl|sp|A

D
D

5_S
TR

C
O

 (Q
9A

K
25) P

robable adenosine deam
inase 5 (E

C
 3.5.4.4) 

(A
denosine am

inohydrolase 5)
M

FR
x

A
D

D
_A

G
R

T5
>gnl|sp|A

D
D

_A
G

R
T5 (Q

8U
J05) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_B

O
R

B
R

>gnl|sp|A
D

D
_B

O
R

B
R

 (Q
7W

M
Y

6) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

B
TC

x

              593



         Table K
-4. S

w
iss-P

rot D
ata (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C
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A
D

D
_B

O
R

PA
>gnl|sp|A

D
D

_B
O

R
PA (Q

7W
B

G
5) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_C

A
U

C
R

>gnl|sp|A
D

D
_C

A
U

C
R

 (Q
9A

3M
3) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_C

LO
A

B
>gnl|sp|A

D
D

_C
LO

A
B

 (Q
97E

V
1) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
M

FR
x

A
D

D
_C

LO
P

E
>gnl|sp|A

D
D

_C
LO

P
E

 (Q
8X

H
H

8) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

M
FR

x

A
D

D
_E

N
TFA

>gnl|sp|A
D

D
_E

N
TFA (Q

839J4) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

M
FR

x

A
D

D
_H

A
E

D
U

>gnl|sp|A
D

D
_H

A
E

D
U

 (Q
7V

N
V

1) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

M
FR

x

A
D

D
_LA

C
LA

>gnl|sp|A
D

D
_LA

C
LA (Q

9C
IR

9) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

M
FR

x

A
D

D
_M

Y
C

B
O

>gnl|sp|A
D

D
_M

Y
C

B
O

 (P
63908) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
M

FR
x

A
D

D
_M

Y
C

LE
>gnl|sp|A

D
D

_M
Y

C
LE

 (Q
9C

C
L9) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
M

FR
x

A
D

D
_M

Y
C

TU
>gnl|sp|A

D
D

_M
Y

C
TU

 (P
63907) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
M

FR
x

A
D

D
_P

H
O

LL
>gnl|sp|A

D
D

_P
H

O
LL (Q

7N
4H

5) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

B
TC

x

A
D

D
_P

S
E

A
E

>gnl|sp|A
D

D
_P

S
E

A
E

 (Q
9I6Y

4) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

B
TC

x

A
D

D
_P

S
E

P
K

>gnl|sp|A
D

D
_P

S
E

P
K

 (Q
88Q

A
3) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_P

S
E

S
M

>gnl|sp|A
D

D
_P

S
E

S
M

 (Q
889J2) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_R

A
LS

O
>gnl|sp|A

D
D

_R
A

LS
O

 (Q
8X

X
L5) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_R

H
ILO

>gnl|sp|A
D

D
_R

H
ILO

 (Q
98G

V
2) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x
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         Table K
-4. S

w
iss-P

rot D
ata (C

hapter 2)

A
ccession

A
nnotation

M
isan. 

C
ode

Incorrect
C

orrect

A
D

D
_R

H
IM

E
>gnl|sp|A

D
D

_R
H

IM
E

 (Q
92T48) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_S

TR
A

3
>gnl|sp|A

D
D

_S
TR

A
3 (P

63909) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

M
FR

x

A
D

D
_S

TR
A

5
>gnl|sp|A

D
D

_S
TR

A
5 (P

63910) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

M
FR

x

A
D

D
_S

TR
M

U
>gnl|sp|A

D
D

_S
TR

M
U

 (Q
8D

TN
8) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
M

FR
x

A
D

D
_S

TR
V

G
>gnl|sp|A

D
D

_S
TR

V
G

 (P
53984) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

A
D

D
_V

IB
V

U
>gnl|sp|A

D
D

_V
IB

V
U

 (Q
8D

6Q
8) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
M

FR
x

A
D

D
_V

IB
V

Y
>gnl|sp|A

D
D

_V
IB

V
Y (Q

7M
D

L6) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

M
FR

x

A
D

D
_W

O
LS

U
>gnl|sp|A

D
D

_W
O

LS
U

 (Q
7M

9R
5) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
B

TC
x

E
N

O
A

_TR
A

S
C

>gnl|sp|E
N

O
A

_TR
A

S
C

 (Q
9W

7L1) A
lpha-enolase (E

C
 4.2.1.11) (2-phospho-D

-glycerate 
hydro-lyase) (P

hosphopyruvate hydratase)
M

FR
x

G
U

D
H

_S
TR

C
O

>gnl|sp|G
U

D
H

_S
TR

C
O

 (Q
9R

D
E

9) P
robable glucarate dehydratase (E

C
 4.2.1.40) (G

D
H

) 
(G

lucD
)

B
A

C
x

TFD
D

2_R
A

LE
J

>gnl|sp|TFD
D

2_R
A

LE
J (P

42428) C
hlorom

uconate cycloisom
erase (E

C
 5.5.1.7) (M

uconate 
cycloisom

erase II)
B

A
C

x

K
D

S
C

_S
A

LTI
>gnl|sp|K

D
S

C
_S

A
LTI (Q

8Z3G
5) 3-deoxy-D

-m
anno-octulosonate 8-phosphate phosphatase 

(E
C

 3.1.3.45) (K
D

O
 8-P phosphatase)

B
TC

x

K
D

S
C

_S
A

LTY
>gnl|sp|K

D
S

C
_S

A
LTY (Q

8ZLS
0) 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (E
C

 3.1.3.45) (K
D

O
 8-P phosphatase)

B
TC

x

K
D

S
C

_Y
E

R
P

E
>gnl|sp|K

D
S

C
_Y

E
R

P
E

 (Q
8ZB

47) 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase (E

C
 3.1.3.45) (K

D
O

 8-P phosphatase)
B

TC
x

TR
I5_TR

IH
A

>gnl|sp|TR
I5_TR

IH
A (Q

6A
1B

7) Trichodiene synthase (E
C

 4.2.3.6) (S
esquiterpene cyclase) 

(TS
)

B
TC

x

H
P

P
D

_H
O

R
V

U
>gnl|sp|H

P
P

D
_H

O
R

V
U

 (O
48604) 4-hydroxyphenylpyruvate dioxygenase (E

C
 1.13.11.27) 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

B
TC

x
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         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

68556473
>gi|68556473|ref|ZP

_00595816.1| A
m

idohydrolase [R
alstonia m

etallidurans 
C

H
34] 

x
x

68529646
>gi|68529646|gb|E

A
N

52609.1| A
m

idohydrolase [R
alstonia m

etallidurans 
C

H
34]

x
x

73992038
>gi|73992038|ref|X

P
_534428.2| P

R
E

D
IC

TE
D

: sim
ilar to A

denosine 
deam

inase (A
denosine am

inohydrolase) isoform
 1 [C

anis fam
iliaris]

x
x

73992040
>gi|73992040|ref|X

P
_866253.1| P

R
E

D
IC

TE
D

: sim
ilar to A

denosine 
deam

inase (A
denosine am

inohydrolase) isoform
 2 [C

anis fam
iliaris]

x
x

74019554
>gi|74019554|ref|ZP

_00690169.1| A
m

idohydrolase [B
urkholderia am

bifaria 
A

M
M

D
] 

x
x

72607770
>gi|72607770|gb|E

A
O

43727.1| A
m

idohydrolase [B
urkholderia am

bifaria 
A

M
M

D
]

x
x

67542664
>gi|67542664|ref|ZP

_00420599.1| A
m

idohydrolase [B
urkholderia 

vietnam
iensis G

4] 
x

x

67535877
>gi|67535877|gb|E

A
M

32601.1| A
m

idohydrolase [B
urkholderia vietnam

iensis 
G

4]
x

x

67659616
>gi|67659616|ref|ZP

_00456976.1| A
m

idohydrolase [B
urkholderia 

cenocepacia A
U

 1054] 
x

x

67092835
>gi|67092835|gb|E

A
M

10384.1| A
m

idohydrolase [B
urkholderia cenocepacia 

A
U

 1054]
x

x

75196826
>gi|75196826|ref|ZP

_00706896.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli H

S
]

x
x

75234602
>gi|75234602|ref|ZP

_00718933.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli E

110019]
x

x

75230847
>gi|75230847|ref|ZP

_00717305.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli B

7A
]

x
x

75239218
>gi|75239218|ref|ZP

_00723191.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli F11]

x
x

2623168
>gi|2623168|gb|A

A
B

86485.1| putative dienoyl-C
oA isom

erase [H
om

o 
sapiens]

x
x

24985728
>gi|24985728|gb|A

A
N

69622.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[P
seudom

onas putida K
T2440]

x
x
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         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

82739940
>gi|82739940|ref|ZP

_00902717.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [P
seudom

onas putida F1]
x

x

82712992
>gi|82712992|gb|E

A
P

48129.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[P
seudom

onas putida F1]
x

x

28853151
>gi|28853151|gb|A

A
O

56220.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[P
seudom

onas syringae pv. tom
ato str. D

C
3000]

x
x

68344930
>gi|68344930|gb|A

AY
92536.1| enoyl-C

oA hydratase/isom
erase fam

ily protein 
[P

seudom
onas fluorescens P

f-5]
x

x

71557578
>gi|71557578|gb|A

A
Z36789.1| enoyl-C

oA hydratase/isom
erase fam

ily protein 
[P

seudom
onas syringae pv. phaseolicola 1448A

]
x

x

71737025
>gi|71737025|ref|Y

P
_274802.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [P

seudom
onas syringae pv. phaseolicola 1448A

]
x

x

13421504
>gi|13421504|gb|A

A
K

22340.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[C
aulobacter crescentus C

B
15]

x
x

16124608
>gi|16124608|ref|N

P
_419172.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [C

aulobacter crescentus C
B

15]
x

x

13883763
>gi|13883763|gb|A

A
K

48248.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[M
ycobacterium

 tuberculosis C
D

C
1551]

x
x

66851811
>gi|66851811|gb|E

A
L92136.1| enoyl-C

oA hydratase/isom
erase fam

ily protein 
[A

spergillus fum
igatus A

f293]
x

x

77953360
>gi|77953360|ref|ZP

_00817769.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [M
arinobacter aquaeolei V

T8]
x

x

77867780
>gi|77867780|gb|E

A
O

99054.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[M
arinobacter aquaeolei V

T8]
x

x

54013855
>gi|54013855|dbj|B

A
D

55225.1| putative enoyl-C
oA hydratase/isom

erase 
fam

ily protein [N
ocardia farcinica IFM

 10152]
x

x

86165533
>gi|86165533|gb|E

A
Q

66800.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[M
arinom

onas sp. M
E

D
121]

x
x

1789286
>gi|1789286|gb|A

A
C

75956.1| putative enzym
e [E

scherichia coli K
12] 

x
x

13363261
>gi|13363261|dbj|B

A
B

37212.1| putative enzym
e [E

scherichia coli O
157:H

7] 
x

x

12517451
>gi|12517451|gb|A

A
G

58045.1| putative enzym
e [E

scherichia coli O
157:H

7 
E

D
L933] 

x
x
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         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

15803453
>gi|15803453|ref|N

P
_289486.1| putative enzym

e [E
scherichia coli O

157:H
7 

E
D

L933] 
x

x

56383754
>gi|56383754|gb|A

A
N

44387.2| putative enzym
e [S

higella flexneri 2a str. 301] 
x

x

30042485
>gi|30042485|gb|A

A
P

18209.1| putative enzym
e [S

higella flexneri 2a str. 
2457T] 

x
x

82545462
>gi|82545462|ref|Y

P
_409409.1| putative enzym

e [S
higella boydii S

b227] 
x

x

30064228
>gi|30064228|ref|N

P
_838399.1| putative enzym

e [S
higella flexneri 2a str. 

2457T] 
x

x

56480203
>gi|56480203|ref|N

P
_708680.2| putative enzym

e [S
higella flexneri 2a str. 

301] 
x

x

81246873
>gi|81246873|gb|A

B
B

67581.1| putative enzym
e [S

higella boydii S
b227]

x
x

74313475
>gi|74313475|ref|Y

P
_311894.1| putative enzym

e [S
higella sonnei S

s046] 
x

x

73856952
>gi|73856952|gb|A

A
Z89659.1| putative enzym

e [S
higella sonnei S

s046]
x

x

74005032
>gi|74005032|ref|X

P
_848689.1| P

R
E

D
IC

TE
D

: sim
ilar to 3-hydroxyisobutyryl-

C
oenzym

e A hydrolase isoform
 1 [C

anis fam
iliaris]

x
x

72105061
>gi|72105061|ref|X

P
_791196.1| P

R
E

D
IC

TE
D

: sim
ilar to 3-hydroxyisobutyryl-

C
oenzym

e A hydrolase isoform
 1 [S

trongylocentrotus purpuratus]
x

x

8572760
>gi|8572760|gb|A

A
F77193.1| C

oA
-thioester hydrolase C

H
Y

1 [A
rabidopsis 

thaliana] 
x

x

76609336
>gi|76609336|ref|X

P
_615997.2| P

R
E

D
IC

TE
D

: sim
ilar to 3-hydroxyisobutyryl-

C
oenzym

e A hydrolase isoform
 1 [B

os taurus]
x

x

42569479
>gi|42569479|ref|N

P
_180624.2| catalytic [A

rabidopsis thaliana] 
x

x
42569477

>gi|42569477|ref|N
P

_180623.2| catalytic [A
rabidopsis thaliana]

x
x

42566089
>gi|42566089|ref|N

P
_191610.3| catalytic [A

rabidopsis thaliana] 
x

x
79473201

>gi|79473201|ref|N
P

_193072.2| catalytic [A
rabidopsis thaliana]

x
x

11994698
>gi|11994698|dbj|B

A
B

02936.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase-

like protein [A
rabidopsis thaliana]

x
x

7268039
>gi|7268039|em

b|C
A

B
78378.1| 3-hydroxyisobutyryl-coenzym

e A hydrolase-
like protein [A

rabidopsis thaliana] 
x

x
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         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

4584541
>gi|4584541|em

b|C
A

B
40771.1| 3-hydroxyisobutyryl-coenzym

e A hydrolase-
like protein [A

rabidopsis thaliana] 
x

x

21536517
>gi|21536517|gb|A

A
M

60849.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase-

like protein [A
rabidopsis thaliana] 

x
x

52209887
>gi|52209887|em

b|C
A

H
35859.1| putative hydratase [B

urkholderia 
pseudom

allei K
96243] 

x
x

38199742
>gi|38199742|em

b|C
A

E
49402.1| P

utative hydrolase [C
orynebacterium

 
diphtheriae] 

x
x

76616437
>gi|76616437|ref|X

P
_869949.1| P

R
E

D
IC

TE
D

: sim
ilar to G

am
m

a enolase (2-
phospho-D

-glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) 
(N

S
E

) (E
nolase 2) isoform

 2 [B
os taurus]

x
x

73997297
>gi|73997297|ref|X

P
_534902.2| P

R
E

D
IC

TE
D

: sim
ilar to G

am
m

a enolase (2-
phospho-D

-glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) 
(N

S
E

) (E
nolase 2) isoform

 2 [C
anis fam

iliaris]
x

x

73955314
>gi|73955314|ref|X

P
_536606.2| P

R
E

D
IC

TE
D

: sim
ilar to B

eta enolase (2-
phospho-D

-glycerate hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal 

m
uscle enolase) (E

nolase 3) isoform
 1 [C

anis fam
iliaris]

x
x

73955316
>gi|73955316|ref|X

P
_856204.1| P

R
E

D
IC

TE
D

: sim
ilar to B

eta enolase (2-
phospho-D

-glycerate hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal 

m
uscle enolase) (E

nolase 3) isoform
 2 [C

anis fam
iliaris]

x
x

73997301
>gi|73997301|ref|X

P
_867312.1| P

R
E

D
IC

TE
D

: sim
ilar to G

am
m

a enolase (2-
phospho-D

-glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) 
(N

S
E

) (E
nolase 2) isoform

 4 [C
anis fam

iliaris]
x

x

76616435
>gi|76616435|ref|X

P
_604365.2| P

R
E

D
IC

TE
D

: sim
ilar to G

am
m

a enolase (2-
phospho-D

-glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) 
(N

S
E

) (E
nolase 2) isoform

 1 [B
os taurus]

x
x

2281464
>gi|2281464|gb|A

A
C

46289.1| enolase hom
olog [B

orrelia burgdorferi]
x

x

73997303
>gi|73997303|ref|X

P
_867321.1| P

R
E

D
IC

TE
D

: sim
ilar to G

am
m

a enolase (2-
phospho-D

-glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) 
(N

S
E

) (E
nolase 2) isoform

 5 [C
anis fam

iliaris]
x

x

73997299
>gi|73997299|ref|X

P
_867303.1| P

R
E

D
IC

TE
D

: sim
ilar to G

am
m

a enolase (2-
phospho-D

-glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) 
(N

S
E

) (E
nolase 2) isoform

 3 [C
anis fam

iliaris]
x

x
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72004519
>gi|72004519|ref|X

P
_784476.1| P

R
E

D
IC

TE
D

: sim
ilar to enolase 1, (alpha) 

[S
trongylocentrotus purpuratus]

x
x

6323985
>gi|6323985|ref|N

P
_014056.1| P

rotein of unknow
n function, has sim

ilarity to 
enolases; E

rr3p [S
accharom

yces cerevisiae] 
x

x

1706698
>gi|1706698|sp|P

42222|E
R

R
3_Y

E
A

S
T E

nolase-related protein 3
x

x

6324974
>gi|6324974|ref|N

P
_015042.1| P

rotein of unknow
n function, has sim

ilarity to 
enolases; E

rr2p [S
accharom

yces cerevisiae] 
x

x

6324969
>gi|6324969|ref|N

P
_015038.1| P

rotein of unknow
n function, has sim

ilarity to 
enolases; E

rr1p [S
accharom

yces cerevisiae] 
x

x

51827777
>gi|51827777|sp|Q

12007|E
R

R
1_Y

E
A

S
T E

nolase-related protein 1/2
x

x

55644845
>gi|55644845|ref|X

P
_511294.1| P

R
E

D
IC

TE
D

: sim
ilar to enolase 3; enolase-3, 

beta, m
uscle; m

uscle specific enolase; beta enolase; skeletal m
uscle 

enolase; 2-phospho-D
-glycerate hydrolyase [P

an troglodytes]
x

x

10640159
>gi|10640159|em

b|C
A

C
12011.1| enolase related protein [Therm

oplasm
a 

acidophilum
] 

x
x

48785058
>gi|48785058|ref|ZP

_00281363.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
fungorum

 LB
400]

x
x

28869382
>gi|28869382|ref|N

P
_792001.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [P

seudom
onas syringae pv. tom

ato str. D
C

3000] 
x

x

28852623
>gi|28852623|gb|A

A
O

55696.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [P
seudom

onas syringae pv. tom
ato str. D

C
3000]

x
x

84362795
>gi|84362795|ref|ZP

_00987408.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia dolosa 
A

U
O

158]
x

x

84355722
>gi|84355722|ref|ZP

_00980597.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
cenocepacia P

C
184]

x
x

67669556
>gi|67669556|ref|ZP

_00466386.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1655] 
x

x
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82536379
>gi|82536379|ref|ZP

_00895386.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1106b] 
x

x

82528410
>gi|82528410|ref|ZP

_00887686.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1106a]
x

x

67739119
>gi|67739119|ref|ZP

_00489725.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 668]
x

x

67753215
>gi|67753215|ref|ZP

_00492159.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei P
asteur] 

x
x

67684280
>gi|67684280|ref|ZP

_00478280.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1710a] 
x

x

83676063
>gi|83676063|ref|ZP

_00937864.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 406e] 
x

x

67760958
>gi|67760958|ref|ZP

_00499673.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei S
13]

x
x

67639301
>gi|67639301|ref|ZP

_00438173.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

G
B

8 horse 4] 
x

x

67645063
>gi|67645063|ref|ZP

_00443375.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

N
C

TC
 10247] 

x
x

85066625
>gi|85066625|ref|ZP

_01027478.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

10229] 
x

x

84521886
>gi|84521886|ref|ZP

_01009022.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

S
AV

P
1] 

x
x
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83622215
>gi|83622215|ref|ZP

_00932549.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

JH
U

] 
x

x

83617215
>gi|83617215|ref|ZP

_00927738.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

FM
H

]
x

x

67634196
>gi|67634196|ref|ZP

_00433179.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

10399]
x

x

75242518
>gi|75242518|ref|ZP

_00726262.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli F11]
x

x

75514245
>gi|75514245|ref|ZP

_00736553.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
53638] 

x
x

75258232
>gi|75258232|ref|ZP

_00729680.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli E
22] 

x
x

75236416
>gi|75236416|ref|ZP

_00720512.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
E

110019] 
x

x

75231038
>gi|75231038|ref|ZP

_00717473.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli B
7A

] 
x

x

75210696
>gi|75210696|ref|ZP

_00710837.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
B

171] 
x

x

75188449
>gi|75188449|ref|ZP

_00701716.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
E

24377A
] 

x
x

83588442
>gi|83588442|ref|ZP

_00927066.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 101-
1] 

x
x
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75197590
>gi|75197590|ref|ZP

_00707660.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli H
S

]
x

x

77978070
>gi|77978070|ref|ZP

_00833504.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia interm

edia 
ATC

C
 29909]

x
x

71915919
>gi|71915919|gb|A

A
Z55821.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily [Therm

obifida fusca Y
X

] 
x

x

72162187
>gi|72162187|ref|Y

P
_289844.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily [Therm

obifida fusca Y
X

]
x

x

55379642
>gi|55379642|ref|Y

P
_137492.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily [H

aloarcula m
arism

ortui ATC
C

 43049] 
x

x

55232367
>gi|55232367|gb|A

AV
47786.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily [H

aloarcula m
arism

ortui ATC
C

 43049]
x

x

66847933
>gi|66847933|gb|E

A
L88263.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [A

spergillus fum
igatus A

f293] 
x

x

48789123
>gi|48789123|ref|ZP

_00285102.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
fungorum

 LB
400]

x
x

48788775
>gi|48788775|ref|ZP

_00284754.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
fungorum

 LB
400]

x
x

84361237
>gi|84361237|ref|ZP

_00985914.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia dolosa 
A

U
O

158]
x

x

47572881
>gi|47572881|ref|ZP

_00242922.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [R

ubrivivax 
gelatinosus P

M
1]

x
x

75256874
>gi|75256874|ref|ZP

_00728468.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli E
22] 

x
x
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75233987
>gi|75233987|ref|ZP

_00718436.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
E

110019] 
x

x

75187515
>gi|75187515|ref|ZP

_00700782.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
E

24377A
]

x
x

75511930
>gi|75511930|ref|ZP

_00734533.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
53638]

x
x

75228252
>gi|75228252|ref|ZP

_00714909.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli B
7A

]
x

x

75196758
>gi|75196758|ref|ZP

_00706828.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli H
S

] 
x

x

83584957
>gi|83584957|ref|ZP

_00923613.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 101-
1]

x
x

75212593
>gi|75212593|ref|ZP

_00712617.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
B

171]
x

x

75241823
>gi|75241823|ref|ZP

_00725642.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli F11]
x

x

75176351
>gi|75176351|ref|ZP

_00696495.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [S

higella boydii 
B

S
512]

x
x

75429736
>gi|75429736|ref|ZP

_00732398.1| O
-succinylbenzoate synthase and related 

enzym
es [A

ctinobacillus succinogenes 130Z] 
x

x

74276944
>gi|74276944|gb|E

A
O

50531.1| O
-succinylbenzoate synthase and related 

enzym
es [A

ctinobacillus succinogenes 130Z]
x

x
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49330345

>gi|49330345|gb|A
AT60991.1| enolase superfam

ily protein; possible N
-

acylam
ino acid racem

ase, m
andelate racem

ase/m
uconate lactonizing 

enzym
e, or o-succinylbenzoate synthase [B

acillus thuringiensis serovar 
konkukian str. 97-27] 

x
x

49478789

>gi|49478789|ref|Y
P

_038896.1| enolase superfam
ily protein; possible N

-
acylam

ino acid racem
ase, m

andelate racem
ase/m

uconate lactonizing 
enzym

e, or o-succinylbenzoate synthase [B
acillus thuringiensis serovar 

konkukian str. 97-27]

x
x

65322219
>gi|65322219|ref|ZP

_00395178.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

acillus anthracis str. 
A

2012] 
x

x

58177235
>gi|58177235|pdb|1W

U
E

|B
 C

hain B
, C

rystal S
tructure O

f P
rotein 

G
i:29375081, U

nknow
n M

em
ber O

f E
nolase S

uperfam
ily From

 E
nterococcus 

Faecalis V
583 

x
x

58177234
>gi|58177234|pdb|1W

U
E

|A C
hain A

, C
rystal S

tructure O
f P

rotein 
G

i:29375081, U
nknow

n M
em

ber O
f E

nolase S
uperfam

ily From
 E

nterococcus 
Faecalis V

583
x

x

21323231
>gi|21323231|dbj|B

A
B

97859.1| O
-succinylbenzoate synthase and related 

enzym
es [C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x
x

29342540
>gi|29342540|gb|A

A
O

80305.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [E
nterococcus faecalis V

583] 
x

x

29375081
>gi|29375081|ref|N

P
_814234.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [E

nterococcus faecalis V
583]

x
x

50875140
>gi|50875140|em

b|C
A

G
34980.1| related to N

-acylam
ino acid racem

ase 
(M

enC
) [D

esulfotalea psychrophila LS
v54] 

x
x

51244103
>gi|51244103|ref|Y

P
_063987.1| sim

ilar to N
-acylam

ino acid racem
ase 

(M
enC

) [D
esulfotalea psychrophila LS

v54]
x

x

34541184
>gi|34541184|ref|N

P
_905663.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [P

orphyrom
onas gingivalis W

83] 
x

x

34397500
>gi|34397500|gb|A

A
Q

66562.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [P
orphyrom

onas gingivalis W
83]

x
x
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62463998
>gi|62463998|ref|ZP

_00383303.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Lactococcus lactis 

subsp. crem
oris S

K
11]

x
x

76785842
>gi|76785842|ref|ZP

_00773006.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [M

ycobacterium
 

tuberculosis F11] 
x

x

81255566
>gi|81255566|ref|ZP

_00880040.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [M

ycobacterium
 

tuberculosis C
] 

x
x

23124230
>gi|23124230|ref|ZP

_00106232.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [N

ostoc punctiform
e 

P
C

C
 73102]

x
x

53689596
>gi|53689596|ref|ZP

_00346114.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Leuconostoc 

m
esenteroides subsp. m

esenteroides ATC
C

 8293]
x

x

71673678
>gi|71673678|ref|ZP

_00671426.1| sim
ilar to L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Trichodesm

ium
 

erythraeum
 IM

S
101] 

x
x

71672926
>gi|71672926|gb|E

A
O

29588.1| sim
ilar to L-alanine-D

L-glutam
ate epim

erase 
and related enzym

es of enolase superfam
ily [Trichodesm

ium
 erythraeum

 
IM

S
101]

x
x

58177237
>gi|58177237|pdb|1W

U
F|B

 C
hain B

, C
rystal S

tructure O
f P

rotein 
G

i:16801725, M
em

ber O
f E

nolase S
uperfam

ily From
 Listeria Innocua 

C
lip11262 

x
x

58177236
>gi|58177236|pdb|1W

U
F|A C

hain A
, C

rystal S
tructure O

f P
rotein 

G
i:16801725, M

em
ber O

f E
nolase S

uperfam
ily From

 Listeria Innocua 
C

lip11262
x

x

23347839
>gi|23347839|gb|A

A
N

29940.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
rucella suis 1330] 

x
x

62289941
>gi|62289941|ref|Y

P
_221734.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

rucella abortus biovar 1 str. 9-941] 
x

x

62196073
>gi|62196073|gb|A

A
X

74373.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
rucella abortus biovar 1 str. 9-941] 

x
x
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23501898
>gi|23501898|ref|N

P
_698025.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

rucella suis 1330]
x

x

17740080
>gi|17740080|gb|A

A
L42649.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [A

grobacterium
 tum

efaciens str. C
58] 

x
x

17935543
>gi|17935543|ref|N

P
_532333.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [A

grobacterium
 tum

efaciens str. C
58] 

x
x

78218629
>gi|78218629|gb|A

B
B

37978.1| L-alanine-D
L-glutam

ate epim
erase and 

related enzym
es of enolase superfam

ily-like [D
esulfovibrio desulfuricans G

20] 
x

x

78356224
>gi|78356224|ref|Y

P
_387673.1| L-alanine-D

L-glutam
ate epim

erase and 
related enzym

e of enolase superfam
ily-like [D

esulfovibrio desulfuricans G
20]

x
x

83370196
>gi|83370196|ref|ZP

_00915040.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
hodobacter sphaeroides ATC

C
 17025] 

x
x

83360087
>gi|83360087|gb|E

A
P

63619.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
hodobacter sphaeroides ATC

C
 17025]

x
x

83371865
>gi|83371865|ref|ZP

_00916645.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
hodobacter sphaeroides ATC

C
 17029] 

x
x

83366187
>gi|83366187|gb|E

A
P

69673.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
hodobacter sphaeroides ATC

C
 17029]

x
x

48783179
>gi|48783179|ref|ZP

_00279641.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
fungorum

 LB
400]

x
x

16502501
>gi|16502501|em

b|C
A

D
01649.1| putative m

andelate racem
ase / m

uconate 
lactonizing enzym

e fam
ily protein [S

alm
onella enterica subsp. enterica 

serovar Typhi] 
x

x

16760206
>gi|16760206|ref|N

P
_455823.1| putative m

andelate racem
ase / m

uconate 
lactonizing enzym

e fam
ily protein [S

alm
onella enterica subsp. enterica 

serovar Typhi str. C
T18] 

x
x
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29142025
>gi|29142025|ref|N

P
_805367.1| m

uconate lactonizing enzym
e fam

ily protein 
[S

alm
onella enterica subsp. enterica serovar Typhi Ty2] 

x
x

25292762
>gi|25292762|pir||A

H
0659 probable m

andelate racem
ase / m

uconate 
lactonizing enzym

e fam
ily protein S

TY
1382 [im

ported] - S
alm

onella enterica 
subsp. enterica serovar Typhi (strain C

T18)
x

x

75242125
>gi|75242125|ref|ZP

_00725919.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli F11]
x

x

23124447
>gi|23124447|ref|ZP

_00106436.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [N

ostoc punctiform
e 

P
C

C
 73102]

x
x

75190411
>gi|75190411|ref|ZP

_00703678.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
E

24377A
]

x
x

75195474
>gi|75195474|ref|ZP

_00705544.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli H
S

] 
x

x

83587466
>gi|83587466|ref|ZP

_00926094.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 101-
1]

x
x

75259437
>gi|75259437|ref|ZP

_00730756.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli E
22] 

x
x

75212765
>gi|75212765|ref|ZP

_00712763.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
B

171] 
x

x

75179027
>gi|75179027|ref|ZP

_00699045.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [S

higella boydii 
B

S
512]

x
x

75240029
>gi|75240029|ref|ZP

_00723990.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
E

110019]
x

x
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75231877
>gi|75231877|ref|ZP

_00718218.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli B
7A

]
x

x

75515055
>gi|75515055|ref|ZP

_00737259.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [E

scherichia coli 
53638]

x
x

77629331
>gi|77629331|ref|ZP

_00791917.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia 

pseudotuberculosis IP 31758]
x

x

77634477
>gi|77634477|ref|ZP

_00796577.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia pestis 

A
ngola] 

x
x

83953326
>gi|83953326|ref|ZP

_00962048.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [S
ulfitobacter sp. N

A
S

-14.1] 
x

x

83842294
>gi|83842294|gb|E

A
P

81462.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [S
ulfitobacter sp. N

A
S

-14.1]
x

x

84684109
>gi|84684109|ref|ZP

_01012011.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
hodobacterales bacterium

 H
TC

C
2654] 

x
x

84667862
>gi|84667862|gb|E

A
Q

14330.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
hodobacterales bacterium

 H
TC

C
2654]

x
x

83944285
>gi|83944285|ref|ZP

_00956740.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [S
ulfitobacter sp. E

E
-36] 

x
x

83844829
>gi|83844829|gb|E

A
P

82711.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [S
ulfitobacter sp. E

E
-36]

x
x

77979523
>gi|77979523|ref|ZP

_00834941.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia interm

edia 
ATC

C
 29909]

x
x

77958047
>gi|77958047|ref|ZP

_00822088.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia bercovieri 

ATC
C

 43970]
x

x
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13424773
>gi|13424773|gb|A

A
K

25075.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [C
aulobacter crescentus C

B
15] 

x
x

16127343
>gi|16127343|ref|N

P
_421907.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [C

aulobacter crescentus C
B

15]
x

x

29896521
>gi|29896521|gb|A

A
P

09800.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
acillus cereus ATC

C
 14579] 

x
x

30020968
>gi|30020968|ref|N

P
_832599.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

acillus cereus ATC
C

 14579]
x

x

77961680
>gi|77961680|ref|ZP

_00825512.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia m

ollaretii 
ATC

C
 43969]

x
x

86140220
>gi|86140220|ref|ZP

_01058782.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
oseobacter sp. M

E
D

193] 
x

x

85823157
>gi|85823157|gb|E

A
Q

43370.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
oseobacter sp. M

E
D

193]
x

x

77975347
>gi|77975347|ref|ZP

_00830883.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia frederiksenii 

ATC
C

 33641]
x

x

85705676
>gi|85705676|ref|ZP

_01036773.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
oseovarius sp. 217] 

x
x

85669666
>gi|85669666|gb|E

A
Q

24530.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
oseovarius sp. 217]

x
x

84501274
>gi|84501274|ref|ZP

_00999479.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [O
ceanicola batsensis H

TC
C

2597] 
x

x

84390565
>gi|84390565|gb|E

A
Q

03053.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [O
ceanicola batsensis H

TC
C

2597]
x

x

47503291
>gi|47503291|gb|A

AT31967.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
acillus anthracis str. 'A

m
es A

ncestor'] 
x

x

49179593
>gi|49179593|gb|A

AT54969.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
acillus anthracis str. S

terne] 
x

x

49185666
>gi|49185666|ref|Y

P
_028918.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

acillus anthracis str. S
terne] 

x
x
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30257450
>gi|30257450|gb|A

A
P

26680.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
acillus anthracis str. A

m
es] 

x
x

47528143
>gi|47528143|ref|Y

P
_019492.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

acillus anthracis str. 'A
m

es A
ncestor'] 

x
x

30262817
>gi|30262817|ref|N

P
_845194.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

acillus anthracis str. A
m

es]
x

x

65320143
>gi|65320143|ref|ZP

_00393102.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

acillus anthracis str. 
A

2012]
x

x

56680164
>gi|56680164|gb|A

AV
96830.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [S

ilicibacter pom
eroyi D

S
S

-3] 
x

x

56698427
>gi|56698427|ref|Y

P
_168801.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [S

ilicibacter pom
eroyi D

S
S

-3]
x

x

42781935
>gi|42781935|ref|N

P
_979182.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

acillus cereus ATC
C

 10987] 
x

x

42737859
>gi|42737859|gb|A

A
S

41790.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
acillus cereus ATC

C
 10987]

x
x

83951112
>gi|83951112|ref|ZP

_00959845.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
oseovarius nubinhibens IS

M
] 

x
x

83839011
>gi|83839011|gb|E

A
P

78307.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [R
oseovarius nubinhibens IS

M
]

x
x

47567668
>gi|47567668|ref|ZP

_00238378.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [B
acillus cereus G

9241] 
x

x

47555645
>gi|47555645|gb|E

A
L13986.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [B

acillus cereus G
9241]

x
x

75857840
>gi|75857840|ref|ZP

_00765452.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Vibrio sp. E

x25]
x

x

49609626
>gi|49609626|em

b|C
A

G
73059.1| putative m

andelate racem
ase / m

uconate 
lactonizing enzym

e fam
ily protein [E

rw
inia carotovora subsp. atroseptica 

S
C

R
I1043] 

x
x

50119100
>gi|50119100|ref|Y

P
_048267.1| putative m

andelate racem
ase / m

uconate 
lactonizing enzym

e fam
ily protein [E

rw
inia carotovora subsp. atroseptica 

S
C

R
I1043]

x
x
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48788203
>gi|48788203|ref|ZP

_00284182.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
fungorum

 LB
400]

x
x

48784065
>gi|48784065|ref|ZP

_00280446.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
fungorum

 LB
400]

x
x

46163636
>gi|46163636|ref|ZP

_00135767.2| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [P

seudom
onas 

aeruginosa U
C

B
P

P
-PA

14]
x

x

84320738
>gi|84320738|ref|ZP

_00969107.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [P

seudom
onas 

aeruginosa C
3719]

x
x

84326835
>gi|84326835|ref|ZP

_00974859.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [P

seudom
onas 

aeruginosa 2192]
x

x

84353826
>gi|84353826|ref|ZP

_00978746.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
cenocepacia P

C
184]

x
x

67647913
>gi|67647913|ref|ZP

_00446149.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

N
C

TC
 10247] 

x
x

67641750
>gi|67641750|ref|ZP

_00440518.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

G
B

8 horse 4] 
x

x

67636965
>gi|67636965|ref|ZP

_00435907.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

10399] 
x

x

85064052
>gi|85064052|ref|ZP

_01024906.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

10229] 
x

x

84521164
>gi|84521164|ref|ZP

_01008301.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

S
AV

P
1] 

x
x
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83624267
>gi|83624267|ref|ZP

_00934518.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

JH
U

] 
x

x

83620360
>gi|83620360|ref|ZP

_00930781.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia m
allei 

FM
H

]
x

x

67740097
>gi|67740097|ref|ZP

_00490598.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 668]
x

x

67754538
>gi|67754538|ref|ZP

_00493445.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei P
asteur]

x
x

67763500
>gi|67763500|ref|ZP

_00502196.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei S
13] 

x
x

67682431
>gi|67682431|ref|ZP

_00476662.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1710a] 
x

x

67674151
>gi|67674151|ref|ZP

_00470914.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1655] 
x

x

83677234
>gi|83677234|ref|ZP

_00938989.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 406e] 
x

x

82538237
>gi|82538237|ref|ZP

_00897231.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1106b] 
x

x

82530183
>gi|82530183|ref|ZP

_00889418.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
pseudom

allei 1106a]
x

x

67546464
>gi|67546464|ref|ZP

_00424377.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
vietnam

iensis G
4] 

x
x
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67532188
>gi|67532188|gb|E

A
M

28980.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
vietnam

iensis G
4]

x
x

21325172
>gi|21325172|dbj|B

A
B

99794.1| O
-succinylbenzoate synthase and related 

enzym
es [C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x
x

84352742
>gi|84352742|ref|ZP

_00977691.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
cenocepacia P

C
184]

x
x

84359310
>gi|84359310|ref|ZP

_00984058.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia dolosa 
A

U
O

158]
x

x

77634427
>gi|77634427|ref|ZP

_00796528.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia pestis 

A
ngola] 

x
x

77628795
>gi|77628795|ref|ZP

_00791381.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [Yersinia 

pseudotuberculosis IP 31758] 
x

x

62289215
>gi|62289215|ref|Y

P
_221008.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e dom
ain protein [B

rucella abortus biovar 1 str. 9-941] 
x

x

62195347
>gi|62195347|gb|A

A
X

73647.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e dom

ain protein [B
rucella abortus biovar 1 str. 9-941] 

x
x

82735350
>gi|82735350|ref|ZP

_00898213.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [P
seudom

onas putida F1] 
x

x

82718025
>gi|82718025|gb|E

A
P

53076.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [P
seudom

onas putida F1]
x

x

48785521
>gi|48785521|ref|ZP

_00281771.1| C
O

G
4948: L-alanine-D

L-glutam
ate 

epim
erase and related enzym

es of enolase superfam
ily [B

urkholderia 
fungorum

 LB
400]

x
x

26989550
>gi|26989550|ref|N

P
_744975.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [P

seudom
onas putida K

T2440] 
x

x

24984426
>gi|24984426|gb|A

A
N

68439.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e fam

ily protein [P
seudom

onas putida K
T2440]

x
x
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66852952
>gi|66852952|gb|E

A
L93276.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [A

spergillus fum
igatus A

f293] 
x

x

71554284
>gi|71554284|gb|A

A
Z33495.1| phosphatase, Y

rbI fam
ily [P

seudom
onas 

syringae pv. phaseolicola 1448A
] 

x
x

71733731
>gi|71733731|ref|Y

P
_276269.1| phosphatase, Y

rbI fam
ily [P

seudom
onas 

syringae pv. phaseolicola 1448A
]

x
x

28871584
>gi|28871584|ref|N

P
_794203.1| phosphatase, Y

rbI fam
ily [P

seudom
onas 

syringae pv. tom
ato str. D

C
3000] 

x
x

28854836
>gi|28854836|gb|A

A
O

57898.1| phosphatase, Y
rbI fam

ily [P
seudom

onas 
syringae pv. tom

ato str. D
C

3000]
x

x

16273566
>gi|16273566|ref|N

P
_439821.1| phosphatase [H

aem
ophilus influenzae R

d 
K

W
20] 

x
x

77381091
>gi|77381091|gb|A

B
A

72604.1| P
hosphatase kdsC

 [P
seudom

onas 
fluorescens P

fO
-1] 

x
x

77457088
>gi|77457088|ref|Y

P
_346593.1| P

hosphatase kdsC
 [P

seudom
onas 

fluorescens P
fO

-1]
x

x

26987692
>gi|26987692|ref|N

P
_743117.1| phosphatase, Y

rbI fam
ily [P

seudom
onas 

putida K
T2440] 

x
x

24982378
>gi|24982378|gb|A

A
N

66581.1| phosphatase, Y
rbI fam

ily [P
seudom

onas 
putida K

T2440]
x

x

82735971
>gi|82735971|ref|ZP

_00898832.1| H
A

D
-superfam

ily hydrolase subfam
ily 

IIIA
:P

hosphatase kdsC
 [P

seudom
onas putida F1] 

x
x

82716958
>gi|82716958|gb|E

A
P

52011.1| H
A

D
-superfam

ily hydrolase subfam
ily 

IIIA
:P

hosphatase kdsC
 [P

seudom
onas putida F1]

x
x

67156187
>gi|67156187|ref|ZP

_00417813.1| H
A

D
-superfam

ily hydrolase, subfam
ily 

IIIA
:P

hosphatase Y
rbI [A

zotobacter vinelandii AvO
P

] 
x

x

67086517
>gi|67086517|gb|E

A
M

05986.1| H
A

D
-superfam

ily hydrolase, subfam
ily 

IIIA
:P

hosphatase Y
rbI [A

zotobacter vinelandii AvO
P

]
x

x

66047370
>gi|66047370|ref|Y

P
_237211.1| H

A
D

-superfam
ily hydrolase, subfam

ily 
IIIA

:P
hosphatase Y

rbI [P
seudom

onas syringae pv. syringae B
728a] 

x
x

63258077
>gi|63258077|gb|A

AY
39173.1| H

A
D

-superfam
ily hydrolase, subfam

ily 
IIIA

:P
hosphatase Y

rbI [P
seudom

onas syringae pv. syringae B
728a]

x
x
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33632245
>gi|33632245|em

b|C
A

E
06701.1| possible phosphatase [S

ynechococcus sp. 
W

H
 8102] 

x
x

33864722
>gi|33864722|ref|N

P
_896281.1| possible phosphatase [S

ynechococcus sp. 
W

H
 8102]

x
x

78196193
>gi|78196193|gb|A

B
B

33958.1| phosphatase kdsC
 [S

ynechococcus sp. 
C

C
9605] 

x
x

78211734
>gi|78211734|ref|Y

P
_380513.1| phosphatase kdsC

 [S
ynechococcus sp. 

C
C

9605]
x

x

78168088
>gi|78168088|gb|A

B
B

25185.1| P
hosphatase kdsC

 [S
ynechococcus sp. 

C
C

9902] 
x

x

78183794
>gi|78183794|ref|Y

P
_376228.1| P

hosphatase kdsC
 [S

ynechococcus sp. 
C

C
9902]

x
x

48787727
>gi|48787727|ref|ZP

_00283706.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia fungorum
 LB

400]
x

x

68559621
>gi|68559621|ref|ZP

_00598953.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [R

alstonia m
etallidurans C

H
34] 

x
x

68526065
>gi|68526065|gb|E

A
N

49039.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [R

alstonia m
etallidurans C

H
34]

x
x

67680298
>gi|67680298|ref|ZP

_00474869.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei 1710a]

x
x

52210214
>gi|52210214|em

b|C
A

H
36193.1| putative dehalogenase [B

urkholderia 
pseudom

allei K
96243] 

x
x

53719800
>gi|53719800|ref|Y

P
_108786.1| putative dehalogenase [B

urkholderia 
pseudom

allei K
96243]

x
x

3108343
>gi|3108343|gb|A

A
C

61260.1| sesquiterpene cyclase [C
apsicum

 annuum
]

x
x

75704592
>gi|75704592|gb|A

B
A

24268.1| Terpene synthase [A
nabaena variabilis ATC

C
 

29413] 
x

x

75910867
>gi|75910867|ref|Y

P
_325163.1| Terpene synthase [A

nabaena variabilis ATC
C

 
29413]

x
x

69926775
>gi|69926775|ref|ZP

_00624246.1| Terpene synthase [N
itrobacter 

ham
burgensis X

14] 
x

x

69144438
>gi|69144438|gb|E

A
N

62925.1| Terpene synthase [N
itrobacter ham

burgensis 
X

14]
x

x
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67920371
>gi|67920371|ref|ZP

_00513891.1| Terpene synthase [C
rocosphaera w

atsonii 
W

H
 8501] 

x
x

67664823
>gi|67664823|ref|ZP

_00462093.1| Terpene synthase [B
urkholderia 

cenocepacia H
I2424] 

x
x

67654865
>gi|67654865|ref|ZP

_00452252.1| Terpene synthase [B
urkholderia 

cenocepacia A
U

 1054] 
x

x

67101530
>gi|67101530|gb|E

A
M

18670.1| Terpene synthase [B
urkholderia cenocepacia 

H
I2424] 

x
x

67097003
>gi|67097003|gb|E

A
M

14525.1| Terpene synthase [B
urkholderia cenocepacia 

A
U

 1054]
x

x

71676599
>gi|71676599|ref|ZP

_00674340.1| Terpene synthase [Trichodesm
ium

 
erythraeum

 IM
S

101] 
x

x

71670279
>gi|71670279|gb|E

A
O

26948.1| Terpene synthase [Trichodesm
ium

 
erythraeum

 IM
S

101]
x

x

74018822
>gi|74018822|ref|ZP

_00689442.1| Terpene synthase [B
urkholderia am

bifaria 
A

M
M

D
] 

x
x

72608755
>gi|72608755|gb|E

A
O

44707.1| Terpene synthase [B
urkholderia am

bifaria 
A

M
M

D
]

x
x

67544402
>gi|67544402|ref|ZP

_00422330.1| Terpene synthase [B
urkholderia 

vietnam
iensis G

4] 
x

x

67534159
>gi|67534159|gb|E

A
M

30906.1| Terpene synthase [B
urkholderia vietnam

iensis 
G

4]
x

x

68554434
>gi|68554434|ref|ZP

_00593779.1| Terpene synthase [R
alstonia m

etallidurans 
C

H
34] 

x
x

68531108
>gi|68531108|gb|E

A
N

54069.1| Terpene synthase [R
alstonia m

etallidurans 
C

H
34]

x
x

71838437
>gi|71838437|ref|ZP

_00678196.1| Terpene synthase [P
elobacter propionicus 

D
S

M
 2379] 

x
x

71741010
>gi|71741010|gb|E

A
O

36169.1| Terpene synthase [P
elobacter propionicus 

D
S

M
 2379]

x
x

71546746
>gi|71546746|ref|ZP

_00667512.1| Terpene synthase [S
yntrophobacter 

fum
aroxidans M

P
O

B
] 

x
x
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71487530
>gi|71487530|gb|E

A
O

19978.1| Terpene synthase [S
yntrophobacter 

fum
aroxidans M

P
O

B
]

x
x

71551144
>gi|71551144|ref|ZP

_00671141.1| Terpene synthase [N
itrosom

onas eutropha 
C

71] 
x

x

71483744
>gi|71483744|gb|E

A
O

16327.1| Terpene synthase [N
itrosom

onas eutropha 
C

71]
x

x

68231600
>gi|68231600|ref|ZP

_00570765.1| Terpene synthase [Frankia sp. E
A

N
1pec] 

x
x

68200793
>gi|68200793|gb|E

A
N

15000.1| Terpene synthase [Frankia sp. E
A

N
1pec]

x
x

68231155
>gi|68231155|ref|ZP

_00570328.1| Terpene synthase [Frankia sp. E
A

N
1pec] 

x
x

68201242
>gi|68201242|gb|E

A
N

15441.1| Terpene synthase [Frankia sp. E
A

N
1pec]

x
x

68558757
>gi|68558757|ref|ZP

_00598094.1| Terpene synthase [R
alstonia m

etallidurans 
C

H
34] 

x
x

68527124
>gi|68527124|gb|E

A
N

50093.1| Terpene synthase [R
alstonia m

etallidurans 
C

H
34]

x
x

74017366
>gi|74017366|ref|ZP

_00687990.1| Terpene synthase [B
urkholderia am

bifaria 
A

M
M

D
] 

x
x

72609994
>gi|72609994|gb|E

A
O

45942.1| Terpene synthase [B
urkholderia am

bifaria 
A

M
M

D
]

x
x

67666427
>gi|67666427|ref|ZP

_00463675.1| Terpene synthase [B
urkholderia 

cenocepacia H
I2424] 

x
x

67656569
>gi|67656569|ref|ZP

_00453951.1| Terpene synthase [B
urkholderia 

cenocepacia A
U

 1054] 
x

x

67100039
>gi|67100039|gb|E

A
M

17201.1| Terpene synthase [B
urkholderia cenocepacia 

H
I2424] 

x
x

67095754
>gi|67095754|gb|E

A
M

13281.1| Terpene synthase [B
urkholderia cenocepacia 

A
U

 1054]
x

x

71546164
>gi|71546164|ref|ZP

_00667005.1| Terpene synthase [S
yntrophobacter 

fum
aroxidans M

P
O

B
] 

x
x

71488020
>gi|71488020|gb|E

A
O

20454.1| Terpene synthase [S
yntrophobacter 

fum
aroxidans M

P
O

B
]

x
x
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76676331
>gi|76676331|ref|X

P
_584912.2| P

R
E

D
IC

TE
D

: sim
ilar to m

ethylm
alonyl-C

oA 
epim

erase [B
os taurus]

x
x

62640426
>gi|62640426|ref|X

P
_215213.2| P

R
E

D
IC

TE
D

: sim
ilar to M

ethylm
alonyl-C

oA 
epim

erase, m
itochondrial precursor (D

L-m
ethylm

alonyl-C
oA racem

ase) 
[R

attus norvegicus]
x

x

28374346
>gi|28374346|gb|A

A
H

46075.1| S
im

ilar to 4-hydroxyphenylpyruvate 
dioxygenase [D

anio rerio] 
x

x

72024564
>gi|72024564|ref|X

P
_798672.1| P

R
E

D
IC

TE
D

: sim
ilar to 4-

hydroxyphenylpyruvate dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) 

[S
trongylocentrotus purpuratus]

x
x

154989
>gi|154989|gb|A

A
A

98399.1| fosfom
ycin-resistance protein [S

erratia 
m

arcescens] 
x

x

46014944
>gi|46014944|pdb|1N

P
B

|F C
hain F, C

rystal S
tructure O

f The Fosfom
ycin 

R
esistance P

rotein From
 Transposon Tn2921 

x
x

46014943
>gi|46014943|pdb|1N

P
B

|E
 C

hain E
, C

rystal S
tructure O

f The Fosfom
ycin 

R
esistance P

rotein From
 Transposon Tn2921 

x
x

46014942
>gi|46014942|pdb|1N

P
B

|D
 C

hain D
, C

rystal S
tructure O

f The Fosfom
ycin 

R
esistance P

rotein From
 Transposon Tn2921 

x
x

46014941
>gi|46014941|pdb|1N

P
B

|C
 C

hain C
, C

rystal S
tructure O

f The Fosfom
ycin 

R
esistance P

rotein From
 Transposon Tn2921 

x
x

46014940
>gi|46014940|pdb|1N

P
B

|B
 C

hain B
, C

rystal S
tructure O

f The Fosfom
ycin 

R
esistance P

rotein From
 Transposon Tn2921 

x
x

46014939
>gi|46014939|pdb|1N

P
B

|A C
hain A

, C
rystal S

tructure O
f The Fosfom

ycin 
R

esistance P
rotein From

 Transposon Tn2921 
x

x

320413
>gi|320413|pir||A

60635 glutathione transferase (E
C

 2.5.1.18), fosfom
ycin-

m
odifying - E

scherichia coli plasm
id pS

U
961 transposon Tn2921

x
x

9947049
>gi|9947049|gb|A

A
G

04518.1| probable fosfom
ycin resistance protein 

[P
seudom

onas aeruginosa PA
O

1] 
x

x

15596326
>gi|15596326|ref|N

P
_249820.1| probable fosfom

ycin resistance protein 
[P

seudom
onas aeruginosa PA

O
1] 

x
x

42543104
>gi|42543104|pdb|1N

N
R

|B
 C

hain B
, C

rystal S
tructure O

f A P
robable 

Fosfom
ycin R

esistance P
rotein (P

a1129) From
 P

seudom
onas A

eruginosa 
W

ith S
ulfate P

resent In The A
ctive S

ite 
x

x
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42543103
>gi|42543103|pdb|1N

N
R

|A C
hain A

, C
rystal S

tructure O
f A P

robable 
Fosfom

ycin R
esistance P

rotein (P
a1129) From

 P
seudom

onas A
eruginosa 

W
ith S

ulfate P
resent In The A

ctive S
ite 

x
x

50740506
>gi|50740506|ref|X

P
_419481.1| P

R
E

D
IC

TE
D

: sim
ilar to glyoxylase 1; 

glyoxalase 1 [G
allus gallus]

x
x

79317664
>gi|79317664|ref|N

P
_001031025.1| ATG

LX
1 (G

LY
O

X
A

LA
S

E
 I H

O
M

O
LO

G
); 

lactoylglutathione lyase [A
rabidopsis thaliana] 

x
x

79587736
>gi|79587736|ref|N

P
_849644.2| ATG

LX
1 (G

LY
O

X
A

LA
S

E
 I H

O
M

O
LO

G
); 

lactoylglutathione lyase [A
rabidopsis thaliana] 

x
x

30682443
>gi|30682443|ref|N

P
_849643.1| ATG

LX
1 (G

LY
O

X
A

LA
S

E
 I H

O
M

O
LO

G
); 

lactoylglutathione lyase [A
rabidopsis thaliana] 

x
x

15221116
>gi|15221116|ref|N

P
_172648.1| ATG

LX
1 (G

LY
O

X
A

LA
S

E
 I H

O
M

O
LO

G
); 

lactoylglutathione lyase [A
rabidopsis thaliana] 

x
x

21593459
>gi|21593459|gb|A

A
M

65426.1| lactoylglutathione lyase-like protein 
[A

rabidopsis thaliana] 
x

x

11094299
>gi|11094299|dbj|B

A
B

17665.1| G
lyoxalase I hom

olog [A
rabidopsis thaliana] 

x
x

73972779
>gi|73972779|ref|X

P
_532129.2| P

R
E

D
IC

TE
D

: sim
ilar to glyoxylase 1 [C

anis 
fam

iliaris]
x

x

84323805
>gi|84323805|ref|ZP

_00971872.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa 2192] 
x

x

84317645
>gi|84317645|ref|ZP

_00966083.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa C
3719]

x
x

53726632
>gi|53726632|ref|ZP

_00141583.2| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa U
C

B
P

P
-PA

14]
x

x

72014470

>gi|72014470|ref|X
P

_782938.1| P
R

E
D

IC
TE

D
: sim

ilar to Lactoylglutathione 
lyase (M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-

aldehyde m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase) 
[S

trongylocentrotus purpuratus]

x
x

47573157
>gi|47573157|ref|ZP

_00243196.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [R
ubrivivax gelatinosus P

M
1]

x
x

84362813
>gi|84362813|ref|ZP

_00987425.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia dolosa A

U
O

158]
x

x
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84355685
>gi|84355685|ref|ZP

_00980560.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia cenocepacia P

C
184]

x
x

75829851
>gi|75829851|ref|ZP

_00759141.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [Vibrio cholerae M
O

10] 
x

x

75826317
>gi|75826317|ref|ZP

_00755752.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [Vibrio cholerae O
395] 

x
x

75814530
>gi|75814530|ref|ZP

_00745106.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [Vibrio cholerae V
52]

x
x

23128141
>gi|23128141|ref|ZP

_00109995.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [N
ostoc punctiform

e P
C

C
 73102]

x
x

48863527
>gi|48863527|ref|ZP

_00317421.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [M
icrobulbifer degradans 2-40]

x
x

67647704
>gi|67647704|ref|ZP

_00445943.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia m

allei N
C

TC
 10247] 

x
x

67641456
>gi|67641456|ref|ZP

_00440234.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia m

allei G
B

8 horse 4] 
x

x

85066589
>gi|85066589|ref|ZP

_01027442.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia m

allei 10229] 
x

x

84521850
>gi|84521850|ref|ZP

_01008986.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia m

allei S
AV

P
1] 

x
x

83676948
>gi|83676948|ref|ZP

_00938713.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia pseudom

allei 406e] 
x

x

83625910
>gi|83625910|ref|ZP

_00936138.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia m

allei JH
U

] 
x

x

83620971
>gi|83620971|ref|ZP

_00931385.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia m

allei FM
H

] 
x

x

82532706
>gi|82532706|ref|ZP

_00891916.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia pseudom

allei 1106a] 
x

x

75190690
>gi|75190690|ref|ZP

_00703957.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli E

24377A
]

x
x

75257069
>gi|75257069|ref|ZP

_00728629.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli E

22] 
x

x
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75234962
>gi|75234962|ref|ZP

_00719241.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli E

110019] 
x

x

75230901
>gi|75230901|ref|ZP

_00717350.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli B

7A
] 

x
x

75212987
>gi|75212987|ref|ZP

_00712985.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli B

171] 
x

x

75195730
>gi|75195730|ref|ZP

_00705800.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli H

S
] 

x
x

83587985
>gi|83587985|ref|ZP

_00926611.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli 101-1] 

x
x

12515646
>gi|12515646|gb|A

A
G

56640.1| enzym
e; C

entral interm
ediary m

etabolism
: 

P
ool, m

ultipurpose conversions of interm
ed. m

et'm
 [E

scherichia coli O
157:H

7 
E

D
L933] 

x
x

46164285
>gi|46164285|ref|ZP

_00136888.2| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa U
C

B
P

P
-PA

14] 
x

x

84325798
>gi|84325798|ref|ZP

_00973830.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa 2192] 
x

x

84319750
>gi|84319750|ref|ZP

_00968140.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa C
3719]

x
x

75238789
>gi|75238789|ref|ZP

_00722773.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [E
scherichia coli F11] 

x
x

72014468
>gi|72014468|ref|X

P
_782882.1| P

R
E

D
IC

TE
D

: sim
ilar to glyoxylase 1 

[S
trongylocentrotus purpuratus]

x
x

48786604
>gi|48786604|ref|ZP

_00282738.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [B
urkholderia fungorum

 LB
400]

x
x

75178453
>gi|75178453|ref|ZP

_00698499.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [S
higella boydii B

S
512] 

x
x

53692250
>gi|53692250|ref|ZP

_00123583.2| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [H
aem

ophilus som
nus 129P

T]
x

x

77975304
>gi|77975304|ref|ZP

_00830840.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [Yersinia frederiksenii ATC
C

 33641]
x

x

32029379
>gi|32029379|ref|ZP

_00132412.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [H
aem

ophilus som
nus 2336]

x
x
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33237211
>gi|33237211|gb|A

A
P

99280.1| Lactoylglutathione lyase fam
ily enzym

e 
[P

rochlorococcus m
arinus subsp. m

arinus str. C
C

M
P

1375] 
x

x

33239686
>gi|33239686|ref|N

P
_874628.1| Lactoylglutathione lyase fam

ily enzym
e 

[P
rochlorococcus m

arinus subsp. m
arinus str. C

C
M

P
1375]

x
x

77629366
>gi|77629366|ref|ZP

_00791952.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [Yersinia pseudotuberculosis IP 31758] 
x

x

77633722
>gi|77633722|ref|ZP

_00795841.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [Yersinia pestis A
ngola] 

x
x

77959188
>gi|77959188|ref|ZP

_00823210.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [Yersinia bercovieri ATC
C

 43970]
x

x

42630624
>gi|42630624|ref|ZP

_00156163.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [H
aem

ophilus influenzae R
2866]

x
x

68057128
>gi|68057128|gb|A

A
X

87381.1| lactoylglutathione lyase [H
aem

ophilus 
influenzae 86-028N

P
] 

x
x

68248929
>gi|68248929|ref|Y

P
_248041.1| lactoylglutathione lyase [H

aem
ophilus 

influenzae 86-028N
P

] 
x

x

16272276
>gi|16272276|ref|N

P
_438488.1| lactoylglutathione lyase [H

aem
ophilus 

influenzae R
d K

W
20] 

x
x

1573292
>gi|1573292|gb|A

A
C

21986.1| lactoylglutathione lyase (gloA
) [H

aem
ophilus 

influenzae R
d K

W
20] 

x
x

1246363
>gi|1246363|gb|A

A
A

93512.1| cytosine deam
inase:uracil 

phosphoribosyltransferase fusion protein 
x

1246360
>gi|1246360|gb|A

A
A

93510.1| cytosine deam
inase:uracil 

phosphoribosyltransferase fusion protein 
x

1246357
>gi|1246357|gb|A

A
A

93508.1| cytosine deam
inase:uracil 

phosphoribosyltransferase fusion protein 
x

1246354
>gi|1246354|gb|A

A
A

93506.1| cytosine deam
inase:uracil 

phosphoribosyltransferase fusion protein
x

75211133
>gi|75211133|ref|ZP

_00711240.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [E

scherichia coli B
171]

x

1657533
>gi|1657533|gb|A

A
B

18061.1| cytosine deam
inase [E

scherichia coli]
x

55669650
>gi|55669650|pdb|1R

A
K

|A C
hain A

, B
acterial C

ytosine D
eam

inase D
314s 

M
utant B

ound To 5-Fluoro- 4-(S
)-H

ydroxyl-3,4-D
ihydropyrim

idine. 
x
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55669647
>gi|55669647|pdb|1R

9Z|A C
hain A

, B
acterial C

ytosine D
eam

inase D
314s 

M
utant

x

26106750
>gi|26106750|gb|A

A
N

78935.1| C
ytosine deam

inase [E
scherichia coli 

C
FT073] 

x

26246352
>gi|26246352|ref|N

P
_752391.1| cytosine deam

inase [E
scherichia coli 

C
FT073]

x

75257636
>gi|75257636|ref|ZP

_00729127.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [E

scherichia coli E
22] 

x

75194561
>gi|75194561|ref|ZP

_00704631.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [E

scherichia coli H
S

]
x

75231104
>gi|75231104|ref|ZP

_00717526.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [E

scherichia coli B
7A

] 
x

75189411
>gi|75189411|ref|ZP

_00702678.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [E

scherichia coli E
24377A

]
x

55669649
>gi|55669649|pdb|1R

A
5|A C

hain A
, B

acterial C
ytosine D

eam
inase D

314a 
M

utant B
ound To 5-Fluoro- 4-(S

)-H
ydroxyl-3,4-D

ihydropyrim
idine. 

x

55669646
>gi|55669646|pdb|1R

9Y
|A C

hain A
, B

acterial C
ytosine D

eam
inase D

314a 
M

utant
x

55669648
>gi|55669648|pdb|1R

A
0|A C

hain A
, B

acterial C
ytosine D

eam
inase D

314g 
M

utant B
ound To 5-Fluoro- 4-(S

)-H
ydroxy-3,4-D

ihydropyrim
idine. 

x

55669645
>gi|55669645|pdb|1R

9X
|A C

hain A
, B

acterial C
ytosine D

eam
inase D

314g 
M

utant
x

581052
>gi|581052|em

b|C
A

A
45196.1| cytosine deam

inase [E
scherichia coli] 

x
1786531

>gi|1786531|gb|A
A

C
73440.1| cytosine deam

inase [E
scherichia coli K

12] 
x

85674479
>gi|85674479|dbj|B

A
E

76119.1| cytosine deam
inase [E

scherichia coli W
3110] 

x

33087247
>gi|33087247|gb|A

A
P

92816.1| cytosine deam
inase [E

scherichia coli] 
x

7239817
>gi|7239817|gb|A

A
B

25761.2| cytosine deam
inase; C

D
 [E

scherichia coli] 
x

16128322
>gi|16128322|ref|N

P
_414871.1| cytosine deam

inase [E
scherichia coli K

12] 
x

83586373
>gi|83586373|ref|ZP

_00925008.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [E

scherichia coli 101-1] 
x
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116845
>gi|116845|sp|P

25524|C
O

D
A

_E
C

O
LI C

ytosine deam
inase (C

ytosine 
am

inohydrolase)
x

75238478
>gi|75238478|ref|ZP

_00722472.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [E

scherichia coli F11]
x

18655482
>gi|18655482|pdb|1K

70|A C
hain A

, The S
tructure O

f E
scherichia C

oli 
C

ytosine D
eam

inase B
ound To 4-H

ydroxy-3,4-D
ihydro-1h-P

yrim
idin-2-O

ne 
x

18655481
>gi|18655481|pdb|1K

6W
|A C

hain A
, The S

tructure O
f E

scherichia C
oli 

C
ytosine D

eam
inase

x

62181842
>gi|62181842|ref|Y

P
_218259.1| cytosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar C

holeraesuis str. S
C

-B
67] 

x

62129475
>gi|62129475|gb|A

A
X

67178.1| putative cytosine deam
inase [S

alm
onella 

enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67]
x

13359847
>gi|13359847|dbj|B

A
B

33813.1| cytosine deam
inase [E

scherichia coli 
O

157:H
7] 

x

15829644
>gi|15829644|ref|N

P
_308417.1| cytosine deam

inase [E
scherichia coli 

O
157:H

7] 
x

12513168
>gi|12513168|gb|A

A
G

54686.1| cytosine deam
inase [E

scherichia coli 
O

157:H
7 E

D
L933] 

x

15800066
>gi|15800066|ref|N

P
_286078.1| cytosine deam

inase [E
scherichia coli 

O
157:H

7 E
D

L933]
x

77634604
>gi|77634604|ref|ZP

_00796701.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [Yersinia pestis A

ngola] 
x

77631143
>gi|77631143|ref|ZP

_00793729.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [Yersinia pseudotuberculosis IP 31758] 

x

45434881
>gi|45434881|gb|A

A
S

60442.1| cytosine deam
inase [Yersinia pestis biovar 

M
edievalis str. 91001] 

x

15978267
>gi|15978267|em

b|C
A

C
89025.1| cytosine deam

inase [Yersinia pestis C
O

92] 
x

21960948
>gi|21960948|gb|A

A
M

87490.1| cytosine deam
inase [Yersinia pestis K

IM
] 

x
22127816

>gi|22127816|ref|N
P

_671239.1| cytosine deam
inase [Yersinia pestis K

IM
] 

x

45440026
>gi|45440026|ref|N

P
_991565.1| cytosine deam

inase [Yersinia pestis biovar 
M

edievalis str. 91001] 
x
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16120505
>gi|16120505|ref|N

P
_403818.1| cytosine deam

inase [Yersinia pestis C
O

92]
x

56129520
>gi|56129520|gb|A

AV
79026.1| cytosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar P

aratyphi A str. ATC
C

 9150] 
x

56415263
>gi|56415263|ref|Y

P
_152338.1| cytosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar P

aratyphi A str. ATC
C

 9150]
x

16504399
>gi|16504399|em

b|C
A

D
07851.1| cytosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar Typhi] 

x

29139220
>gi|29139220|gb|A

A
O

70787.1| cytosine deam
inase [S

alm
onella enterica 

subsp. enterica serovar Typhi Ty2] 
x

16762096
>gi|16762096|ref|N

P
_457713.1| cytosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar Typhi str. C

T18] 
x

29143585
>gi|29143585|ref|N

P
_806927.1| cytosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar Typhi Ty2] 

x

25512543
>gi|25512543|pir||A

E
0907 cytosine deam

inase [im
ported] - S

alm
onella 

enterica subsp. enterica serovar Typhi (strain C
T18)

x

45356869
>gi|45356869|gb|A

A
S

58473.1| cytosine deam
inase [E

scherichia coli]
x

16421892
>gi|16421892|gb|A

A
L22203.1| putative cytosine deam

inase [S
alm

onella 
typhim

urium
 LT2] 

x

16766629
>gi|16766629|ref|N

P
_462244.1| cytosine deam

inase [S
alm

onella typhim
urium

 
LT2]

x

77978185
>gi|77978185|ref|ZP

_00833617.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [Yersinia interm

edia ATC
C

 29909]
x

51591311
>gi|51591311|em

b|C
A

H
22977.1| cytosine deam

inase [Yersinia 
pseudotuberculosis IP 32953] 

x

51598029
>gi|51598029|ref|Y

P
_072220.1| cytosine deam

inase [Yersinia 
pseudotuberculosis IP 32953]

x

77975030
>gi|77975030|ref|ZP

_00830567.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [Yersinia frederiksenii ATC

C
 33641]

x

51493749
>gi|51493749|gb|A

A
U

04862.1| cytosine deam
inase [Tam

arix chinensis]
x

15602430
>gi|15602430|ref|N

P
_245502.1| cytosine deam

inase [P
asteurella m

ultocida 
subsp. m

ultocida str. P
m

70]
x
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77958279
>gi|77958279|ref|ZP

_00822315.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [Yersinia bercovieri ATC

C
 43970]

x

53727142
>gi|53727142|ref|ZP

_00347786.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [P

seudom
onas aeruginosa U

C
B

P
P

-
PA

14] 
x

9946295
>gi|9946295|gb|A

A
G

03826.1| cytosine deam
inase [P

seudom
onas aeruginosa 

PA
O

1] 
x

15595634
>gi|15595634|ref|N

P
_249128.1| cytosine deam

inase [P
seudom

onas 
aeruginosa PA

O
1] 

x

84324317
>gi|84324317|ref|ZP

_00972376.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [P

seudom
onas aeruginosa 2192]

x

77962698
>gi|77962698|ref|ZP

_00826515.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [Yersinia m

ollaretii ATC
C

 43969]
x

14524455
>gi|14524455|gb|A

A
K

65940.1| putative C
odA

1 cytosine deam
inase 

[S
inorhizobium

 m
eliloti 1021] 

x

16263735
>gi|16263735|ref|N

P
_436528.1| cytosine deam

inase [S
inorhizobium

 m
eliloti 

1021]
x

59711138
>gi|59711138|ref|Y

P
_203914.1| cytosine deam

inase [Vibrio fischeri E
S

114] 
x

59479239
>gi|59479239|gb|A

AW
85026.1| cytosine deam

inase [Vibrio fischeri E
S

114]
x

28809611
>gi|28809611|dbj|B

A
C

62586.1| putative cytosine deam
inase [Vibrio 

parahaem
olyticus R

IM
D

 2210633] 
x

28901098
>gi|28901098|ref|N

P
_800753.1| cytosine deam

inase [Vibrio parahaem
olyticus 

R
IM

D
 2210633]

x

48787837
>gi|48787837|ref|ZP

_00283816.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia fungorum
 LB

400]
x

86144452
>gi|86144452|ref|ZP

_01062784.1| cytosine deam
inase [Vibrio sp. M

E
D

222] 
x

85837351
>gi|85837351|gb|E

A
Q

55463.1| cytosine deam
inase [Vibrio sp. M

E
D

222]
x

75854832
>gi|75854832|ref|ZP

_00762503.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [Vibrio sp. E

x25]
x
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27358767
>gi|27358767|gb|A

A
O

07716.1| C
ytosine deam

inase [Vibrio vulnificus 
C

M
C

P
6] 

x

27367199
>gi|27367199|ref|N

P
_762726.1| cytosine deam

inase [Vibrio vulnificus 
C

M
C

P
6]

x

37201459
>gi|37201459|dbj|B

A
C

97281.1| cytosine deam
inase [Vibrio vulnificus Y

J016] 
x

37676915
>gi|37676915|ref|N

P
_937311.1| cytosine deam

inase [Vibrio vulnificus Y
J016]

x

46916477
>gi|46916477|em

b|C
A

G
23242.1| putative cytosine deam

inase 
[P

hotobacterium
 profundum

 S
S

9] 
x

54303049
>gi|54303049|ref|Y

P
_133042.1| cytosine deam

inase [P
hotobacterium

 
profundum

 S
S

9]
x

84387544
>gi|84387544|ref|ZP

_00990562.1| cytosine deam
inase [Vibrio splendidus 

12B
01] 

x

84377592
>gi|84377592|gb|E

A
P

94457.1| cytosine deam
inase [Vibrio splendidus 12B

01]
x

17428610
>gi|17428610|em

b|C
A

D
15296.1| P

R
O

B
A

B
LE

 C
Y

TO
S

IN
E

 D
E

A
M

IN
A

S
E

 
(C

Y
TO

S
IN

E
 A

M
IN

O
H

Y
D

R
O

LA
S

E
) P

R
O

TE
IN

 [R
alstonia solanacearum

] 
x

17546313
>gi|17546313|ref|N

P
_519715.1| cytosine deam

inase [R
alstonia 

solanacearum
 G

M
I1000]

x

73537826
>gi|73537826|ref|Y

P
_298193.1| cytosine deam

inase [R
alstonia eutropha 

JM
P

134]
x

14025224
>gi|14025224|dbj|B

A
B

51825.1| creatinine deam
inase [M

esorhizobium
 loti 

M
A

FF303099] 
x

13474471
>gi|13474471|ref|N

P
_106039.1| cytosine deam

inase [M
esorhizobium

 loti 
M

A
FF303099]

x

83745851
>gi|83745851|ref|ZP

_00942908.1| C
ytosine deam

inase [R
alstonia 

solanacearum
 U

W
551] 

x

83727541
>gi|83727541|gb|E

A
P

74662.1| C
ytosine deam

inase [R
alstonia solanacearum

 
U

W
551]

x

18144416
>gi|18144416|dbj|B

A
B

80462.1| cytosine deam
inase [C

lostridium
 perfringens 

str. 13] 
x
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18309738
>gi|18309738|ref|N

P
_561672.1| cytosine deam

inase [C
lostridium

 perfringens 
str. 13]

x

67153359
>gi|67153359|ref|ZP

_00415104.1| C
ytosine deam

inase [A
zotobacter 

vinelandii AvO
P

] 
x

67087492
>gi|67087492|gb|E

A
M

06958.1| C
ytosine deam

inase [A
zotobacter vinelandii 

AvO
P

]
x

36958684
>gi|36958684|gb|A

A
Q

87152.1| C
ytosine deam

inase [R
hizobium

 sp. N
G

R
234]

x

23336356
>gi|23336356|ref|ZP

_00121577.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

ifidobacterium
 longum

 D
JO

10A
]

x

23464639
>gi|23464639|ref|N

P
_695242.1| cytosine deam

inase [B
ifidobacterium

 longum
 

N
C

C
2705] 

x

23325197
>gi|23325197|gb|A

A
N

23878.1| cytosine deam
inase [B

ifidobacterium
 longum

 
N

C
C

2705]
x

86359986
>gi|86359986|ref|Y

P
_471876.1| cytosine deam

inase protein [R
hizobium

 etli 
C

FN
 42] 

x

86284088
>gi|86284088|gb|A

B
C

93149.1| cytosine deam
inase protein [R

hizobium
 etli 

C
FN

 42]
x

84318643
>gi|84318643|ref|ZP

_00967064.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [P

seudom
onas aeruginosa C

3719]
x

77388331
>gi|77388331|gb|A

B
A

79516.1| C
ytosine deam

inase [R
hodobacter 

sphaeroides 2.4.1] 
x

77463913
>gi|77463913|ref|Y

P
_353417.1| cytosine deam

inase [R
hodobacter 

sphaeroides 2.4.1]
x

57339189
>gi|57339189|gb|A

AW
49583.1| cytosine deam

inase [B
ifidobacterium

 breve]
x

28203958
>gi|28203958|gb|A

A
O

36398.1| cytosine deam
inase [C

lostridium
 tetani E

88] 
x

28211517
>gi|28211517|ref|N

P
_782461.1| cytosine deam

inase [C
lostridium

 tetani E
88]

x

86606249
>gi|86606249|ref|Y

P
_475012.1| cytosine deam

inase [C
yanobacteria 

bacterium
 Yellow

stone A
-P

rim
e]

x
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68345688
>gi|68345688|gb|A

AY
93294.1| cytosine deam

inase [P
seudom

onas 
fluorescens P

f-5] 
x

70731389
>gi|70731389|ref|Y

P
_261130.1| cytosine deam

inase [P
seudom

onas 
fluorescens P

f-5]
x

56912036
>gi|56912036|dbj|B

A
D

66563.1| cytosine deam
inase [B

acillus clausii K
S

M
-

K
16] 

x

56965790
>gi|56965790|ref|Y

P
_177524.1| cytosine deam

inase [B
acillus clausii K

S
M

-
K

16]
x

86607889
>gi|86607889|ref|Y

P
_476651.1| cytosine deam

inase [C
yanobacteria 

bacterium
 Yellow

stone B
-P

rim
e]

x

85705815
>gi|85705815|ref|ZP

_01036912.1| cytosine deam
inase [R

oseovarius sp. 217] 
x

85669805
>gi|85669805|gb|E

A
Q

24669.1| cytosine deam
inase [R

oseovarius sp. 217]
x

15623524
>gi|15623524|dbj|B

A
B

67512.1| 412aa long hypothetical cytosine deam
inase 

[S
ulfolobus tokodaii str. 7] 

x

15922734
>gi|15922734|ref|N

P
_378403.1| hypothetical cytosine deam

inase [S
ulfolobus 

tokodaii str. 7]
x

86135886
>gi|86135886|ref|ZP

_01054465.1| C
ytosine deam

inase [R
oseobacter sp. 

M
E

D
193] 

x

85826760
>gi|85826760|gb|E

A
Q

46956.1| C
ytosine deam

inase [R
oseobacter sp. 

M
E

D
193]

x

84714350
>gi|84714350|ref|ZP

_01021815.1| codA
, R

S
c1594; probable cytosine 

deam
inase (cytosine      am

inohydrolase) protein [P
olarom

onas 
naphthalenivorans C

J2] 
x

84693949
>gi|84693949|gb|E

A
Q

19746.1| codA
, R

S
c1594; probable cytosine deam

inase 
(cytosine      am

inohydrolase) protein [P
olarom

onas naphthalenivorans C
J2]

x

82736446
>gi|82736446|ref|ZP

_00899304.1| cytosine deam
inase [P

seudom
onas putida 

F1] 
x

82716465
>gi|82716465|gb|E

A
P

51521.1| cytosine deam
inase [P

seudom
onas putida F1]

x
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67779564
>gi|67779564|gb|E

A
M

39182.1| C
ytosine deam

inase [P
olarom

onas sp. 
JS

666] 
x

67908164
>gi|67908164|ref|ZP

_00506564.1| C
ytosine deam

inase [P
olarom

onas sp. 
JS

666]
x

26989908
>gi|26989908|ref|N

P
_745333.1| cytosine deam

inase [P
seudom

onas putida 
K

T2440] 
x

24984820
>gi|24984820|gb|A

A
N

68797.1| cytosine deam
inase [P

seudom
onas putida 

K
T2440]

x

84359748
>gi|84359748|ref|ZP

_00984478.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia dolosa A
U

O
158]

x

83952722
>gi|83952722|ref|ZP

_00961452.1| cytosine deam
inase [R

oseovarius 
nubinhibens IS

M
] 

x

83835857
>gi|83835857|gb|E

A
P

75156.1| cytosine deam
inase [R

oseovarius nubinhibens 
IS

M
]

x

13816107
>gi|13816107|gb|A

A
K

42880.1| C
ytosine deam

inase (codA
) [S

ulfolobus 
solfataricus P

2] 
x

15899485
>gi|15899485|ref|N

P
_344090.1| C

ytosine deam
inase (codA

) [S
ulfolobus 

solfataricus P
2]

x

84354363
>gi|84354363|ref|ZP

_00979270.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia cenocepacia P
C

184]
x

67756409
>gi|67756409|ref|ZP

_00495293.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei P

asteur] 
x

67740000
>gi|67740000|ref|ZP

_00490536.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei 668] 

x

67682684
>gi|67682684|ref|ZP

_00476891.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei 1710a] 

x

67673244
>gi|67673244|ref|ZP

_00470012.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei 1655] 

x

76582641
>gi|76582641|gb|A

B
A

52115.1| cytosine deam
inase [B

urkholderia 
pseudom

allei 1710b] 
x

76818168
>gi|76818168|ref|Y

P
_337486.1| cytosine deam

inase [B
urkholderia 

pseudom
allei 1710b] 

x
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83680421
>gi|83680421|ref|ZP

_00942127.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei 406e] 

x

82537539
>gi|82537539|ref|ZP

_00896536.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei 1106b] 

x

82531872
>gi|82531872|ref|ZP

_00891087.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei 1106a]

x

67664077
>gi|67664077|ref|ZP

_00461354.1| C
ytosine deam

inase [B
urkholderia 

cenocepacia H
I2424] 

x

67102341
>gi|67102341|gb|E

A
M

19474.1| C
ytosine deam

inase [B
urkholderia 

cenocepacia H
I2424] 

x

67762588
>gi|67762588|ref|ZP

_00501288.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia pseudom
allei S

13] 
x

67649224
>gi|67649224|ref|ZP

_00447449.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia m
allei N

C
TC

 10247] 
x

67643675
>gi|67643675|ref|ZP

_00442419.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia m
allei G

B
8 horse 4] 

x

67638557
>gi|67638557|ref|ZP

_00437493.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia m
allei 10399] 

x

52212201
>gi|52212201|em

b|C
A

H
38221.1| cytosine deam

inase [B
urkholderia 

pseudom
allei K

96243] 
x

85063486
>gi|85063486|ref|ZP

_01024340.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia m
allei 10229] 

x

52423266
>gi|52423266|gb|A

A
U

46836.1| cytosine deam
inase [B

urkholderia m
allei 

ATC
C

 23344] 
x

53721787
>gi|53721787|ref|Y

P
_110772.1| cytosine deam

inase [B
urkholderia 

pseudom
allei K

96243] 
x

53717296
>gi|53717296|ref|Y

P
_105363.1| cytosine deam

inase [B
urkholderia m

allei 
ATC

C
 23344] 

x

83626280
>gi|83626280|ref|ZP

_00936505.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia m
allei JH

U
] 

x

83619304
>gi|83619304|ref|ZP

_00929742.1| C
O

G
0402: C

ytosine deam
inase and 

related m
etal-dependent hydrolases [B

urkholderia m
allei FM

H
]

x
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83717088
>gi|83717088|ref|Y

P
_439833.1| cytosine deam

inase [B
urkholderia 

thailandensis E
264] 

x

83650913
>gi|83650913|gb|A

B
C

34977.1| cytosine deam
inase [B

urkholderia 
thailandensis E

264]
x

83647817
>gi|83647817|ref|Y

P
_436252.1| C

ytosine deam
inase and related m

etal-
dependent H

ydrolase [H
ahella chejuensis K

C
TC

 2396] 
x

83635860
>gi|83635860|gb|A

B
C

31827.1| C
ytosine deam

inase and related m
etal-

dependent H
ydrolase [H

ahella chejuensis K
C

TC
 2396]

x

56679381
>gi|56679381|gb|A

AV
96047.1| cytosine deam

inase, putative [S
ilicibacter 

pom
eroyi D

S
S

-3] 
x

56697644
>gi|56697644|ref|Y

P
_168014.1| cytosine deam

inase [S
ilicibacter pom

eroyi 
D

S
S

-3]
x

41324304
>gi|41324304|em

b|C
A

F18644.1| C
R

E
ATIN

IN
E

 D
E

A
M

IN
A

S
E

 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x

62388971
>gi|62388971|ref|Y

P
_224373.1| C

R
E

ATIN
IN

E
 D

E
A

M
IN

A
S

E
 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032]
x

21322840
>gi|21322840|dbj|B

A
B

97469.1| C
ytosine deam

inase and related m
etal-

dependent hydrolases [C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

19551325
>gi|19551325|ref|N

P
_599327.1| cytosine deam

inase or related m
etal-

dependent hydrolase [C
orynebacterium

 glutam
icum

 ATC
C

 13032]
x

35213096
>gi|35213096|dbj|B

A
C

90469.1| cytosine deam
inase [G

loeobacter violaceus 
P

C
C

 7421] 
x

37522097
>gi|37522097|ref|N

P
_925474.1| cytosine deam

inase [G
loeobacter violaceus 

P
C

C
 7421]

x

68560577
>gi|68560577|ref|ZP

_00599889.1| C
ytosine deam

inase [R
ubrobacter 

xylanophilus D
S

M
 9941] 

x

68513294
>gi|68513294|gb|E

A
N

37089.1| C
ytosine deam

inase [R
ubrobacter 

xylanophilus D
S

M
 9941]

x

68567500
>gi|68567500|gb|A

AY
80429.1| cytosine deam

inase [S
ulfolobus 

acidocaldarius D
S

M
 639] 

x

70606852
>gi|70606852|ref|Y

P
_255722.1| cytosine deam

inase [S
ulfolobus 

acidocaldarius D
S

M
 639]

x
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23494693
>gi|23494693|dbj|B

A
C

19659.1| putative cytosine deam
inase 

[C
orynebacterium

 efficiens Y
S

-314] 
x

25029405
>gi|25029405|ref|N

P
_739459.1| putative cytosine deam

inase 
[C

orynebacterium
 efficiens Y

S
-314]

x

86163518
>gi|86163518|gb|E

A
Q

64793.1| cytosine deam
inase [M

arinom
onas sp. 

M
E

D
121]

x

2443394
>gi|2443394|dbj|B

A
A

22413.1| creatinine deam
inase [B

acillus sp.]
x

27806933
>gi|27806933|ref|N

P
_776312.1| adenosine deam

inase [B
os taurus] 

x

9652182
>gi|9652182|gb|A

A
F91430.1| adenosine deam

inase; adenosine 
am

inohydrolase; A
D

A [B
os taurus] 

x

20141178
>gi|20141178|sp|P

56658|A
D

A
_B

O
V

IN
 A

denosine deam
inase (A

denosine 
am

inohydrolase)
x

25955532
>gi|25955532|gb|A

A
H

40226.1| A
denosine deam

inase [H
om

o sapiens] 
x

14043373
>gi|14043373|gb|A

A
H

07678.1| A
denosine deam

inase [H
om

o sapiens] 
x

56208527
>gi|56208527|em

b|C
A

B
09782.2| adenosine deam

inase [H
om

o sapiens] 
x

55662027
>gi|55662027|em

b|C
A

H
73885.1| adenosine deam

inase [H
om

o sapiens] 
x

28380
>gi|28380|em

b|C
A

A
26734.1| adenosine deam

inase [H
om

o sapiens] 
x

47078295
>gi|47078295|ref|N

P
_000013.2| adenosine deam

inase [H
om

o sapiens] 
x

113339
>gi|113339|sp|P

00813|A
D

A
_H

U
M

A
N

 A
denosine deam

inase (A
denosine 

am
inohydrolase) 

x

178077
>gi|178077|gb|A

A
A

78791.1| adenosine deam
inase

x

62898355
>gi|62898355|dbj|B

A
D

97117.1| adenosine deam
inase variant [H

om
o sapiens]

x

224877
>gi|224877|prf||1203203A deam

inase a,adenosine
x

55670514
>gi|55670514|pdb|1W

1I|H
 C

hain H
, C

rystal S
tructure O

f D
ipeptidyl P

eptidase 
Iv (D

ppiv O
r C

d26) In C
om

plex W
ith A

denosine D
eam

inase 
x

55670513
>gi|55670513|pdb|1W

1I|G
 C

hain G
, C

rystal S
tructure O

f D
ipeptidyl P

eptidase 
Iv (D

ppiv O
r C

d26) In C
om

plex W
ith A

denosine D
eam

inase 
x

55670512
>gi|55670512|pdb|1W

1I|F C
hain F, C

rystal S
tructure O

f D
ipeptidyl P

eptidase 
Iv (D

ppiv O
r C

d26) In C
om

plex W
ith A

denosine D
eam

inase 
x

55670511
>gi|55670511|pdb|1W

1I|E
 C

hain E
, C

rystal S
tructure O

f D
ipeptidyl P

eptidase 
Iv (D

ppiv O
r C

d26) In C
om

plex W
ith A

denosine D
eam

inase
x
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75765416
>gi|75765416|pdb|1W

X
Z|A C

hain A
, C

rystal S
tructure O

f A
denosine 

D
eam

inase Ligated W
ith A P

otent Inhibitor 
x

75765415
>gi|75765415|pdb|1W

X
Y

|A C
hain A

, C
rystal S

tructure O
f A

denosine 
D

eam
inase Ligated W

ith A P
otent Inhibitor 

x

75765310
>gi|75765310|pdb|1V

FL|A C
hain A

, A
denosine D

eam
inase 

x

58177005
>gi|58177005|pdb|1V

7A
|A C

hain A
, C

rystal S
tructures O

f A
denosine 

D
eam

inase C
om

plexed W
ith P

otent Inhibitors 
x

58177004
>gi|58177004|pdb|1V

79|A C
hain A

, C
rystal S

tructures O
f A

denosine 
D

eam
inase C

om
plexed W

ith P
otent Inhibitors 

x

58177003
>gi|58177003|pdb|1V

78|A C
hain A

, C
rystal S

tructures O
f A

denosine 
D

eam
inase C

om
plexed W

ith P
otent Inhibitors 

x

40889137
>gi|40889137|pdb|1N

D
Z|A C

hain A
, C

rystal S
tructure O

f A
denosine 

D
eam

inase C
om

plexed W
ith Fr235999 

x

40889136
>gi|40889136|pdb|1N

D
Y

|A C
hain A

, C
rystal S

tructure O
f A

denosine 
D

eam
inase C

om
plexed W

ith Fr230513 
x

40889135
>gi|40889135|pdb|1N

D
W

|A C
hain A

, C
rystal S

tructure O
f A

denosine 
D

eam
inase C

om
plexed W

ith Fr221647 
x

40889134
>gi|40889134|pdb|1N

D
V

|A C
hain A

, C
rystal S

tructure O
f A

denosine 
D

eam
inase C

om
plexed W

ith Fr117016 
x

55670343
>gi|55670343|pdb|1U

M
L|A C

hain A
, C

rystal S
tructure O

f A
denosine 

D
eam

inase C
om

plexed W
ith A P

otent Inhibitor Fr233624 
x

55669530
>gi|55669530|pdb|1O

5R
|A C

hain A
, C

rystal S
tructure O

f A
denosine 

D
eam

inase C
om

plexed W
ith A P

otent Inhibitor
x

55669583
>gi|55669583|pdb|1Q

X
L|A C

hain A
, C

rystal S
tructure O

f A
denosine 

D
eam

inase C
om

plexed W
ith Fr235380 

x

28373486
>gi|28373486|pdb|1K

R
M

|A C
hain A

, C
rystal S

tructure O
f B

ovine A
denosine 

D
eam

inase C
om

plexed W
ith 6-H

ydroxyl-1,6-D
ihydropurine R

iboside
x

19548716
>gi|19548716|gb|A

A
L90755.1| adenosine deam

inase [M
us m

usculus] 
x

19548714
>gi|19548714|gb|A

A
L90754.1| adenosine deam

inase [M
us m

usculus] 
x

1657629
>gi|1657629|gb|A

A
C

08442.1| adenosine deam
inase [M

us m
usculus] 

x
6680636

>gi|6680636|ref|N
P

_031424.1| adenosine deam
inase [M

us m
usculus] 

x
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113340
>gi|113340|sp|P

03958|A
D

A
_M

O
U

S
E

 A
denosine deam

inase (A
denosine 

am
inohydrolase) 

x

309091
>gi|309091|gb|A

A
A

37173.1| adenosine deam
inase (E

C
 3.5.4.4) 

x

999767
>gi|999767|pdb|2A

D
A

|   A
denosine D

eam
inase (E

.C
.3.5.4.4) C

om
plexed W

ith 
6-H

ydroxyl-1,6-D
ihydropurine R

ibonucleoside
x

1518868
>gi|1518868|gb|A

A
B

07142.1| adenosine deam
inase (A

D
A

) [M
us m

usculus]
x

3892031
>gi|3892031|pdb|1A

4M
|D

 C
hain D

, A
da S

tructure C
om

plexed W
ith P

urine 
R

iboside A
t P

h 7.0 
x

3892030
>gi|3892030|pdb|1A

4M
|C

 C
hain C

, A
da S

tructure C
om

plexed W
ith P

urine 
R

iboside A
t P

h 7.0 
x

3892029
>gi|3892029|pdb|1A

4M
|B

 C
hain B

, A
da S

tructure C
om

plexed W
ith P

urine 
R

iboside A
t P

h 7.0 
x

3892028
>gi|3892028|pdb|1A

4M
|A C

hain A
, A

da S
tructure C

om
plexed W

ith P
urine 

R
iboside A

t P
h 7.0 

x

3892027
>gi|3892027|pdb|1A

4L|D
 C

hain D
, A

da S
tructure C

om
plexed W

ith 
D

eoxycoform
ycin A

t P
h 7.0 

x

3892026
>gi|3892026|pdb|1A

4L|C
 C

hain C
, A

da S
tructure C

om
plexed W

ith 
D

eoxycoform
ycin A

t P
h 7.0 

x

3892025
>gi|3892025|pdb|1A

4L|B
 C

hain B
, A

da S
tructure C

om
plexed W

ith 
D

eoxycoform
ycin A

t P
h 7.0 

x

3892024
>gi|3892024|pdb|1A

4L|A C
hain A

, A
da S

tructure C
om

plexed W
ith 

D
eoxycoform

ycin A
t P

h 7.0 
x

493801
>gi|493801|pdb|1A

D
D

|   A
denosine D

eam
inase (E

.C
.3.5.4.4) C

om
plexed W

ith 
1-D

eaza-A
denosine (D

aa)
x

56789878
>gi|56789878|gb|A

A
H

88116.1| A
denosine deam

inase [R
attus norvegicus] 

x

18426812
>gi|18426812|ref|N

P
_569083.1| adenosine deam

inase [R
attus norvegicus] 

x

20137184
>gi|20137184|sp|Q

920P
6|A

D
A

_R
AT A

denosine deam
inase (A

denosine 
am

inohydrolase) 
x

16040979
>gi|16040979|dbj|B

A
B

69691.1| adenosine deam
inase [R

attus norvegicus]
x
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 D
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75822633
>gi|75822633|ref|ZP

_00752223.1| C
O

G
1816: A

denosine deam
inase [Vibrio 

cholerae R
C

385]
x

75830675
>gi|75830675|ref|ZP

_00759949.1| C
O

G
1816: A

denosine deam
inase [Vibrio 

cholerae M
O

10] 
x

75827993
>gi|75827993|ref|ZP

_00757428.1| C
O

G
1816: A

denosine deam
inase [Vibrio 

cholerae O
395] 

x

75815380
>gi|75815380|ref|ZP

_00745892.1| C
O

G
1816: A

denosine deam
inase [Vibrio 

cholerae V
52] 

x

9657350
>gi|9657350|gb|A

A
F95890.1| adenosine deam

inase [Vibrio cholerae O
1 

biovar eltor str. N
16961] 

x

15642744
>gi|15642744|ref|N

P
_232377.1| adenosine deam

inase [Vibrio cholerae O
1 

biovar eltor str. N
16961] 

x

11266260
>gi|11266260|pir||F82038 adenosine deam

inase V
C

2751 [im
ported] - Vibrio 

cholerae  (strain N
16961 serogroup O

1) 
x

20137242
>gi|20137242|sp|Q

9K
N

I7|A
D

D
_V

IB
C

H
 A

denosine deam
inase (A

denosine 
am

inohydrolase)
x

75820650
>gi|75820650|ref|ZP

_00750693.1| C
O

G
1816: A

denosine deam
inase [Vibrio 

cholerae V
51]

x

16502746
>gi|16502746|em

b|C
A

D
01904.1| adenosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar Typhi] 

x

29137418
>gi|29137418|gb|A

A
O

68981.1| adenosine deam
inase [S

alm
onella enterica 

subsp. enterica serovar Typhi Ty2] 
x

16760450
>gi|16760450|ref|N

P
_456067.1| adenosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar Typhi str. C

T18] 
x

29141790
>gi|29141790|ref|N

P
_805132.1| adenosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar Typhi Ty2] 

x

25290246
>gi|25290246|pir||A

G
0691 adenosine deam

inase [im
ported] - S

alm
onella 

enterica subsp. enterica serovar Typhi (strain C
T18) 

x

20137212
>gi|20137212|sp|Q

8Z6R
2|A

D
D

_S
A

LTI A
denosine deam

inase (A
denosine 

am
inohydrolase)

x

74312050
>gi|74312050|ref|Y

P
_310469.1| adenosine deam

inase [S
higella sonnei 

S
s046] 

x
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 D
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73855527
>gi|73855527|gb|A

A
Z88234.1| adenosine deam

inase [S
higella sonnei S

s046]
x

62180050
>gi|62180050|ref|Y

P
_216467.1| adenosine deam

inase [S
alm

onella enterica 
subsp. enterica serovar C

holeraesuis str. S
C

-B
67] 

x

62127683
>gi|62127683|gb|A

A
X

65386.1| adenosine deam
inase [S

alm
onella enterica 

subsp. enterica serovar C
holeraesuis str. S

C
-B

67]
x

75238816
>gi|75238816|ref|ZP

_00722800.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli F11] 

x

26108273
>gi|26108273|gb|A

A
N

80475.1| A
denosine deam

inase [E
scherichia coli 

C
FT073] 

x

26247870
>gi|26247870|ref|N

P
_753910.1| adenosine deam

inase [E
scherichia coli 

C
FT073] 

x

29839245
>gi|29839245|sp|Q

8FH
99|A

D
D

_E
C

O
L6 A

denosine deam
inase (A

denosine 
am

inohydrolase)
x

75512944
>gi|75512944|ref|ZP

_00735425.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli 53638] 

x

75234936
>gi|75234936|ref|ZP

_00719215.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli E

110019] 
x

75230928
>gi|75230928|ref|ZP

_00717377.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli B

7A
] 

x

75212960
>gi|75212960|ref|ZP

_00712958.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli B

171] 
x

75195703
>gi|75195703|ref|ZP

_00705773.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli H

S
] 

x

75190663
>gi|75190663|ref|ZP

_00703930.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli E

24377A
] 

x

1787910
>gi|1787910|gb|A

A
C

74695.1| adenosine deam
inase [E

scherichia coli K
12] 

x

1742677
>gi|1742677|dbj|B

A
A

15374.1| adenosine deam
inase [E

scherichia coli W
3110] 

x

16129581
>gi|16129581|ref|N

P
_416140.1| adenosine deam

inase [E
scherichia coli K

12] 
x
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83587958
>gi|83587958|ref|ZP

_00926584.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli 101-1] 

x

2506342
>gi|2506342|sp|P

22333|A
D

D
_E

C
O

LI A
denosine deam

inase (A
denosine 

am
inohydrolase)

x

16419984
>gi|16419984|gb|A

A
L20385.1| adenosine deam

inase [S
alm

onella 
typhim

urium
 LT2] 

x

16764811
>gi|16764811|ref|N

P
_460426.1| adenosine deam

inase [S
alm

onella 
typhim

urium
 LT2] 

x

20137214
>gi|20137214|sp|Q

8ZP
L9|A

D
D

_S
A

LTY A
denosine deam

inase (A
denosine 

am
inohydrolase)

x

13361798
>gi|13361798|dbj|B

A
B

35754.1| adenosine deam
inase [E

scherichia coli 
O

157:H
7] 

x

15831585
>gi|15831585|ref|N

P
_310358.1| adenosine deam

inase [E
scherichia coli 

O
157:H

7] 
x

12515612
>gi|12515612|gb|A

A
G

56612.1| adenosine deam
inase [E

scherichia coli 
O

157:H
7 E

D
L933] 

x

20137203
>gi|20137203|sp|Q

8X
661|A

D
D

_E
C

O
57 A

denosine deam
inase (A

denosine 
am

inohydrolase) 
x

15802037
>gi|15802037|ref|N

P
_288059.1| adenosine deam

inase [E
scherichia coli 

O
157:H

7 E
D

L933]
x

24051977
>gi|24051977|gb|A

A
N

43230.1| adenosine deam
inase [S

higella flexneri 2a str. 
301] 

x

30041387
>gi|30041387|gb|A

A
P

17116.1| adenosine deam
inase [S

higella flexneri 2a str. 
2457T] 

x

30063138
>gi|30063138|ref|N

P
_837309.1| adenosine deam

inase [S
higella flexneri 2a 

str. 2457T] 
x

24113013
>gi|24113013|ref|N

P
_707523.1| adenosine deam

inase [S
higella flexneri 2a 

str. 301] 
x

41688435
>gi|41688435|sp|Q

83R
C

0|A
D

D
_S

H
IFL A

denosine deam
inase (A

denosine 
am

inohydrolase)
x

82777097
>gi|82777097|ref|Y

P
_403446.1| adenosine deam

inase [S
higella dysenteriae 

S
d197] 

x
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 D
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81241245
>gi|81241245|gb|A

B
B

61955.1| adenosine deam
inase [S

higella dysenteriae 
S

d197]
x

75257042
>gi|75257042|ref|ZP

_00728602.1| C
O

G
1816: A

denosine deam
inase 

[E
scherichia coli E

22]
x

83571009
>gi|83571009|ref|ZP

_00922451.1| C
O

G
1816: A

denosine deam
inase [S

higella 
dysenteriae 1012]

x

75178481
>gi|75178481|ref|ZP

_00698527.1| C
O

G
1816: A

denosine deam
inase [S

higella 
boydii B

S
512] 

x

82544009
>gi|82544009|ref|Y

P
_407956.1| adenosine deam

inase [S
higella boydii 

S
b227] 

x

81245420
>gi|81245420|gb|A

B
B

66128.1| adenosine deam
inase [S

higella boydii S
b227]

x

78688097
>gi|78688097|ref|ZP

_00852819.1| A
denosine deam

inase [S
hew

anella sp. 
A

N
A

-3] 
x

78504159
>gi|78504159|gb|E

A
P

17730.1| A
denosine deam

inase [S
hew

anella sp. A
N

A
-3]

x

76259953
>gi|76259953|ref|ZP

_00767596.1| A
denosine deam

inase [C
hloroflexus 

aurantiacus J-10-fl] 
x

76165205
>gi|76165205|gb|E

A
O

59342.1| A
denosine deam

inase [C
hloroflexus 

aurantiacus J-10-fl]
x

24376203
>gi|24376203|ref|N

P
_720247.1| adenosine deam

inase [S
hew

anella 
oneidensis M

R
-1] 

x

24351258
>gi|24351258|gb|A

A
N

57690.1| adenosine deam
inase [S

hew
anella oneidensis 

M
R

-1] 
x

29839241
>gi|29839241|sp|Q

8E
8D

4|A
D

D
_S

H
E

O
N

 A
denosine deam

inase (A
denosine 

am
inohydrolase)

x

78691154
>gi|78691154|ref|ZP

_00855782.1| A
denosine deam

inase [S
hew

anella sp. M
R

-
7] 

x

78509428
>gi|78509428|gb|E

A
P

22822.1| A
denosine deam

inase [S
hew

anella sp. M
R

-7]
x

145201
>gi|145201|gb|A

A
A

23419.1| adenosine deam
inase

x

82497819
>gi|82497819|ref|ZP

_00883345.1| A
denosine deam

inase [S
hew

anella sp. M
R

-
4] 

x
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82404205
>gi|82404205|gb|E

A
P

44900.1| A
denosine deam

inase [S
hew

anella sp. M
R

-4]
x

28805098
>gi|28805098|dbj|B

A
C

58379.1| adenosine deam
inase [Vibrio 

parahaem
olyticus R

IM
D

 2210633] 
x

28896890
>gi|28896890|ref|N

P
_796495.1| adenosine deam

inase [Vibrio 
parahaem

olyticus R
IM

D
 2210633] 

x

31339969
>gi|31339969|sp|Q

87TF3|A
D

D
1_V

IB
PA A

denosine deam
inase 1 (A

denosine 
am

inohydrolase 1)
x

77816434
>gi|77816434|ref|ZP

_00815623.1| A
denosine deam

inase [S
hew

anella 
putrefaciens C

N
-32] 

x

77808608
>gi|77808608|gb|E

A
O

93038.1| A
denosine deam

inase [S
hew

anella 
putrefaciens C

N
-32]

x

82743060
>gi|82743060|ref|ZP

_00905728.1| A
denosine deam

inase [S
hew

anella sp. W
3-

18-1] 
x

82719594
>gi|82719594|gb|E

A
P

54492.1| A
denosine deam

inase [S
hew

anella sp. W
3-18-

1]
x

75855670
>gi|75855670|ref|ZP

_00763315.1| C
O

G
1816: A

denosine deam
inase [Vibrio 

sp. E
x25]

x

78368950
>gi|78368950|ref|ZP

_00839137.1| A
denosine deam

inase [S
hew

anella sp. P
V-

4] 
x

78359019
>gi|78359019|gb|E

A
P

00907.1| A
denosine deam

inase [S
hew

anella sp. P
V-4]

x

68544028
>gi|68544028|ref|ZP

_00583706.1| A
denosine deam

inase [S
hew

anella baltica 
O

S
155] 

x

68518274
>gi|68518274|gb|E

A
N

41857.1| A
denosine deam

inase [S
hew

anella baltica 
O

S
155]

x

46914992
>gi|46914992|em

b|C
A

G
21767.1| putative adenosine deam

inase 
[P

hotobacterium
 profundum

 S
S

9] 
x

54310549
>gi|54310549|ref|Y

P
_131569.1| adenosine deam

inase [P
hotobacterium

 
profundum

 S
S

9]
x

69159081
>gi|69159081|gb|E

A
N

71219.1| A
denosine deam

inase [S
hew

anella 
denitrificans O

S
217] 

x
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69942473
>gi|69942473|ref|ZP

_00634260.1| A
denosine deam

inase [S
hew

anella 
denitrificans O

S
-217]

x

68547729
>gi|68547729|ref|ZP

_00587259.1| A
denosine deam

inase [S
hew

anella 
am

azonensis S
B

2B
] 

x

68514544
>gi|68514544|gb|E

A
N

38275.1| A
denosine deam

inase [S
hew

anella 
am

azonensis S
B

2B
]

x

69951986
>gi|69951986|ref|ZP

_00639598.1| A
denosine deam

inase [S
hew

anella 
frigidim

arina N
C

IM
B

 400] 
x

69164637
>gi|69164637|gb|E

A
N

73697.1| A
denosine deam

inase [S
hew

anella 
frigidim

arina N
C

IM
B

 400]
x

77976844
>gi|77976844|ref|ZP

_00832313.1| C
O

G
1816: A

denosine deam
inase [Yersinia 

interm
edia ATC

C
 29909]

x

52354740
>gi|52354740|gb|A

A
H

82820.1| A
denosine deam

inase [X
enopus tropicalis] 

x

58332372
>gi|58332372|ref|N

P
_001011025.1| adenosine deam

inase [X
enopus 

tropicalis] 
x

81167691
>gi|81167691|sp|Q

63ZU
0|A

D
A

_X
E

N
TR

 A
denosine deam

inase (A
denosine 

am
inohydrolase)

x

77629257
>gi|77629257|ref|ZP

_00791843.1| C
O

G
1816: A

denosine deam
inase [Yersinia 

pseudotuberculosis IP 31758]
x

51589788
>gi|51589788|em

b|C
A

H
21418.1| adenosine deam

inase [Yersinia 
pseudotuberculosis IP 32953] 

x

51596506
>gi|51596506|ref|Y

P
_070697.1| adenosine deam

inase [Yersinia 
pseudotuberculosis IP 32953]

x

77973198
>gi|77973198|ref|ZP

_00828749.1| C
O

G
1816: A

denosine deam
inase [Yersinia 

frederiksenii ATC
C

 33641]
x

81167690
>gi|81167690|sp|Q

6G
P

70|A
D

A
_X

E
N

LA A
denosine deam

inase (A
denosine 

am
inohydrolase)

x

77956975
>gi|77956975|ref|ZP

_00821045.1| C
O

G
1816: A

denosine deam
inase [Yersinia 

bercovieri ATC
C

 43970]
x

77963273
>gi|77963273|ref|ZP

_00827084.1| C
O

G
1816: A

denosine deam
inase [Yersinia 

m
ollaretii ATC

C
 43969]

x

1197210
>gi|1197210|em

b|C
A

A
26130.1| adenosine deam

inase [H
om

o sapiens]
x
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66043682
>gi|66043682|ref|Y

P
_233523.1| N

-acyl-D
-am

ino-acid deacylase 
[P

seudom
onas syringae pv. syringae B

728a] 
x

63254389
>gi|63254389|gb|A

AY
35485.1| N

-acyl-D
-am

ino-acid deacylase 
[P

seudom
onas syringae pv. syringae B

728a]
x

48786563
>gi|48786563|ref|ZP

_00282697.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia fungorum

 LB
400]

x

77380954
>gi|77380954|gb|A

B
A

72467.1| A
m

idohydrolase [P
seudom

onas fluorescens 
P

fO
-1] 

x

77456951
>gi|77456951|ref|Y

P
_346456.1| A

m
idohydrolase [P

seudom
onas fluorescens 

P
fO

-1]
x

71554883
>gi|71554883|gb|A

A
Z34094.1| N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[P
seudom

onas syringae pv. phaseolicola 1448A
] 

x

71734330
>gi|71734330|ref|Y

P
_272708.1| N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[P
seudom

onas syringae pv. phaseolicola 1448A
]

x

17431661
>gi|17431661|em

b|C
A

D
18338.1| P

R
O

B
A

B
LE

 N
-A

C
Y

L-D
-G

LU
TA

M
ATE

 
D

E
A

C
Y

LA
S

E
 P

R
O

TE
IN

 [R
alstonia solanacearum

] 
x

17549408
>gi|17549408|ref|N

P
_522748.1| P

R
O

B
A

B
LE

 N
-A

C
Y

L-D
-G

LU
TA

M
ATE

 
D

E
A

C
Y

LA
S

E
 P

R
O

TE
IN

 [R
alstonia solanacearum

 G
M

I1000]
x

68556229
>gi|68556229|ref|ZP

_00595572.1| N
-acyl-D

-am
ino-acid deacylase [R

alstonia 
m

etallidurans C
H

34] 
x

68529402
>gi|68529402|gb|E

A
N

52365.1| N
-acyl-D

-am
ino-acid deacylase [R

alstonia 
m

etallidurans C
H

34]
x

28872230
>gi|28872230|ref|N

P
_794849.1| N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[P
seudom

onas syringae pv. tom
ato str. D

C
3000] 

x

28855484
>gi|28855484|gb|A

A
O

58544.1| N
-acyl-D

-am
ino acid deacylase fam

ily protein 
[P

seudom
onas syringae pv. tom

ato str. D
C

3000]
x

83745626
>gi|83745626|ref|ZP

_00942684.1| D
-am

inoacylase [R
alstonia solanacearum

 
U

W
551] 

x

83727703
>gi|83727703|gb|E

A
P

74823.1| D
-am

inoacylase [R
alstonia solanacearum

 
U

W
551]

x

48425876
>gi|48425876|pdb|1V

51|A C
hain A

, The Functional R
ole O

f The B
inuclear 

M
etal C

enter In D
- A

m
inoacylase. O

ne-M
etal A

ctivation A
nd S

econd-M
etal 

A
ttenuation 

x
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 D
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48425349
>gi|48425349|pdb|1R

K
6|A C

hain A
, The E

nzym
e In C

om
plex W

ith 50m
m

 
C

dcl2 
x

48425342
>gi|48425342|pdb|1R

JP
|A C

hain A
, C

rystal S
tructure O

f D
-A

m
inoacylase In 

C
om

plex W
ith 100m

m
 C

ucl2
x

13194736
>gi|13194736|gb|A

A
K

15530.1| D
-am

inoacylase [A
lcaligenes faecalis] 

x

28948588
>gi|28948588|pdb|1M

7J|A C
hain A

, C
rystal S

tructure O
f D

-A
m

inoacylase 
D

efines A N
ovel S

ubset O
f A

m
idohydrolases

x

83719564
>gi|83719564|ref|Y

P
_441103.1| N

-acyl-D
-am

ino-acid deacylase fam
ily protein 

[B
urkholderia thailandensis E

264] 
x

83653389
>gi|83653389|gb|A

B
C

37452.1| N
-acyl-D

-am
ino-acid deacylase fam

ily protein 
[B

urkholderia thailandensis E
264]

x

84362911
>gi|84362911|ref|ZP

_00987522.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia dolosa A

U
O

158]
x

67757137
>gi|67757137|ref|ZP

_00496015.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei P
asteur] 

x

67739050
>gi|67739050|ref|ZP

_00489656.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei 668] 
x

67683515
>gi|67683515|ref|ZP

_00477603.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei 1710a] 
x

76578107
>gi|76578107|gb|A

B
A

47582.1| D
-am

inoacylase [B
urkholderia pseudom

allei 
1710b] 

x

76808654
>gi|76808654|ref|Y

P
_332250.1| D

-am
inoacylase [B

urkholderia pseudom
allei 

1710b] 
x

83677451
>gi|83677451|ref|ZP

_00939200.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei 406e] 
x

82535656
>gi|82535656|ref|ZP

_00894670.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei 1106b] 
x

82532673
>gi|82532673|ref|ZP

_00891883.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei 1106a]
x

67670108
>gi|67670108|ref|ZP

_00466921.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei 1655]
x

1488357
>gi|1488357|gb|A

A
B

35881.1| D
-am

inoacylase; N
-acyl-D

-am
ino acid 

am
idohydrolase [A

chrom
obacter xylosoxidans] 

x
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 D
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3287876
>gi|3287876|sp|P

72349|N
D

A
D

_A
LC

X
X

 D
-am

inoacylase (N
-acyl-D

-am
ino-

acid deacylase) 
x

1881397
>gi|1881397|dbj|B

A
A

08349.1| N
-acyl-D

-am
ino acid am

idohydrolase 
[A

chrom
obacter xylosoxidans]

x

67762107
>gi|67762107|ref|ZP

_00500810.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia pseudom

allei S
13]

x

52208687
>gi|52208687|em

b|C
A

H
34623.1| D

-am
inoacylase [B

urkholderia pseudom
allei 

K
96243] 

x

53718273
>gi|53718273|ref|Y

P
_107259.1| D

-am
inoacylase [B

urkholderia pseudom
allei 

K
96243]

x

3287879
>gi|3287879|sp|P

94212|N
D

D
D

_A
LC

X
X

 N
-acyl-D

-aspartate deacylase (N
-acyl-

D
-aspartate am

idohydrolase) 
x

1800111
>gi|1800111|dbj|B

A
A

08350.1| N
-acyl-D

-am
ino acid am

idohydrolase 
[A

chrom
obacter xylosoxidans]

x

67547194
>gi|67547194|ref|ZP

_00425100.1| N
-acyl-D

-am
ino-acid deacylase 

[B
urkholderia vietnam

iensis G
4] 

x

67531513
>gi|67531513|gb|E

A
M

28324.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia 
vietnam

iensis G
4]

x

68348571
>gi|68348571|gb|A

AY
96177.1| N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[P
seudom

onas fluorescens P
f-5] 

x

70734272
>gi|70734272|ref|Y

P
_257912.1| N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[P
seudom

onas fluorescens P
f-5]

x

74014202
>gi|74014202|ref|ZP

_00684831.1| N
-acyl-D

-am
ino-acid deacylase 

[B
urkholderia am

bifaria A
M

M
D

] 
x

72612804
>gi|72612804|gb|E

A
O

48747.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia 
am

bifaria A
M

M
D

]
x

72121190
>gi|72121190|gb|A

A
Z63376.1| N

-acyl-D
-am

ino-acid deacylase [R
alstonia 

eutropha JM
P

134] 
x

73537853
>gi|73537853|ref|Y

P
_298220.1| N

-acyl-D
-am

ino-acid deacylase [R
alstonia 

eutropha JM
P

134]
x

84355751
>gi|84355751|ref|ZP

_00980625.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia cenocepacia P

C
184]

x
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67667435
>gi|67667435|ref|ZP

_00464658.1| N
-acyl-D

-am
ino-acid deacylase 

[B
urkholderia cenocepacia H

I2424] 
x

67658643
>gi|67658643|ref|ZP

_00456013.1| N
-acyl-D

-am
ino-acid deacylase 

[B
urkholderia cenocepacia A

U
 1054] 

x

67098999
>gi|67098999|gb|E

A
M

16186.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia 
cenocepacia H

I2424] 
x

67093731
>gi|67093731|gb|E

A
M

11270.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia 
cenocepacia A

U
 1054]

x

77968282
>gi|77968282|gb|A

B
B

09662.1| N
-acyl-D

-am
ino-acid deacylase [B

urkholderia 
sp. 383] 

x

78067537
>gi|78067537|ref|Y

P
_370306.1| N

-acyl-D
-am

ino-acid deacylase [B
urkholderia 

sp. 383]
x

67647671
>gi|67647671|ref|ZP

_00445910.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia m

allei N
C

TC
 10247] 

x

67642485
>gi|67642485|ref|ZP

_00441241.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia m

allei G
B

8 horse 4] 
x

67636680
>gi|67636680|ref|ZP

_00435624.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia m

allei 10399] 
x

52428407
>gi|52428407|gb|A

A
U

49000.1| N
-acyl-D

-am
ino-acid deacylase fam

ily protein 
[B

urkholderia m
allei ATC

C
 23344] 

x

85066556
>gi|85066556|ref|ZP

_01027409.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia m

allei 10229] 
x

84521817
>gi|84521817|ref|ZP

_01008953.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia m

allei S
AV

P
1] 

x

83625877
>gi|83625877|ref|ZP

_00936105.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia m

allei JH
U

] 
x

83620938
>gi|83620938|ref|ZP

_00931352.1| C
O

G
3653: N

-acyl-D
-aspartate/D

-
glutam

ate deacylase [B
urkholderia m

allei FM
H

]
x

68559991
>gi|68559991|ref|ZP

_00599319.1| N
-acyl-D

-am
ino-acid deacylase [R

alstonia 
m

etallidurans C
H

34] 
x

68525736
>gi|68525736|gb|E

A
N

48714.1| N
-acyl-D

-am
ino-acid deacylase [R

alstonia 
m

etallidurans C
H

34]
x
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 D
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1707291
>gi|1707291|dbj|B

A
A

08778.1| N
-acyl-D

-am
ino acids am

idohydrolase 
[A

chrom
obacter xylosoxidans] 

x

3287878
>gi|3287878|sp|P

94211|N
D

E
D

_A
LC

X
X

 N
-acyl-D

-glutam
ate deacylase (N

-acyl-
D

-glutam
ate am

idohydrolase)
x

1581022
>gi|1581022|prf||2116330A N

-acyl-D
-G

lu am
idohydrolase

x

9931313
>gi|9931313|gb|A

A
G

02130.1| L-hydantoinase H
yuH

 [A
rthrobacter aurescens]

x

3122243
>gi|3122243|sp|P

81006|H
Y

D
L_A

R
TA

U
 N

on-ATP
-dependent L-selective 

hydantoinase
x

15075477
>gi|15075477|em

b|C
A

C
47033.1| P

U
TATIV

E
 D

-H
Y

D
A

N
TO

IN
A

S
E

 
(D

IH
Y

D
R

O
P

Y
R

IM
ID

IN
A

S
E

) P
R

O
TE

IN
 [S

inorhizobium
 m

eliloti] 
x

15966207
>gi|15966207|ref|N

P
_386560.1| dihydropyrim

idinase [S
inorhizobium

 m
eliloti 

1021]
x

77388169
>gi|77388169|gb|A

B
A

79354.1| putative D
-hydantoinase (dihydropyrim

idinase) 
[R

hodobacter sphaeroides 2.4.1] 
x

77463751
>gi|77463751|ref|Y

P
_353255.1| dihydropyrim

idinase [R
hodobacter 

sphaeroides 2.4.1]
x

83374693
>gi|83374693|ref|ZP

_00919463.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17029] 

x

83364064
>gi|83364064|gb|E

A
P

67557.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17029]

x

14022349
>gi|14022349|dbj|B

A
B

48959.1| dihydropyrim
idinase [M

esorhizobium
 loti 

M
A

FF303099] 
x

13471607
>gi|13471607|ref|N

P
_103173.1| dihydropyrim

idinase [M
esorhizobium

 loti 
M

A
FF303099]

x

17740870
>gi|17740870|gb|A

A
L43374.1| dihydropyrim

idinase [A
grobacterium

 
tum

efaciens str. C
58] 

x

17936268
>gi|17936268|ref|N

P
_533058.1| dihydropyrim

idinase [A
grobacterium

 
tum

efaciens str. C
58]

x

15889657
>gi|15889657|ref|N

P
_355338.1| dihydropyrim

idinase [A
grobacterium

 
tum

efaciens str. C
58]

x

83369112
>gi|83369112|ref|ZP

_00913970.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17025] 

x
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83361224
>gi|83361224|gb|E

A
P

64742.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17025]

x

86358891
>gi|86358891|ref|Y

P
_470783.1| dihydropyrim

idinase protein [R
hizobium

 etli 
C

FN
 42] 

x

86282993
>gi|86282993|gb|A

B
C

92056.1| dihydropyrim
idinase protein [R

hizobium
 etli 

C
FN

 42]
x

86137291
>gi|86137291|ref|ZP

_01055868.1| dihydropyrim
idinase [R

oseobacter sp. 
M

E
D

193] 
x

85825626
>gi|85825626|gb|E

A
Q

45824.1| dihydropyrim
idinase [R

oseobacter sp. 
M

E
D

193]
x

69297560
>gi|69297560|ref|ZP

_00619856.1| D
ihydropyrim

idinase [S
ilicibacter sp. 

TM
1040] 

x

69135097
>gi|69135097|gb|E

A
N

58291.1| D
ihydropyrim

idinase [S
ilicibacter sp. TM

1040]
x

23347063
>gi|23347063|gb|A

A
N

29227.1| D
-hydantoinase [B

rucella suis 1330] 
x

23501185
>gi|23501185|ref|N

P
_697312.1| dihydropyrim

idinase [B
rucella suis 1330]

x

56678396
>gi|56678396|gb|A

AV
95062.1| D

-hydantoinase [S
ilicibacter pom

eroyi D
S

S
-3] 

x

56696659
>gi|56696659|ref|Y

P
_167020.1| dihydropyrim

idinase [S
ilicibacter pom

eroyi 
D

S
S

-3]
x

17983665
>gi|17983665|gb|A

A
L52825.1| D

-H
Y

D
A

N
TO

IN
A

S
E

 [B
rucella m

elitensis 16M
] 

x

17987927
>gi|17987927|ref|N

P
_540561.1| dihydropyrim

idinase [B
rucella m

elitensis 
16M

]
x

84514677
>gi|84514677|ref|ZP

_01002041.1| dihydropyrim
idinase [Loktanella 

vestfoldensis S
K

A
53] 

x

84511728
>gi|84511728|gb|E

A
Q

08181.1| dihydropyrim
idinase [Loktanella vestfoldensis 

S
K

A
53]

x

3334230
>gi|3334230|sp|Q

59699|H
Y

D
A

_P
S

E
P

U
 D

-hydantoinase 
(D

ihydropyrim
idinase) (D

H
P

ase) 
x

2828803
>gi|2828803|gb|A

A
C

00209.1| D
-hydantoinase [P

seudom
onas putida]

x

77383666
>gi|77383666|gb|A

B
A

75179.1| D
-hydantoinase [P

seudom
onas fluorescens 

P
fO

-1] 
x
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77459663
>gi|77459663|ref|Y

P
_349170.1| dihydropyrim

idinase [P
seudom

onas 
fluorescens P

fO
-1]

x

68344215
>gi|68344215|gb|A

AY
91821.1| dihydropyrim

idinase [P
seudom

onas 
fluorescens P

f-5] 
x

70729916
>gi|70729916|ref|Y

P
_259655.1| dihydropyrim

idinase [P
seudom

onas 
fluorescens P

f-5]
x

84686022
>gi|84686022|ref|ZP

_01013918.1| D
-hydantoinase [R

hodobacterales 
bacterium

 H
TC

C
2654] 

x

84666115
>gi|84666115|gb|E

A
Q

12589.1| D
-hydantoinase [R

hodobacterales bacterium
 

H
TC

C
2654]

x

82739934
>gi|82739934|ref|ZP

_00902711.1| D
-hydantoinase [P

seudom
onas putida F1] 

x

82712986
>gi|82712986|gb|E

A
P

48123.1| D
-hydantoinase [P

seudom
onas putida F1]

x
37222601

>gi|37222601|gb|A
A

Q
90019.1| D

-hydantoinase [P
seudom

onas putida]
x

53727146
>gi|53727146|ref|ZP

_00140892.2| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [P
seudom

onas aeruginosa U
C

B
P

P
-PA

14] 
x

9946299
>gi|9946299|gb|A

A
G

03830.1| dihydropyrim
idinase [P

seudom
onas aeruginosa 

PA
O

1] 
x

15595638
>gi|15595638|ref|N

P
_249132.1| dihydropyrim

idinase [P
seudom

onas 
aeruginosa PA

O
1] 

x

84318639
>gi|84318639|ref|ZP

_00967060.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [P
seudom

onas aeruginosa C
3719]

x

84324321
>gi|84324321|ref|ZP

_00972380.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [P
seudom

onas aeruginosa 2192]
x

48787929
>gi|48787929|ref|ZP

_00283908.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [B
urkholderia fungorum

 LB
400]

x

34909108
>gi|34909108|ref|N

P
_915901.1| putative dihydropyrim

idinase [O
ryza sativa 

(japonica cultivar-group)] 
x

13872973
>gi|13872973|dbj|B

A
B

44078.1| putative dihydropyrim
idine am

idohydrolase 
[O

ryza sativa (japonica cultivar-group)]
x

56379800
>gi|56379800|dbj|B

A
D

75708.1| dihydropyrim
idinase (D

-hydantoinase) 
[G

eobacillus kaustophilus H
TA

426] 
x
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56419958
>gi|56419958|ref|Y

P
_147276.1| dihydropyrim

idinase [G
eobacillus 

kaustophilus H
TA

426]
x

688288
>gi|688288|gb|A

A
C

60487.1| hydantoinase [B
acillus stearotherm

ophilus] 
x

3122249
>gi|3122249|sp|Q

45515|H
Y

D
A

_B
A

C
S

T D
-hydantoinase 

(D
ihydropyrim

idinase) (D
H

P
ase) 

x

1090997
>gi|1090997|prf||2020276A hydantoinase

x

69936761
>gi|69936761|ref|ZP

_00631516.1| D
ihydropyrim

idinase [P
aracoccus 

denitrificans P
D

1222] 
x

69151784
>gi|69151784|gb|E

A
N

64966.1| D
ihydropyrim

idinase [P
aracoccus denitrificans 

P
D

1222]
x

73912501
>gi|73912501|dbj|B

A
E

20330.1| hydantoinase [P
seudom

onas sp. K
N

K
003A

]
x

84351753
>gi|84351753|ref|ZP

_00976734.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [B
urkholderia cenocepacia P

C
184]

x

77964327
>gi|77964327|gb|A

B
B

05708.1| D
-hydantoinase [B

urkholderia sp. 383] 
x

78059777
>gi|78059777|ref|Y

P
_366352.1| dihydropyrim

idinase [B
urkholderia sp. 383]

x

67667893
>gi|67667893|ref|ZP

_00465099.1| D
ihydropyrim

idinase [B
urkholderia 

cenocepacia H
I2424] 

x

67098552
>gi|67098552|gb|E

A
M

15756.1| D
ihydropyrim

idinase [B
urkholderia 

cenocepacia H
I2424] 

x

68192370
>gi|68192370|gb|E

A
N

07024.1| D
ihydropyrim

idinase [M
esorhizobium

 sp. 
B

N
C

1] 
x

69276464
>gi|69276464|ref|ZP

_00612058.1| D
ihydropyrim

idinase [M
esorhizobium

 sp. 
B

N
C

1]
x

42567801
>gi|42567801|ref|N

P
_568258.2| dihydropyrim

idinase/ hydrolase [A
rabidopsis 

thaliana] 
x

28194047
>gi|28194047|gb|A

A
O

33381.1| dihydropyrim
idine am

idohydrolase 
[A

rabidopsis thaliana] 
x

9759387
>gi|9759387|dbj|B

A
B

10038.1| dihydropyrim
idinase [A

rabidopsis thaliana]
x

27355898
>gi|27355898|dbj|B

A
C

52880.1| dihydropyrim
idinase [B

radyrhizobium
 

japonicum
 U

S
D

A 110] 
x
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27382726
>gi|27382726|ref|N

P
_774255.1| dihydropyrim

idinase [B
radyrhizobium

 
japonicum

 U
S

D
A 110]

x

71146703
>gi|71146703|gb|A

A
Z27176.1| D

-hydantoinase [C
olw

ellia psychrerythraea 
34H

] 
x

71280963
>gi|71280963|ref|Y

P
_270711.1| dihydropyrim

idinase [C
olw

ellia 
psychrerythraea 34H

]
x

62871419
>gi|62871419|gb|A

AY
18594.1| dihydropyrim

idinase [B
acillus sp. TS

-23] 
x

52631436
>gi|52631436|gb|A

A
U

85146.1| dihydropyrim
idinase [B

acillus sp. TS
-23]

x
71725082

>gi|71725082|dbj|B
A

E
16757.1| hydantoinase [B

acillus sp. K
N

K
245]

x

78696155
>gi|78696155|ref|ZP

_00860665.1| D
-hydantoinase [B

radyrhizobium
 sp. 

B
TA

i1] 
x

78515733
>gi|78515733|gb|E

A
P

29034.1| D
-hydantoinase [B

radyrhizobium
 sp. B

TA
i1]

x

85707413
>gi|85707413|ref|ZP

_01038494.1| dihydropyrim
idinase [R

oseovarius sp. 217] 
x

85668069
>gi|85668069|gb|E

A
Q

22949.1| dihydropyrim
idinase [R

oseovarius sp. 217]
x

84503015
>gi|84503015|ref|ZP

_01001117.1| dihydropyrim
idinase [O

ceanicola batsensis 
H

TC
C

2597] 
x

84388760
>gi|84388760|gb|E

A
Q

01631.1| dihydropyrim
idinase [O

ceanicola batsensis 
H

TC
C

2597]
x

84711150
>gi|84711150|ref|ZP

_01019452.1| D
-hydantoinase [P

olarom
onas 

naphthalenivorans C
J2] 

x

84696375
>gi|84696375|gb|E

A
Q

22161.1| D
-hydantoinase [P

olarom
onas 

naphthalenivorans C
J2]

x

83953423
>gi|83953423|ref|ZP

_00962145.1| dihydropyrim
idinase [S

ulfitobacter sp. N
A

S
-

14.1] 
x

83842391
>gi|83842391|gb|E

A
P

81559.1| dihydropyrim
idinase [S

ulfitobacter sp. N
A

S
-

14.1]
x

83951604
>gi|83951604|ref|ZP

_00960336.1| dihydropyrim
idinase [R

oseovarius 
nubinhibens IS

M
] 

x

83836610
>gi|83836610|gb|E

A
P

75907.1| dihydropyrim
idinase [R

oseovarius 
nubinhibens IS

M
]

x
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68183017
>gi|68183017|ref|ZP

_00555994.1| D
ihydropyrim

idinase [Jannaschia sp. 
C

C
S

1] 
x

67976723
>gi|67976723|gb|E

A
M

66348.1| D
ihydropyrim

idinase [Jannaschia sp. C
C

S
1]

x

48782314
>gi|48782314|ref|ZP

_00278866.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [B
urkholderia fungorum

 LB
400]

x

3127836
>gi|3127836|em

b|C
A

A
18902.1| putative D

-hydantoinase [S
treptom

yces 
coelicolor A

3(2)] 
x

21224722
>gi|21224722|ref|N

P
_630501.1| dihydropyrim

idinase [S
treptom

yces coelicolor 
A

3(2)] 
x

21362598
>gi|21362598|sp|O

69809|H
Y

D
A

_S
TR

C
O

 D
-hydantoinase 

(D
ihydropyrim

idinase) (D
H

P
ase) 

x

68558493
>gi|68558493|ref|ZP

_00597831.1| D
ihydropyrim

idinase [R
alstonia 

m
etallidurans C

H
34] 

x

68527434
>gi|68527434|gb|E

A
N

50402.1| D
ihydropyrim

idinase [R
alstonia m

etallidurans 
C

H
34]

x

1296441
>gi|1296441|em

b|C
A

A
62549.1| D

-hydantoinase [A
grobacterium

 tum
efaciens] 

x

3122248
>gi|3122248|sp|Q

44184|H
Y

D
A

_A
G

R
TU

 D
-hydantoinase 

(D
ihydropyrim

idinase) (D
H

P
ase)

x

29605594
>gi|29605594|dbj|B

A
C

69660.1| putative dihydropyrim
idinase [S

treptom
yces 

averm
itilis M

A
-4680] 

x

29828491
>gi|29828491|ref|N

P
_823125.1| dihydropyrim

idinase [S
treptom

yces 
averm

itilis M
A

-4680]
x

75515343
>gi|75515343|ref|ZP

_00737527.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli 53638] 

x

75258473
>gi|75258473|ref|ZP

_00729895.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli E

22] 
x

75187590
>gi|75187590|ref|ZP

_00700857.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli E

24377A
] 

x

83587731
>gi|83587731|ref|ZP

_00926358.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli 101-1] 

x
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83569892
>gi|83569892|ref|ZP

_00921340.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [S
higella dysenteriae 1012] 

x

38704124
>gi|38704124|ref|N

P
_311773.2| dihydropyrim

idinase [E
scherichia coli 

O
157:H

7]
x

15803410
>gi|15803410|ref|N

P
_289443.1| dihydropyrim

idinase [E
scherichia coli 

O
157:H

7 E
D

L933] 
x

75212512
>gi|75212512|ref|ZP

_00712536.1| C
O

G
0044: D

ihydroorotase and related 
cyclic am

idohydrolases [E
scherichia coli B

171]
x

55794125
>gi|55794125|gb|A

AV
65953.1| D

-hydantoinase [B
acillus sp. A

R
9] 

x

61680757
>gi|61680757|pdb|1Y

N
Y

|B
 C

hain B
, M

olecular S
tructure O

f D
-H

ydantoinase 
From

 A B
acillus S

p. A
r9: E

vidence For M
ercury Inhibition 

x

61680756
>gi|61680756|pdb|1Y

N
Y

|A C
hain A

, M
olecular S

tructure O
f D

-H
ydantoinase 

From
 A B

acillus S
p. A

r9: E
vidence For M

ercury Inhibition
x

85675686
>gi|85675686|dbj|B

A
E

76939.1| D
-stereospecific phenylhydantoinase 

[E
scherichia coli W

3110] 
x

49176277
>gi|49176277|ref|N

P
_417349.3| dihydropyrim

idinase [E
scherichia coli K

12] 
x

77389882
>gi|77389882|gb|A

B
A

81066.1| putative D
-hydantoinase dihydropyrim

idinase 
[R

hodobacter sphaeroides 2.4.1] 
x

77465464
>gi|77465464|ref|Y

P
_354967.1| dihydropyrim

idinase [R
hodobacter 

sphaeroides 2.4.1]
x

83374826
>gi|83374826|ref|ZP

_00919594.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17029] 

x

83363898
>gi|83363898|gb|E

A
P

67392.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17029]

x

86165787
>gi|86165787|gb|E

A
Q

67054.1| dihydropyrim
idinase [M

arinom
onas sp. 

M
E

D
121]

x

26249286
>gi|26249286|ref|N

P
_755326.1| dihydropyrim

idinase [E
scherichia coli 

C
FT073]

x

56911787
>gi|56911787|dbj|B

A
D

66314.1| D
-hydantoinase [B

acillus clausii K
S

M
-K

16] 
x

56965541
>gi|56965541|ref|Y

P
_177275.1| dihydropyrim

idinase [B
acillus clausii K

S
M

-
K

16]
x
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83368213
>gi|83368213|ref|ZP

_00913078.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17025] 

x

83362273
>gi|83362273|gb|E

A
P

65784.1| D
-hydantoinase [R

hodobacter sphaeroides 
ATC

C
 17025]

x

73912499
>gi|73912499|dbj|B

A
E

20329.1| hydantoinase [A
grobacterium

 sp. K
N

K
712] 

x

17224959
>gi|17224959|gb|A

A
L37185.1| D

-hydantoinase [R
alstonia pickettii] 

x
84180861

>gi|84180861|gb|A
B

C
54847.1| D

-hydantoinase [E
nsifer adhaerens] 

x

21362600
>gi|21362600|sp|Q

8V
TT5|H

Y
D

A
_B

U
R

P
I D

-hydantoinase 
(D

ihydropyrim
idinase) (D

H
P

ase)
x

29170610
>gi|29170610|gb|A

A
O

66292.1| dihydropyrim
idinase [B

revibacillus agri]
x

18478562
>gi|18478562|gb|A

A
L73199.1| D

-hydantoinase [A
grobacterium

 sp. IP I-671]
x

72117164
>gi|72117164|gb|A

A
Z59427.1| D

-hydantoinase [R
alstonia eutropha JM

P
134] 

x

73539751
>gi|73539751|ref|Y

P
_294271.1| dihydropyrim

idinase [R
alstonia eutropha 

JM
P

134]
x

67910946
>gi|67910946|ref|ZP

_00509331.1| D
ihydropyrim

idinase [P
olarom

onas sp. 
JS

666] 
x

67776956
>gi|67776956|gb|E

A
M

36589.1| D
ihydropyrim

idinase [P
olarom

onas sp. 
JS

666]
x

68562369
>gi|68562369|ref|ZP

_00601633.1| D
ihydropyrim

idinase [R
ubrobacter 

xylanophilus D
S

M
 9941] 

x

68511484
>gi|68511484|gb|E

A
N

35327.1| D
ihydropyrim

idinase [R
ubrobacter 

xylanophilus D
S

M
 9941]

x

67933555
>gi|67933555|ref|ZP

_00526668.1| D
ihydropyrim

idinase [S
olibacter usitatus 

E
llin6076] 

x

67859206
>gi|67859206|gb|E

A
M

54287.1| D
ihydropyrim

idinase [S
olibacter usitatus 

E
llin6076]

x

57095288
>gi|57095288|ref|X

P
_532301.1| P

R
E

D
IC

TE
D

: sim
ilar to D

ihydropyrim
idinase 

(D
H

P
ase) (H

ydantoinase) (D
H

P
) isoform

 1 [C
anis fam

iliaris]
x
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50731830
>gi|50731830|ref|X

P
_418377.1| P

R
E

D
IC

TE
D

: sim
ilar to dihydropyrim

idinase 
[G

allus gallus]
x

28194051
>gi|28194051|gb|A

A
O

33383.1| dihydropyrim
idine am

idohydrolase 
[D

ictyostelium
 discoideum

]
x

21707927
>gi|21707927|gb|A

A
H

34395.1| D
ihydropyrim

idinase [H
om

o sapiens] 
x

4503375
>gi|4503375|ref|N

P
_001376.1| dihydropyrim

idinase [H
om

o sapiens] 
x

3608122
>gi|3608122|dbj|B

A
A

33067.1| dihydropyrim
idinase [H

om
o sapiens] 

x

3122049
>gi|3122049|sp|Q

14117|D
P

Y
S

_H
U

M
A

N
 D

ihydropyrim
idinase (D

H
P

ase) 
(H

ydantoinase) (D
H

P
) 

x

1330236
>gi|1330236|dbj|B

A
A

11189.1| dihydropyrim
idinase [H

om
o sapiens]

x
28203869

>gi|28203869|gb|A
A

O
36309.1| D

-hydantoinase [C
lostridium

 tetani E
88] 

x

28211428
>gi|28211428|ref|N

P
_782372.1| dihydropyrim

idinase [C
lostridium

 tetani E
88]

x

51980286
>gi|51980286|gb|A

A
H

81768.1| D
ihydropyrim

idinase [R
attus norvegicus] 

x

57015267
>gi|57015267|sp|Q

63150|D
P

Y
S

_R
AT D

ihydropyrim
idinase (D

H
P

ase) 
(H

ydantoinase) (D
H

P
)

x

21362535
>gi|21362535|sp|Q

9E
Q

F5|D
P

Y
S

_M
O

U
S

E
 D

ihydropyrim
idinase (D

H
P

ase) 
(H

ydantoinase) (D
H

P
)

x

11559534
>gi|11559534|gb|A

A
G

37999.1| dihydropyrim
idinase [M

us m
usculus]

x
13928984

>gi|13928984|ref|N
P

_113893.1| dihydropyrim
idinase [R

attus norvegicus] 
x

1378019
>gi|1378019|dbj|B

A
A

09833.1| dihydropyrim
idinase [R

attus norvegicus]
x

31981241
>gi|31981241|ref|N

P
_073559.2| dihydropyrim

idinase [M
us m

usculus] 
x

54309176
>gi|54309176|ref|Y

P
_130196.1| dihydropyrim

idinase [P
hotobacterium

 
profundum

 S
S

9]
x

12655894
>gi|12655894|gb|A

A
K

00644.1| dihydropyrim
idinase [M

us m
usculus]

x

76660414
>gi|76660414|ref|X

P
_586165.2| P

R
E

D
IC

TE
D

: sim
ilar to D

ihydropyrim
idinase 

(D
H

P
ase) (H

ydantoinase) (D
H

P
) [B

os taurus]
x

83952550
>gi|83952550|ref|ZP

_00961281.1| dihydropyrim
idinase [R

oseovarius 
nubinhibens IS

M
] 

x

83836223
>gi|83836223|gb|E

A
P

75521.1| dihydropyrim
idinase [R

oseovarius 
nubinhibens IS

M
]

x

68560573
>gi|68560573|ref|ZP

_00599885.1| D
ihydropyrim

idinase [R
ubrobacter 

xylanophilus D
S

M
 9941] 

x
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68513290
>gi|68513290|gb|E

A
N

37085.1| D
ihydropyrim

idinase [R
ubrobacter 

xylanophilus D
S

M
 9941]

x

57012655
>gi|57012655|sp|Q

61Y
Q

1|D
H

P
2_C

A
E

B
R

 D
ihydropyrim

idinase 2
x

66545426
>gi|66545426|ref|X

P
_392228.2| P

R
E

D
IC

TE
D

: sim
ilar to dihydropyrim

idine 
am

idohydrolase [A
pis m

ellifera]
x

17539558
>gi|17539558|ref|N

P
_501797.1| D

iH
ydroP

yrim
idinase fam

ily m
em

ber (dhp-2) 
[C

aenorhabditis elegans] 
x

3122032
>gi|3122032|sp|Q

18677|D
H

P
2_C

A
E

E
L D

ihydropyrim
idinase 2 

(C
eC

R
M

P
/D

H
P

-2) (U
lipA

) 
x

67986401
>gi|67986401|gb|E

A
M

74224.1| D
ihydropyrim

idinase [K
ineococcus 

radiotolerans S
R

S
30216] 

x

69287725
>gi|69287725|ref|ZP

_00618009.1| D
ihydropyrim

idinase [K
ineococcus 

radiotolerans S
R

S
30216]

x

78694838
>gi|78694838|ref|ZP

_00859351.1| D
-hydantoinase [B

radyrhizobium
 sp. 

B
TA

i1] 
x

78517954
>gi|78517954|gb|E

A
P

31252.1| D
-hydantoinase [B

radyrhizobium
 sp. B

TA
i1]

x

69934956
>gi|69934956|ref|ZP

_00629987.1| D
ihydropyrim

idinase [P
aracoccus 

denitrificans P
D

1222] 
x

69153771
>gi|69153771|gb|E

A
N

66904.1| D
ihydropyrim

idinase [P
aracoccus denitrificans 

P
D

1222]
x

27351554
>gi|27351554|dbj|B

A
C

48560.1| D
-hydantoinase [B

radyrhizobium
 japonicum

 
U

S
D

A 110] 
x

27378406
>gi|27378406|ref|N

P
_769935.1| dihydropyrim

idinase [B
radyrhizobium

 
japonicum

 U
S

D
A 110]

x

67910797
>gi|67910797|ref|ZP

_00509184.1| D
ihydropyrim

idinase [P
olarom

onas sp. 
JS

666] 
x

67777111
>gi|67777111|gb|E

A
M

36742.1| D
ihydropyrim

idinase [P
olarom

onas sp. JS
666]

x

84517193
>gi|84517193|ref|ZP

_01004548.1| dihydropyrim
idinase [Loktanella 

vestfoldensis S
K

A
53] 

x

84508868
>gi|84508868|gb|E

A
Q

05330.1| dihydropyrim
idinase [Loktanella vestfoldensis 

S
K

A
53]

x
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68231582
>gi|68231582|ref|ZP

_00570747.1| A
m

idohydrolase [Frankia sp. E
A

N
1pec] 

x

68200775
>gi|68200775|gb|E

A
N

14982.1| A
m

idohydrolase [Frankia sp. E
A

N
1pec]

x
57012654

>gi|57012654|sp|Q
60Q

85|D
H

P
1_C

A
E

B
R

 D
ihydropyrim

idinase 1
x

28194049
>gi|28194049|gb|A

A
O

33382.1| dihydropyrim
idine am

idohydrolase [D
rosophila 

m
elanogaster]

x

25992878
>gi|25992878|sp|Q

21773|D
H

P
1_C

A
E

E
L D

ihydropyrim
idinase 1 

(C
eC

R
M

P
/D

H
P

-1) (U
lipB

) 
x

67662393
>gi|67662393|ref|ZP

_00459682.1| D
ihydropyrim

idinase [B
urkholderia 

cenocepacia H
I2424] 

x

67655837
>gi|67655837|ref|ZP

_00453222.1| D
ihydropyrim

idinase [B
urkholderia 

cenocepacia A
U

 1054] 
x

67104090
>gi|67104090|gb|E

A
M

21211.1| D
ihydropyrim

idinase [B
urkholderia 

cenocepacia H
I2424] 

x

67096537
>gi|67096537|gb|E

A
M

14061.1| D
ihydropyrim

idinase [B
urkholderia 

cenocepacia A
U

 1054]
x

82747261
>gi|82747261|ref|ZP

_00909760.1| D
-hydantoinase [C

lostridium
 beijerincki 

N
C

IM
B

 8052] 
x

82724944
>gi|82724944|gb|E

A
P

59694.1| D
-hydantoinase [C

lostridium
 beijerincki 

N
C

IM
B

 8052]
x

78693606
>gi|78693606|ref|ZP

_00858120.1| D
-hydantoinase [B

radyrhizobium
 sp. 

B
TA

i1] 
x

78519161
>gi|78519161|gb|E

A
P

32458.1| D
-hydantoinase [B

radyrhizobium
 sp. B

TA
i1]

x

55631094
>gi|55631094|ref|X

P
_519900.1| P

R
E

D
IC

TE
D

: dihydropyrim
idinase [P

an 
troglodytes]

x

27351592
>gi|27351592|dbj|B

A
C

48598.1| D
-hydantoinase [B

radyrhizobium
 japonicum

 
U

S
D

A 110] 
x

27378444
>gi|27378444|ref|N

P
_769973.1| dihydropyrim

idinase [B
radyrhizobium

 
japonicum

 U
S

D
A 110]

x

27903506
>gi|27903506|gb|A

A
O

24771.1| D
-hydantoinase [A

rthrobacter crystallopoietes]
x

14599161
>gi|14599161|em

b|C
A

C
43845.1| urease [G

lycine m
ax] 

x
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32170831

>gi|32170831|gb|A
A

O
85883.1| leaf ubiquitous urease [G

lycine m
ax]

x
14599435

>gi|14599435|em
b|C

A
C

43859.1| urease [S
olanum

 tuberosum
]

x

17402589
>gi|17402589|dbj|B

A
B

78715.1| urease [O
ryza sativa (indica cultivar-group)]

x

15220459
>gi|15220459|ref|N

P
_176922.1| hydrolase/ nickel ion binding / urease 

[A
rabidopsis thaliana] 

x

12324683
>gi|12324683|gb|A

A
G

52306.1| putative urease [A
rabidopsis thaliana]

x
14599413

>gi|14599413|em
b|C

A
C

43857.1| urease [S
olanum

 tuberosum
] 

x
14599437

>gi|14599437|em
b|C

A
C

43860.1| urease [S
olanum

 tuberosum
]

x
465008

>gi|465008|sp|P
07374|U

R
E

A
_C

A
N

E
N

 U
rease (U

rea am
idohydrolase)

x
225714

>gi|225714|prf||1311327A urease
x

224797
>gi|224797|prf||1201293A urease

x
167228

>gi|167228|gb|A
A

A
83831.1| urease

x
32170829

>gi|32170829|gb|A
A

O
85884.1| em

bryo-specific urease [G
lycine m

ax]
x

60280325
>gi|60280325|gb|A

A
C

49868.3| urease [C
occidioides posadasii]

x
2501620

>gi|2501620|sp|O
00084|U

R
E

A
_S

C
H

P
O

 U
rease (U

rea am
idohydrolase) 

x
85541984

>gi|85541984|sp|Q
6A

3P
9|U

R
E

A
_A

S
P

FU
 U

rease (U
rea am

idohydrolase)
x

50788080
>gi|50788080|em

b|C
A

E
17672.1| putative urease [A

spergillus fum
igatus]

x
38567277

>gi|38567277|em
b|C

A
E

76567.1| probable urease [N
eurospora crassa] 

x

57228623
>gi|57228623|gb|A

AW
45058.1| urease [C

ryptococcus neoform
ans var. 

neoform
ans JE

C
21] 

x

58270418
>gi|58270418|ref|X

P
_572365.1| urease [C

ryptococcus neoform
ans var. 

neoform
ans JE

C
21] 

x

68053035
>gi|68053035|sp|Q

5K
C

Q
6|U

R
E

A
_C

R
Y

N
E

 U
rease (U

rea am
idohydrolase)

x

3688063
>gi|3688063|gb|A

A
C

62257.1| urease [C
ryptococcus neoform

ans var. grubii] 
x

23822289
>gi|23822289|sp|O

13465|U
R

E
A

_C
R

Y
N

V
 U

rease (U
rea am

idohydrolase)
x

66847836
>gi|66847836|gb|E

A
L88166.1| urease [A

spergillus fum
igatus A

f293] 
x

70990710
>gi|70990710|ref|X

P
_750204.1| urease [A

spergillus fum
igatus A

f293]
x

14599415
>gi|14599415|em

b|C
A

C
43858.1| urease [S

olanum
 tuberosum

]
x

22831365
>gi|22831365|gb|A

A
N

08919.1| urease JB
U

R
E

-II [C
anavalia ensiform

is]
x

86163898
>gi|86163898|gb|E

A
Q

65170.1| urease, alpha subunit [M
arinom

onas sp. 
M

E
D

121]
x
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 D
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68246713

>gi|68246713|gb|E
A

N
28807.1| U

rease [M
agnetococcus sp. M

C
-1] 

x
69257830

>gi|69257830|ref|ZP
_00606748.1| U

rease [M
agnetococcus sp. M

C
-1]

x

66047663
>gi|66047663|ref|Y

P
_237504.1| U

rease [P
seudom

onas syringae pv. syringae 
B

728a] 
x

63258370
>gi|63258370|gb|A

AY
39466.1| U

rease [P
seudom

onas syringae pv. syringae 
B

728a]
x

71556913
>gi|71556913|gb|A

A
Z36124.1| urease, alpha subunit [P

seudom
onas syringae 

pv. phaseolicola 1448A
] 

x

71736360
>gi|71736360|ref|Y

P
_276595.1| urease, alpha subunit [P

seudom
onas 

syringae pv. phaseolicola 1448A
]

x

28872010
>gi|28872010|ref|N

P
_794629.1| urease, alpha subunit [P

seudom
onas 

syringae pv. tom
ato str. D

C
3000] 

x

28855263
>gi|28855263|gb|A

A
O

58324.1| urease, alpha subunit [P
seudom

onas 
syringae pv. tom

ato str. D
C

3000]
x

2708800
>gi|2708800|gb|A

A
C

26155.1| urease alpha subunit [S
ynechococcus sp. P

C
C

 
7002]

x

67156658
>gi|67156658|ref|ZP

_00418155.1| U
rease [A

zotobacter vinelandii AvO
P

] 
x

67085847
>gi|67085847|gb|E

A
M

05318.1| U
rease [A

zotobacter vinelandii AvO
P

]
x

75703548
>gi|75703548|gb|A

B
A

23224.1| U
rease, alpha  subunit [A

nabaena variabilis 
ATC

C
 29413] 

x

75909823
>gi|75909823|ref|Y

P
_324119.1| U

rease, alpha subunit [A
nabaena variabilis 

ATC
C

 29413]
x

68348432
>gi|68348432|gb|A

AY
96038.1| urease, alpha subunit [P

seudom
onas 

fluorescens P
f-5] 

x

70734133
>gi|70734133|ref|Y

P
_257773.1| urease, alpha subunit [P

seudom
onas 

fluorescens P
f-5]

x

17132803
>gi|17132803|dbj|B

A
B

75369.1| urease alpha subunit [N
ostoc sp. P

C
C

 7120] 
x

17231162
>gi|17231162|ref|N

P
_487710.1| urease alpha subunit [N

ostoc sp. P
C

C
 7120]

x

77380811
>gi|77380811|gb|A

B
A

72324.1| U
rease, alpha  subunit [P

seudom
onas 

fluorescens P
fO

-1] 
x
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77456808
>gi|77456808|ref|Y

P
_346313.1| U

rease, alpha subunit [P
seudom

onas 
fluorescens P

fO
-1]

x

586164
>gi|586164|sp|Q

07397|U
R

E
1_B

A
C

S
B

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

216362
>gi|216362|dbj|B

A
A

03325.1| urease alpha subunit [B
acillus sp.]

x

1652159
>gi|1652159|dbj|B

A
A

17083.1| urease alpha subunit [S
ynechocystis sp. P

C
C

 
6803] 

x

16329675
>gi|16329675|ref|N

P
_440403.1| urease alpha subunit [S

ynechocystis sp. 
P

C
C

 6803] 
x

2501624
>gi|2501624|sp|P

73061|U
R

E
1_S

Y
N

Y
3 U

rease alpha subunit (U
rea 

am
idohydrolase)

x

48864341
>gi|48864341|ref|ZP

_00318234.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [M
icrobulbifer degradans 2-40]

x

74016945
>gi|74016945|ref|ZP

_00687570.1| U
rease [B

urkholderia am
bifaria A

M
M

D
] 

x

72610416
>gi|72610416|gb|E

A
O

46363.1| U
rease [B

urkholderia am
bifaria A

M
M

D
]

x

67665979
>gi|67665979|ref|ZP

_00463234.1| U
rease [B

urkholderia cenocepacia H
I2424] 

x

67657836
>gi|67657836|ref|ZP

_00455212.1| U
rease [B

urkholderia cenocepacia A
U

 
1054] 

x

67100398
>gi|67100398|gb|E

A
M

17553.1| U
rease [B

urkholderia cenocepacia H
I2424] 

x

67094572
>gi|67094572|gb|E

A
M

12105.1| U
rease [B

urkholderia cenocepacia A
U

 1054]
x

53687606
>gi|53687606|ref|ZP

_00107943.2| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [N
ostoc punctiform

e P
C

C
 73102]

x

68555641
>gi|68555641|ref|ZP

_00594985.1| U
rease [R

alstonia m
etallidurans C

H
34] 

x

68530111
>gi|68530111|gb|E

A
N

53073.1| U
rease [R

alstonia m
etallidurans C

H
34]

x

77966223
>gi|77966223|gb|A

B
B

07603.1| U
rease, alpha subunit [B

urkholderia sp. 383] 
x

78065478
>gi|78065478|ref|Y

P
_368247.1| U

rease, alpha subunit [B
urkholderia sp. 383]

x
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22293726
>gi|22293726|dbj|B

A
C

07558.1| urease alpha subunit [Therm
osynechococcus 

elongatus B
P

-1] 
x

22297549
>gi|22297549|ref|N

P
_680796.1| urease alpha subunit 

[Therm
osynechococcus elongatus B

P
-1]

x

71676622
>gi|71676622|ref|ZP

_00674363.1| U
rease [Trichodesm

ium
 erythraeum

 
IM

S
101] 

x

71670302
>gi|71670302|gb|E

A
O

26971.1| U
rease [Trichodesm

ium
 erythraeum

 IM
S

101]
x

2340847
>gi|2340847|em

b|C
A

A
74065.1| urease, structural subunit [C

upriavidus 
necator]

x

10172866
>gi|10172866|dbj|B

A
B

03973.1| urease alpha subunit [B
acillus halodurans C

-
125] 

x

15612817
>gi|15612817|ref|N

P
_241120.1| urease alpha subunit [B

acillus halodurans C
-

125]
x

67545844
>gi|67545844|ref|ZP

_00423763.1| U
rease [B

urkholderia vietnam
iensis G

4] 
x

67532913
>gi|67532913|gb|E

A
M

29689.1| U
rease [B

urkholderia vietnam
iensis G

4]
x

72118111
>gi|72118111|gb|A

A
Z60374.1| U

rease, alpha  subunit [R
alstonia eutropha 

JM
P

134] 
x

73540698
>gi|73540698|ref|Y

P
_295218.1| U

rease, alpha subunit [R
alstonia eutropha 

JM
P

134]
x

15075493
>gi|15075493|em

b|C
A

C
47049.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT P

R
O

TE
IN

 
[S

inorhizobium
 m

eliloti] 
x

7404480
>gi|7404480|sp|P

42885|U
R

E
1_R

H
IM

E
 U

rease alpha subunit (U
rea 

am
idohydrolase) 

x

15966223
>gi|15966223|ref|N

P
_386576.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT P

R
O

TE
IN

 
[S

inorhizobium
 m

eliloti 1021]
x

84357037
>gi|84357037|ref|ZP

_00981867.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia cenocepacia P

C
184]

x

83748047
>gi|83748047|ref|ZP

_00945076.1| U
rease alpha subunit [R

alstonia 
solanacearum

 U
W

551] 
x

83725233
>gi|83725233|gb|E

A
P

72382.1| U
rease alpha subunit [R

alstonia 
solanacearum

 U
W

551]
x
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78701765
>gi|78701765|ref|ZP

_00866213.1| U
rease, alpha  subunit [A

lkalilim
nicola 

ehrlichei M
LH

E
-1] 

x

78520847
>gi|78520847|gb|E

A
P

34106.1| U
rease, alpha  subunit [A

lkalilim
nicola 

ehrlichei M
LH

E
-1]

x

17429050
>gi|17429050|em

b|C
A

D
15734.1| P

R
O

B
A

B
LE

 U
R

E
A

S
E

 (A
LP

H
A S

U
B

U
N

IT) 
P

R
O

TE
IN

 [R
alstonia solanacearum

] 
x

17546751
>gi|17546751|ref|N

P
_520153.1| P

R
O

B
A

B
LE

 U
R

E
A

S
E

 (A
LP

H
A S

U
B

U
N

IT) 
P

R
O

TE
IN

 [R
alstonia solanacearum

 G
M

I1000]
x

83647213
>gi|83647213|ref|Y

P
_435648.1| urease, alpha subunit [H

ahella chejuensis 
K

C
TC

 2396] 
x

83635256
>gi|83635256|gb|A

B
C

31223.1| urease, alpha subunit [H
ahella chejuensis 

K
C

TC
 2396]

x

52210683
>gi|52210683|em

b|C
A

H
36667.1| urease alpha subunit [B

urkholderia 
pseudom

allei K
96243] 

x

53720269
>gi|53720269|ref|Y

P
_109255.1| urease alpha subunit [B

urkholderia 
pseudom

allei K
96243]

x

52429706
>gi|52429706|gb|A

A
U

50299.1| urease, alpha subunit [B
urkholderia m

allei 
ATC

C
 23344]

x

9951141
>gi|9951141|gb|A

A
G

08253.1| urease alpha subunit [P
seudom

onas 
aeruginosa PA

O
1] 

x

15600061
>gi|15600061|ref|N

P
_253555.1| urease alpha subunit [P

seudom
onas 

aeruginosa PA
O

1] 
x

84323470
>gi|84323470|ref|ZP

_00971539.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [P
seudom

onas aeruginosa 2192]
x

68192333
>gi|68192333|gb|E

A
N

06987.1| U
rease [M

esorhizobium
 sp. B

N
C

1] 
x

69276427
>gi|69276427|ref|ZP

_00612021.1| U
rease [M

esorhizobium
 sp. B

N
C

1]
x

71846680
>gi|71846680|gb|A

A
Z46176.1| U

rease, alpha  subunit [D
echlorom

onas 
arom

atica R
C

B
] 

x

71907059
>gi|71907059|ref|Y

P
_284646.1| U

rease, alpha subunit [D
echlorom

onas 
arom

atica R
C

B
]

x

86358904
>gi|86358904|ref|Y

P
_470796.1| urease (urea am

idohydrolase) alpha subunit 
protein [R

hizobium
 etli C

FN
 42] 

x
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86283006
>gi|86283006|gb|A

B
C

92069.1| urease (urea am
idohydrolase) alpha subunit 

protein [R
hizobium

 etli C
FN

 42]
x

86607525
>gi|86607525|ref|Y

P
_476287.1| urease, alpha subunit [C

yanobacteria 
bacterium

 Yellow
stone B

-P
rim

e]
x

76884645
>gi|76884645|gb|A

B
A

59326.1| U
rease, alpha subunit [N

itrosococcus oceani 
ATC

C
 19707] 

x

77166331
>gi|77166331|ref|Y

P
_344856.1| U

rease, alpha subunit [N
itrosococcus oceani 

ATC
C

 19707]
x

14024880
>gi|14024880|dbj|B

A
B

51482.1| urease alpha subunit [M
esorhizobium

 loti 
M

A
FF303099] 

x

13474128
>gi|13474128|ref|N

P
_105696.1| urease alpha subunit [M

esorhizobium
 loti 

M
A

FF303099]
x

78170118
>gi|78170118|gb|A

B
B

27215.1| U
rease, alpha  subunit [S

ynechococcus sp. 
C

C
9902] 

x

78185824
>gi|78185824|ref|Y

P
_378258.1| U

rease, alpha subunit [S
ynechococcus sp. 

C
C

9902]
x

76579628
>gi|76579628|gb|A

B
A

49103.1| urease, alpha subunit [B
urkholderia 

pseudom
allei 1710b] 

x

76810175
>gi|76810175|ref|Y

P
_334507.1| urease, alpha subunit [B

urkholderia 
pseudom

allei 1710b]
x

17740887
>gi|17740887|gb|A

A
L43389.1| urease alpha subunit [A

grobacterium
 

tum
efaciens str. C

58] 
x

17936283
>gi|17936283|ref|N

P
_533073.1| urease alpha subunit [A

grobacterium
 

tum
efaciens str. C

58] 
x

33641280
>gi|33641280|em

b|C
A

E
22410.1| U

rease alpha subunit [P
rochlorococcus 

m
arinus str. M

IT 9313] 
x

33864500
>gi|33864500|ref|N

P
_896060.1| U

rease alpha subunit [P
rochlorococcus 

m
arinus str. M

IT 9313]
x

78198587
>gi|78198587|gb|A

B
B

36352.1| urease, alpha subunit [S
ynechococcus sp. 

C
C

9605] 
x

78214128
>gi|78214128|ref|Y

P
_382907.1| urease, alpha subunit [S

ynechococcus sp. 
C

C
9605]

x
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83720169
>gi|83720169|ref|Y

P
_442042.1| urease, alpha subunit [B

urkholderia 
thailandensis E

264] 
x

83653994
>gi|83653994|gb|A

B
C

38057.1| urease, alpha subunit [B
urkholderia 

thailandensis E
264]

x

77740711
>gi|77740711|ref|ZP

_00809197.1| U
rease, alpha  subunit 

[R
hodopseudom

onas palustris B
isA

53] 
x

77699272
>gi|77699272|gb|E

A
O

90417.1| U
rease, alpha  subunit [R

hodopseudom
onas 

palustris B
isA

53]
x

56380307
>gi|56380307|dbj|B

A
D

76215.1| urease alpha subunit (urea am
idohydrolase) 

[G
eobacillus kaustophilus H

TA
426] 

x

56420465
>gi|56420465|ref|Y

P
_147783.1| urease alpha subunit (urea am

idohydrolase) 
[G

eobacillus kaustophilus H
TA

426]
x

68187175
>gi|68187175|gb|E

A
N

01866.1| U
rease [M

ethylobacillus flagellatus K
T] 

x

68214390
>gi|68214390|ref|ZP

_00566213.1| U
rease [M

ethylobacillus flagellatus K
T]

x

77955793
>gi|77955793|ref|ZP

_00820133.1| U
rease, alpha  subunit [M

arinobacter 
aquaeolei V

T8] 
x

77865326
>gi|77865326|gb|E

A
O

96669.1| U
rease, alpha  subunit [M

arinobacter 
aquaeolei V

T8]
x

33639580
>gi|33639580|em

b|C
A

E
08964.1| urease alpha subunit [S

ynechococcus sp. 
W

H
 8102] 

x

33866979
>gi|33866979|ref|N

P
_898538.1| urease alpha subunit [S

ynechococcus sp. 
W

H
 8102]

x

27349709
>gi|27349709|dbj|B

A
C

46722.1| urease alpha subunit [B
radyrhizobium

 
japonicum

 U
S

D
A 110] 

x

27376568
>gi|27376568|ref|N

P
_768097.1| urease alpha subunit [B

radyrhizobium
 

japonicum
 U

S
D

A 110]
x

84387642
>gi|84387642|ref|ZP

_00990659.1| urease, alpha subunit [Vibrio splendidus 
12B

01] 
x

84377487
>gi|84377487|gb|E

A
P

94353.1| urease, alpha subunit [Vibrio splendidus 
12B

01]
x

86169120
>gi|86169120|gb|E

A
Q

70376.1| urease, alpha subunit [S
ynechococcus sp. 

R
S

9917]
x
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78692690
>gi|78692690|ref|ZP

_00857204.1| U
rease, alpha  subunit [B

radyrhizobium
 

sp. B
TA

i1] 
x

78518245
>gi|78518245|gb|E

A
P

31542.1| U
rease, alpha  subunit [B

radyrhizobium
 sp. 

B
TA

i1]
x

3659633
>gi|3659633|gb|A

A
C

61502.1| urease alpha subunit [S
ynechococcus sp. W

H
 

7805]
x

72002743
>gi|72002743|gb|A

A
Z58545.1| urease, alpha  subunit [P

rochlorococcus 
m

arinus str. N
ATL2A

] 
x

72382893
>gi|72382893|ref|Y

P
_292248.1| urease, alpha subunit [P

rochlorococcus 
m

arinus str. N
ATL2A

]
x

78494014
>gi|78494014|ref|ZP

_00846244.1| U
rease, alpha  subunit 

[R
hodopseudom

onas palustris B
isB

18] 
x

78388717
>gi|78388717|gb|E

A
P

11618.1| U
rease, alpha  subunit [R

hodopseudom
onas 

palustris B
isB

18]
x

48782084
>gi|48782084|ref|ZP

_00278657.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia fungorum

 LB
400]

x

67850889
>gi|67850889|gb|E

A
M

46460.1| U
rease [C

lostridium
 therm

ocellum
 ATC

C
 

27405] 
x

67874953
>gi|67874953|ref|ZP

_00504504.1| U
rease [C

lostridium
 therm

ocellum
 ATC

C
 

27405]
x

67677174
>gi|67677174|ref|ZP

_00473914.1| U
rease [C

hrom
ohalobacter salexigens 

D
S

M
 3043] 

x

67518775
>gi|67518775|gb|E

A
M

22737.1| U
rease [C

hrom
ohalobacter salexigens D

S
M

 
3043]

x

13959023
>gi|13959023|gb|A

A
K

51069.1| urease alpha subunit U
reC

 [B
rucella 

m
elitensis biovar A

bortus] 
x

82699197
>gi|82699197|ref|Y

P
_413771.1| U

rease:A
m

idohydrolase [B
rucella m

elitensis 
biovar A

bortus 2308] 
x

62289267
>gi|62289267|ref|Y

P
_221060.1| U

reC
-1, urease, alpha subunit [B

rucella 
abortus biovar 1 str. 9-941] 

x

62195399
>gi|62195399|gb|A

A
X

73699.1| U
reC

-1, urease, alpha subunit [B
rucella 

abortus biovar 1 str. 9-941] 
x
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82615298
>gi|82615298|em

b|C
A

J10256.1| U
rease:A

m
idohydrolase [B

rucella m
elitensis 

biovar A
bortus]

x

23347054
>gi|23347054|gb|A

A
N

29219.1| urease, alpha subunit [B
rucella suis 1330] 

x

23501177
>gi|23501177|ref|N

P
_697304.1| urease, alpha subunit [B

rucella suis 1330]
x

33634096
>gi|33634096|em

b|C
A

E
19422.1| U

rease alpha subunit [P
rochlorococcus 

m
arinus subsp. pastoris str. C

C
M

P
1986] 

x

7839375
>gi|7839375|gb|A

A
F70248.1| U

reC
 [P

rochlorococcus m
arinus] 

x

33861519
>gi|33861519|ref|N

P
_893080.1| U

rease alpha subunit [P
rochlorococcus 

m
arinus subsp. pastoris str. C

C
M

P
1986]

x

137070
>gi|137070|sp|P

18314|U
R

E
1_K

LE
A

E
 U

rease alpha subunit (U
rea 

am
idohydrolase) 

x

96626
>gi|96626|pir||C

36138 urease (E
C

 3.5.1.5) 62K
 chain [validated] - K

lebsiella 
pneum

oniae 
x

1065194
>gi|1065194|pdb|2K

A
U

|C
 C

hain C
, M

olecule: K
lebsiella A

erogenes U
rease; 

E
c: 3.5.1.5; S

ynonym
s: U

rea A
m

idohydrolase, U
rease; E

ngineered 
x

1311333
>gi|1311333|pdb|1K

R
A

|C
 C

hain C
, A

poenzym
e, N

ickel M
etalloenzym

e 
M

ol_id: 1; M
olecule: U

rease; C
hain: A

, B
, C

; E
c: 3.5.1.5 

x

149338
>gi|149338|gb|A

A
A

25151.1| urease subunit C
x

49530264
>gi|49530264|em

b|C
A

G
67976.1| urease alpha subunit [A

cinetobacter sp. 
A

D
P

1] 
x

50084288
>gi|50084288|ref|Y

P
_045798.1| urease alpha subunit [A

cinetobacter sp. 
A

D
P

1]
x

84499667
>gi|84499667|ref|ZP

_00997955.1| urease, alpha subunit [O
ceanicola 

batsensis H
TC

C
2597] 

x

84392811
>gi|84392811|gb|E

A
Q

05022.1| urease, alpha subunit [O
ceanicola batsensis 

H
TC

C
2597]

x

78712719
>gi|78712719|gb|A

B
B

49896.1| urease, alpha subunit [P
rochlorococcus 

m
arinus str. M

IT 9312] 
x

78779220
>gi|78779220|ref|Y

P
_397332.1| urease, alpha subunit [P

rochlorococcus 
m

arinus str. M
IT 9312]

x
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39650578
>gi|39650578|em

b|C
A

E
29101.1| urease alpha subunit [R

hodopseudom
onas 

palustris C
G

A
009] 

x

39936722
>gi|39936722|ref|N

P
_948998.1| urease alpha subunit [R

hodopseudom
onas 

palustris C
G

A
009]

x

56678330
>gi|56678330|gb|A

AV
94996.1| urease, alpha subunit [S

ilicibacter pom
eroyi 

D
S

S
-3] 

x

56696593
>gi|56696593|ref|Y

P
_166953.1| urease, alpha subunit [S

ilicibacter pom
eroyi 

D
S

S
-3]

x

17983673
>gi|17983673|gb|A

A
L52833.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT [B

rucella 
m

elitensis 16M
] 

x

17987935
>gi|17987935|ref|N

P
_540569.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT [B

rucella 
m

elitensis 16M
]

x

12313641
>gi|12313641|dbj|B

A
B

21067.1| alpha subunit of urease [R
hodobacter 

capsulatus]
x

77688020
>gi|77688020|ref|ZP

_00803205.1| U
rease, alpha  subunit 

[R
hodopseudom

onas palustris B
isB

5] 
x

77655295
>gi|77655295|gb|E

A
O

86936.1| U
rease, alpha  subunit [R

hodopseudom
onas 

palustris B
isB

5]
x

84361059
>gi|84361059|ref|ZP

_00985743.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia dolosa A

U
O

158]
x

77388295
>gi|77388295|gb|A

B
A

79480.1| U
rea am

idohydrolase (urease) alpha subunit 
[R

hodobacter sphaeroides 2.4.1] 
x

77463877
>gi|77463877|ref|Y

P
_353381.1| U

rea am
idohydrolase (urease) alpha subunit 

[R
hodobacter sphaeroides 2.4.1]

x

83373265
>gi|83373265|ref|ZP

_00918044.1| U
rease, alpha  subunit [R

hodobacter 
sphaeroides ATC

C
 17029] 

x

83365737
>gi|83365737|gb|E

A
P

69224.1| U
rease, alpha  subunit [R

hodobacter 
sphaeroides ATC

C
 17029]

x

13360784
>gi|13360784|dbj|B

A
B

34747.1| urease alpha subunit [E
scherichia coli 

O
157:H

7] 
x

15830578
>gi|15830578|ref|N

P
_309351.1| urease alpha subunit [E

scherichia coli 
O

157:H
7] 

x
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12514464
>gi|12514464|gb|A

A
G

55699.1| putative urease structural subunit C
 (alpha) 

[E
scherichia coli O

157:H
7 E

D
L933] 

x

12513947
>gi|12513947|gb|A

A
G

55290.1| putative urease structural subunit C
 (alpha) 

[E
scherichia coli O

157:H
7 E

D
L933] 

x

15801072
>gi|15801072|ref|N

P
_287088.1| putative urease structural subunit C

 (alpha) 
[E

scherichia coli O
157:H

7 E
D

L933] 
x

15800666
>gi|15800666|ref|N

P
_286680.1| putative urease structural subunit C

 (alpha) 
[E

scherichia coli O
157:H

7 E
D

L933]
x

1311330
>gi|1311330|pdb|1K

R
B

|C
 C

hain C
, A

ctive S
ite M

utant, N
ickel M

etalloenzym
e 

M
ol_id: 1; M

olecule: U
rease; C

hain: A
, B

, C
; E

c: 3.5.1.5; M
utation: H

(C
 219)a; 

H
eterogen: C

arbon D
ioxide; H

eterogen: N
ickel

x

1311327
>gi|1311327|pdb|1K

R
C

|C
 C

hain C
, A

ctive S
ite M

utant, N
ickel M

etalloenzym
e 

M
ol_id: 1; M

olecule: U
rease; C

hain: A
, B

, C
; E

c: 3.5.1.5; M
utation: H

(C
 320)a; 

H
eterogen: C

arbon D
ioxide; H

eterogen: N
ickel

x

83680720
>gi|83680720|ref|ZP

_00942424.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei 406e]
x

67739644
>gi|67739644|ref|ZP

_00490204.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei 668] 
x

67674341
>gi|67674341|ref|ZP

_00471103.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei 1655]
x

67644011
>gi|67644011|ref|ZP

_00442754.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia m

allei G
B

8 horse 4] 
x

67638047
>gi|67638047|ref|ZP

_00436984.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia m

allei 10399] 
x

85066783
>gi|85066783|ref|ZP

_01027636.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia m

allei 10229] 
x

84523498
>gi|84523498|ref|ZP

_01010634.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia m

allei S
AV

P
1] 

x

83626602
>gi|83626602|ref|ZP

_00936826.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia m

allei JH
U

] 
x

83621747
>gi|83621747|ref|ZP

_00932155.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia m

allei FM
H

]
x
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32044238
>gi|32044238|ref|ZP

_00141339.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [P
seudom

onas aeruginosa U
C

B
P

P
-PA

14]
x

67686103
>gi|67686103|ref|ZP

_00479859.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei 1710a]
x

67761072
>gi|67761072|ref|ZP

_00499785.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei S
13] 

x

82538472
>gi|82538472|ref|ZP

_00897465.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei 1106b] 
x

82530467
>gi|82530467|ref|ZP

_00889698.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei 1106a]
x

86571954
>gi|86571954|gb|A

B
D

06511.1| urease, alpha subunit [R
hodopseudom

onas 
palustris H

aA
2]

x

67648604
>gi|67648604|ref|ZP

_00446833.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia m

allei N
C

TC
 10247]

x

84515944
>gi|84515944|ref|ZP

_01003305.1| urease, alpha subunit [Loktanella 
vestfoldensis S

K
A

53] 
x

84510386
>gi|84510386|gb|E

A
Q

06842.1| urease, alpha subunit [Loktanella 
vestfoldensis S

K
A

53]
x

69298861
>gi|69298861|ref|ZP

_00620990.1| U
rease [S

ilicibacter sp. TM
1040] 

x
69134095

>gi|69134095|gb|E
A

N
57328.1| U

rease [S
ilicibacter sp. TM

1040]
x

67757584
>gi|67757584|ref|ZP

_00496460.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [B
urkholderia pseudom

allei P
asteur]

x

59711280
>gi|59711280|ref|Y

P
_204056.1| urease alpha subunit [Vibrio fischeri E

S
114] 

x

59479381
>gi|59479381|gb|A

AW
85168.1| urease alpha subunit [Vibrio fischeri E

S
114]

x

83368250
>gi|83368250|ref|ZP

_00913114.1| U
rease, alpha  subunit [R

hodobacter 
sphaeroides ATC

C
 17025] 

x

83361963
>gi|83361963|gb|E

A
P

65475.1| U
rease, alpha  subunit [R

hodobacter 
sphaeroides ATC

C
 17025]

x

71362355
>gi|71362355|ref|ZP

_00653514.1| U
rease [P

sychrobacter cryohalolentis K
5] 

x

71161924
>gi|71161924|gb|E

A
O

11716.1| U
rease [P

sychrobacter cryohalolentis K
5]

x
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83953306
>gi|83953306|ref|ZP

_00962028.1| urease, alpha subunit [S
ulfitobacter sp. 

N
A

S
-14.1] 

x

83842274
>gi|83842274|gb|E

A
P

81442.1| urease, alpha subunit [S
ulfitobacter sp. N

A
S

-
14.1]

x

86137786
>gi|86137786|ref|ZP

_01056362.1| urease, alpha subunit [R
oseobacter sp. 

M
E

D
193] 

x

85825378
>gi|85825378|gb|E

A
Q

45577.1| urease, alpha subunit [R
oseobacter sp. 

M
E

D
193]

x

83944265
>gi|83944265|ref|ZP

_00956720.1| urease, alpha subunit [S
ulfitobacter sp. E

E
-

36] 
x

83844809
>gi|83844809|gb|E

A
P

82691.1| urease, alpha subunit [S
ulfitobacter sp. E

E
-36]

x

84685183
>gi|84685183|ref|ZP

_01013082.1| urease, alpha subunit [R
hodobacterales 

bacterium
 H

TC
C

2654] 
x

84666915
>gi|84666915|gb|E

A
Q

13386.1| urease, alpha subunit [R
hodobacterales 

bacterium
 H

TC
C

2654]
x

137073
>gi|137073|sp|P

17086|U
R

E
1_P

R
O

M
I U

rease alpha subunit (U
rea 

am
idohydrolase) 

x

150918
>gi|150918|gb|A

A
A

25669.1| urease subunit C
x

42782712
>gi|42782712|ref|N

P
_979959.1| urease alpha subunit [B

acillus cereus ATC
C

 
10987] 

x

42738638
>gi|42738638|gb|A

A
S

42567.1| urease alpha subunit [B
acillus cereus ATC

C
 

10987]
x

84714992
>gi|84714992|ref|ZP

_01022214.1| U
rease, alpha  subunit [P

olarom
onas 

naphthalenivorans C
J2] 

x

84693457
>gi|84693457|gb|E

A
Q

19257.1| U
rease, alpha  subunit [P

olarom
onas 

naphthalenivorans C
J2]

x

53729261
>gi|53729261|ref|ZP

_00133792.2| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [A
ctinobacillus pleuropneum

oniae serovar 1 str. 4074]
x

137074
>gi|137074|sp|P

16122|U
R

E
1_P

R
O

V
U

 U
rease alpha subunit (U

rea 
am

idohydrolase)
x
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19310948
>gi|19310948|gb|A

A
L86691.1| urea am

idohydrolase alpha subunit 
[N

itrosococcus oceani]
x

66963659
>gi|66963659|ref|ZP

_00411230.1| U
rease [A

rthrobacter sp. FB
24] 

x
66870107

>gi|66870107|gb|E
A

L97472.1| U
rease [A

rthrobacter sp. FB
24]

x
68182273

>gi|68182273|ref|ZP
_00555253.1| U

rease [Jannaschia sp. C
C

S
1] 

x
67977377

>gi|67977377|gb|E
A

M
66997.1| U

rease [Jannaschia sp. C
C

S
1]

x

68057335
>gi|68057335|gb|A

A
X

87588.1| U
rease alpha subunit [H

aem
ophilus 

influenzae 86-028N
P

] 
x

68249136
>gi|68249136|ref|Y

P
_248248.1| U

rease alpha subunit [H
aem

ophilus 
influenzae 86-028N

P
]

x

26989564
>gi|26989564|ref|N

P
_744989.1| urease, alpha subunit [P

seudom
onas putida 

K
T2440] 

x

24984442
>gi|24984442|gb|A

A
N

68453.1| urease, alpha subunit [P
seudom

onas putida 
K

T2440]
x

227457
>gi|227457|prf||1704174C

 urease alpha
x

53733072
>gi|53733072|ref|ZP

_00155532.2| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [H
aem

ophilus influenzae R
2846]

x

82702370
>gi|82702370|ref|Y

P
_411936.1| urease, alpha subunit [N

itrosospira 
m

ultiform
is ATC

C
 25196] 

x

82410435
>gi|82410435|gb|A

B
B

74544.1| urease, alpha subunit [N
itrosospira m

ultiform
is 

ATC
C

 25196]
x

2636189
>gi|2636189|em

b|C
A

B
15681.1| urease (alpha subunit) [B

acillus subtilis 
subsp. subtilis str. 168] 

x

1592696
>gi|1592696|em

b|C
A

A
69859.1| urease [B

acillus subtilis] 
x

2501621
>gi|2501621|sp|P

77837|U
R

E
1_B

A
C

S
U

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

16080717
>gi|16080717|ref|N

P
_391545.1| urease (alpha subunit) [B

acillus subtilis 
subsp. subtilis str. 168]

x

16272483
>gi|16272483|ref|N

P
_438697.1| urease alpha subunit [H

aem
ophilus 

influenzae R
d K

W
20] 

x

1573524
>gi|1573524|gb|A

A
C

22197.1| urease, alpha subunit (ureC
) [H

aem
ophilus 

influenzae R
d K

W
20] 

x
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1174884
>gi|1174884|sp|P

44391|U
R

E
1_H

A
E

IN
 U

rease alpha subunit (U
rea 

am
idohydrolase)

x

37731823
>gi|37731823|gb|A

A
O

63582.1| urease C
 [N

itrosom
onas cryotolerans]

x

82735364
>gi|82735364|ref|ZP

_00898227.1| U
rease, alpha  subunit [P

seudom
onas 

putida F1] 
x

82718039
>gi|82718039|gb|E

A
P

53090.1| U
rease, alpha  subunit [P

seudom
onas putida 

F1]
x

3915207
>gi|3915207|sp|O

54420|U
R

E
1_A

C
TP

L U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

74020417
>gi|74020417|ref|ZP

_00691006.1| U
rease [R

hodoferax ferrireducens D
S

M
 

15236] 
x

72606431
>gi|72606431|gb|E

A
O

42414.1| U
rease [R

hodoferax ferrireducens D
S

M
 

15236]
x

6460756
>gi|6460756|gb|A

A
F12461.1| urease, alpha subunit [D

einococcus 
radiodurans R

1] 
x

15807978
>gi|15807978|ref|N

P
_285641.1| urease, alpha subunit [D

einococcus 
radiodurans R

1]
x

85704480
>gi|85704480|ref|ZP

_01035582.1| urease, alpha subunit [R
oseovarius sp. 

217] 
x

85670888
>gi|85670888|gb|E

A
Q

25747.1| urease, alpha subunit [R
oseovarius sp. 217]

x

32966209
>gi|32966209|gb|A

A
P

92141.1| urease C
 subunit [N

itrosospira m
ultiform

is]
x

37726861
>gi|37726861|gb|A

A
O

38226.1| urease subunit C
 [N

itrosospira m
ultiform

is]
x

71361909
>gi|71361909|ref|ZP

_00653069.1| U
rease [P

sychrobacter cryohalolentis K
5] 

x

71162027
>gi|71162027|gb|E

A
O

11818.1| U
rease [P

sychrobacter cryohalolentis K
5]

x

14579320
>gi|14579320|gb|A

A
K

69199.1| urease beta subunit U
reB

 [H
elicobacter 

hepaticus] 
x

32261956
>gi|32261956|gb|A

A
P

77005.1| urease [H
elicobacter hepaticus ATC

C
 51449] 

x

32265907
>gi|32265907|ref|N

P
_859939.1| urease [H

elicobacter hepaticus ATC
C

 51449]
x
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67909315
>gi|67909315|ref|ZP

_00507711.1| P
eptidase M

38, urease [P
olarom

onas sp. 
JS

666] 
x

67778379
>gi|67778379|gb|E

A
M

38001.1| P
eptidase M

38, urease [P
olarom

onas sp. 
JS

666]
x

75234470
>gi|75234470|ref|ZP

_00718825.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [E
scherichia coli E

110019]
x

76875610
>gi|76875610|em

b|C
A

I86831.1| urease, alpha subunit [P
seudoalterom

onas 
haloplanktis TA

C
125] 

x

77360699
>gi|77360699|ref|Y

P
_340274.1| urease, alpha subunit [P

seudoalterom
onas 

haloplanktis TA
C

125]
x

47574669
>gi|47574669|ref|ZP

_00244705.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [R
ubrivivax gelatinosus P

M
1]

x

37724518
>gi|37724518|gb|A

A
O

17783.1| urea am
idohydrolase alpha subunit 

[N
itrosospira briensis]

x

86605319
>gi|86605319|ref|Y

P
_474082.1| urease, alpha subunit [C

yanobacteria 
bacterium

 Yellow
stone A

-P
rim

e]
x

2130642
>gi|2130642|gb|A

A
C

46128.1| urease structural subunit C
 [B

ordetella 
bronchiseptica]

x

33564160
>gi|33564160|em

b|C
A

E
43436.1| urease alpha subunit [B

ordetella pertussis 
Toham

a I] 
x

33594086
>gi|33594086|ref|N

P
_881730.1| urease alpha subunit [B

ordetella pertussis 
Toham

a I]
x

33574493
>gi|33574493|em

b|C
A

E
39138.1| urease alpha subunit [B

ordetella 
parapertussis] 

x

33598364
>gi|33598364|ref|N

P
_886007.1| urease alpha subunit [B

ordetella 
parapertussis 12822]

x

33577421
>gi|33577421|em

b|C
A

E
34686.1| urease alpha subunit [B

ordetella 
bronchiseptica R

B
50] 

x

33603297
>gi|33603297|ref|N

P
_890857.1| urease alpha subunit [B

ordetella 
bronchiseptica R

B
50] 

x

34978388
>gi|34978388|sp|O

08400|U
R

E
1_B

O
R

B
R

 U
rease alpha subunit (U

rea 
am

idohydrolase)
x
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71796401
>gi|71796401|gb|A

A
Z41152.1| putative urease structural subunit C

 (alpha) 
[C

andidatus B
lochm

annia pennsylvanicus str. B
P

E
N

] 
x

71892295
>gi|71892295|ref|Y

P
_278029.1| putative urease structural subunit C

 (alpha) 
[C

andidatus B
lochm

annia pennsylvanicus str. B
P

E
N

]
x

27462198
>gi|27462198|gb|A

A
O

15374.1| urease B
 [H

elicobacter bizzozeronii]
x

5913962
>gi|5913962|dbj|B

A
A

84533.1| urease B
 [H

elicobacter pylori]
x

4154576
>gi|4154576|gb|A

A
D

05651.1| U
R

E
A

S
E

 B
E

TA S
U

B
U

N
IT [H

elicobacter pylori 
J99] 

x

15644702
>gi|15644702|ref|N

P
_206872.1| urease beta subunit (urea am

idohydrolase) 
(ureB

) [H
elicobacter pylori 26695] 

x

2313153
>gi|2313153|gb|A

A
D

07143.1| urease beta subunit (urea am
idohydrolase) 

(ureB
) [H

elicobacter pylori 26695] 
x

57014162
>gi|57014162|sp|P

69996|U
R

E
2_H

E
LP

Y U
rease beta subunit (U

rea 
am

idohydrolase) 
x

57014163
>gi|57014163|sp|P

69997|U
R

E
2_H

E
LP

J U
rease beta subunit (U

rea 
am

idohydrolase) 
x

15611138
>gi|15611138|ref|N

P
_222789.1| U

R
E

A
S

E
 B

E
TA S

U
B

U
N

IT [H
elicobacter 

pylori J99] 
x

77543439
>gi|77543439|gb|A

B
A

87133.1| urease B
 [H

elicobacter pylori]
x

31580721
>gi|31580721|gb|A

A
P

51176.1| urease B
 [H

elicobacter pylori]
x

396162
>gi|396162|em

b|C
A

A
48826.1| urease beta-6 subunit [H

elicobacter felis] 
x

586167
>gi|586167|sp|Q

08716|U
R

E
2_H

E
LFE

 U
rease beta subunit (U

rea 
am

idohydrolase)
x

13605430
>gi|13605430|gb|A

A
K

32714.1| urease B
 [H

elicobacter pylori]
x

4249613
>gi|4249613|gb|A

A
D

13732.1| urease alpha subunit U
reC

 [A
ctinom

yces 
naeslundii] 

x

4249601
>gi|4249601|gb|A

A
D

13725.1| urease alpha-subunit [A
ctinom

yces naeslundii]
x

33504317
>gi|33504317|em

b|C
A

D
83209.1| putative urease structural subunit C

 (alpha) 
[C

andidatus B
lochm

annia floridanus] 
x

33519971
>gi|33519971|ref|N

P
_878803.1| putative urease structural subunit C

 (alpha) 
[C

andidatus B
lochm

annia floridanus]
x
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48855146
>gi|48855146|ref|ZP

_00309306.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [C
ytophaga hutchinsonii]

x

28372407
>gi|28372407|gb|A

A
O

34403.1| urease beta; urease subunit B
; urease large 

subunit [H
elicobacter pylori]

x

1174891
>gi|1174891|sp|P

42823|U
R

E
2_H

E
LH

E
 U

rease beta subunit (U
rea 

am
idohydrolase) 

x

529424
>gi|529424|gb|A

A
A

65723.1| urease
x

580821
>gi|580821|em

b|C
A

A
55175.1| urease [S

porosarcina pasteurii] 
x

731075
>gi|731075|sp|P

41020|U
R

E
1_B

A
C

PA U
rease alpha subunit (U

rea 
am

idohydrolase)
x

69936847
>gi|69936847|ref|ZP

_00631602.1| U
rease [P

aracoccus denitrificans P
D

1222] 
x

69151870
>gi|69151870|gb|E

A
N

65052.1| U
rease [P

aracoccus denitrificans P
D

1222]
x

49245514
>gi|49245514|em

b|C
A

G
43991.1| urease alpha subunit [S

taphylococcus 
aureus subsp. aureus M

S
S

A
476] 

x

14248063
>gi|14248063|dbj|B

A
B

58452.1| urease alpha subunit [S
taphylococcus aureus 

subsp. aureus M
u50] 

x

21205379
>gi|21205379|dbj|B

A
B

96073.1| urease alpha subunit [S
taphylococcus aureus 

subsp. aureus M
W

2] 
x

57286408
>gi|57286408|gb|A

AW
38502.1| urease, alpha subunit [S

taphylococcus 
aureus subsp. aureus C

O
L] 

x

13702090
>gi|13702090|dbj|B

A
B

43382.1| urease alpha subunit [S
taphylococcus aureus 

subsp. aureus N
315] 

x

15927870
>gi|15927870|ref|N

P
_375403.1| urease alpha subunit [S

taphylococcus 
aureus subsp. aureus N

315] 
x

15925280
>gi|15925280|ref|N

P
_372814.1| urease alpha subunit [S

taphylococcus 
aureus subsp. aureus M

u50] 
x

57652222
>gi|57652222|ref|Y

P
_187089.1| urease, alpha subunit [S

taphylococcus 
aureus subsp. aureus C

O
L] 

x

54039829
>gi|54039829|sp|P

67405|U
R

E
1_S

TA
AW

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x
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54039828
>gi|54039828|sp|P

67404|U
R

E
1_S

TA
A

N
 U

rease alpha subunit (U
rea 

am
idohydrolase) 

x

54042748
>gi|54042748|sp|P

67403|U
R

E
1_S

TA
A

M
 U

rease alpha subunit (U
rea 

am
idohydrolase) 

x

81648799
>gi|81648799|sp|Q

6G
732|U

R
E

1_S
TA

A
S

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

81693924
>gi|81693924|sp|Q

5H
D

R
8|U

R
E

1_S
TA

A
C

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

49487071
>gi|49487071|ref|Y

P
_044292.1| urease alpha subunit [S

taphylococcus 
aureus subsp. aureus M

S
S

A
476] 

x

21283937
>gi|21283937|ref|N

P
_647025.1| urease alpha subunit [S

taphylococcus 
aureus subsp. aureus M

W
2] 

x

25290144
>gi|25290144|pir||E

90027 urease alpha subunit [im
ported] - S

taphylococcus 
aureus  (strain N

315)
x

9967061
>gi|9967061|gb|A

A
D

28133.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 13] 
x

9967054
>gi|9967054|gb|A

A
D

28130.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 12] 
x

9967047
>gi|9967047|gb|A

A
D

28127.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 11] 
x

9967040
>gi|9967040|gb|A

A
D

28124.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 10] 
x

9967033
>gi|9967033|gb|A

A
D

28121.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 9] 
x

9967026
>gi|9967026|gb|A

A
D

28118.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 8] 
x

9967019
>gi|9967019|gb|A

A
D

28115.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 7] 
x

9967012
>gi|9967012|gb|A

A
D

28112.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 5] 
x

9967005
>gi|9967005|gb|A

A
D

28109.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 4] 
x
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9966998
>gi|9966998|gb|A

A
D

28106.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
urealyticum

 serovar 2] 
x

19856524
>gi|19856524|sp|P

17272|U
R

E
1_U

R
E

U
R

 U
rease alpha subunit (U

rea 
am

idohydrolase)
x

57867797
>gi|57867797|ref|Y

P
_189432.1| urease, alpha subunit [S

taphylococcus 
epiderm

idis R
P

62A
] 

x

57638455
>gi|57638455|gb|A

AW
55243.1| urease, alpha subunit [S

taphylococcus 
epiderm

idis R
P

62A
] 

x

27316329
>gi|27316329|gb|A

A
O

05504.1| urease alpha subunit [S
taphylococcus 

epiderm
idis ATC

C
 12228] 

x

38605272
>gi|38605272|sp|Q

8C
N

C
9|U

R
E

1_S
TA

E
S

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

27468781
>gi|27468781|ref|N

P
_765418.1| urease alpha subunit [S

taphylococcus 
epiderm

idis ATC
C

 12228] 
x

81673505
>gi|81673505|sp|Q

5H
LW

1|U
R

E
1_S

TA
E

Q
 U

rease alpha subunit (U
rea 

am
idohydrolase)

x

49242634
>gi|49242634|em

b|C
A

G
41355.1| urease alpha subunit [S

taphylococcus 
aureus subsp. aureus M

R
S

A
252] 

x

81650552
>gi|81650552|sp|Q

6G
E

E
4|U

R
E

1_S
TA

A
R

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

49484505
>gi|49484505|ref|Y

P
_041729.1| urease alpha subunit [S

taphylococcus 
aureus subsp. aureus M

R
S

A
252]

x

72494087
>gi|72494087|dbj|B

A
E

17408.1| urease alpha subunit [S
taphylococcus 

saprophyticus subsp. saprophyticus ATC
C

 15305] 
x

73661572
>gi|73661572|ref|Y

P
_300353.1| urease alpha subunit [S

taphylococcus 
saprophyticus subsp. saprophyticus ATC

C
 15305]

x

82751878
>gi|82751878|ref|Y

P
_417619.1| urease alpha subunit [S

taphylococcus 
aureus R

F122] 
x

82657409
>gi|82657409|em

b|C
A

I81851.1| urease alpha subunit [S
taphylococcus 

aureus R
F122]

x

9967085
>gi|9967085|gb|A

A
D

28145.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
parvum

 serovar 14] 
x
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6899423
>gi|6899423|gb|A

A
F30844.1| urease com

plex com
ponent [U

reaplasm
a 

parvum
 serovar 3 str. ATC

C
 700970] 

x

12643778
>gi|12643778|sp|Q

60058|U
R

E
1_U

R
E

PA U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

13357995
>gi|13357995|ref|N

P
_078269.1| urease com

plex com
ponent [U

reaplasm
a 

parvum
 serovar 3 str. ATC

C
 700970]

x

19338960
>gi|19338960|gb|A

A
L86896.1| urease B

 subunit [H
elicobacter pylori]

x

9967077
>gi|9967077|gb|A

A
D

28139.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
parvum

 serovar 1] 
x

9967069
>gi|9967069|gb|A

A
D

28136.2| urease com
plex com

ponent U
reC

 [U
reaplasm

a 
parvum

 serovar 6]
x

410516
>gi|410516|em

b|C
A

A
52680.1| urease alpha subunit [S

taphylococcus xylosus] 
x

1174887
>gi|1174887|sp|P

42873|U
R

E
1_S

TA
X

Y U
rease alpha subunit (U

rea 
am

idohydrolase)
x

23492833
>gi|23492833|dbj|B

A
C

17805.1| urease alpha subunit [C
orynebacterium

 
efficiens Y

S
-314] 

x

25027551
>gi|25027551|ref|N

P
_737605.1| urease alpha subunit [C

orynebacterium
 

efficiens Y
S

-314]
x

54016003
>gi|54016003|dbj|B

A
D

57373.1| putative urease alpha subunit [N
ocardia 

farcinica IFM
 10152] 

x

54024495
>gi|54024495|ref|Y

P
_118737.1| putative urease alpha subunit [N

ocardia 
farcinica IFM

 10152]
x

7272374
>gi|7272374|gb|A

A
A

89189.2| U
reC

 [U
reaplasm

a urealyticum
]

x

41324314
>gi|41324314|em

b|C
A

F18654.1| U
R

E
A

S
E

 A
LP

H
A S

U
B

U
N

IT 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x

7320802
>gi|7320802|em

b|C
A

B
81937.1| urease alpha subunit [C

orynebacterium
 

glutam
icum

] 
x

21322850
>gi|21322850|dbj|B

A
B

97479.1| U
rea am

idohydrolase (urease) alpha subunit 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x

62388981
>gi|62388981|ref|Y

P
_224383.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x
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19551336
>gi|19551336|ref|N

P
_599338.1| urea am

idohydrolase (urease) alpha subunit 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032]

x

76784366
>gi|76784366|ref|ZP

_00771551.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [M
ycobacterium

 tuberculosis F11] 
x

13881549
>gi|13881549|gb|A

A
K

46169.1| urease, alpha subunit [M
ycobacterium

 
tuberculosis C

D
C

1551] 
x

1781197
>gi|1781197|em

b|C
A

B
06137.1| U

rease alpha subunit ureC
 (U

rea 
am

idohydrolase) [M
ycobacterium

 tuberculosis H
37R

v] 
x

31618631
>gi|31618631|em

b|C
A

D
94584.1| U

rease alpha subunit ureC
 (U

rea 
am

idohydrolase) [M
ycobacterium

 bovis A
F2122/97] 

x

31793040
>gi|31793040|ref|N

P
_855533.1| U

rease alpha subunit ureC
 (U

rea 
am

idohydrolase) [M
ycobacterium

 bovis A
F2122/97] 

x

15608987
>gi|15608987|ref|N

P
_216366.1| U

rease alpha subunit ureC
 (U

rea 
am

idohydrolase) [M
ycobacterium

 tuberculosis H
37R

v] 
x

15841318
>gi|15841318|ref|N

P
_336355.1| urease, alpha subunit [M

ycobacterium
 

tuberculosis C
D

C
1551] 

x

61249511
>gi|61249511|sp|P

0A
660|U

R
E

1_M
Y

C
TU

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

61249512
>gi|61249512|sp|P

0A
661|U

R
E

1_M
Y

C
B

O
 U

rease alpha subunit (U
rea 

am
idohydrolase) 

x

81254045
>gi|81254045|ref|ZP

_00878572.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [M
ycobacterium

 tuberculosis C
] 

x

1016692
>gi|1016692|gb|A

A
C

43475.1| urease structural subunit C
x

58801243
>gi|58801243|dbj|B

A
D

89502.1| urease B
 subunit [C

am
pylobacter lari]

x

1780784
>gi|1780784|em

b|C
A

A
71385.1| urease catalytic subunit [C

lostridium
 

perfringens] 
x

2501623
>gi|2501623|sp|P

94669|U
R

E
1_C

LO
P

E
 U

rease alpha subunit (U
rea 

am
idohydrolase)

x

74099907
>gi|74099907|gb|A

A
Z99164.1| urease alpha subunit [S

treptococcus 
vestibularis]

x

38489172
>gi|38489172|gb|A

A
R

21273.1| U
reC

 protein [S
treptococcus therm

ophilus]
x
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55738254
>gi|55738254|gb|A

AV
61895.1| urea am

idohydrolase (urease) alpha subunit 
[S

treptococcus therm
ophilus C

N
R

Z1066] 
x

55822269
>gi|55822269|ref|Y

P
_140710.1| urea am

idohydrolase (urease) alpha subunit 
[S

treptococcus therm
ophilus C

N
R

Z1066] 
x

55820378
>gi|55820378|ref|Y

P
_138820.1| urea am

idohydrolase (urease) alpha subunit 
[S

treptococcus therm
ophilus LM

G
 18311] 

x

55736363
>gi|55736363|gb|A

AV
60005.1| urea am

idohydrolase (urease) alpha subunit 
[S

treptococcus therm
ophilus LM

G
 18311]

x

77961632
>gi|77961632|ref|ZP

_00825465.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [Yersinia m
ollaretii ATC

C
 43969] 

x

1167544
>gi|1167544|gb|A

A
C

43564.1| urease alpha subunit [S
treptococcus salivarius] 

x

2507522
>gi|2507522|sp|P

50047|U
R

E
1_S

TR
S

L U
rease alpha subunit (U

rea 
am

idohydrolase)
x

77973096
>gi|77973096|ref|ZP

_00828648.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [Yersinia frederiksenii ATC
C

 33641]
x

77978460
>gi|77978460|ref|ZP

_00833889.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [Yersinia interm
edia ATC

C
 29909]

x

77957751
>gi|77957751|ref|ZP

_00821799.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [Yersinia bercovieri ATC
C

 43970]
x

1174889
>gi|1174889|sp|P

31494|U
R

E
1_Y

E
R

E
N

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

431752
>gi|431752|gb|A

A
A

50996.1| urease alpha subunit
x

29610772
>gi|29610772|dbj|B

A
C

74817.1| putative urease alpha subunit [S
treptom

yces 
averm

itilis M
A

-4680] 
x

29833648
>gi|29833648|ref|N

P
_828282.1| putative urease alpha subunit [S

treptom
yces 

averm
itilis M

A
-4680]

x

77635026
>gi|77635026|ref|ZP

_00797116.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [Yersinia pestis A
ngola] 

x

77629975
>gi|77629975|ref|ZP

_00792561.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [Yersinia pseudotuberculosis IP 31758] 
x

45437116
>gi|45437116|gb|A

A
S

62668.1| urease alpha subunit [Yersinia pestis biovar 
M

edievalis str. 91001] 
x
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51590539
>gi|51590539|em

b|C
A

H
22180.1| urease alpha subunit [Yersinia 

pseudotuberculosis IP 32953] 
x

15980647
>gi|15980647|em

b|C
A

C
92906.1| urease alpha subunit [Yersinia pestis C

O
92] 

x

3901298
>gi|3901298|gb|A

A
C

78634.1| urease alpha subunit U
reC

 [Yersinia pestis] 
x

51597257
>gi|51597257|ref|Y

P
_071448.1| urease alpha subunit [Yersinia 

pseudotuberculosis IP 32953] 
x

45442252
>gi|45442252|ref|N

P
_993791.1| urease alpha subunit [Yersinia pestis biovar 

M
edievalis str. 91001] 

x

16122873
>gi|16122873|ref|N

P
_406186.1| urease alpha subunit [Yersinia pestis C

O
92] 

x

55977804
>gi|55977804|sp|P

52313|U
R

E
1_Y

E
R

P
S

 U
rease alpha subunit (U

rea 
am

idohydrolase) 
x

6686077
>gi|6686077|sp|Q

9ZFR
9|U

R
E

1_Y
E

R
P

E
 U

rease alpha subunit (U
rea 

am
idohydrolase)

x

9716120
>gi|9716120|em

b|C
A

C
01458.1| urease alpha subunit [S

treptom
yces 

coelicolor A
3(2)] 

x

21219743
>gi|21219743|ref|N

P
_625522.1| urease alpha subunit [S

treptom
yces 

coelicolor A
3(2)]

x

62527922
>gi|62527922|ref|ZP

_00389185.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [S
treptococcus therm

ophilus LM
D

-9]
x

85700461
>gi|85700461|gb|A

B
C

74584.1| urease structural subunit [Yersinia 
enterocolitica]

x

1185472
>gi|1185472|gb|A

A
A

87854.1| urease alpha subunit [Yersinia 
pseudotuberculosis]

x

82500240
>gi|82500240|ref|ZP

_00885663.1| U
rease, alpha  subunit [C

aldicellulosiruptor 
saccharolyticus D

S
M

 8903] 
x

82401777
>gi|82401777|gb|E

A
P

42575.1| U
rease, alpha  subunit [C

aldicellulosiruptor 
saccharolyticus D

S
M

 8903]
x

36785519
>gi|36785519|em

b|C
A

E
14466.1| urease alpha subunit [P

hotorhabdus 
lum

inescens subsp. laum
ondii TTO

1] 
x

37526089
>gi|37526089|ref|N

P
_929433.1| urease alpha subunit [P

hotorhabdus 
lum

inescens subsp. laum
ondii TTO

1]
x
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68234677

>gi|68234677|ref|ZP
_00573744.1| U

rease [Frankia sp. E
A

N
1pec] 

x
68197709

>gi|68197709|gb|E
A

N
12014.1| U

rease [Frankia sp. E
A

N
1pec]

x

914897
>gi|914897|em

b|C
A

A
35697.1| urease alpha subunit [U

reaplasm
a 

urealyticum
]

x

86739545
>gi|86739545|ref|Y

P
_479945.1| urease, alpha subunit [Frankia sp. C

cI3] 
x

86566407
>gi|86566407|gb|A

B
D

10216.1| urease, alpha subunit [Frankia sp. C
cI3]

x

23348201
>gi|23348201|gb|A

A
N

30272.1| urease, alpha subunit [B
rucella suis 1330] 

x

23502230
>gi|23502230|ref|N

P
_698357.1| urease, alpha subunit [B

rucella suis 1330]
x

17982574
>gi|17982574|gb|A

A
L51828.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT [B

rucella 
m

elitensis 16M
] 

x

17986930
>gi|17986930|ref|N

P
_539564.1| U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT [B

rucella 
m

elitensis 16M
]

x

137071
>gi|137071|sp|P

26929|U
R

E
1_LA

C
FE

 A
cid urease alpha subunit (U

rea 
am

idohydrolase) 
x

216744
>gi|216744|dbj|B

A
A

01460.1| acid urease, alpha subunit [Lactobacillus 
ferm

entum
]

x

62290254
>gi|62290254|ref|Y

P
_222047.1| U

reC
-2, urease, alpha subunit [B

rucella 
abortus biovar 1 str. 9-941] 

x

62196386
>gi|62196386|gb|A

A
X

74686.1| U
reC

-2, urease, alpha subunit [B
rucella 

abortus biovar 1 str. 9-941] 
x

82616278
>gi|82616278|em

b|C
A

J11334.1| U
rease:A

m
idohydrolase [B

rucella m
elitensis 

biovar A
bortus]

x

4545295
>gi|4545295|gb|A

A
D

22480.1| urease alpha subunit [Lactobacillus ferm
entum

]
x

66045437
>gi|66045437|ref|Y

P
_235278.1| U

rease [P
seudom

onas syringae pv. syringae 
B

728a] 
x

63256144
>gi|63256144|gb|A

AY
37240.1| U

rease [P
seudom

onas syringae pv. syringae 
B

728a]
x

84317527
>gi|84317527|ref|ZP

_00965968.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [P
seudom

onas aeruginosa C
3719]

x
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84503105
>gi|84503105|ref|ZP

_01001201.1| U
rease [O

ceanicola batsensis H
TC

C
2597] 

x

84388649
>gi|84388649|gb|E

A
Q

01521.1| U
rease [O

ceanicola batsensis H
TC

C
2597]

x

21958000
>gi|21958000|gb|A

A
M

84814.1| urease (urea am
idohydrolase) alpha subunit 

[Yersinia pestis K
IM

] 
x

22125140
>gi|22125140|ref|N

P
_668563.1| urease (urea am

idohydrolase) alpha subunit 
[Yersinia pestis K

IM
]

x

85705527
>gi|85705527|ref|ZP

_01036625.1| U
rease [R

oseovarius sp. 217] 
x

85669952
>gi|85669952|gb|E

A
Q

24815.1| U
rease [R

oseovarius sp. 217]
x

78693475
>gi|78693475|ref|ZP

_00857989.1| U
rease, alpha  subunit [B

radyrhizobium
 

sp. B
TA

i1] 
x

78519030
>gi|78519030|gb|E

A
P

32327.1| U
rease, alpha  subunit [B

radyrhizobium
 sp. 

B
TA

i1]
x

76557515
>gi|76557515|em

b|C
A

I49096.1| urease (E
C

 3.5.1.5), alpha subunit 
[N

atronom
onas pharaonis D

S
M

 2160] 
x

76801650
>gi|76801650|ref|Y

P
_326658.1| urease , alpha subunit [N

atronom
onas 

pharaonis D
S

M
 2160]

x

55229415
>gi|55229415|gb|A

AV
44835.1| urease alpha subunit [H

aloarcula m
arism

ortui 
ATC

C
 43049] 

x

34419197
>gi|34419197|dbj|B

A
C

84958.1| urease alpha subunit U
reC

 [H
aloarcula 

m
arism

ortui] 
x

55376690
>gi|55376690|ref|Y

P
_134541.1| urease alpha subunit [H

aloarcula m
arism

ortui 
ATC

C
 43049]

x

41350153
>gi|41350153|gb|A

A
S

00415.1| urease alpha subunit [S
accharopolyspora 

spinosa]
x

48958373
>gi|48958373|dbj|B

A
D

23932.1| urease beta subunit [C
am

pylobacter lari]
x

48958364
>gi|48958364|dbj|B

A
D

23926.1| urease beta subunit [C
am

pylobacter lari]
x

48958388
>gi|48958388|dbj|B

A
D

23942.1| urease beta subunit [C
am

pylobacter lari]
x

48958361
>gi|48958361|dbj|B

A
D

23924.1| urease beta subunit [C
am

pylobacter lari] 
x

48958358
>gi|48958358|dbj|B

A
D

23922.1| urease beta subunit [C
am

pylobacter lari]
x

48958385
>gi|48958385|dbj|B

A
D

23940.1| urease beta subunit [C
am

pylobacter lari]
x

48958370
>gi|48958370|dbj|B

A
D

23930.1| urease beta subunit [C
am

pylobacter lari]
x
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48958382

>gi|48958382|dbj|B
A

D
23938.1| urease beta subunit [C

am
pylobacter lari]

x
48958376

>gi|48958376|dbj|B
A

D
23934.1| urease beta subunit [C

am
pylobacter lari]

x
48958391

>gi|48958391|dbj|B
A

D
23944.1| urease beta subunit [C

am
pylobacter lari]

x

15622060
>gi|15622060|dbj|B

A
B

66053.1| 493aa long hypothetical urease alpha subunit 
[S

ulfolobus tokodaii str. 7] 
x

15921275
>gi|15921275|ref|N

P
_376944.1| hypothetical urease alpha subunit 

[S
ulfolobus tokodaii str. 7]

x

48958379
>gi|48958379|dbj|B

A
D

23936.1| urease beta subunit [C
am

pylobacter lari]
x

3355674
>gi|3355674|em

b|C
A

A
19974.1| urease alpha subunit [S

treptom
yces 

coelicolor A
3(2)] 

x

21223881
>gi|21223881|ref|N

P
_629660.1| urease alpha subunit [S

treptom
yces 

coelicolor A
3(2)]

x

29606364
>gi|29606364|dbj|B

A
C

70426.1| putative urease alpha subunit [S
treptom

yces 
averm

itilis M
A

-4680] 
x

29829257
>gi|29829257|ref|N

P
_823891.1| putative urease alpha subunit [S

treptom
yces 

averm
itilis M

A
-4680]

x

78695136
>gi|78695136|ref|ZP

_00859648.1| U
rease, alpha  subunit [B

radyrhizobium
 

sp. B
TA

i1] 
x

78516810
>gi|78516810|gb|E

A
P

30109.1| U
rease, alpha  subunit [B

radyrhizobium
 sp. 

B
TA

i1]
x

67985209
>gi|67985209|gb|E

A
M

73168.1| U
rease [K

ineococcus radiotolerans 
S

R
S

30216] 
x

69290762
>gi|69290762|ref|ZP

_00619084.1| U
rease [K

ineococcus radiotolerans 
S

R
S

30216]
x

21637205
>gi|21637205|gb|A

A
M

70384.1| urease U
reB

 [H
elicobacter bizzozeronii]

x
21637208

>gi|21637208|gb|A
A

M
70386.1| urease U

reB
 [H

elicobacter felis]
x

21637244
>gi|21637244|gb|A

A
M

70410.1| urease U
reB

 [H
elicobacter pylori S

S
1]

x
21637179

>gi|21637179|gb|A
A

M
70367.1| urease U

reB
 [H

elicobacter pylori 26695]
x

21637192
>gi|21637192|gb|A

A
M

70375.1| urease U
reB

 [C
andidatus H

elicobacter 
heilm

annii]
x

21637202
>gi|21637202|gb|A

A
M

70382.1| urease U
reB

 [H
elicobacter bizzozeronii]

x

23005331
>gi|23005331|ref|ZP

_00048203.1| C
O

G
0804: U

rea am
idohydrolase (urease) 

alpha subunit [M
agnetospirillum

 m
agnetotacticum

 M
S

-1]
x
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1790784
>gi|1790784|gb|A

A
C

77284.1| isoaspartyl dipeptidase [E
scherichia coli K

12] 
x

85677071
>gi|85677071|dbj|B

A
E

78321.1| isoaspartyl dipeptidase [E
scherichia coli 

W
3110] 

x

16132149
>gi|16132149|ref|N

P
_418748.1| isoaspartyl dipeptidase [E

scherichia coli K
12] 

x

640031
>gi|640031|gb|A

A
C

43299.1| isoaspartyl dipeptidase 
x

732085
>gi|732085|sp|P

39377|IA
D

A
_E

C
O

LI Isoaspartyl dipeptidase
x

13364764
>gi|13364764|dbj|B

A
B

38709.1| isoaspartyl dipeptidase [E
scherichia coli 

O
157:H

7] 
x

15834540
>gi|15834540|ref|N

P
_313313.1| isoaspartyl dipeptidase [E

scherichia coli 
O

157:H
7] 

x

12519339
>gi|12519339|gb|A

A
G

59511.1| isoaspartyl dipeptidase [E
scherichia coli 

O
157:H

7 E
D

L933] 
x

15804904
>gi|15804904|ref|N

P
_290945.1| isoaspartyl dipeptidase [E

scherichia coli 
O

157:H
7 E

D
L933]

x

24054703
>gi|24054703|gb|A

A
N

45611.1| isoaspartyl dipeptidase [S
higella flexneri 2a 

str. 301] 
x

30043677
>gi|30043677|gb|A

A
P

19397.1| isoaspartyl dipeptidase [S
higella flexneri 2a 

str. 2457T] 
x

30065415
>gi|30065415|ref|N

P
_839586.1| isoaspartyl dipeptidase [S

higella flexneri 2a 
str. 2457T] 

x

24115394
>gi|24115394|ref|N

P
_709904.1| isoaspartyl dipeptidase [S

higella flexneri 2a 
str. 301]

x

52420926
>gi|52420926|em

b|C
A

H
55805.1| isoaspartyl dipeptidase yadA [E

scherichia 
coli]

x

82546675
>gi|82546675|ref|Y

P
_410622.1| isoaspartyl dipeptidase [S

higella boydii 
S

b227] 
x

81248086
>gi|81248086|gb|A

B
B

68794.1| isoaspartyl dipeptidase [S
higella boydii S

b227]
x

26111649
>gi|26111649|gb|A

A
N

83830.1| Isoaspartyl dipeptidase [E
scherichia coli 

C
FT073] 

x
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26251216
>gi|26251216|ref|N

P
_757256.1| Isoaspartyl dipeptidase [E

scherichia coli 
C

FT073]
x

62182937
>gi|62182937|ref|Y

P
_219354.1| isoaspartyl dipeptidase [S

alm
onella enterica 

subsp. enterica serovar C
holeraesuis str. S

C
-B

67] 
x

62130570
>gi|62130570|gb|A

A
X

68273.1| isoaspartyl dipeptidase [S
alm

onella enterica 
subsp. enterica serovar C

holeraesuis str. S
C

-B
67]

x

56130553
>gi|56130553|gb|A

AV
80059.1| probable isoaspartyl dipeptidase [S

alm
onella 

enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

56416296
>gi|56416296|ref|Y

P
_153371.1| probable isoaspartyl dipeptidase [S

alm
onella 

enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150]

x

16423078
>gi|16423078|gb|A

A
L23330.1| isoaspartyl dipeptidase [S

alm
onella 

typhim
urium

 LT2] 
x

16767756
>gi|16767756|ref|N

P
_463371.1| isoaspartyl dipeptidase [S

alm
onella 

typhim
urium

 LT2]
x

16505629
>gi|16505629|em

b|C
A

D
03357.1| probable isoaspartyl dipeptidase 

[S
alm

onella enterica subsp. enterica serovar Typhi] 
x

29140437
>gi|29140437|gb|A

A
O

72000.1| probable isoaspartyl dipeptidase [S
alm

onella 
enterica subsp. enterica serovar Typhi Ty2] 

x

16763320
>gi|16763320|ref|N

P
_458937.1| probable isoaspartyl dipeptidase [S

alm
onella 

enterica subsp. enterica serovar Typhi str. C
T18] 

x

29144798
>gi|29144798|ref|N

P
_808140.1| probable isoaspartyl dipeptidase [S

alm
onella 

enterica subsp. enterica serovar Typhi Ty2] 
x

25290194
>gi|25290194|pir||A

F1067 probable isoaspartyl dipeptidase (E
C

 3.4.19.-) 
[im

ported] - S
alm

onella enterica subsp. enterica serovar Typhi (strain C
T18)

x

31981810
>gi|31981810|ref|N

P
_034153.2| dodecenoyl-C

oenzym
e A delta isom

erase 
(3,2 trans-enoyl-C

oenym
e A isom

erase) [M
us m

usculus] 
x

18490960
>gi|18490960|gb|A

A
H

22712.1| D
odecenoyl-C

oenzym
e A delta isom

erase (3,2 
trans-enoyl-C

oenym
e A isom

erase) [M
us m

usculus]
x

51260621
>gi|51260621|gb|A

A
H

78705.1| D
odecenoyl-coenzym

e A delta isom
erase 

[R
attus norvegicus]

x

62530384
>gi|62530384|ref|N

P
_001910.2| dodecenoyl-C

oenzym
e A delta isom

erase 
precursor [H

om
o sapiens] 

x
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1169204
>gi|1169204|sp|P

42126|D
3D

2_H
U

M
A

N
 3,2-trans-enoyl-C

oA isom
erase, 

m
itochondrial precursor (D

odecenoyl-C
oA isom

erase) (D
elta(3),delta(2)-enoyl-

C
oA isom

erase) (D
3,D

2-enoyl-C
oA isom

erase) 
x

825689
>gi|825689|em

b|C
A

A
81066.1| dodecenoyl-C

oA delta-isom
erase [H

om
o 

sapiens]
x

8393243
>gi|8393243|ref|N

P
_059002.1| dodecenoyl-coenzym

e A delta isom
erase 

[R
attus norvegicus] 

x

57333
>gi|57333|em

b|C
A

A
43488.1| 3-2trans-enoyl-C

oA isom
erase [R

attus 
norvegicus] 

x

118210
>gi|118210|sp|P

23965|D
3D

2_R
AT 3,2-trans-enoyl-C

oA isom
erase, 

m
itochondrial precursor (D

odecenoyl-C
oA isom

erase) (D
elta(3),delta(2)-enoyl-

C
oA isom

erase) (D
3,D

2-enoyl-C
oA isom

erase)
x

1169205
>gi|1169205|sp|P

42125|D
3D

2_M
O

U
S

E
 3,2-trans-enoyl-C

oA isom
erase, 

m
itochondrial precursor (D

odecenoyl-C
oA isom

erase) (D
elta(3),delta(2)-enoyl-

C
oA isom

erase) (D
3,D

2-enoyl-C
oA isom

erase) 
x

817974
>gi|817974|em

b|C
A

A
78418.1| dodecenoyl-C

oA delta isom
erase [M

us 
m

usculus] 
x

414902
>gi|414902|em

b|C
A

A
78417.1| dodecenoyl-C

oA delta-isom
erase [M

us 
m

usculus] 
x

17939654
>gi|17939654|gb|A

A
H

19316.1| D
odecenoyl-C

oenzym
e A delta isom

erase, 
precursor [H

om
o sapiens] 

x

12653937
>gi|12653937|gb|A

A
H

00762.1| D
odecenoyl-C

oenzym
e A delta isom

erase, 
precursor [H

om
o sapiens]

x

472987
>gi|472987|em

b|C
A

A
81065.1| dodecenoyl-C

oA delta-isom
erase [H

om
o 

sapiens]
x

203900
>gi|203900|gb|A

A
A

41073.1| delta-3,delta-2-enoyl-C
oA isom

erase
x

73959489
>gi|73959489|ref|X

P
_547179.2| P

R
E

D
IC

TE
D

: sim
ilar to 3,2-trans-enoyl-C

oA 
isom

erase, m
itochondrial precursor (D

odecenoyl-C
oA delta-isom

erase) 
(D

3,D
2-enoyl-C

oA isom
erase) [C

anis fam
iliaris]

x

56967286
>gi|56967286|pdb|1X

X
4|A C

hain A
, C

rystal S
tructure O

f R
at M

itochondrial 3,2-
E

noyl-C
oa

x

56556524
>gi|56556524|gb|A

A
H

87779.1| D
odecenoyl-C

oenzym
e A delta isom

erase (3,2 
trans-enoyl-C

oenzym
e A isom

erase) [X
enopus tropicalis] 

x
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58332142
>gi|58332142|ref|N

P
_001011219.1| dodecenoyl-C

oenzym
e A delta isom

erase 
(3,2 trans-enoyl-C

oenzym
e A isom

erase) [X
enopus tropicalis]

x

76652799

>gi|76652799|ref|X
P

_615184.2| P
R

E
D

IC
TE

D
: sim

ilar to 3,2-trans-enoyl-C
oA 

isom
erase, m

itochondrial precursor (D
odecenoyl-C

oA isom
erase) 

(D
elta(3),delta(2)-enoyl-C

oA isom
erase) (D

3,D
2-enoyl-C

oA isom
erase) 

isoform
 1 [B

os taurus]

x

511635
>gi|511635|gb|A

A
A

35485.1| delta3, delta2-enoyl-C
oA isom

erase
x

60593481
>gi|60593481|pdb|1S

G
4|C

 C
hain C

, C
rystal S

tructure O
f H

um
an 

M
itochondrial D

elta3-D
elta2- E

noyl-C
oa Isom

erase 
x

60593480
>gi|60593480|pdb|1S

G
4|B

 C
hain B

, C
rystal S

tructure O
f H

um
an 

M
itochondrial D

elta3-D
elta2- E

noyl-C
oa Isom

erase 
x

60593479
>gi|60593479|pdb|1S

G
4|A C

hain A
, C

rystal S
tructure O

f H
um

an 
M

itochondrial D
elta3-D

elta2- E
noyl-C

oa Isom
erase

x

82654933
>gi|82654933|sp|Q

13011|E
C

H
1_H

U
M

A
N

 D
elta3,5-delta2,4-dienoyl-C

oA 
isom

erase, m
itochondrial precursor

x

6015047
>gi|6015047|sp|Q

62651|E
C

H
1_R

AT D
elta3,5-delta2,4-dienoyl-C

oA 
isom

erase, m
itochondrial precursor

x

3122065
>gi|3122065|sp|O

35459|E
C

H
1_M

O
U

S
E

 D
elta3,5-delta2,4-dienoyl-C

oA 
isom

erase, m
itochondrial precursor

x

75055278
>gi|75055278|sp|Q

5R
FG

0|E
C

H
1_P

O
N

P
Y D

elta3,5-delta2,4-dienoyl-C
oA 

isom
erase, m

itochondrial precursor
x

4699609
>gi|4699609|pdb|1D

C
I|C

 C
hain C

, D
ienoyl-C

oa Isom
erase

x
4699608

>gi|4699608|pdb|1D
C

I|B
 C

hain B
, D

ienoyl-C
oa Isom

erase
x

4699607
>gi|4699607|pdb|1D

C
I|A C

hain A
, D

ienoyl-C
oa Isom

erase
x

18307432
>gi|18307432|em

b|C
A

D
21495.1| probable D

E
LTA

3, 5-D
E

LTA
2, 4-D

IE
N

O
Y

L-
C

O
A IS

O
M

E
R

A
S

E
 P

R
E

C
U

R
S

O
R

 (E
C

H
1) [N

eurospora crassa]
x

49176283
>gi|49176283|ref|N

P
_417394.3| m

ethylm
alonyl-C

oA decarboxylase, biotin-
independent [E

scherichia coli K
12] 

x

85675730
>gi|85675730|dbj|B

A
E

76983.1| m
ethylm

alonyl-C
oA decarboxylase, biotin-

independent [E
scherichia coli W

3110] 
x

1723839
>gi|1723839|sp|P

52045|M
M

C
D

_E
C

O
LI M

ethylm
alonyl-C

oA decarboxylase 
(Transcarboxylase) (M

M
C

D
) 

x
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8569417
>gi|8569417|pdb|1E

F9|A C
hain A

, The C
rystal S

tructure O
f M

ethylm
alonyl 

C
oa D

ecarboxylase C
om

plexed W
ith 2s-C

arboxypropyl C
oa 

x

8569416
>gi|8569416|pdb|1E

F8|C
 C

hain C
, C

rystal S
tructure O

f M
ethylm

alonyl C
oa 

D
ecarboxylase 

x

8569415
>gi|8569415|pdb|1E

F8|B
 C

hain B
, C

rystal S
tructure O

f M
ethylm

alonyl C
oa 

D
ecarboxylase 

x

8569414
>gi|8569414|pdb|1E

F8|A C
hain A

, C
rystal S

tructure O
f M

ethylm
alonyl C

oa 
D

ecarboxylase
x

62897607
>gi|62897607|dbj|B

A
D

96743.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase 
isoform

 1 variant [H
om

o sapiens]
x

37594471
>gi|37594471|ref|N

P
_055177.2| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase 

isoform
 1 [H

om
o sapiens]

x

62897519
>gi|62897519|dbj|B

A
D

96699.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase 
isoform

 1 variant [H
om

o sapiens]
x

45767881
>gi|45767881|gb|A

A
H

67822.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase, 
isoform

 1 [H
om

o sapiens]
x

22122625
>gi|22122625|ref|N

P
_666220.1| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase 

[M
us m

usculus] 
x

20071741
>gi|20071741|gb|A

A
H

26437.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase 
[M

us m
usculus] 

x

61403546
>gi|61403546|gb|A

A
H

91995.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase 
[D

anio rerio] 
x

62122813
>gi|62122813|ref|N

P
_001014338.1| 3-hydroxyisobutyryl-C

oenzym
e A 

hydrolase [D
anio rerio]

x

3320120
>gi|3320120|gb|A

A
C

52114.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[H
om

o sapiens]
x

71895123
>gi|71895123|ref|N

P
_001026414.1| 3-hydroxyisobutyryl-C

oenzym
e A 

hydrolase [G
allus gallus] 

x

15239206
>gi|15239206|ref|N

P
_201395.1| C

H
Y

1 (B
E

TA
-H

Y
D

R
O

X
Y

IS
O

B
U

TY
R

Y
L-C

O
A 

H
Y

D
R

O
LA

S
E

 1); 3-hydroxyisobutyryl-C
oA hydrolase [A

rabidopsis thaliana] 
x
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24030391
>gi|24030391|gb|A

A
N

41356.1| putative 3-hydroxyisobutyryl-coenzym
e A 

hydrolase [A
rabidopsis thaliana] 

x

9759578
>gi|9759578|dbj|B

A
B

11141.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[A
rabidopsis thaliana]

x

17428312
>gi|17428312|em

b|C
A

D
15000.1| P

R
O

B
A

B
LE

 E
N

O
Y

L(3-
H

Y
D

R
O

X
Y

IS
O

B
U

TY
R

Y
L)-C

O
E

N
ZY

M
E

 A H
Y

D
R

ATA
S

E
 P

R
O

TE
IN

 [R
alstonia 

solanacearum
] 

x

83749668
>gi|83749668|ref|ZP

_00946649.1| 3-hydroxyisobutyryl-C
oA hydrolase 

[R
alstonia solanacearum

 U
W

551] 
x

83723670
>gi|83723670|gb|E

A
P

70867.1| 3-hydroxyisobutyryl-C
oA hydrolase [R

alstonia 
solanacearum

 U
W

551]
x

2880043
>gi|2880043|gb|A

A
C

02737.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[A
rabidopsis thaliana]

x

83747299
>gi|83747299|ref|ZP

_00944340.1| 3-hydroxyisobutyryl-C
oA hydrolase 

[R
alstonia solanacearum

 U
W

551] 
x

83725999
>gi|83725999|gb|E

A
P

73136.1| 3-hydroxyisobutyryl-C
oA hydrolase [R

alstonia 
solanacearum

 U
W

551]
x

2880042
>gi|2880042|gb|A

A
C

02736.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[A
rabidopsis thaliana]

x

29895975
>gi|29895975|gb|A

A
P

09256.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[B
acillus cereus ATC

C
 14579] 

x

51976589
>gi|51976589|gb|A

A
U

18139.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[B
acillus cereus E

33L] 
x

49329189
>gi|49329189|gb|A

AT59835.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[B
acillus thuringiensis serovar konkukian str. 97-27] 

x

14027690
>gi|14027690|dbj|B

A
B

54283.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase 
[M

esorhizobium
 loti M

A
FF303099] 

x

22329062
>gi|22329062|ref|N

P
_194909.2| 3-hydroxyisobutyryl-C

oA hydrolase/ catalytic 
[A

rabidopsis thaliana] 
x

42565158
>gi|42565158|ref|N

P
_189079.2| 3-hydroxyisobutyryl-C

oA hydrolase/ catalytic 
[A

rabidopsis thaliana] 
x

66851010
>gi|66851010|gb|E

A
L91336.1| m

itochondrial 3-hydroxyisobutyryl-C
oA 

hydrolase, putative [A
spergillus fum

igatus A
f293] 

x
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70997244
>gi|70997244|ref|X

P
_753374.1| m

itochondrial 3-hydroxyisobutyryl-C
oA 

hydrolase [A
spergillus fum

igatus A
f293]

x

30679729
>gi|30679729|ref|N

P
_172142.2| 3-hydroxyisobutyryl-C

oA hydrolase/ catalytic 
[A

rabidopsis thaliana] 
x

62320504
>gi|62320504|dbj|B

A
D

95058.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[A
rabidopsis thaliana] 

x

77554202
>gi|77554202|gb|A

B
A

96998.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase, 

putative [O
ryza sativa (japonica cultivar-group)]

x

77554203
>gi|77554203|gb|A

B
A

96999.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase, 

putative [O
ryza sativa (japonica cultivar-group)]

x

37594469
>gi|37594469|ref|N

P
_932164.1| 3-hydroxyisobutyryl-C

oenzym
e A hydrolase 

isoform
 2 [H

om
o sapiens]

x

52628217
>gi|52628217|gb|A

A
U

26958.1| 3-hydroxyisobutyryl C
oenzym

e A hydrolase 
[Legionella pneum

ophila subsp. pneum
ophila str. P

hiladelphia 1] 
x

52841106
>gi|52841106|ref|Y

P
_094905.1| 3-hydroxyisobutyryl C

oenzym
e A hydrolase 

[Legionella pneum
ophila subsp. pneum

ophila str. P
hiladelphia 1] 

x

79332547
>gi|79332547|ref|N

P
_001032155.1| C

H
Y

1 (B
E

TA
-H

Y
D

R
O

X
Y

IS
O

B
U

TY
R

Y
L-

C
O

A H
Y

D
R

O
LA

S
E

 1); 3-hydroxyisobutyryl-C
oA hydrolase [A

rabidopsis 
thaliana]

x

50725651
>gi|50725651|dbj|B

A
D

33117.1| putative 3-hydroxyisobutyryl-coenzym
e A 

hydrolase [O
ryza sativa (japonica cultivar-group)] 

x

50725401
>gi|50725401|dbj|B

A
D

32875.1| putative 3-hydroxyisobutyryl-coenzym
e A 

hydrolase [O
ryza sativa (japonica cultivar-group)]

x

84717486
>gi|84717486|ref|ZP

_01023545.1| probable enoyl(3-hydroxyisobutyryl)-
coenzym

e A      hydratase protein [P
olarom

onas naphthalenivorans C
J2] 

x

84692147
>gi|84692147|gb|E

A
Q

17970.1| probable enoyl(3-hydroxyisobutyryl)-
coenzym

e A      hydratase protein [P
olarom

onas naphthalenivorans C
J2]

x

49238423
>gi|49238423|em

b|C
A

F27650.1| 3-hydroxyisobutyryl-coenzym
e A hydrolase 

[B
artonella henselae str. H

ouston-1] 
x

53733532
>gi|53733532|gb|A

A
H

83737.1| 3-hydroxyisobutyryl-C
oenzym

e A hydrolase 
(predicted) [R

attus norvegicus] 
x
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61556993
>gi|61556993|ref|N

P
_001013130.1| 3-hydroxyisobutyryl-C

oenzym
e A 

hydrolase (predicted) [R
attus norvegicus]

x

2392484
>gi|2392484|pdb|1N

ZY
|C

 C
hain C

, 4-C
hlorobenzoyl C

oenzym
e A 

D
ehalogenase From

 P
seudom

onas S
p. S

train C
bs-3 

x

2392482
>gi|2392482|pdb|1N

ZY
|A C

hain A
, 4-C

hlorobenzoyl C
oenzym

e A 
D

ehalogenase From
 P

seudom
onas S

p. S
train C

bs-3
x

4584855
>gi|4584855|gb|A

A
D

25164.1| 4-chlorobenzoyl C
oA dehalogenase 

[A
rthrobacter sp. S

U
] 

x

8517279
>gi|8517279|gb|A

A
F76241.1| 4-chlorobenzoyl C

oA dehalogenase 
[A

rthrobacter sp. TM
1] 

x

11991170
>gi|11991170|gb|A

A
G

42236.1| 4-chlorobenzoate C
o-A dehalogenase 

[A
rthrobacter globiform

is] 
x

142207
>gi|142207|gb|A

A
C

80223.1| 4-chlorobenzoyl C
oA dehalogenase 

[A
rthrobacter sp. S

U
] 

x

477389
>gi|477389|pir||A

48956 4-chlorobenzoate-C
oA dehalogenase - A

rthrobacter 
sp

x

13516855
>gi|13516855|dbj|B

A
B

40580.1| 4-C
B

A
-C

oA dehalogenase [A
rthrobacter sp. 

FH
P

1] 
x

13516852
>gi|13516852|dbj|B

A
B

40577.1| 4-C
B

A
-C

oA dehalogenase [A
rthrobacter sp. 

FH
P

1]
x

419529
>gi|419529|pir||A

42560 4-chlorobenzoate dehalogenase (E
C

 3.8.1.6), 30K
 

chain - P
seudom

onas sp. (strain C
B

S
-3)

x

8712875
>gi|8712875|gb|A

A
F78820.1| 4-chlorobenzoyl C

oA dehalogenase 
[A

rthrobacter sp. TM
1]

x

2952540
>gi|2952540|gb|A

A
C

05576.1| 4-chlorobenzoyl C
oA dehalogenase 

[P
seudom

onas sp. D
J-12]

x

2392483
>gi|2392483|pdb|1N

ZY
|B

 C
hain B

, 4-C
hlorobenzoyl C

oenzym
e A 

D
ehalogenase From

 P
seudom

onas S
p. S

train C
bs-3

x

22901870
>gi|22901870|gb|A

A
N

10108.1| 4-chlorobenzoyl C
oA dehalogenase 

[A
lcaligenes sp. A

L3007]
x

56381431
>gi|56381431|dbj|B

A
D

77339.1| enolase (2-phosphoglycerate dehydratase) 
[G

eobacillus kaustophilus H
TA

426] 
x
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56421589
>gi|56421589|ref|Y

P
_148907.1| phosphopyruvate hydratase [G

eobacillus 
kaustophilus H

TA
426] 

x

68053527
>gi|68053527|sp|Q

5K
V

E
7|E

N
O

_G
E

O
K

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

21646048
>gi|21646048|gb|A

A
M

71393.1| enolase [C
hlorobium

 tepidum
 TLS

] 
x

29839350
>gi|29839350|sp|Q

8K
G

25|E
N

O
2_C

H
LTE

 E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2) 

x

21672986
>gi|21672986|ref|N

P
_661051.1| enolase [C

hlorobium
 tepidum

 TLS
]

x
46048768

>gi|46048768|ref|N
P

_990451.1| enolase 1 [G
allus gallus] 

x

1706653
>gi|1706653|sp|P

51913|E
N

O
A

_C
H

IC
K

 A
lpha-enolase (2-phospho-D

-
glycerate hydro-lyase) (P

hosphopyruvate hydratase) 
x

974176
>gi|974176|dbj|B

A
A

07132.1| enolase [G
allus gallus]

x

68067447
>gi|68067447|sp|P

15007|E
N

O
_D

R
O

M
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

50363841
>gi|50363841|gb|A

AT75826.1| enolase [M
esoplasm

a florum
 L1] 

x

59797546
>gi|59797546|sp|Q

6F0Z7|E
N

O
_M

E
S

FL E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

50365285
>gi|50365285|ref|Y

P
_053710.1| enolase [M

esoplasm
a florum

 L1]
x

23495020
>gi|23495020|gb|A

A
N

35353.1| enolase [P
lasm

odium
 falciparum

 3D
7] 

x
23507959

>gi|23507959|ref|N
P

_700629.1| enolase [P
lasm

odium
 falciparum

 3D
7] 

x

50400239
>gi|50400239|sp|Q

8IJN
7|E

N
O

_P
LA

F7 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

29650775
>gi|29650775|gb|A

A
O

86694.1| enolase [D
unaliella salina]

x

20516770
>gi|20516770|gb|A

A
M

24953.1| E
nolase [Therm

oanaerobacter tengcongensis 
M

B
4] 

x

23814070
>gi|23814070|sp|Q

8R
967|E

N
O

_TH
E

TN
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

20808178
>gi|20808178|ref|N

P
_623349.1| E

nolase [Therm
oanaerobacter 

tengcongensis M
B

4]
x

1363309
>gi|1363309|pir||JC

1039 phosphopyruvate hydratase (E
C

 4.2.1.11) - rat
x

32880095
>gi|32880095|gb|A

A
P

88878.1| enolase 2, (gam
m

a, neuronal) [synthetic 
construct] 

x

60652679
>gi|60652679|gb|A

A
X

29034.1| enolase 2 [synthetic construct] 
x
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60652677

>gi|60652677|gb|A
A

X
29033.1| enolase 2 [synthetic construct]

x
31165

>gi|31165|em
b|C

A
A

36215.1| hum
an gam

m
a enolase [H

om
o sapiens] 

x

30583605
>gi|30583605|gb|A

A
P

36047.1| enolase 2, (gam
m

a, neuronal) [H
om

o sapiens] 
x

1732416
>gi|1732416|gb|A

A
B

51320.1| neuron specific gam
m

a-enolase [H
om

o 
sapiens] 

x

60655773
>gi|60655773|gb|A

A
X

32450.1| enolase 2 [synthetic construct] 
x

60655771
>gi|60655771|gb|A

A
X

32449.1| enolase 2 [synthetic construct] 
x

60820629
>gi|60820629|gb|A

A
X

36542.1| enolase 2 [synthetic construct] 
x

12803811
>gi|12803811|gb|A

A
H

02745.1| E
nolase 2 [H

om
o sapiens] 

x

20981682
>gi|20981682|sp|P

09104|E
N

O
G

_H
U

M
A

N
 G

am
m

a-enolase (2-phospho-D
-

glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) (N
S

E
) 

(E
nolase 2) 

x

182116
>gi|182116|gb|A

A
B

59554.1| enolase 
x

5803011
>gi|5803011|ref|N

P
_001966.1| enolase 2 [H

om
o sapiens]

x
37805239

>gi|37805239|gb|A
A

H
60310.1| E

nolase 2, gam
m

a [R
attus norvegicus] 

x

119349
>gi|119349|sp|P

07323|E
N

O
G

_R
AT G

am
m

a-enolase (2-phospho-D
-glycerate 

hydro-lyase) (N
eural enolase) (N

euron-specific enolase) (N
S

E
) (E

nolase 2) 
x

2465396
>gi|2465396|gb|A

A
B

72088.1| neuron-specific enolase [R
attus norvegicus] 

x

26023949
>gi|26023949|ref|N

P
_647541.1| enolase 2, gam

m
a [R

attus norvegicus] 
x

204042
>gi|204042|gb|A

A
A

41119.1| neuron-specific enolase 
x

225406
>gi|225406|prf||1302225A enolase gam

m
a,neuron specific

x

56496865
>gi|56496865|em

b|C
A

H
99714.1| enolase, putative [P

lasm
odium

 berghei] 
x

68070065
>gi|68070065|ref|X

P
_676944.1| enolase [P

lasm
odium

 berghei strain A
N

K
A

]
x

45382393
>gi|45382393|ref|N

P
_990207.1| enolase 2 (gam

m
a, neuronal) [G

allus gallus] 
x

6015090
>gi|6015090|sp|O

57391|E
N

O
G

_C
H

IC
K

 G
am

m
a-enolase (2-phospho-D

-
glycerate hydro-lyase) (N

eural enolase) (N
S

E
) 

x

2842531
>gi|2842531|dbj|B

A
A

24680.1| gam
m

a-subunit of enolase [G
allus gallus]

x
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3023709
>gi|3023709|sp|Q

27727|E
N

O
_P

LA
FA E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

392027
>gi|392027|gb|A

A
A

18634.1| enolase
x

76797225
>gi|76797225|ref|ZP

_00779559.1| E
nolase [Therm

oanaerobacter ethanolicus 
ATC

C
 33223] 

x

76587403
>gi|76587403|gb|E

A
O

63841.1| E
nolase [Therm

oanaerobacter ethanolicus 
ATC

C
 33223]

x

55669907
>gi|55669907|pdb|1TE

6|B
 C

hain B
, C

rystal S
tructure O

f H
um

an N
euron 

S
pecific E

nolase A
t 1.8 A

ngstrom
 

x

55669906
>gi|55669906|pdb|1TE

6|A C
hain A

, C
rystal S

tructure O
f H

um
an N

euron 
S

pecific E
nolase A

t 1.8 A
ngstrom

x

19281
>gi|19281|em

b|C
A

A
41115.1| enolase [Lycopersicon esculentum

] 
x

119354
>gi|119354|sp|P

26300|E
N

O
_LY

C
E

S
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

930101
>gi|930101|em

b|C
A

A
32505.1| gam

m
a enolase [H

om
o sapiens] 

x
930063

>gi|930063|em
b|C

A
A

31512.1| neurone-specific enolase [H
om

o sapiens]
x

5305421
>gi|5305421|gb|A

A
D

41643.1| alpha enolase [A
lligator m

ississippiensis] 
x

17367042
>gi|17367042|sp|Q

9P
V

K
2|E

N
O

A
_A

LLM
I A

lpha-enolase (2-phospho-D
-

glycerate hydro-lyase) (P
hosphopyruvate hydratase)

x

21618816
>gi|21618816|gb|A

A
H

31739.1| E
nolase 2, gam

m
a neuronal [M

us m
usculus] 

x

7305027
>gi|7305027|ref|N

P
_038537.1| enolase 2, gam

m
a neuronal [M

us m
usculus] 

x

119348
>gi|119348|sp|P

17183|E
N

O
G

_M
O

U
S

E
 G

am
m

a-enolase (2-phospho-D
-

glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) (N
S

E
) 

(E
nolase 2)

x

50400247
>gi|50400247|sp|Q

9U
A

L5|E
N

O
_P

LA
FG

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

4589933
>gi|4589933|dbj|B

A
A

76924.1| enolase [P
lasm

odium
 falciparum

]
x

28270478
>gi|28270478|em

b|C
A

D
63380.1| phosphopyruvate hydratase [Lactobacillus 

plantarum
 W

C
FS

1] 
x

56711116
>gi|56711116|em

b|C
A

D
99191.1| enolase [Lactobacillus plantarum

] 
x
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28377645
>gi|28377645|ref|N

P
_784537.1| phosphopyruvate hydratase [Lactobacillus 

plantarum
 W

C
FS

1] 
x

38257528
>gi|38257528|sp|Q

88Y
H

3|E
N

O
1_LA

C
P

L E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

56757324
>gi|56757324|sp|P

04764|E
N

O
A

_R
AT A

lpha-enolase (2-phospho-D
-glycerate 

hydro-lyase) (N
on-neural enolase) (N

N
E

) (E
nolase 1)

x

30583767
>gi|30583767|gb|A

A
P

36132.1| H
om

o sapiens enolase 1, (alpha) [synthetic 
construct] 

x

61373094
>gi|61373094|gb|A

A
X

43977.1| enolase 1 [synthetic construct] 
x

61364993
>gi|61364993|gb|A

A
X

42637.1| enolase 1 [synthetic construct] 
x

60824596
>gi|60824596|gb|A

A
X

36686.1| enolase 1 [synthetic construct]
x

4503571
>gi|4503571|ref|N

P
_001419.1| enolase 1 [H

om
o sapiens] 

x
1167843

>gi|1167843|em
b|C

A
A

34360.1| alpha-enolase [H
om

o sapiens] 
x

13325287
>gi|13325287|gb|A

A
H

04458.1| E
nolase 1 [H

om
o sapiens] 

x
15990505

>gi|15990505|gb|A
A

H
15641.1| E

nolase 1 [H
om

o sapiens] 
x

12804749
>gi|12804749|gb|A

A
H

01810.1| E
nolase 1 [H

om
o sapiens] 

x
14530765

>gi|14530765|em
b|C

A
C

42425.1| enolase 1, (alpha) [H
om

o sapiens] 
x

18490320
>gi|18490320|gb|A

A
H

22545.1| E
nolase 1 [H

om
o sapiens] 

x
30583165

>gi|30583165|gb|A
A

P
35827.1| enolase 1, (alpha) [H

om
o sapiens] 

x
66268795

>gi|66268795|gb|A
AY

43128.1| enolase 1, (alpha) [H
om

o sapiens] 
x

60655647
>gi|60655647|gb|A

A
X

32387.1| enolase 1 [synthetic construct] 
x

60655645
>gi|60655645|gb|A

A
X

32386.1| enolase 1 [synthetic construct] 
x

61354812
>gi|61354812|gb|A

A
X

41062.1| enolase 1 [synthetic construct] 
x

60812591
>gi|60812591|gb|A

A
X

36218.1| enolase 1 [synthetic construct] 
x

14602814
>gi|14602814|gb|A

A
H

09912.1| E
nolase 1 [H

om
o sapiens] 

x
20379496

>gi|20379496|gb|A
A

H
27725.1| E

nolase 1 [H
om

o sapiens] 
x

15029814
>gi|15029814|gb|A

A
H

11130.1| E
nolase 1 [H

om
o sapiens] 

x
182114

>gi|182114|gb|A
A

A
52387.1| alpha enolase (E

C
 4.2.1.11)

x
62897945

>gi|62897945|dbj|B
A

D
96912.1| enolase 1 variant [H

om
o sapiens]

x
5305427

>gi|5305427|gb|A
A

D
41646.1| alpha enolase [P

ython regius] 
x

17367183
>gi|17367183|sp|Q

9W
7L0|E

N
O

A
_P

Y
TR

G
 A

lpha-enolase (2-phospho-D
-

glycerate hydro-lyase) (P
hosphopyruvate hydratase)

x
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82752500
>gi|82752500|ref|X

P
_727327.1| enolase [P

lasm
odium

 yoelii yoelii str. 17X
N

L] 
x

23483115
>gi|23483115|gb|E

A
A

18892.1| enolase [P
lasm

odium
 yoelii yoelii]

x

54673814
>gi|54673814|gb|A

A
H

85098.1| E
nolase 1, alpha non-neuron [M

us m
usculus] 

x

19353272
>gi|19353272|gb|A

A
H

24644.1| E
nolase 1, alpha non-neuron [M

us m
usculus] 

x

14715046
>gi|14715046|gb|A

A
H

10685.1| E
nolase 1, alpha non-neuron [M

us m
usculus] 

x

13278078
>gi|13278078|gb|A

A
H

03891.1| E
nolase 1, alpha non-neuron [M

us m
usculus] 

x

13637776
>gi|13637776|sp|P

17182|E
N

O
A

_M
O

U
S

E
 A

lpha-enolase (2-phospho-D
-

glycerate hydro-lyase) (N
on-neural enolase) (N

N
E

) (E
nolase 1)

x

21325986
>gi|21325986|gb|A

A
M

47554.1| alpha-enolase [C
rocodylus palustris] 

x
21325984

>gi|21325984|gb|A
A

M
47553.1| alpha-enolase [C

rocodylus palustris] 
x

21325982
>gi|21325982|gb|A

A
M

47552.1| alpha-enolase [C
rocodylus palustris] 

x

693933
>gi|693933|em

b|C
A

A
59331.1| 2-phosphopyruvate-hydratase alpha-enolase; 

carbonate dehydratase [H
om

o sapiens]
x

62896593
>gi|62896593|dbj|B

A
D

96237.1| enolase 1 variant [H
om

o sapiens]
x

31167
>gi|31167|em

b|C
A

A
40163.1| m

uscle specific enolase [H
om

o sapiens] 
x

416950
>gi|416950|sp|P

13929|E
N

O
B

_H
U

M
A

N
 B

eta-enolase (2-phospho-D
-glycerate 

hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal m

uscle enolase) 
(E

nolase 3)
x

59808815
>gi|59808815|gb|A

A
H

90069.1| E
nolase 1, alpha [R

attus norvegicus]
x

34789
>gi|34789|em

b|C
A

A
36216.1| m

uscle-specific enolase [H
om

o sapiens] 
x

16554592
>gi|16554592|ref|N

P
_443739.1| enolase 3 [H

om
o sapiens] 

x
4503573

>gi|4503573|ref|N
P

_001967.1| enolase 3 [H
om

o sapiens]
x

23003759
>gi|23003759|ref|ZP

_00047409.1| C
O

G
0148: E

nolase [Lactobacillus gasseri]
x

16878083
>gi|16878083|gb|A

A
H

17249.1| E
nolase 3 [H

om
o sapiens]

x

37222051
>gi|37222051|gb|A

A
Q

17040.2| pollen 2-phosphoglycerate dehydrogenase 2 
precursor [C

ynodon dactylon] 
x

602253
>gi|602253|gb|A

A
D

04187.1| enolase [Zea m
ays] 

x
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 D
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1169528
>gi|1169528|sp|P

42895|E
N

O
2_M

A
IZE

 E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

54035288
>gi|54035288|gb|A

A
H

83566.1| E
nolase 3, beta [R

attus norvegicus]
x

83319528
>gi|83319528|ref|Y

P
_424200.1| enolase [M

ycoplasm
a capricolum

 subsp. 
capricolum

 ATC
C

 27343] 
x

83283414
>gi|83283414|gb|A

B
C

01346.1| enolase [M
ycoplasm

a capricolum
 subsp. 

capricolum
 ATC

C
 27343]

x

8919602
>gi|8919602|em

b|C
A

B
96126.1| chloroplast enolase [E

uglena gracilis]
x

42518800
>gi|42518800|ref|N

P
_964730.1| enolase [Lactobacillus johnsonii N

C
C

 533] 
x

41583086
>gi|41583086|gb|A

A
S

08696.1| enolase [Lactobacillus johnsonii N
C

C
 533] 

x

59797825
>gi|59797825|sp|Q

74K
78|E

N
O

1_LA
C

JO
 E

nolase 1 (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1)
x

77994855
>gi|77994855|gb|A

B
B

13754.1| enolase [C
arboxydotherm

us 
hydrogenoform

ans Z-2901] 
x

78042740
>gi|78042740|ref|Y

P
_359156.1| enolase [C

arboxydotherm
us 

hydrogenoform
ans Z-2901]

x

68194237
>gi|68194237|gb|E

A
N

08760.1| E
nolase [E

nterococcus faecium
 D

O
] 

x
69249235

>gi|69249235|ref|ZP
_00604912.1| E

nolase [E
nterococcus faecium

 D
O

]
x

50400235
>gi|50400235|sp|Q

7R
A

60|E
N

O
_P

LAY
O

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

5305423
>gi|5305423|gb|A

A
D

41644.1| alpha enolase [S
celoporus undulatus] 

x

17367189
>gi|17367189|sp|Q

9W
7L2|E

N
O

A
_S

C
E

U
N

 A
lpha-enolase (2-phospho-D

-
glycerate hydro-lyase) (P

hosphopyruvate hydratase)
x

12963491
>gi|12963491|ref|N

P
_075608.1| enolase 1, alpha non-neuron [M

us m
usculus]

x

2635903
>gi|2635903|em

b|C
A

B
15395.1| enolase [B

acillus subtilis subsp. subtilis str. 
168] 

x

6166147
>gi|6166147|sp|P

37869|E
N

O
_B

A
C

S
U

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

16080443
>gi|16080443|ref|N

P
_391270.1| phosphopyruvate hydratase [B

acillus subtilis 
subsp. subtilis str. 168]

x
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 D
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A
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E
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C
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6679651

>gi|6679651|ref|N
P

_031959.1| enolase 3, beta m
uscle [M

us m
usculus] 

x
15488630

>gi|15488630|gb|A
A

H
13460.1| E

nolase 3, beta m
uscle [M

us m
usculus] 

x
50144

>gi|50144|em
b|C

A
A

44540.1| beta-enolase [M
us m

usculus] 
x

50849
>gi|50849|em

b|C
A

A
43797.1| enolase [M

us m
usculus] 

x
50847

>gi|50847|em
b|C

A
A

40913.1| enolase [M
us m

usculus] 
x

56206033
>gi|56206033|em

b|C
A

I25173.1| enolase 3, beta m
uscle [M

us m
usculus] 

x

119344
>gi|119344|sp|P

21550|E
N

O
B

_M
O

U
S

E
 B

eta-enolase (2-phospho-D
-glycerate 

hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal m

uscle enolase) 
(E

nolase 3)
x

119356
>gi|119356|sp|P

08734|E
N

O
A

_X
E

N
LA A

lpha-enolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

33113259
>gi|33113259|gb|A

A
P

94211.1| enolase [O
ryza sativa (japonica cultivar-

group)]
x

18175728
>gi|18175728|gb|A

A
L59917.1| putative enolase (2-phospho-D

-glycerate 
hydroylase) [A

rabidopsis thaliana]
x

22852211
>gi|22852211|dbj|B

A
C

16223.1| enolase [E
nterococcus hirae] 

x

29839250
>gi|29839250|sp|Q

8G
R

70|E
N

O
_E

N
TH

R
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

34810922
>gi|34810922|pdb|1IY

X
|B

 C
hain B

, C
rystal S

tructure O
f E

nolase From
 

E
nterococcus H

irae 
x

34810921
>gi|34810921|pdb|1IY

X
|A C

hain A
, C

rystal S
tructure O

f E
nolase From

 
E

nterococcus H
irae

x

51973903
>gi|51973903|gb|A

A
U

15453.1| enolase [B
acillus cereus E

33L] 
x

59797506
>gi|59797506|sp|Q

631M
2|E

N
O

_B
A

C
C

Z E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

52140434
>gi|52140434|ref|Y

P
_086395.1| enolase [B

acillus cereus E
33L]

x

55590655
>gi|55590655|ref|X

P
_514354.1| P

R
E

D
IC

TE
D

: enolase 1 [P
an troglodytes]

x

52005169
>gi|52005169|gb|A

A
U

25111.1| enolase [B
acillus licheniform

is ATC
C

 14580] 
x

52081958
>gi|52081958|ref|Y

P
_080749.1| phosphopyruvate hydratase [B

acillus 
licheniform

is ATC
C

 14580] 
x
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 D
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52787346
>gi|52787346|ref|Y

P
_093175.1| phosphopyruvate hydratase [B

acillus 
licheniform

is ATC
C

 14580]
x

10176180
>gi|10176180|dbj|B

A
B

07275.1| enolase (2-phosphoglycerate dehydratase) 
[B

acillus halodurans C
-125] 

x

13124133
>gi|13124133|sp|Q

9K
717|E

N
O

_B
A

C
H

D
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

15616118
>gi|15616118|ref|N

P
_244423.1| enolase (2-phosphoglycerate dehydratase) 

[B
acillus halodurans C

-125]
x

15227987
>gi|15227987|ref|N

P
_181192.1| LO

S
2; phosphopyruvate hydratase 

[A
rabidopsis thaliana] 

x

16271
>gi|16271|em

b|C
A

A
41114.1| enolase [A

rabidopsis thaliana] 
x

23297411
>gi|23297411|gb|A

A
N

12963.1| enolase (2-phospho-D
-glycerate hydroylase) 

[A
rabidopsis thaliana] 

x

4581151
>gi|4581151|gb|A

A
D

24635.1| enolase (2-phospho-D
-glycerate hydroylase) 

[A
rabidopsis thaliana] 

x

119350
>gi|119350|sp|P

25696|E
N

O
_A

R
ATH

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

65317107
>gi|65317107|ref|ZP

_00390066.1| C
O

G
0148: E

nolase [B
acillus anthracis str. 

A
2012] 

x

49333355
>gi|49333355|gb|A

AT64001.1| enolase [B
acillus thuringiensis serovar 

konkukian str. 97-27] 
x

47505822
>gi|47505822|gb|A

AT34498.1| enolase [B
acillus anthracis str. 'A

m
es 

A
ncestor'] 

x

49181898
>gi|49181898|gb|A

AT57274.1| enolase [B
acillus anthracis str. S

terne] 
x

49187971
>gi|49187971|ref|Y

P
_031224.1| enolase [B

acillus anthracis str. S
terne] 

x

49481799
>gi|49481799|ref|Y

P
_039123.1| enolase [B

acillus thuringiensis serovar 
konkukian str. 97-27] 

x

30259838
>gi|30259838|gb|A

A
P

29024.1| enolase [B
acillus anthracis str. A

m
es] 

x

59797557
>gi|59797557|sp|Q

6H
B

F3|E
N

O
_B

A
C

H
K

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

59797626
>gi|59797626|sp|Q

81X
78|E

N
O

_B
A

C
A

N
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x
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 D
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47530674
>gi|47530674|ref|Y

P
_022023.1| enolase [B

acillus anthracis str. 'A
m

es 
A

ncestor'] 
x

30265161
>gi|30265161|ref|N

P
_847538.1| enolase [B

acillus anthracis str. A
m

es]
x

47567341
>gi|47567341|ref|ZP

_00238054.1| enolase [B
acillus cereus G

9241] 
x

47555962
>gi|47555962|gb|E

A
L14300.1| enolase [B

acillus cereus G
9241]

x
8670811

>gi|8670811|em
b|C

A
B

94910.1| enolase [E
nterococcus faecalis] 

x
29343947

>gi|29343947|gb|A
A

O
81707.1| enolase [E

nterococcus faecalis V
583] 

x

13124132
>gi|13124132|sp|Q

9K
596|E

N
O

_E
N

TFA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

29376483
>gi|29376483|ref|N

P
_815637.1| enolase [E

nterococcus faecalis V
583]

x

14141143
>gi|14141143|gb|A

A
F71925.2| beta beta enolase [O

ryctolagus cuniculus] 
x

20141354
>gi|20141354|sp|P

25704|E
N

O
B

_R
A

B
IT B

eta-enolase (2-phospho-D
-

glycerate hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal m

uscle 
enolase) (E

nolase 3)
x

460259
>gi|460259|gb|A

A
A

21681.1| enolase
x

42784284
>gi|42784284|ref|N

P
_981531.1| enolase [B

acillus cereus ATC
C

 10987] 
x

42740215
>gi|42740215|gb|A

A
S

44139.1| enolase [B
acillus cereus ATC

C
 10987] 

x

59797591
>gi|59797591|sp|Q

72X
Y

5|E
N

O
_B

A
C

C
1 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

65304337
>gi|65304337|em

b|C
A

I76716.1| enolase, putative [Theileria annulata] 
x

84997239
>gi|84997239|ref|X

P
_953341.1| enolase [Theileria annulata strain A

nkara]
x

42492297
>gi|42492297|em

b|C
A

E
76894.1| phosphopyruvate hydratase [M

ycoplasm
a 

m
ycoides subsp. m

ycoides S
C

] 
x

42560801
>gi|42560801|ref|N

P
_975252.1| phosphopyruvate hydratase [M

ycoplasm
a 

m
ycoides subsp. m

ycoides S
C

 str. P
G

1] 
x

59797570
>gi|59797570|sp|Q

6M
TZ2|E

N
O

_M
Y

C
M

S
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

37590349
>gi|37590349|gb|A

A
H

59511.1| E
nolase 1, (alpha) [D

anio rerio]
x

48865594
>gi|48865594|ref|ZP

_00319453.1| C
O

G
0148: E

nolase [O
enococcus oeni 

P
S

U
-1]

x
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 D
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E
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62513221
>gi|62513221|ref|ZP

_00384782.1| C
O

G
0148: E

nolase [Lactobacillus casei 
ATC

C
 334]

x

48762657
>gi|48762657|ref|N

P
_997887.1| enolase 1, (alpha) [D

anio rerio] 
x

47939355
>gi|47939355|gb|A

A
H

71359.1| E
nolase 1, (alpha) [D

anio rerio]
x

83589135
>gi|83589135|ref|Y

P
_429144.1| enolase [M

oorella therm
oacetica ATC

C
 

39073] 
x

83572049
>gi|83572049|gb|A

B
C

18601.1| enolase [M
oorella therm

oacetica ATC
C

 
39073]

x

8919731
>gi|8919731|em

b|C
A

B
96173.1| enolase [S

pinacia oleracea]
x

780372
>gi|780372|gb|A

A
C

49173.1| enolase 
x

3023713
>gi|3023713|sp|Q

42971|E
N

O
_O

R
Y

S
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) (O
S

E
1)

x

29898732
>gi|29898732|gb|A

A
P

12004.1| E
nolase [B

acillus cereus ATC
C

 14579] 
x

59797625
>gi|59797625|sp|Q

815K
8|E

N
O

_B
A

C
C

R
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

30023172
>gi|30023172|ref|N

P
_834803.1| enolase [B

acillus cereus ATC
C

 14579]
x

75763414
>gi|75763414|ref|ZP

_00743143.1| E
nolase [B

acillus thuringiensis serovar 
israelensis ATC

C
 35646] 

x

74489099
>gi|74489099|gb|E

A
O

52586.1| E
nolase [B

acillus thuringiensis serovar 
israelensis ATC

C
 35646]

x

38511762
>gi|38511762|gb|A

A
H

61287.1| E
nolase (2-phosphoglycerate dehydratase) 

[X
enopus tropicalis] 

x

45361015
>gi|45361015|ref|N

P
_989144.1| E

nolase (2-phosphoglycerate dehydratase) 
[X

enopus tropicalis]
x

433609
>gi|433609|em

b|C
A

A
82232.1| enolase [R

icinus com
m

unis] 
x

1169534
>gi|1169534|sp|P

42896|E
N

O
_R

IC
C

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

6978809
>gi|6978809|ref|N

P
_036686.1| enolase 1, alpha [R

attus norvegicus] 
x

68351290
>gi|68351290|gb|E

A
N

32053.1| enolase, putative [Theileria parva] 
x

71029386
>gi|71029386|ref|X

P
_764336.1| enolase [Theileria parva strain M

uguga]
x

533474
>gi|533474|gb|A

A
A

21277.1| 2-phospho-D
-glycerate hydrolase

x
8919600

>gi|8919600|em
b|C

A
B

96125.1| enolase [E
uglena gracilis]

x
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6226608
>gi|6226608|sp|P

42848|E
N

O
_TH

E
M

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

55297212
>gi|55297212|dbj|B

A
D

68886.1| putative enolase [O
ryza sativa (japonica 

cultivar-group)] 
x

55296986
>gi|55296986|dbj|B

A
D

68461.1| putative enolase [O
ryza sativa (japonica 

cultivar-group)]
x

33415263
>gi|33415263|gb|A

A
Q

18140.1| enolase [G
ossypium

 barbadense]
x

4981411
>gi|4981411|gb|A

A
D

35958.1| enolase [Therm
otoga m

aritim
a M

S
B

8] 
x

15643639
>gi|15643639|ref|N

P
_228685.1| enolase [Therm

otoga m
aritim

a M
S

B
8]

x

20260174
>gi|20260174|gb|A

A
M

12985.1| enolase (2-phospho-D
-glycerate hydroylase) 

[A
rabidopsis thaliana]

x

37681795
>gi|37681795|gb|A

A
Q

97775.1| enolase 1, (alpha) [D
anio rerio] 

x
47551317

>gi|47551317|ref|N
P

_999888.1| enolase 3, (beta, m
uscle) [D

anio rerio]
x

56911024
>gi|56911024|dbj|B

A
D

65551.1| enolase [B
acillus clausii K

S
M

-K
16] 

x

59797489
>gi|59797489|sp|Q

5W
D

K
9|E

N
O

_B
A

C
S

K
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

56964781
>gi|56964781|ref|Y

P
_176512.1| enolase [B

acillus clausii K
S

M
-K

16]
x

78170524
>gi|78170524|gb|A

B
B

27620.1| E
nolase [C

hlorobium
 chlorochrom

atii C
aD

3] 
x

78188325
>gi|78188325|ref|Y

P
_378663.1| E

nolase [C
hlorobium

 chlorochrom
atii C

aD
3]

x

1087071
>gi|1087071|gb|A

A
B

34986.1| 2-phospho-D
-glycerate hydrolase; enolase 

[M
esem

bryanthem
um

 crystallinum
] 

x

3023714
>gi|3023714|sp|Q

43130|E
N

O
_M

E
S

C
R

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

78194830
>gi|78194830|gb|A

B
B

32597.1| E
nolase [G

eobacter m
etallireducens G

S
-15] 

x

78223575
>gi|78223575|ref|Y

P
_385322.1| E

nolase [G
eobacter m

etallireducens G
S

-15]
x

12619316
>gi|12619316|gb|A

A
G

60329.1| enolase [Toxoplasm
a gondii] 

x
37359340

>gi|37359340|gb|A
A

P
24057.1| enolase 2 [Toxoplasm

a gondii] 
x

50400628
>gi|50400628|sp|Q

9B
P

L7|E
N

O
2_TO

X
G

O
 E

nolase 2 (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x
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A
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E
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27262298

>gi|27262298|gb|A
A

N
87430.1| E

nolase [H
eliobacillus m

obilis]
x

9581744
>gi|9581744|em

b|C
A

C
00532.1| enolase, isoform

 1 [H
evea brasiliensis] 

x

14423688
>gi|14423688|sp|Q

9LE
J0|E

N
O

1_H
E

V
B

R
 E

nolase 1 (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1) (A
llergen H

ev b 9)
x

51573166
>gi|51573166|gb|A

A
U

07191.1| enolase [B
orrelia garinii P

B
i] 

x

59797519
>gi|59797519|sp|Q

661T0|E
N

O
_B

O
R

G
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

51598595
>gi|51598595|ref|Y

P
_072783.1| enolase [B

orrelia garinii P
B

i]
x

2983135
>gi|2983135|gb|A

A
C

06738.1| enolase [A
quifex aeolicus V

F5] 
x

6015091
>gi|6015091|sp|O

66778|E
N

O
_A

Q
U

A
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

15605961
>gi|15605961|ref|N

P
_213338.1| enolase [A

quifex aeolicus V
F5]

x
39984275

>gi|39984275|gb|A
A

R
35662.1| enolase [G

eobacter sulfurreducens P
C

A
] 

x
39997384

>gi|39997384|ref|N
P

_953335.1| enolase [G
eobacter sulfurreducens P

C
A

] 
x

59797601
>gi|59797601|sp|Q

74A
R

6|E
N

O
_G

E
O

S
L E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

68551301
>gi|68551301|ref|ZP

_00590717.1| E
nolase [P

elodictyon phaeoclathratiform
e 

B
U

-1] 
x

68241814
>gi|68241814|gb|E

A
N

24059.1| E
nolase [P

elodictyon phaeoclathratiform
e B

U
-

1]
x

6996529
>gi|6996529|em

b|C
A

B
75428.1| enolase [Lupinus luteus]

x
68086449

>gi|68086449|gb|A
A

H
92869.2| E

nolase 3, (beta, m
uscle) [D

anio rerio]
x

29349980
>gi|29349980|ref|N

P
_813483.1| phosphopyruvate hydratase [B

acteroides 
thetaiotaom

icron V
P

I-5482] 
x

29341891
>gi|29341891|gb|A

A
O

79677.1| enolase [B
acteroides thetaiotaom

icron V
P

I-
5482] 

x

59797633
>gi|59797633|sp|Q

89Z05|E
N

O
_B

A
C

TN
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

28202574
>gi|28202574|gb|A

A
O

35019.1| enolase [C
lostridium

 tetani E
88] 

x

28210138
>gi|28210138|ref|N

P
_781082.1| phosphopyruvate hydratase [C

lostridium
 

tetani E
88] 

x

59797631
>gi|59797631|sp|Q

898R
0|E

N
O

_C
LO

TE
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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81428222
>gi|81428222|ref|Y

P
_395222.1| P

hosphopyruvate hydratase [Lactobacillus 
sakei subsp. sakei 23K

] 
x

78609864
>gi|78609864|em

b|C
A

I54911.1| P
hosphopyruvate hydratase [Lactobacillus 

sakei subsp. sakei 23K
]

x

55846716
>gi|55846716|gb|A

AV
67362.1| enolase 2 [M

acaca fascicularis]
x

71481429
>gi|71481429|ref|ZP

_00661136.1| E
nolase [P

rosthecochloris vibrioform
is 

D
S

M
 265] 

x

71283904
>gi|71283904|gb|E

A
O

15726.1| E
nolase [P

rosthecochloris vibrioform
is D

S
M

 
265]

x

21901927
>gi|21901927|em

b|C
A

D
42362.1| alpha-enolase protein [B

acteroides fragilis] 
x

52215345
>gi|52215345|dbj|B

A
D

47938.1| enolase [B
acteroides fragilis Y

C
H

46] 
x

53712480
>gi|53712480|ref|Y

P
_098472.1| phosphopyruvate hydratase [B

acteroides 
fragilis Y

C
H

46] 
x

60680680
>gi|60680680|ref|Y

P
_210824.1| phosphopyruvate hydratase [B

acteroides 
fragilis N

C
TC

 9343]
x

2688240
>gi|2688240|gb|A

A
C

66719.1| enolase (eno) [B
orrelia burgdorferi B

31] 
x

3913583
>gi|3913583|sp|O

51312|E
N

O
_B

O
R

B
U

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

15594682
>gi|15594682|ref|N

P
_212471.1| enolase (eno) [B

orrelia burgdorferi B
31]

x
34597330

>gi|34597330|gb|A
A

Q
77240.1| enolase [B

rassica rapa]
x

68056418
>gi|68056418|ref|ZP

_00540539.1| E
nolase [E

xiguobacterium
 sp. 255-15] 

x
68006980

>gi|68006980|gb|E
A

M
86270.1| E

nolase [E
xiguobacterium

 sp. 255-15]
x

78167716
>gi|78167716|gb|A

B
B

24814.1| E
nolase [P

elodictyon luteolum
 D

S
M

 273] 
x

78187814
>gi|78187814|ref|Y

P
_375857.1| E

nolase [P
elodictyon luteolum

 D
S

M
 273]

x

66797943
>gi|66797943|ref|ZP

_00396700.1| E
nolase [D

einococcus geotherm
alis D

S
M

 
11300] 

x

66781652
>gi|66781652|gb|E

A
L82619.1| E

nolase [D
einococcus geotherm

alis D
S

M
 

11300]
x

15023593
>gi|15023593|gb|A

A
K

78690.1| E
nolase [C

lostridium
 acetobutylicum

 ATC
C

 
824] 

x
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 D
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15894001
>gi|15894001|ref|N

P
_347350.1| phosphopyruvate hydratase [C

lostridium
 

acetobutylicum
 ATC

C
 824] 

x

21263598
>gi|21263598|sp|Q

97L52|E
N

O
_C

LO
A

B
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

48855292
>gi|48855292|ref|ZP

_00309451.1| C
O

G
0148: E

nolase [C
ytophaga 

hutchinsonii]
x

48869740
>gi|48869740|ref|ZP

_00322483.1| C
O

G
0148: E

nolase [P
ediococcus 

pentosaceus ATC
C

 25745]
x

13937125
>gi|13937125|gb|A

A
K

50056.1| enolase [Trichinella spiralis]
x

68245979
>gi|68245979|gb|E

A
N

28087.1| E
nolase [M

agnetococcus sp. M
C

-1] 
x

69259295
>gi|69259295|ref|ZP

_00607469.1| E
nolase [M

agnetococcus sp. M
C

-1]
x

46399418
>gi|46399418|em

b|C
A

F22867.1| probable phosphopyruvate hydratase 
(enolase) [P

arachlam
ydia sp. U

W
E

25] 
x

46445777
>gi|46445777|ref|Y

P
_007142.1| probable phosphopyruvate hydratase 

(enolase) [C
andidatus P

rotochlam
ydia am

oebophila U
W

E
25] 

x

59797567
>gi|59797567|sp|Q

6M
E

Y
2|E

N
O

_PA
R

U
W

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

42521309
>gi|42521309|gb|A

A
S

18240.1| enolase [G
lycine m

ax]
x

54040759
>gi|54040759|sp|P

64074|E
N

O
_LIS

M
O

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

54037038
>gi|54037038|sp|P

64075|E
N

O
_LIS

IN
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

46908628
>gi|46908628|ref|Y

P
_015017.1| enolase [Listeria m

onocytogenes str. 4b 
F2365] 

x

47094180
>gi|47094180|ref|ZP

_00231897.1| enolase [Listeria m
onocytogenes str. 4b 

H
7858] 

x

47017442
>gi|47017442|gb|E

A
L08258.1| enolase [Listeria m

onocytogenes str. 4b 
H

7858] 
x

59797577
>gi|59797577|sp|Q

71W
X

1|E
N

O
_LIS

M
F E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

46881900
>gi|46881900|gb|A

AT05194.1| enolase [Listeria m
onocytogenes str. 4b 

F2365]
x
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 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
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232054
>gi|232054|sp|P

30575|E
N

O
1_C

A
N

A
L E

nolase 1 (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

170861
>gi|170861|gb|A

A
B

46358.1| enolase 
x

170863
>gi|170863|gb|A

A
A

71939.1| enolase 
x

170865
>gi|170865|gb|A

A
A

34341.1| enolase
x

50839631
>gi|50839631|gb|A

AT82298.1| enolase [P
ropionibacterium

 acnes 
K

PA
171202] 

x

50842029
>gi|50842029|ref|Y

P
_055256.1| phosphopyruvate hydratase 

[P
ropionibacterium

 acnes K
PA

171202] 
x

59797531
>gi|59797531|sp|Q

6A
A

B
8|E

N
O

_P
R

O
A

C
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

74693378
>gi|74693378|sp|Q

756H
2|E

N
O

_A
S

H
G

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

67917474
>gi|67917474|ref|ZP

_00511080.1| E
nolase [C

hlorobium
 lim

icola D
S

M
 245] 

x

67784777
>gi|67784777|gb|E

A
M

44150.1| E
nolase [C

hlorobium
 lim

icola D
S

M
 245]

x

627094
>gi|627094|pir||A

53665 phosphopyruvate hydratase (E
C

 4.2.1.11) - liver fluke
x

42526461
>gi|42526461|ref|N

P
_971559.1| enolase [Treponem

a denticola ATC
C

 35405] 
x

41816654
>gi|41816654|gb|A

A
S

11440.1| enolase [Treponem
a denticola ATC

C
 35405] 

x

59797597
>gi|59797597|sp|Q

73P
50|E

N
O

_TR
E

D
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

9581746
>gi|9581746|em

b|C
A

C
00533.1| enolase, isoform

 2 [H
evea brasiliensis] 

x

14423687
>gi|14423687|sp|Q

9LE
I9|E

N
O

2_H
E

V
B

R
 E

nolase 2 (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2) (A
llergen H

ev b 9)
x

515827
>gi|515827|em

b|C
A

A
56645.1| enolase [N

eocallim
astix frontalis] 

x

1169533
>gi|1169533|sp|P

42894|E
N

O
_N

E
O

FR
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

71839487
>gi|71839487|ref|ZP

_00679235.1| E
nolase [P

elobacter propionicus D
S

M
 

2379] 
x
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71740070
>gi|71740070|gb|E

A
O

35240.1| E
nolase [P

elobacter propionicus D
S

M
 2379]

x

51855076
>gi|51855076|dbj|B

A
D

39234.1| enolase [S
ym

biobacterium
 therm

ophilum
 IA

M
 

14863] 
x

59797528
>gi|59797528|sp|Q

67S
V

9|E
N

O
_S

Y
M

TH
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

51891387
>gi|51891387|ref|Y

P
_074078.1| enolase [S

ym
biobacterium

 therm
ophilum

 
IA

M
 14863]

x

37693129
>gi|37693129|em

b|C
A

E
51943.1| enolase [K

luyverom
yces lactis] 

x

74662255
>gi|74662255|sp|Q

70C
P

7|E
N

O
_K

LU
LA E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

22273
>gi|22273|em

b|C
A

A
39454.1| enolase [Zea m

ays] 
x

119355
>gi|119355|sp|P

26301|E
N

O
1_M

A
IZE

 E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

56711110
>gi|56711110|em

b|C
A

D
98929.1| enolase [Lactobacillus sakei]

x

14089932
>gi|14089932|em

b|C
A

C
13691.1| E

N
O

LA
S

E
 (2-P

H
O

S
P

H
O

G
LY

C
E

R
ATE

 
D

E
H

Y
D

R
ATA

S
E

) (2-P
H

O
S

P
H

O
-D

-G
LY

C
E

R
ATE

 H
Y

D
R

O
-LYA

S
E

) 
[M

ycoplasm
a pulm

onis] 
x

15828989
>gi|15828989|ref|N

P
_326349.1| phosphopyruvate hydratase [M

ycoplasm
a 

pulm
onis U

A
B

 C
TIP

] 
x

21263603
>gi|21263603|sp|Q

98Q
50|E

N
O

_M
Y

C
P

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

74830161
>gi|74830161|em

b|C
A

I39017.1| enolase, putative [P
aram

ecium
 tetraurelia]

x

13774515
>gi|13774515|gb|A

A
K

38886.1| enolase [E
im

eria tenella] 
x

50400241
>gi|50400241|sp|Q

967Y
8|E

N
O

_E
IM

TE
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

22778120
>gi|22778120|dbj|B

A
C

14390.1| enolase (2-phosphoglycerate dehydratase) 
[O

ceanobacillus iheyensis H
TE

831] 
x

29839242
>gi|29839242|sp|Q

8E
N

P
5|E

N
O

_O
C

E
IH

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

23099889
>gi|23099889|ref|N

P
_693355.1| enolase [O

ceanobacillus iheyensis H
TE

831]
x
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60280039
>gi|60280039|gb|A

A
X

16379.1| enolase [uncultured m
urine large bow

el 
bacterium

 B
A

C
 31B

]
x

68551717
>gi|68551717|ref|ZP

_00591111.1| E
nolase [P

rosthecochloris aestuarii D
S

M
 

271] 
x

68241214
>gi|68241214|gb|E

A
N

23481.1| E
nolase [P

rosthecochloris aestuarii D
S

M
 271]

x

34597332
>gi|34597332|gb|A

A
Q

77241.1| enolase [B
rassica napus]

x

67154735
>gi|67154735|ref|ZP

_00416480.1| E
nolase [A

zotobacter vinelandii AvO
P

] 
x

67088868
>gi|67088868|gb|E

A
M

08334.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x

46578738
>gi|46578738|ref|Y

P
_009546.1| enolase [D

esulfovibrio vulgaris subsp. 
vulgaris str. H

ildenborough] 
x

46448150
>gi|46448150|gb|A

A
S

94805.1| enolase [D
esulfovibrio vulgaris subsp. vulgaris 

str. H
ildenborough] 

x

59797581
>gi|59797581|sp|Q

72F92|E
N

O
_D

E
S

V
H

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

499267
>gi|499267|gb|A

A
A

57450.1| enolase [Fasciola hepatica] 
x

3023708
>gi|3023708|sp|Q

27655|E
N

O
_FA

S
H

E
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

119336
>gi|119336|sp|P

00924|E
N

O
1_Y

E
A

S
T E

nolase 1 (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1) 
x

171455
>gi|171455|gb|A

A
A

88712.1| enolase
x

6321693

>gi|6321693|ref|N
P

_011770.1| E
nolase I, a phosphopyruvate hydratase that 

catalyzes the conversion of 2-phosphoglycerate to phosphoenolpyruvate 
during glycolysis and the reverse reaction during gluconeogenesis; 
expression is repressed in response to glucose; E

no1p [S
accharom

yces 
cerevisiae] 

x

77544917
>gi|77544917|gb|A

B
A

88479.1| enolase [P
elobacter carbinolicus D

S
M

 2380] 
x

77918834
>gi|77918834|ref|Y

P
_356649.1| enolase [P

elobacter carbinolicus D
S

M
 2380]

x
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5459136
>gi|5459136|em

b|C
A

B
50622.1| eno enolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) (E

C
 4.2.1.11) [P

yrococcus 
abyssi G

E
5] 

x

14521916
>gi|14521916|ref|N

P
_127393.1| phosphopyruvate hydratase [P

yrococcus 
abyssi G

E
5] 

x

7436884
>gi|7436884|pir||H

75022 phosphopyruvate hydratase (E
C

 4.2.1.11) PA
B

1126 - 
P

yrococcus abyssi (strain O
rsay)

x

49257392
>gi|49257392|gb|A

A
H

72713.1| E
nolase 2 [D

anio rerio] 
x

51467931
>gi|51467931|ref|N

P
_001003848.1| enolase 2 [D

anio rerio]
x

74316639
>gi|74316639|ref|Y

P
_314379.1| phosphopyruvate hydratase [Thiobacillus 

denitrificans ATC
C

 25259] 
x

74056134
>gi|74056134|gb|A

A
Z96574.1| enolase (phosphopyruvate hydratase) 

[Thiobacillus denitrificans ATC
C

 25259]
x

83593220
>gi|83593220|ref|Y

P
_426972.1| P

hosphopyruvate hydratase [R
hodospirillum

 
rubrum

 ATC
C

 11170] 
x

83576134
>gi|83576134|gb|A

B
C

22685.1| P
hosphopyruvate hydratase [R

hodospirillum
 

rubrum
 ATC

C
 11170]

x

74661257
>gi|74661257|sp|Q

6FQ
Y

4|E
N

O
2_C

A
N

G
A E

nolase 2 (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

2494354
>gi|2494354|sp|Q

27527|E
N

O
_C

A
E

E
L E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

23024413
>gi|23024413|ref|ZP

_00063626.1| C
O

G
0148: E

nolase [Leuconostoc 
m

esenteroides subsp. m
esenteroides ATC

C
 8293]

x

67157908
>gi|67157908|ref|ZP

_00419053.1| E
nolase [A

zotobacter vinelandii AvO
P

] 
x

67085177
>gi|67085177|gb|E

A
M

04653.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x

55771384
>gi|55771384|dbj|B

A
D

69825.1| enolase (2-phosphoglycerate dehydratase) 
[Therm

us therm
ophilus H

B
8] 

x

46199912
>gi|46199912|ref|Y

P
_005579.1| enolase [Therm

us therm
ophilus H

B
27] 

x
46197539

>gi|46197539|gb|A
A

S
81952.1| enolase [Therm

us therm
ophilus H

B
27] 

x

68053536
>gi|68053536|sp|Q

5S
M

E
1|E

N
O

_TH
E

T8 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x
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59797582
>gi|59797582|sp|Q

72H
85|E

N
O

_TH
E

T2 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

55979971
>gi|55979971|ref|Y

P
_143268.1| enolase (2-phosphoglycerate dehydratase) 

[Therm
us therm

ophilus H
B

8]
x

78217747
>gi|78217747|gb|A

B
B

37096.1| enolase [D
esulfovibrio desulfuricans G

20] 
x

78355342
>gi|78355342|ref|Y

P
_386791.1| enolase [D

esulfovibrio desulfuricans G
20]

x

74830117
>gi|74830117|em

b|C
A

I39008.1| enolase, putative [P
aram

ecium
 tetraurelia]

x

76792445
>gi|76792445|ref|ZP

_00774944.1| E
nolase [P

seudoalterom
onas atlantica 

T6c] 
x

76592227
>gi|76592227|gb|E

A
O

68418.1| E
nolase [P

seudoalterom
onas atlantica T6c]

x

67157754
>gi|67157754|ref|ZP

_00418949.1| E
nolase [A

zotobacter vinelandii AvO
P

] 
x

67085336
>gi|67085336|gb|E

A
M

04811.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x

2914550
>gi|2914550|pdb|2O

N
E

|B
 C

hain B
, A

sym
m

etric Yeast E
nolase D

im
er 

C
om

plexed W
ith R

esolved 2'-P
hosphoglycerate A

nd P
hosphoenolpyruvate 

x

2914549
>gi|2914549|pdb|2O

N
E

|A C
hain A

, A
sym

m
etric Yeast E

nolase D
im

er 
C

om
plexed W

ith R
esolved 2'-P

hosphoglycerate A
nd P

hosphoenolpyruvate 
x

1942653
>gi|1942653|pdb|1O

N
E

|B
 C

hain B
, Yeast E

nolase C
om

plexed W
ith A

n 
E

quilibrium
 M

ixture O
f 2'-P

hosphoglyceate A
nd P

hosphoenolpyruvate 
x

1942652
>gi|1942652|pdb|1O

N
E

|A C
hain A

, Yeast E
nolase C

om
plexed W

ith A
n 

E
quilibrium

 M
ixture O

f 2'-P
hosphoglyceate A

nd P
hosphoenolpyruvate 

x

1065029
>gi|1065029|pdb|1E

B
H

|B
 C

hain B
, E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-
G

lycerate H
ydrolase) C

om
plexed W

ith M
g 2+ 

x

1065028
>gi|1065028|pdb|1E

B
H

|A C
hain A

, E
nolase (E

.C
.4.2.1.11) (2-P

hospho-D
-

G
lycerate H

ydrolase) C
om

plexed W
ith M

g 2+ 
x

1065026
>gi|1065026|pdb|1E

B
G

|B
 C

hain B
, E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-
G

lycerate H
ydrolase) (A

po Form
) 

x

              712



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

1065025
>gi|1065025|pdb|1E

B
G

|A C
hain A

, E
nolase (E

.C
.4.2.1.11) (2-P

hospho-D
-

G
lycerate H

ydrolase) (A
po Form

)
x

3885968
>gi|3885968|gb|A

A
C

78141.1| phosphopyruvate hydratase [P
enaeus 

m
onodon]

x

6978811
>gi|6978811|ref|N

P
_037081.1| enolase 3, beta [R

attus norvegicus] 
x

119346
>gi|119346|sp|P

15429|E
N

O
B

_R
AT B

eta-enolase (2-phospho-D
-glycerate 

hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal m

uscle enolase) 
(E

nolase 3)
x

231253
>gi|231253|pdb|7E

N
L|  E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate 

H
ydrolase) C

om
plex W

ith 2-P
hospho-D

-G
lyceric A

cid A
nd M

agnesium
 

x

231208
>gi|231208|pdb|6E

N
L|   E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate 

H
ydrolase) C

om
plex W

ith P
hosphoglycolic A

cid A
nd Zinc 

x

231132
>gi|231132|pdb|5E

N
L|   E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate 

H
ydrolase) C

om
plex W

ith 2-P
hospho-D

-G
lyceric A

cid A
nd C

alcium
 

x

230999
>gi|230999|pdb|4E

N
L|   E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate 

H
ydrolase) (H

olo) 
x

230846
>gi|230846|pdb|3E

N
L|   E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate 

H
ydrolase) (A

po) 
x

494413
>gi|494413|pdb|1N

E
L|   E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate 

H
ydrolase) C

om
plex W

ith O
rthophosphate, Fluoride A

nd M
agnesium

 
x

576098
>gi|576098|pdb|1E

LS
|   E

nolase (E
.C

.4.2.1.11) (2-P
hospho-D

-G
lycerate 

H
ydrolase) C

om
plexed W

ith P
hosphonoacetohydroxam

ate A
nd M

anganese
x

68179394
>gi|68179394|ref|ZP

_00552459.1| E
nolase [D

esulfurom
onas acetoxidans 

D
S

M
 684] 

x

67980540
>gi|67980540|gb|E

A
M

70039.1| E
nolase [D

esulfurom
onas acetoxidans D

S
M

 
684]

x

67935050
>gi|67935050|ref|ZP

_00528074.1| E
nolase [C

hlorobium
 phaeobacteroides 

D
S

M
 266] 

x

67775945
>gi|67775945|gb|E

A
M

35607.1| E
nolase [C

hlorobium
 phaeobacteroides D

S
M

 
266]

x

53830714
>gi|53830714|gb|A

A
U

95200.1| enolase [O
ncom

etopia nigricans]
x
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 D
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75765318
>gi|75765318|pdb|1W

6T|B
 C

hain B
, C

rystal S
tructure O

f O
ctam

eric E
nolase 

From
 S

treptococcus P
neum

oniae 
x

75765317
>gi|75765317|pdb|1W

6T|A C
hain A

, C
rystal S

tructure O
f O

ctam
eric E

nolase 
From

 S
treptococcus P

neum
oniae

x

67924949
>gi|67924949|ref|ZP

_00518338.1| E
nolase [C

rocosphaera w
atsonii W

H
 8501] 

x

67853210
>gi|67853210|gb|E

A
M

48580.1| E
nolase [C

rocosphaera w
atsonii W

H
 8501]

x

462011
>gi|462011|sp|P

33676|E
N

O
_S

C
H

JA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

349802
>gi|349802|gb|A

A
A

29874.1| enolase
x

13124159
>gi|13124159|sp|Q

9U
X

Z0|E
N

O
_P

Y
R

A
B

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

67941827
>gi|67941827|ref|ZP

_00533828.1| E
nolase [C

hlorobium
 phaeobacteroides 

B
S

1] 
x

67911958
>gi|67911958|gb|E

A
M

61806.1| E
nolase [C

hlorobium
 phaeobacteroides B

S
1]

x

68536569
>gi|68536569|ref|Y

P
_251274.1| phosphopyruvate hydratase 

[C
orynebacterium

 jeikeium
 K

411]
x

6460466
>gi|6460466|gb|A

A
F12173.1| enolase [D

einococcus radiodurans R
1] 

x

13124156
>gi|13124156|sp|Q

9R
R

60|E
N

O
_D

E
IR

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

15807616
>gi|15807616|ref|N

P
_296355.1| enolase [D

einococcus radiodurans R
1]

x

82746640
>gi|82746640|ref|ZP

_00909145.1| E
nolase [C

lostridium
 beijerincki N

C
IM

B
 

8052] 
x

82725598
>gi|82725598|gb|E

A
P

60342.1| E
nolase [C

lostridium
 beijerincki N

C
IM

B
 8052]

x

59802545
>gi|59802545|sp|P

33675|E
N

O
_ZY

M
M

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

56552504
>gi|56552504|ref|Y

P
_163343.1| enolase [Zym

om
onas m

obilis subsp. m
obilis 

ZM
4] 

x

56544078
>gi|56544078|gb|A

AV
90232.1| enolase [Zym

om
onas m

obilis subsp. m
obilis 

ZM
4]

x
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enB

ank N
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 D
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A
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A
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E
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Incorrect
C
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eneral
66964439

>gi|66964439|ref|ZP
_00412009.1| E

nolase [A
rthrobacter sp. FB

24] 
x

66869966
>gi|66869966|gb|E

A
L97332.1| E

nolase [A
rthrobacter sp. FB

24]
x

38199773
>gi|38199773|em

b|C
A

E
49433.1| E

nolase [C
orynebacterium

 diphtheriae] 
x

59797574
>gi|59797574|sp|Q

6N
I61|E

N
O

_C
O

R
D

I E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

38233513
>gi|38233513|ref|N

P
_939280.1| phosphopyruvate hydratase 

[C
orynebacterium

 diphtheriae N
C

TC
 13129]

x

458897
>gi|458897|gb|A

A
B

68019.1| E
no2p: E

nolase 2; 2-phosphoglycerate 
dehydratase [S

accharom
yces cerevisiae] 

x

6321968

>gi|6321968|ref|N
P

_012044.1| E
nolase II, a phosphopyruvate hydratase that 

catalyzes the conversion of 2-phosphoglycerate to phosphoenolpyruvate 
during glycolysis and the reverse reaction during gluconeogenesis; 
expression is induced in response to glucose; E

no2p [S
accharom

yces 
cerevisiae] 

x

119337
>gi|119337|sp|P

00925|E
N

O
2_Y

E
A

S
T E

nolase 2 (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2) 
x

171457
>gi|171457|gb|A

A
A

88713.1| enolase
x

23492880
>gi|23492880|dbj|B

A
C

17852.1| putative enolase [C
orynebacterium

 efficiens 
Y

S
-314] 

x

29839246
>gi|29839246|sp|Q

8FQ
S

7|E
N

O
_C

O
R

E
F E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

25027598
>gi|25027598|ref|N

P
_737652.1| phosphopyruvate hydratase 

[C
orynebacterium

 efficiens Y
S

-314]
x

71546423
>gi|71546423|ref|ZP

_00667224.1| E
nolase [S

yntrophobacter fum
aroxidans 

M
P

O
B

] 
x

71487780
>gi|71487780|gb|E

A
O

20220.1| E
nolase [S

yntrophobacter fum
aroxidans 

M
P

O
B

]
x

1590967
>gi|1590967|gb|A

A
B

98220.1| enolase (eno) [M
ethanocaldococcus jannaschii 

D
S

M
 2661] 

x

15668407
>gi|15668407|ref|N

P
_247203.1| enolase (eno) [M

ethanocaldococcus 
jannaschii D

S
M

 2661] 
x

2118303
>gi|2118303|pir||A

64329 phosphopyruvate hydratase (E
C

 4.2.1.11) - 
M

ethanococcus jannaschii
x
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ank N
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 D
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A
ccession

A
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E
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C
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23465590
>gi|23465590|ref|N

P
_696193.1| enolase [B

ifidobacterium
 longum

 N
C

C
2705] 

x

29839248
>gi|29839248|sp|Q

8G
5I9|E

N
O

_B
IFLO

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

23326258
>gi|23326258|gb|A

A
N

24829.1| enolase [B
ifidobacterium

 longum
 N

C
C

2705]
x

13569595
>gi|13569595|gb|A

A
K

31161.1| enolase [M
astigam

oeba balam
uthi] 

x
6469814

>gi|6469814|gb|A
A

F13454.1| enolase [M
astigam

oeba balam
uthi] 

x

21542033
>gi|21542033|sp|Q

9U
615|E

N
O

_M
A

S
B

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

67940099
>gi|67940099|ref|ZP

_00532567.1| E
nolase [C

hlorobium
 phaeobacteroides 

B
S

1] 
x

67913681
>gi|67913681|gb|E

A
M

63061.1| E
nolase [C

hlorobium
 phaeobacteroides B

S
1]

x

39654416
>gi|39654416|pdb|1P

43|B
 C

hain B
, R

everse P
rotonation Is The K

ey To 
G

eneral A
cid-B

ase C
atalysis In E

nolase 
x

39654415
>gi|39654415|pdb|1P

43|A C
hain A

, R
everse P

rotonation Is The K
ey To 

G
eneral A

cid-B
ase C

atalysis In E
nolase

x

74659032
>gi|74659032|sp|Q

6B
I20|E

N
O

2_D
E

B
H

A E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

46133204
>gi|46133204|ref|ZP

_00156796.2| C
O

G
0148: E

nolase [H
aem

ophilus 
influenzae R

2866]
x

66879038
>gi|66879038|ref|ZP

_00404072.1| C
O

G
0148: E

nolase [S
treptococcus 

pneum
oniae TIG

R
4] 

x

14972605
>gi|14972605|gb|A

A
K

75238.1| enolase [S
treptococcus pneum

oniae TIG
R

4] 
x

15900994
>gi|15900994|ref|N

P
_345598.1| phosphopyruvate hydratase [S

treptococcus 
pneum

oniae TIG
R

4] 
x

21263599
>gi|21263599|sp|Q

97Q
S

2|E
N

O
_S

TR
P

N
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

1041245
>gi|1041245|em

b|C
A

A
63121.1| enolase [A

lnus glutinosa] 
x

3023685
>gi|3023685|sp|Q

43321|E
N

O
_A

LN
G

L E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x
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enB

ank N
R

 D
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hapter 3)

A
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A
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E
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1911573

>gi|1911573|gb|A
A

B
50731.1| enolase [Loligo pealei] 

x

3023702
>gi|3023702|sp|O

02654|E
N

O
_LO

LP
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

16272869
>gi|16272869|ref|N

P
_439092.1| phosphopyruvate hydratase [H

aem
ophilus 

influenzae R
d K

W
20] 

x

1573953
>gi|1573953|gb|A

A
C

22590.1| enolase (eno) [H
aem

ophilus influenzae R
d 

K
W

20] 
x

1169532
>gi|1169532|sp|P

43806|E
N

O
_H

A
E

IN
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

79042712
>gi|79042712|ref|ZP

_00873466.1| E
nolase [N

ovosphingobium
 

arom
aticivorans D

S
M

 12444] 
x

78772757
>gi|78772757|gb|E

A
P

36449.1| E
nolase [N

ovosphingobium
 arom

aticivorans 
D

S
M

 12444]
x

57015278
>gi|57015278|sp|Q

5X
D

01|E
N

O
_S

TR
P

6 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

15458655
>gi|15458655|gb|A

A
K

99840.1| E
nolase [S

treptococcus pneum
oniae R

6] 
x

15903080
>gi|15903080|ref|N

P
_358630.1| phosphopyruvate hydratase [S

treptococcus 
pneum

oniae R
6] 

x

29839236
>gi|29839236|sp|Q

8D
P

S
0|E

N
O

_S
TR

R
6 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

18144961
>gi|18144961|dbj|B

A
B

81005.1| enolase [C
lostridium

 perfringens str. 13] 
x

18310281
>gi|18310281|ref|N

P
_562215.1| phosphopyruvate hydratase [C

lostridium
 

perfringens str. 13] 
x

21263576
>gi|21263576|sp|Q

8X
K

U
4|E

N
O

_C
LO

P
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

68057718
>gi|68057718|gb|A

A
X

87971.1| enolase [H
aem

ophilus influenzae 86-028N
P

] 
x

68249519
>gi|68249519|ref|Y

P
_248631.1| phosphopyruvate hydratase [H

aem
ophilus 

influenzae 86-028N
P

]
x

59797517
>gi|59797517|sp|Q

65V
Z7|E

N
O

_M
A

N
S

M
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

52424311
>gi|52424311|ref|Y

P
_087448.1| phosphopyruvate hydratase [M

annheim
ia 

succiniciproducens M
B

E
L55E

]
x
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         Table L-1. G
enB

ank N
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 D
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hapter 3)

A
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A
nnotation

E
quiv.
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C
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57160365
>gi|57160365|dbj|B

A
D

86295.1| enolase [Therm
ococcus kodakarensis K

O
D

1] 
x

57642041
>gi|57642041|ref|Y

P
_184519.1| phosphopyruvate hydratase [Therm

ococcus 
kodakarensis K

O
D

1] 
x

68053526
>gi|68053526|sp|Q

5JE
V

6|E
N

O
_P

Y
R

K
O

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

13621912
>gi|13621912|gb|A

A
K

33680.1| putative enolase [S
treptococcus pyogenes M

1 
G

A
S

] 
x

71802296
>gi|71802296|gb|A

A
X

71649.1| enolase [S
treptococcus pyogenes 

M
G

A
S

6180] 
x

19747973
>gi|19747973|gb|A

A
L97462.1| putative enolase [S

treptococcus pyogenes 
M

G
A

S
8232] 

x

21904205
>gi|21904205|gb|A

A
M

79086.1| putative enolase [S
treptococcus pyogenes 

M
G

A
S

315] 
x

28811538
>gi|28811538|dbj|B

A
C

64470.1| putative enolase [S
treptococcus pyogenes 

S
S

I-1] 
x

21910015
>gi|21910015|ref|N

P
_664283.1| phosphopyruvate hydratase [S

treptococcus 
pyogenes M

G
A

S
315] 

x

28896287
>gi|28896287|ref|N

P
_802637.1| phosphopyruvate hydratase [S

treptococcus 
pyogenes S

S
I-1] 

x

19745827
>gi|19745827|ref|N

P
_606963.1| phosphopyruvate hydratase [S

treptococcus 
pyogenes M

G
A

S
8232] 

x

15674785
>gi|15674785|ref|N

P
_268959.1| phosphopyruvate hydratase [S

treptococcus 
pyogenes M

1 G
A

S
] 

x

57013833
>gi|57013833|sp|P

69951|E
N

O
_S

TR
P

8 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

57013832
>gi|57013832|sp|P

69950|E
N

O
_S

TR
P

3 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

57013831
>gi|57013831|sp|P

69949|E
N

O
_S

TR
P

1 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

71903201
>gi|71903201|ref|Y

P
_280004.1| phosphopyruvate hydratase [S

treptococcus 
pyogenes M

G
A

S
6180]

x
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enB

ank N
R

 D
ata (C

hapter 3)

A
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A
nnotation

E
quiv.
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C
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G
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77411108
>gi|77411108|ref|ZP

_00787461.1| enolase [S
treptococcus agalactiae C

JB
111] 

x

77162831
>gi|77162831|gb|E

A
O

73789.1| enolase [S
treptococcus agalactiae C

JB
111]

x

85089455
>gi|85089455|ref|X

P
_957959.1| E

N
O

LA
S

E
 (2-P

H
O

S
P

H
O

G
LY

C
E

R
ATE

 
D

E
H

Y
D

R
ATA

S
E

) (2-P
H

O
S

P
H

O
-D

-G
LY

C
E

R
ATE

 H
Y

D
R

O
-LYA

S
E

) 
[N

eurospora crassa N
150] 

x

74662419
>gi|74662419|sp|Q

7R
V

85|E
N

O
_N

E
U

C
R

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

32405096
>gi|32405096|ref|X

P
_323161.1| E

N
O

LA
S

E
 (2-P

H
O

S
P

H
O

G
LY

C
E

R
ATE

 
D

E
H

Y
D

R
ATA

S
E

) (2-P
H

O
S

P
H

O
-D

-G
LY

C
E

R
ATE

 H
Y

D
R

O
-LYA

S
E

) 
[N

eurospora crassa] 
x

28919250
>gi|28919250|gb|E

A
A

28723.1| E
N

O
LA

S
E

 (2-P
H

O
S

P
H

O
G

LY
C

E
R

ATE
 

D
E

H
Y

D
R

ATA
S

E
) (2-P

H
O

S
P

H
O

-D
-G

LY
C

E
R

ATE
 H

Y
D

R
O

-LYA
S

E
) 

[N
eurospora crassa]

x

71847604
>gi|71847604|gb|A

A
Z47100.1| E

nolase [D
echlorom

onas arom
atica R

C
B

] 
x

71907983
>gi|71907983|ref|Y

P
_285570.1| phosphopyruvate hydratase [D

echlorom
onas 

arom
atica R

C
B

]
x

41325200
>gi|41325200|em

b|C
A

F19681.1| E
N

O
LA

S
E

 (2-P
H

O
S

P
H

O
G

LY
C

E
R

ATE
 

D
E

H
Y

D
R

ATA
S

E
 [C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x

21323741
>gi|21323741|dbj|B

A
B

98367.1| E
nolase [C

orynebacterium
 glutam

icum
 ATC

C
 

13032] 
x

62389865
>gi|62389865|ref|Y

P
_225267.1| phosphopyruvate hydratase 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

19552199
>gi|19552199|ref|N

P
_600201.1| phosphopyruvate hydratase 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

23814062
>gi|23814062|sp|Q

8N
R

S
1|E

N
O

_C
O

R
G

L E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

80973065
>gi|80973065|gb|A

B
B

53261.1| enolase [C
orynebacterium

 glutam
icum

]
x

77406132
>gi|77406132|ref|ZP

_00783205.1| enolase [S
treptococcus agalactiae H

36B
] 

x

77175255
>gi|77175255|gb|E

A
O

78051.1| enolase [S
treptococcus agalactiae H

36B
] 

x
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 D
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76798989
>gi|76798989|ref|ZP

_00781188.1| enolase [S
treptococcus agalactiae 

18R
S

21] 
x

76585660
>gi|76585660|gb|E

A
O

62219.1| enolase [S
treptococcus agalactiae 18R

S
21] 

x

76563415
>gi|76563415|gb|A

B
A

45999.1| enolase [S
treptococcus agalactiae A

909] 
x

23095026
>gi|23095026|em

b|C
A

D
46252.1| enolase [S

treptococcus agalactiae N
E

M
316] 

x

22533646
>gi|22533646|gb|A

A
M

99524.1| enolase [S
treptococcus agalactiae 2603V

/R
] 

x

22536801
>gi|22536801|ref|N

P
_687652.1| phosphopyruvate hydratase [S

treptococcus 
agalactiae 2603V

/R
] 

x

76788358
>gi|76788358|ref|Y

P
_329341.1| phosphopyruvate hydratase [S

treptococcus 
agalactiae A

909] 
x

25010672
>gi|25010672|ref|N

P
_735067.1| phosphopyruvate hydratase [S

treptococcus 
agalactiae N

E
M

316] 
x

54037041
>gi|54037041|sp|P

64081|E
N

O
_S

TR
A

5 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

54040762
>gi|54040762|sp|P

64080|E
N

O
_S

TR
A

3 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

27806645
>gi|27806645|ref|N

P
_776474.1| enolase 1 [B

os taurus] 
x

4927286
>gi|4927286|gb|A

A
D

33073.1| alpha enolase [B
os taurus] 

x

13124248
>gi|13124248|sp|Q

9X
S

J4|E
N

O
A

_B
O

V
IN

 A
lpha-enolase (2-phospho-D

-
glycerate hydro-lyase) (N

on-neural enolase) (N
N

E
) (E

nolase 1) 
(P

hosphopyruvate hydratase) (H
A

P
47)

x

77952809
>gi|77952809|ref|ZP

_00817222.1| E
nolase [M

arinobacter aquaeolei V
T8] 

x

77868366
>gi|77868366|gb|E

A
O

99636.1| E
nolase [M

arinobacter aquaeolei V
T8]

x

13092594
>gi|13092594|em

b|C
A

C
29763.1| putative enolase [M

ycobacterium
 leprae] 

x

15827047
>gi|15827047|ref|N

P
_301310.1| phosphopyruvate hydratase [M

ycobacterium
 

leprae TN
] 

x

25291616
>gi|25291616|pir||G

86940 probable enolase [im
ported] - M

ycobacterium
 

leprae
x

              720



         Table L-1. G
enB

ank N
R

 D
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A
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E
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1311141
>gi|1311141|pdb|1P

D
Z|  M

ol_id: 1; M
olecule: E

nolase; C
hain: N

ull; S
ynonym

: 
2-P

hospho-D
-G

lycerate D
ehydratase; E

c: 4.2.1.11; H
eterogen: 

P
hosphoglycolate; H

eterogen: M
n 2+ 

x

1311142
>gi|1311142|pdb|1P

D
Y

|   M
ol_id: 1; M

olecule: E
nolase; C

hain: N
ull; S

ynonym
: 

2-P
hospho-D

-G
lycerate D

ehydratase; E
c: 4.2.1.11

x

49531112
>gi|49531112|em

b|C
A

G
68824.1| enolase [A

cinetobacter sp. A
D

P
1] 

x
50085136

>gi|50085136|ref|Y
P

_046646.1| enolase [A
cinetobacter sp. A

D
P

1] 
x

59797548
>gi|59797548|sp|Q

6FAT9|E
N

O
_A

C
IA

D
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

55738590
>gi|55738590|gb|A

AV
62231.1| 2-phosphoglycerate dehydratase, enolase 

[S
treptococcus therm

ophilus C
N

R
Z1066] 

x

55822605
>gi|55822605|ref|Y

P
_141046.1| phosphopyruvate hydratase [S

treptococcus 
therm

ophilus C
N

R
Z1066] 

x

55820714
>gi|55820714|ref|Y

P
_139156.1| phosphopyruvate hydratase [S

treptococcus 
therm

ophilus LM
G

 18311] 
x

68053530
>gi|68053530|sp|Q

5M
561|E

N
O

_S
TR

T2 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

68053529
>gi|68053529|sp|Q

5M
0M

5|E
N

O
_S

TR
T1 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

55736699
>gi|55736699|gb|A

AV
60341.1| 2-phosphoglycerate dehydratase, enolase 

[S
treptococcus therm

ophilus LM
G

 18311]
x

19171969
>gi|19171969|gb|A

A
L85688.1| enolase [S

treptococcus agalactiae]
x

49244091
>gi|49244091|em

b|C
A

G
42517.1| putative enolase [S

taphylococcus aureus 
subsp. aureus M

S
S

A
476] 

x

49241163
>gi|49241163|em

b|C
A

G
39841.1| putative enolase [S

taphylococcus aureus 
subsp. aureus M

R
S

A
252] 

x

14246545
>gi|14246545|dbj|B

A
B

56938.1| enolase [S
taphylococcus aureus subsp. 

aureus M
u50] 

x

21203904
>gi|21203904|dbj|B

A
B

94603.1| enolase [S
taphylococcus aureus subsp. 

aureus M
W

2] 
x

57284304
>gi|57284304|gb|A

AW
36398.1| enolase [S

taphylococcus aureus subsp. 
aureus C

O
L] 

x
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ank N
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 D
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13700667
>gi|13700667|dbj|B

A
B

41964.1| enolase [S
taphylococcus aureus subsp. 

aureus N
315] 

x

82750484
>gi|82750484|ref|Y

P
_416225.1| enolase 2-phosphoglycerate dehydratase 

[S
taphylococcus aureus R

F122] 
x

15926453
>gi|15926453|ref|N

P
_373986.1| enolase [S

taphylococcus aureus subsp. 
aureus N

315] 
x

15923766
>gi|15923766|ref|N

P
_371300.1| enolase [S

taphylococcus aureus subsp. 
aureus M

u50] 
x

57650118
>gi|57650118|ref|Y

P
_185716.1| enolase [S

taphylococcus aureus subsp. 
aureus C

O
L] 

x

56748913
>gi|56748913|sp|Q

6G
B

54|E
N

O
_S

TA
A

S
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

56748924
>gi|56748924|sp|Q

6G
IL4|E

N
O

_S
TA

A
R

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

68053523
>gi|68053523|sp|Q

5H
H

P
1|E

N
O

_S
TA

A
C

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

82656015
>gi|82656015|em

b|C
A

I80420.1| enolase 2-phosphoglycerate dehydratase 
[S

taphylococcus aureus R
F122] 

x

54037040
>gi|54037040|sp|P

64079|E
N

O
_S

TA
AW

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

54037045
>gi|54037045|sp|P

99088|E
N

O
_S

TA
A

N
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

54040761
>gi|54040761|sp|P

64078|E
N

O
_S

TA
A

M
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

49485648
>gi|49485648|ref|Y

P
_042869.1| putative enolase [S

taphylococcus aureus 
subsp. aureus M

S
S

A
476] 

x

49483034
>gi|49483034|ref|Y

P
_040258.1| putative enolase [S

taphylococcus aureus 
subsp. aureus M

R
S

A
252] 

x

21282467
>gi|21282467|ref|N

P
_645555.1| enolase (2-phosphoglycerate 

dehydrogenase) [S
taphylococcus aureus subsp. aureus M

W
2]

x

3023703
>gi|3023703|sp|P

56252|E
N

O
_H

O
M

G
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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13124709
>gi|13124709|sp|O

32513|E
N

O
_D

E
S

V
M

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

9695277
>gi|9695277|dbj|B

A
B

07786.1| enolase [D
esulfovibrio vulgaris]

x

13431506
>gi|13431506|sp|P

57975|E
N

O
_PA

S
M

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

15603736
>gi|15603736|ref|N

P
_246810.1| phosphopyruvate hydratase [P

asteurella 
m

ultocida subsp. m
ultocida str. P

m
70]

x

16151617
>gi|16151617|em

b|C
A

C
83091.1| alpha-enolase [S

treptococcus pneum
oniae]

x

17066742
>gi|17066742|gb|A

A
L35382.1| 2-phosphoglycerate dehydratase 

[S
treptococcus therm

ophilus]
x

24377625
>gi|24377625|gb|A

A
N

58930.1| putative enolase [S
treptococcus m

utans 
U

A
159] 

x

29839238
>gi|29839238|sp|Q

8D
TS

9|E
N

O
_S

TR
M

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

24379669
>gi|24379669|ref|N

P
_721624.1| phosphopyruvate hydratase [S

treptococcus 
m

utans U
A

159]
x

14021357
>gi|14021357|dbj|B

A
B

47970.1| enolase [M
esorhizobium

 loti M
A

FF303099] 
x

21263602
>gi|21263602|sp|Q

98M
Z3|E

N
O

_R
H

ILO
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

13470615
>gi|13470615|ref|N

P
_102184.1| enolase [M

esorhizobium
 loti M

A
FF303099]

x

3023710
>gi|3023710|sp|Q

27877|E
N

O
_S

C
H

M
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

1002616
>gi|1002616|gb|A

A
C

46886.1| enolase 
x

1002610
>gi|1002610|gb|A

A
C

46884.1| enolase
x

76556211
>gi|76556211|em

b|C
A

D
48738.1| enolase 1 [P

ropionibacterium
 freudenreichii 

subsp. sherm
anii]

x

76257976
>gi|76257976|ref|ZP

_00765633.1| E
nolase [C

hloroflexus aurantiacus J-10-fl] 
x

76167062
>gi|76167062|gb|E

A
O

61185.1| E
nolase [C

hloroflexus aurantiacus J-10-fl]
x
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78363890
>gi|78363890|gb|A

B
B

41855.1| enolase [Thiom
icrospira crunogena X

C
L-2] 

x

78485604
>gi|78485604|ref|Y

P
_391529.1| enolase [Thiom

icrospira crunogena X
C

L-2]
x

46164345
>gi|46164345|ref|ZP

_00137024.2| C
O

G
0148: E

nolase [P
seudom

onas 
aeruginosa U

C
B

P
P

-PA
14] 

x

9949794
>gi|9949794|gb|A

A
G

07023.1| enolase [P
seudom

onas aeruginosa PA
O

1] 
x

15598831
>gi|15598831|ref|N

P
_252325.1| phosphopyruvate hydratase [P

seudom
onas 

aeruginosa PA
O

1] 
x

84325641
>gi|84325641|ref|ZP

_00973675.1| C
O

G
0148: E

nolase [P
seudom

onas 
aeruginosa 2192] 

x

13124125
>gi|13124125|sp|Q

9H
X

Z5|E
N

O
_P

S
E

A
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

21263608
>gi|21263608|sp|Q

9C
D

42|E
N

O
_M

Y
C

LE
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

68447834
>gi|68447834|dbj|B

A
E

05418.1| enolase [S
taphylococcus haem

olyticus 
JC

S
C

1435] 
x

70727110
>gi|70727110|ref|Y

P
_254024.1| enolase [S

taphylococcus haem
olyticus 

JC
S

C
1435]

x

77414276
>gi|77414276|ref|ZP

_00790435.1| enolase [S
treptococcus agalactiae 515] 

x

77159655
>gi|77159655|gb|E

A
O

70807.1| enolase [S
treptococcus agalactiae 515]

x

84497843
>gi|84497843|ref|ZP

_00996640.1| phosphopyruvate hydratase [Janibacter 
sp. H

TC
C

2649] 
x

84381343
>gi|84381343|gb|E

A
P

97226.1| phosphopyruvate hydratase [Janibacter sp. 
H

TC
C

2649]
x

13124712
>gi|13124712|sp|Q

60173|E
N

O
_M

E
TJA E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

3152725
>gi|3152725|gb|A

A
C

17130.1| enolase [S
taphylococcus aureus] 

x

6015099
>gi|6015099|sp|O

69174|E
N

O
_S

TA
A

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) (Lam
inin binding protein)

x

40806812
>gi|40806812|gb|A

A
R

92205.1| enolase [C
ryphonectria parasitica] 

x
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74661880
>gi|74661880|sp|Q

6R
G

04|E
N

O
_C

R
Y

PA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

82737565
>gi|82737565|ref|ZP

_00900413.1| E
nolase [P

seudom
onas putida F1] 

x
82715369

>gi|82715369|gb|E
A

P
50435.1| E

nolase [P
seudom

onas putida F1]
x

3258386
>gi|3258386|dbj|B

A
A

31069.1| 428aa long hypothetical phosphoglycerate 
dehydratase [P

yrococcus horikoshii O
T3] 

x

6015098
>gi|6015098|sp|O

59605|E
N

O
_P

Y
R

H
O

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

14591684
>gi|14591684|ref|N

P
_143772.1| phosphopyruvate hydratase [P

yrococcus 
horikoshii O

T3]
x

68188665
>gi|68188665|gb|E

A
N

03344.1| E
nolase [M

ethylobacillus flagellatus K
T] 

x

68212975
>gi|68212975|ref|ZP

_00564810.1| E
nolase [M

ethylobacillus flagellatus K
T]

x

57866440
>gi|57866440|ref|Y

P
_188039.1| enolase [S

taphylococcus epiderm
idis 

R
P

62A
] 

x

57637098
>gi|57637098|gb|A

AW
53886.1| enolase [S

taphylococcus epiderm
idis R

P
62A

] 
x

27315022
>gi|27315022|gb|A

A
O

04158.1| enolase [S
taphylococcus epiderm

idis ATC
C

 
12228] 

x

27467479
>gi|27467479|ref|N

P
_764116.1| enolase [S

taphylococcus epiderm
idis ATC

C
 

12228] 
x

29839232
>gi|29839232|sp|Q

8C
P

Y
3|E

N
O

_S
TA

E
S

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

68053524
>gi|68053524|sp|Q

5H
Q

V
0|E

N
O

_S
TA

E
Q

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

39721879
>gi|39721879|dbj|B

A
D

04369.1| enolase [O
nion yellow

s phytoplasm
a O

Y-M
] 

x

59797575
>gi|59797575|sp|Q

6Y
Q

T9|E
N

O
_O

N
Y

P
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

39938770
>gi|39938770|ref|N

P
_950536.1| enolase [O

nion yellow
s phytoplasm

a O
Y-M

]
x

24053192
>gi|24053192|gb|A

A
N

44282.1| enolase [S
higella flexneri 2a str. 301] 

x
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75511922
>gi|75511922|ref|ZP

_00734525.1| C
O

G
0148: E

nolase [E
scherichia coli 

53638] 
x

75256986
>gi|75256986|ref|ZP

_00728562.1| C
O

G
0148: E

nolase [E
scherichia coli E

22] 
x

75241831
>gi|75241831|ref|ZP

_00725650.1| C
O

G
0148: E

nolase [E
scherichia coli F11] 

x

75196750
>gi|75196750|ref|ZP

_00706820.1| C
O

G
0148: E

nolase [E
scherichia coli H

S
] 

x

75187507
>gi|75187507|ref|ZP

_00700774.1| C
O

G
0148: E

nolase [E
scherichia coli 

E
24377A

] 
x

75176359
>gi|75176359|ref|ZP

_00696503.1| C
O

G
0148: E

nolase [S
higella boydii 

B
S

512] 
x

1789141
>gi|1789141|gb|A

A
C

75821.1| enolase [E
scherichia coli K

12] 
x

85675598
>gi|85675598|dbj|B

A
E

76853.1| enolase [E
scherichia coli W

3110] 
x

30042382
>gi|30042382|gb|A

A
P

18107.1| enolase [S
higella flexneri 2a str. 2457T] 

x
13363110

>gi|13363110|dbj|B
A

B
37062.1| enolase [E

scherichia coli O
157:H

7] 
x

26109589
>gi|26109589|gb|A

A
N

81792.1| E
nolase [E

scherichia coli C
FT073] 

x
82545078

>gi|82545078|ref|Y
P

_409025.1| enolase [S
higella boydii S

b227] 
x

82778161
>gi|82778161|ref|Y

P
_404510.1| enolase [S

higella dysenteriae S
d197] 

x

30064126
>gi|30064126|ref|N

P
_838297.1| phosphopyruvate hydratase [S

higella flexneri 
2a str. 2457T] 

x

24114065
>gi|24114065|ref|N

P
_708575.1| phosphopyruvate hydratase [S

higella flexneri 
2a str. 301] 

x

16130686
>gi|16130686|ref|N

P
_417259.1| phosphopyruvate hydratase [E

scherichia coli 
K

12] 
x

882673
>gi|882673|gb|A

A
A

69289.1| enolase [E
scherichia coli] 

x

15832893
>gi|15832893|ref|N

P
_311666.1| phosphopyruvate hydratase [E

scherichia coli 
O

157:H
7] 

x

68053519
>gi|68053519|sp|P

0A
6Q

2|E
N

O
_S

H
IFL E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

68566315
>gi|68566315|sp|P

0A
6P

9|E
N

O
_E

C
O

LI E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x
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68053517
>gi|68053517|sp|P

0A
6Q

0|E
N

O
_E

C
O

L6 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

68053518
>gi|68053518|sp|P

0A
6Q

1|E
N

O
_E

C
O

57 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

26249182
>gi|26249182|ref|N

P
_755222.1| phosphopyruvate hydratase [E

scherichia coli 
C

FT073] 
x

81242309
>gi|81242309|gb|A

B
B

63019.1| enolase [S
higella dysenteriae S

d197] 
x

81246489
>gi|81246489|gb|A

B
B

67197.1| enolase [S
higella boydii S

b227]
x

59801045
>gi|59801045|ref|Y

P
_207757.1| phosphopyruvate hydratase [N

eisseria 
gonorrhoeae FA 1090] 

x

59717940
>gi|59717940|gb|A

AW
89345.1| putative enolase (2-phosphoglycerate 

dehydratase) [N
eisseria gonorrhoeae FA 1090] 

x

66774125
>gi|66774125|sp|Q

5F8Z2|E
N

O
_N

E
IG

1 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

74659376
>gi|74659376|sp|Q

6B
TB

1|E
N

O
1_D

E
B

H
A E

nolase 1 (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1)
x

21112791
>gi|21112791|gb|A

A
M

40994.1| enolase [X
anthom

onas cam
pestris pv. 

cam
pestris str. ATC

C
 33913] 

x

66574171
>gi|66574171|gb|A

AY
49581.1| enolase [X

anthom
onas cam

pestris pv. 
cam

pestris str. 8004] 
x

66768839
>gi|66768839|ref|Y

P
_243601.1| phosphopyruvate hydratase [X

anthom
onas 

cam
pestris pv. cam

pestris str. 8004] 
x

23814064
>gi|23814064|sp|Q

8P
9Z3|E

N
O

_X
A

N
C

P E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

21231153
>gi|21231153|ref|N

P
_637070.1| phosphopyruvate hydratase [X

anthom
onas 

cam
pestris pv. cam

pestris str. ATC
C

 33913]
x

41407088
>gi|41407088|ref|N

P
_959924.1| phosphopyruvate hydratase [M

ycobacterium
 

avium
 subsp. paratuberculosis K

-10] 
x

59797600
>gi|59797600|sp|Q

741U
7|E

N
O

_M
Y

C
PA E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

56752615
>gi|56752615|gb|A

AW
24521.1| S

JC
H

G
C

00471 protein [S
chistosom

a 
japonicum

]
x
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42545184
>gi|42545184|gb|E

A
A

68027.1| E
N

O
_A

LTA
L E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) (M
ajor allergen A

lt a 11) 
(A

lt a X
I) [G

ibberella zeae P
H

-1] 
x

46108928
>gi|46108928|ref|X

P
_381522.1| E

N
O

_A
LTA

L E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) (M

ajor allergen A
lt a 11) 

(A
lt a X

I) [G
ibberella zeae P

H
-1]

x

62528387
>gi|62528387|ref|ZP

_00389641.1| C
O

G
0148: E

nolase [S
treptococcus 

therm
ophilus LM

D
-9]

x

58582586
>gi|58582586|ref|Y

P
_201602.1| phosphopyruvate hydratase [X

anthom
onas 

oryzae pv. oryzae K
A

C
C

10331] 
x

58427180
>gi|58427180|gb|A

AW
76217.1| enolase [X

anthom
onas oryzae pv. oryzae 

K
A

C
C

10331]
x

6015094
>gi|6015094|sp|P

42040|E
N

O
_C

LA
H

E
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) (A
llergen C

la h 6) (C
la h 

V
I)

x

21107915
>gi|21107915|gb|A

A
M

36586.1| enolase [X
anthom

onas axonopodis pv. citri 
str. 306] 

x

21242468
>gi|21242468|ref|N

P
_642050.1| phosphopyruvate hydratase [X

anthom
onas 

axonopodis pv. citri str. 306] 
x

23814066
>gi|23814066|sp|Q

8P
LS

0|E
N

O
_X

A
N

A
C

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

46129115
>gi|46129115|ref|ZP

_00202000.1| C
O

G
0148: E

nolase [H
aem

ophilus 
influenzae R

2846]
x

83856594
>gi|83856594|ref|ZP

_00950123.1| enolase [C
roceibacter atlanticus 

H
TC

C
2559] 

x

83850394
>gi|83850394|gb|E

A
P

88262.1| enolase [C
roceibacter atlanticus H

TC
C

2559]
x

77635114
>gi|77635114|ref|ZP

_00797203.1| C
O

G
0148: E

nolase [Yersinia pestis 
A

ngola] 
x

45435025
>gi|45435025|gb|A

A
S

60585.1| enolase [Yersinia pestis biovar M
edievalis str. 

91001] 
x

15981302
>gi|15981302|em

b|C
A

C
92606.1| enolase [Yersinia pestis C

O
92] 

x
21957544

>gi|21957544|gb|A
A

M
84401.1| enolase [Yersinia pestis K

IM
] 

x
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22124727
>gi|22124727|ref|N

P
_668150.1| phosphopyruvate hydratase [Yersinia pestis 

K
IM

] 
x

45440169
>gi|45440169|ref|N

P
_991708.1| phosphopyruvate hydratase [Yersinia pestis 

biovar M
edievalis str. 91001] 

x

16123525
>gi|16123525|ref|N

P
_406838.1| phosphopyruvate hydratase [Yersinia pestis 

C
O

92] 
x

21263586
>gi|21263586|sp|Q

8ZB
N

2|E
N

O
_Y

E
R

P
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

77631732
>gi|77631732|ref|ZP

_00794318.1| C
O

G
0148: E

nolase [Yersinia 
pseudotuberculosis IP 31758] 

x

51588387
>gi|51588387|em

b|C
A

H
19995.1| enolase [Yersinia pseudotuberculosis IP 

32953] 
x

51595105
>gi|51595105|ref|Y

P
_069296.1| phosphopyruvate hydratase [Yersinia 

pseudotuberculosis IP 32953] 
x

59797522
>gi|59797522|sp|Q

66E
D

8|E
N

O
_Y

E
R

P
S

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

37199752
>gi|37199752|dbj|B

A
C

95582.1| enolase [Vibrio vulnificus Y
J016] 

x

37681002
>gi|37681002|ref|N

P
_935611.1| phosphopyruvate hydratase [Vibrio vulnificus 

Y
J016]

x

46914618
>gi|46914618|em

b|C
A

G
21395.1| putative enolase [P

hotobacterium
 

profundum
 S

S
9] 

x

54310177
>gi|54310177|ref|Y

P
_131197.1| phosphopyruvate hydratase [P

hotobacterium
 

profundum
 S

S
9] 

x

59797562
>gi|59797562|sp|Q

6LM
T1|E

N
O

_P
H

O
P

R
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

86132574
>gi|86132574|ref|ZP

_01051167.1| enolase [C
ellulophaga sp. M

E
D

134] 
x

85816816
>gi|85816816|gb|E

A
Q

38001.1| enolase [C
ellulophaga sp. M

E
D

134]
x

7380143
>gi|7380143|em

b|C
A

B
84728.1| enolase [N

eisseria m
eningitidis Z2491] 

x

15794395
>gi|15794395|ref|N

P
_284217.1| phosphopyruvate hydratase [N

eisseria 
m

eningitidis Z2491] 
x

13124126
>gi|13124126|sp|Q

9JU
46|E

N
O

_N
E

IM
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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32029561
>gi|32029561|ref|ZP

_00132564.1| C
O

G
0148: E

nolase [H
aem

ophilus som
nus 

2336] 
x

23467876
>gi|23467876|ref|ZP

_00123453.1| C
O

G
0148: E

nolase [H
aem

ophilus som
nus 

129P
T]

x

3367647
>gi|3367647|em

b|C
A

A
76735.1| enolase [C

unningham
ella elegans] 

x

12230023
>gi|12230023|sp|O

74286|E
N

O
_C

U
N

E
L E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

7226525
>gi|7226525|gb|A

A
F41661.1| enolase [N

eisseria m
eningitidis M

C
58] 

x

15677152
>gi|15677152|ref|N

P
_274305.1| phosphopyruvate hydratase [N

eisseria 
m

eningitidis M
C

58] 
x

13124130
>gi|13124130|sp|Q

9JZ53|E
N

O
_N

E
IM

B
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

12517248
>gi|12517248|gb|A

A
G

57892.1| enolase [E
scherichia coli O

157:H
7 E

D
L933] 

x

15803300
>gi|15803300|ref|N

P
_289333.1| phosphopyruvate hydratase [E

scherichia coli 
O

157:H
7 E

D
L933] 

x

25291627
>gi|25291627|pir||H

85928 enolase [im
ported] - E

scherichia coli (strain 
O

157:H
7, substrain E

D
L933)

x

74659668
>gi|74659668|sp|Q

6C
1F3|E

N
O

_YA
R

LI E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

56178891
>gi|56178891|gb|A

AV
81613.1| E

nolase [Idiom
arina loihiensis L2TR

] 
x

68053535
>gi|68053535|sp|Q

5R
143|E

N
O

_ID
ILO

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

56459881
>gi|56459881|ref|Y

P
_155162.1| E

nolase [Idiom
arina loihiensis L2TR

]
x

13124161
>gi|13124161|sp|Q

9X
D

S
7|E

N
O

_S
TR

IT E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

5263171
>gi|5263171|dbj|B

A
A

81815.1| enolase [S
treptococcus interm

edius]
x

46048765
>gi|46048765|ref|N

P
_990450.1| enolase [G

allus gallus] 
x

1706654
>gi|1706654|sp|P

07322|E
N

O
B

_C
H

IC
K

 B
eta-enolase (2-phospho-D

-glycerate 
hydro-lyase) (P

hosphopyruvate hydratase) 
x

1616990
>gi|1616990|dbj|B

A
A

07133.1| enolase [G
allus gallus]

x

18892150
>gi|18892150|gb|A

A
L80339.1| enolase (2-phosphoglycerate dehydratase) 

[P
yrococcus furiosus D

S
M

 3638] 
x
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23814077
>gi|23814077|sp|Q

8U
477|E

N
O

_P
Y

R
FU

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

18976587
>gi|18976587|ref|N

P
_577944.1| phosphopyruvate hydratase [P

yrococcus 
furiosus D

S
M

 3638]
x

83644694
>gi|83644694|ref|Y

P
_433129.1| enolase [H

ahella chejuensis K
C

TC
 2396] 

x

83632737
>gi|83632737|gb|A

B
C

28704.1| enolase [H
ahella chejuensis K

C
TC

 2396]
x

9106280
>gi|9106280|gb|A

A
F84100.1| enolase [X

ylella fastidiosa 9a5c] 
x

15837892
>gi|15837892|ref|N

P
_298580.1| phosphopyruvate hydratase [X

ylella 
fastidiosa 9a5c] 

x

11268953
>gi|11268953|pir||F82700 enolase X

F1291 [im
ported] - X

ylella fastidiosa 
(strain 9a5c)

x

36784331
>gi|36784331|em

b|C
A

E
13208.1| E

nolase (2-phosphoglycerate dehydratase) 
(2-phospho-D

-glycerate hydro-lyase) [P
hotorhabdus lum

inescens subsp. 
laum

ondii TTO
1] 

x

59797610
>gi|59797610|sp|Q

7N
835|E

N
O

_P
H

O
LL E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

37524905
>gi|37524905|ref|N

P
_928249.1| phosphopyruvate hydratase [P

hotorhabdus 
lum

inescens subsp. laum
ondii TTO

1]
x

10241779
>gi|10241779|em

b|C
A

C
09537.1| enolase [S

treptom
yces coelicolor A

3(2)] 
x

21221535
>gi|21221535|ref|N

P
_627314.1| phosphopyruvate hydratase [S

treptom
yces 

coelicolor A
3(2)] 

x

23814098
>gi|23814098|sp|Q

9F2Q
3|E

N
O

1_S
TR

C
O

 E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

28866546
>gi|28866546|em

b|C
A

D
60544.1| enolase [S

treptococcus sobrinus]
x

77976028
>gi|77976028|ref|ZP

_00831561.1| C
O

G
0148: E

nolase [Yersinia frederiksenii 
ATC

C
 33641]

x

3323125
>gi|3323125|gb|A

A
C

65781.1| enolase (eno) [Treponem
a pallidum

 subsp. 
pallidum

 str. N
ichols] 

x

4033380
>gi|4033380|sp|P

74934|E
N

O
_TR

E
PA E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x
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15639803
>gi|15639803|ref|N

P
_219253.1| enolase (eno) [Treponem

a pallidum
 subsp. 

pallidum
 str. N

ichols] 
x

1575361
>gi|1575361|gb|A

A
B

39979.1| 2-phospho-D
-glycerate hydrolase [Treponem

a 
pallidum

]
x

73660149
>gi|73660149|em

b|C
A

I82756.1| enolase [D
ehalococcoides sp. C

B
D

B
1] 

x
73748433

>gi|73748433|ref|Y
P

_307672.1| enolase [D
ehalococcoides sp. C

B
D

B
1]

x

74313351
>gi|74313351|ref|Y

P
_311770.1| phosphopyruvate hydratase [S

higella sonnei 
S

s046] 
x

73856828
>gi|73856828|gb|A

A
Z89535.1| enolase [S

higella sonnei S
s046]

x

78035738
>gi|78035738|em

b|C
A

J23429.1| E
nolase [X

anthom
onas cam

pestris pv. 
vesicatoria str. 85-10] 

x

78047308
>gi|78047308|ref|Y

P
_363483.1| phosphopyruvate hydratase [X

anthom
onas 

cam
pestris pv. vesicatoria str. 85-10]

x

22035897
>gi|22035897|em

b|C
A

D
43170.1| enolase [A

nisakis sim
plex]

x

86135551
>gi|86135551|ref|ZP

_01054132.1| enolase [Tenacibaculum
 sp. M

E
D

152] 
x

85819724
>gi|85819724|gb|E

A
Q

40881.1| enolase [Tenacibaculum
 sp. M

E
D

152]
x

71557144
>gi|71557144|gb|A

A
Z36355.1| enolase [P

seudom
onas syringae pv. 

phaseolicola 1448A
] 

x

71736591
>gi|71736591|ref|Y

P
_275958.1| enolase [P

seudom
onas syringae pv. 

phaseolicola 1448A
]

x

68555733
>gi|68555733|ref|ZP

_00595077.1| E
nolase [R

alstonia m
etallidurans C

H
34] 

x

68530203
>gi|68530203|gb|E

A
N

53165.1| E
nolase [R

alstonia m
etallidurans C

H
34]

x

50876688
>gi|50876688|em

b|C
A

G
36528.1| probable enolase [D

esulfotalea 
psychrophila LS

v54] 
x

59797536
>gi|59797536|sp|Q

6A
M

97|E
N

O
_D

E
S

P
S

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

51245651
>gi|51245651|ref|Y

P
_065535.1| enolase [D

esulfotalea psychrophila LS
v54]

x

34392443
>gi|34392443|dbj|B

A
C

82549.1| enolase [P
enicillium

 chrysogenum
] 

x

74662366
>gi|74662366|sp|Q

76K
F9|E

N
O

_P
E

N
C

H
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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 D
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86141170

>gi|86141170|ref|ZP
_01059716.1| enolase [Flavobacterium

 sp. M
E

D
217] 

x
85831729

>gi|85831729|gb|E
A

Q
50184.1| enolase [Flavobacterium

 sp. M
E

D
217]

x

66044611
>gi|66044611|ref|Y

P
_234452.1| phosphopyruvate hydratase [P

seudom
onas 

syringae pv. syringae B
728a] 

x

63255318
>gi|63255318|gb|A

AY
36414.1| E

nolase [P
seudom

onas syringae pv. syringae 
B

728a]
x

67156392
>gi|67156392|ref|ZP

_00417985.1| E
nolase [A

zotobacter vinelandii AvO
P

] 
x

67086151
>gi|67086151|gb|E

A
M

05621.1| E
nolase [A

zotobacter vinelandii AvO
P

]
x

67539152
>gi|67539152|ref|X

P
_663350.1| enolase [A

spergillus nidulans FG
S

C
 A

4] 
x

40743649
>gi|40743649|gb|E

A
A

62839.1| E
N

O
_A

S
P

O
R

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) [A

spergillus nidulans 
FG

S
C

 A
4]

x

16975440
>gi|16975440|pdb|1E

9I|D
 C

hain D
, E

nolase From
 E

.C
oli 

x
16975439

>gi|16975439|pdb|1E
9I|C

 C
hain C

, E
nolase From

 E
.C

oli 
x

16975438
>gi|16975438|pdb|1E

9I|B
 C

hain B
, E

nolase From
 E

.C
oli 

x
16975437

>gi|16975437|pdb|1E
9I|A C

hain A
, E

nolase From
 E

.C
oli

x
71850822

>gi|71850822|gb|A
A

Z43431.1| enolase [M
ycoplasm

a synoviae 53] 
x

71894034
>gi|71894034|ref|Y

P
_278142.1| phosphopyruvate hydratase [M

ycoplasm
a 

synoviae 53]
x

59797608
>gi|59797608|sp|Q

7M
H

Q
1|E

N
O

_V
IB

V
Y E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

28807571
>gi|28807571|dbj|B

A
C

60824.1| enolase [Vibrio parahaem
olyticus R

IM
D

 
2210633] 

x

31340054
>gi|31340054|sp|Q

87LQ
0|E

N
O

_V
IB

PA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

28899335
>gi|28899335|ref|N

P
_798940.1| phosphopyruvate hydratase [Vibrio 

parahaem
olyticus R

IM
D

 2210633]
x

6579195
>gi|6579195|gb|A

A
A

51399.2| phosphopyruvate hydratase 
[S

chizosaccharom
yces pom

be] 
x

12644257
>gi|12644257|sp|P

40370|E
N

O
11_S

C
H

P
O

 E
nolase 1-1 (2-phosphoglycerate 

dehydratase 1-1) (2-phospho-D
-glycerate hydro-lyase 1-1)

x
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71914564

>gi|71914564|gb|A
A

Z54466.1| enolase [Therm
obifida fusca Y

X
] 

x

72160832
>gi|72160832|ref|Y

P
_288489.1| phosphopyruvate hydratase [Therm

obifida 
fusca Y

X
]

x

30314940
>gi|30314940|gb|A

A
P

30720.1| enolase [R
hodotorula m

ucilaginosa] 
x

37078092
>gi|37078092|sp|Q

870B
9|E

N
O

_R
H

O
R

B
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) (A
llergen R

ho m
 1)

x

77962820
>gi|77962820|ref|ZP

_00826636.1| C
O

G
0148: E

nolase [Yersinia m
ollaretii 

ATC
C

 43969] 
x

77956800
>gi|77956800|ref|ZP

_00820878.1| C
O

G
0148: E

nolase [Yersinia bercovieri 
ATC

C
 43970]

x

71064151
>gi|71064151|gb|A

A
Z22544.1| alpha-enolase [B

ifidobacterium
 anim

alis 
subsp. lactis]

x

57225057
>gi|57225057|gb|A

AW
40114.1| enolase [D

ehalococcoides ethenogenes 195] 
x

57234609
>gi|57234609|ref|Y

P
_181335.1| enolase [D

ehalococcoides ethenogenes 195]
x

32448033
>gi|32448033|em

b|C
A

D
77550.1| enolase (2-phosphoglycerate dehydratase) 

[R
hodopirellula baltica S

H
 1] 

x

32477479
>gi|32477479|ref|N

P
_870473.1| enolase (2-phosphoglycerate dehydratase) 

[R
hodopirellula baltica S

H
 1] 

x

59797615
>gi|59797615|sp|Q

7U
IR

2|E
N

O
_R

H
O

B
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

68342877
>gi|68342877|gb|A

AY
90483.1| enolase [P

seudom
onas fluorescens P

f-5] 
x

70728578
>gi|70728578|ref|Y

P
_258327.1| phosphopyruvate hydratase [P

seudom
onas 

fluorescens P
f-5]

x

76365089
>gi|76365089|gb|A

A
R

00929.2| enolase [D
avidiella tassiana]

x

67676250
>gi|67676250|ref|ZP

_00473001.1| E
nolase [C

hrom
ohalobacter salexigens 

D
S

M
 3043] 

x

67519787
>gi|67519787|gb|E

A
M

23736.1| E
nolase [C

hrom
ohalobacter salexigens D

S
M

 
3043]

x

68543414
>gi|68543414|ref|ZP

_00583120.1| E
nolase [S

hew
anella baltica O

S
155] 

x
68518887

>gi|68518887|gb|E
A

N
42440.1| E

nolase [S
hew

anella baltica O
S

155]
x
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 D
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29607186
>gi|29607186|dbj|B

A
C

71245.1| putative enolase [S
treptom

yces averm
itilis 

M
A

-4680] 
x

29830076
>gi|29830076|ref|N

P
_824710.1| phosphopyruvate hydratase [S

treptom
yces 

averm
itilis M

A
-4680] 

x

59797627
>gi|59797627|sp|Q

82H
H

5|E
N

O
_S

TR
AW

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

76785279
>gi|76785279|ref|ZP

_00772451.1| C
O

G
0148: E

nolase [M
ycobacterium

 
tuberculosis F11] 

x

13880623
>gi|13880623|gb|A

A
K

45302.1| enolase [M
ycobacterium

 tuberculosis 
C

D
C

1551] 
x

1870005
>gi|1870005|em

b|C
A

B
06856.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 E
N

O
 [M

ycobacterium
 

tuberculosis H
37R

v] 
x

15608163
>gi|15608163|ref|N

P
_215539.1| phosphopyruvate hydratase [M

ycobacterium
 

tuberculosis H
37R

v] 
x

15840451
>gi|15840451|ref|N

P
_335488.1| phosphopyruvate hydratase [M

ycobacterium
 

tuberculosis C
D

C
1551] 

x

81255030
>gi|81255030|ref|ZP

_00879522.1| C
O

G
0148: E

nolase [M
ycobacterium

 
tuberculosis C

] 
x

3023706
>gi|3023706|sp|P

96377|E
N

O
_M

Y
C

TU
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

13242907
>gi|13242907|gb|A

A
G

42022.2| enolase [A
lternaria alternata] 

x

14423684
>gi|14423684|sp|Q

9H
D

T3|E
N

O
_A

LTA
L E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) (M
ajor allergen A

lt a 6) 
(A

lt a 11) (A
lt a X

I)
x

23814079
>gi|23814079|sp|Q

8U
FH

1|E
N

O
_A

G
R

T5 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

84319615
>gi|84319615|ref|ZP

_00968009.1| C
O

G
0148: E

nolase [P
seudom

onas 
aeruginosa C

3719]
x

67934468
>gi|67934468|ref|ZP

_00527517.1| E
nolase [S

olibacter usitatus E
llin6076] 

x

67858300
>gi|67858300|gb|E

A
M

53445.1| E
nolase [S

olibacter usitatus E
llin6076]

x

84368411
>gi|84368411|dbj|B

A
E

69569.1| enolase [X
anthom

onas oryzae pv. oryzae 
M

A
FF 311018] 

x
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84624471
>gi|84624471|ref|Y

P
_451843.1| enolase [X

anthom
onas oryzae pv. oryzae 

M
A

FF 311018] 
x

68053522
>gi|68053522|sp|Q

5G
Y

K
4|E

N
O

_X
A

N
O

R
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

72118206
>gi|72118206|gb|A

A
Z60469.1| E

nolase [R
alstonia eutropha JM

P
134] 

x

73540793
>gi|73540793|ref|Y

P
_295313.1| phosphopyruvate hydratase [R

alstonia 
eutropha JM

P
134]

x

19888365
>gi|19888365|gb|A

A
M

02860.1| E
nolase [M

ethanopyrus kandleri AV
19] 

x

23814075
>gi|23814075|sp|Q

8TU
V

6|E
N

O
_M

E
TK

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

20095083
>gi|20095083|ref|N

P
_614930.1| E

nolase [M
ethanopyrus kandleri AV

19]
x

33147912
>gi|33147912|gb|A

A
P

95433.1| enolase [H
aem

ophilus ducreyi 35000H
P

] 
x

59797620
>gi|59797620|sp|Q

7V
N

M
6|E

N
O

_H
A

E
D

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

33151691
>gi|33151691|ref|N

P
_873044.1| phosphopyruvate hydratase [H

aem
ophilus 

ducreyi 35000H
P

]
x

71368692
>gi|71368692|ref|ZP

_00659180.1| E
nolase [N

ocardioides sp. JS
614] 

x
71155576

>gi|71155576|gb|E
A

O
06015.1| E

nolase [N
ocardioides sp. JS

614]
x

16504025
>gi|16504025|em

b|C
A

D
06058.1| enolase [S

alm
onella enterica subsp. 

enterica serovar Typhi] 
x

16421503
>gi|16421503|gb|A

A
L21832.1| enolase [S

alm
onella typhim

urium
 LT2] 

x

62181456
>gi|62181456|ref|Y

P
_217873.1| phosphopyruvate hydratase [S

alm
onella 

enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67] 
x

56129153
>gi|56129153|gb|A

AV
78659.1| enolase [S

alm
onella enterica subsp. enterica 

serovar P
aratyphi A str. ATC

C
 9150] 

x

29138841
>gi|29138841|gb|A

A
O

70410.1| enolase [S
alm

onella enterica subsp. enterica 
serovar Typhi Ty2] 

x

62129089
>gi|62129089|gb|A

A
X

66792.1| enolase [S
alm

onella enterica subsp. enterica 
serovar C

holeraesuis str. S
C

-B
67] 

x

16766258
>gi|16766258|ref|N

P
_461873.1| phosphopyruvate hydratase [S

alm
onella 

typhim
urium

 LT2] 
x

68053534
>gi|68053534|sp|Q

5P
E

H
4|E

N
O

_S
A

LPA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x
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54040760
>gi|54040760|sp|P

64076|E
N

O
_S

A
LTY E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

54037039
>gi|54037039|sp|P

64077|E
N

O
_S

A
LTI E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

56414896
>gi|56414896|ref|Y

P
_151971.1| phosphopyruvate hydratase [S

alm
onella 

enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

16761724
>gi|16761724|ref|N

P
_457341.1| phosphopyruvate hydratase [S

alm
onella 

enterica subsp. enterica serovar Typhi str. C
T18] 

x

29143208
>gi|29143208|ref|N

P
_806550.1| phosphopyruvate hydratase [S

alm
onella 

enterica subsp. enterica serovar Typhi Ty2] 
x

25291631
>gi|25291631|pir||A

C
0859 enolase [im

ported] - S
alm

onella enterica subsp. 
enterica serovar Typhi (strain C

T18)
x

85057717
>gi|85057717|ref|Y

P
_456633.1| enolase [A

ster yellow
s w

itches'-broom
 

phytoplasm
a AY

W
B

] 
x

84789822
>gi|84789822|gb|A

B
C

65554.1| enolase [A
ster yellow

s w
itches'-broom

 
phytoplasm

a AY
W

B
]

x

77381351
>gi|77381351|gb|A

B
A

72864.1| P
hosphopyruvate hydratase [P

seudom
onas 

fluorescens P
fO

-1] 
x

77457348
>gi|77457348|ref|Y

P
_346853.1| phosphopyruvate hydratase [P

seudom
onas 

fluorescens P
fO

-1]
x

68182317
>gi|68182317|ref|ZP

_00555297.1| E
nolase [Jannaschia sp. C

C
S

1] 
x

67977421
>gi|67977421|gb|E

A
M

67041.1| E
nolase [Jannaschia sp. C

C
S

1]
x

49613013
>gi|49613013|em

b|C
A

G
76464.1| enolase [E

rw
inia carotovora subsp. 

atroseptica S
C

R
I1043] 

x

59797542
>gi|59797542|sp|Q

6D
182|E

N
O

_E
R

W
C

T E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

50122487
>gi|50122487|ref|Y

P
_051654.1| phosphopyruvate hydratase [E

rw
inia 

carotovora subsp. atroseptica S
C

R
I1043]

x

68546866
>gi|68546866|ref|ZP

_00586410.1| E
nolase [S

hew
anella am

azonensis S
B

2B
] 

x

68515455
>gi|68515455|gb|E

A
N

39172.1| E
nolase [S

hew
anella am

azonensis S
B

2B
]

x

83942542
>gi|83942542|ref|ZP

_00955003.1| enolase [S
ulfitobacter sp. E

E
-36] 

x
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 D
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83846635

>gi|83846635|gb|E
A

P
84511.1| enolase [S

ulfitobacter sp. E
E

-36]
x

77815272
>gi|77815272|ref|ZP

_00814510.1| E
nolase [S

hew
anella putrefaciens C

N
-32] 

x

77809746
>gi|77809746|gb|E

A
O

94138.1| E
nolase [S

hew
anella putrefaciens C

N
-32] 

x

82740715
>gi|82740715|ref|ZP

_00903451.1| E
nolase [S

hew
anella sp. W

3-18-1] 
x

82721935
>gi|82721935|gb|E

A
P

56765.1| E
nolase [S

hew
anella sp. W

3-18-1]
x

13124145
>gi|13124145|sp|Q

9P
D

T8|E
N

O
_X

Y
LFA E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

74022142
>gi|74022142|ref|ZP

_00692726.1| E
nolase [R

hodoferax ferrireducens D
S

M
 

15236] 
x

72605139
>gi|72605139|gb|E

A
O

41127.1| E
nolase [R

hodoferax ferrireducens D
S

M
 

15236]
x

563868
>gi|563868|em

b|C
A

A
57795.1| enolase; phosphopyruvate hydratase 

[E
scherichia coli]

x

59797611
>gi|59797611|sp|Q

7N
AY

0|E
N

O
_M

Y
C

G
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

31544709
>gi|31544709|ref|N

P
_853287.1| phosphopyruvate hydratase [M

ycoplasm
a 

gallisepticum
 R

]
x

31617802
>gi|31617802|em

b|C
A

D
93911.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 E
N

O
 

[M
ycobacterium

 bovis A
F2122/97] 

x

31792214
>gi|31792214|ref|N

P
_854707.1| phosphopyruvate hydratase [M

ycobacterium
 

bovis A
F2122/97] 

x

59797613
>gi|59797613|sp|Q

7U
0U

6|E
N

O
_M

Y
C

B
O

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

86166241
>gi|86166241|gb|E

A
Q

67507.1| phosphopyruvate hydratase [M
arinom

onas 
sp. M

E
D

121]
x

78492903
>gi|78492903|ref|ZP

_00845138.1| E
nolase [R

hodopseudom
onas palustris 

B
isB

18] 
x

78390034
>gi|78390034|gb|E

A
P

12824.1| E
nolase [R

hodopseudom
onas palustris 

B
isB

18]
x

77979609
>gi|77979609|ref|ZP

_00835026.1| C
O

G
0148: E

nolase [Yersinia interm
edia 

ATC
C

 29909]
x
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 D
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E
quiv.

Incorrect
C

orrect
G

eneral
27361094

>gi|27361094|gb|A
A

O
10003.1| E

nolase [Vibrio vulnificus C
M

C
P

6] 
x

29839234
>gi|29839234|sp|Q

8D
C

62|E
N

O
_V

IB
V

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

27364948
>gi|27364948|ref|N

P
_760476.1| phosphopyruvate hydratase [Vibrio vulnificus 

C
M

C
P

6]
x

66848203
>gi|66848203|gb|E

A
L88532.1| enolase [A

spergillus fum
igatus A

f293] 
x

70991443
>gi|70991443|ref|X

P
_750570.1| enolase [A

spergillus fum
igatus A

f293] 
x

83288046
>gi|83288046|sp|Q

96X
30|E

N
O

_A
S

P
FU

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) (A

llergen A
sp f 22)

x

75828720
>gi|75828720|ref|ZP

_00758069.1| C
O

G
0148: E

nolase [Vibrio cholerae 
M

O
10] 

x

75827712
>gi|75827712|ref|ZP

_00757147.1| C
O

G
0148: E

nolase [Vibrio cholerae O
395] 

x

75814347
>gi|75814347|ref|ZP

_00744949.1| C
O

G
0148: E

nolase [Vibrio cholerae V
52] 

x

9657023
>gi|9657023|gb|A

A
F95589.1| enolase [Vibrio cholerae O

1 biovar eltor str. 
N

16961] 
x

15642443
>gi|15642443|ref|N

P
_232076.1| phosphopyruvate hydratase [Vibrio cholerae 

O
1 biovar eltor str. N

16961] 
x

13124138
>gi|13124138|sp|Q

9K
P

C
5|E

N
O

_V
IB

C
H

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

71853151
>gi|71853151|gb|A

A
Z51174.1| enolase [S

treptococcus pyogenes M
G

A
S

5005] 
x

71910369
>gi|71910369|ref|Y

P
_281919.1| phosphopyruvate hydratase [S

treptococcus 
pyogenes M

G
A

S
5005]

x

27353058
>gi|27353058|dbj|B

A
C

50059.1| enolase [B
radyrhizobium

 japonicum
 U

S
D

A 
110] 

x

59797632
>gi|59797632|sp|Q

89K
V

6|E
N

O
_B

R
A

JA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

27379905
>gi|27379905|ref|N

P
_771434.1| enolase [B

radyrhizobium
 japonicum

 U
S

D
A 

110]
x

69298335
>gi|69298335|ref|ZP

_00620615.1| E
nolase [S

ilicibacter sp. TM
1040] 

x
69134682

>gi|69134682|gb|E
A

N
57897.1| E

nolase [S
ilicibacter sp. TM

1040]
x
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 D
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57225611
>gi|57225611|gb|A

AW
42072.1| phosphopyruvate hydratase, putative 

[C
ryptococcus neoform

ans var. neoform
ans JE

C
21] 

x

58264446
>gi|58264446|ref|X

P
_569379.1| phosphopyruvate hydratase [C

ryptococcus 
neoform

ans var. neoform
ans JE

C
21]

x

25989631
>gi|25989631|gb|A

A
N

28926.1| enolase [A
erom

onas hydrophila] 
x

29839249
>gi|29839249|sp|Q

8G
E

63|E
N

O
_A

E
R

H
Y E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

21647988
>gi|21647988|gb|A

A
M

73181.1| enolase [C
hlorobium

 tepidum
 TLS

] 
x

29839349
>gi|29839349|sp|Q

8K
B

35|E
N

O
1_C

H
LTE

 E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1) 

x

21674774
>gi|21674774|ref|N

P
_662839.1| enolase [C

hlorobium
 tepidum

 TLS
]

x

15074376
>gi|15074376|em

b|C
A

C
46022.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 P
R

O
TE

IN
 

[S
inorhizobium

 m
eliloti] 

x

21263593
>gi|21263593|sp|Q

92Q
98|E

N
O

_R
H

IM
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

15965196
>gi|15965196|ref|N

P
_385549.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 P
R

O
TE

IN
 

[S
inorhizobium

 m
eliloti 1021]

x

71274918
>gi|71274918|ref|ZP

_00651206.1| E
nolase [X

ylella fastidiosa D
ixon] 

x
71164650

>gi|71164650|gb|E
A

O
14364.1| E

nolase [X
ylella fastidiosa D

ixon]
x

84787058
>gi|84787058|gb|A

B
C

63240.1| enolase [E
rythrobacter litoralis H

TC
C

2594] 
x

85373975
>gi|85373975|ref|Y

P
_458037.1| enolase [E

rythrobacter litoralis H
TC

C
2594]

x

54018341
>gi|54018341|dbj|B

A
D

59711.1| putative enolase [N
ocardia farcinica IFM

 
10152] 

x

59797496
>gi|59797496|sp|Q

5Y
Q

30|E
N

O
_N

O
C

FA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

54026833
>gi|54026833|ref|Y

P
_121075.1| phosphopyruvate hydratase [N

ocardia 
farcinica IFM

 10152]
x

78685818
>gi|78685818|ref|ZP

_00850593.1| E
nolase [S

hew
anella sp. A

N
A

-3] 
x

78506503
>gi|78506503|gb|E

A
P

20021.1| E
nolase [S

hew
anella sp. A

N
A

-3]
x

86138676
>gi|86138676|ref|ZP

_01057249.1| enolase [R
oseobacter sp. M

E
D

193] 
x

85824736
>gi|85824736|gb|E

A
Q

44938.1| enolase [R
oseobacter sp. M

E
D

193]
x

              740
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enB

ank N
R

 D
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hapter 3)

A
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A
nnotation

E
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C
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13925873

>gi|13925873|gb|A
A

K
49451.1| enolase [A

spergillus fum
igatus]

x
37359341

>gi|37359341|gb|A
A

P
24058.1| enolase 1 [Toxoplasm

a gondii] 
x

5764087
>gi|5764087|gb|A

A
D

51128.1| enolase [Toxoplasm
a gondii] 

x

50400687
>gi|50400687|sp|Q

9U
A

E
6|E

N
O

1_TO
X

G
O

 E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

84390114
>gi|84390114|ref|ZP

_00991376.1| phosphopyruvate hydratase [Vibrio 
splendidus 12B

01] 
x

84376768
>gi|84376768|gb|E

A
P

93643.1| phosphopyruvate hydratase [Vibrio splendidus 
12B

01]
x

4154655
>gi|4154655|gb|A

A
D

05723.1| E
N

O
LA

S
E

 [H
elicobacter pylori J99] 

x

9296935
>gi|9296935|sp|Q

9ZM
S

6|E
N

O
_H

E
LP

J E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

15611212
>gi|15611212|ref|N

P
_222863.1| phosphopyruvate hydratase [H

elicobacter 
pylori J99]

x

59712682
>gi|59712682|ref|Y

P
_205458.1| phosphopyruvate hydratase [Vibrio fischeri 

E
S

114] 
x

59480783
>gi|59480783|gb|A

AW
86570.1| enolase [Vibrio fischeri E

S
114] 

x

66774123
>gi|66774123|sp|Q

5E
326|E

N
O

_V
IB

F1 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

85858513
>gi|85858513|ref|Y

P
_460715.1| enolase [S

yntrophus aciditrophicus S
B

] 
x

85721604
>gi|85721604|gb|A

B
C

76547.1| enolase [S
yntrophus aciditrophicus S

B
]

x

19713005
>gi|19713005|gb|A

A
L93877.1| E

nolase [Fusobacterium
 nucleatum

 subsp. 
nucleatum

 ATC
C

 25586] 
x

23814071
>gi|23814071|sp|Q

8R
I55|E

N
O

_FU
S

N
N

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

19705083
>gi|19705083|ref|N

P
_602578.1| E

nolase [Fusobacterium
 nucleatum

 subsp. 
nucleatum

 ATC
C

 25586]
x

83953763
>gi|83953763|ref|ZP

_00962484.1| enolase [S
ulfitobacter sp. N

A
S

-14.1] 
x

83841708
>gi|83841708|gb|E

A
P

80877.1| enolase [S
ulfitobacter sp. N

A
S

-14.1]
x

50951779
>gi|50951779|gb|A

AT89480.1| enolase [Leifsonia xyli subsp. xyli str. C
TC

B
07] 

x

50955297
>gi|50955297|ref|Y

P
_062585.1| phosphopyruvate hydratase [Leifsonia xyli 

subsp. xyli str. C
TC

B
07] 

x
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59797534
>gi|59797534|sp|Q

6A
D

R
6|E

N
O

_LE
IX

X
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

83952177
>gi|83952177|ref|ZP

_00960909.1| enolase [R
oseovarius nubinhibens IS

M
] 

x

83837183
>gi|83837183|gb|E

A
P

76480.1| enolase [R
oseovarius nubinhibens IS

M
]

x
78691419

>gi|78691419|ref|ZP
_00856036.1| E

nolase [S
hew

anella sp. M
R

-7] 
x

78509167
>gi|78509167|gb|E

A
P

22572.1| E
nolase [S

hew
anella sp. M

R
-7] 

x
82498363

>gi|82498363|ref|ZP
_00883864.1| E

nolase [S
hew

anella sp. M
R

-4] 
x

82403627
>gi|82403627|gb|E

A
P

44347.1| E
nolase [S

hew
anella sp. M

R
-4]

x

467660
>gi|467660|em

b|C
A

A
55070.1| enolase; phosphopyruvate hydratase 

[D
avidiella tassiana] 

x

1086120
>gi|1086120|pir||S

43113 phosphopyruvate hydratase (E
C

 4.2.1.11) - fungus  
(C

ladosporium
 herbarum

)
x

66811048
>gi|66811048|ref|X

P
_639231.1| 2-phospho-D

-glycerate hydrolase 
[D

ictyostelium
 discoideum

] 
x

60467884
>gi|60467884|gb|E

A
L65898.1| phosphopyruvate hydratase [D

ictyostelium
 

discoideum
]

x

29839366
>gi|29839366|sp|Q

8N
K

C
2|E

N
O

12_S
C

H
P

O
 E

nolase 1-2 (2-phosphoglycerate 
dehydratase 1-2) (2-phospho-D

-glycerate hydro-lyase 1-2)
x

34541443
>gi|34541443|ref|N

P
_905922.1| phosphopyruvate hydratase [P

orphyrom
onas 

gingivalis W
83] 

x

34397760
>gi|34397760|gb|A

A
Q

66821.1| enolase [P
orphyrom

onas gingivalis W
83] 

x

59797609
>gi|59797609|sp|Q

7M
TV

8|E
N

O
_P

O
R

G
I E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

28198453
>gi|28198453|ref|N

P
_778767.1| phosphopyruvate hydratase [X

ylella 
fastidiosa Tem

ecula1] 
x

28056537
>gi|28056537|gb|A

A
O

28416.1| enolase [X
ylella fastidiosa Tem

ecula1] 
x

32129518
>gi|32129518|sp|Q

87D
Y

6|E
N

O
_X

Y
LFT E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

78365755
>gi|78365755|ref|ZP

_00836040.1| E
nolase [S

hew
anella sp. P

V-4] 
x

78362291
>gi|78362291|gb|E

A
P

04110.1| E
nolase [S

hew
anella sp. P

V-4]
x
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26988344
>gi|26988344|ref|N

P
_743769.1| phosphopyruvate hydratase [P

seudom
onas 

putida K
T2440] 

x

24983094
>gi|24983094|gb|A

A
N

67233.1| enolase [P
seudom

onas putida K
T2440] 

x
82737180

>gi|82737180|ref|ZP
_00900032.1| E

nolase [P
seudom

onas putida F1] 
x

82715779
>gi|82715779|gb|E

A
P

50841.1| E
nolase [P

seudom
onas putida F1] 

x

38372167
>gi|38372167|sp|Q

88M
F9|E

N
O

_P
S

E
P

K
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

78695164
>gi|78695164|ref|ZP

_00859676.1| E
nolase [B

radyrhizobium
 sp. B

TA
i1] 

x
78516838

>gi|78516838|gb|E
A

P
30137.1| E

nolase [B
radyrhizobium

 sp. B
TA

i1]
x

44920716
>gi|44920716|em

b|C
A

F29952.1| E
nolase [M

ethanococcus m
aripaludis S

2] 
x

45357959
>gi|45357959|ref|N

P
_987516.1| E

nolase [M
ethanococcus m

aripaludis S
2]

x

28868760
>gi|28868760|ref|N

P
_791379.1| phosphopyruvate hydratase [P

seudom
onas 

syringae pv. tom
ato str. D

C
3000] 

x

38372195
>gi|38372195|sp|Q

886M
3|E

N
O

1_P
S

E
S

M
 E

nolase 1 (2-phosphoglycerate 
dehydratase 1) (2-phospho-D

-glycerate hydro-lyase 1) 
x

28851999
>gi|28851999|gb|A

A
O

55074.1| enolase [P
seudom

onas syringae pv. tom
ato 

str. D
C

3000]
x

77407751
>gi|77407751|ref|ZP

_00784505.1| enolase [S
treptococcus agalactiae C

O
H

1] 
x

77173617
>gi|77173617|gb|E

A
O

76732.1| enolase [S
treptococcus agalactiae C

O
H

1]
x

46191081
>gi|46191081|ref|ZP

_00120494.2| C
O

G
0148: E

nolase [B
ifidobacterium

 
longum

 D
JO

10A
]

x

23015298
>gi|23015298|ref|ZP

_00055078.1| C
O

G
0148: E

nolase [M
agnetospirillum

 
m

agnetotacticum
 M

S
-1]

x

23394379
>gi|23394379|gb|A

A
N

31479.1| enolase [P
hytophthora infestans]

x

72495736
>gi|72495736|dbj|B

A
E

19057.1| enolase [S
taphylococcus saprophyticus 

subsp. saprophyticus ATC
C

 15305] 
x

73663221
>gi|73663221|ref|Y

P
_302002.1| enolase [S

taphylococcus saprophyticus 
subsp. saprophyticus ATC

C
 15305]

x
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24195632
>gi|24195632|gb|A

A
N

49150.1| E
nolase [Leptospira interrogans serovar Lai 

str. 56601] 
x

45657813
>gi|45657813|ref|Y

P
_001899.1| enolase [Leptospira interrogans serovar 

C
openhageni str. Fiocruz L1-130] 

x

45601053
>gi|45601053|gb|A

A
S

70536.1| enolase [Leptospira interrogans serovar 
C

openhageni str. Fiocruz L1-130] 
x

29839244
>gi|29839244|sp|Q

8F4T8|E
N

O
_LE

P
IN

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

59797585
>gi|59797585|sp|Q

72Q
Z8|E

N
O

_LE
P

IC
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

24214651
>gi|24214651|ref|N

P
_712132.1| E

nolase [Leptospira interrogans serovar Lai 
str. 56601]

x

17428142
>gi|17428142|em

b|C
A

D
14831.1| P

R
O

B
A

B
LE

 E
N

O
LA

S
E

 (2-
P

H
O

S
P

H
O

G
LY

C
E

R
ATE

 D
E

H
Y

D
R

ATA
S

E
) P

R
O

TE
IN

 [R
alstonia 

solanacearum
] 

x

17545848
>gi|17545848|ref|N

P
_519250.1| phosphopyruvate hydratase [R

alstonia 
solanacearum

 G
M

I1000] 
x

21263577
>gi|21263577|sp|Q

8Y
0B

5|E
N

O
_R

A
LS

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

27902665
>gi|27902665|gb|A

A
O

24625.1| enolase [M
ethylobacterium

 extorquens]
x

23128142
>gi|23128142|ref|ZP

_00109996.1| C
O

G
0148: E

nolase [N
ostoc punctiform

e 
P

C
C

 73102]
x

56679062
>gi|56679062|gb|A

AV
95728.1| enolase [S

ilicibacter pom
eroyi D

S
S

-3] 
x

56697325
>gi|56697325|ref|Y

P
_167691.1| enolase [S

ilicibacter pom
eroyi D

S
S

-3] 
x

68053528
>gi|68053528|sp|Q

5LQ
L4|E

N
O

_S
ILP

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

30315823
>gi|30315823|sp|Q

8E
B

R
0|E

N
O

_S
H

E
O

N
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

69953339
>gi|69953339|ref|ZP

_00640506.1| E
nolase [S

hew
anella frigidim

arina N
C

IM
B

 
400] 

x

69163601
>gi|69163601|gb|E

A
N

72732.1| E
nolase [S

hew
anella frigidim

arina N
C

IM
B

 
400]

x
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 D
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12723548
>gi|12723548|gb|A

A
K

04742.1| enolase (E
C

 4.2.1.11) [Lactococcus lactis 
subsp. lactis Il1403] 

x

15672626
>gi|15672626|ref|N

P
_266800.1| phosphopyruvate hydratase [Lactococcus 

lactis subsp. lactis Il1403] 
x

21263619
>gi|21263619|sp|Q

9C
H

S
7|E

N
O

1_LA
C

LA E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

83748260
>gi|83748260|ref|ZP

_00945286.1| E
nolase [R

alstonia solanacearum
 U

W
551] 

x

83725101
>gi|83725101|gb|E

A
P

72253.1| E
nolase [R

alstonia solanacearum
 U

W
551]

x

32035526
>gi|32035526|ref|ZP

_00135469.1| C
O

G
0148: E

nolase [A
ctinobacillus 

pleuropneum
oniae serovar 1 str. 4074]

x

8979174
>gi|8979174|dbj|B

A
A

99008.1| enolase [C
hlam

ydophila pneum
oniae J138] 

x

7189985
>gi|7189985|gb|A

A
F38843.1| enolase [C

hlam
ydophila pneum

oniae A
R

39] 
x

15836333
>gi|15836333|ref|N

P
_300857.1| phosphopyruvate hydratase [C

hlam
ydophila 

pneum
oniae J138] 

x

16752240
>gi|16752240|ref|N

P
_445608.1| phosphopyruvate hydratase [C

hlam
ydophila 

pneum
oniae A

R
39] 

x

12644033
>gi|12644033|sp|Q

9Z7A
6|E

N
O

_C
H

LP
N

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

85703404
>gi|85703404|ref|ZP

_01034508.1| enolase [R
oseovarius sp. 217] 

x
85672332

>gi|85672332|gb|E
A

Q
27189.1| enolase [R

oseovarius sp. 217]
x

74017775
>gi|74017775|ref|ZP

_00688398.1| E
nolase [B

urkholderia am
bifaria A

M
M

D
] 

x

72609660
>gi|72609660|gb|E

A
O

45609.1| E
nolase [B

urkholderia am
bifaria A

M
M

D
]

x

56604320
>gi|56604320|em

b|C
A

G
45342.1| E

nolase (2-phosphoglycerate dehydratase) 
[Francisella tularensis subsp. tularensis S

C
H

U
 S

4] 
x

56707828
>gi|56707828|ref|Y

P
_169724.1| E

nolase (2-phosphoglycerate dehydratase) 
[Francisella tularensis subsp. tularensis S

C
H

U
 S

4] 
x

68053532
>gi|68053532|sp|Q

5N
G

W
8|E

N
O

_FR
ATT E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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84779011
>gi|84779011|dbj|B

A
E

73788.1| enolase [S
odalis glossinidius str. 'm

orsitans'] 
x

85058491
>gi|85058491|ref|Y

P
_454193.1| enolase [S

odalis glossinidius str. 'm
orsitans']

x

77967627
>gi|77967627|gb|A

B
B

09007.1| P
hosphopyruvate hydratase [B

urkholderia sp. 
383] 

x

78066882
>gi|78066882|ref|Y

P
_369651.1| phosphopyruvate hydratase [B

urkholderia sp. 
383]

x

47574355
>gi|47574355|ref|ZP

_00244391.1| C
O

G
0148: E

nolase [R
ubrivivax 

gelatinosus P
M

1]
x

71898806
>gi|71898806|ref|ZP

_00680974.1| E
nolase [X

ylella fastidiosa A
nn-1] 

x
71731392

>gi|71731392|gb|E
A

O
33455.1| E

nolase [X
ylella fastidiosa A

nn-1]
x

155581
>gi|155581|gb|A

A
A

27686.1| enolase
x

84714102
>gi|84714102|ref|ZP

_01021631.1| E
nolase [P

olarom
onas naphthalenivorans 

C
J2] 

x

84694080
>gi|84694080|gb|E

A
Q

19876.1| E
nolase [P

olarom
onas naphthalenivorans 

C
J2]

x

77689478
>gi|77689478|ref|ZP

_00804659.1| E
nolase [R

hodopseudom
onas palustris 

B
isB

5] 
x

77653845
>gi|77653845|gb|E

A
O

85619.1| E
nolase [R

hodopseudom
onas palustris 

B
isB

5]
x

67657013
>gi|67657013|ref|ZP

_00454393.1| E
nolase [B

urkholderia cenocepacia A
U

 
1054] 

x

67666378
>gi|67666378|ref|ZP

_00463627.1| E
nolase [B

urkholderia cenocepacia 
H

I2424] 
x

67100104
>gi|67100104|gb|E

A
M

17265.1| E
nolase [B

urkholderia cenocepacia H
I2424] 

x

67095281
>gi|67095281|gb|E

A
M

12810.1| E
nolase [B

urkholderia cenocepacia A
U

 1054] 
x

84362206
>gi|84362206|ref|ZP

_00986839.1| C
O

G
0148: E

nolase [B
urkholderia dolosa 

A
U

O
158] 

x

84355108
>gi|84355108|ref|ZP

_00979998.1| C
O

G
0148: E

nolase [B
urkholderia 

cenocepacia P
C

184]
x

              746



         Table L-1. G
enB

ank N
R

 D
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33236671
>gi|33236671|gb|A

A
P

98758.1| enolase [C
hlam

ydophila pneum
oniae TW

-183] 
x

33242160
>gi|33242160|ref|N

P
_877101.1| phosphopyruvate hydratase [C

hlam
ydophila 

pneum
oniae TW

-183]
x

67549711
>gi|67549711|ref|ZP

_00427562.1| E
nolase [B

urkholderia vietnam
iensis G

4] 
x

67528985
>gi|67528985|gb|E

A
M

25871.1| E
nolase [B

urkholderia vietnam
iensis G

4]
x

4377111
>gi|4377111|gb|A

A
D

18938.1| E
nolase [C

hlam
ydophila pneum

oniae C
W

L029] 
x

15618709
>gi|15618709|ref|N

P
_224995.1| phosphopyruvate hydratase [C

hlam
ydophila 

pneum
oniae C

W
L029]

x

86357552
>gi|86357552|ref|Y

P
_469444.1| 2-phosphoglycerate dehydratase (enolase) 

protein [R
hizobium

 etli C
FN

 42] 
x

86281654
>gi|86281654|gb|A

B
C

90717.1| 2-phosphoglycerate dehydratase (enolase) 
protein [R

hizobium
 etli C

FN
 42]

x

86146349
>gi|86146349|ref|ZP

_01064673.1| phosphopyruvate hydratase [Vibrio sp. 
M

E
D

222] 
x

85835828
>gi|85835828|gb|E

A
Q

53962.1| phosphopyruvate hydratase [Vibrio sp. 
M

E
D

222]
x

67910846
>gi|67910846|ref|ZP

_00509232.1| E
nolase [P

olarom
onas sp. JS

666] 
x

67777007
>gi|67777007|gb|E

A
M

36639.1| E
nolase [P

olarom
onas sp. JS

666]
x

71364941
>gi|71364941|ref|ZP

_00655507.1| E
nolase [P

sychrobacter cryohalolentis K
5] 

x

71159860
>gi|71159860|gb|E

A
O

09695.1| E
nolase [P

sychrobacter cryohalolentis K
5]

x

86158067
>gi|86158067|ref|Y

P
_464852.1| enolase [A

naerom
yxobacter dehalogenans 

2C
P

-C
] 

x

85774578
>gi|85774578|gb|A

B
C

81415.1| enolase [A
naerom

yxobacter dehalogenans 
2C

P
-C

]
x

59797564
>gi|59797564|sp|Q

6M
075|E

N
O

_M
E

TM
P E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

34762728
>gi|34762728|ref|ZP

_00143718.1| E
nolase [Fusobacterium

 nucleatum
 subsp. 

vincentii ATC
C

 49256] 
x
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 D
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27887627
>gi|27887627|gb|E

A
A

24706.1| E
nolase [Fusobacterium

 nucleatum
 subsp. 

vincentii ATC
C

 49256]
x

66357920
>gi|66357920|ref|X

P
_626138.1| enolase (2-phosphoglycerate dehydratase) 

[C
ryptosporidium

 parvum
] 

x

46227284
>gi|46227284|gb|E

A
K

88234.1| enolase (2-phosphoglycerate dehydratase) 
[C

ryptosporidium
 parvum

]
x

3023683
>gi|3023683|sp|Q

12560|E
N

O
_A

S
P

O
R

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

1217828
>gi|1217828|dbj|B

A
A

09973.1| enolase [A
spergillus oryzae] 

x
2665456

>gi|2665456|dbj|B
A

A
23760.1| enolase [A

spergillus oryzae] 
x

1586931
>gi|1586931|prf||2205241A enolase

x
23347962

>gi|23347962|gb|A
A

N
30052.1| enolase [B

rucella suis 1330] 
x

82699972
>gi|82699972|ref|Y

P
_414546.1| E

nolase [B
rucella m

elitensis biovar A
bortus 

2308] 
x

62290045
>gi|62290045|ref|Y

P
_221838.1| enolase [B

rucella abortus biovar 1 str. 9-941] 
x

62196177
>gi|62196177|gb|A

A
X

74477.1| enolase [B
rucella abortus biovar 1 str. 9-941] 

x

29839247
>gi|29839247|sp|Q

8G
0G

3|E
N

O
_B

R
U

S
U

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

82616073
>gi|82616073|em

b|C
A

J11111.1| E
nolase [B

rucella m
elitensis biovar A

bortus] 
x

23502010
>gi|23502010|ref|N

P
_698137.1| enolase [B

rucella suis 1330]
x

17132671
>gi|17132671|dbj|B

A
B

75237.1| enolase [N
ostoc sp. P

C
C

 7120] 
x

17231030
>gi|17231030|ref|N

P
_487578.1| phosphopyruvate hydratase [N

ostoc sp. P
C

C
 

7120] 
x

21263582
>gi|21263582|sp|Q

8Y
R

B
0|E

N
O

_A
N

A
S

P E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

49238171
>gi|49238171|em

b|C
A

F27380.1| E
nolase [B

artonella henselae str. H
ouston-1] 

x

20465193
>gi|20465193|gb|A

A
L74281.1| enolase [B

artonella henselae] 
x

29839252
>gi|29839252|sp|Q

8L202|E
N

O
_B

A
R

H
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x
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49475365
>gi|49475365|ref|Y

P
_033406.1| E

nolase [B
artonella henselae str. H

ouston-1]
x

15644783
>gi|15644783|ref|N

P
_206953.1| phosphopyruvate hydratase [H

elicobacter 
pylori 26695] 

x

2313236
>gi|2313236|gb|A

A
D

07219.1| enolase (eno) [H
elicobacter pylori 26695] 

x

2506387
>gi|2506387|sp|P

48285|E
N

O
_H

E
LP

Y E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

48787796
>gi|48787796|ref|ZP

_00283775.1| C
O

G
0148: E

nolase [B
urkholderia 

fungorum
 LB

400]
x

69933446
>gi|69933446|ref|ZP

_00628648.1| E
nolase [P

aracoccus denitrificans 
P

D
1222] 

x

69155082
>gi|69155082|gb|E

A
N

68185.1| E
nolase [P

aracoccus denitrificans P
D

1222]
x

39649793
>gi|39649793|em

b|C
A

E
28315.1| enolase [R

hodopseudom
onas palustris 

C
G

A
009] 

x

39935939
>gi|39935939|ref|N

P
_948215.1| enolase [R

hodopseudom
onas palustris 

C
G

A
009] 

x

59797572
>gi|59797572|sp|Q

6N
5U

6|E
N

O
_R

H
O

PA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

30749888
>gi|30749888|pdb|1O

E
P

|A C
hain A

, S
tructure O

f Trypanosom
a B

rucei 
E

nolase R
eveals The Inhibitory D

ivalent M
etal S

ite
x

77742416
>gi|77742416|ref|ZP

_00810894.1| E
nolase [R

hodopseudom
onas palustris 

B
isA

53] 
x

77697805
>gi|77697805|gb|E

A
O

88963.1| E
nolase [R

hodopseudom
onas palustris 

B
isA

53]
x

85708563
>gi|85708563|ref|ZP

_01039629.1| enolase [E
rythrobacter sp. N

A
P

1] 
x

85690097
>gi|85690097|gb|E

A
Q

30100.1| enolase [E
rythrobacter sp. N

A
P

1]
x

33577120
>gi|33577120|em

b|C
A

E
35677.1| enolase [B

ordetella bronchiseptica R
B

50] 
x

33574205
>gi|33574205|em

b|C
A

E
38537.1| enolase [B

ordetella parapertussis] 
x

33572731
>gi|33572731|em

b|C
A

E
42657.1| enolase [B

ordetella pertussis Toham
a I] 

x

33593375
>gi|33593375|ref|N

P
_881019.1| phosphopyruvate hydratase [B

ordetella 
pertussis Toham

a I] 
x
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33597776
>gi|33597776|ref|N

P
_885419.1| phosphopyruvate hydratase [B

ordetella 
parapertussis 12822] 

x

33602678
>gi|33602678|ref|N

P
_890238.1| phosphopyruvate hydratase [B

ordetella 
bronchiseptica R

B
50] 

x

59797622
>gi|59797622|sp|Q

7V
W

79|E
N

O
_B

O
R

P
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

59797623
>gi|59797623|sp|Q

7W
5N

9|E
N

O
_B

O
R

PA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

59797624
>gi|59797624|sp|Q

7W
D

75|E
N

O
_B

O
R

B
R

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

49239628
>gi|49239628|em

b|C
A

F25987.1| E
nolase [B

artonella quintana str. Toulouse] 
x

59797553
>gi|59797553|sp|Q

6G
173|E

N
O

_B
A

R
Q

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

49474124
>gi|49474124|ref|Y

P
_032166.1| E

nolase [B
artonella quintana str. Toulouse]

x

67466006
>gi|67466006|ref|X

P
_649161.1| enolase [E

ntam
oeba histolytica H

M
-1:IM

S
S

] 
x

56465529
>gi|56465529|gb|E

A
L43773.1| enolase, putative [E

ntam
oeba histolytica H

M
-

1:IM
S

S
] 

x

1706652
>gi|1706652|sp|P

51555|E
N

O
1_E

N
TH

I E
nolase 1 (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

498862
>gi|498862|gb|A

A
A

80166.1| enolase
x

37147852
>gi|37147852|gb|A

A
Q

88397.1| enolase [Tuber borchii] 
x

74612186
>gi|74612186|sp|Q

6W
3C

0|E
N

O
_TU

B
B

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

62424027
>gi|62424027|ref|ZP

_00379179.1| C
O

G
0148: E

nolase [B
revibacterium

 linens 
B

L2]
x

17982798
>gi|17982798|gb|A

A
L52032.1| E

N
O

LA
S

E
 [B

rucella m
elitensis 16M

] 
x

21263581
>gi|21263581|sp|Q

8Y
H

F0|E
N

O
_B

R
U

M
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

17987134
>gi|17987134|ref|N

P
_539768.1| E

N
O

LA
S

E
 [B

rucella m
elitensis 16M

]
x
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78702809
>gi|78702809|ref|ZP

_00867233.1| E
nolase [A

lkalilim
nicola ehrlichei M

LH
E

-1] 
x

78519732
>gi|78519732|gb|E

A
P

33015.1| E
nolase [A

lkalilim
nicola ehrlichei M

LH
E

-1]
x

68193510
>gi|68193510|gb|E

A
N

08162.1| E
nolase [M

esorhizobium
 sp. B

N
C

1] 
x

69275070
>gi|69275070|ref|ZP

_00610982.1| E
nolase [M

esorhizobium
 sp. B

N
C

1]
x

68539232
>gi|68539232|ref|ZP

_00579005.1| E
nolase [S

phingopyxis alaskensis 
R

B
2256] 

x

68523356
>gi|68523356|gb|E

A
N

46485.1| E
nolase [S

phingopyxis alaskensis R
B

2256]
x

86742602
>gi|86742602|ref|Y

P
_483002.1| P

hosphopyruvate hydratase [Frankia sp. 
C

cI3] 
x

86569464
>gi|86569464|gb|A

B
D

13273.1| P
hosphopyruvate hydratase [Frankia sp. C

cI3]
x

84684859
>gi|84684859|ref|ZP

_01012759.1| enolase [R
hodobacterales bacterium

 
H

TC
C

2654] 
x

84667194
>gi|84667194|gb|E

A
Q

13664.1| enolase [R
hodobacterales bacterium

 
H

TC
C

2654]
x

71039176
>gi|71039176|gb|A

A
Z19484.1| enolase [P

sychrobacter arcticus 273-4] 
x

71066191
>gi|71066191|ref|Y

P
_264918.1| enolase [P

sychrobacter arcticus 273-4]
x

82945763
>gi|82945763|dbj|B

A
E

50627.1| E
nolase [M

agnetospirillum
 m

agneticum
 A

M
B

-
1] 

x

83310922
>gi|83310922|ref|Y

P
_421186.1| E

nolase [M
agnetospirillum

 m
agneticum

 A
M

B
-

1]
x

75703448
>gi|75703448|gb|A

B
A

23124.1| E
nolase [A

nabaena variabilis ATC
C

 29413] 
x

75909723
>gi|75909723|ref|Y

P
_324019.1| phosphopyruvate hydratase [A

nabaena 
variabilis ATC

C
 29413]

x

84515610
>gi|84515610|ref|ZP

_01002972.1| enolase [Loktanella vestfoldensis S
K

A
53] 

x

84510893
>gi|84510893|gb|E

A
Q

07348.1| enolase [Loktanella vestfoldensis S
K

A
53]

x

67642981
>gi|67642981|ref|ZP

_00441731.1| C
O

G
0148: E

nolase [B
urkholderia m

allei 
G

B
8 horse 4] 

x
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67634803
>gi|67634803|ref|ZP

_00433769.1| C
O

G
0148: E

nolase [B
urkholderia m

allei 
10399] 

x

52427207
>gi|52427207|gb|A

A
U

47800.1| enolase [B
urkholderia m

allei ATC
C

 23344] 
x

76580900
>gi|76580900|gb|A

B
A

50375.1| phosphopyruvate hydratase [B
urkholderia 

pseudom
allei 1710b] 

x

52210294
>gi|52210294|em

b|C
A

H
36273.1| enolase [B

urkholderia pseudom
allei 

K
96243] 

x

76811447
>gi|76811447|ref|Y

P
_334097.1| phosphopyruvate hydratase [B

urkholderia 
pseudom

allei 1710b] 
x

83623653
>gi|83623653|ref|ZP

_00933918.1| C
O

G
0148: E

nolase [B
urkholderia m

allei 
JH

U
] 

x

83618747
>gi|83618747|ref|ZP

_00929199.1| C
O

G
0148: E

nolase [B
urkholderia m

allei 
FM

H
] 

x

59797510
>gi|59797510|sp|Q

63S
Q

0|E
N

O
_B

U
R

P
S

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

59797504
>gi|59797504|sp|Q

62J10|E
N

O
_B

U
R

M
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

53719880
>gi|53719880|ref|Y

P
_108866.1| phosphopyruvate hydratase [B

urkholderia 
pseudom

allei K
96243]

x

13991101
>gi|13991101|gb|A

A
K

51201.1| enolase [P
enicillium

 citrinum
] 

x

74664773
>gi|74664773|sp|Q

96X
46|E

N
O

_P
E

N
C

I E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) (A

llergen P
en c 22)

x

11323224
>gi|11323224|em

b|C
A

C
16971.1| enolase [S

treptom
yces coelicolor A

3(2)] 
x

21225899
>gi|21225899|ref|N

P
_631678.1| enolase [S

treptom
yces coelicolor A

3(2)] 
x

23814099
>gi|23814099|sp|Q

9F3P
9|E

N
O

2_S
TR

C
O

 E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

13423140
>gi|13423140|gb|A

A
K

23700.1| enolase [C
aulobacter crescentus C

B
15] 

x
16125968

>gi|16125968|ref|N
P

_420532.1| enolase [C
aulobacter crescentus C

B
15] 

x

21263607
>gi|21263607|sp|Q

9A
7J9|E

N
O

_C
A

U
C

R
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

35212688
>gi|35212688|dbj|B

A
C

90062.1| enolase [G
loeobacter violaceus P

C
C

 7421] 
x
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59797612
>gi|59797612|sp|Q

7N
IR

1|E
N

O
_G

LO
V

I E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

37521690
>gi|37521690|ref|N

P
_925067.1| enolase [G

loeobacter violaceus P
C

C
 7421]

x

69159144
>gi|69159144|gb|E

A
N

71282.1| E
nolase [S

hew
anella denitrificans O

S
217] 

x

69942536
>gi|69942536|ref|ZP

_00634323.1| E
nolase [S

hew
anella denitrificans O

S
-217]

x

71145813
>gi|71145813|gb|A

A
Z26286.1| enolase [C

olw
ellia psychrerythraea 34H

] 
x

71280073
>gi|71280073|ref|Y

P
_270761.1| phosphopyruvate hydratase [C

olw
ellia 

psychrerythraea 34H
]

x

70832210
>gi|70832210|gb|E

A
N

77714.1| enolase [Trypanosom
a brucei] 

x
71746974

>gi|71746974|ref|X
P

_822542.1| enolase [Trypanosom
a brucei] 

x
8132069

>gi|8132069|gb|A
A

F73201.1| enolase [Trypanosom
a brucei brucei]

x

22294379
>gi|22294379|dbj|B

A
C

08209.1| enolase [Therm
osynechococcus elongatus 

B
P

-1] 
x

29839235
>gi|29839235|sp|Q

8D
L40|E

N
O

_S
Y

N
E

L E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

22298200
>gi|22298200|ref|N

P
_681447.1| phosphopyruvate hydratase 

[Therm
osynechococcus elongatus B

P
-1]

x

76874604
>gi|76874604|em

b|C
A

I85825.1| enolase [P
seudoalterom

onas haloplanktis 
TA

C
125] 

x

77359693
>gi|77359693|ref|Y

P
_339268.1| phosphopyruvate hydratase 

[P
seudoalterom

onas haloplanktis TA
C

125]
x

83721440
>gi|83721440|ref|Y

P
_442424.1| enolase [B

urkholderia thailandensis E
264] 

x

83655265
>gi|83655265|gb|A

B
C

39328.1| enolase [B
urkholderia thailandensis E

264]
x

83751193
>gi|83751193|ref|ZP

_00947607.1| C
O

G
0148: E

nolase [B
artonella 

bacilliform
is K

C
583]

x

68234022
>gi|68234022|ref|ZP

_00573122.1| E
nolase [Frankia sp. E

A
N

1pec] 
x

68198365
>gi|68198365|gb|E

A
N

12637.1| E
nolase [Frankia sp. E

A
N

1pec]
x

182118
>gi|182118|gb|A

A
A

52388.1| gam
m

a enolase
x
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15221107
>gi|15221107|ref|N

P
_177543.1| phosphopyruvate hydratase [A

rabidopsis 
thaliana] 

x

17065640
>gi|17065640|gb|A

A
L33814.1| putative enolase [A

rabidopsis thaliana] 
x

14334610
>gi|14334610|gb|A

A
K

59483.1| putative enolase [A
rabidopsis thaliana] 

x

12325134
>gi|12325134|gb|A

A
G

52510.1| putative enolase; 31277-33713 [A
rabidopsis 

thaliana]
x

48861278
>gi|48861278|ref|ZP

_00315181.1| C
O

G
0148: E

nolase [M
icrobulbifer 

degradans 2-40]
x

56685854
>gi|56685854|dbj|B

A
D

79076.1| enolase [S
ynechococcus elongatus P

C
C

 
6301] 

x

56750895
>gi|56750895|ref|Y

P
_171596.1| phosphopyruvate hydratase [S

ynechococcus 
elongatus P

C
C

 6301] 
x

81299450
>gi|81299450|ref|Y

P
_399658.1| enolase [S

ynechococcus elongatus P
C

C
 

7942] 
x

68053531
>gi|68053531|sp|Q

5N
3P

4|E
N

O
_S

Y
N

P
6 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

81168331
>gi|81168331|gb|A

B
B

56671.1| enolase [S
ynechococcus elongatus P

C
C

 
7942]

x

40063045
>gi|40063045|gb|A

A
R

37901.1| enolase [uncultured bacterium
 560]

x
58003118

>gi|58003118|gb|A
AW

62012.1| E
nolase [G

luconobacter oxydans 621H
] 

x

68053521
>gi|68053521|sp|Q

5FN
N

5|E
N

O
_G

LU
O

X
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

58040704
>gi|58040704|ref|Y

P
_192668.1| E

nolase [G
luconobacter oxydans 621H

]
x

53757045
>gi|53757045|gb|A

A
U

91336.1| enolase [M
ethylococcus capsulatus str. B

ath] 
x

53803284
>gi|53803284|ref|Y

P
_114926.1| enolase [M

ethylococcus capsulatus str. B
ath] 

x

59797673
>gi|59797673|sp|Q

604M
4|E

N
O

2_M
E

TC
A E

nolase 2 (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

71674738
>gi|71674738|ref|ZP

_00672484.1| E
nolase [Trichodesm

ium
 erythraeum

 
IM

S
101] 

x

71671714
>gi|71671714|gb|E

A
O

28378.1| E
nolase [Trichodesm

ium
 erythraeum

 IM
S

101]
x
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86572923
>gi|86572923|gb|A

B
D

07480.1| enolase [R
hodopseudom

onas palustris H
aA

2]
x

68561157
>gi|68561157|ref|ZP

_00600460.1| E
nolase [R

ubrobacter xylanophilus D
S

M
 

9941] 
x

68512646
>gi|68512646|gb|E

A
N

36450.1| E
nolase [R

ubrobacter xylanophilus D
S

M
 

9941]
x

69928271
>gi|69928271|ref|ZP

_00625432.1| E
nolase [N

itrobacter ham
burgensis X

14] 
x

69143275
>gi|69143275|gb|E

A
N

61803.1| E
nolase [N

itrobacter ham
burgensis X

14]
x

77387470
>gi|77387470|gb|A

B
A

78655.1| E
nolase [R

hodobacter sphaeroides 2.4.1] 
x

77463052
>gi|77463052|ref|Y

P
_352556.1| E

nolase [R
hodobacter sphaeroides 2.4.1] 

x

83374072
>gi|83374072|ref|ZP

_00918848.1| E
nolase [R

hodobacter sphaeroides ATC
C

 
17029] 

x

83364615
>gi|83364615|gb|E

A
P

68105.1| E
nolase [R

hodobacter sphaeroides ATC
C

 
17029]

x

67988318
>gi|67988318|gb|E

A
M

76098.1| E
nolase [K

ineococcus radiotolerans 
S

R
S

30216] 
x

69284254
>gi|69284254|ref|ZP

_00616202.1| E
nolase [K

ineococcus radiotolerans 
S

R
S

30216]
x

26453833
>gi|26453833|dbj|B

A
C

44164.1| enolase [M
ycoplasm

a penetrans H
F-2] 

x

26553826
>gi|26553826|ref|N

P
_757760.1| phosphopyruvate hydratase [M

ycoplasm
a 

penetrans H
F-2] 

x

29839243
>gi|29839243|sp|Q

8E
W

32|E
N

O
_M

Y
C

P
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

1653839
>gi|1653839|dbj|B

A
A

18749.1| enolase [S
ynechocystis sp. P

C
C

 6803] 
x

16332209
>gi|16332209|ref|N

P
_442937.1| phosphopyruvate hydratase [S

ynechocystis 
sp. P

C
C

 6803] 
x

3023705
>gi|3023705|sp|P

77972|E
N

O
_S

Y
N

Y
3 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

1169529
>gi|1169529|sp|P

42897|E
N

O
_A

LLM
I E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

472797
>gi|472797|gb|A

A
A

53671.1| alpha-enolase
x
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70885013

>gi|70885013|gb|E
A

N
97849.1| enolase, putative [Trypanosom

a cruzi] 
x

71665461
>gi|71665461|ref|X

P
_819700.1| enolase [Trypanosom

a cruzi strain C
L 

B
rener]

x

40949688
>gi|40949688|gb|A

A
R

97555.1| enolase [H
eterocapsa triquetra]

x

83371294
>gi|83371294|ref|ZP

_00916109.1| E
nolase [R

hodobacter sphaeroides ATC
C

 
17025] 

x

83359037
>gi|83359037|gb|E

A
P

62598.1| E
nolase [R

hodobacter sphaeroides ATC
C

 
17025]

x

47458343
>gi|47458343|gb|A

AT27666.1| enolase [M
ycoplasm

a m
obile 163K

] 
x

59797560
>gi|59797560|sp|Q

6K
IB

0|E
N

O
_M

Y
C

M
O

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

47459015
>gi|47459015|ref|Y

P
_015877.1| phosphopyruvate hydratase [M

ycoplasm
a 

m
obile 163K

]
x

83816221
>gi|83816221|ref|Y

P
_444923.1| phosphopyruvate hydratase [S

alinibacter 
ruber D

S
M

 13855] 
x

83757615
>gi|83757615|gb|A

B
C

45728.1| phosphopyruvate hydratase [S
alinibacter 

ruber D
S

M
 13855]

x

74661357
>gi|74661357|sp|Q

6FTW
6|E

N
O

1_C
A

N
G

A E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

56315000
>gi|56315000|em

b|C
A

I09645.1| E
nolase [A

zoarcus sp. E
bN

1] 
x

56478957
>gi|56478957|ref|Y

P
_160546.1| phosphopyruvate hydratase [A

zoarcus sp. 
E

bN
1] 

x

68053533
>gi|68053533|sp|Q

5N
Z69|E

N
O

_A
ZO

S
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

38636433
>gi|38636433|em

b|C
A

E
81969.1| probable enolase [N

eurospora crassa] 
x

13508345
>gi|13508345|ref|N

P
_110295.1| phosphopyruvate hydratase [M

ycoplasm
a 

pneum
oniae M

129] 
x

1673903
>gi|1673903|gb|A

A
B

95884.1| enolase (eno) [M
ycoplasm

a pneum
oniae M

129] 
x

2494352
>gi|2494352|sp|P

75189|E
N

O
_M

Y
C

P
N

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

33633710
>gi|33633710|em

b|C
A

E
18667.1| E

nolase [P
rochlorococcus m

arinus subsp. 
pastoris str. C

C
M

P
1986] 

x

              756



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

33860768
>gi|33860768|ref|N

P
_892329.1| E

nolase [P
rochlorococcus m

arinus subsp. 
pastoris str. C

C
M

P
1986] 

x

59797616
>gi|59797616|sp|Q

7V
377|E

N
O

_P
R

O
M

P E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

2655163
>gi|2655163|gb|A

A
B

87891.1| enolase [D
rosophila subobscura]

x

82702357
>gi|82702357|ref|Y

P
_411923.1| enolase [N

itrosospira m
ultiform

is ATC
C

 
25196] 

x

82410422
>gi|82410422|gb|A

B
B

74531.1| enolase [N
itrosospira m

ultiform
is ATC

C
 

25196]
x

40063711
>gi|40063711|gb|A

A
R

38492.1| enolase [uncultured bacterium
 583]

x

28271404
>gi|28271404|em

b|C
A

D
64309.1| phosphopyruvate hydratase [Lactobacillus 

plantarum
 W

C
FS

1] 
x

28378568
>gi|28378568|ref|N

P
_785460.1| phosphopyruvate hydratase [Lactobacillus 

plantarum
 W

C
FS

1] 
x

38257511
>gi|38257511|sp|Q

88V
W

2|E
N

O
2_LA

C
P

L E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

86169224
>gi|86169224|gb|E

A
Q

70480.1| E
nolase [S

ynechococcus sp. R
S

9917]
x

32440997
>gi|32440997|gb|A

A
P

81756.1| enolase [O
nchocerca volvulus]

x
78170022

>gi|78170022|gb|A
B

B
27119.1| E

nolase [S
ynechococcus sp. C

C
9902] 

x
78185728

>gi|78185728|ref|Y
P

_378162.1| E
nolase [S

ynechococcus sp. C
C

9902]
x

33641127
>gi|33641127|em

b|C
A

E
22257.1| E

nolase [P
rochlorococcus m

arinus str. M
IT 

9313] 
x

33864347
>gi|33864347|ref|N

P
_895907.1| E

nolase [P
rochlorococcus m

arinus str. M
IT 

9313] 
x

59797617
>gi|59797617|sp|Q

7V
483|E

N
O

_P
R

O
M

M
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

78712095
>gi|78712095|gb|A

B
B

49272.1| enolase [P
rochlorococcus m

arinus str. M
IT 

9312] 
x

78778596
>gi|78778596|ref|Y

P
_396708.1| enolase [P

rochlorococcus m
arinus str. M

IT 
9312]

x

53754768
>gi|53754768|em

b|C
A

H
16255.1| enolase [Legionella pneum

ophila str. Lens] 
x
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 D
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68053537
>gi|68053537|sp|Q

5W
V

02|E
N

O
_LE

G
P

L E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

54294936
>gi|54294936|ref|Y

P
_127351.1| enolase [Legionella pneum

ophila str. Lens]
x

60099812
>gi|60099812|gb|A

A
X

13040.1| enolase [D
rosophila pseudoobscura]

x
85716527

>gi|85716527|ref|ZP
_01047498.1| enolase [N

itrobacter sp. N
b-311A

] 
x

85696716
>gi|85696716|gb|E

A
Q

34603.1| enolase [N
itrobacter sp. N

b-311A
]

x

34483549
>gi|34483549|em

b|C
A

E
10546.1| P

U
TATIV

E
 E

N
O

LA
S

E
 (2-

P
H

O
S

P
H

O
G

LY
C

E
R

ATE
 D

E
H

Y
D

R
ATA

S
E

) [W
olinella succinogenes] 

x

34557831
>gi|34557831|ref|N

P
_907646.1| phosphopyruvate hydratase [W

olinella 
succinogenes D

S
M

 1740] 
x

59797607
>gi|59797607|sp|Q

7M
8Q

0|E
N

O
_W

O
LS

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

74420888
>gi|74420888|gb|A

B
A

05087.1| enolase [N
itrobacter w

inogradskyi N
b-255] 

x

75676018
>gi|75676018|ref|Y

P
_318439.1| enolase [N

itrobacter w
inogradskyi N

b-255]
x

86607174
>gi|86607174|ref|Y

P
_475937.1| phosphopyruvate hydratase [C

yanobacteria 
bacterium

 Yellow
stone A

-P
rim

e] 
x

86555716
>gi|86555716|gb|A

B
D

00674.1| phosphopyruvate hydratase [C
yanobacteria 

bacterium
 Yellow

stone A
-P

rim
e]

x

33639479
>gi|33639479|em

b|C
A

E
08863.1| E

nolase [S
ynechococcus sp. W

H
 8102] 

x
33866878

>gi|33866878|ref|N
P

_898437.1| E
nolase [S

ynechococcus sp. W
H

 8102] 
x

59797614
>gi|59797614|sp|Q

7U
3T1|E

N
O

_S
Y

N
P

X
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

77176833
>gi|77176833|gb|A

B
A

64522.1| enolase [Leishm
ania m

exicana]
x

29542233
>gi|29542233|gb|A

A
O

91170.1| enolase [C
oxiella burnetii R

S
A 493] 

x
29654964

>gi|29654964|ref|N
P

_820656.1| enolase [C
oxiella burnetii R

S
A 493] 

x

59797628
>gi|59797628|sp|Q

83B
44|E

N
O

_C
O

X
B

U
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

58698888
>gi|58698888|ref|ZP

_00373755.1| enolase [W
olbachia endosym

biont of 
D

rosophila ananassae] 
x
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 D
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58534597
>gi|58534597|gb|E

A
L58729.1| enolase [W

olbachia endosym
biont of 

D
rosophila ananassae]

x

33237212
>gi|33237212|gb|A

A
P

99281.1| E
nolase [P

rochlorococcus m
arinus subsp. 

m
arinus str. C

C
M

P
1375] 

x

59797618
>gi|59797618|sp|Q

7V
D

Y
0|E

N
O

_P
R

O
M

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

33239687
>gi|33239687|ref|N

P
_874629.1| E

nolase [P
rochlorococcus m

arinus subsp. 
m

arinus str. C
C

M
P

1375]
x

535442
>gi|535442|gb|A

A
A

70080.1| enolase
x

78707886
>gi|78707886|gb|A

B
B

46861.1| enolase [O
ryza sativa (japonica cultivar-

group)]
x

78778195
>gi|78778195|ref|Y

P
_394510.1| P

hosphopyruvate hydratase [Thiom
icrospira 

denitrificans ATC
C

 33889] 
x

78498735
>gi|78498735|gb|A

B
B

45275.1| P
hosphopyruvate hydratase [Thiom

icrospira 
denitrificans ATC

C
 33889]

x

52629365
>gi|52629365|gb|A

A
U

28106.1| enolase [Legionella pneum
ophila subsp. 

pneum
ophila str. P

hiladelphia 1] 
x

52842254
>gi|52842254|ref|Y

P
_096053.1| enolase [Legionella pneum

ophila subsp. 
pneum

ophila str. P
hiladelphia 1] 

x

68053539
>gi|68053539|sp|Q

5ZTX
1|E

N
O

_LE
G

P
H

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

39574904
>gi|39574904|em

b|C
A

E
78745.1| phosphopyruvate hydratase [B

dellovibrio 
bacteriovorus H

D
100] 

x

59797569
>gi|59797569|sp|Q

6M
P

Q
2|E

N
O

_B
D

E
B

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

42522372
>gi|42522372|ref|N

P
_967752.1| phosphopyruvate hydratase [B

dellovibrio 
bacteriovorus H

D
100]

x

2655161
>gi|2655161|gb|A

A
B

87890.1| enolase [D
rosophila pseudoobscura]

x
60099832

>gi|60099832|gb|A
A

X
13050.1| enolase [D

rosophila m
iranda]

x

84501065
>gi|84501065|ref|ZP

_00999300.1| E
nolase [O

ceanicola batsensis 
H

TC
C

2597] 
x

84391132
>gi|84391132|gb|E

A
Q

03550.1| E
nolase [O

ceanicola batsensis H
TC

C
2597]

x

              759



         Table L-1. G
enB

ank N
R

 D
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68125330

>gi|68125330|em
b|C

A
J03181.1| enolase [Leishm

ania m
ajor]

x
78198443

>gi|78198443|gb|A
B

B
36208.1| enolase [S

ynechococcus sp. C
C

9605] 
x

78213984
>gi|78213984|ref|Y

P
_382763.1| enolase [S

ynechococcus sp. C
C

9605]
x

72003261
>gi|72003261|gb|A

A
Z59063.1| enolase [P

rochlorococcus m
arinus str. 

N
ATL2A

] 
x

72383411
>gi|72383411|ref|Y

P
_292766.1| enolase [P

rochlorococcus m
arinus str. 

N
ATL2A

]
x

33517294
>gi|33517294|em

b|C
A

D
83678.1| enolase [C

andidatus B
lochm

annia 
floridanus] 

x

59797621
>gi|59797621|sp|Q

7V
Q

H
3|E

N
O

_B
LO

FL E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

33519631
>gi|33519631|ref|N

P
_878463.1| enolase [C

andidatus B
lochm

annia floridanus]
x

53751750
>gi|53751750|em

b|C
A

H
13172.1| enolase [Legionella pneum

ophila str. P
aris] 

x

68053538
>gi|68053538|sp|Q

5X
3L4|E

N
O

_LE
G

PA E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

54297965
>gi|54297965|ref|Y

P
_124334.1| enolase [Legionella pneum

ophila str. P
aris]

x

32262179
>gi|32262179|gb|A

A
P

77228.1| enolase [H
elicobacter hepaticus ATC

C
 51449] 

x

59797619
>gi|59797619|sp|Q

7V
IH

4|E
N

O
_H

E
LH

P E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

32266130
>gi|32266130|ref|N

P
_860162.1| phosphopyruvate hydratase [H

elicobacter 
hepaticus ATC

C
 51449]

x

71548704
>gi|71548704|ref|ZP

_00668928.1| E
nolase [N

itrosom
onas eutropha C

71] 
x

71485885
>gi|71485885|gb|E

A
O

18434.1| E
nolase [N

itrosom
onas eutropha C

71]
x

66828593
>gi|66828593|ref|X

P
_647650.1| 2-phospho-D

-glycerate hydrolase 
[D

ictyostelium
 discoideum

] 
x

60475625
>gi|60475625|gb|E

A
L73560.1| phosphopyruvate hydratase [D

ictyostelium
 

discoideum
]

x

66044729
>gi|66044729|ref|Y

P
_234570.1| E

nolase [P
seudom

onas syringae pv. 
syringae B

728a] 
x
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 D
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63255436
>gi|63255436|gb|A

AY
36532.1| E

nolase [P
seudom

onas syringae pv. syringae 
B

728a]
x

76882684
>gi|76882684|gb|A

B
A

57365.1| P
hosphopyruvate hydratase [N

itrosococcus 
oceani ATC

C
 19707] 

x

77164370
>gi|77164370|ref|Y

P
_342895.1| P

hosphopyruvate hydratase [N
itrosococcus 

oceani ATC
C

 19707]
x

78707887
>gi|78707887|gb|A

B
B

46862.1| enolase [O
ryza sativa (japonica cultivar-

group)]
x

28871748
>gi|28871748|ref|N

P
_794367.1| enolase [P

seudom
onas syringae pv. tom

ato 
str. D

C
3000] 

x

38372191
>gi|38372191|sp|Q

87W
D

5|E
N

O
2_P

S
E

S
M

 E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2) 

x

28855000
>gi|28855000|gb|A

A
O

58062.1| enolase [P
seudom

onas syringae pv. tom
ato 

str. D
C

3000]
x

22652630
>gi|22652630|gb|A

A
N

03783.1| enolase [C
lonorchis sinensis]

x

37531422
>gi|37531422|ref|N

P
_920013.1| putative enolase (2-phospho-D

-glycerate 
hydroylase) [O

ryza sativa (japonica cultivar-group)] 
x

22655764
>gi|22655764|gb|A

A
N

04181.1| P
utative enolase (2-phospho-D

-glycerate 
hydroylase) [O

ryza sativa (japonica cultivar-group)]
x

86609966
>gi|86609966|ref|Y

P
_478728.1| phosphopyruvate hydratase [C

yanobacteria 
bacterium

 Yellow
stone B

-P
rim

e] 
x

86558508
>gi|86558508|gb|A

B
D

03465.1| phosphopyruvate hydratase [C
yanobacteria 

bacterium
 Yellow

stone B
-P

rim
e]

x

78704928
>gi|78704928|ref|ZP

_00869322.1| E
nolase [M

ethanospirillum
 hungatei JF-1] 

x

78501730
>gi|78501730|gb|E

A
P

15371.1| E
nolase [M

ethanospirillum
 hungatei JF-1]

x

84518726
>gi|84518726|ref|ZP

_01006075.1| E
nolase [P

rochlorococcus m
arinus str. M

IT 
9211] 

x

84513475
>gi|84513475|gb|E

A
Q

09813.1| E
nolase [P

rochlorococcus m
arinus str. M

IT 
9211]

x

30138660
>gi|30138660|em

b|C
A

D
84955.1| E

nolase [N
itrosom

onas europaea ATC
C

 
19718] 

x
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30249043
>gi|30249043|ref|N

P
_841113.1| phosphopyruvate hydratase [N

itrosom
onas 

europaea ATC
C

 19718] 
x

6015097
>gi|6015097|sp|O

85348|E
N

O
_N

ITE
U

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

3493583
>gi|3493583|gb|A

A
C

33442.1| enolase; 2-phospho-D
-glycerate hydrolase 

[N
itrosom

onas europaea]
x

86154615
>gi|86154615|ref|ZP

_01072782.1| phosphopyruvate hydratase 
[C

am
pylobacter fetus subsp. fetus 82-40] 

x

85845109
>gi|85845109|gb|E

A
Q

62311.1| phosphopyruvate hydratase [C
am

pylobacter 
fetus subsp. fetus 82-40]

x

51980244
>gi|51980244|gb|A

A
U

20794.1| enolase 2 [H
eterocapsa triquetra]

x
18481669

>gi|18481669|gb|A
A

L73509.1| enolase [G
iardia intestinalis] 

x
71077261

>gi|71077261|ref|X
P

_771145.1| enolase [G
iardia lam

blia ATC
C

 50803] 
x

29249462
>gi|29249462|gb|E

A
A

40973.1| G
LP

_25_44587_43250 [G
iardia lam

blia ATC
C

 
50803]

x

28476792
>gi|28476792|gb|A

A
O

44880.1| enolase [Tropherym
a w

hipplei str. Tw
ist] 

x
28493750

>gi|28493750|ref|N
P

_787911.1| enolase [Tropherym
a w

hipplei str. Tw
ist]

x

6969088
>gi|6969088|em

b|C
A

B
73659.1| enolase [C

am
pylobacter jejuni subsp. jejuni 

N
C

TC
 11168] 

x

86149479
>gi|86149479|ref|ZP

_01067710.1| enolase [C
am

pylobacter jejuni subsp. 
jejuni C

F93-6] 
x

85840261
>gi|85840261|gb|E

A
Q

57519.1| enolase [C
am

pylobacter jejuni subsp. jejuni 
C

F93-6] 
x

15792976
>gi|15792976|ref|N

P
_282799.1| phosphopyruvate hydratase [C

am
pylobacter 

jejuni subsp. jejuni N
C

TC
 11168] 

x

9297093
>gi|9297093|sp|P

42448|E
N

O
_C

A
M

JE
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

86153067
>gi|86153067|ref|ZP

_01071272.1| phosphopyruvate hydratase 
[C

am
pylobacter jejuni subsp. jejuni H

B
93-13] 

x

85843952
>gi|85843952|gb|E

A
Q

61162.1| phosphopyruvate hydratase [C
am

pylobacter 
jejuni subsp. jejuni H

B
93-13]

x

42410100
>gi|42410100|gb|A

A
S

14211.1| enolase [W
olbachia endosym

biont of 
D

rosophila m
elanogaster] 

x
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59797595
>gi|59797595|sp|Q

73H
Q

2|E
N

O
_W

O
LP

M
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

42520362
>gi|42520362|ref|N

P
_966277.1| enolase [W

olbachia endosym
biont of 

D
rosophila m

elanogaster]
x

57227282
>gi|57227282|gb|A

AW
43741.1| enolase 1, putative [C

ryptococcus 
neoform

ans var. neoform
ans JE

C
21] 

x

57226926
>gi|57226926|gb|A

AW
43385.1| enolase 1, putative [C

ryptococcus 
neoform

ans var. neoform
ans JE

C
21] 

x

58267784
>gi|58267784|ref|X

P
_571048.1| enolase 1 [C

ryptococcus neoform
ans var. 

neoform
ans JE

C
21] 

x

58267072
>gi|58267072|ref|X

P
_570692.1| enolase 1 [C

ryptococcus neoform
ans var. 

neoform
ans JE

C
21]

x

57167487
>gi|57167487|gb|A

AW
36266.1| enolase [C

am
pylobacter jejuni R

M
1221] 

x

68053525
>gi|68053525|sp|Q

5H
S

C
1|E

N
O

_C
A

M
JR

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

57238683
>gi|57238683|ref|Y

P
_179814.1| phosphopyruvate hydratase [C

am
pylobacter 

jejuni R
M

1221]
x

28411067
>gi|28411067|em

b|C
A

D
67452.1| enolase [Tropherym

a w
hipplei TW

08/27] 
x

28572934
>gi|28572934|ref|N

P
_789714.1| enolase [Tropherym

a w
hipplei TW

08/27] 
x

59797629
>gi|59797629|sp|Q

83FF7|E
N

O
_TR

O
W

T E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

59797630
>gi|59797630|sp|Q

83H
73|E

N
O

_TR
O

W
8 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

12723138
>gi|12723138|gb|A

A
K

04374.1| 2-phosphoglycerate dehydratase (E
C

 
4.2.1.11) [Lactococcus lactis subsp. lactis Il1403] 

x

15672258
>gi|15672258|ref|N

P
_266432.1| phosphopyruvate hydratase [Lactococcus 

lactis subsp. lactis Il1403] 
x

21263620
>gi|21263620|sp|Q

9C
IT0|E

N
O

2_LA
C

LA E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

10039081
>gi|10039081|dbj|B

A
B

13115.1| enolase [B
uchnera aphidicola str. A

P
S

 
(A

cyrthosiphon pisum
)] 

x
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15617016
>gi|15617016|ref|N

P
_240229.1| enolase [B

uchnera aphidicola str. A
P

S
 

(A
cyrthosiphon pisum

)] 
x

11131988
>gi|11131988|sp|P

57492|E
N

O
_B

U
C

A
I E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

25291620
>gi|25291620|pir||C

84978 phosphopyruvate hydratase (E
C

 4.2.1.11) 
[im

ported] - B
uchnera sp. (strain A

P
S

)
x

27904258
>gi|27904258|gb|A

A
O

27091.1| enolase [B
uchnera aphidicola str. B

p 
(B

aizongia pistaciae)] 
x

29839230
>gi|29839230|sp|P

59566|E
N

O
_B

U
C

B
P E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

27904860
>gi|27904860|ref|N

P
_777986.1| enolase [B

uchnera aphidicola str. B
p 

(B
aizongia pistaciae)]

x

29835068
>gi|29835068|gb|A

A
P

05702.1| enolase [C
hlam

ydophila caviae G
P

IC
] 

x

33301045
>gi|33301045|sp|Q

821H
7|E

N
O

_C
H

LC
V

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

29840718
>gi|29840718|ref|N

P
_829824.1| phosphopyruvate hydratase [C

hlam
ydophila 

caviae G
P

IC
]

x

86152289
>gi|86152289|ref|ZP

_01070500.1| enolase [C
am

pylobacter jejuni subsp. 
jejuni 260.94] 

x

85840778
>gi|85840778|gb|E

A
Q

58029.1| enolase [C
am

pylobacter jejuni subsp. jejuni 
260.94]

x

57504666
>gi|57504666|ref|ZP

_00370744.1| enolase [C
am

pylobacter coli R
M

2228] 
x

57019435
>gi|57019435|gb|E

A
L56130.1| enolase [C

am
pylobacter coli R

M
2228]

x
62148599

>gi|62148599|em
b|C

A
H

64371.1| enolase [C
hlam

ydophila abortus S
26/3] 

x

62185532
>gi|62185532|ref|Y

P
_220317.1| phosphopyruvate hydratase [C

hlam
ydophila 

abortus S
26/3]

x

78706225
>gi|78706225|ref|ZP

_00870566.1| E
nolase [M

ethanospirillum
 hungatei JF-1] 

x

78500448
>gi|78500448|gb|E

A
P

14142.1| E
nolase [M

ethanospirillum
 hungatei JF-1]

x

54020356
>gi|54020356|ref|Y

P
_115643.1| phosphopyruvate hydratase [M

ycoplasm
a 

hyopneum
oniae 232] 

x
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53987529
>gi|53987529|gb|A

AV
27730.1| enolase [M

ycoplasm
a hyopneum

oniae 232] 
x

59797500
>gi|59797500|sp|Q

601S
2|E

N
O

_M
Y

C
H

2 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

71851725
>gi|71851725|gb|A

A
Z44333.1| enolase [M

ycoplasm
a hyopneum

oniae J] 
x

71893598
>gi|71893598|ref|Y

P
_279044.1| phosphopyruvate hydratase [M

ycoplasm
a 

hyopneum
oniae J]

x

53757787
>gi|53757787|gb|A

A
U

92078.1| enolase [M
ethylococcus capsulatus str. B

ath] 
x

53804026
>gi|53804026|ref|Y

P
_114366.1| enolase [M

ethylococcus capsulatus str. B
ath] 

x

59797674
>gi|59797674|sp|Q

606T2|E
N

O
1_M

E
TC

A E
nolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

62463961
>gi|62463961|ref|ZP

_00383267.1| C
O

G
0148: E

nolase [Lactococcus lactis 
subsp. crem

oris S
K

11]
x

71913713
>gi|71913713|gb|A

A
Z53624.1| enolase [M

ycoplasm
a hyopneum

oniae 7448] 
x

72080589
>gi|72080589|ref|Y

P
_287647.1| phosphopyruvate hydratase [M

ycoplasm
a 

hyopneum
oniae 7448]

x

6899148
>gi|6899148|gb|A

A
F30591.1| enolase [U

reaplasm
a parvum

 serovar 3 str. 
ATC

C
 700970] 

x

13124152
>gi|13124152|sp|Q

9P
Q

V
9|E

N
O

_U
R

E
PA E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

13357742
>gi|13357742|ref|N

P
_078016.1| enolase [U

reaplasm
a parvum

 serovar 3 str. 
ATC

C
 700970] 

x

11268951
>gi|11268951|pir||H

82922 enolase U
U

184 [im
ported] - U

reaplasm
a 

urealyticum
x

5106162
>gi|5106162|dbj|B

A
A

81473.1| 432aa long hypothetical enolase [A
eropyrum

 
pernix K

1] 
x

13124162
>gi|13124162|sp|Q

9Y
927|E

N
O

_A
E

R
P

E
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

14602076
>gi|14602076|ref|N

P
_148623.1| enolase [A

eropyrum
 pernix K

1]
x
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21623311
>gi|21623311|gb|A

A
M

67951.1| enolase [B
uchnera aphidicola str. S

g 
(S

chizaphis gram
inum

)] 
x

25008418
>gi|25008418|sp|Q

8K
9E

0|E
N

O
_B

U
C

A
P E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

21672673
>gi|21672673|ref|N

P
_660740.1| enolase [B

uchnera aphidicola str. S
g 

(S
chizaphis gram

inum
)]

x

72397477
>gi|72397477|gb|A

A
Z71750.1| phosphopyruvate hydratase [M

ethanosarcina 
barkeri str. fusaro] 

x

73670315
>gi|73670315|ref|Y

P
_306330.1| phosphopyruvate hydratase [M

ethanosarcina 
barkeri str. fusaro]

x

4106354
>gi|4106354|gb|A

A
D

02812.1| enolase [P
neum

ocystis carinii f. sp. ratti]
x

14585753
>gi|14585753|gb|A

A
K

67491.1| enolase [C
urvularia lunata] 

x

74664725
>gi|74664725|sp|Q

96V
P

4|E
N

O
_C

U
R

LU
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

6624237
>gi|6624237|dbj|B

A
A

88483.1| enolase-2 [Lethenteron reissneri]
x

57505300
>gi|57505300|ref|ZP

_00371229.1| enolase [C
am

pylobacter upsaliensis 
R

M
3195] 

x

57016436
>gi|57016436|gb|E

A
L53221.1| enolase [C

am
pylobacter upsaliensis R

M
3195]

x

58418695
>gi|58418695|gb|A

AW
70710.1| E

nolase [W
olbachia endosym

biont strain TR
S

 
of B

rugia m
alayi] 

x

58584379
>gi|58584379|ref|Y

P
_197952.1| E

nolase [W
olbachia endosym

biont strain 
TR

S
 of B

rugia m
alayi]

x

57240685
>gi|57240685|ref|ZP

_00368633.1| enolase [C
am

pylobacter lari R
M

2100] 
x

57018304
>gi|57018304|gb|E

A
L55078.1| enolase [C

am
pylobacter lari R

M
2100]

x

58254511
>gi|58254511|gb|A

AV
42748.1| 2-phosphoglycerate dehydratase 

[Lactobacillus acidophilus N
C

FM
] 

x

68053520
>gi|68053520|sp|Q

5FK
M

6|E
N

O
_LA

C
A

C
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

58337194
>gi|58337194|ref|Y

P
_193779.1| phosphopyruvate hydratase [Lactobacillus 

acidophilus N
C

FM
]

x

12045269
>gi|12045269|ref|N

P
_073080.1| phosphopyruvate hydratase [M

ycoplasm
a 

genitalium
 G

37] 
x
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3845000

>gi|3845000|gb|A
A

C
71635.1| enolase [M

ycoplasm
a genitalium

 G
37] 

x

1352367
>gi|1352367|sp|P

47647|E
N

O
_M

Y
C

G
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

68207426
>gi|68207426|ref|ZP

_00559588.1| E
nolase [D

esulfitobacterium
 hafniense 

D
C

B
-2] 

x

68168666
>gi|68168666|gb|E

A
M

96590.1| E
nolase [D

esulfitobacterium
 hafniense D

C
B

-
2]

x

85712138
>gi|85712138|ref|ZP

_01043191.1| E
nolase [Idiom

arina baltica O
S

145] 
x

85694128
>gi|85694128|gb|E

A
Q

32073.1| E
nolase [Idiom

arina baltica O
S

145]
x

58429954
>gi|58429954|gb|A

AW
78351.1| enolase [Trichom

onas vaginalis]
x

81096520
>gi|81096520|ref|ZP

_00874861.1| E
nolase [S

treptococcus suis 89/1591] 
x

80977400
>gi|80977400|gb|E

A
P

40942.1| E
nolase [S

treptococcus suis 89/1591]
x

68210333
>gi|68210333|ref|ZP

_00562199.1| E
nolase [M

ethanococcoides burtonii D
S

M
 

6242] 
x

68186445
>gi|68186445|gb|E

A
N

01162.1| E
nolase [M

ethanococcoides burtonii D
S

M
 

6242]
x

6624229
>gi|6624229|dbj|B

A
A

88479.1| enolase [E
ptatretus burgeri]

x

62515717
>gi|62515717|ref|ZP

_00387107.1| C
O

G
0148: E

nolase [Lactobacillus 
delbrueckii subsp. bulgaricus ATC

C
 B

A
A

-365]
x

82623425
>gi|82623425|gb|A

B
B

87127.1| enolase-like [S
olanum

 tuberosum
]

x
57336904

>gi|57336904|em
b|C

A
H

60998.1| alpha-enolase [Lactobacillus crispatus]
x

52550388
>gi|52550388|gb|A

A
U

84237.1| phosphopyruvate hydratase enolase 
[uncultured archaeon G

Zfos3D
4]

x

15835490
>gi|15835490|ref|N

P
_297249.1| phosphopyruvate hydratase [C

hlam
ydia 

m
uridarum

 N
igg] 

x

7190904
>gi|7190904|gb|A

A
F39672.1| enolase [C

hlam
ydia m

uridarum
 N

igg] 
x

13124148
>gi|13124148|sp|Q

9P
JF3|E

N
O

_C
H

LM
U

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

19915551
>gi|19915551|gb|A

A
M

05080.1| phosphopyruvate hydratase [M
ethanosarcina 

acetivorans C
2A

] 
x

20090525
>gi|20090525|ref|N

P
_616600.1| phosphopyruvate hydratase [M

ethanosarcina 
acetivorans C

2A
] 

x
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23814073
>gi|23814073|sp|Q

8TQ
79|E

N
O

_M
E

TA
C

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

37572552
>gi|37572552|dbj|B

A
C

98826.1| enolase [Trichonym
pha agilis]

x

42519286
>gi|42519286|ref|N

P
_965216.1| phosphopyruvate hydratase [Lactobacillus 

johnsonii N
C

C
 533] 

x

41583574
>gi|41583574|gb|A

A
S

09182.1| enolase [Lactobacillus johnsonii N
C

C
 533] 

x

59797823
>gi|59797823|sp|Q

74IV
0|E

N
O

3_LA
C

JO
 E

nolase 3 (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 3)
x

6624235
>gi|6624235|dbj|B

A
A

88482.1| enolase-1 [Lethenteron reissneri]
x

23002885
>gi|23002885|ref|ZP

_00046557.1| C
O

G
0148: E

nolase [Lactobacillus gasseri]
x

21228938
>gi|21228938|ref|N

P
_634860.1| E

nolase [M
ethanosarcina m

azei G
o1] 

x
20907473

>gi|20907473|gb|A
A

M
32532.1| E

nolase [M
ethanosarcina m

azei G
o1] 

x

23814067
>gi|23814067|sp|Q

8P
T81|E

N
O

_M
E

TM
A E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

76167854
>gi|76167854|gb|A

A
X

50862.1| enolase [C
hlam

ydia trachom
atis A

/H
A

R
-13] 

x

3329030
>gi|3329030|gb|A

A
C

68189.1| E
nolase [C

hlam
ydia trachom

atis D
/U

W
-3/C

X
] 

x

15605316
>gi|15605316|ref|N

P
_220102.1| phosphopyruvate hydratase [C

hlam
ydia 

trachom
atis D

/U
W

-3/C
X

] 
x

6225296
>gi|6225296|sp|O

84591|E
N

O
_C

H
LTR

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

76789324
>gi|76789324|ref|Y

P
_328410.1| phosphopyruvate hydratase [C

hlam
ydia 

trachom
atis A

/H
A

R
-13]

x

17739845
>gi|17739845|gb|A

A
L42432.1| enolase [A

grobacterium
 tum

efaciens str. C
58] 

x

17935326
>gi|17935326|ref|N

P
_532116.1| enolase [A

grobacterium
 tum

efaciens str. 
C

58] 
x

25291636
>gi|25291636|pir||A

B
2752 enolase [im

ported] - A
grobacterium

 tum
efaciens 

(strain C
58, D

upont)
x
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67762048
>gi|67762048|ref|ZP

_00500752.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei S

13] 
x

67754306
>gi|67754306|ref|ZP

_00493217.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei P

asteur] 
x

67737197
>gi|67737197|ref|ZP

_00487995.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei 668] 

x

67681454
>gi|67681454|ref|ZP

_00475810.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei 1710a] 

x

67670807
>gi|67670807|ref|ZP

_00467605.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei 1655] 

x

67646759
>gi|67646759|ref|ZP

_00445012.1| C
O

G
0148: E

nolase [B
urkholderia m

allei 
N

C
TC

 10247] 
x

85067256
>gi|85067256|ref|ZP

_01028109.1| C
O

G
0148: E

nolase [B
urkholderia m

allei 
10229] 

x

84522300
>gi|84522300|ref|ZP

_01009436.1| C
O

G
0148: E

nolase [B
urkholderia m

allei 
S

AV
P

1] 
x

83679486
>gi|83679486|ref|ZP

_00941199.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei 406e] 

x

82536728
>gi|82536728|ref|ZP

_00895731.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei 1106b] 

x

82531609
>gi|82531609|ref|ZP

_00890826.1| C
O

G
0148: E

nolase [B
urkholderia 

pseudom
allei 1106a]

x

71796051
>gi|71796051|gb|A

A
Z40802.1| enolase [C

andidatus B
lochm

annia 
pennsylvanicus str. B

P
E

N
] 

x

71891945
>gi|71891945|ref|Y

P
_277675.1| enolase [C

andidatus B
lochm

annia 
pennsylvanicus str. B

P
E

N
]

x

68555849
>gi|68555849|ref|ZP

_00595193.1| E
nolase [R

alstonia m
etallidurans C

H
34] 

x

68530319
>gi|68530319|gb|E

A
N

53281.1| E
nolase [R

alstonia m
etallidurans C

H
34]

x

56416785
>gi|56416785|ref|Y

P
_153859.1| E

nolase 1 (2-phosphoglycerate dehydratase 
1) [A

naplasm
a m

arginale str. S
t. M

aries] 
x

56388017
>gi|56388017|gb|A

AV
86604.1| E

nolase 1 (2-phosphoglycerate dehydratase 
1) [A

naplasm
a m

arginale str. S
t. M

aries]
x
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24374950

>gi|24374950|ref|N
P

_718993.1| enolase [S
hew

anella oneidensis M
R

-1] 
x

24349668
>gi|24349668|gb|A

A
N

56437.1| enolase [S
hew

anella oneidensis M
R

-1]
x

42519171
>gi|42519171|ref|N

P
_965101.1| phosphopyruvate hydratase [Lactobacillus 

johnsonii N
C

C
 533] 

x

41583458
>gi|41583458|gb|A

A
S

09067.1| enolase [Lactobacillus johnsonii N
C

C
 533] 

x

59797824
>gi|59797824|sp|Q

74J64|E
N

O
2_LA

C
JO

 E
nolase 2 (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 2)

x

2921237
>gi|2921237|gb|A

A
C

64907.1| enolase [S
treptococcus therm

ophilus] 
x

6015100
>gi|6015100|sp|O

52191|E
N

O
_S

TR
TR

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

31179
>gi|31179|em

b|C
A

A
47179.1| enolase [H

om
o sapiens] 

x

729422
>gi|729422|sp|Q

05524|E
N

O
1B

_H
U

M
A

N
 A

lpha-enolase, lung specific (2-
phospho-D

-glycerate hydro-lyase) (N
on-neural enolase) (N

N
E

) 
(P

hosphopyruvate hydratase) (H
LE

1)
x

8101742
>gi|8101742|gb|A

A
F72640.1| enolase [S

colopendra polym
orpha]

x
72394249

>gi|72394249|gb|A
A

Z68526.1| E
nolase [E

hrlichia canis str. Jake] 
x

73667108
>gi|73667108|ref|Y

P
_303124.1| E

nolase [E
hrlichia canis str. Jake]

x

58417796
>gi|58417796|em

b|C
A

I27000.1| E
nolase (2-phosphoglycerate dehydratase) 

[E
hrlichia rum

inantium
 str. W

elgevonden] 
x

57161291
>gi|57161291|em

b|C
A

H
58212.1| enolase [E

hrlichia rum
inantium

 str. 
W

elgevonden] 
x

58579170
>gi|58579170|ref|Y

P
_197382.1| E

nolase (2-phosphoglycerate dehydratase) 
[E

hrlichia rum
inantium

 str. W
elgevonden] 

x

57239212
>gi|57239212|ref|Y

P
_180348.1| enolase [E

hrlichia rum
inantium

 str. 
W

elgevonden]
x

71000241
>gi|71000241|dbj|B

A
E

07171.1| enolase 3 [K
arenia m

ikim
otoi]

x
4416385

>gi|4416385|gb|A
A

D
20345.1| alpha enolase [Trachem

ys scripta]
x

31340055
>gi|31340055|sp|Q

8D
2K

1|E
N

O
_W

IG
B

R
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

4416387
>gi|4416387|gb|A

A
D

20346.1| alpha enolase [P
elusios subniger]

x
8101744

>gi|8101744|gb|A
A

F72641.1| enolase [Tom
ocerus sp. 'Tom

']
x
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58416835
>gi|58416835|em

b|C
A

I27948.1| E
nolase (2-phosphoglycerate dehydratase) 

[E
hrlichia rum

inantium
 str. G

ardel] 
x

58617223
>gi|58617223|ref|Y

P
_196422.1| E

nolase (2-phosphoglycerate dehydratase) 
[E

hrlichia rum
inantium

 str. G
ardel]

x

4416383
>gi|4416383|gb|A

A
D

20344.1| alpha enolase [E
um

eces inexpectatus]
x

68171488
>gi|68171488|ref|ZP

_00544872.1| E
nolase [E

hrlichia chaffeensis str. 
S

apulpa] 
x

67999094
>gi|67999094|gb|E

A
M

85761.1| E
nolase [E

hrlichia chaffeensis str. S
apulpa]

x

71000219
>gi|71000219|dbj|B

A
E

07165.1| enolase 3 [K
arenia brevis]

x
40949686

>gi|40949686|gb|A
A

R
97554.1| enolase [Thraustotheca clavata]

x
4416379

>gi|4416379|gb|A
A

D
20342.1| alpha enolase [C

aim
an crocodilus]

x
60099838

>gi|60099838|gb|A
A

X
13053.1| enolase [D

rosophila m
iranda] 

x
60099836

>gi|60099836|gb|A
A

X
13052.1| enolase [D

rosophila m
iranda] 

x
60099834

>gi|60099834|gb|A
A

X
13051.1| enolase [D

rosophila m
iranda] 

x
60099830

>gi|60099830|gb|A
A

X
13049.1| enolase [D

rosophila m
iranda] 

x
60099828

>gi|60099828|gb|A
A

X
13048.1| enolase [D

rosophila m
iranda] 

x
60099826

>gi|60099826|gb|A
A

X
13047.1| enolase [D

rosophila m
iranda] 

x
60099824

>gi|60099824|gb|A
A

X
13046.1| enolase [D

rosophila m
iranda] 

x
60099822

>gi|60099822|gb|A
A

X
13045.1| enolase [D

rosophila m
iranda] 

x
60099820

>gi|60099820|gb|A
A

X
13044.1| enolase [D

rosophila m
iranda] 

x
60099818

>gi|60099818|gb|A
A

X
13043.1| enolase [D

rosophila m
iranda] 

x
60099816

>gi|60099816|gb|A
A

X
13042.1| enolase [D

rosophila m
iranda]

x
40949674

>gi|40949674|gb|A
A

R
97548.1| enolase [H

eterosigm
a akashiw

o]
x

40949684
>gi|40949684|gb|A

A
R

97553.1| enolase [P
rym

nesium
 parvum

]
x

40949672
>gi|40949672|gb|A

A
R

97547.1| enolase 2 [A
podachlya brachynem

a]
x

40949670
>gi|40949670|gb|A

A
R

97546.1| enolase 1 [A
podachlya brachynem

a]
x

15667719
>gi|15667719|gb|A

A
L05466.1| enolase [C

olpidium
 aqueous]

x
4416381

>gi|4416381|gb|A
A

D
20343.1| alpha enolase [S

phenodon punctatus]
x

11999265
>gi|11999265|gb|A

A
G

16310.1| alpha-1 enolase-1 [S
alm

o trutta]
x

8101740
>gi|8101740|gb|A

A
F72639.1| enolase [P

olyxenus fasciculatus]
x

40949682
>gi|40949682|gb|A

A
R

97552.1| enolase [P
hytophthora palm

ivora]
x

14161523
>gi|14161523|gb|A

A
K

54778.1| enolase [H
ypocryphalus m

angiferae]
x
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71000247

>gi|71000247|dbj|B
A

E
07173.1| enolase 3 [K

arenia m
ikim

otoi]
x

15667721
>gi|15667721|gb|A

A
L05467.1| enolase [Tetrahym

ena therm
ophila]

x
11999259

>gi|11999259|gb|A
A

G
16307.1| beta enolase-1 [N

eoceratodus forsteri]
x

15667723
>gi|15667723|gb|A

A
L05468.1| enolase [Tetrahym

ena bergeri]
x

15667717
>gi|15667717|gb|A

A
L05465.1| enolase [P

aram
ecium

 tetraurelia]
x

40949676
>gi|40949676|gb|A

A
R

97549.1| enolase [Isochrysis galbana]
x

2621078
>gi|2621078|gb|A

A
B

84550.1| enolase [M
ethanotherm

obacter 
therm

autotrophicus str. D
elta H

] 
x

6015096
>gi|6015096|sp|O

26149|E
N

O
_M

E
TTH

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

15678072
>gi|15678072|ref|N

P
_275186.1| phosphopyruvate hydratase 

[M
ethanotherm

obacter therm
autotrophicus str. D

elta H
]

x

11999257
>gi|11999257|gb|A

A
G

16306.1| beta enolase-1 [Lepidosiren paradoxa]
x

11999249
>gi|11999249|gb|A

A
G

16302.1| beta enolase-1 [A
m

ia calva]
x

41394391
>gi|41394391|gb|A

A
S

02299.1| 2-phospho-D
-glycerate hydrolase 

[P
horm

ictopus sp. S
B

H
266263]

x

41394405
>gi|41394405|gb|A

A
S

02306.1| 2-phospho-D
-glycerate hydrolase 

[C
entruroides sp. S

B
H

266264]
x

11999247
>gi|11999247|gb|A

A
G

16301.1| alpha enolase-1 [A
m

ia calva]
x

15667709
>gi|15667709|gb|A

A
L05461.1| enolase 1 [P

rionitis lanceolata]
x

13814095
>gi|13814095|gb|A

A
K

41195.1| E
nolase [S

ulfolobus solfataricus P
2] 

x

21263600
>gi|21263600|sp|Q

97ZJ3|E
N

O
_S

U
LS

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

15897800
>gi|15897800|ref|N

P
_342405.1| E

nolase [S
ulfolobus solfataricus P

2]
x

3089611
>gi|3089611|gb|A

A
C

70360.1| enolase [Zym
om

onas m
obilis] 

x

7465695
>gi|7465695|pir||T33721 phosphopyruvate hydratase (E

C
 4.2.1.11) eno - 

Zym
om

onas m
obilis

x

11999263
>gi|11999263|gb|A

A
G

16309.1| beta enolase-1 [C
hiloscyllium

 punctatum
]

x

11999251
>gi|11999251|gb|A

A
G

16303.1| alpha enolase-1 [Latim
eria chalum

nae]
x

19074779
>gi|19074779|ref|N

P
_586285.1| E

N
O

LA
S

E
 [E

ncephalitozoon cuniculi G
B

-M
1] 

x
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19069421
>gi|19069421|em

b|C
A

D
25889.1| E

N
O

LA
S

E
 [E

ncephalitozoon cuniculi G
B

-
M

1]
x

40949680
>gi|40949680|gb|A

A
R

97551.1| enolase [P
haeodactylum

 tricornutum
]

x
11999267

>gi|11999267|gb|A
A

G
16311.1| alpha-2 enolase-1 [S

alm
o trutta]

x

41394395
>gi|41394395|gb|A

A
S

02301.1| 2-phospho-D
-glycerate hydrolase [A

rtem
ia sp. 

S
B

H
266677]

x

71062748
>gi|71062748|gb|A

A
Z21751.1| E

nolase [C
andidatus P

elagibacter ubique 
H

TC
C

1062] 
x

71083635
>gi|71083635|ref|Y

P
_266355.1| E

nolase [C
andidatus P

elagibacter ubique 
H

TC
C

1062]
x

13124708
>gi|13124708|sp|O

29133|E
N

O
_A

R
C

FU
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

15667704
>gi|15667704|gb|A

A
L05459.1| enolase 1 [M

astocarpus papillatus]
x

41394399
>gi|41394399|gb|A

A
S

02303.1| 2-phospho-D
-glycerate hydrolase [C

allinectes 
sapidus]

x

39598768
>gi|39598768|gb|A

A
R

28941.1| enolase [Zooterm
opsis parabasalian sym

biont 
29]

x

76556213
>gi|76556213|em

b|C
A

D
48739.1| enolase 2 [P

ropionibacterium
 freudenreichii 

subsp. sherm
anii]

x

41394387
>gi|41394387|gb|A

A
S

02297.1| 2-phospho-D
-glycerate hydrolase [Lithobius 

sp. S
B

H
266126]

x

41394397
>gi|41394397|gb|A

A
S

02302.1| 2-phospho-D
-glycerate hydrolase [D

aphnia 
m

agna]
x

11999261
>gi|11999261|gb|A

A
G

16308.1| alpha enolase-1 [C
hiloscyllium

 punctatum
]

x

39598762
>gi|39598762|gb|A

A
R

28938.1| enolase [Zooterm
opsis parabasalian sym

biont 
17]

x

41394389
>gi|41394389|gb|A

A
S

02298.1| 2-phospho-D
-glycerate hydrolase [D

iplopoda 
sp. S

B
H

266145]
x

15667711
>gi|15667711|gb|A

A
L05462.1| enolase 2 [P

rionitis lanceolata]
x

39598770
>gi|39598770|gb|A

A
R

28942.1| enolase [Zooterm
opsis parabasalian sym

biont 
30]

x
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39598764
>gi|39598764|gb|A

A
R

28939.1| enolase [Zooterm
opsis parabasalian sym

biont 
19]

x

5566208
>gi|5566208|gb|A

A
D

45339.1| enolase [Trypanosom
a brucei]

x

15622261
>gi|15622261|dbj|B

A
B

66253.1| 416aa long hypothetical enolase [S
ulfolobus 

tokodaii str. 7] 
x

21263595
>gi|21263595|sp|Q

972B
6|E

N
O

_S
U

LTO
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

15921475
>gi|15921475|ref|N

P
_377144.1| hypothetical enolase [S

ulfolobus tokodaii str. 
7]

x

39598760
>gi|39598760|gb|A

A
R

28937.1| enolase [Zooterm
opsis parabasalian sym

biont 
13]

x

71000227
>gi|71000227|dbj|B

A
E

07167.1| enolase 3 [K
arenia brevis]

x

84489662
>gi|84489662|ref|Y

P
_447894.1| enolase [M

ethanosphaera stadtm
anae D

S
M

 
3091] 

x

84372981
>gi|84372981|gb|A

B
C

57251.1| enolase [M
ethanosphaera stadtm

anae D
S

M
 

3091]
x

41394401
>gi|41394401|gb|A

A
S

02304.1| 2-phospho-D
-glycerate hydrolase [N

ereis 
m

acrydi]
x

55377005
>gi|55377005|ref|Y

P
_134855.1| phosphopyruvate hydratase [H

aloarcula 
m

arism
ortui ATC

C
 43049] 

x

55229730
>gi|55229730|gb|A

AV
45149.1| enolase [H

aloarcula m
arism

ortui ATC
C

 43049] 
x

57015274
>gi|57015274|sp|P

29201|E
N

O
_H

A
LM

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

41394393
>gi|41394393|gb|A

A
S

02300.1| 2-phospho-D
-glycerate hydrolase [Lim

ulus 
polyphem

us]
x

41394403
>gi|41394403|gb|A

A
S

02305.1| 2-phospho-D
-glycerate hydrolase [O

stracoda 
sp. S

B
H

266127]
x

148781
>gi|148781|gb|A

A
A

73101.1| 2-phosphoglycerate dehydratase
x

76557930
>gi|76557930|em

b|C
A

I49514.1| phosphopyruvate hydratase (E
C

 4.2.1.11) 
(enolase) [N

atronom
onas pharaonis D

S
M

 2160] 
x

76802065
>gi|76802065|ref|Y

P
_327073.1| phosphopyruvate hydratase [N

atronom
onas 

pharaonis D
S

M
 2160]

x
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39598774
>gi|39598774|gb|A

A
R

28944.1| enolase [Zooterm
opsis parabasalian sym

biont 
33]

x

39598758
>gi|39598758|gb|A

A
R

28936.1| enolase [Zooterm
opsis parabasalian sym

biont 
11]

x

39598772
>gi|39598772|gb|A

A
R

28943.1| enolase [Zooterm
opsis parabasalian sym

biont 
31]

x

15667706
>gi|15667706|gb|A

A
L05460.1| enolase 2 [M

astocarpus papillatus]
x

71000239
>gi|71000239|dbj|B

A
E

07170.1| enolase 2 [K
arenia m

ikim
otoi]

x

39598766
>gi|39598766|gb|A

A
R

28940.1| enolase [Zooterm
opsis parabasalian sym

biont 
22]

x

71000213
>gi|71000213|dbj|B

A
E

07164.1| enolase 2 [K
arenia brevis]

x

68567781
>gi|68567781|gb|A

AY
80710.1| enolase [S

ulfolobus acidocaldarius D
S

M
 639] 

x

76364182
>gi|76364182|sp|Q

4J920|E
N

O
_S

U
LA

C
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

70607133
>gi|70607133|ref|Y

P
_256003.1| enolase [S

ulfolobus acidocaldarius D
S

M
 639]

x

18159635
>gi|18159635|gb|A

A
L63046.1| enolase [P

yrobaculum
 aerophilum

 str. IM
2] 

x

21263589
>gi|21263589|sp|Q

8ZY
E

7|E
N

O
_P

Y
R

A
E

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

18312197
>gi|18312197|ref|N

P
_558864.1| enolase [P

yrobaculum
 aerophilum

 str. IM
2]

x

68140076
>gi|68140076|gb|E

A
M

93386.1| P
hosphopyruvate hydratase [Ferroplasm

a 
acidarm

anus Fer1] 
x

69269805
>gi|69269805|ref|ZP

_00610109.1| P
hosphopyruvate hydratase [Ferroplasm

a 
acidarm

anus Fer1]
x

78705604
>gi|78705604|ref|ZP

_00869981.1| E
nolase [M

ethanospirillum
 hungatei JF-1] 

x

78501103
>gi|78501103|gb|E

A
P

14761.1| E
nolase [M

ethanospirillum
 hungatei JF-1]

x

11498732
>gi|11498732|ref|N

P
_069961.1| phosphopyruvate hydratase [A

rchaeoglobus 
fulgidus D

S
M

 4304] 
x
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2649457
>gi|2649457|gb|A

A
B

90112.1| enolase (eno) [A
rchaeoglobus fulgidus D

S
M

 
4304]

x

10580680
>gi|10580680|gb|A

A
G

19526.1| phosphopyruvate hydratase; E
no 

[H
alobacterium

 sp. N
R

C
-1] 

x

21263609
>gi|21263609|sp|Q

9H
Q

I9|E
N

O
_H

A
LS

A E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

15790222
>gi|15790222|ref|N

P
_280046.1| phosphopyruvate hydratase [H

alobacterium
 

sp. N
R

C
-1]

x

71000211
>gi|71000211|dbj|B

A
E

07163.1| enolase 2 [K
arenia brevis]

x
41033679

>gi|41033679|em
b|C

A
F18506.1| enolase [Therm

oproteus tenax]
x

13124124
>gi|13124124|sp|Q

9H
JT1|E

N
O

_TH
E

A
C

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) 

x

16081933
>gi|16081933|ref|N

P
_394341.1| phosphopyruvate hydratase [Therm

oplasm
a 

acidophilum
 D

S
M

 1728]
x

14325249
>gi|14325249|dbj|B

A
B

60153.1| enolase [Therm
oplasm

a volcanium
 G

S
S

1] 
x

21263596
>gi|21263596|sp|Q

979Z9|E
N

O
_TH

E
V

O
 E

nolase (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase) 
x

13541812
>gi|13541812|ref|N

P
_111500.1| phosphopyruvate hydratase [Therm

oplasm
a 

volcanium
 G

S
S

1]
x

48430954
>gi|48430954|gb|A

AT43819.1| enolase [P
icrophilus torridus D

S
M

 9790] 
x

48478306
>gi|48478306|ref|Y

P
_024012.1| phosphopyruvate hydratase [P

icrophilus 
torridus D

S
M

 9790]
x

5566207
>gi|5566207|gb|A

A
D

45338.1| enolase 5 [Trichom
onas vaginalis]

x
5566204

>gi|5566204|gb|A
A

D
45335.1| enolase 2 [Trichom

onas vaginalis]
x

5566203
>gi|5566203|gb|A

A
D

45334.1| enolase 1 [Trichom
onas vaginalis]

x
5566205

>gi|5566205|gb|A
A

D
45336.1| enolase 3 [Trichom

onas vaginalis]
x

5566206
>gi|5566206|gb|A

A
D

45337.1| enolase 4 [Trichom
onas vaginalis]

x
33465419

>gi|33465419|gb|A
A

Q
19195.1| enolase [Tetratrichom

onas gallinarum
]

x
5566201

>gi|5566201|gb|A
A

D
45332.1| enolase 2 [M

onocercom
onas ATC

C
50210]

x
33465417

>gi|33465417|gb|A
A

Q
19194.1| enolase [Tritrichom

onas foetus]
x

15140365
>gi|15140365|em

b|C
A

C
48892.1| probable galactonate dehydratase protein 

[S
inorhizobium

 m
eliloti 1021] 

x
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16264240
>gi|16264240|ref|N

P
_437032.1| probable galactonate dehydratase protein 

[S
inorhizobium

 m
eliloti 1021]

x

86359287
>gi|86359287|ref|Y

P
_471179.1| galactonate dehydratase protein [R

hizobium
 

etli C
FN

 42] 
x

86283389
>gi|86283389|gb|A

B
C

92452.1| galactonate dehydratase protein [R
hizobium

 
etli C

FN
 42]

x

71554501
>gi|71554501|gb|A

A
Z33712.1| galactonate dehydratase [P

seudom
onas 

syringae pv. phaseolicola 1448A
] 

x

71733948
>gi|71733948|ref|Y

P
_274182.1| galactonate dehydratase [P

seudom
onas 

syringae pv. phaseolicola 1448A
]

x

52208756
>gi|52208756|em

b|C
A

H
34692.1| putative galactonate dehydratase protein 

[B
urkholderia pseudom

allei K
96243] 

x

53718342
>gi|53718342|ref|Y

P
_107328.1| putative galactonate dehydratase protein 

[B
urkholderia pseudom

allei K
96243]

x

37201785
>gi|37201785|dbj|B

A
C

97606.1| probable galactonate dehydratase protein 
[Vibrio vulnificus Y

J016] 
x

37677240
>gi|37677240|ref|N

P
_937636.1| probable galactonate dehydratase protein 

[Vibrio vulnificus Y
J016]

x

56380332
>gi|56380332|dbj|B

A
D

76240.1| galactonate dehydratase [G
eobacillus 

kaustophilus H
TA

426] 
x

56420490
>gi|56420490|ref|Y

P
_147808.1| galactonate dehydratase [G

eobacillus 
kaustophilus H

TA
426]

x

48994953
>gi|48994953|gb|A

AT48197.1| galactonate dehydratase [E
scherichia coli 

K
12] 

x

85676352
>gi|85676352|dbj|B

A
E

77602.1| galactonate dehydratase [E
scherichia coli 

W
3110] 

x

49176390
>gi|49176390|ref|Y

P
_026237.1| galactonate dehydratase [E

scherichia coli 
K

12] 
x

55977863
>gi|55977863|sp|Q

6B
F17|D

G
O

D
_E

C
O

LI G
alactonate dehydratase

x

17429773
>gi|17429773|em

b|C
A

D
16458.1| P

U
TATIV

E
 G

A
LA

C
TO

N
ATE

 
D

E
H

Y
D

R
ATA

S
E

 P
R

O
TE

IN
 [R

alstonia solanacearum
] 

x

17547470
>gi|17547470|ref|N

P
_520872.1| P

U
TATIV

E
 G

A
LA

C
TO

N
ATE

 D
E

H
Y

D
R

ATA
S

E
 

P
R

O
TE

IN
 [R

alstonia solanacearum
 G

M
I1000]

x
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56908537
>gi|56908537|dbj|B

A
D

63064.1| galactonate dehydratase [B
acillus clausii 

K
S

M
-K

16] 
x

56962300
>gi|56962300|ref|Y

P
_174025.1| galactonate dehydratase [B

acillus clausii 
K

S
M

-K
16]

x

62182315
>gi|62182315|ref|Y

P
_218732.1| galactonate dehydratase [S

alm
onella 

enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67] 
x

62129948
>gi|62129948|gb|A

A
X

67651.1| galactonate dehydratase [S
alm

onella enterica 
subsp. enterica serovar C

holeraesuis str. S
C

-B
67]

x

83375076
>gi|83375076|ref|ZP

_00919840.1| probable galactonate dehydratase protein 
[R

hodobacter sphaeroides ATC
C

 17029] 
x

83363605
>gi|83363605|gb|E

A
P

67101.1| probable galactonate dehydratase protein 
[R

hodobacter sphaeroides ATC
C

 17029]
x

78035782
>gi|78035782|em

b|C
A

J23473.1| G
alactonate dehydratase [X

anthom
onas 

cam
pestris pv. vesicatoria str. 85-10] 

x

78047352
>gi|78047352|ref|Y

P
_363527.1| G

alactonate dehydratase [X
anthom

onas 
cam

pestris pv. vesicatoria str. 85-10]
x

151356
>gi|151356|gb|A

A
C

15504.1| m
andelate racem

ase [P
seudom

onas putida] 
x

126731
>gi|126731|sp|P

11444|M
A

N
R

_P
S

E
P

U
 M

andelate racem
ase (M

R
) 

x
151352

>gi|151352|gb|A
A

A
25887.1| m

andelate racem
ase (E

C
 5.1.2.2) 

x
640264

>gi|640264|pdb|1M
D

R
|   M

andelate R
acem

ase (E
.C

.5.1.2.2)
x

494811
>gi|494811|pdb|2M

N
R

|  M
andelate R

acem
ase (E

.C
.5.1.2.2) 

x
443131

>gi|443131|pdb|1M
N

S
|   M

andelate R
acem

ase (E
.C

.5.1.2.2)
x

82740091
>gi|82740091|ref|ZP

_00902855.1| glucarate dehydratase [P
seudom

onas 
putida F1] 

x

82712829
>gi|82712829|gb|E

A
P

47979.1| glucarate dehydratase [P
seudom

onas putida 
F1]

x

66046349
>gi|66046349|ref|Y

P
_236190.1| G

lucarate dehydratase [P
seudom

onas 
syringae pv. syringae B

728a] 
x

63257056
>gi|63257056|gb|A

AY
38152.1| G

lucarate dehydratase [P
seudom

onas 
syringae pv. syringae B

728a]
x

26991438
>gi|26991438|ref|N

P
_746863.1| glucarate dehydratase [P

seudom
onas putida 

K
T2440] 

x
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24986512
>gi|24986512|gb|A

A
N

70327.1| glucarate dehydratase [P
seudom

onas putida 
K

T2440]
x

28870449
>gi|28870449|ref|N

P
_793068.1| glucarate dehydratase [P

seudom
onas 

syringae pv. tom
ato str. D

C
3000] 

x

28853696
>gi|28853696|gb|A

A
O

56763.1| glucarate dehydratase [P
seudom

onas 
syringae pv. tom

ato str. D
C

3000]
x

1170130
>gi|1170130|sp|P

42238|G
U

D
H

_B
A

C
S

U
 P

robable glucarate dehydratase 
(G

D
H

) (G
lucD

) 
x

710000
>gi|710000|dbj|B

A
A

06470.1| glucarate dehydratase [B
acillus subtilis] 

x

1170131
>gi|1170131|sp|P

42206|G
U

D
H

_P
S

E
P

U
 G

lucarate dehydratase (G
D

H
) 

(G
lucD

) 
x

5107516
>gi|5107516|pdb|1B

Q
G

|   The S
tructure O

f The D
-G

lucarate D
ehydratase 

P
rotein From

 P
seudom

onas P
utida 

x

151315
>gi|151315|gb|A

A
A

25868.1| glucarate dehydratase
x

83749284
>gi|83749284|ref|ZP

_00946283.1| G
lucarate dehydratase [R

alstonia 
solanacearum

 U
W

551] 
x

83724065
>gi|83724065|gb|E

A
P

71244.1| G
lucarate dehydratase [R

alstonia 
solanacearum

 U
W

551]
x

49613022
>gi|49613022|em

b|C
A

G
76473.1| glucarate dehydratase [E

rw
inia carotovora 

subsp. atroseptica S
C

R
I1043] 

x

50122496
>gi|50122496|ref|Y

P
_051663.1| glucarate dehydratase [E

rw
inia carotovora 

subsp. atroseptica S
C

R
I1043]

x

68555520
>gi|68555520|ref|ZP

_00594864.1| G
lucarate dehydratase [R

alstonia 
m

etallidurans C
H

34] 
x

68529990
>gi|68529990|gb|E

A
N

52952.1| G
lucarate dehydratase [R

alstonia 
m

etallidurans C
H

34]
x

72120887
>gi|72120887|gb|A

A
Z63073.1| G

lucarate dehydratase [R
alstonia eutropha 

JM
P

134] 
x

73537550
>gi|73537550|ref|Y

P
_297917.1| G

lucarate dehydratase [R
alstonia eutropha 

JM
P

134]
x

16421511
>gi|16421511|gb|A

A
L21840.1| d-glucarate dehydratase [S

alm
onella 

typhim
urium

 LT2] 
x
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62181470
>gi|62181470|ref|Y

P
_217887.1| d-glucarate dehydratase [S

alm
onella enterica 

subsp. enterica serovar C
holeraesuis str. S

C
-B

67] 
x

62129103
>gi|62129103|gb|A

A
X

66806.1| d-glucarate dehydratase [S
alm

onella enterica 
subsp. enterica serovar C

holeraesuis str. S
C

-B
67] 

x

16766266
>gi|16766266|ref|N

P
_461881.1| d-glucarate dehydratase [S

alm
onella 

typhim
urium

 LT2]
x

22778523
>gi|22778523|dbj|B

A
C

14792.1| glucarate dehydratase [O
ceanobacillus 

iheyensis H
TE

831] 
x

23100291
>gi|23100291|ref|N

P
_693758.1| glucarate dehydratase [O

ceanobacillus 
iheyensis H

TE
831]

x

16504040
>gi|16504040|em

b|C
A

D
06074.1| probable glucarate dehydratase 1 

[S
alm

onella enterica subsp. enterica serovar Typhi] 
x

29138856
>gi|29138856|gb|A

A
O

70425.1| probable glucarate dehydratase 1 [S
alm

onella 
enterica subsp. enterica serovar Typhi Ty2] 

x

16761739
>gi|16761739|ref|N

P
_457356.1| probable glucarate dehydratase 1 

[S
alm

onella enterica subsp. enterica serovar Typhi str. C
T18] 

x

29143223
>gi|29143223|ref|N

P
_806565.1| probable glucarate dehydratase 1 

[S
alm

onella enterica subsp. enterica serovar Typhi Ty2] 
x

25291986
>gi|25291986|pir||A

C
0861 glucarate dehydratase (E

C
 4.2.1.40) - S

alm
onella 

enterica subsp. enterica serovar Typhi (strain C
T18)

x

17428092
>gi|17428092|em

b|C
A

D
14781.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 

P
R

O
TE

IN
 [R

alstonia solanacearum
] 

x

17545798
>gi|17545798|ref|N

P
_519200.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 

P
R

O
TE

IN
 [R

alstonia solanacearum
 G

M
I1000]

x

75428530
>gi|75428530|ref|ZP

_00731732.1| G
lucarate dehydratase [A

ctinobacillus 
succinogenes 130Z] 

x

74277622
>gi|74277622|gb|E

A
O

51194.1| G
lucarate dehydratase [A

ctinobacillus 
succinogenes 130Z]

x

1789150
>gi|1789150|gb|A

A
C

75829.1| (D
)-glucarate dehydratase 1 [E

scherichia coli 
K

12] 
x

85675606
>gi|85675606|dbj|B

A
A

16572.2| (D
)-glucarate dehydratase 1 [E

scherichia coli 
W

3110] 
x
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13363118
>gi|13363118|dbj|B

A
B

37070.1| putative glucarate dehydratase [E
scherichia 

coli O
157:H

7] 
x

16130694
>gi|16130694|ref|N

P
_417267.1| (D

)-glucarate dehydratase 1 [E
scherichia coli 

K
12] 

x

15832901
>gi|15832901|ref|N

P
_311674.1| putative glucarate dehydratase [E

scherichia 
coli O

157:H
7] 

x

84028816
>gi|84028816|sp|P

0A
E

S
2|G

U
D

H
_E

C
O

LI G
lucarate dehydratase (G

D
H

) 
(G

lucD
) 

x

84028815
>gi|84028815|sp|P

0A
E

S
3|G

U
D

H
_E

C
O

57 G
lucarate dehydratase (G

D
H

) 
(G

lucD
) 

x

8569464
>gi|8569464|pdb|1E

C
7|D

 C
hain D

, E
. C

oli G
lucarate D

ehydratase N
ative 

E
nzym

e 
x

8569463
>gi|8569463|pdb|1E

C
7|C

 C
hain C

, E
. C

oli G
lucarate D

ehydratase N
ative 

E
nzym

e 
x

8569462
>gi|8569462|pdb|1E

C
7|B

 C
hain B

, E
. C

oli G
lucarate D

ehydratase N
ative 

E
nzym

e 
x

8569461
>gi|8569461|pdb|1E

C
7|A C

hain A
, E

. C
oli G

lucarate D
ehydratase N

ative 
E

nzym
e 

x

8569476
>gi|8569476|pdb|1E

C
Q

|D
 C

hain D
, E

. C
oli G

lucarate D
ehydratase B

ound To 
4-D

eoxyglucarate 
x

8569475
>gi|8569475|pdb|1E

C
Q

|C
 C

hain C
, E

. C
oli G

lucarate D
ehydratase B

ound To 
4-D

eoxyglucarate 
x

8569474
>gi|8569474|pdb|1E

C
Q

|B
 C

hain B
, E

. C
oli G

lucarate D
ehydratase B

ound To 
4-D

eoxyglucarate 
x

8569473
>gi|8569473|pdb|1E

C
Q

|A C
hain A

, E
. C

oli G
lucarate D

ehydratase B
ound To 4-

D
eoxyglucarate 

x

8569472
>gi|8569472|pdb|1E

C
9|D

 C
hain D

, E
. C

oli G
lucarate D

ehydratase B
ound To 

X
ylarohydroxam

ate 
x

8569471
>gi|8569471|pdb|1E

C
9|C

 C
hain C

, E
. C

oli G
lucarate D

ehydratase B
ound To 

X
ylarohydroxam

ate 
x

8569470
>gi|8569470|pdb|1E

C
9|B

 C
hain B

, E
. C

oli G
lucarate D

ehydratase B
ound To 

X
ylarohydroxam

ate 
x
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8569469
>gi|8569469|pdb|1E

C
9|A C

hain A
, E

. C
oli G

lucarate D
ehydratase B

ound To 
X

ylarohydroxam
ate 

x

8569468
>gi|8569468|pdb|1E

C
8|D

 C
hain D

, E
. C

oli G
lucarate D

ehydratase B
ound To 

P
roduct 2,3- D

ihydroxy-5-O
xo-H

exanedioate 
x

8569467
>gi|8569467|pdb|1E

C
8|C

 C
hain C

, E
. C

oli G
lucarate D

ehydratase B
ound To 

P
roduct 2,3- D

ihydroxy-5-O
xo-H

exanedioate 
x

8569466
>gi|8569466|pdb|1E

C
8|B

 C
hain B

, E
. C

oli G
lucarate D

ehydratase B
ound To 

P
roduct 2,3- D

ihydroxy-5-O
xo-H

exanedioate 
x

8569465
>gi|8569465|pdb|1E

C
8|A C

hain A
, E

. C
oli G

lucarate D
ehydratase B

ound To 
P

roduct 2,3- D
ihydroxy-5-O

xo-H
exanedioate

x

24053199
>gi|24053199|gb|A

A
N

44288.1| putative glucarate dehydratase [S
higella 

flexneri 2a str. 301] 
x

30042388
>gi|30042388|gb|A

A
P

18113.1| putative glucarate dehydratase [S
higella 

flexneri 2a str. 2457T] 
x

30064132
>gi|30064132|ref|N

P
_838303.1| putative glucarate dehydratase [S

higella 
flexneri 2a str. 2457T] 

x

24114071
>gi|24114071|ref|N

P
_708581.1| putative glucarate dehydratase [S

higella 
flexneri 2a str. 301]

x

12517262
>gi|12517262|gb|A

A
G

57900.1| putative glucarate dehydratase [E
scherichia 

coli O
157:H

7 E
D

L933] 
x

15803308
>gi|15803308|ref|N

P
_289341.1| putative glucarate dehydratase [E

scherichia 
coli O

157:H
7 E

D
L933] 

x

25291985
>gi|25291985|pir||H

85929 probable glucarate dehydratase ygcX
 [im

ported] - 
E

scherichia coli (strain O
157:H

7, substrain E
D

L933)
x

82545086
>gi|82545086|ref|Y

P
_409033.1| putative glucarate dehydratase [S

higella 
boydii S

b227] 
x

81246497
>gi|81246497|gb|A

B
B

67205.1| putative glucarate dehydratase [S
higella 

boydii S
b227]

x

83719461
>gi|83719461|ref|Y

P
_440747.1| glucarate dehydratase [B

urkholderia 
thailandensis E

264] 
x

83653286
>gi|83653286|gb|A

B
C

37349.1| glucarate dehydratase [B
urkholderia 

thailandensis E
264]

x
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56129169
>gi|56129169|gb|A

AV
78675.1| probable glucarate dehydratase 1 [S

alm
onella 

enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

56414912
>gi|56414912|ref|Y

P
_151987.1| probable glucarate dehydratase 1 

[S
alm

onella enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150]

x

67778298
>gi|67778298|gb|E

A
M

37921.1| G
lucarate dehydratase [P

olarom
onas sp. 

JS
666] 

x

67909708
>gi|67909708|ref|ZP

_00508103.1| G
lucarate dehydratase [P

olarom
onas sp. 

JS
666]

x

74313359
>gi|74313359|ref|Y

P
_311778.1| putative glucarate dehydratase [S

higella 
sonnei S

s046] 
x

73856836
>gi|73856836|gb|A

A
Z89543.1| putative glucarate dehydratase [S

higella 
sonnei S

s046]
x

27354149
>gi|27354149|dbj|B

A
C

51137.1| glucarate dehydratase [B
radyrhizobium

 
japonicum

 U
S

D
A 110] 

x

27380983
>gi|27380983|ref|N

P
_772512.1| glucarate dehydratase [B

radyrhizobium
 

japonicum
 U

S
D

A 110]
x

21114479
>gi|21114479|gb|A

A
M

42512.1| glucarate hydratase [X
anthom

onas cam
pestris 

pv. cam
pestris str. ATC

C
 33913] 

x

66572615
>gi|66572615|gb|A

AY
48025.1| glucarate hydratase [X

anthom
onas cam

pestris 
pv. cam

pestris str. 8004] 
x

66767283
>gi|66767283|ref|Y

P
_242045.1| glucarate hydratase [X

anthom
onas 

cam
pestris pv. cam

pestris str. 8004] 
x

21232671
>gi|21232671|ref|N

P
_638588.1| glucarate hydratase [X

anthom
onas 

cam
pestris pv. cam

pestris str. ATC
C

 33913]
x

78694788
>gi|78694788|ref|ZP

_00859301.1| G
lucarate dehydratase [B

radyrhizobium
 

sp. B
TA

i1] 
x

78517904
>gi|78517904|gb|E

A
P

31202.1| G
lucarate dehydratase [B

radyrhizobium
 sp. 

B
TA

i1]
x

84715424
>gi|84715424|ref|ZP

_01022525.1| glucarate dehydratase [P
olarom

onas 
naphthalenivorans C

J2] 
x

84693248
>gi|84693248|gb|E

A
Q

19050.1| glucarate dehydratase [P
olarom

onas 
naphthalenivorans C

J2]
x
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49529393
>gi|49529393|em

b|C
A

G
67105.1| D

-glucarate dehydratase [A
cinetobacter sp. 

A
D

P
1] 

x

50083417
>gi|50083417|ref|Y

P
_044927.1| D

-glucarate dehydratase [A
cinetobacter sp. 

A
D

P
1]

x

77965618
>gi|77965618|gb|A

B
B

06998.1| G
lucarate dehydratase [B

urkholderia sp. 383] 
x

78064873
>gi|78064873|ref|Y

P
_367642.1| G

lucarate dehydratase [B
urkholderia sp. 383]

x

67666682
>gi|67666682|ref|ZP

_00463925.1| G
lucarate dehydratase [B

urkholderia 
cenocepacia H

I2424] 
x

67661211
>gi|67661211|ref|ZP

_00458533.1| G
lucarate dehydratase [B

urkholderia 
cenocepacia A

U
 1054] 

x

67099777
>gi|67099777|gb|E

A
M

16944.1| G
lucarate dehydratase [B

urkholderia 
cenocepacia H

I2424] 
x

67091199
>gi|67091199|gb|E

A
M

08786.1| G
lucarate dehydratase [B

urkholderia 
cenocepacia A

U
 1054]

x

74019874
>gi|74019874|ref|ZP

_00690485.1| G
lucarate dehydratase [B

urkholderia 
am

bifaria A
M

M
D

] 
x

72607384
>gi|72607384|gb|E

A
O

43345.1| G
lucarate dehydratase [B

urkholderia 
am

bifaria A
M

M
D

]
x

83748918
>gi|83748918|ref|ZP

_00945928.1| G
lucarate dehydratase [R

alstonia 
solanacearum

 U
W

551] 
x

83724417
>gi|83724417|gb|E

A
P

71585.1| G
lucarate dehydratase [R

alstonia 
solanacearum

 U
W

551]
x

67549363
>gi|67549363|ref|ZP

_00427228.1| G
lucarate dehydratase [B

urkholderia 
vietnam

iensis G
4] 

x

67529304
>gi|67529304|gb|E

A
M

26174.1| G
lucarate dehydratase [B

urkholderia 
vietnam

iensis G
4]

x

17431301
>gi|17431301|em

b|C
A

D
17980.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 

P
R

O
TE

IN
 [R

alstonia solanacearum
] 

x

17549050
>gi|17549050|ref|N

P
_522390.1| P

R
O

B
A

B
LE

 G
LU

C
A

R
ATE

 D
E

H
Y

D
R

ATA
S

E
 

P
R

O
TE

IN
 [R

alstonia solanacearum
 G

M
I1000]

x
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68206184
>gi|68206184|ref|ZP

_00558376.1| M
ethylaspartate am

m
onia-lyase 

[D
esulfitobacterium

 hafniense D
C

B
-2] 

x

68169895
>gi|68169895|gb|E

A
M

97789.1| M
ethylaspartate am

m
onia-lyase 

[D
esulfitobacterium

 hafniense D
C

B
-2]

x

3184397
>gi|3184397|dbj|B

A
A

28709.1| 3-m
ethylaspartate am

m
onia-lyase [C

itrobacter 
am

alonaticus]
x

259429
>gi|259429|gb|A

A
B

24070.1| beta-m
ethylaspartase; 3-m

ethylaspartate 
am

m
onia-lyase [C

lostridium
 tetanom

orphum
] 

x

729971
>gi|729971|sp|Q

05514|M
A

A
L_C

LO
TT M

ethylaspartate am
m

onia-lyase (B
eta-

m
ethylaspartase)

x

13360220
>gi|13360220|dbj|B

A
B

34184.1| 3-m
ethylaspartate am

m
onia-lyase 

[E
scherichia coli O

157:H
7] 

x

15830015
>gi|15830015|ref|N

P
_308788.1| 3-m

ethylaspartate am
m

onia-lyase 
[E

scherichia coli O
157:H

7] 
x

12513655
>gi|12513655|gb|A

A
G

55061.1| putative m
ethylaspartate am

m
onia-lyase 

[E
scherichia coli O

157:H
7 E

D
L933] 

x

15800441
>gi|15800441|ref|N

P
_286453.1| putative m

ethylaspartate am
m

onia-lyase 
[E

scherichia coli O
157:H

7 E
D

L933]
x

18159000
>gi|18159000|pdb|1K

C
Z|B

 C
hain B

, C
rystal S

tructure O
f B

eta-
M

ethylaspartase From
 C

lostridium
 Tetanom

orphum
. M

g-C
om

plex. 
x

18158999
>gi|18158999|pdb|1K

C
Z|A C

hain A
, C

rystal S
tructure O

f B
eta-

M
ethylaspartase From

 C
lostridium

 Tetanom
orphum

. M
g-C

om
plex

x

82776003
>gi|82776003|ref|Y

P
_402350.1| putative m

ethylaspartate am
m

onia-lyase 
[S

higella dysenteriae S
d197] 

x

81240151
>gi|81240151|gb|A

B
B

60861.1| putative m
ethylaspartate am

m
onia-lyase 

[S
higella dysenteriae S

d197]
x

18655552
>gi|18655552|pdb|1K

K
R

|B
 C

hain B
, C

rystal S
tructure O

f C
itrobacter 

A
m

alonaticus M
ethylaspartate A

m
m

onia Lyase C
ontaining (2s,3s)-3- 

M
ethylaspartic A

cid 
x

18655551
>gi|18655551|pdb|1K

K
R

|A C
hain A

, C
rystal S

tructure O
f C

itrobacter 
A

m
alonaticus M

ethylaspartate A
m

m
onia Lyase C

ontaining (2s,3s)-3- 
M

ethylaspartic A
cid 

x
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18655550
>gi|18655550|pdb|1K

K
O

|B
 C

hain B
, C

rystal S
tructure O

f C
itrobacter 

A
m

alonaticus M
ethylaspartate A

m
m

onia Lyase 
x

18655549
>gi|18655549|pdb|1K

K
O

|A C
hain A

, C
rystal S

tructure O
f C

itrobacter 
A

m
alonaticus M

ethylaspartate A
m

m
onia Lyase

x

14025840
>gi|14025840|dbj|B

A
B

52439.1| 3-m
ethylaspartate am

m
onia-lyase 

[M
esorhizobium

 loti M
A

FF303099] 
x

13475089
>gi|13475089|ref|N

P
_106653.1| 3-m

ethylaspartate am
m

onia-lyase 
[M

esorhizobium
 loti M

A
FF303099]

x

28204585
>gi|28204585|gb|A

A
O

37022.1| m
ethylaspartate am

m
onia-lyase [C

lostridium
 

tetani E
88] 

x

28212141
>gi|28212141|ref|N

P
_783085.1| m

ethylaspartate am
m

onia-lyase [C
lostridium

 
tetani E

88]
x

18159002
>gi|18159002|pdb|1K

D
0|B

 C
hain B

, C
rystal S

tructure O
f B

eta-
M

ethylaspartase From
 C

lostridium
 Tetanom

orphum
. A

po-S
tructure. 

x

18159001
>gi|18159001|pdb|1K

D
0|A C

hain A
, C

rystal S
tructure O

f B
eta-

M
ethylaspartase From

 C
lostridium

 Tetanom
orphum

. A
po-S

tructure
x

10581701
>gi|10581701|gb|A

A
G

20402.1| m
ethylaspartate am

m
onia-lyase; M

al 
[H

alobacterium
 sp. N

R
C

-1] 
x

17368773
>gi|17368773|sp|Q

9C
LV

7|M
E

N
C

_PA
S

M
U

 O
-succinylbenzoate synthase 

(O
S

B
 synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase) 

x

15602959
>gi|15602959|ref|N

P
_246031.1| O

-succinylbenzoate synthase [P
asteurella 

m
ultocida subsp. m

ultocida str. P
m

70]
x

54309783
>gi|54309783|ref|Y

P
_130803.1| O

-succinylbenzoate synthase 
[P

hotobacterium
 profundum

 S
S

9]
x

1073792
>gi|1073792|pir||C

64105 o-succinylbenzoate synthase - H
aem

ophilus 
influenzae (strain R

d K
W

20)
x

25027033
>gi|25027033|ref|N

P
_737087.1| O

-succinylbenzoate synthase 
[C

orynebacterium
 efficiens Y

S
-314]

x

32029563
>gi|32029563|ref|ZP

_00132566.1| C
O

G
1441: O

-succinylbenzoate synthase 
[H

aem
ophilus som

nus 2336]
x

30995414
>gi|30995414|ref|N

P
_439130.2| O

-succinylbenzoate synthase [H
aem

ophilus 
influenzae R

d K
W

20]
x
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23467878
>gi|23467878|ref|ZP

_00123455.1| C
O

G
1441: O

-succinylbenzoate synthase 
[H

aem
ophilus som

nus 129P
T]

x

77975452
>gi|77975452|ref|ZP

_00830987.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Yersinia frederiksenii ATC

C
 33641]

x

77976638
>gi|77976638|ref|ZP

_00832116.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Yersinia interm

edia ATC
C

 29909]
x

77961210
>gi|77961210|ref|ZP

_00825054.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Yersinia m

ollaretii ATC
C

 43969]
x

77629610
>gi|77629610|ref|ZP

_00792196.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Yersinia pseudotuberculosis IP 31758]

x

77636599
>gi|77636599|ref|ZP

_00798672.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Yersinia pestis A

ngola] 
x

22125558
>gi|22125558|ref|N

P
_668981.1| O

-succinylbenzoate synthase [Yersinia pestis 
K

IM
] 

x

45442125
>gi|45442125|ref|N

P
_993664.1| O

-succinylbenzoate synthase [Yersinia pestis 
biovar M

edievalis str. 91001] 
x

16122743
>gi|16122743|ref|N

P
_406056.1| O

-succinylbenzoate synthase [Yersinia pestis 
C

O
92] 

x

20138547
>gi|20138547|sp|P

58487|M
E

N
C

_Y
E

R
P

E
 O

-succinylbenzoate synthase (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x

50120153
>gi|50120153|ref|Y

P
_049320.1| O

-succinylbenzoate synthase [E
rw

inia 
carotovora subsp. atroseptica S

C
R

I1043]
x

77957630
>gi|77957630|ref|ZP

_00821681.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Yersinia bercovieri ATC

C
 43970]

x

51596876
>gi|51596876|ref|Y

P
_071067.1| O

-succinylbenzoate synthase [Yersinia 
pseudotuberculosis IP 32953]

x

28897706
>gi|28897706|ref|N

P
_797311.1| O

-succinylbenzoate synthase [Vibrio 
parahaem

olyticus R
IM

D
 2210633]

x

24376048
>gi|24376048|ref|N

P
_720091.1| O

-succinylbenzoate synthase [S
hew

anella 
oneidensis M

R
-1] 

x

52425846
>gi|52425846|ref|Y

P
_088983.1| O

-succinylbenzoate synthase [M
annheim

ia 
succiniciproducens M

B
E

L55E
]

x
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29336578
>gi|29336578|sp|O

34514|M
E

N
C

_B
A

C
S

U
 O

-succinylbenzoate synthase (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase) 
x

37526958
>gi|37526958|ref|N

P
_930302.1| O

-succinylbenzoate synthase [P
hotorhabdus 

lum
inescens subsp. laum

ondii TTO
1]

x

75830779
>gi|75830779|ref|ZP

_00760051.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Vibrio cholerae M

O
10] 

x

75815076
>gi|75815076|ref|ZP

_00745604.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Vibrio cholerae V

52] 
x

15641974
>gi|15641974|ref|N

P
_231606.1| O

-succinylbenzoate synthase [Vibrio 
cholerae O

1 biovar eltor str. N
16961] 

x

17369119
>gi|17369119|sp|Q

9K
Q

M
6|M

E
N

C
_V

IB
C

H
 O

-succinylbenzoate synthase 
(O

S
B

 synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x

37198046
>gi|37198046|dbj|B

A
C

93883.1| O
-succinylbenzoate synthase [Vibrio 

vulnificus Y
J016] 

x

37679303
>gi|37679303|ref|N

P
_933912.1| O

-succinylbenzoate synthase [Vibrio 
vulnificus Y

J016]
x

27362631
>gi|27362631|gb|A

A
O

11485.1| O
-succinylbenzoate synthase [Vibrio vulnificus 

C
M

C
P

6] 
x

27366430
>gi|27366430|ref|N

P
_761958.1| O

-succinylbenzoate synthase [Vibrio 
vulnificus C

M
C

P
6]

x

75827285
>gi|75827285|ref|ZP

_00756720.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Vibrio cholerae O

395]
x

17380438
>gi|17380438|sp|P

44961|M
E

N
C

_H
A

E
IN

 O
-succinylbenzoate synthase (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

75823556
>gi|75823556|ref|ZP

_00753049.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Vibrio cholerae R

C
385]

x

75243077
>gi|75243077|ref|ZP

_00726783.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli F11]
x

10120813
>gi|10120813|pdb|1FH

V
|A C

hain A
, C

rystal S
tructure A

nalysis O
f O

-
S

uccinylbenzoate S
ynthase From

 E
. C

oli C
om

plexed W
ith M

g A
nd O

sb
x
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16130196
>gi|16130196|ref|N

P
_416764.1| O

-succinylbenzoate synthase [E
scherichia 

coli K
12] 

x

83588248
>gi|83588248|ref|ZP

_00926873.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli 101-1] 
x

2507062
>gi|2507062|sp|P

29208|M
E

N
C

_E
C

O
LI O

-succinylbenzoate synthase (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase) 
x

10120812
>gi|10120812|pdb|1FH

U
|A C

hain A
, C

rystal S
tructure A

nalysis O
f O

-
S

uccinylbenzoate S
ynthase From

 E
. C

oli
x

75259725
>gi|75259725|ref|ZP

_00731027.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli E
22] 

x

75211670
>gi|75211670|ref|ZP

_00711749.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli B
171] 

x

75187048
>gi|75187048|ref|ZP

_00700315.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli E
24377A

]
x

74312783
>gi|74312783|ref|Y

P
_311202.1| O

-succinylbenzoate synthase [S
higella 

sonnei S
s046] 

x

15832403
>gi|15832403|ref|N

P
_311176.1| O

-succinylbenzoate synthase [E
scherichia 

coli O
157:H

7] 
x

20138544
>gi|20138544|sp|P

58484|M
E

N
C

_E
C

O
57 O

-succinylbenzoate synthase (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase) 
x

15802812
>gi|15802812|ref|N

P
_288839.1| O

-succinylbenzoate synthase [E
scherichia 

coli O
157:H

7 E
D

L933]
x

26248650
>gi|26248650|ref|N

P
_754690.1| O

-succinylbenzoate synthase [E
scherichia 

coli C
FT073]

x

75238050
>gi|75238050|ref|ZP

_00722055.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli E
110019]

x

62180876
>gi|62180876|ref|Y

P
_217293.1| O

-succinylbenzoate synthase [S
alm

onella 
enterica subsp. enterica serovar C

holeraesuis str. S
C

-B
67] 

x

16765633
>gi|16765633|ref|N

P
_461248.1| O

-succinylbenzoate synthase [S
alm

onella 
typhim

urium
 LT2] 

x
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20138546
>gi|20138546|sp|P

58486|M
E

N
C

_S
A

LTY O
-succinylbenzoate synthase (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

30063692
>gi|30063692|ref|N

P
_837863.1| O

-succinylbenzoate synthase [S
higella 

flexneri 2a str. 2457T] 
x

24113637
>gi|24113637|ref|N

P
_708147.1| O

-succinylbenzoate synthase [S
higella 

flexneri 2a str. 301]
x

75818947
>gi|75818947|ref|ZP

_00749056.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Vibrio cholerae V

51]
x

75177946
>gi|75177946|ref|ZP

_00698008.1| C
O

G
1441: O

-succinylbenzoate synthase 
[S

higella boydii B
S

512]
x

75230352
>gi|75230352|ref|ZP

_00716842.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli B
7A

]
x

75196304
>gi|75196304|ref|ZP

_00706374.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli H
S

]
x

46129092
>gi|46129092|ref|ZP

_00155737.2| C
O

G
1441: O

-succinylbenzoate synthase 
[H

aem
ophilus influenzae R

2846]
x

68057755
>gi|68057755|gb|A

A
X

88008.1| O
-succinylbenzoate synthase [H

aem
ophilus 

influenzae 86-028N
P

] 
x

68249556
>gi|68249556|ref|Y

P
_248668.1| O

-succinylbenzoate synthase [H
aem

ophilus 
influenzae 86-028N

P
]

x

56412796
>gi|56412796|ref|Y

P
_149871.1| O

-succinylbenzoate synthase [S
alm

onella 
enterica subsp. enterica serovar P

aratyphi A str. ATC
C

 9150]
x

42631291
>gi|42631291|ref|ZP

_00156829.1| C
O

G
1441: O

-succinylbenzoate synthase 
[H

aem
ophilus influenzae R

2866]
x

20138545
>gi|20138545|sp|P

58485|M
E

N
C

_S
A

LTI O
-succinylbenzoate synthase (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase) 

x

16761232
>gi|16761232|ref|N

P
_456849.1| O

-succinylbenzoate synthase [S
alm

onella 
enterica subsp. enterica serovar Typhi str. C

T18] 
x

29141072
>gi|29141072|ref|N

P
_804414.1| O

-succinylbenzoate synthase [S
alm

onella 
enterica subsp. enterica serovar Typhi Ty2] 

x
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33152187
>gi|33152187|ref|N

P
_873540.1| O

-succinylbenzoate synthase [H
aem

ophilus 
ducreyi 35000H

P
]

x

75854299
>gi|75854299|ref|ZP

_00762001.1| C
O

G
1441: O

-succinylbenzoate synthase 
[Vibrio sp. E

x25]
x

75512739
>gi|75512739|ref|ZP

_00735241.1| C
O

G
1441: O

-succinylbenzoate synthase 
[E

scherichia coli 53638]
x

51974118
>gi|51974118|gb|A

A
U

15668.1| possible N
-acylam

ino acid racem
ase; possible 

O
-succinylbenzoate synthase [B

acillus cereus E
33L] 

x

52140649
>gi|52140649|ref|Y

P
_086181.1| possible N

-acylam
ino acid racem

ase; 
possible O

-succinylbenzoate synthase [B
acillus cereus E

33L]
x

146811
>gi|146811|gb|A

A
A

71917.1| 4-(2'-carboxyphenyl)-4-oxybutyric acid synthase
x

84387750
>gi|84387750|ref|ZP

_00990766.1| O
-succinylbenzoate synthase [Vibrio 

splendidus 12B
01] 

x

84377433
>gi|84377433|gb|E

A
P

94300.1| O
-succinylbenzoate synthase [Vibrio 

splendidus 12B
01]

x

17368727
>gi|17368727|sp|Q

9C
B

B
2|M

E
N

C
_M

Y
C

LE
 P

robable O
-succinylbenzoate 

synthase (O
S

B
 synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid 

synthase) (O
-succinylbenzoic acid synthase) 

x

15828213
>gi|15828213|ref|N

P
_302476.1| O

-succinylbenzoate synthase 
[M

ycobacterium
 leprae TN

]
x

59712274
>gi|59712274|ref|Y

P
_205050.1| O

-succinylbenzoate synthase [Vibrio fischeri 
E

S
114] 

x

59480375
>gi|59480375|gb|A

AW
86162.1| O

-succinylbenzoate synthase [Vibrio fischeri 
E

S
114]

x

62389364
>gi|62389364|ref|Y

P
_224766.1| O

-succinylbenzoate synthase 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x

19551709
>gi|19551709|ref|N

P
_599711.1| O

-succinylbenzoate synthase 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032]

x

86148507
>gi|86148507|ref|ZP

_01066795.1| O
-succinylbenzoate synthase [Vibrio sp. 

M
E

D
222] 

x

85833698
>gi|85833698|gb|E

A
Q

51868.1| O
-succinylbenzoate synthase [Vibrio sp. 

M
E

D
222]

x
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47568030
>gi|47568030|ref|ZP

_00238736.1| O
-succinylbenzoic acid (O

S
B

) synthetase 
[B

acillus cereus G
9241] 

x

47555333
>gi|47555333|gb|E

A
L13678.1| O

-succinylbenzoic acid (O
S

B
) synthetase 

[B
acillus cereus G

9241]
x

50954034
>gi|50954034|ref|Y

P
_061322.1| O

-succinylbenzoate synthase [Leifsonia xyli 
subsp. xyli str. C

TC
B

07]
x

31791735
>gi|31791735|ref|N

P
_854228.1| O

-succinylbenzoate synthase 
[M

ycobacterium
 bovis A

F2122/97] 
x

15607693
>gi|15607693|ref|N

P
_215067.1| O

-succinylbenzoate synthase 
[M

ycobacterium
 tuberculosis H

37R
v] 

x

15839951
>gi|15839951|ref|N

P
_334988.1| O

-succinylbenzoate synthase 
[M

ycobacterium
 tuberculosis C

D
C

1551] 
x

54041485
>gi|54041485|sp|P

65425|M
E

N
C

_M
Y

C
TU

 P
robable O

-succinylbenzoate 
synthase (O

S
B

 synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid 
synthase) (O

-succinylbenzoic acid synthase) 
x

54037781
>gi|54037781|sp|P

65426|M
E

N
C

_M
Y

C
B

O
 P

robable O
-succinylbenzoate 

synthase (O
S

B
 synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid 

synthase) (O
-succinylbenzoic acid synthase)

x

50842386
>gi|50842386|ref|Y

P
_055613.1| O

-succinylbenzoate synthase 
[P

ropionibacterium
 acnes K

PA
171202]

x

41410148
>gi|41410148|ref|N

P
_962984.1| O

-succinylbenzoate synthase 
[M

ycobacterium
 avium

 subsp. paratuberculosis K
-10] 

x

72161814
>gi|72161814|ref|Y

P
_289471.1| O

-succinylbenzoate synthase [Therm
obifida 

fusca Y
X

]
x

38233036
>gi|38233036|ref|N

P
_938803.1| O

-succinylbenzoate synthase 
[C

orynebacterium
 diphtheriae N

C
TC

 13129]
x

75702573
>gi|75702573|gb|A

B
A

22249.1| O
-succinylbenzoic acid synthase [A

nabaena 
variabilis ATC

C
 29413] 

x

75908848
>gi|75908848|ref|Y

P
_323144.1| O

-succinylbenzoate synthase [A
nabaena 

variabilis ATC
C

 29413]
x

17135012
>gi|17135012|dbj|B

A
B

77558.1| O
-succinylbenzoic acid synthase [N

ostoc sp. 
P

C
C

 7120] 
x
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17227530
>gi|17227530|ref|N

P
_484078.1| O

-succinylbenzoate synthase [N
ostoc sp. 

P
C

C
 7120]

x

33639437
>gi|33639437|em

b|C
A

E
08821.1| putative O

-succinylbenzoate synthase 
[S

ynechococcus sp. W
H

 8102] 
x

33866836
>gi|33866836|ref|N

P
_898395.1| putative O

-succinylbenzoate synthase 
[S

ynechococcus sp. W
H

 8102]
x

46143800
>gi|46143800|ref|ZP

_00133907.2| C
O

G
1441: O

-succinylbenzoate synthase 
[A

ctinobacillus pleuropneum
oniae serovar 1 str. 4074]

x

14247568
>gi|14247568|dbj|B

A
B

57958.1| o-succinylbenzoic acid synthetase 
[S

taphylococcus aureus subsp. aureus M
u50] 

x

13701589
>gi|13701589|dbj|B

A
B

42882.1| o-succinylbenzoic acid synthetase 
[S

taphylococcus aureus subsp. aureus N
315] 

x

15927370
>gi|15927370|ref|N

P
_374903.1| o-succinylbenzoic acid synthetase 

[S
taphylococcus aureus subsp. aureus N

315] 
x

15924786
>gi|15924786|ref|N

P
_372320.1| o-succinylbenzoic acid synthetase 

[S
taphylococcus aureus subsp. aureus M

u50]
x

57284767
>gi|57284767|gb|A

AW
36861.1| o-succinylbenzoic acid (O

S
B

) synthetase, 
putative [S

taphylococcus aureus subsp. aureus C
O

L] 
x

57650581
>gi|57650581|ref|Y

P
_186674.1| o-succinylbenzoic acid (O

S
B

) synthetase, 
putative [S

taphylococcus aureus subsp. aureus C
O

L] 
x

1255260
>gi|1255260|gb|A

A
A

96059.1| o-succinylbenzoic acid (O
S

B
) synthetase

x

16331451
>gi|16331451|ref|N

P
_442179.1| O

-succinylbenzoate synthase [S
ynechocystis 

sp. P
C

C
 6803] 

x

20138596
>gi|20138596|sp|Q

55117|M
E

N
C

_S
Y

N
Y

3 P
robable O

-succinylbenzoate 
synthase (O

S
B

 synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid 
synthase) (O

-succinylbenzoic acid synthase)
x

21204904
>gi|21204904|dbj|B

A
B

95599.1| o-succinylbenzoic acid synthetase 
[S

taphylococcus aureus subsp. aureus M
W

2] 
x

21283463
>gi|21283463|ref|N

P
_646551.1| o-succinylbenzoic acid synthetase 

[S
taphylococcus aureus subsp. aureus M

W
2]

x

33641103
>gi|33641103|em

b|C
A

E
22232.1| putative O

-succinylbenzoate synthase 
[P

rochlorococcus m
arinus str. M

IT 9313] 
x

              793



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

33864323
>gi|33864323|ref|N

P
_895883.1| putative O

-succinylbenzoate synthase 
[P

rochlorococcus m
arinus str. M

IT 9313]
x

82751377
>gi|82751377|ref|Y

P
_417118.1| o-succinylbenzoic acid synthetase 

[S
taphylococcus aureus R

F122]
x

6466408
>gi|6466408|gb|A

A
F12990.1| unknow

n; 4-(2'-carboxyphenyl)-4-oxybutyric 
acid synthase [C

yanidium
 caldarium

] 
x

11465504
>gi|11465504|ref|N

P
_045105.1| 4-(2'-carboxyphenyl)-4-oxybutyric acid 

synthase [C
yanidium

 caldarium
]

x

27315928
>gi|27315928|gb|A

A
O

05062.1| o-succinylbenzoic acid (O
S

B
) synthetase 

[S
taphylococcus epiderm

idis ATC
C

 12228] 
x

27468381
>gi|27468381|ref|N

P
_765018.1| o-succinylbenzoic acid (O

S
B

) synthetase 
[S

taphylococcus epiderm
idis ATC

C
 12228]

x

57867276
>gi|57867276|ref|Y

P
_188928.1| O

-succinylbenzoic acid synthetase, putative 
[S

taphylococcus epiderm
idis R

P
62A

] 
x

57637934
>gi|57637934|gb|A

AW
54722.1| O

-succinylbenzoic acid synthetase, putative 
[S

taphylococcus epiderm
idis R

P
62A

]
x

49176099
>gi|49176099|ref|N

P
_415841.3| L-A

la-D
/L-G

lu epim
erase, a m

uconate 
lactonizing enzym

e [E
scherichia coli K

12] 
x

18158849
>gi|18158849|pdb|1JP

D
|X

 C
hain X

, L-A
la-D

L-G
lu E

pim
erase

x

1742170
>gi|1742170|dbj|B

A
A

14907.1| L-A
la-D

/L-G
lu epim

erase [E
scherichia coli 

W
3110] 

x

52695821
>gi|52695821|pdb|1TK

K
|H

 C
hain H

, The S
tructure O

f A S
ubstrate-Liganded 

C
om

plex O
f The L-A

la- D
L-G

lu E
pim

erase From
 B

acillus S
ubtilis 

x

52695820
>gi|52695820|pdb|1TK

K
|G

 C
hain G

, The S
tructure O

f A S
ubstrate-Liganded 

C
om

plex O
f The L-A

la- D
L-G

lu E
pim

erase From
 B

acillus S
ubtilis 

x

52695819
>gi|52695819|pdb|1TK

K
|F C

hain F, The S
tructure O

f A S
ubstrate-Liganded 

C
om

plex O
f The L-A

la- D
L-G

lu E
pim

erase From
 B

acillus S
ubtilis 

x

52695818
>gi|52695818|pdb|1TK

K
|E

 C
hain E

, The S
tructure O

f A S
ubstrate-Liganded 

C
om

plex O
f The L-A

la- D
L-G

lu E
pim

erase From
 B

acillus S
ubtilis 

x
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52695817
>gi|52695817|pdb|1TK

K
|D

 C
hain D

, The S
tructure O

f A S
ubstrate-Liganded 

C
om

plex O
f The L-A

la- D
L-G

lu E
pim

erase From
 B

acillus S
ubtilis 

x

52695816
>gi|52695816|pdb|1TK

K
|C

 C
hain C

, The S
tructure O

f A S
ubstrate-Liganded 

C
om

plex O
f The L-A

la- D
L-G

lu E
pim

erase From
 B

acillus S
ubtilis 

x

52695815
>gi|52695815|pdb|1TK

K
|B

 C
hain B

, The S
tructure O

f A S
ubstrate-Liganded 

C
om

plex O
f The L-A

la- D
L-G

lu E
pim

erase From
 B

acillus S
ubtilis 

x

52695814
>gi|52695814|pdb|1TK

K
|A C

hain A
, The S

tructure O
f A S

ubstrate-Liganded 
C

om
plex O

f The L-A
la- D

L-G
lu E

pim
erase From

 B
acillus S

ubtilis 
x

18158853
>gi|18158853|pdb|1JP

M
|D

 C
hain D

, L-A
la-D

L-G
lu E

pim
erase 

x
18158852

>gi|18158852|pdb|1JP
M

|C
 C

hain C
, L-A

la-D
L-G

lu E
pim

erase 
x

18158851
>gi|18158851|pdb|1JP

M
|B

 C
hain B

, L-A
la-D

L-G
lu E

pim
erase 

x
18158850

>gi|18158850|pdb|1JP
M

|A C
hain A

, L-A
la-D

L-G
lu E

pim
erase

x

75761536
>gi|75761536|ref|ZP

_00741495.1| L-A
la-D

/L-G
lu racem

ase [B
acillus 

thuringiensis serovar israelensis ATC
C

 35646] 
x

74490966
>gi|74490966|gb|E

A
O

54223.1| L-A
la-D

/L-G
lu racem

ase [B
acillus 

thuringiensis serovar israelensis ATC
C

 35646]
x

135517
>gi|135517|sp|P

27099|TC
B

D
_P

S
E

S
Q

 C
hlorom

uconate cycloisom
erase 

(M
uconate cycloisom

erase II) 
x

151578
>gi|151578|gb|A

A
D

13626.1| cycloisom
erase II [P

seudom
onas sp.] 

x

40889146
>gi|40889146|pdb|1N

U
5|A C

hain A
, C

rystal S
tructure O

f P
seudom

onas S
p. 

P
51 C

hlorom
uconate Lactonizing E

nzym
e

x

26185980
>gi|26185980|em

b|C
A

D
56207.1| chlorom

uconate cycloisom
erase 

[A
chrom

obacter xylosoxidans] 
x

19386505
>gi|19386505|gb|A

A
K

57008.2| chlorom
uconate cycloisom

erase [D
elftia 

acidovorans] 
x

44888544
>gi|44888544|sp|Q

9R
N

Z9|TFD
D

_C
O

M
A

C
 C

hlorom
uconate cycloisom

erase 
x

58616645
>gi|58616645|ref|Y

P
_195854.1| chlorom

uconate cycloisom
erase 

[A
chrom

obacter xylosoxidans] 
x
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54035685
>gi|54035685|sp|P

83763|C
B

N
B

_R
A

LE
U

 C
hlorom

uconate cycloisom
erase 

cbnB
 (M

uconate cycloisom
erase II cbnB

) 
x

4210466
>gi|4210466|dbj|B

A
A

74531.1| chlorom
uconate cycloisom

erase [R
alstonia 

eutropha]
x

15026865
>gi|15026865|gb|A

A
K

81674.1| chlorom
uconate cycloisom

erase [B
urkholderia 

cepacia] 
x

6521701
>gi|6521701|dbj|B

A
A

88065.1| chlorom
uconate cycloisom

erase [Variovorax 
paradoxus]

x

14209510
>gi|14209510|dbj|B

A
B

56010.1| chlorom
uconate cycloisom

erase 
[B

urkholderia sp. N
K

8]
x

40019136
>gi|40019136|em

b|C
A

E
92860.1| chlorom

uconate cycloisom
erase 

[P
seudom

onas putida] 
x

6002924
>gi|6002924|gb|A

A
F00202.1| chlorom

uconate cycloisom
erase [P

seudom
onas 

aeruginosa] 
x

49176883
>gi|49176883|ref|Y

P
_025386.1| chlorom

uconate cycloisom
erase [R

alstonia 
eutropha JM

P
134] 

x

39777463
>gi|39777463|gb|A

A
R

31038.1| chlorom
uconate cycloisom

erase [R
alstonia 

eutropha JM
P

134] 
x

150768
>gi|150768|gb|A

A
A

98263.1| chlorom
uconate cycloisom

erase [R
alstonia 

eutropha] 
x

135651
>gi|135651|sp|P

05404|TFD
D

1_R
A

LE
J C

hlorom
uconate cycloisom

erase 
(M

uconate cycloisom
erase II) 

x

1127206
>gi|1127206|pdb|2C

H
R

|   C
hlorom

uconate C
ycloisom

erase (C
m

ci) 
(E

.C
.5.5.1.7) 

x

442737
>gi|442737|pdb|1C

H
R

|B
 C

hain B
, C

hlorom
uconate C

ycloisom
erase 

(E
.C

.5.5.1.7) 
x

442736
>gi|442736|pdb|1C

H
R

|A C
hain A

, C
hlorom

uconate C
ycloisom

erase 
(E

.C
.5.5.1.7)

x

6002915
>gi|6002915|gb|A

A
F00196.1| chlorom

uconate cycloisom
erase [P

seudom
onas 

aeruginosa]
x

3643989
>gi|3643989|gb|A

A
C

69475.1| chlorom
uconate cycloisom

erase 
[P

seudom
onas aeruginosa]

x
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116506
>gi|116506|sp|P

11452|C
LC

B
_P

S
E

P
U

 C
hlorom

uconate cycloisom
erase 

(M
uconate cycloisom

erase II) 
x

150763
>gi|150763|gb|A

A
A

98260.1| cycloisom
erase

x
141917

>gi|141917|gb|A
A

A
98282.1| m

uconate cycloisom
erase II

x

23094408
>gi|23094408|em

b|C
A

D
28144.1| chlorom

uconate cycloisom
erase 

[R
hodococcus opacus]

x

2935031
>gi|2935031|gb|A

A
C

38249.1| chlorom
uconate cycloisom

erase [R
hodococcus 

opacus]
x

23491535
>gi|23491535|dbj|B

A
C

16768.1| cis,cis-m
uconate lactonizing enzym

e 
[B

urkholderia sp. TH
2]

x

12862418
>gi|12862418|dbj|B

A
B

32456.1| cis,cis-m
uconate cycloisom

erase C
atB

 
[P

seudom
onas sp. C

A
10]

x

11967279
>gi|11967279|gb|A

A
G

42035.1| putative m
uconate cycloisom

erase [R
alstonia 

eutropha]
x

13660733
>gi|13660733|gb|A

A
K

33064.1| cis,cis-m
uconate lactonizing enzym

e 
[P

seudom
onas putida]

x

26990423
>gi|26990423|ref|N

P
_745848.1| m

uconate cycloisom
erase [P

seudom
onas 

putida K
T2440] 

x

24985391
>gi|24985391|gb|A

A
N

69312.1| m
uconate cycloisom

erase [P
seudom

onas 
putida K

T2440]
x

82735481
>gi|82735481|ref|ZP

_00898343.1| m
uconate cycloisom

erase [P
seudom

onas 
putida F1] 

x

82717114
>gi|82717114|gb|E

A
P

52166.1| m
uconate cycloisom

erase [P
seudom

onas 
putida F1]

x

1633162
>gi|1633162|pdb|1M

U
C

|B
 C

hain B
, S

tructure O
f M

uconate Lactonizing 
E

nzym
e A

t 1.85 A
ngstrom

s R
esolution 

x

1633161
>gi|1633161|pdb|1M

U
C

|A C
hain A

, S
tructure O

f M
uconate Lactonizing 

E
nzym

e A
t 1.85 A

ngstrom
s R

esolution
x

12539415
>gi|12539415|dbj|B

A
B

21460.1| m
uconate cycloisom

erase [B
urkholderia sp. 

N
K

8]
x

115713
>gi|115713|sp|P

08310|C
ATB

_P
S

E
P

U
 M

uconate cycloisom
erase I (C

is,cis-
m

uconate lactonizing enzym
e I) (M

LE
) 

x

225599
>gi|225599|prf||1307186A m

uconate lactonizing enzym
e I

x
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6730024
>gi|6730024|pdb|2M

U
C

|B
 C

hain B
, M

uconate C
ycloisom

erase Variant F329i 
x

6730023
>gi|6730023|pdb|2M

U
C

|A C
hain A

, M
uconate C

ycloisom
erase Variant F329i

x

34392416
>gi|34392416|dbj|B

A
C

82532.1| m
uconate cycloisom

erase [Frateuria sp. A
N

A
-

18] 
x

4579699
>gi|4579699|dbj|B

A
A

75205.1| m
uconate cycloisom

erase [Frateuria sp. A
N

A
-

18]
x

2589174
>gi|2589174|gb|A

A
C

46226.1| cic,cis-m
uconate lactonizing enzym

e I 
[A

cinetobacter lw
offii K

24] 
x

6014740
>gi|6014740|sp|O

33946|C
ATB

1_A
C

ILW
 M

uconate cycloisom
erase I 1 (C

is,cis-
m

uconate lactonizing enzym
e I 1) (M

LE
 1)

x

3419684
>gi|3419684|gb|A

A
C

31766.1| cic,cis-m
uconate lactonizing enzym

e I 
[A

cinetobacter lw
offii K

24]
x

151125
>gi|151125|gb|A

A
A

25766.1| cis,cis-m
uconate lactonizing enzym

e I (E
C

 
5.5.1.1)

x

38638066
>gi|38638066|ref|N

P
_943040.1| putative m

uconate cycloisom
erase 

[C
upriavidus necator] 

x

32527404
>gi|32527404|gb|A

A
P

86154.1| putative m
uconate cycloisom

erase [R
alstonia 

eutropha]
x

151123
>gi|151123|gb|A

A
A

25765.1| cis,cis-m
uconate lactonizing enzym

e I (E
.C

. 
5.5.1.1)

x

6730036
>gi|6730036|pdb|3M

U
C

|B
 C

hain B
, M

uconate C
ycloisom

erase Variant I54v 
x

6730035
>gi|6730035|pdb|3M

U
C

|A C
hain A

, M
uconate C

ycloisom
erase Variant I54v

x

13399453
>gi|13399453|pdb|1F9C

|B
 C

hain B
, C

rystal S
tructure O

f M
le D

178n Variant 
x

13399452
>gi|13399452|pdb|1F9C

|A C
hain A

, C
rystal S

tructure O
f M

le D
178n Variant

x

23491545
>gi|23491545|dbj|B

A
C

16777.1| cis,cis-m
uconate lactonizing enzym

e 
[B

urkholderia sp. TH
2]

x
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4579705
>gi|4579705|dbj|B

A
A

75210.1| m
uconate cycloisom

erase [Frateuria sp. A
N

A
-

18]
x

14132758
>gi|14132758|gb|A

A
K

52296.1| putative m
uconate cycloisom

erase I C
atB

 
[P

seudom
onas putida] 

x

68345520
>gi|68345520|gb|A

AY
93126.1| m

uconate cycloisom
erase [P

seudom
onas 

fluorescens P
f-5] 

x

70731221
>gi|70731221|ref|Y

P
_260962.1| m

uconate cycloisom
erase [P

seudom
onas 

fluorescens P
f-5]

x

9948563
>gi|9948563|gb|A

A
G

05897.1| m
uconate cycloisom

erase I [P
seudom

onas 
aeruginosa PA

O
1] 

x

15597705
>gi|15597705|ref|N

P
_251199.1| m

uconate cycloisom
erase I [P

seudom
onas 

aeruginosa PA
O

1] 
x

2996615
>gi|2996615|gb|A

A
C

46430.1| m
uconate cycloisom

erase [A
cinetobacter sp. 

A
D

P
1] 

x

740997
>gi|740997|prf||2006268E

 m
uconate cycloisom

erase
x

49530597
>gi|49530597|em

b|C
A

G
68309.1| m

uconate cycloisom
erase I (C

is,cis-
m

uconate lactonizing enzym
e I) (M

LE
) [A

cinetobacter sp. A
D

P
1] 

x

50084621
>gi|50084621|ref|Y

P
_046131.1| m

uconate cycloisom
erase I (C

is,cis-
m

uconate lactonizing enzym
e I) (M

LE
) [A

cinetobacter sp. A
D

P
1] 

x

51704317
>gi|51704317|sp|Q

43931|C
ATB

_A
C

IA
D

 M
uconate cycloisom

erase I (C
is,cis-

m
uconate lactonizing enzym

e I) (M
LE

)
x

38638055
>gi|38638055|ref|N

P
_943029.1| putative m

uconate cycloisom
erase 

[C
upriavidus necator] 

x

32527393
>gi|32527393|gb|A

A
P

86143.1| putative m
uconate cycloisom

erase [R
alstonia 

eutropha]
x

69936817
>gi|69936817|ref|ZP

_00631572.1| M
uconate cycloisom

erase [P
aracoccus 

denitrificans P
D

1222] 
x

69151840
>gi|69151840|gb|E

A
N

65022.1| M
uconate cycloisom

erase [P
aracoccus 

denitrificans P
D

1222]
x

77971060
>gi|77971060|gb|A

B
B

12439.1| M
uconate cycloisom

erase [B
urkholderia sp. 

383] 
x

78063175
>gi|78063175|ref|Y

P
_373083.1| M

uconate cycloisom
erase [B

urkholderia sp. 
383]

x
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67665468
>gi|67665468|ref|ZP

_00462731.1| M
uconate cycloisom

erase [B
urkholderia 

cenocepacia H
I2424] 

x

67656859
>gi|67656859|ref|ZP

_00454240.1| M
uconate cycloisom

erase [B
urkholderia 

cenocepacia A
U

 1054] 
x

67101001
>gi|67101001|gb|E

A
M

18148.1| M
uconate cycloisom

erase [B
urkholderia 

cenocepacia H
I2424] 

x

67095576
>gi|67095576|gb|E

A
M

13104.1| M
uconate cycloisom

erase [B
urkholderia 

cenocepacia A
U

 1054]
x

83716982
>gi|83716982|ref|Y

P
_438685.1| m

uconate cycloisom
erase [B

urkholderia 
thailandensis E

264] 
x

83650807
>gi|83650807|gb|A

B
C

34871.1| m
uconate cycloisom

erase [B
urkholderia 

thailandensis E
264]

x

3891691
>gi|3891691|pdb|1B

K
H

|B
 C

hain B
, M

uconate Lactonizing E
nzym

e From
 

P
seudom

onas P
utida

x

56710236
>gi|56710236|dbj|B

A
D

80960.1| m
uconate lactonizing enzym

e I [uncultured 
bacterium

]
x

52213326
>gi|52213326|em

b|C
A

H
39369.1| m

uconate cycloisom
erase I [B

urkholderia 
pseudom

allei K
96243] 

x

53722912
>gi|53722912|ref|Y

P
_111897.1| m

uconate cycloisom
erase I [B

urkholderia 
pseudom

allei K
96243]

x

52422485
>gi|52422485|gb|A

A
U

46055.1| m
uconate cycloisom

erase [B
urkholderia 

m
allei ATC

C
 23344] 

x

53716515
>gi|53716515|ref|Y

P
_105027.1| m

uconate cycloisom
erase [B

urkholderia 
m

allei ATC
C

 23344] 
x

3891692
>gi|3891692|pdb|1B

K
H

|C
 C

hain C
, M

uconate Lactonizing E
nzym

e From
 

P
seudom

onas P
utida

x

76583804
>gi|76583804|gb|A

B
A

53278.1| m
uconate cycloisom

erase [B
urkholderia 

pseudom
allei 1710b] 

x

76819331
>gi|76819331|ref|Y

P
_336144.1| m

uconate cycloisom
erase [B

urkholderia 
pseudom

allei 1710b] 
x

3891690
>gi|3891690|pdb|1B

K
H

|A C
hain A

, M
uconate Lactonizing E

nzym
e From

 
P

seudom
onas P

utida
x
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23494145
>gi|23494145|dbj|B

A
C

19113.1| putative m
uconate cycloisom

erase 
[C

orynebacterium
 efficiens Y

S
-314] 

x

25028859
>gi|25028859|ref|N

P
_738913.1| putative m

uconate cycloisom
erase 

[C
orynebacterium

 efficiens Y
S

-314]
x

83749259
>gi|83749259|ref|ZP

_00946259.1| M
uconate cycloisom

erase [R
alstonia 

solanacearum
 U

W
551] 

x

83724099
>gi|83724099|gb|E

A
P

71277.1| M
uconate cycloisom

erase [R
alstonia 

solanacearum
 U

W
551]

x

1771524
>gi|1771524|em

b|C
A

A
67934.1| m

uconate cycloisom
erase [R

hodococcus 
opacus] 

x

5915882
>gi|5915882|sp|P

95608|C
ATB

_R
H

O
O

P M
uconate cycloisom

erase I (C
is,cis-

m
uconate lactonizing enzym

e I) (M
LE

)
x

60594324
>gi|60594324|pdb|1Y

E
Y

|D
 C

hain D
, C

rystal S
tructure O

f L-Fuconate 
D

ehydratase From
 X

anthom
onas C

am
pestris P

v. C
am

pestris S
tr. A

tcc 33913 
x

60594323
>gi|60594323|pdb|1Y

E
Y

|C
 C

hain C
, C

rystal S
tructure O

f L-Fuconate 
D

ehydratase From
 X

anthom
onas C

am
pestris P

v. C
am

pestris S
tr. A

tcc 33913 
x

60594322
>gi|60594322|pdb|1Y

E
Y

|B
 C

hain B
, C

rystal S
tructure O

f L-Fuconate 
D

ehydratase From
 X

anthom
onas C

am
pestris P

v. C
am

pestris S
tr. A

tcc 33913 
x

60594321
>gi|60594321|pdb|1Y

E
Y

|A C
hain A

, C
rystal S

tructure O
f L-Fuconate 

D
ehydratase From

 X
anthom

onas C
am

pestris P
v. C

am
pestris S

tr. A
tcc 33913

x

1176845
>gi|1176845|sp|P

45314|K
D

O
P

_H
A

E
IN

 3-deoxy-D
-m

anno-octulosonate 8-
phosphate phosphatase (K

D
O

 8-P phosphatase) 
x

20150637
>gi|20150637|pdb|1K

1E
|L C

hain L, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150636
>gi|20150636|pdb|1K

1E
|K

 C
hain K

, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x
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20150635
>gi|20150635|pdb|1K

1E
|J C

hain J, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150634
>gi|20150634|pdb|1K

1E
|I C

hain I, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150633
>gi|20150633|pdb|1K

1E
|H

 C
hain H

, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150632
>gi|20150632|pdb|1K

1E
|G

 C
hain G

, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150631
>gi|20150631|pdb|1K

1E
|F C

hain F, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150630
>gi|20150630|pdb|1K

1E
|E

 C
hain E

, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150629
>gi|20150629|pdb|1K

1E
|D

 C
hain D

, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150628
>gi|20150628|pdb|1K

1E
|C

 C
hain C

, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150627
>gi|20150627|pdb|1K

1E
|B

 C
hain B

, S
tructure O

f The C
obalt-B

ound Form
 O

f 
The D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150626
>gi|20150626|pdb|1K

1E
|A C

hain A
, S

tructure O
f The C

obalt-B
ound Form

 O
f 

The D
eoxy-D

-M
annose- O

ctulosonate 8-P
hosphate P

hosphatase (Y
rbi) From

 
H

aem
ophilus Influenzae (H

i1679)
x

68058479
>gi|68058479|gb|A

A
X

88732.1| 3-deoxy-D
-m

anno-octulosonate 8-phosphate 
phosphatase [H

aem
ophilus influenzae 86-028N

P
] 

x
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68250280
>gi|68250280|ref|Y

P
_249392.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [H
aem

ophilus influenzae 86-028N
P

]
x

68342600
>gi|68342600|gb|A

AY
90206.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [P
seudom

onas fluorescens P
f-5] 

x

70728301
>gi|70728301|ref|Y

P
_258050.1| 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [P
seudom

onas fluorescens P
f-5]

x

20150364
>gi|20150364|pdb|1J8D

|D
 C

hain D
, S

tructure O
f The M

etal-Free Form
 O

f The 
D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150363
>gi|20150363|pdb|1J8D

|C
 C

hain C
, S

tructure O
f The M

etal-Free Form
 O

f The 
D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150362
>gi|20150362|pdb|1J8D

|B
 C

hain B
, S

tructure O
f The M

etal-Free Form
 O

f The 
D

eoxy-D
-M

annose- O
ctulosonate 8-P

hosphate P
hosphatase (Y

rbi) From
 

H
aem

ophilus Influenzae (H
i1679) 

x

20150361
>gi|20150361|pdb|1J8D

|A C
hain A

, S
tructure O

f The M
etal-Free Form

 O
f The 

D
eoxy-D

-M
annose- O

ctulosonate 8-P
hosphate P

hosphatase (Y
rbi) From

 
H

aem
ophilus Influenzae (H

i1679)
x

75431114
>gi|75431114|ref|ZP

_00732941.1| 3-deoxy-m
anno-octulosonate-8-

phosphatase [A
ctinobacillus succinogenes 130Z] 

x

74276377
>gi|74276377|gb|E

A
O

49988.1| 3-deoxy-m
anno-octulosonate-8-phosphatase 

[A
ctinobacillus succinogenes 130Z]

x

37200675
>gi|37200675|dbj|B

A
C

96500.1| phosphonoacetaldehyde 
phosphonohydrolase [Vibrio vulnificus Y

J016] 
x

37676134
>gi|37676134|ref|N

P
_936530.1| phosphonoacetaldehyde 

phosphonohydrolase [Vibrio vulnificus Y
J016]

x

77383909
>gi|77383909|gb|A

B
A

75422.1| P
hosphonoacetaldehyde hydrolase 

[P
seudom

onas fluorescens P
fO

-1] 
x

77459906
>gi|77459906|ref|Y

P
_349413.1| P

hosphonoacetaldehyde hydrolase 
[P

seudom
onas fluorescens P

fO
-1]

x

18996325
>gi|18996325|em

b|C
A

D
24489.1| 2-phosphonoacetaldehyde hydrolase 

[P
seudom

onas putida]
x
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68345624
>gi|68345624|gb|A

AY
93230.1| 2-phosphonoacetaldehyde hydrolase 

[P
seudom

onas fluorescens P
f-5] 

x

70731325
>gi|70731325|ref|Y

P
_261066.1| 2-phosphonoacetaldehyde hydrolase 

[P
seudom

onas fluorescens P
f-5]

x

9947248
>gi|9947248|gb|A

A
G

04700.1| 2-phosphonoacetaldehyde hydrolase 
[P

seudom
onas aeruginosa PA

O
1] 

x

15596508
>gi|15596508|ref|N

P
_250002.1| 2-phosphonoacetaldehyde hydrolase 

[P
seudom

onas aeruginosa PA
O

1]
x

1177876
>gi|1177876|gb|A

A
C

45742.1| 2-phosphonoacetaldehyde hydrolase 
[P

seudom
onas aeruginosa]

x

26988932
>gi|26988932|ref|N

P
_744357.1| 2-phosphonoacetaldehyde hydrolase 

[P
seudom

onas putida K
T2440] 

x

24983745
>gi|24983745|gb|A

A
N

67821.1| 2-phosphonoacetaldehyde hydrolase 
[P

seudom
onas putida K

T2440] 
x

82737769
>gi|82737769|ref|ZP

_00900614.1| P
hosphonoacetaldehyde hydrolase:H

A
D

-
superfam

ily hydrolase subfam
ily IA

, variant 3 [P
seudom

onas putida F1] 
x

82715142
>gi|82715142|gb|E

A
P

50211.1| P
hosphonoacetaldehyde hydrolase:H

A
D

-
superfam

ily hydrolase subfam
ily IA

, variant 3 [P
seudom

onas putida F1]
x

9658018
>gi|9658018|gb|A

A
F96507.1| phosphonoacetaldehyde phosphonohydrolase 

[Vibrio cholerae O
1 biovar eltor str. N

16961] 
x

15601364
>gi|15601364|ref|N

P
_232995.1| phosphonoacetaldehyde 

phosphonohydrolase [Vibrio cholerae O
1 biovar eltor str. N

16961]
x

28808371
>gi|28808371|dbj|B

A
C

61576.1| phosphonoacetaldehyde 
phosphonohydrolase [Vibrio parahaem

olyticus R
IM

D
 2210633] 

x

28900088
>gi|28900088|ref|N

P
_799743.1| phosphonoacetaldehyde 

phosphonohydrolase [Vibrio parahaem
olyticus R

IM
D

 2210633]
x

16501700
>gi|16501700|em

b|C
A

D
08888.1| phosphonoacetaldehyde 

phosphonohydrolase [S
alm

onella enterica subsp. enterica serovar Typhi] 
x

29138451
>gi|29138451|gb|A

A
O

70021.1| phosphonoacetaldehyde phosphonohydrolase 
[S

alm
onella enterica subsp. enterica serovar Typhi Ty2] 

x
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16759409
>gi|16759409|ref|N

P
_455026.1| phosphonoacetaldehyde 

phosphonohydrolase [S
alm

onella enterica subsp. enterica serovar Typhi str. 
C

T18] 
x

29142819
>gi|29142819|ref|N

P
_806161.1| phosphonoacetaldehyde 

phosphonohydrolase [S
alm

onella enterica subsp. enterica serovar Typhi Ty2] 
x

25513095
>gi|25513095|pir||A

H
0555 phosphonoacetaldehyde phosphonohydrolase 

[im
ported] - S

alm
onella enterica subsp. enterica serovar Typhi (strain C

T18)
x

56128670
>gi|56128670|gb|A

AV
78176.1| phosphonoacetaldehyde phosphonohydrolase 

[S
alm

onella enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

56414413
>gi|56414413|ref|Y

P
_151488.1| phosphonoacetaldehyde 

phosphonohydrolase [S
alm

onella enterica subsp. enterica serovar P
aratyphi 

A str. ATC
C

 9150]
x

18254515
>gi|18254515|gb|A

A
B

86434.2| phosphonoacetaldehyde hydrolase [B
acillus 

cereus]
x

48425373
>gi|48425373|pdb|1R

Q
N

|B
 C

hain B
, P

hosphonoacetaldehyde H
ydrolase 

C
om

plexed W
ith M

agnesium
 

x

48425372
>gi|48425372|pdb|1R

Q
N

|A C
hain A

, P
hosphonoacetaldehyde H

ydrolase 
C

om
plexed W

ith M
agnesium

 
x

48425371
>gi|48425371|pdb|1R

Q
L|B

 C
hain B

, C
rystal S

tructure O
f 

P
hosponoacetaldehyde H

ydrolase C
om

plexed W
ith M

agnesium
 A

nd The 
Inhibitor Vinyl S

ulfonate 
x

48425370
>gi|48425370|pdb|1R

Q
L|A C

hain A
, C

rystal S
tructure O

f 
P

hosponoacetaldehyde H
ydrolase C

om
plexed W

ith M
agnesium

 A
nd The 

Inhibitor Vinyl S
ulfonate

x

52695385
>gi|52695385|pdb|1R

D
F|F C

hain F, G
50p M

utant O
f P

hosphonoacetaldehyde 
H

ydrolase In C
om

plex W
ith S

ubstrate A
nalogue Vinyl S

ulfonate 
x

52695384
>gi|52695384|pdb|1R

D
F|E

 C
hain E

, G
50p M

utant O
f 

P
hosphonoacetaldehyde H

ydrolase In C
om

plex W
ith S

ubstrate A
nalogue 

Vinyl S
ulfonate 

x
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52695383
>gi|52695383|pdb|1R

D
F|D

 C
hain D

, G
50p M

utant O
f 

P
hosphonoacetaldehyde H

ydrolase In C
om

plex W
ith S

ubstrate A
nalogue 

Vinyl S
ulfonate 

x

52695382
>gi|52695382|pdb|1R

D
F|C

 C
hain C

, G
50p M

utant O
f 

P
hosphonoacetaldehyde H

ydrolase In C
om

plex W
ith S

ubstrate A
nalogue 

Vinyl S
ulfonate 

x

52695381
>gi|52695381|pdb|1R

D
F|B

 C
hain B

, G
50p M

utant O
f 

P
hosphonoacetaldehyde H

ydrolase In C
om

plex W
ith S

ubstrate A
nalogue 

Vinyl S
ulfonate 

x

52695380
>gi|52695380|pdb|1R

D
F|A C

hain A
, G

50p M
utant O

f P
hosphonoacetaldehyde 

H
ydrolase In C

om
plex W

ith S
ubstrate A

nalogue Vinyl S
ulfonate

x

42780513
>gi|42780513|ref|N

P
_977760.1| phosphonoacetaldehyde 

phosphonohydrolase [B
acillus cereus ATC

C
 10987] 

x

42736433
>gi|42736433|gb|A

A
S

40368.1| phosphonoacetaldehyde phosphonohydrolase 
[B

acillus cereus ATC
C

 10987]
x

49331329
>gi|49331329|gb|A

AT61975.1| possible phosphonoacetaldehyde hydrolase 
[B

acillus thuringiensis serovar konkukian str. 97-27] 
x

47501757
>gi|47501757|gb|A

AT30433.1| phosphonoacetaldehyde phosphonohydrolase 
[B

acillus anthracis str. 'A
m

es A
ncestor'] 

x

49178183
>gi|49178183|gb|A

AT53559.1| phosphonoacetaldehyde phosphonohydrolase 
[B

acillus anthracis str. S
terne] 

x

49184256
>gi|49184256|ref|Y

P
_027508.1| phosphonoacetaldehyde 

phosphonohydrolase [B
acillus anthracis str. S

terne] 
x

49479773
>gi|49479773|ref|Y

P
_035550.1| possible phosphonoacetaldehyde hydrolase 

[B
acillus thuringiensis serovar konkukian str. 97-27] 

x

30255280
>gi|30255280|gb|A

A
P

25289.1| phosphonoacetaldehyde phosphonohydrolase 
[B

acillus anthracis str. A
m

es] 
x

47526609
>gi|47526609|ref|Y

P
_017958.1| phosphonoacetaldehyde 

phosphonohydrolase [B
acillus anthracis str. 'A

m
es A

ncestor'] 
x

30261426
>gi|30261426|ref|N

P
_843803.1| phosphonoacetaldehyde 

phosphonohydrolase [B
acillus anthracis str. A

m
es]

x
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51977481
>gi|51977481|gb|A

A
U

19031.1| possible phosphonoacetaldehyde hydrolase 
[B

acillus cereus E
33L] 

x

52144012
>gi|52144012|ref|Y

P
_082816.1| possible phosphonoacetaldehyde hydrolase 

[B
acillus cereus E

33L]
x

10835408
>gi|10835408|pdb|1FE

Z|D
 C

hain D
, The C

rystal S
tructure O

f B
acillus C

ereus 
P

hosphonoacetaldehyde H
ydrolase C

om
plexed W

ith Tungstate, A P
roduct 

A
nalog 

x

10835407
>gi|10835407|pdb|1FE

Z|C
 C

hain C
, The C

rystal S
tructure O

f B
acillus C

ereus 
P

hosphonoacetaldehyde H
ydrolase C

om
plexed W

ith Tungstate, A P
roduct 

A
nalog 

x

10835406
>gi|10835406|pdb|1FE

Z|B
 C

hain B
, The C

rystal S
tructure O

f B
acillus C

ereus 
P

hosphonoacetaldehyde H
ydrolase C

om
plexed W

ith Tungstate, A P
roduct 

A
nalog 

x

10835405
>gi|10835405|pdb|1FE

Z|A C
hain A

, The C
rystal S

tructure O
f B

acillus C
ereus 

P
hosphonoacetaldehyde H

ydrolase C
om

plexed W
ith Tungstate, A P

roduct 
A

nalog
x

47566213
>gi|47566213|ref|ZP

_00237241.1| phosphonoacetaldehyde 
phosphonohydrolase V

C
A

0606 [B
acillus cereus G

9241] 
x

47556766
>gi|47556766|gb|E

A
L15097.1| phosphonoacetaldehyde phosphonohydrolase 

V
C

A
0606 [B

acillus cereus G
9241]

x

28270410
>gi|28270410|em

b|C
A

D
63313.1| phosphonoacetaldehyde hydrolase 

[Lactobacillus plantarum
 W

C
FS

1] 
x

28377578
>gi|28377578|ref|N

P
_784470.1| phosphonoacetaldehyde hydrolase 

[Lactobacillus plantarum
 W

C
FS

1]
x

6435583
>gi|6435583|pdb|1Q

Q
5|B

 C
hain B

, S
tructure O

f L-2-H
aloacid D

ehalogenase 
From

 X
anthobacter A

utotrophicus 
x

6435582
>gi|6435582|pdb|1Q

Q
5|A C

hain A
, S

tructure O
f L-2-H

aloacid D
ehalogenase 

From
 X

anthobacter A
utotrophicus

x

3122178
>gi|3122178|sp|Q

60099|H
A

D
_X

A
N

A
U

 (S
)-2-haloacid dehalogenase (2-

haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) 
(H

alocarboxylic acid halidohydrolase) 
x

2914421
>gi|2914421|pdb|1A

Q
6|B

 C
hain B

, S
tructure O

f L-2-H
aloacid D

ehalogenase 
From

 X
anthobacter A

utotrophicus 
x
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2914420
>gi|2914420|pdb|1A

Q
6|A C

hain A
, S

tructure O
f L-2-H

aloacid D
ehalogenase 

From
 X

anthobacter A
utotrophicus

x

155350
>gi|155350|gb|A

A
A

27590.1| halocarboxylic acid halidohydrolase
x

691747
>gi|691747|gb|A

A
B

32245.1| L-2-halo acid dehalogenase; L-D
E

X
 

[P
seudom

onas sp.] 
x

3122176
>gi|3122176|sp|Q

53464|H
A

D
_P

S
E

U
Y (S

)-2-haloacid dehalogenase (2-
haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) 
(H

alocarboxylic acid halidohydrolase) (L-D
E

X
) 

x

3212552
>gi|3212552|pdb|1JU

D
|   L-2-H

aloacid D
ehalogenase 

x

8569435
>gi|8569435|pdb|1Q

H
9|A C

hain A
, E

nzym
e-P

roduct C
om

plex O
f L-2-H

aloacid 
D

ehalogenase
x

4699780
>gi|4699780|pdb|1ZR

N
|  Interm

ediate S
tructure O

f L-2-H
aloacid 

D
ehalogenase W

ith M
onochloroacetate 

x

4699779
>gi|4699779|pdb|1ZR

M
|   C

rystal S
tructure O

f The R
eaction Interm

ediate O
f L-

2-H
aloacid D

ehalogenase W
ith 2-C

hloro-N
-B

utyrate
x

39651117
>gi|39651117|em

b|C
A

E
29640.1| putative 2-haloacid halidohydrolase Iva 

[R
hodopseudom

onas palustris C
G

A
009] 

x

39937259
>gi|39937259|ref|N

P
_949535.1| putative 2-haloacid halidohydrolase Iva 

[R
hodopseudom

onas palustris C
G

A
009]

x

27355843
>gi|27355843|dbj|B

A
C

52825.1| 2-haloalkanoic acid dehalogenase 
[B

radyrhizobium
 japonicum

 U
S

D
A 110] 

x

27382671
>gi|27382671|ref|N

P
_774200.1| 2-haloalkanoic acid dehalogenase 

[B
radyrhizobium

 japonicum
 U

S
D

A 110]
x

17428377
>gi|17428377|em

b|C
A

D
15064.1| P

U
TATIV

E
 2-H

A
LO

A
LK

A
N

O
IC

 A
C

ID
 

D
E

H
A

LO
G

E
N

A
S

E
 P

R
O

TE
IN

 [R
alstonia solanacearum

] 
x

17546081
>gi|17546081|ref|N

P
_519483.1| P

U
TATIV

E
 2-H

A
LO

A
LK

A
N

O
IC

 A
C

ID
 

D
E

H
A

LO
G

E
N

A
S

E
 P

R
O

TE
IN

 [R
alstonia solanacearum

 G
M

I1000]
x

3122191
>gi|3122191|sp|Q

52087|H
A

D
L_P

S
E

P
U

 (S
)-2-haloacid dehalogenase (2-

haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) 
(H

alocarboxylic acid halidohydrolase) 
x

151246
>gi|151246|gb|A

A
A

25832.1| L-2-haloalkanoate dehalogenase
x
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3122193
>gi|3122193|sp|Q

59728|H
A

D
9_P

S
E

P
U

 (S
)-2-haloacid dehalogenase H

-109 
(2-haloalkanoic acid dehalogenase H

-109) (L-2-haloacid dehalogenase H
-

109) (H
alocarboxylic acid halidohydrolase H

-109) 
x

440136
>gi|440136|dbj|B

A
A

04474.1| 2-haloacid dehalogenase H
-109 [P

seudom
onas 

putida] 
x

740928
>gi|740928|prf||2006222A 2-haloacid dehalogenase

x

396771
>gi|396771|em

b|C
A

A
46976.1| 2-haloacid halidohydrolase IVa [B

urkholderia 
cepacia] 

x

3122190
>gi|3122190|sp|Q

51645|H
A

D
4_B

U
R

C
E

 (S
)-2-haloacid dehalogenase IVA (2-

haloalkanoic acid dehalogenase IVA
) (L-2-haloacid dehalogenase IVA

) 
(H

alocarboxylic acid halidohydrolase IVA
)

x

321693
>gi|321693|pir||S

29096 2-haloacid halidohydrolase IVa - P
seudom

onas 
cepacia

x

83748574
>gi|83748574|ref|ZP

_00945594.1| 2-haloalkanoic acid dehalogenase 
[R

alstonia solanacearum
 U

W
551] 

x

83724782
>gi|83724782|gb|E

A
P

71940.1| 2-haloalkanoic acid dehalogenase [R
alstonia 

solanacearum
 U

W
551]

x

122212
>gi|122212|sp|P

24070|H
A

D
2_P

S
E

U
C

 (S
)-2-haloacid dehalogenase II (2-

haloalkanoic acid dehalogenase II) (L-2-haloacid dehalogenase II) 
(H

alocarboxylic acid halidohydrolase II) (D
E

H
C

II) 
x

151250
>gi|151250|gb|A

A
A

25833.1| 2-haloalkanoic acid dehalogenase II
x

4468652
>gi|4468652|em

b|C
A

B
38090.1| haloalkanoic acid dehalogenase 

[P
seudom

onas putida]
x

6580616
>gi|6580616|em

b|C
A

A
63861.2| 2-haloacid dehalogenase; L-2-

halidohydrolase [P
seudom

onas fluorescens] 
x

18280629
>gi|18280629|sp|Q

59666|H
A

D
_P

S
E

FL (S
)-2-haloacid dehalogenase (2-

haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) 
(H

alocarboxylic acid halidohydrolase)
x

417106
>gi|417106|sp|P

24069|H
A

D
1_P

S
E

U
C

 (S
)-2-haloacid dehalogenase I (2-

haloalkanoic acid dehalogenase I) (L-2-haloacid dehalogenase I) 
(H

alocarboxylic acid halidohydrolase I) (D
E

H
C

I) 
x

151248
>gi|151248|gb|A

A
A

63640.1| 2-haloalkanoic acid dehalogenase I
x
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78693202
>gi|78693202|ref|ZP

_00857716.1| H
aloacid dehalogenase, type II:H

A
D

-
superfam

ily hydrolase, subfam
ily IA

, variant 2:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 1 [B

radyrhizobium
 sp. B

TA
i1] 

x

78518757
>gi|78518757|gb|E

A
P

32054.1| H
aloacid dehalogenase, type II:H

A
D

-
superfam

ily hydrolase, subfam
ily IA

, variant 2:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 1 [B

radyrhizobium
 sp. B

TA
i1]

x

76578370
>gi|76578370|gb|A

B
A

47845.1| haloacid dehalogenase, type II [B
urkholderia 

pseudom
allei 1710b] 

x

76808917
>gi|76808917|ref|Y

P
_334008.1| haloacid dehalogenase, type II [B

urkholderia 
pseudom

allei 1710b]
x

52427537
>gi|52427537|gb|A

A
U

48130.1| haloacid dehalogenase, type II [B
urkholderia 

m
allei ATC

C
 23344] 

x

67669257
>gi|67669257|ref|ZP

_00466102.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei 1655] 

x

67639054
>gi|67639054|ref|ZP

_00437975.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia m
allei G

B
8 horse 4] 

x

67638982
>gi|67638982|ref|ZP

_00437917.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia m
allei 10399] 

x

67763205
>gi|67763205|ref|ZP

_00501902.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei S

13] 
x

67648291
>gi|67648291|ref|ZP

_00446523.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia m
allei N

C
TC

 10247] 
x

85067337
>gi|85067337|ref|ZP

_01028190.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia m
allei 10229] 

x

84522381
>gi|84522381|ref|ZP

_01009517.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia m
allei S

AV
P

1] 
x

83676123
>gi|83676123|ref|ZP

_00937921.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei 406e] 

x

83622394
>gi|83622394|ref|ZP

_00932714.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia m
allei JH

U
] 

x

83617285
>gi|83617285|ref|ZP

_00927802.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia m
allei FM

H
] 

x
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82533898
>gi|82533898|ref|ZP

_00892949.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei 1106b] 

x

82530895
>gi|82530895|ref|ZP

_00890120.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei 1106a]

x

67753741
>gi|67753741|ref|ZP

_00492667.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei P

asteur]
x

67734827
>gi|67734827|ref|ZP

_00485901.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia pseudom
allei 668]

x

44887977
>gi|44887977|sp|P

60527|H
A

D
_A

G
R

TR
 2-haloalkanoic acid dehalogenase (L-

2-haloacid dehalogenase) (H
alocarboxylic acid halidohydrolase) (L-D

E
X

) 
(C

ryptic L-isom
er-specific dehalogenase) (D

hlS
5I)

x

72119053
>gi|72119053|gb|A

A
Z61316.1| H

aloacid dehalogenase, type II:H
A

D
-

superfam
ily hydrolase, subfam

ily IA
, variant 2 [R

alstonia eutropha JM
P

134] 
x

73541640
>gi|73541640|ref|Y

P
_296160.1| H

aloacid dehalogenase, type II:H
A

D
-

superfam
ily hydrolase, subfam

ily IA
, variant 2 [R

alstonia eutropha JM
P

134]
x

84362170
>gi|84362170|ref|ZP

_00986804.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [B

urkholderia dolosa A
U

O
158]

x

83719028
>gi|83719028|ref|Y

P
_442519.1| haloacid dehalogenase, type II [B

urkholderia 
thailandensis E

264] 
x

83652853
>gi|83652853|gb|A

B
C

36916.1| haloacid dehalogenase, type II [B
urkholderia 

thailandensis E
264]

x

74017830
>gi|74017830|ref|ZP

_00688453.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia am
bifaria A

M
M

D
] 

x

72609715
>gi|72609715|gb|E

A
O

45664.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia am
bifaria A

M
M

D
]

x

14027103
>gi|14027103|dbj|B

A
B

54057.1| 2-haloacid halidohydrolase Iva 
[M

esorhizobium
 loti M

A
FF303099] 

x

13476342
>gi|13476342|ref|N

P
_107912.1| 2-haloacid halidohydrolase Iva 

[M
esorhizobium

 loti M
A

FF303099]
x
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67666092
>gi|67666092|ref|ZP

_00463346.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia cenocepacia H
I2424] 

x

67658833
>gi|67658833|ref|ZP

_00456202.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia cenocepacia A
U

 1054] 
x

67100388
>gi|67100388|gb|E

A
M

17544.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia cenocepacia H
I2424] 

x

67093680
>gi|67093680|gb|E

A
M

11220.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia cenocepacia A
U

 1054]
x

67549078
>gi|67549078|ref|ZP

_00426952.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia vietnam
iensis G

4] 
x

67529584
>gi|67529584|gb|E

A
M

26445.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [B

urkholderia vietnam
iensis G

4]
x

77967574
>gi|77967574|gb|A

B
B

08954.1| H
aloacid dehalogenase, type II [B

urkholderia 
sp. 383] 

x

78066829
>gi|78066829|ref|Y

P
_369598.1| H

aloacid dehalogenase, type II [B
urkholderia 

sp. 383]
x

62086241
>gi|62086241|dbj|B

A
D

91552.1| L-2-haloacid dehalogenase [B
urkholderia sp. 

W
S

]
x

15073899
>gi|15073899|em

b|C
A

C
45540.1| P

U
TATIV

E
 A

LP
H

A
-H

A
LO

C
A

R
B

O
X

Y
LIC

 
A

C
ID

 D
E

H
A

LO
G

E
N

A
S

E
 P

R
O

TE
IN

 [S
inorhizobium

 m
eliloti] 

x

15964721
>gi|15964721|ref|N

P
_385074.1| P

U
TATIV

E
 A

LP
H

A
-H

A
LO

C
A

R
B

O
X

Y
LIC

 
A

C
ID

 D
E

H
A

LO
G

E
N

A
S

E
 P

R
O

TE
IN

 [S
inorhizobium

 m
eliloti 1021]

x

62289533
>gi|62289533|ref|Y

P
_221326.1| haloacid dehalogenase [B

rucella abortus 
biovar 1 str. 9-941] 

x

62195665
>gi|62195665|gb|A

A
X

73965.1| haloacid dehalogenase [B
rucella abortus 

biovar 1 str. 9-941] 
x

23347357
>gi|23347357|gb|A

A
N

29496.1| haloacid dehalogenase, type II [B
rucella suis 

1330] 
x

23501454
>gi|23501454|ref|N

P
_697581.1| haloacid dehalogenase, type II [B

rucella suis 
1330]

x

23014332
>gi|23014332|ref|ZP

_00054154.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [M

agnetospirillum
 m

agnetotacticum
 M

S
-1]

x
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67777344
>gi|67777344|gb|E

A
M

36972.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [P

olarom
onas sp. JS

666] 
x

67910416
>gi|67910416|ref|ZP

_00508806.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [P

olarom
onas sp. JS

666]
x

67907457
>gi|67907457|ref|ZP

_00505859.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [P

olarom
onas sp. JS

666] 
x

67780274
>gi|67780274|gb|E

A
M

39890.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [P

olarom
onas sp. JS

666]
x

56311903
>gi|56311903|em

b|C
A

I06548.1| putative 2-haloalkanoic acid dehalogenase 
[A

zoarcus sp. E
bN

1] 
x

56475860
>gi|56475860|ref|Y

P
_157449.1| putative 2-haloalkanoic acid dehalogenase 

[A
zoarcus sp. E

bN
1]

x

68189622
>gi|68189622|gb|E

A
N

04287.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [M

esorhizobium
 sp. B

N
C

1] 
x

69280198
>gi|69280198|ref|ZP

_00614870.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 2 [M

esorhizobium
 sp. B

N
C

1]
x

82946478
>gi|82946478|dbj|B

A
E

51342.1| 2-haloalkanoic acid dehalogenase I 
[M

agnetospirillum
 m

agneticum
 A

M
B

-1] 
x

83311637
>gi|83311637|ref|Y

P
_421901.1| 2-haloalkanoic acid dehalogenase I 

[M
agnetospirillum

 m
agneticum

 A
M

B
-1]

x

76259263
>gi|76259263|ref|ZP

_00766913.1| H
aloacid dehalogenase, type II:H

A
D

-
superfam

ily hydrolase, subfam
ily IA

, variant 2 [C
hloroflexus aurantiacus J-10-

fl] 
x

76165790
>gi|76165790|gb|E

A
O

59920.1| H
aloacid dehalogenase, type II:H

A
D

-
superfam

ily hydrolase, subfam
ily IA

, variant 2 [C
hloroflexus aurantiacus J-10-

fl]
x

86160229
>gi|86160229|ref|Y

P
_467014.1| haloacid dehalogenase, type II 

[A
naerom

yxobacter dehalogenans 2C
P

-C
] 

x

85776740
>gi|85776740|gb|A

B
C

83577.1| haloacid dehalogenase, type II 
[A

naerom
yxobacter dehalogenans 2C

P
-C

]
x

47574019
>gi|47574019|ref|ZP

_00244056.1| C
O

G
1011: P

redicted hydrolase (H
A

D
 

superfam
ily) [R

ubrivivax gelatinosus P
M

1]
x
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 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

4127501
>gi|4127501|em

b|C
A

A
06738.1| cryptic haloacid dehalogenase 1 

[B
urkholderia cepacia]

x

2635968
>gi|2635968|em

b|C
A

B
15460.1| beta-phosphoglucom

utase; glucose-1-
phosphate phosphodism

utase [B
acillus subtilis subsp. subtilis str. 168] 

x

3024396
>gi|3024396|sp|O

06995|P
G

M
B

_B
A

C
S

U
 P

utative beta-phosphoglucom
utase 

(B
eta-P

G
M

) 
x

16080508
>gi|16080508|ref|N

P
_391335.1| beta-phosphoglucom

utase [B
acillus subtilis 

subsp. subtilis str. 168]
x

28269830
>gi|28269830|em

b|C
A

D
62727.1| beta-phosphoglucom

utase [Lactobacillus 
plantarum

 W
C

FS
1] 

x

28376999
>gi|28376999|ref|N

P
_783891.1| beta-phosphoglucom

utase [Lactobacillus 
plantarum

 W
C

FS
1]

x

3724126
>gi|3724126|em

b|C
A

A
11906.1| beta-phosphoglucom

utase [Lactobacillus 
sanfranciscensis]

x

7225613
>gi|7225613|gb|A

A
F40831.1| beta-phosphoglucom

utase [N
eisseria 

m
eningitidis M

C
58] 

x

15676305
>gi|15676305|ref|N

P
_273440.1| beta-phosphoglucom

utase [N
eisseria 

m
eningitidis M

C
58]

x

1495997
>gi|1495997|em

b|C
A

A
94734.1| beta-phosphoglucom

utase [Lactococcus 
lactis] 

x

75765829
>gi|75765829|pdb|1ZO

L|A C
hain A

, N
ative B

eta-P
gm

 
x

66361316
>gi|66361316|pdb|1Z4O

|B
 C

hain B
, S

tructure O
f B

eta-P
hosphoglucom

utase 
W

ith Inhibitor B
ound A

lpha-G
alactose 1-P

hosphate 
x

66361315
>gi|66361315|pdb|1Z4O

|A C
hain A

, S
tructure O

f B
eta-P

hosphoglucom
utase 

W
ith Inhibitor B

ound A
lpha-G

alactose 1-P
hosphate 

x

66361314
>gi|66361314|pdb|1Z4N

|B
 C

hain B
, S

tructure O
f B

eta-P
hosphoglucom

utase 
W

ith Inhibitor B
ound A

lpha-G
alactose 1-P

hosphate C
ocrystallized W

ith 
Fluoride 

x

66361313
>gi|66361313|pdb|1Z4N

|A C
hain A

, S
tructure O

f B
eta-P

hosphoglucom
utase 

W
ith Inhibitor B

ound A
lpha-G

alactose 1-P
hosphate C

ocrystallized W
ith 

Fluoride 
x
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29726863
>gi|29726863|pdb|1O

08|A C
hain A

, S
tructure O

f P
entavalent P

hosphorous 
Interm

ediate O
f A

n E
nzym

e C
atalyzed P

hosphoryl Transfer R
eaction 

O
bserved O

n C
ocrystallization W

ith G
lucose 1-P

hosphate 
x

29726862
>gi|29726862|pdb|1O

03|A C
hain A

, S
tructure O

f P
entavalent P

hosphorous 
Interm

ediate O
f A

n E
nzym

e C
atalyzed P

hosphoryl Transfer R
eaction 

O
bserved O

n C
ocrystallization W

ith G
lucose 6-P

hosphate
x

12723306
>gi|12723306|gb|A

A
K

04527.1| beta-phosphoglucom
utase (E

C
 5.4.2.6) 

[Lactococcus lactis subsp. lactis Il1403] 
x

15672411
>gi|15672411|ref|N

P
_266585.1| beta-phosphoglucom

utase [Lactococcus 
lactis subsp. lactis Il1403] 

x

13432244
>gi|13432244|sp|P

71447|P
G

M
B

_LA
C

LA B
eta-phosphoglucom

utase (B
eta-

P
G

M
)

x

28269859
>gi|28269859|em

b|C
A

D
62756.1| beta-phosphoglucom

utase [Lactobacillus 
plantarum

 W
C

FS
1] 

x

28377028
>gi|28377028|ref|N

P
_783920.1| beta-phosphoglucom

utase [Lactobacillus 
plantarum

 W
C

FS
1]

x

7380718
>gi|7380718|em

b|C
A

B
85309.1| beta-phosphoglucom

utase [N
eisseria 

m
eningitidis Z2491] 

x

15794968
>gi|15794968|ref|N

P
_284790.1| beta-phosphoglucom

utase [N
eisseria 

m
eningitidis Z2491]

x

13361361
>gi|13361361|dbj|B

A
B

35319.1| putative beta-phosphoglucom
utase 

[E
scherichia coli O

157:H
7] 

x

15831150
>gi|15831150|ref|N

P
_309923.1| putative beta-phosphoglucom

utase 
[E

scherichia coli O
157:H

7] 
x

12515452
>gi|12515452|gb|A

A
G

56485.1| putative beta-phosphoglucom
utase 

[E
scherichia coli O

157:H
7 E

D
L933] 

x

15801853
>gi|15801853|ref|N

P
_287871.1| putative beta-phosphoglucom

utase 
[E

scherichia coli O
157:H

7 E
D

L933]
x

24051633
>gi|24051633|gb|A

A
N

42930.1| putative beta-phosphoglucom
utase [S

higella 
flexneri 2a str. 301] 

x

30041084
>gi|30041084|gb|A

A
P

16814.1| putative beta-phosphoglucom
utase [S

higella 
flexneri 2a str. 2457T] 

x
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30062836
>gi|30062836|ref|N

P
_837007.1| putative beta-phosphoglucom

utase [S
higella 

flexneri 2a str. 2457T] 
x

24112713
>gi|24112713|ref|N

P
_707223.1| putative beta-phosphoglucom

utase [S
higella 

flexneri 2a str. 301]
x

47097361
>gi|47097361|ref|ZP

_00234914.1| beta-phosphoglucom
utase [Listeria 

m
onocytogenes str. 1/2a F6854] 

x

47014256
>gi|47014256|gb|E

A
L05236.1| beta-phosphoglucom

utase [Listeria 
m

onocytogenes str. 1/2a F6854]
x

46909020
>gi|46909020|ref|Y

P
_015409.1| beta-phosphoglucom

utase [Listeria 
m

onocytogenes str. 4b F2365] 
x

46882293
>gi|46882293|gb|A

AT05586.1| beta-phosphoglucom
utase [Listeria 

m
onocytogenes str. 4b F2365]

x

47093202
>gi|47093202|ref|ZP

_00230975.1| beta-phosphoglucom
utase [Listeria 

m
onocytogenes str. 4b H

7858] 
x

47018396
>gi|47018396|gb|E

A
L09156.1| beta-phosphoglucom

utase [Listeria 
m

onocytogenes str. 4b H
7858]

x

7380722
>gi|7380722|em

b|C
A

B
85313.1| beta-phosphoglucom

utase [N
eisseria 

m
eningitidis Z2491] 

x

15794972
>gi|15794972|ref|N

P
_284794.1| beta-phosphoglucom

utase [N
eisseria 

m
eningitidis Z2491]

x

26108055
>gi|26108055|gb|A

A
N

80255.1| P
utative beta-phosphoglucom

utase 
[E

scherichia coli C
FT073] 

x

26247653
>gi|26247653|ref|N

P
_753693.1| P

utative beta-phosphoglucom
utase 

[E
scherichia coli C

FT073]
x

1787576
>gi|1787576|gb|A

A
C

74399.1| putative beta-phosphoglucom
utase 

[E
scherichia coli K

12] 
x

1742154
>gi|1742154|dbj|B

A
A

14892.1| predicted beta-phosphoglucom
utase 

[E
scherichia coli W

3110] 
x

16129278
>gi|16129278|ref|N

P
_415833.1| putative beta phosphoglucom

utase, contains 
a phophatase-like dom

ain [E
scherichia coli K

12] 
x

3024403
>gi|3024403|sp|P

77366|P
G

M
B

_E
C

O
LI P

utative beta-phosphoglucom
utase 

(B
eta-P

G
M

)
x
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74312316
>gi|74312316|ref|Y

P
_310735.1| putative beta-phosphoglucom

utase [S
higella 

sonnei S
s046] 

x

73855793
>gi|73855793|gb|A

A
Z88500.1| putative beta-phosphoglucom

utase [S
higella 

sonnei S
s046]

x

29342999
>gi|29342999|gb|A

A
O

80763.1| beta-phosphoglucom
utase [E

nterococcus 
faecalis V

583] 
x

29375539
>gi|29375539|ref|N

P
_814693.1| beta-phosphoglucom

utase [E
nterococcus 

faecalis V
583]

x

52002312
>gi|52002312|gb|A

A
U

22254.1| beta-phosphoglucom
utase and glucose-1-

phosphate phosphodism
utase [B

acillus licheniform
is ATC

C
 14580] 

x

52079101
>gi|52079101|ref|Y

P
_077892.1| beta-phosphoglucom

utase and glucose-1-
phosphate phosphodism

utase [B
acillus licheniform

is ATC
C

 14580] 
x

14090050
>gi|14090050|em

b|C
A

C
13808.1| B

E
TA

-P
H

O
S

P
H

O
G

LU
C

O
M

U
TA

S
E

 (B
E

TA
-

P
G

M
) [M

ycoplasm
a pulm

onis] 
x

15829106
>gi|15829106|ref|N

P
_326466.1| B

E
TA

-P
H

O
S

P
H

O
G

LU
C

O
M

U
TA

S
E

 (B
E

TA
-

P
G

M
) [M

ycoplasm
a pulm

onis U
A

B
 C

TIP
]

x

505588
>gi|505588|gb|A

A
A

19216.1| 5-epi-aristolochene synthase
x

2624696
>gi|2624696|pdb|5E

A
S

|  5-E
pi-A

ristolochene S
ynthase From

 N
icotiana 

Tabacum
x

2624425
>gi|2624425|pdb|5E

AT|  5-E
pi-A

ristolochene S
ynthase From

 N
icotiana 

Tabacum
 W

ith S
ubstrate A

nalog Farnesyl H
ydroxyphosphonate

x

3121724
>gi|3121724|sp|Q

40577|5E
A

S
_TO

B
A

C
 A

ristolchene synthase (5-epi-
aristolochene synthase) (E

A
S

) 
x

3114378
>gi|3114378|pdb|5E

A
U

|   5-E
pi-A

ristolochene S
ynthase From

 N
icotiana 

Tabacum
x

29837353
>gi|29837353|gb|A

A
P

05761.1| 5-epi-aristolochene synthase 34 [N
icotiana 

attenuata]
x

29837355
>gi|29837355|gb|A

A
P

05762.1| 5-epi-aristolochene synthase 37 [N
icotiana 

attenuata]
x

29468500
>gi|29468500|gb|A

A
O

85555.1| 5-epi-aristolochene synthase [N
icotiana 

attenuata]
x

29837351
>gi|29837351|gb|A

A
P

05760.1| 5-epi-aristolochene synthase 12 [N
icotiana 

attenuata]
x
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 D
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62899675
>gi|62899675|sp|O

81192|B
P

P
S

_S
A

LO
F (+)-bornyl diphosphate synthase, 

chloroplast precursor (S
B

S
) (B

P
P

S
) 

x

3309119
>gi|3309119|gb|A

A
C

26017.1| (+)-bornyl diphosphate synthase [S
alvia 

officinalis]
x

27065865
>gi|27065865|pdb|1N

24|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: 
C

om
plex W

ith M
g A

nd P
roduct 

x

27065864
>gi|27065864|pdb|1N

24|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: 

C
om

plex W
ith M

g A
nd P

roduct 
x

27065862
>gi|27065862|pdb|1N

23|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: 
C

om
plex W

ith M
g, P

yrophosphate, A
nd (1r,4s)-2-A

zabornane 
x

27065861
>gi|27065861|pdb|1N

23|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: 

C
om

plex W
ith M

g, P
yrophosphate, A

nd (1r,4s)-2-A
zabornane 

x

27065855
>gi|27065855|pdb|1N

22|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: 
C

om
plex W

ith M
g, P

yrophosphate, A
nd (4r)-7-A

za-7,8-D
ihydrolim

onene 
x

27065854
>gi|27065854|pdb|1N

22|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: 

C
om

plex W
ith M

g, P
yrophosphate, A

nd (4r)-7-A
za-7,8-D

ihydrolim
onene 

x

27065853
>gi|27065853|pdb|1N

21|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: 

C
ocrystal W

ith M
g A

nd 3- A
za-2,3-D

ihydrogeranyl D
iphosphate 

x

27065851
>gi|27065851|pdb|1N

20|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: 
C

om
plex W

ith M
g A

nd 3-A
za- 2,3-D

ihydrogeranyl D
iphosphate 

x

27065850
>gi|27065850|pdb|1N

20|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: 

C
om

plex W
ith M

g A
nd 3-A

za- 2,3-D
ihydrogeranyl D

iphosphate 
x

27065849
>gi|27065849|pdb|1N

1Z|B
 C

hain B
, (+)-B

ornyl D
iphosphate S

ynthase: 
C

om
plex W

ith M
g A

nd P
yrophosphate 

x

27065848
>gi|27065848|pdb|1N

1Z|A C
hain A

, (+)-B
ornyl D

iphosphate S
ynthase: 

C
om

plex W
ith M

g A
nd P

yrophosphate 
x

27065842
>gi|27065842|pdb|1N

1B
|B

 C
hain B

, C
rystal S

tructure O
f (+)-B

ornyl 
D

iphosphate S
ynthase From

 S
age 

x

27065841
>gi|27065841|pdb|1N

1B
|A C

hain A
, C

rystal S
tructure O

f (+)-B
ornyl 

D
iphosphate S

ynthase From
 S

age
x

2833457
>gi|2833457|sp|Q

55012|P
TLS

_S
TR

S
3 P

entalenene synthase 
x

2127584
>gi|2127584|pir||A

54214 C
 4.2.3.7 pentalenene synthase () - S

treptom
yces 

sp. (strain U
C

5319) 
x
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 D
ata (C

hapter 3)

A
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3114507

>gi|3114507|pdb|1P
S

1|B
 C

hain B
, P

entalenene S
ynthase 

x
3114506

>gi|3114506|pdb|1P
S

1|A C
hain A

, P
entalenene S

ynthase 
x

451846
>gi|451846|gb|A

A
A

19131.1| pentalenene synthase
x

29606648
>gi|29606648|dbj|B

A
C

70709.1| pentalenene synthase [S
treptom

yces 
averm

itilis M
A

-4680] 
x

29829540
>gi|29829540|ref|N

P
_824174.1| pentalenene synthase [S

treptom
yces 

averm
itilis M

A
-4680]

x

39985098
>gi|39985098|gb|A

A
R

36453.1| squalene-hopene cyclase [G
eobacter 

sulfurreducens P
C

A
] 

x

39998152
>gi|39998152|ref|N

P
_954103.1| squalene-hopene cyclase [G

eobacter 
sulfurreducens P

C
A

]
x

39982558
>gi|39982558|gb|A

A
R

34018.1| squalene-hopene cyclase [G
eobacter 

sulfurreducens P
C

A
] 

x

39995794
>gi|39995794|ref|N

P
_951745.1| squalene-hopene cyclase [G

eobacter 
sulfurreducens P

C
A

]
x

78192895
>gi|78192895|gb|A

B
B

30662.1| Terpene synthase:S
qualene cyclase 

[G
eobacter m

etallireducens G
S

-15] 
x

78221640
>gi|78221640|ref|Y

P
_383387.1| Terpene synthase:S

qualene cyclase 
[G

eobacter m
etallireducens G

S
-15]

x

4539168
>gi|4539168|em

b|C
A

B
39697.1| putative squalene-hopene cyclase 

[S
treptom

yces coelicolor A
3(2)] 

x

21225057
>gi|21225057|ref|N

P
_630836.1| squalene-hopene cyclase [S

treptom
yces 

coelicolor A
3(2)]

x

78195271
>gi|78195271|gb|A

B
B

33038.1| Terpene synthase:S
qualene cyclase 

[G
eobacter m

etallireducens G
S

-15] 
x

78224016
>gi|78224016|ref|Y

P
_385763.1| Terpene synthase:S

qualene cyclase 
[G

eobacter m
etallireducens G

S
-15]

x

77690249
>gi|77690249|ref|ZP

_00805427.1| Terpene synthase:S
qualene cyclase 

[R
hodopseudom

onas palustris B
isB

5] 
x

77653065
>gi|77653065|gb|E

A
O

84921.1| Terpene synthase:S
qualene cyclase 

[R
hodopseudom

onas palustris B
isB

5]
x

3164106
>gi|3164106|em

b|C
A

A
71101.1| squalene-hopene cyclase 

[R
hodopseudom

onas palustris]
x
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 D
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39650658
>gi|39650658|em

b|C
A

E
29181.1| squalene-hopene-cyclase 

[R
hodopseudom

onas palustris C
G

A
009] 

x

39936801
>gi|39936801|ref|N

P
_949077.1| squalene-hopene-cyclase 

[R
hodopseudom

onas palustris C
G

A
009]

x

29605294
>gi|29605294|dbj|B

A
C

69361.1| squalene-hopene cyclase [S
treptom

yces 
averm

itilis M
A

-4680] 
x

29828192
>gi|29828192|ref|N

P
_822826.1| squalene-hopene cyclase [S

treptom
yces 

averm
itilis M

A
-4680]

x

22296036
>gi|22296036|dbj|B

A
C

09861.1| squalene-hopene-cyclase 
[Therm

osynechococcus elongatus B
P

-1] 
x

22299852
>gi|22299852|ref|N

P
_683099.1| squalene-hopene-cyclase 

[Therm
osynechococcus elongatus B

P
-1]

x

27351262
>gi|27351262|dbj|B

A
C

48269.1| squalene-hopene cyclase [B
radyrhizobium

 
japonicum

 U
S

D
A 110] 

x

30179753
>gi|30179753|sp|P

54924|S
Q

H
C

_B
R

A
JA S

qualene--hopene cyclase 
x

27378115
>gi|27378115|ref|N

P
_769644.1| squalene-hopene cyclase [B

radyrhizobium
 

japonicum
 U

S
D

A 110]
x

2113823
>gi|2113823|em

b|C
A

A
60250.1| squalene-hopene cyclase [B

radyrhizobium
 

japonicum
]

x

17130120
>gi|17130120|dbj|B

A
B

72732.1| squalene-hopene-cyclase [N
ostoc sp. P

C
C

 
7120] 

x

17228270
>gi|17228270|ref|N

P
_484818.1| squalene-hopene-cyclase [N

ostoc sp. P
C

C
 

7120]
x

677871
>gi|677871|em

b|C
A

A
56749.1| squalene-hopene cyclase [Zym

om
onas 

m
obilis] 

x

405608
>gi|405608|em

b|C
A

A
51958.1| S

qualene H
opene C

yclase [Zym
om

onas 
m

obilis] 
x

2598077
>gi|2598077|em

b|C
A

A
04735.1| squalene-hopene cyclase [Zym

om
onas 

m
obilis] 

x

6466213
>gi|6466213|gb|A

A
F12829.1| squalene hopene cyclase [Zym

om
onas m

obilis]
x

2851526
>gi|2851526|sp|P

33247|S
Q

H
C

_A
LIA

C
 S

qualene--hopene cyclase 
x

37927116
>gi|37927116|pdb|1O

6H
|C

 C
hain C

, S
qualene-H

opene C
yclase 

x
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enB

ank N
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 D
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37927115

>gi|37927115|pdb|1O
6H

|B
 C

hain B
, S

qualene-H
opene C

yclase 
x

37927114
>gi|37927114|pdb|1O

6H
|A C

hain A
, S

qualene-H
opene C

yclase 
x

38492598
>gi|38492598|pdb|1O

79|C
 C

hain C
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

38492597
>gi|38492597|pdb|1O

79|B
 C

hain B
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

38492596
>gi|38492596|pdb|1O

79|A C
hain A

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

38492592
>gi|38492592|pdb|1O

6R
|C

 C
hain C

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

38492591
>gi|38492591|pdb|1O

6R
|B

 C
hain B

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

38492590
>gi|38492590|pdb|1O

6R
|A C

hain A
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

38492589
>gi|38492589|pdb|1O

6Q
|C

 C
hain C

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

38492588
>gi|38492588|pdb|1O

6Q
|B

 C
hain B

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

38492587
>gi|38492587|pdb|1O

6Q
|A C

hain A
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

28373287
>gi|28373287|pdb|1G

S
Z|C

 C
hain C

, C
rystal S

tructure O
f A S

qualene C
yclase 

In C
om

plex W
ith The P

otential A
nticholesterem

ic D
rug R

o48-8071 
x

28373286
>gi|28373286|pdb|1G

S
Z|B

 C
hain B

, C
rystal S

tructure O
f A S

qualene C
yclase 

In C
om

plex W
ith The P

otential A
nticholesterem

ic D
rug R

o48-8071 
x

28373285
>gi|28373285|pdb|1G

S
Z|A C

hain A
, C

rystal S
tructure O

f A S
qualene C

yclase 
In C

om
plex W

ith The P
otential A

nticholesterem
ic D

rug R
o48-8071 

x

34810416
>gi|34810416|pdb|1H

3C
|C

 C
hain C

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

34810415
>gi|34810415|pdb|1H

3C
|B

 C
hain B

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x
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 D
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34810414
>gi|34810414|pdb|1H

3C
|A C

hain A
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810413
>gi|34810413|pdb|1H

3B
|C

 C
hain C

, S
qualene-H

opene C
yclase 

x
34810412

>gi|34810412|pdb|1H
3B

|B
 C

hain B
, S

qualene-H
opene C

yclase 
x

34810411
>gi|34810411|pdb|1H

3B
|A C

hain A
, S

qualene-H
opene C

yclase 
x

34810410
>gi|34810410|pdb|1H

3A
|C

 C
hain C

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

34810409
>gi|34810409|pdb|1H

3A
|B

 C
hain B

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

34810408
>gi|34810408|pdb|1H

3A
|A C

hain A
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810407
>gi|34810407|pdb|1H

39|C
 C

hain C
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810406
>gi|34810406|pdb|1H

39|B
 C

hain B
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810405
>gi|34810405|pdb|1H

39|A C
hain A

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

34810404
>gi|34810404|pdb|1H

37|C
 C

hain C
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810403
>gi|34810403|pdb|1H

37|B
 C

hain B
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810402
>gi|34810402|pdb|1H

37|A C
hain A

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

34810401
>gi|34810401|pdb|1H

36|C
 C

hain C
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810400
>gi|34810400|pdb|1H

36|B
 C

hain B
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810399
>gi|34810399|pdb|1H

36|A C
hain A

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

34810398
>gi|34810398|pdb|1H

35|C
 C

hain C
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x

34810397
>gi|34810397|pdb|1H

35|B
 C

hain B
, S

tructures O
f H

um
an O

xidosqualene 
C

yclase Inhibitors B
ound To A H

om
olgous E

nzym
e 

x
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34810396
>gi|34810396|pdb|1H

35|A C
hain A

, S
tructures O

f H
um

an O
xidosqualene 

C
yclase Inhibitors B

ound To A H
om

olgous E
nzym

e 
x

2781075
>gi|2781075|pdb|1S

Q
C

|   S
qualene-H

opene-C
yclase From

 A
licyclobacillus 

A
cidocaldarius 

x

2970047
>gi|2970047|dbj|B

A
A

25185.1| S
qualene-hopene cyclase [A

licyclobacillus 
acidocaldarius]

x

59803022
>gi|59803022|sp|P

33990|S
Q

H
C

_ZY
M

M
O

 S
qualene--hopene cyclase 

x

56551768
>gi|56551768|ref|Y

P
_162607.1| squalene--hopene cyclase [Zym

om
onas 

m
obilis subsp. m

obilis ZM
4] 

x

56543342
>gi|56543342|gb|A

AV
89496.1| squalene--hopene cyclase [Zym

om
onas 

m
obilis subsp. m

obilis ZM
4]

x

987617
>gi|987617|gb|A

A
A

75452.1| squalene-hopene-cyclase
x

86571877
>gi|86571877|gb|A

B
D

06434.1| S
qualene cyclase [R

hodopseudom
onas 

palustris H
aA

2]
x

1653061
>gi|1653061|dbj|B

A
A

17978.1| squalene-hopene-cyclase [S
ynechocystis sp. 

P
C

C
 6803] 

x

16330570
>gi|16330570|ref|N

P
_441298.1| squalene-hopene-cyclase [S

ynechocystis sp. 
P

C
C

 6803]
x

78492501
>gi|78492501|ref|ZP

_00844737.1| Terpene synthase:S
qualene cyclase 

[R
hodopseudom

onas palustris B
isB

18] 
x

78390244
>gi|78390244|gb|E

A
P

13028.1| Terpene synthase:S
qualene cyclase 

[R
hodopseudom

onas palustris B
isB

18]
x

35214631
>gi|35214631|dbj|B

A
C

91998.1| squalene-hopene cyclase [G
loeobacter 

violaceus P
C

C
 7421] 

x

37523626
>gi|37523626|ref|N

P
_927003.1| squalene-hopene cyclase [G

loeobacter 
violaceus P

C
C

 7421]
x

53758581
>gi|53758581|gb|A

A
U

92872.1| squalene-hopene cyclase [M
ethylococcus 

capsulatus str. B
ath] 

x

53804820
>gi|53804820|ref|Y

P
_113312.1| squalene-hopene cyclase [M

ethylococcus 
capsulatus str. B

ath]
x

71836951
>gi|71836951|ref|ZP

_00676718.1| Terpene synthase [P
elobacter propionicus 

D
S

M
 2379] 

x
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71742617
>gi|71742617|gb|E

A
O

37768.1| Terpene synthase [P
elobacter propionicus 

D
S

M
 2379]

x

23126680
>gi|23126680|ref|ZP

_00108569.1| C
O

G
1657: S

qualene cyclase [N
ostoc 

punctiform
e P

C
C

 73102]
x

3164082
>gi|3164082|em

b|C
A

A
71098.1| squalene-hopene cyclase [M

ethylococcus 
capsulatus str. B

ath]
x

74421324
>gi|74421324|gb|A

B
A

05523.1| terpene synthase/S
qualene cyclase 

[N
itrobacter w

inogradskyi N
b-255] 

x

75676454
>gi|75676454|ref|Y

P
_318875.1| terpene synthase/S

qualene cyclase 
[N

itrobacter w
inogradskyi N

b-255]
x

927384
>gi|927384|em

b|C
A

A
61950.1| squalene-hopene cyclase [A

licyclobacillus 
acidoterrestris]

x

85716675
>gi|85716675|ref|ZP

_01047644.1| terpene synthase/S
qualene cyclase 

[N
itrobacter sp. N

b-311A
] 

x

85696515
>gi|85696515|gb|E

A
Q

34404.1| terpene synthase/S
qualene cyclase 

[N
itrobacter sp. N

b-311A
]

x

2500864
>gi|2500864|sp|P

55348|S
Q

H
C

_R
H

IS
N

 P
robable squalene--hopene cyclase

x

67857855
>gi|67857855|gb|E

A
M

53094.1| Terpene synthase [C
rocosphaera w

atsonii 
W

H
 8501]

x

48782682
>gi|48782682|ref|ZP

_00279188.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

fungorum
 LB

400]
x

67680231
>gi|67680231|ref|ZP

_00474818.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei 1710a] 

x

67735178
>gi|67735178|ref|ZP

_00486202.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei 668] 

x

67670042
>gi|67670042|ref|ZP

_00466857.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei 1655] 

x

52213770
>gi|52213770|em

b|C
A

H
39825.1| squalene--hopene cyclase [B

urkholderia 
pseudom

allei K
96243] 

x

53723356
>gi|53723356|ref|Y

P
_112341.1| squalene--hopene cyclase [B

urkholderia 
pseudom

allei K
96243] 

x
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83675784
>gi|83675784|ref|ZP

_00937602.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei 406e] 

x

82534427
>gi|82534427|ref|ZP

_00893462.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei 1106b] 

x

82529133
>gi|82529133|ref|ZP

_00888387.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei 1106a]

x

67645915
>gi|67645915|ref|ZP

_00444187.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

m
allei N

C
TC

 10247] 
x

67639611
>gi|67639611|ref|ZP

_00438455.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

m
allei G

B
8 horse 4] 

x

67636915
>gi|67636915|ref|ZP

_00435857.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

m
allei 10399] 

x

85063930
>gi|85063930|ref|ZP

_01024784.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

m
allei 10229] 

x

84520988
>gi|84520988|ref|ZP

_01008125.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

m
allei S

AV
P

1]
x

77544139
>gi|77544139|gb|A

B
A

87701.1| squalene-hopene cyclase [P
elobacter 

carbinolicus D
S

M
 2380] 

x

77918056
>gi|77918056|ref|Y

P
_355871.1| squalene-hopene cyclase [P

elobacter 
carbinolicus D

S
M

 2380]
x

67759490
>gi|67759490|ref|ZP

_00498226.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei S

13] 
x

67752591
>gi|67752591|ref|ZP

_00491563.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

pseudom
allei P

asteur]
x

83716953
>gi|83716953|ref|Y

P
_440546.1| squalene-hopene cyclase [B

urkholderia 
thailandensis E

264] 
x

83650778
>gi|83650778|gb|A

B
C

34842.1| squalene-hopene cyclase [B
urkholderia 

thailandensis E
264]

x

84358827
>gi|84358827|ref|ZP

_00983594.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

dolosa A
U

O
158]

x

76583469
>gi|76583469|gb|A

B
A

52943.1| squalene-hopene cyclase [B
urkholderia 

pseudom
allei 1710b] 

x
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76818996
>gi|76818996|ref|Y

P
_336647.1| squalene-hopene cyclase [B

urkholderia 
pseudom

allei 1710b]
x

52421851
>gi|52421851|gb|A

A
U

45421.1| squalene-hopene cyclase [B
urkholderia m

allei 
ATC

C
 23344] 

x

53715881
>gi|53715881|ref|Y

P
_106607.1| squalene-hopene cyclase [B

urkholderia 
m

allei ATC
C

 23344]
x

84353268
>gi|84353268|ref|ZP

_00978203.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

cenocepacia P
C

184]
x

77968757
>gi|77968757|gb|A

B
B

10136.1| Terpene synthase/S
qualene cyclase 

[B
urkholderia sp. 383] 

x

78060872
>gi|78060872|ref|Y

P
_370780.1| Terpene synthase/S

qualene cyclase 
[B

urkholderia sp. 383]
x

72122116
>gi|72122116|gb|A

A
Z64302.1| Terpene synthase:S

qualene cyclase [R
alstonia 

eutropha JM
P

134] 
x

73538779
>gi|73538779|ref|Y

P
_299146.1| Terpene synthase:S

qualene cyclase 
[R

alstonia eutropha JM
P

134]
x

46203107
>gi|46203107|ref|ZP

_00052068.2| C
O

G
1657: S

qualene cyclase 
[M

agnetospirillum
 m

agnetotacticum
 M

S
-1]

x

58003100
>gi|58003100|gb|A

AW
61994.1| S

qualene-hopene cyclase [G
luconobacter 

oxydans 621H
] 

x

58040686
>gi|58040686|ref|Y

P
_192650.1| S

qualene-hopene cyclase [G
luconobacter 

oxydans 621H
]

x

76883137
>gi|76883137|gb|A

B
A

57818.1| Terpene synthase/S
qualene cyclase 

[N
itrosococcus oceani ATC

C
 19707] 

x

77164823
>gi|77164823|ref|Y

P
_343348.1| Terpene synthase/S

qualene cyclase 
[N

itrosococcus oceani ATC
C

 19707]
x

42782622
>gi|42782622|ref|N

P
_979869.1| squalene-hopene cyclase [B

acillus cereus 
ATC

C
 10987] 

x

42738548
>gi|42738548|gb|A

A
S

42477.1| squalene-hopene cyclase [B
acillus cereus 

ATC
C

 10987]
x

29897214
>gi|29897214|gb|A

A
P

10491.1| S
qualene--hopene cyclase [B

acillus cereus 
ATC

C
 14579] 

x
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30021659
>gi|30021659|ref|N

P
_833290.1| S

qualene--hopene cyclase [B
acillus cereus 

ATC
C

 14579]
x

32468770
>gi|32468770|em

b|C
A

B
13824.2| squalene-hopene cyclase [B

acillus subtilis 
subsp. subtilis str. 168] 

x

50812246
>gi|50812246|ref|N

P
_389814.2| squalene-hopene cyclase [B

acillus subtilis 
subsp. subtilis str. 168]

x

47568915
>gi|47568915|ref|ZP

_00239607.1| squalene--hopene cyclase [B
acillus cereus 

G
9241] 

x

47554399
>gi|47554399|gb|E

A
L12758.1| squalene--hopene cyclase [B

acillus cereus 
G

9241]
x

83591402
>gi|83591402|ref|Y

P
_425154.1| terpene synthase, squalene cyclase 

[R
hodospirillum

 rubrum
 ATC

C
 11170] 

x

83574316
>gi|83574316|gb|A

B
C

20867.1| terpene synthase, squalene cyclase 
[R

hodospirillum
 rubrum

 ATC
C

 11170]
x

49329830
>gi|49329830|gb|A

AT60476.1| squalene-hopene cyclase [B
acillus 

thuringiensis serovar konkukian str. 97-27] 
x

49478274
>gi|49478274|ref|Y

P
_037637.1| squalene-hopene cyclase [B

acillus 
thuringiensis serovar konkukian str. 97-27]

x

65320833
>gi|65320833|ref|ZP

_00393792.1| C
O

G
1657: S

qualene cyclase [B
acillus 

anthracis str. A
2012] 

x

47551890
>gi|47551890|gb|A

AT32722.2| squalene-hopene cyclase [B
acillus anthracis 

str. 'A
m

es A
ncestor'] 

x

49180283
>gi|49180283|gb|A

AT55659.1| squalene-hopene cyclase [B
acillus anthracis 

str. S
terne] 

x

49186356
>gi|49186356|ref|Y

P
_029608.1| squalene-hopene cyclase [B

acillus anthracis 
str. S

terne] 
x

30258140
>gi|30258140|gb|A

A
P

27368.1| squalene-hopene cyclase [B
acillus anthracis 

str. A
m

es] 
x

47778185
>gi|47778185|ref|Y

P
_020247.2| squalene-hopene cyclase [B

acillus anthracis 
str. 'A

m
es A

ncestor'] 
x

30263505
>gi|30263505|ref|N

P
_845882.1| squalene-hopene cyclase [B

acillus anthracis 
str. A

m
es]

x
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51975448
>gi|51975448|gb|A

A
U

16998.1| squalene-hopene cyclase [B
acillus cereus 

E
33L] 

x

52141979
>gi|52141979|ref|Y

P
_084851.1| squalene-hopene cyclase [B

acillus cereus 
E

33L]
x

82703671
>gi|82703671|ref|Y

P
_413237.1| S

qualene cyclase [N
itrosospira m

ultiform
is 

ATC
C

 25196] 
x

82411736
>gi|82411736|gb|A

B
B

75845.1| S
qualene cyclase [N

itrosospira m
ultiform

is 
ATC

C
 25196]

x

86739536
>gi|86739536|ref|Y

P
_479936.1| S

qualene cyclase [Frankia sp. C
cI3] 

x
86566398

>gi|86566398|gb|A
B

D
10207.1| S

qualene cyclase [Frankia sp. C
cI3]

x

77965182
>gi|77965182|gb|A

B
B

06563.1| Terpene synthase/S
qualene cyclase 

[B
urkholderia sp. 383] 

x

78060632
>gi|78060632|ref|Y

P
_367207.1| Terpene synthase/S

qualene cyclase 
[B

urkholderia sp. 383]
x

56552444
>gi|56552444|ref|Y

P
_163283.1| squalene--hopene cyclase [Zym

om
onas 

m
obilis subsp. m

obilis ZM
4] 

x

56544018
>gi|56544018|gb|A

AV
90172.1| squalene--hopene cyclase [Zym

om
onas 

m
obilis subsp. m

obilis ZM
4]

x

77544053
>gi|77544053|gb|A

B
A

87615.1| squalene--hopene cyclase [P
elobacter 

carbinolicus D
S

M
 2380] 

x

77917970
>gi|77917970|ref|Y

P
_355785.1| squalene--hopene cyclase [P

elobacter 
carbinolicus D

S
M

 2380]
x

84352143
>gi|84352143|ref|ZP

_00977114.1| C
O

G
1657: S

qualene cyclase [B
urkholderia 

cenocepacia P
C

184]
x

168190
>gi|168190|gb|A

A
B

02038.1| trichodiene synthase 
x

136011
>gi|136011|sp|P

27679|TR
I5_G

IB
P

U
 Trichodiene synthase (S

esquiterpene 
cyclase) (TS

)
x

42549660
>gi|42549660|gb|E

A
A

72503.1| TR
I5_G

IB
ZE

 Trichodiene synthase 
(S

esquiterpene cyclase) (TS
) [G

ibberella zeae P
H

-1] 
x

46115390
>gi|46115390|ref|X

P
_383713.1| TR

I5_G
IB

ZE
 Trichodiene synthase 

(S
esquiterpene cyclase) (TS

) [G
ibberella zeae P

H
-1] 

x

13621080
>gi|13621080|gb|A

A
K

33084.1| trichodiene synthase [G
ibberella zeae] 

x
14091070

>gi|14091070|gb|A
A

K
53586.1| trichodiene synthase [G

ibberella zeae] 
x
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4033479
>gi|4033479|sp|Q

00909|TR
I5_G

IB
ZE

 Trichodiene synthase (S
esquiterpene 

cyclase) (TS
) 

x

21429596
>gi|21429596|gb|A

A
M

49054.1| trichodiene synthase [G
ibberella zeae] 

x
21429578

>gi|21429578|gb|A
A

M
49038.1| trichodiene synthase [G

ibberella zeae] 
x

21429380
>gi|21429380|gb|A

A
M

48862.1| trichodiene synthase [G
ibberella zeae] 

x
2218058

>gi|2218058|gb|A
A

B
72033.1| trichodiene synthase [G

ibberella zeae]
x

21429542
>gi|21429542|gb|A

A
M

49006.1| trichodiene synthase [G
ibberella zeae]

x
21429434

>gi|21429434|gb|A
A

M
48910.1| trichodiene synthase [G

ibberella zeae] 
x

21429353
>gi|21429353|gb|A

A
M

48838.1| trichodiene synthase [Fusarium
 acaciae-

m
earnsii] 

x

21429344
>gi|21429344|gb|A

A
M

48830.1| trichodiene synthase [Fusarium
 acaciae-

m
earnsii] 

x

21429335
>gi|21429335|gb|A

A
M

48822.1| trichodiene synthase [Fusarium
 acaciae-

m
earnsii] 

x

21429308
>gi|21429308|gb|A

A
M

48798.1| trichodiene synthase [Fusarium
 

m
esoam

ericanum
] 

x

21429254
>gi|21429254|gb|A

A
M

48750.1| trichodiene synthase [G
ibberella zeae]

x
33413587

>gi|33413587|gb|A
A

N
05032.1| trichodiene synthase [G

ibberella zeae]
x

21429569
>gi|21429569|gb|A

A
M

49030.1| trichodiene synthase [Fusarium
 culm

orum
] 

x

21429407
>gi|21429407|gb|A

A
M

48886.1| trichodiene synthase [G
ibberella zeae] 

x

21429290
>gi|21429290|gb|A

A
M

48782.1| trichodiene synthase [Fusarium
 culm

orum
]

x

21429524
>gi|21429524|gb|A

A
M

48990.1| trichodiene synthase [Fusarium
 boothii] 

x
21429506

>gi|21429506|gb|A
A

M
48974.1| trichodiene synthase [Fusarium

 boothii] 
x

21429497
>gi|21429497|gb|A

A
M

48966.1| trichodiene synthase [Fusarium
 boothii] 

x
21429362

>gi|21429362|gb|A
A

M
48846.1| trichodiene synthase [Fusarium

 boothii]
x

21429587
>gi|21429587|gb|A

A
M

49046.1| trichodiene synthase [Fusarium
 asiaticum

] 
x

21429461
>gi|21429461|gb|A

A
M

48934.1| trichodiene synthase [Fusarium
 asiaticum

]
x

21429389
>gi|21429389|gb|A

A
M

48870.1| trichodiene synthase [Fusarium
 

pseudogram
inearum

]
x
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21429515
>gi|21429515|gb|A

A
M

48982.1| trichodiene synthase [Fusarium
 

austroam
ericanum

] 
x

21429452
>gi|21429452|gb|A

A
M

48926.1| trichodiene synthase [Fusarium
 

austroam
ericanum

]
x

21429533
>gi|21429533|gb|A

A
M

48998.1| trichodiene synthase [Fusarium
 

m
esoam

ericanum
]

x

21429317
>gi|21429317|gb|A

A
M

48806.1| trichodiene synthase [Fusarium
 cerealis] 

x
21429299

>gi|21429299|gb|A
A

M
48790.1| trichodiene synthase [Fusarium

 cerealis] 
x

21429281
>gi|21429281|gb|A

A
M

48774.1| trichodiene synthase [Fusarium
 asiaticum

] 
x

21429272
>gi|21429272|gb|A

A
M

48766.1| trichodiene synthase [Fusarium
 cerealis]

x

21429416
>gi|21429416|gb|A

A
M

48894.1| trichodiene synthase [Fusarium
 

pseudogram
inearum

] 
x

21429398
>gi|21429398|gb|A

A
M

48878.1| trichodiene synthase [Fusarium
 

pseudogram
inearum

] 
x

21429371
>gi|21429371|gb|A

A
M

48854.1| trichodiene synthase [Fusarium
 

pseudogram
inearum

]
x

14091062
>gi|14091062|gb|A

A
K

53579.1| trichodiene synthase [G
ibberella zeae]

x
24371019

>gi|24371019|dbj|B
A

C
22117.1| trichodiene synthase [G

ibberella zeae] 
x

21429326
>gi|21429326|gb|A

A
M

48814.1| trichodiene synthase [Fusarium
 asiaticum

]
x

33413589
>gi|33413589|gb|A

A
N

05033.1| trichodiene synthase [Fusarium
 culm

orum
]

x

558954
>gi|558954|gb|A

A
A

50765.1| trichodiene synthase [Fusarium
 poae] 

x

4033478
>gi|4033478|sp|Q

00835|TR
I5_FU

S
P

O
 Trichodiene synthase (S

esquiterpene 
cyclase) (TS

)
x

21429560
>gi|21429560|gb|A

A
M

49022.1| trichodiene synthase [Fusarium
 cortaderiae] 

x

21429551
>gi|21429551|gb|A

A
M

49014.1| trichodiene synthase [Fusarium
 cortaderiae] 

x

21429488
>gi|21429488|gb|A

A
M

48958.1| trichodiene synthase [Fusarium
 m

eridionale] 
x
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21429479
>gi|21429479|gb|A

A
M

48950.1| trichodiene synthase [Fusarium
 m

eridionale] 
x

21429470
>gi|21429470|gb|A

A
M

48942.1| trichodiene synthase [G
ibberella zeae] 

x

21429443
>gi|21429443|gb|A

A
M

48918.1| trichodiene synthase [Fusarium
 

austroam
ericanum

] 
x

21429425
>gi|21429425|gb|A

A
M

48902.1| trichodiene synthase [Fusarium
 m

eridionale]
x

21429263
>gi|21429263|gb|A

A
M

48758.1| trichodiene synthase [Fusarium
 lunulosporum

]
x

22087480
>gi|22087480|gb|A

A
M

90954.1| trichodiene synthetase [G
ibberella zeae]

x

13621069
>gi|13621069|gb|A

A
K

33074.1| trichodiene synthase [Fusarium
 

sporotrichioides] 
x

168160
>gi|168160|gb|A

A
D

13657.1| trichodiene synthase TR
I5 [Fusarium

 
sporotrichioides] 

x

15054400
>gi|15054400|gb|A

A
K

77935.1| trichodiene synthase [Fusarium
 

sporotrichioides] 
x

68280
>gi|68280|pir||S

Y
FU

TP trichodiene synthase (E
C

 4.2.3.6) - fungus (Fusarium
 

sporotrichioides) 
x

136010
>gi|136010|sp|P

13513|TR
I5_FU

S
S

P Trichodiene synthase (S
esquiterpene 

cyclase) (TS
) 

x

17942972
>gi|17942972|pdb|1JFA

|B
 C

hain B
, Trichodiene S

ynthase From
 Fusarium

 
S

porotrichioides 
x

17942971
>gi|17942971|pdb|1JFA

|A C
hain A

, Trichodiene S
ynthase From

 Fusarium
 

S
porotrichioides 

x

17942970
>gi|17942970|pdb|1JFG

|B
 C

hain B
, Trichodiene S

ynthase From
 Fusarium

 
S

porotrichioides C
om

plexed W
ith D

iphosphate 
x

17942969
>gi|17942969|pdb|1JFG

|A C
hain A

, Trichodiene S
ynthase From

 Fusarium
 

S
porotrichioides C

om
plexed W

ith D
iphosphate

x

33413595
>gi|33413595|gb|A

A
N

05036.1| trichodiene synthase [Fusarium
 poae]

x
22087477

>gi|22087477|gb|A
A

M
90953.1| trichodiene synthetase [G

ibberella zeae]
x

33413593
>gi|33413593|gb|A

A
N

05035.1| trichodiene synthase [Fusarium
 

sporotrichioides]
x
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12584945
>gi|12584945|gb|A

A
G

59895.1| trichodiene synthase [S
tachybotrys 

chartarum
] 

x

3023077
>gi|3023077|gb|A

A
C

12640.1| trichodiene synthase [S
tachybotrys chartarum

] 
x

4033477
>gi|4033477|sp|O

59947|TR
I5_S

TA
C

H
 Trichodiene synthase (S

esquiterpene 
cyclase) (TS

)
x

2267599
>gi|2267599|gb|A

A
C

49957.1| trichodiene synthase [M
yrothecium

 roridum
] 

x

4033476
>gi|4033476|sp|O

13489|TR
I5_M

Y
R

R
O

 Trichodiene synthase (S
esquiterpene 

cyclase) (TS
)

x

416643
>gi|416643|sp|Q

03471|A
R

IS
_P

E
N

R
O

 A
ristolochene synthase (S

esquiterpene 
cyclase) (A

S
) 

x

169178
>gi|169178|gb|A

A
A

33694.1| aristolochene synthase
x

6467980
>gi|6467980|gb|A

A
F13264.1| aristolochene synthase [A

spergillus terreus] 
x

6467978
>gi|6467978|gb|A

A
F13263.1| aristolochene synthase [A

spergillus terreus]
x

13096103
>gi|13096103|pdb|1D

G
P

|B
 C

hain B
, A

ristolochene S
ynthase Farnesol 

C
om

plex 
x

13096102
>gi|13096102|pdb|1D

G
P

|A C
hain A

, A
ristolochene S

ynthase Farnesol 
C

om
plex 

x

10120634
>gi|10120634|pdb|1D

I1|B
 C

hain B
, C

rystal S
tructure O

f A
ristolochene 

S
ynthase From

 P
enicillium

 R
oqueforti 

x

10120633
>gi|10120633|pdb|1D

I1|A C
hain A

, C
rystal S

tructure O
f A

ristolochene 
S

ynthase From
 P

enicillium
 R

oqueforti
x

21314762
>gi|21314762|ref|N

P
_115990.2| m

ethylm
alonyl-C

oA epim
erase [H

om
o 

sapiens] 
x

18089166
>gi|18089166|gb|A

A
H

20825.1| M
ethylm

alonyl-C
oA epim

erase [H
om

o 
sapiens]

x

14010614
>gi|14010614|gb|A

A
K

52052.1| m
ethylm

alonyl-C
oA epim

erase [H
om

o 
sapiens] 

x

50401130
>gi|50401130|sp|Q

96P
E

7|M
C

E
E

_H
U

M
A

N
 M

ethylm
alonyl-C

oA epim
erase, 

m
itochondrial precursor (D

L-m
ethylm

alonyl-C
oA racem

ase)
x

              832



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

55596688
>gi|55596688|ref|X

P
_515538.1| P

R
E

D
IC

TE
D

: sim
ilar to M

ethylm
alonyl-C

oA 
epim

erase, m
itochondrial precursor (D

L-m
ethylm

alonyl-C
oA racem

ase) [P
an 

troglodytes]
x

22022367
>gi|22022367|gb|A

A
L02261.1| m

ethylm
alonyl-C

oA epim
erase 

[P
ropionibacterium

 freudenreichii subsp. sherm
anii] 

x

18042135
>gi|18042135|gb|A

A
L57846.1| m

ethylm
alonyl C

oA epim
erase 

[P
ropionibacterium

 freudenreichii subsp. sherm
anii] 

x

15826393
>gi|15826393|pdb|1JC

5|F C
hain F, C

rystal S
tructure O

f N
ative M

ethylm
alonyl-

C
oa E

pim
erase 

x

15826392
>gi|15826392|pdb|1JC

5|E
 C

hain E
, C

rystal S
tructure O

f N
ative M

ethylm
alonyl-

C
oa E

pim
erase 

x

15826391
>gi|15826391|pdb|1JC

5|D
 C

hain D
, C

rystal S
tructure O

f N
ative 

M
ethylm

alonyl-C
oa E

pim
erase 

x

15826390
>gi|15826390|pdb|1JC

5|C
 C

hain C
, C

rystal S
tructure O

f N
ative 

M
ethylm

alonyl-C
oa E

pim
erase 

x

15826389
>gi|15826389|pdb|1JC

5|B
 C

hain B
, C

rystal S
tructure O

f N
ative M

ethylm
alonyl-

C
oa E

pim
erase 

x

15826388
>gi|15826388|pdb|1JC

5|A C
hain A

, C
rystal S

tructure O
f N

ative M
ethylm

alonyl-
C

oa E
pim

erase
x

73951163
>gi|73951163|ref|X

P
_536170.2| P

R
E

D
IC

TE
D

: sim
ilar to M

ethylm
alonyl-C

oA 
epim

erase, m
itochondrial precursor (D

L-m
ethylm

alonyl-C
oA racem

ase) 
[C

anis fam
iliaris]

x

15826387
>gi|15826387|pdb|1JC

4|D
 C

hain D
, C

rystal S
tructure O

f S
e-M

et 
M

ethylm
alonyl-C

oa E
pim

erase 
x

15826386
>gi|15826386|pdb|1JC

4|C
 C

hain C
, C

rystal S
tructure O

f S
e-M

et 
M

ethylm
alonyl-C

oa E
pim

erase 
x

15826385
>gi|15826385|pdb|1JC

4|B
 C

hain B
, C

rystal S
tructure O

f S
e-M

et 
M

ethylm
alonyl-C

oa E
pim

erase 
x

15826384
>gi|15826384|pdb|1JC

4|A C
hain A

, C
rystal S

tructure O
f S

e-M
et 

M
ethylm

alonyl-C
oa E

pim
erase

x

58037329
>gi|58037329|ref|N

P
_082902.1| m

ethylm
alonyl C

oA epim
erase [M

us 
m

usculus] 
x

              833



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

50401156
>gi|50401156|sp|Q

9D
1I5|M

C
E

E
_M

O
U

S
E

 M
ethylm

alonyl-C
oA epim

erase, 
m

itochondrial precursor (D
L-m

ethylm
alonyl-C

oA racem
ase) 

x

23959190
>gi|23959190|gb|A

A
H

38157.1| M
ethylm

alonyl C
oA epim

erase [M
us 

m
usculus]

x

14010616
>gi|14010616|gb|A

A
K

52053.1| m
ethylm

alonyl-C
oA epim

erase [P
yrococcus 

horikoshii]
x

48782365
>gi|48782365|ref|ZP

_00278894.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia fungorum
 LB

400]
x

34496424
>gi|34496424|ref|N

P
_900639.1| 4-hydroxyphenylpyruvate dioxygenase 

[C
hrom

obacterium
 violaceum

 ATC
C

 12472] 
x

34102277
>gi|34102277|gb|A

A
Q

58643.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

hrom
obacterium

 violaceum
 ATC

C
 12472]

x

67680488
>gi|67680488|ref|ZP

_00475018.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1710a] 

x

67669126
>gi|67669126|ref|ZP

_00465985.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1655] 

x

67634516
>gi|67634516|ref|ZP

_00433487.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei 10399] 

x

67758155
>gi|67758155|ref|ZP

_00496935.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei S

13] 
x

67752534
>gi|67752534|ref|ZP

_00491509.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei P

asteur] 
x

67734540
>gi|67734540|ref|ZP

_00485666.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 668] 

x

67644912
>gi|67644912|ref|ZP

_00443244.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei N

C
TC

 10247] 
x

67640825
>gi|67640825|ref|ZP

_00439618.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei G

B
8 horse 4] 

x

52427645
>gi|52427645|gb|A

A
U

48238.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia m
allei ATC

C
 23344] 

x

76581302
>gi|76581302|gb|A

B
A

50777.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia pseudom
allei 1710b] 

x
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52211261
>gi|52211261|em

b|C
A

H
37250.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia pseudom

allei K
96243] 

x

85066267
>gi|85066267|ref|ZP

_01027120.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei 10229] 

x

76811849
>gi|76811849|ref|Y

P
_331434.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia pseudom

allei 1710b] 
x

84521528
>gi|84521528|ref|ZP

_01008664.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei S

AV
P

1] 
x

83675951
>gi|83675951|ref|ZP

_00937758.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 406e] 

x

83623746
>gi|83623746|ref|ZP

_00934008.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei JH

U
] 

x

83618910
>gi|83618910|ref|ZP

_00929357.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei FM

H
] 

x

82533333
>gi|82533333|ref|ZP

_00892412.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1106b] 

x

82527657
>gi|82527657|ref|ZP

_00886979.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1106a] 

x

53720847
>gi|53720847|ref|Y

P
_109833.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia pseudom

allei K
96243]

x

83720009
>gi|83720009|ref|Y

P
_443601.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia thailandensis E

264] 
x

83653834
>gi|83653834|gb|A

B
C

37897.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia thailandensis E
264]

x

84363553
>gi|84363553|ref|ZP

_00988128.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia dolosa A
U

O
158]

x

67549551
>gi|67549551|ref|ZP

_00427409.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia vietnam
iensis G

4] 
x

67529133
>gi|67529133|gb|E

A
M

26010.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia vietnam
iensis G

4]
x

17430127
>gi|17430127|em

b|C
A

D
16812.1| P

R
O

B
A

B
LE

 4-
H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 
P

R
O

TE
IN

 [R
alstonia solanacearum

] 
x
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17547822
>gi|17547822|ref|N

P
_521224.1| P

R
O

B
A

B
LE

 4-
H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 
P

R
O

TE
IN

 [R
alstonia solanacearum

 G
M

I1000]
x

67667845
>gi|67667845|ref|ZP

_00465053.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia H
I2424] 

x

67661102
>gi|67661102|ref|ZP

_00458430.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia A
U

 1054] 
x

67098592
>gi|67098592|gb|E

A
M

15794.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia H
I2424] 

x

67091310
>gi|67091310|gb|E

A
M

08891.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia A
U

 1054] 
x

84356200
>gi|84356200|ref|ZP

_00981057.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia cenocepacia P
C

184]
x

74020299
>gi|74020299|ref|ZP

_00690899.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia am
bifaria A

M
M

D
] 

x

72606991
>gi|72606991|gb|E

A
O

42963.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia am
bifaria A

M
M

D
]

x

83746408
>gi|83746408|ref|ZP

_00943460.1| 4-hydroxyphenylpyruvate dioxygenase 
[R

alstonia solanacearum
 U

W
551] 

x

83726949
>gi|83726949|gb|E

A
P

74075.1| 4-hydroxyphenylpyruvate dioxygenase 
[R

alstonia solanacearum
 U

W
551]

x

77965642
>gi|77965642|gb|A

B
B

07022.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia sp. 383] 
x

78064897
>gi|78064897|ref|Y

P
_367666.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia sp. 383]

x

27362256
>gi|27362256|gb|A

A
O

11111.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio 
vulnificus C

M
C

P
6] 

x

27366056
>gi|27366056|ref|N

P
_761584.1| 4-hydroxyphenylpyruvate dioxygenase 

[Vibrio vulnificus C
M

C
P

6] 
x

75826731
>gi|75826731|ref|ZP

_00756166.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [Vibrio cholerae O

395] 
x

75824206
>gi|75824206|ref|ZP

_00753668.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [Vibrio cholerae R

C
385] 

x
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75820486
>gi|75820486|ref|ZP

_00750532.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [Vibrio cholerae V

51] 
x

75816957
>gi|75816957|ref|ZP

_00747414.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [Vibrio cholerae V

52] 
x

9655836
>gi|9655836|gb|A

A
F94502.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio 

cholerae O
1 biovar eltor str. N

16961] 
x

15641356
>gi|15641356|ref|N

P
_230988.1| 4-hydroxyphenylpyruvate dioxygenase 

[Vibrio cholerae O
1 biovar eltor str. N

16961] 
x

6648538
>gi|6648538|gb|A

A
F21216.1| p-hydroxyphenylpyruvate dioxygenase [Vibrio 

cholerae]
x

75829730
>gi|75829730|ref|ZP

_00759024.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [Vibrio cholerae M

O
10]

x

18104608
>gi|18104608|gb|A

A
L59614.1| 4-hydroxyphenylpyruvate dioxygenase 

[Listonella anguillarum
]

x

75856539
>gi|75856539|ref|ZP

_00764165.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [Vibrio sp. E

x25]
x

32040878
>gi|32040878|ref|ZP

_00138461.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [P

seudom
onas aeruginosa U

C
B

P
P

-
PA

14]
x

9946763
>gi|9946763|gb|A

A
G

04254.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas aeruginosa PA

O
1] 

x

15596062
>gi|15596062|ref|N

P
_249556.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas aeruginosa PA
O

1] 
x

84322674
>gi|84322674|ref|ZP

_00970758.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [P

seudom
onas aeruginosa 2192] 

x

84316635
>gi|84316635|ref|ZP

_00965107.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [P

seudom
onas aeruginosa C

3719]
x

28806337
>gi|28806337|dbj|B

A
C

59612.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio 
parahaem

olyticus R
IM

D
 2210633] 

x

28898123
>gi|28898123|ref|N

P
_797728.1| 4-hydroxyphenylpyruvate dioxygenase 

[Vibrio parahaem
olyticus R

IM
D

 2210633]
x

14027622
>gi|14027622|dbj|B

A
B

53891.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

esorhizobium
 loti M

A
FF303099] 

x
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13476861
>gi|13476861|ref|N

P
_108430.1| 4-hydroxyphenylpyruvate dioxygenase 

[M
esorhizobium

 loti M
A

FF303099]
x

77383145
>gi|77383145|gb|A

B
A

74658.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas fluorescens P

fO
-1] 

x

77459142
>gi|77459142|ref|Y

P
_348648.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas fluorescens P
fO

-1]
x

66046559
>gi|66046559|ref|Y

P
_236400.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas syringae pv. syringae B
728a] 

x

63257266
>gi|63257266|gb|A

AY
38362.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas syringae pv. syringae B
728a]

x

27348587
>gi|27348587|dbj|B

A
C

45604.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

radyrhizobium
 japonicum

 U
S

D
A 110] 

x

27375450
>gi|27375450|ref|N

P
_766979.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
radyrhizobium

 japonicum
 U

S
D

A 110]
x

68345050
>gi|68345050|gb|A

AY
92656.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas fluorescens P
f-5] 

x

70730751
>gi|70730751|ref|Y

P
_260492.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas fluorescens P
f-5]

x

26990146
>gi|26990146|ref|N

P
_745571.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas putida K
T2440] 

x

24985082
>gi|24985082|gb|A

A
N

69035.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas putida K

T2440]
x

67780042
>gi|67780042|gb|E

A
M

39659.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

olarom
onas sp. JS

666] 
x

67907968
>gi|67907968|ref|ZP

_00506369.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

olarom
onas sp. JS

666]
x

84386189
>gi|84386189|ref|ZP

_00989218.1| 4-hydroxyphenylpyruvate dioxygenase 
[Vibrio splendidus 12B

01] 
x

84378959
>gi|84378959|gb|E

A
P

95813.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio 
splendidus 12B

01]
x

28870714
>gi|28870714|ref|N

P
_793333.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas syringae pv. tom
ato str. D

C
3000] 

x
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28853962
>gi|28853962|gb|A

A
O

57028.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas syringae pv. tom

ato str. D
C

3000]
x

71557567
>gi|71557567|gb|A

A
Z36778.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas syringae pv. phaseolicola 1448A
] 

x

71737014
>gi|71737014|ref|Y

P
_275410.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas syringae pv. phaseolicola 1448A
]

x

86144791
>gi|86144791|ref|ZP

_01063123.1| 4-hydroxyphenylpyruvate dioxygenase 
[Vibrio sp. M

E
D

222] 
x

85837690
>gi|85837690|gb|E

A
Q

55802.1| 4-hydroxyphenylpyruvate dioxygenase [Vibrio 
sp. M

E
D

222]
x

82735751
>gi|82735751|ref|ZP

_00898613.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas putida F1] 

x

82717384
>gi|82717384|gb|E

A
P

52436.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas putida F1]

x

37727200
>gi|37727200|gb|A

A
O

12525.1| p-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas putida]

x

86166180
>gi|86166180|gb|E

A
Q

67446.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

arinom
onas sp. M

E
D

121]
x

248959
>gi|248959|gb|A

A
B

22111.1| 4-hydroxyphenylpyruvate dioxygenase {E
C

 
1.13.11.27} [P

seudom
onas, P.J. 874, P

eptide, 357 aa] 
x

123491
>gi|123491|sp|P

80064|H
P

P
D

_P
S

E
U

J 4-hydroxyphenylpyruvate dioxygenase 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

78694655
>gi|78694655|ref|ZP

_00859168.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

radyrhizobium
 sp. B

TA
i1] 

x

78517771
>gi|78517771|gb|E

A
P

31069.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

radyrhizobium
 sp. B

TA
i1]

x

68556085
>gi|68556085|ref|ZP

_00595428.1| 4-hydroxyphenylpyruvate dioxygenase 
[R

alstonia m
etallidurans C

H
34] 

x

68529258
>gi|68529258|gb|E

A
N

52221.1| 4-hydroxyphenylpyruvate dioxygenase 
[R

alstonia m
etallidurans C

H
34]

x

79039649
>gi|79039649|ref|ZP

_00871355.1| 4-hydroxyphenylpyruvate dioxygenase 
[N

ovosphingobium
 arom

aticivorans D
S

M
 12444] 

x
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78775290
>gi|78775290|gb|E

A
P

38945.1| 4-hydroxyphenylpyruvate dioxygenase 
[N

ovosphingobium
 arom

aticivorans D
S

M
 12444]

x

15075967
>gi|15075967|em

b|C
A

C
47521.1| P

U
TATIV

E
 4-

H
Y

D
R

O
X

Y
P

H
E

N
Y

LP
Y

R
U

VATE
 D

IO
X

Y
G

E
N

A
S

E
 P

R
O

TE
IN

 [S
inorhizobium

 
m

eliloti] 
x

15966695
>gi|15966695|ref|N

P
_387048.1| P

U
TATIV

E
 4-H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 
D

IO
X

Y
G

E
N

A
S

E
 P

R
O

TE
IN

 [S
inorhizobium

 m
eliloti 1021]

x

47573686
>gi|47573686|ref|ZP

_00243724.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [R

ubrivivax gelatinosus P
M

1]
x

7766901
>gi|7766901|pdb|1C

JX
|D

 C
hain D

, C
rystal S

tructure O
f P

seudom
onas 

Fluorescens H
ppd 

x

7766900
>gi|7766900|pdb|1C

JX
|C

 C
hain C

, C
rystal S

tructure O
f P

seudom
onas 

Fluorescens H
ppd 

x

7766899
>gi|7766899|pdb|1C

JX
|B

 C
hain B

, C
rystal S

tructure O
f P

seudom
onas 

Fluorescens H
ppd 

x

7766898
>gi|7766898|pdb|1C

JX
|A C

hain A
, C

rystal S
tructure O

f P
seudom

onas 
Fluorescens H

ppd
x

72121665
>gi|72121665|gb|A

A
Z63851.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
alstonia eutropha JM

P
134] 

x

73538328
>gi|73538328|ref|Y

P
_298695.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
alstonia eutropha JM

P
134]

x

84715414
>gi|84715414|ref|ZP

_01022515.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

olarom
onas naphthalenivorans C

J2] 
x

84693238
>gi|84693238|gb|E

A
Q

19040.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

olarom
onas naphthalenivorans C

J2]
x

67155173
>gi|67155173|ref|ZP

_00416801.1| 4-hydroxyphenylpyruvate dioxygenase 
[A

zotobacter vinelandii AvO
P

] 
x

67086974
>gi|67086974|gb|E

A
M

06441.1| 4-hydroxyphenylpyruvate dioxygenase 
[A

zotobacter vinelandii AvO
P

]
x

86277802
>gi|86277802|gb|A

B
C

88387.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas fluorescens]

x
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39652710
>gi|39652710|em

b|C
A

E
25449.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
hodopseudom

onas palustris C
G

A
009] 

x

39933085
>gi|39933085|ref|N

P
_945361.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
hodopseudom

onas palustris C
G

A
009]

x

86357375
>gi|86357375|ref|Y

P
_469267.1| probable 4-hydroxyphenylpyruvate 

dioxygenase protein [R
hizobium

 etli C
FN

 42] 
x

86281477
>gi|86281477|gb|A

B
C

90540.1| probable 4-hydroxyphenylpyruvate 
dioxygenase protein [R

hizobium
 etli C

FN
 42]

x

76883245
>gi|76883245|gb|A

B
A

57926.1| 4-hydroxyphenylpyruvate dioxygenase 
[N

itrosococcus oceani ATC
C

 19707] 
x

77164931
>gi|77164931|ref|Y

P
_343456.1| 4-hydroxyphenylpyruvate dioxygenase 

[N
itrosococcus oceani ATC

C
 19707]

x

68192496
>gi|68192496|gb|E

A
N

07150.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

esorhizobium
 sp. B

N
C

1] 
x

69276590
>gi|69276590|ref|ZP

_00612184.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

esorhizobium
 sp. B

N
C

1]
x

83643833
>gi|83643833|ref|Y

P
_432268.1| 4-hydroxyphenylpyruvate dioxygenase 

[H
ahella chejuensis K

C
TC

 2396] 
x

83631876
>gi|83631876|gb|A

B
C

27843.1| 4-hydroxyphenylpyruvate dioxygenase 
[H

ahella chejuensis K
C

TC
 2396]

x

21106538
>gi|21106538|gb|A

A
M

35343.1| 4-hydroxyphenylpyruvate dioxygenase 
[X

anthom
onas axonopodis pv. citri str. 306] 

x

21241225
>gi|21241225|ref|N

P
_640807.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas axonopodis pv. citri str. 306]
x

46916283
>gi|46916283|em

b|C
A

G
23052.1| putative 4-hydroxyphenylpyruvate 

dioxygenase [P
hotobacterium

 profundum
 S

S
9] 

x

54302859
>gi|54302859|ref|Y

P
_132852.1| putative 4-hydroxyphenylpyruvate 

dioxygenase [P
hotobacterium

 profundum
 S

S
9]

x

78034468
>gi|78034468|em

b|C
A

J22113.1| 4-hydroxyphenylpyruvate dioxygenase 
[X

anthom
onas cam

pestris pv. vesicatoria str. 85-10] 
x

78046038
>gi|78046038|ref|Y

P
_362213.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas cam
pestris pv. vesicatoria str. 85-10]

x
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68540317
>gi|68540317|ref|ZP

_00580078.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

phingopyxis alaskensis R
B

2256] 
x

68522336
>gi|68522336|gb|E

A
N

45492.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

phingopyxis alaskensis R
B

2256]
x

21111421
>gi|21111421|gb|A

A
M

39754.1| 4-hydroxyphenylpyruvate dioxygenase 
[X

anthom
onas cam

pestris pv. cam
pestris str. ATC

C
 33913] 

x

66572122
>gi|66572122|gb|A

AY
47532.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas cam
pestris pv. cam

pestris str. 8004] 
x

66766790
>gi|66766790|ref|Y

P
_241552.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas cam
pestris pv. cam

pestris str. 8004] 
x

21229913
>gi|21229913|ref|N

P
_635830.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas cam
pestris pv. cam

pestris str. ATC
C

 33913]
x

84787193
>gi|84787193|gb|A

B
C

63375.1| 4-hydroxyphenylpyruvate dioxygenase 
[E

rythrobacter litoralis H
TC

C
2594] 

x

85374110
>gi|85374110|ref|Y

P
_458172.1| 4-hydroxyphenylpyruvate dioxygenase 

[E
rythrobacter litoralis H

TC
C

2594]
x

52629602
>gi|52629602|gb|A

A
U

28343.1| 4-hydroxyphenylpyruvate dioxygenase 
[Legionella pneum

ophila subsp. pneum
ophila str. P

hiladelphia 1] 
x

52842491
>gi|52842491|ref|Y

P
_096290.1| 4-hydroxyphenylpyruvate dioxygenase 

[Legionella pneum
ophila subsp. pneum

ophila str. P
hiladelphia 1]

x

69934333
>gi|69934333|ref|ZP

_00629411.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

aracoccus denitrificans P
D

1222] 
x

69153857
>gi|69153857|gb|E

A
N

66974.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

aracoccus denitrificans P
D

1222]
x

58583694
>gi|58583694|ref|Y

P
_202710.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas oryzae pv. oryzae K
A

C
C

10331] 
x

58428288
>gi|58428288|gb|A

AW
77325.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas oryzae pv. oryzae K
A

C
C

10331]
x

53754956
>gi|53754956|em

b|C
A

H
16444.1| 4-hydroxyphenylpyruvate dioxygenase 

(legiolysin) [Legionella pneum
ophila str. Lens] 

x

60392610
>gi|60392610|sp|Q

5ZT84|LLY
_LE

G
P

H
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (Legiolysin) 

x
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54295124
>gi|54295124|ref|Y

P
_127539.1| 4-hydroxyphenylpyruvate dioxygenase 

(legiolysin) [Legionella pneum
ophila str. Lens]

x

84369443
>gi|84369443|dbj|B

A
E

70601.1| 4-hydroxyphenylpyruvate dioxygenase 
[X

anthom
onas oryzae pv. oryzae M

A
FF 311018] 

x

84625503
>gi|84625503|ref|Y

P
_452875.1| 4-hydroxyphenylpyruvate dioxygenase 

[X
anthom

onas oryzae pv. oryzae M
A

FF 311018]
x

60392609
>gi|60392609|sp|P

69053|LLY
_LE

G
P

N
 4-hydroxyphenylpyruvate dioxygenase 

(4H
P

P
D

) (H
P

D
) (Legiolysin)

x

85710284
>gi|85710284|ref|ZP

_01041349.1| 4-hydroxyphenylpyruvate dioxygenase 
[E

rythrobacter sp. N
A

P
1] 

x

85688994
>gi|85688994|gb|E

A
Q

28998.1| 4-hydroxyphenylpyruvate dioxygenase 
[E

rythrobacter sp. N
A

P
1]

x

85712096
>gi|85712096|ref|ZP

_01043149.1| 4-hydroxyphenylpyruvate dioxygenase 
[Idiom

arina baltica O
S

145] 
x

85694086
>gi|85694086|gb|E

A
Q

32031.1| 4-hydroxyphenylpyruvate dioxygenase 
[Idiom

arina baltica O
S

145]
x

76791393
>gi|76791393|ref|ZP

_00773900.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudoalterom
onas atlantica T6c] 

x

76593504
>gi|76593504|gb|E

A
O

69687.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudoalterom
onas atlantica T6c]

x

53751960
>gi|53751960|em

b|C
A

H
13384.1| 4-hydroxyphenylpyruvate dioxygenase 

(legiolysin) [Legionella pneum
ophila str. P

aris] 
x

54298175
>gi|54298175|ref|Y

P
_124544.1| 4-hydroxyphenylpyruvate dioxygenase 

(legiolysin) [Legionella pneum
ophila str. P

aris]
x

76791947
>gi|76791947|ref|ZP

_00774450.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudoalterom
onas atlantica T6c] 

x

76592636
>gi|76592636|gb|E

A
O

68823.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudoalterom
onas atlantica T6c]

x

13424094
>gi|13424094|gb|A

A
K

24504.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

aulobacter crescentus C
B

15] 
x

16126772
>gi|16126772|ref|N

P
_421336.1| 4-hydroxyphenylpyruvate dioxygenase 

[C
aulobacter crescentus C

B
15]

x
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83858849
>gi|83858849|ref|ZP

_00952371.1| 4-hydroxyphenylpyruvate dioxygenase 
[O

ceanicaulis alexandrii H
TC

C
2633] 

x

83853672
>gi|83853672|gb|E

A
P

91524.1| 4-hydroxyphenylpyruvate dioxygenase 
[O

ceanicaulis alexandrii H
TC

C
2633]

x

56178841
>gi|56178841|gb|A

AV
81563.1| 4-hydroxyphenylpyruvate dioxygenase 

[Idiom
arina loihiensis L2TR

] 
x

56459831
>gi|56459831|ref|Y

P
_155112.1| 4-hydroxyphenylpyruvate dioxygenase 

[Idiom
arina loihiensis L2TR

]
x

71364775
>gi|71364775|ref|ZP

_00655353.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

sychrobacter cryohalolentis K
5] 

x

71160011
>gi|71160011|gb|E

A
O

09834.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

sychrobacter cryohalolentis K
5]

x

67156324
>gi|67156324|ref|ZP

_00417917.1| 4-hydroxyphenylpyruvate dioxygenase 
[A

zotobacter vinelandii AvO
P

] 
x

67086083
>gi|67086083|gb|E

A
M

05553.1| 4-hydroxyphenylpyruvate dioxygenase 
[A

zotobacter vinelandii AvO
P

]
x

77385129
>gi|77385129|gb|A

B
A

76642.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas fluorescens P

fO
-1] 

x

77461126
>gi|77461126|ref|Y

P
_350633.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas fluorescens P
fO

-1]
x

84324619
>gi|84324619|ref|ZP

_00972676.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [P

seudom
onas aeruginosa 2192]

x

32043410
>gi|32043410|ref|ZP

_00140672.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [P

seudom
onas aeruginosa U

C
B

P
P

-
PA

14]
x

84318579
>gi|84318579|ref|ZP

_00967002.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [P

seudom
onas aeruginosa C

3719]
x

13898392
>gi|13898392|gb|A

A
K

48714.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

agnaporthe grisea] 
x

74630846
>gi|74630846|sp|Q

96X
22|H

P
P

D
_M

A
G

G
R

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

28881241
>gi|28881241|em

b|C
A

D
70479.1| probable 4-hydroxyphenylpyruvate 

dioxygenase [N
eurospora crassa] 

x
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74629496
>gi|74629496|sp|Q

872T7|H
P

P
D

_N
E

U
C

R
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) 

x

26989274
>gi|26989274|ref|N

P
_744699.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
seudom

onas putida K
T2440] 

x

24984122
>gi|24984122|gb|A

A
N

68163.1| 4-hydroxyphenylpyruvate dioxygenase, 
putative [P

seudom
onas putida K

T2440] 
x

82735075
>gi|82735075|ref|ZP

_00897938.1| 4-hydroxyphenylpyruvate dioxygenase, 
putative [P

seudom
onas putida F1] 

x

82717750
>gi|82717750|gb|E

A
P

52801.1| 4-hydroxyphenylpyruvate dioxygenase, 
putative [P

seudom
onas putida F1]

x

28869544
>gi|28869544|ref|N

P
_792163.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
seudom

onas syringae pv. tom
ato str. D

C
3000] 

x

28852786
>gi|28852786|gb|A

A
O

55858.1| 4-hydroxyphenylpyruvate dioxygenase, 
putative [P

seudom
onas syringae pv. tom

ato str. D
C

3000]
x

66045370
>gi|66045370|ref|Y

P
_235211.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas syringae pv. syringae B
728a] 

x

63256077
>gi|63256077|gb|A

AY
37173.1| 4-hydroxyphenylpyruvate dioxygenase 

[P
seudom

onas syringae pv. syringae B
728a]

x

83744141
>gi|83744141|gb|A

B
C

42332.1| 4-hydroxyphenylpyruvate dioxygenase 
[P

seudom
onas chlororaphis]

x

71557637
>gi|71557637|gb|A

A
Z36848.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
seudom

onas syringae pv. phaseolicola 1448A
] 

x

71737084
>gi|71737084|ref|Y

P
_274324.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
seudom

onas syringae pv. phaseolicola 1448A
]

x

68182021
>gi|68182021|ref|ZP

_00555002.1| 4-hydroxyphenylpyruvate dioxygenase 
[Jannaschia sp. C

C
S

1] 
x

67977675
>gi|67977675|gb|E

A
M

67294.1| 4-hydroxyphenylpyruvate dioxygenase 
[Jannaschia sp. C

C
S

1]
x

3860238
>gi|3860238|gb|A

A
C

73008.1| 4-hydroxyphenylpyruvate-dioxygenase [H
om

o 
sapiens]

x

55666795
>gi|55666795|ref|X

P
_528667.1| P

R
E

D
IC

TE
D

: 4-hydroxyphenylpyruvate 
dioxygenase [P

an troglodytes]
x
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68346989
>gi|68346989|gb|A

AY
94595.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
seudom

onas fluorescens P
f-5] 

x

70732690
>gi|70732690|ref|Y

P
_262453.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
seudom

onas fluorescens P
f-5]

x

4504477
>gi|4504477|ref|N

P
_002141.1| 4-hydroxyphenylpyruvate dioxygenase [H

om
o 

sapiens] 
x

288105
>gi|288105|em

b|C
A

A
51082.1| 4-hydroxyphenylpyruvate dioxygenase [H

om
o 

sapiens] 
x

18999511
>gi|18999511|gb|A

A
H

24287.1| 4-hydroxyphenylpyruvate dioxygenase [H
om

o 
sapiens] 

x

417144
>gi|417144|sp|P

32754|H
P

P
D

_H
U

M
A

N
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) 

x

1100256
>gi|1100256|dbj|B

A
A

06498.1| 4-hydroxyphenylpyruvic acid dioxgenase 
(H

P
D

) [H
om

o sapiens]
x

15426479
>gi|15426479|gb|A

A
H

13343.1| 4-hydroxyphenylpyruvic acid dioxygenase 
[M

us m
usculus] 

x

33859486
>gi|33859486|ref|N

P
_032303.1| 4-hydroxyphenylpyruvic acid dioxygenase 

[M
us m

usculus] 
x

83303597
>gi|83303597|sp|P

49429|H
P

P
D

_M
O

U
S

E
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (F protein) (F A

lloantigen)
x

62751490
>gi|62751490|ref|N

P
_001015611.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
os taurus] 

x

75948304
>gi|75948304|gb|A

A
I05226.1| 4-hydroxyphenylpyruvate dioxygenase [B

os 
taurus] 

x

59857863
>gi|59857863|gb|A

A
X

08766.1| 4-hydroxyphenylpyruvate dioxygenase [B
os 

taurus] 
x

75057880
>gi|75057880|sp|Q

5E
A

20|H
P

P
D

_B
O

V
IN

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

51980500
>gi|51980500|gb|A

A
H

81819.1| 4-hydroxyphenylpyruvic acid dioxygenase 
[R

attus norvegicus] 
x

3435296
>gi|3435296|gb|A

A
C

32387.1| 4-hydroxyphenylpyruvate dioxygenase [R
attus 

norvegicus] 
x
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8393557
>gi|8393557|ref|N

P
_058929.1| 4-hydroxyphenylpyruvic acid dioxygenase 

[R
attus norvegicus] 

x

83303639
>gi|83303639|sp|P

32755|H
P

P
D

_R
AT 4-hydroxyphenylpyruvate dioxygenase 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (F protein) (F alloantigen) 

x

52695554
>gi|52695554|pdb|1S

Q
I|B

 C
hain B

, S
tructural B

asis For Inhibitor S
electivity 

R
evealed B

y C
rystal S

tructures O
f P

lant A
nd M

am
m

alian 4- 
H

ydroxyphenylpyruvate D
ioxygenases 

x

52695553
>gi|52695553|pdb|1S

Q
I|A C

hain A
, S

tructural B
asis For Inhibitor S

electivity 
R

evealed B
y C

rystal S
tructures O

f P
lant A

nd M
am

m
alian 4- 

H
ydroxyphenylpyruvate D

ioxygenases
x

849053
>gi|849053|dbj|B

A
A

06267.1| 4-hydroxyphenylpyruvate dioxygenase [M
us 

m
usculus]

x

31324014
>gi|31324014|gb|A

A
P

47152.1| 4-hydroxyphenylpyruvate dioxygenase 
[uncultured soil bacterium

]
x

69298020
>gi|69298020|ref|ZP

_00620300.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

ilicibacter sp. TM
1040] 

x

69134367
>gi|69134367|gb|E

A
N

57582.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

ilicibacter sp. TM
1040]

x

83942846
>gi|83942846|ref|ZP

_00955307.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

ulfitobacter sp. E
E

-36] 
x

83846939
>gi|83846939|gb|E

A
P

84815.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

ulfitobacter sp. E
E

-36]
x

83955679
>gi|83955679|ref|ZP

_00964259.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

ulfitobacter sp. N
A

S
-14.1] 

x

83839973
>gi|83839973|gb|E

A
P

79149.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

ulfitobacter sp. N
A

S
-14.1]

x

73995174
>gi|73995174|ref|X

P
_853422.1| P

R
E

D
IC

TE
D

: sim
ilar to 4-

hydroxyphenylpyruvate dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) [C

anis 
fam

iliaris]
x

84500900
>gi|84500900|ref|ZP

_00999135.1| 4-hydroxyphenylpyruvate dioxygenase 
[O

ceanicola batsensis H
TC

C
2597] 

x

84390967
>gi|84390967|gb|E

A
Q

03385.1| 4-hydroxyphenylpyruvate dioxygenase 
[O

ceanicola batsensis H
TC

C
2597]

x
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86137851
>gi|86137851|ref|ZP

_01056427.1| 4-hydroxyphenylpyruvate dioxygenase 
[R

oseobacter sp. M
E

D
193] 

x

85825443
>gi|85825443|gb|E

A
Q

45642.1| 4-hydroxyphenylpyruvate dioxygenase 
[R

oseobacter sp. M
E

D
193]

x

78368776
>gi|78368776|ref|ZP

_00838982.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. P

V-4] 
x

78359179
>gi|78359179|gb|E

A
P

01056.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. P

V-4]
x

77816006
>gi|77816006|ref|ZP

_00815218.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella putrefaciens C

N
-32] 

x

77809038
>gi|77809038|gb|E

A
O

93448.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella putrefaciens C

N
-32]

x

22530912
>gi|22530912|gb|A

A
M

96960.1| 4-hydroxyphenylpyruvate dioxygenase H
P

D
 

[A
rabidopsis thaliana]

x

56678047
>gi|56678047|gb|A

AV
94713.1| 4-hydroxyphenylpyruvate dioxygenase 

[S
ilicibacter pom

eroyi D
S

S
-3] 

x

56696310
>gi|56696310|ref|Y

P
_166667.1| 4-hydroxyphenylpyruvate dioxygenase 

[S
ilicibacter pom

eroyi D
S

S
-3]

x

82740811
>gi|82740811|ref|ZP

_00903545.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. W

3-18-1] 
x

82721797
>gi|82721797|gb|E

A
P

56629.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. W

3-18-1]
x

22136134
>gi|22136134|gb|A

A
M

91145.1| 4-hydroxyphenylpyruvate dioxygenase (H
P

D
) 

[A
rabidopsis thaliana] 

x

18252207
>gi|18252207|gb|A

A
L61936.1| 4-hydroxyphenylpyruvate dioxygenase (H

P
D

) 
[A

rabidopsis thaliana] 
x

3098559
>gi|3098559|gb|A

A
C

15697.1| 4-hydroxyphenylpyruvate dioxygenase 
[A

rabidopsis thaliana] 
x

3334223
>gi|3334223|sp|P

93836|H
P

P
D

_A
R

ATH
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) 

x

2392518
>gi|2392518|gb|A

A
B

70025.1| p-hydroxyphenylpyruvate dioxygenase 
[A

rabidopsis thaliana] 
x
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2145039
>gi|2145039|gb|A

A
B

58404.1| p-hydroxyphenylpyruvate dioxygenase 
[A

rabidopsis thaliana] 
x

55669758
>gi|55669758|pdb|1S

P
9|B

 C
hain B

, 4-H
ydroxyphenylpyruvate D

ioxygenase 
x

55669757
>gi|55669757|pdb|1S

P
9|A C

hain A
, 4-H

ydroxyphenylpyruvate D
ioxygenase

x

52695751
>gi|52695751|pdb|1TG

5|A C
hain A

, C
rystal S

tructures O
f P

lant 4-
H

ydroxyphenylpyruvate D
ioxygenases C

om
plexed W

ith D
as645 

x

52695750
>gi|52695750|pdb|1TFZ|A C

hain A
, S

tructural B
asis For H

erbicidal Inhibitor 
S

electivity R
evealed B

y C
om

parison O
f C

rystal S
tructures O

f P
lant A

nd 
M

am
m

alian 4-H
ydroxyphenylpyruvate D

ioxygenases 
x

52695552
>gi|52695552|pdb|1S

Q
D

|A C
hain A

, S
tructural B

asis For Inhibitor S
electivity 

R
evealed B

y C
rystal S

tructures O
f P

lant A
nd M

am
m

alian 4- 
H

ydroxyphenylpyruvate D
ioxygenases

x

68542976
>gi|68542976|ref|ZP

_00582695.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella baltica O

S
155] 

x

68519345
>gi|68519345|gb|E

A
N

42883.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella baltica O

S
155]

x

2231615
>gi|2231615|gb|A

A
C

49815.1| 4-hydroxyphenylpyruvate dioxygenase [D
aucus 

carota] 
x

3334219
>gi|3334219|sp|O

23920|H
P

P
D

_D
A

U
C

A 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

24373526
>gi|24373526|ref|N

P
_717569.1| 4-hydroxyphenylpyruvate dioxygenase 

[S
hew

anella oneidensis M
R

-1] 
x

24347835
>gi|24347835|gb|A

A
N

55013.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella oneidensis M

R
-1]

x

78691757
>gi|78691757|ref|ZP

_00856354.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. M

R
-7] 

x

78686389
>gi|78686389|ref|ZP

_00851157.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. A

N
A

-3] 
x

78508840
>gi|78508840|gb|E

A
P

22265.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. M

R
-7] 

x
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78505858
>gi|78505858|gb|E

A
P

19383.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. A

N
A

-3] 
x

82496693
>gi|82496693|ref|ZP

_00882258.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. M

R
-4] 

x

82405268
>gi|82405268|gb|E

A
P

45943.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella sp. M

R
-4]

x

67157862
>gi|67157862|ref|ZP

_00419007.1| 4-hydroxyphenylpyruvate dioxygenase 
[A

zotobacter vinelandii AvO
P

] 
x

67085131
>gi|67085131|gb|E

A
M

04607.1| 4-hydroxyphenylpyruvate dioxygenase 
[A

zotobacter vinelandii AvO
P

]
x

5531376
>gi|5531376|em

b|C
A

B
51008.1| putative 4-hydroxyphenylpyruvate 

dioxygenase [S
treptom

yces coelicolor A
3(2)] 

x

21221374
>gi|21221374|ref|N

P
_627153.1| 4-hydroxyphenylpyruvate dioxygenase 

[S
treptom

yces coelicolor A
3(2)] 

x

81625146
>gi|81625146|sp|Q

9S
2F4|H

P
P

D
_S

TR
C

O
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

68547720
>gi|68547720|ref|ZP

_00587251.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella am

azonensis S
B

2B
] 

x

68514611
>gi|68514611|gb|E

A
N

38341.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella am

azonensis S
B

2B
]

x

69951167
>gi|69951167|ref|ZP

_00638934.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella frigidim

arina N
C

IM
B

 400] 
x

69165261
>gi|69165261|gb|E

A
N

74284.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella frigidim

arina N
C

IM
B

 400]
x

69157650
>gi|69157650|gb|E

A
N

69869.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella denitrificans O

S
217] 

x

69944221
>gi|69944221|ref|ZP

_00635642.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

hew
anella denitrificans O

S
-217]

x

48784496
>gi|48784496|ref|ZP

_00280862.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia fungorum
 LB

400]
x

47523532
>gi|47523532|ref|N

P
_999389.1| 4-hydroxyphenylpyruvic acid dioxygenase 

[S
us scrofa] 

x
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217692
>gi|217692|dbj|B

A
A

02660.1| 4-hydroxyphenylpyruvic acid dioxygenase [S
us 

scrofa] 
x

1346310
>gi|1346310|sp|Q

02110|H
P

P
D

_P
IG

 4-hydroxyphenylpyruvate dioxygenase 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

27376164
>gi|27376164|ref|N

P
_767693.1| putative 4-hydroxyphenylpyruvate 

dioxygenase protein [B
radyrhizobium

 japonicum
 U

S
D

A 110]
x

29608808
>gi|29608808|dbj|B

A
C

72861.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

treptom
yces averm

itilis M
A

-4680] 
x

29831692
>gi|29831692|ref|N

P
_826326.1| 4-hydroxyphenylpyruvate dioxygenase 

[S
treptom

yces averm
itilis M

A
-4680] 

x

30581067
>gi|30581067|sp|Q

53586|H
P

P
D

_S
TR

AW
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) 

x

50513703
>gi|50513703|pdb|1T47|B

 C
hain B

, S
tructure O

f Fe2-H
ppd B

ound To N
tbc 

x

50513702
>gi|50513702|pdb|1T47|A C

hain A
, S

tructure O
f Fe2-H

ppd B
ound To N

tbc 
x

15823928
>gi|15823928|dbj|B

A
B

69150.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

treptom
yces averm

itilis]
x

555806
>gi|555806|gb|A

A
A

50231.1| 4-hydroxyphenylpyruvate acid dioxygenase
x

17431820
>gi|17431820|em

b|C
A

D
18498.1| P

R
O

B
A

B
LE

 4-
H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 
P

R
O

TE
IN

 [R
alstonia solanacearum

] 
x

17431789
>gi|17431789|em

b|C
A

D
18467.1| P

R
O

B
A

B
LE

 4-
H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 
P

R
O

TE
IN

 [R
alstonia solanacearum

] 
x

17549566
>gi|17549566|ref|N

P
_522906.1| P

R
O

B
A

B
LE

 4-
H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 
P

R
O

TE
IN

 [R
alstonia solanacearum

 G
M

I1000] 
x

17549535
>gi|17549535|ref|N

P
_522875.1| P

R
O

B
A

B
LE

 4-
H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 
P

R
O

TE
IN

 [R
alstonia solanacearum

 G
M

I1000]
x

48783552
>gi|48783552|ref|ZP

_00280004.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia fungorum
 LB

400]
x
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76876002
>gi|76876002|em

b|C
A

I87224.1| 4-hydroxyphenylpyruvate dioxygenase 
(4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) [P
seudoalterom

onas haloplanktis TA
C

125] 
x

77361091
>gi|77361091|ref|Y

P
_340666.1| 4-hydroxyphenylpyruvate dioxygenase 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) [P

seudoalterom
onas haloplanktis TA

C
125]

x

13810184
>gi|13810184|em

b|C
A

C
37394.1| 4-hydroxyphenylpyruvate dioxygenase 

[S
olenostem

on scutellarioides] 
x

17366672
>gi|17366672|sp|Q

9A
R

F9|H
P

P
D

_S
O

LS
C

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

83816571
>gi|83816571|ref|Y

P
_445494.1| 4-hydroxyphenylpyruvate dioxygenase 

[S
alinibacter ruber D

S
M

 13855] 
x

83757965
>gi|83757965|gb|A

B
C

46078.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

alinibacter ruber D
S

M
 13855]

x

3694811
>gi|3694811|gb|A

A
C

62457.1| p-hydroxyphenylpyruvate dioxygenase 
[A

rabidopsis thaliana]
x

84359805
>gi|84359805|ref|ZP

_00984535.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia dolosa A
U

O
158]

x

67664502
>gi|67664502|ref|ZP

_00461775.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia H
I2424] 

x

67656086
>gi|67656086|ref|ZP

_00453470.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia A
U

 1054] 
x

67101837
>gi|67101837|gb|E

A
M

18974.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia H
I2424] 

x

67096246
>gi|67096246|gb|E

A
M

13771.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia A
U

 1054]
x

84354433
>gi|84354433|ref|ZP

_00979339.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia cenocepacia P
C

184]
x

3334221
>gi|3334221|sp|O

42764|H
P

P
D

_M
Y

C
G

R
 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) 

x

2708690
>gi|2708690|gb|A

A
C

15884.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

ycosphaerella gram
inicola]

x

77970360
>gi|77970360|gb|A

B
B

11739.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia sp. 383] 
x
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78062475
>gi|78062475|ref|Y

P
_372383.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia sp. 383]

x

39577105
>gi|39577105|em

b|C
A

E
78334.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
dellovibrio bacteriovorus H

D
100] 

x

42524895
>gi|42524895|ref|N

P
_970275.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
dellovibrio bacteriovorus H

D
100]

x

79040915
>gi|79040915|ref|ZP

_00872288.1| 4-hydroxyphenylpyruvate dioxygenase 
[N

ovosphingobium
 arom

aticivorans D
S

M
 12444] 

x

78774230
>gi|78774230|gb|E

A
P

37886.1| 4-hydroxyphenylpyruvate dioxygenase 
[N

ovosphingobium
 arom

aticivorans D
S

M
 12444]

x

62003087
>gi|62003087|gb|A

A
X

59006.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

edicago truncatula]
x

74016264
>gi|74016264|ref|ZP

_00686890.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia am
bifaria A

M
M

D
] 

x

72610635
>gi|72610635|gb|E

A
O

46581.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia am
bifaria A

M
M

D
]

x

67542525
>gi|67542525|ref|ZP

_00420461.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia vietnam
iensis G

4] 
x

67536239
>gi|67536239|gb|E

A
M

32958.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia vietnam
iensis G

4]
x

78696078
>gi|78696078|ref|ZP

_00860588.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

radyrhizobium
 sp. B

TA
i1] 

x

78515656
>gi|78515656|gb|E

A
P

28957.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

radyrhizobium
 sp. B

TA
i1]

x

86130810
>gi|86130810|ref|ZP

_01049409.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

ellulophaga sp. M
E

D
134] 

x

85818221
>gi|85818221|gb|E

A
Q

39381.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

ellulophaga sp. M
E

D
134]

x

47567476
>gi|47567476|ref|ZP

_00238188.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus cereus G
9241] 

x

47555878
>gi|47555878|gb|E

A
L14217.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus cereus G

9241]
x
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66847183
>gi|66847183|gb|E

A
L87514.1| 4-hydroxyphenylpyruvate dioxygenase 

[A
spergillus fum

igatus A
f293] 

x

70989405
>gi|70989405|ref|X

P
_749552.1| 4-hydroxyphenylpyruvate dioxygenase 

[A
spergillus fum

igatus A
f293] 

x

74669096
>gi|74669096|sp|Q

4W
H

U
1|H

P
P

D
1_A

S
P

FU
 P

robable 4-
hydroxyphenylpyruvate dioxygenase 1 (4H

P
P

D
 1) (H

P
D

 1) (H
P

P
D

ase 1)
x

75760149
>gi|75760149|ref|ZP

_00740208.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus thuringiensis serovar israelensis ATC
C

 35646] 
x

74492352
>gi|74492352|gb|E

A
O

55509.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus thuringiensis serovar israelensis ATC
C

 35646]
x

29894029
>gi|29894029|gb|A

A
P

07321.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus cereus ATC
C

 14579] 
x

30018489
>gi|30018489|ref|N

P
_830120.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus cereus ATC

C
 14579]

x

65317666
>gi|65317666|ref|ZP

_00390625.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

acillus anthracis str. A
2012] 

x

49330698
>gi|49330698|gb|A

AT61344.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus thuringiensis serovar konkukian str. 97-27] 
x

47500645
>gi|47500645|gb|A

AT29321.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus anthracis str. 'A
m

es A
ncestor'] 

x

49177186
>gi|49177186|gb|A

AT52562.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus anthracis str. S
terne] 

x

51978468
>gi|51978468|gb|A

A
U

20018.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus cereus E
33L] 

x

49183259
>gi|49183259|ref|Y

P
_026511.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus anthracis str. S

terne] 
x

49479142
>gi|49479142|ref|Y

P
_034568.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus thuringiensis serovar konkukian str. 97-27] 

x

42779341
>gi|42779341|ref|N

P
_976588.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus cereus ATC

C
 10987] 

x

30253738
>gi|30253738|gb|A

A
P

24280.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus anthracis str. A
m

es] 
x
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42735256
>gi|42735256|gb|A

A
S

39196.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

acillus cereus ATC
C

 10987] 
x

52144999
>gi|52144999|ref|Y

P
_081830.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus cereus E

33L] 
x

47525497
>gi|47525497|ref|Y

P
_016846.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus anthracis str. 'A

m
es A

ncestor'] 
x

30260417
>gi|30260417|ref|N

P
_842794.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
acillus anthracis str. A

m
es]

x

71147316
>gi|71147316|gb|A

A
Z27789.1| 4-hydroxyphenylpyruvate dioxygenase 

[C
olw

ellia psychrerythraea 34H
] 

x

71281576
>gi|71281576|ref|Y

P
_270158.1| 4-hydroxyphenylpyruvate dioxygenase 

[C
olw

ellia psychrerythraea 34H
]

x

37681833
>gi|37681833|gb|A

A
Q

97794.1| 4-hydroxyphenylpyruvate dioxygenase [D
anio 

rerio] 
x

82187435
>gi|82187435|sp|Q

6TG
Z5|H

P
P

D
_B

R
A

R
E

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

83716682
>gi|83716682|ref|Y

P
_439418.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia thailandensis E

264] 
x

83650507
>gi|83650507|gb|A

B
C

34571.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia thailandensis E
264]

x

82178627
>gi|82178627|sp|Q

5B
K

L0|H
P

P
D

_X
E

N
TR

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

67928870
>gi|67928870|ref|ZP

_00522055.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

olibacter usitatus E
llin6076] 

x

67863773
>gi|67863773|gb|E

A
M

58782.1| 4-hydroxyphenylpyruvate dioxygenase 
[S

olibacter usitatus E
llin6076]

x

86143740
>gi|86143740|ref|ZP

_01062116.1| 4-hydroxyphenylpyruvate dioxygenase 
[Flavobacterium

 sp. M
E

D
217] 

x

85829783
>gi|85829783|gb|E

A
Q

48245.1| 4-hydroxyphenylpyruvate dioxygenase 
[Flavobacterium

 sp. M
E

D
217]

x

3334224
>gi|3334224|sp|Q

00415|H
P

P
D

_C
O

C
IM

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (T-cell reactive protein) 
x
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74018538
>gi|74018538|ref|ZP

_00689158.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia am
bifaria A

M
M

D
] 

x

72608471
>gi|72608471|gb|E

A
O

44423.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia am
bifaria A

M
M

D
]

x

84359134
>gi|84359134|ref|ZP

_00983890.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia dolosa A
U

O
158]

x

74635204
>gi|74635204|sp|Q

6C
D

R
5|H

P
P

D
_YA

R
LI 4-hydroxyphenylpyruvate 

dioxygenase (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

67667262
>gi|67667262|ref|ZP

_00464490.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia H
I2424] 

x

67655532
>gi|67655532|ref|ZP

_00452918.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia A
U

 1054] 
x

67099157
>gi|67099157|gb|E

A
M

16339.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia H
I2424] 

x

67096811
>gi|67096811|gb|E

A
M

14334.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia cenocepacia A
U

 1054]
x

83855941
>gi|83855941|ref|ZP

_00949470.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

roceibacter atlanticus H
TC

C
2559] 

x

83849741
>gi|83849741|gb|E

A
P

87609.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

roceibacter atlanticus H
TC

C
2559]

x

76261015
>gi|76261015|ref|ZP

_00768638.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

hloroflexus aurantiacus J-10-fl] 
x

76164065
>gi|76164065|gb|E

A
O

58222.1| 4-hydroxyphenylpyruvate dioxygenase 
[C

hloroflexus aurantiacus J-10-fl]
x

86134911
>gi|86134911|ref|ZP

_01053493.1| 4-hydroxyphenylpyruvate dioxygenase 
[Tenacibaculum

 sp. M
E

D
152] 

x

85821774
>gi|85821774|gb|E

A
Q

42921.1| 4-hydroxyphenylpyruvate dioxygenase 
[Tenacibaculum

 sp. M
E

D
152]

x

50057356
>gi|50057356|em

b|C
A

H
03340.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
aram

ecium
 tetraurelia] 

x

50404979
>gi|50404979|ref|Y

P
_054071.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [P
aram

ecium
 tetraurelia]

x
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67648133
>gi|67648133|ref|ZP

_00446366.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei N

C
TC

 10247] 
x

67639699
>gi|67639699|ref|ZP

_00438538.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei G

B
8 horse 4] 

x

85064543
>gi|85064543|ref|ZP

_01025397.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei 10229] 

x

52423541
>gi|52423541|gb|A

A
U

47111.1| putative 4-hydroxyphenylpyruvate 
dioxygenase [B

urkholderia m
allei ATC

C
 23344] 

x

53717571
>gi|53717571|ref|Y

P
_105549.1| putative 4-hydroxyphenylpyruvate 

dioxygenase [B
urkholderia m

allei ATC
C

 23344] 
x

84521446
>gi|84521446|ref|ZP

_01008583.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei S

AV
P

1] 
x

83623085
>gi|83623085|ref|ZP

_00933368.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei JH

U
] 

x

83618110
>gi|83618110|ref|ZP

_00928582.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei FM

H
]

x

67635375
>gi|67635375|ref|ZP

_00434332.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia m
allei 10399]

x

77969080
>gi|77969080|gb|A

B
B

10459.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia sp. 383] 
x

78061195
>gi|78061195|ref|Y

P
_371103.1| 4-hydroxyphenylpyruvate dioxygenase 

[B
urkholderia sp. 383]

x

3334226
>gi|3334226|sp|Q

27203|H
P

P
D

_TE
TTH

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (F-antigen hom
olog) (TF-A

G
) 

x

83675448
>gi|83675448|ref|ZP

_00937296.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 406e]

x

67669109
>gi|67669109|ref|ZP

_00465970.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1655]

x

67737541
>gi|67737541|ref|ZP

_00488301.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 668]

x

67758027
>gi|67758027|ref|ZP

_00496816.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei S

13] 
x
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82535273
>gi|82535273|ref|ZP

_00894292.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1106b] 

x

82527796
>gi|82527796|ref|ZP

_00887103.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1106a]

x

67752295
>gi|67752295|ref|ZP

_00491289.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei P

asteur] 
x

67680688
>gi|67680688|ref|ZP

_00475173.1| C
O

G
3185: 4-hydroxyphenylpyruvate 

dioxygenase and related hem
olysins [B

urkholderia pseudom
allei 1710a] 

x

67542103
>gi|67542103|ref|ZP

_00420040.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia vietnam
iensis G

4] 
x

67536382
>gi|67536382|gb|E

A
M

33096.1| 4-hydroxyphenylpyruvate dioxygenase 
[B

urkholderia vietnam
iensis G

4]
x

86360259
>gi|86360259|ref|Y

P
_472148.1| putative 4-hydroxyphenylpyruvate 

dioxygenase protein [R
hizobium

 etli C
FN

 42] 
x

86284361
>gi|86284361|gb|A

B
C

93421.1| putative 4-hydroxyphenylpyruvate 
dioxygenase protein [R

hizobium
 etli C

FN
 42]

x

66849398
>gi|66849398|gb|E

A
L89726.1| 4-hydroxyphenylpyruvate dioxygenase 

[A
spergillus fum

igatus A
f293] 

x

70993834
>gi|70993834|ref|X

P
_751764.1| 4-hydroxyphenylpyruvate dioxygenase 

[A
spergillus fum

igatus A
f293] 

x

74671554
>gi|74671554|sp|Q

4W
P

V
8|H

P
P

D
2_A

S
P

FU
 P

robable 4-
hydroxyphenylpyruvate dioxygenase 2 (4H

P
P

D
 2) (H

P
D

 2) (H
P

P
D

ase 2)
x

68232050
>gi|68232050|ref|ZP

_00571206.1| 4-hydroxyphenylpyruvate dioxygenase 
[Frankia sp. E

A
N

1pec] 
x

68200309
>gi|68200309|gb|E

A
N

14525.1| 4-hydroxyphenylpyruvate dioxygenase 
[Frankia sp. E

A
N

1pec]
x

71366476
>gi|71366476|ref|ZP

_00657018.1| 4-hydroxyphenylpyruvate dioxygenase 
[N

ocardioides sp. JS
614] 

x

71157845
>gi|71157845|gb|E

A
O

08230.1| 4-hydroxyphenylpyruvate dioxygenase 
[N

ocardioides sp. JS
614]

x

74846152
>gi|74846152|sp|Q

60Y
65|H

P
P

D
_C

A
E

B
R

 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) 
x
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17555220
>gi|17555220|ref|N

P
_499324.1| 4-H

ydroxyP
henylpyruvate D

ioxygenase 
(H

P
D

) fam
ily m

em
ber (hpd-1) [C

aenorhabditis elegans] 
x

3334225
>gi|3334225|sp|Q

22633|H
P

P
D

_C
A

E
E

L 4-hydroxyphenylpyruvate 
dioxygenase (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

50905533
>gi|50905533|ref|X

P
_464255.1| putative 4-hydroxyphenylpyruvate 

dioxygenase [O
ryza sativa (japonica cultivar-group)] 

x

49388595
>gi|49388595|dbj|B

A
D

25710.1| putative 4-hydroxyphenylpyruvate 
dioxygenase [O

ryza sativa (japonica cultivar-group)] 
x

49387760
>gi|49387760|dbj|B

A
D

26248.1| putative 4-hydroxyphenylpyruvate 
dioxygenase [O

ryza sativa (japonica cultivar-group)]
x

83718326
>gi|83718326|ref|Y

P
_440247.1| 4-hydroxyphenylpyruvate dioxygenase, 

putative [B
urkholderia thailandensis E

264] 
x

83652151
>gi|83652151|gb|A

B
C

36215.1| 4-hydroxyphenylpyruvate dioxygenase, 
putative [B

urkholderia thailandensis E
264]

x

72122190
>gi|72122190|gb|A

A
Z64376.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
alstonia eutropha JM

P
134] 

x

73538853
>gi|73538853|ref|Y

P
_299220.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
alstonia eutropha JM

P
134]

x

84494414
>gi|84494414|ref|ZP

_00993533.1| putative 4-hydroxyphenylpyruvate 
dioxygenase [Janibacter sp. H

TC
C

2649] 
x

84383907
>gi|84383907|gb|E

A
P

99787.1| putative 4-hydroxyphenylpyruvate 
dioxygenase [Janibacter sp. H

TC
C

2649]
x

72122197
>gi|72122197|gb|A

A
Z64383.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
alstonia eutropha JM

P
134] 

x

73538860
>gi|73538860|ref|Y

P
_299227.1| 4-hydroxyphenylpyruvate dioxygenase 

[R
alstonia eutropha JM

P
134]

x

54018563
>gi|54018563|dbj|B

A
D

59933.1| putative 4-hydroxyphenylpyruvate 
dioxygenase [N

ocardia farcinica IFM
 10152] 

x

54027055
>gi|54027055|ref|Y

P
_121297.1| putative 4-hydroxyphenylpyruvate 

dioxygenase [N
ocardia farcinica IFM

 10152]
x

68189545
>gi|68189545|gb|E

A
N

04210.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

esorhizobium
 sp. B

N
C

1] 
x
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69280121
>gi|69280121|ref|ZP

_00614793.1| 4-hydroxyphenylpyruvate dioxygenase 
[M

esorhizobium
 sp. B

N
C

1]
x

55669756
>gi|55669756|pdb|1S

P
8|D

 C
hain D

, 4-H
ydroxyphenylpyruvate D

ioxygenase 
x

55669755
>gi|55669755|pdb|1S

P
8|C

 C
hain C

, 4-H
ydroxyphenylpyruvate D

ioxygenase 
x

55669754
>gi|55669754|pdb|1S

P
8|B

 C
hain B

, 4-H
ydroxyphenylpyruvate D

ioxygenase 
x

55669753
>gi|55669753|pdb|1S

P
8|A C

hain A
, 4-H

ydroxyphenylpyruvate D
ioxygenase

x

46395699
>gi|46395699|sp|Q

56415|FO
S

A
_S

E
R

M
A G

lutathione transferase fosA 
(Fosfom

ycin resistance protein) 
x

46395995
>gi|46395995|sp|Q

9I4K
6|FO

S
A

_P
S

E
A

E
 G

lutathione transferase fosA 
(Fosfom

ycin resistance protein) 
x

42543067
>gi|42543067|pdb|1N

K
I|B

 C
hain B

, C
rystal S

trucure O
f The Fosfom

ycin 
R

esistance P
rotein A (Fosa) C

ontaining B
ound P

hosphonoform
ate 

x

42543066
>gi|42543066|pdb|1N

K
I|A C

hain A
, C

rystal S
trucure O

f The Fosfom
ycin 

R
esistance P

rotein A (Fosa) C
ontaining B

ound P
hosphonoform

ate 
x

24158887
>gi|24158887|pdb|1LQ

O
|B

 C
hain B

, C
rystal S

trutcure O
f The Fosfom

ycin 
R

esistance P
rotein A (Fosa) C

ontaining B
ound Thallium

 C
ations 

x

24158886
>gi|24158886|pdb|1LQ

O
|A C

hain A
, C

rystal S
trutcure O

f The Fosfom
ycin 

R
esistance P

rotein A (Fosa) C
ontaining B

ound Thallium
 C

ations 
x

24158889
>gi|24158889|pdb|1LQ

P
|B

 C
hain B

, C
rystal S

tructure O
f The Fosfom

ycin 
R

esistance P
rotein (Fosa) C

ontaining B
ound S

ubstrate 
x

24158888
>gi|24158888|pdb|1LQ

P
|A C

hain A
, C

rystal S
tructure O

f The Fosfom
ycin 

R
esistance P

rotein (Fosa) C
ontaining B

ound S
ubstrate 

x

24158885
>gi|24158885|pdb|1LQ

K
|B

 C
hain B

, H
igh R

esolution S
tructure O

f Fosfom
ycin 

R
esistance P

rotein A (Fosa) 
x

24158884
>gi|24158884|pdb|1LQ

K
|A C

hain A
, H

igh R
esolution S

tructure O
f Fosfom

ycin 
R

esistance P
rotein A (Fosa)

x

11182130
>gi|11182130|em

b|C
A

C
16163.1| glyoxalase I [S

accharom
yces cerevisiae]

x
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66848318
>gi|66848318|gb|E

A
L88647.1| lactoylglutathione lyase [A

spergillus fum
igatus 

A
f293] 

x

70991673
>gi|70991673|ref|X

P
_750685.1| lactoylglutathione lyase [A

spergillus 
fum

igatus A
f293]

x

1430957
>gi|1430957|em

b|C
A

A
67622.1| glyoxalase I [S

accharom
yces cerevisiae] 

x

6323639
>gi|6323639|ref|N

P
_013710.1| M

onom
eric glyoxalase I, catalyzes the 

detoxification of m
ethylglyoxal (a by-product of glycolysis) via condensation 

w
ith glutathione to produce S

-D
-lactoylglutathione; expression regulated by 

m
ethylglyoxal levels and osm

otic stress; G
lo1p [S

accharom
yces cerevisiae] 

x

1708808
>gi|1708808|sp|P

50107|LG
U

L_Y
E

A
S

T Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

50295647
>gi|50295647|gb|A

AT73077.1| glyoxylase I [P
haeosphaeria nodorum

]
x

1175430
>gi|1175430|sp|Q

09751|LG
U

L_S
C

H
P

O
 Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

30016920
>gi|30016920|gb|A

A
P

03992.1| glyoxalase I [P
aracoccidioides brasiliensis]

x

56495052
>gi|56495052|em

b|C
A

H
99110.1| glyoxalase I, putative [P

lasm
odium

 berghei] 
x

68067501
>gi|68067501|ref|X

P
_675710.1| glyoxalase I [P

lasm
odium

 berghei strain 
A

N
K

A
]

x

82597002
>gi|82597002|ref|X

P
_726497.1| lactoylglutathione lyase [P

lasm
odium

 yoelii 
yoelii str. 17X

N
L] 

x

23481927
>gi|23481927|gb|E

A
A

18062.1| lactoylglutathione lyase, putative [P
lasm

odium
 

yoelii yoelii]
x

23508336
>gi|23508336|ref|N

P
_701005.1| glyoxalase I, putative [P

lasm
odium

 
falciparum

 3D
7] 

x

33320674
>gi|33320674|gb|A

A
Q

05975.1| glyoxalase I [P
lasm

odium
 falciparum

] 
x

33149273
>gi|33149273|gb|A

A
P

96758.1| glyoxalase I [P
lasm

odium
 falciparum

] 
x

23496068
>gi|23496068|gb|A

A
N

35729.1| glyoxalase I, putative [P
lasm

odium
 falciparum

 
3D

7]
x
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68473834

>gi|68473834|ref|X
P

_719020.1| glyoxalase I [C
andida albicans S

C
5314] 

x
68474043

>gi|68474043|ref|X
P

_718918.1| glyoxalase I [C
andida albicans S

C
5314] 

x

70950284
>gi|70950284|ref|X

P
_744478.1| glyoxalase I [P

lasm
odium

 chabaudi 
chabaudi] 

x

56524449
>gi|56524449|em

b|C
A

H
88211.1| glyoxalase I, putative [P

lasm
odium

 
chabaudi]

x

7619802
>gi|7619802|em

b|C
A

B
50787.2| putative glyoxalase I [Triticum

 aestivum
]

x

50252391
>gi|50252391|dbj|B

A
D

28547.1| putative glyoxalase I [O
ryza sativa (japonica 

cultivar-group)]
x

15220397
>gi|15220397|ref|N

P
_176896.1| lactoylglutathione lyase [A

rabidopsis 
thaliana] 

x

50941905
>gi|50941905|ref|X

P
_480480.1| glyoxalase I [O

ryza sativa (japonica cultivar-
group)] 

x

40253650
>gi|40253650|dbj|B

A
D

05593.1| glyoxalase I [O
ryza sativa (japonica cultivar-

group)] 
x

84029333

>gi|84029333|sp|Q
948T6|LG

U
L_O

R
Y

S
A Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) (A

llergen O
ry s ?) 

(A
llergen G

lb33) (P
P

33) 

x

4126809
>gi|4126809|dbj|B

A
A

36759.1| glyoxalase I [O
ryza sativa (japonica cultivar-

group)]
x

21537360
>gi|21537360|gb|A

A
M

61701.1| glyoxalase I, putative [A
rabidopsis thaliana]

x

16580747
>gi|16580747|dbj|B

A
B

71741.1| glyoxalase I [O
ryza sativa (japonica cultivar-

group)]
x

50933389
>gi|50933389|ref|X

P
_476222.1| putative glyoxalase [O

ryza sativa (japonica 
cultivar-group)] 

x

46485858
>gi|46485858|gb|A

A
S

98483.1| putative glyoxalase [O
ryza sativa (japonica 

cultivar-group)]
x

37932483
>gi|37932483|gb|A

A
P

76396.1| glyoxalase I [Zea m
ays]

x
1177314

>gi|1177314|em
b|C

A
A

88233.1| glyoxalase-I [Lycopersicon esculentum
] 

x
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2494844
>gi|2494844|sp|Q

42891|LG
U

L_LY
C

E
S

 Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

2113825
>gi|2113825|em

b|C
A

A
73691.1| G

lyoxalase I [B
rassica juncea] 

x

3334244
>gi|3334244|sp|O

04885|LG
U

L_B
R

A
JU

 Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

2909424
>gi|2909424|em

b|C
A

A
12028.1| G

lyoxalase I [C
icer arietinum

] 
x

3334245
>gi|3334245|sp|O

49818|LG
U

L_C
IC

A
R

 Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

79317307
>gi|79317307|ref|N

P
_001030996.1| calm

odulin binding / lactoylglutathione 
lyase [A

rabidopsis thaliana]
x

30680509
>gi|30680509|ref|N

P
_849609.1| calm

odulin binding / lactoylglutathione lyase 
[A

rabidopsis thaliana] 
x

15223126
>gi|15223126|ref|N

P
_172291.1| calm

odulin binding / lactoylglutathione lyase 
[A

rabidopsis thaliana] 
x

79317300
>gi|79317300|ref|N

P
_001030995.1| calm

odulin binding / lactoylglutathione 
lyase [A

rabidopsis thaliana] 
x

25083005
>gi|25083005|gb|A

A
N

72031.1| glyoxalase I, putative [A
rabidopsis thaliana] 

x

75244584
>gi|75244584|sp|Q

8H
0V

3|LG
U

L_A
R

ATH
 Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

4127862
>gi|4127862|em

b|C
A

A
09177.1| glyoxalase I [G

lycine m
ax]

x

77383151
>gi|77383151|gb|A

B
A

74664.1| G
lyoxalase I [P

seudom
onas fluorescens P

fO
-

1] 
x

77459148
>gi|77459148|ref|Y

P
_348654.1| G

lyoxalase I [P
seudom

onas fluorescens P
fO

-
1]

x

38181954
>gi|38181954|gb|A

A
H

61570.1| G
lyoxylase 1 [R

attus norvegicus] 
x

46485429
>gi|46485429|ref|N

P
_997477.1| glyoxylase 1 [R

attus norvegicus] 
x
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81885359
>gi|81885359|sp|Q

6P
7Q

4|LG
U

L_R
AT Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

12744892
>gi|12744892|gb|A

A
K

06838.1| glyoxalase I [Avicennia m
arina]

x

15810219
>gi|15810219|gb|A

A
L07227.1| putative lactoylglutathione lyase [A

rabidopsis 
thaliana]

x

15030212
>gi|15030212|gb|A

A
H

11365.1| G
lyoxalase I [H

om
o sapiens]

x
19354350

>gi|19354350|gb|A
A

H
24663.1| G

lyoxalase 1 [M
us m

usculus] 
x

31981282
>gi|31981282|ref|N

P
_079650.2| glyoxalase 1 [M

us m
usculus]

x
54696834

>gi|54696834|gb|A
AV

38789.1| glyoxalase I [synthetic construct] 
x

61367890
>gi|61367890|gb|A

A
X

43062.1| glyoxalase I [synthetic construct] 
x

61367882
>gi|61367882|gb|A

A
X

43061.1| glyoxalase I [synthetic construct]
x

54696838
>gi|54696838|gb|A

AV
38791.1| glyoxalase I [H

om
o sapiens] 

x
54696836

>gi|54696836|gb|A
AV

38790.1| glyoxalase I [H
om

o sapiens] 
x

12804633
>gi|12804633|gb|A

A
H

01741.1| G
lyoxalase I [H

om
o sapiens] 

x
56205611

>gi|56205611|em
b|C

A
I21586.1| glyoxalase I [H

om
o sapiens] 

x
1881782

>gi|1881782|gb|A
A

B
49495.1| glyoxalase I [H

om
o sapiens] 

x
61357692

>gi|61357692|gb|A
A

X
41429.1| glyoxalase I [synthetic construct] 

x
61357687

>gi|61357687|gb|A
A

X
41428.1| glyoxalase I [synthetic construct]

x
62089188

>gi|62089188|dbj|B
A

D
93038.1| glyoxalase I variant [H

om
o sapiens]

x

6573422
>gi|6573422|pdb|1Q

IP
|D

 C
hain D

, H
um

an G
lyoxalase I C

om
plexed W

ith S
-P

- 
N

itrobenzyloxycarbonylglutathione 
x

6573421
>gi|6573421|pdb|1Q

IP
|C

 C
hain C

, H
um

an G
lyoxalase I C

om
plexed W

ith S
-P

- 
N

itrobenzyloxycarbonylglutathione 
x

6573420
>gi|6573420|pdb|1Q

IP
|B

 C
hain B

, H
um

an G
lyoxalase I C

om
plexed W

ith S
-P

- 
N

itrobenzyloxycarbonylglutathione 
x

6573419
>gi|6573419|pdb|1Q

IP
|A C

hain A
, H

um
an G

lyoxalase I C
om

plexed W
ith S

-P
- 

N
itrobenzyloxycarbonylglutathione 

x

6573418
>gi|6573418|pdb|1Q

IN
|B

 C
hain B

, H
um

an G
lyoxalase I C

om
plexed W

ith S
-(N

-
H

ydroxy-N
-P

- Iodophenylcarbam
oyl) G

lutathione 
x

6573417
>gi|6573417|pdb|1Q

IN
|A C

hain A
, H

um
an G

lyoxalase I C
om

plexed W
ith S

-(N
-

H
ydroxy-N

-P
- Iodophenylcarbam

oyl) G
lutathione 

x
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2392341
>gi|2392341|pdb|1FR

O
|D

 C
hain D

, H
um

an G
lyoxalase I W

ith B
enzyl-

G
lutathione Inhibitor 

x

2392340
>gi|2392340|pdb|1FR

O
|C

 C
hain C

, H
um

an G
lyoxalase I W

ith B
enzyl-

G
lutathione Inhibitor 

x

2392339
>gi|2392339|pdb|1FR

O
|B

 C
hain B

, H
um

an G
lyoxalase I W

ith B
enzyl-

G
lutathione Inhibitor 

x

2392338
>gi|2392338|pdb|1FR

O
|A C

hain A
, H

um
an G

lyoxalase I W
ith B

enzyl-
G

lutathione Inhibitor
x

26990471
>gi|26990471|ref|N

P
_745896.1| lactoylglutathione lyase [P

seudom
onas 

putida K
T2440] 

x

24985444
>gi|24985444|gb|A

A
N

69360.1| lactoylglutathione lyase [P
seudom

onas putida 
K

T2440]
x

16198506
>gi|16198506|gb|A

A
H

15934.1| G
lyoxalase I [H

om
o sapiens] 

x
5729842

>gi|5729842|ref|N
P

_006699.1| glyoxalase I [H
om

o sapiens] 
x

5020074
>gi|5020074|gb|A

A
D

38008.1| glyoxalase-I [H
om

o sapiens] 
x

417246
>gi|417246|sp|Q

04760|LG
U

L_H
U

M
A

N
 Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) 

x

183258
>gi|183258|gb|A

A
A

52565.1| glyoxaslase I 
x

219664
>gi|219664|dbj|B

A
A

02572.1| lactoyl glutathione lyase [H
om

o sapiens]
x

75076014
>gi|75076014|sp|Q

4R
5F2|LG

U
L_M

A
C

FA Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

51859026
>gi|51859026|gb|A

A
H

81432.1| G
lyoxalase 1 [M

us m
usculus] 

x

21362640
>gi|21362640|sp|Q

9C
P

U
0|LG

U
L_M

O
U

S
E

 Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

68345056
>gi|68345056|gb|A

AY
92662.1| lactoylglutathione lyase [P

seudom
onas 

fluorescens P
f-5] 

x

70730757
>gi|70730757|ref|Y

P
_260498.1| lactoylglutathione lyase [P

seudom
onas 

fluorescens P
f-5]

x

71554395
>gi|71554395|gb|A

A
Z33606.1| lactoylglutathione lyase [P

seudom
onas 

syringae pv. phaseolicola 1448A
] 

x

              865



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

71733842
>gi|71733842|ref|Y

P
_274476.1| lactoylglutathione lyase [P

seudom
onas 

syringae pv. phaseolicola 1448A
]

x

2506469
>gi|2506469|sp|P

16635|LG
U

L_P
S

E
P

U
 Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) 

x

499661
>gi|499661|gb|A

A
A

61758.1| glyoxalase I
x

66046204
>gi|66046204|ref|Y

P
_236045.1| G

lyoxalase I [P
seudom

onas syringae pv. 
syringae B

728a] 
x

63256911
>gi|63256911|gb|A

AY
38007.1| G

lyoxalase I [P
seudom

onas syringae pv. 
syringae B

728a]
x

82735426
>gi|82735426|ref|ZP

_00898288.1| G
lyoxalase I [P

seudom
onas putida F1] 

x

82717059
>gi|82717059|gb|E

A
P

52111.1| G
lyoxalase I [P

seudom
onas putida F1]

x

28870279
>gi|28870279|ref|N

P
_792898.1| lactoylglutathione lyase [P

seudom
onas 

syringae pv. tom
ato str. D

C
3000] 

x

28853526
>gi|28853526|gb|A

A
O

56593.1| lactoylglutathione lyase [P
seudom

onas 
syringae pv. tom

ato str. D
C

3000]
x

47085917
>gi|47085917|ref|N

P
_998316.1| glyoxalase 1 [D

anio rerio] 
x

38382733
>gi|38382733|gb|A

A
H

62383.1| G
lyoxalase 1 [D

anio rerio]
x

21111572
>gi|21111572|gb|A

A
M

39891.1| lactoylglutathione lyase [X
anthom

onas 
cam

pestris pv. cam
pestris str. ATC

C
 33913] 

x

66575289
>gi|66575289|gb|A

AY
50699.1| lactoylglutathione lyase [X

anthom
onas 

cam
pestris pv. cam

pestris str. 8004] 
x

66769957
>gi|66769957|ref|Y

P
_244719.1| lactoylglutathione lyase [X

anthom
onas 

cam
pestris pv. cam

pestris str. 8004] 
x

21230050
>gi|21230050|ref|N

P
_635967.1| lactoylglutathione lyase [X

anthom
onas 

cam
pestris pv. cam

pestris str. ATC
C

 33913]
x

28198538
>gi|28198538|ref|N

P
_778852.1| lactoylglutathione lyase [X

ylella fastidiosa 
Tem

ecula1] 
x

28056622
>gi|28056622|gb|A

A
O

28501.1| lactoylglutathione lyase [X
ylella fastidiosa 

Tem
ecula1]

x

39576464
>gi|39576464|em

b|C
A

E
80629.1| lactoylglutathione lyase [B

dellovibrio 
bacteriovorus H

D
100] 

x
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42524256
>gi|42524256|ref|N

P
_969636.1| lactoylglutathione lyase [B

dellovibrio 
bacteriovorus H

D
100]

x

9106409
>gi|9106409|gb|A

A
F84208.1| lactoylglutathione lyase [X

ylella fastidiosa 9a5c] 
x

15838000
>gi|15838000|ref|N

P
_298688.1| lactoylglutathione lyase [X

ylella fastidiosa 
9a5c]

x

71897576
>gi|71897576|ref|ZP

_00679821.1| G
lyoxalase I [X

ylella fastidiosa A
nn-1] 

x
71732479

>gi|71732479|gb|E
A

O
34532.1| G

lyoxalase I [X
ylella fastidiosa A

nn-1]
x

71900928
>gi|71900928|ref|ZP

_00683042.1| G
lyoxalase I [X

ylella fastidiosa A
nn-1] 

x
71729287

>gi|71729287|gb|E
A

O
31404.1| G

lyoxalase I [X
ylella fastidiosa A

nn-1] 
x

71274818
>gi|71274818|ref|ZP

_00651106.1| G
lyoxalase I [X

ylella fastidiosa D
ixon] 

x
71164550

>gi|71164550|gb|E
A

O
14264.1| G

lyoxalase I [X
ylella fastidiosa D

ixon]
x

9951408
>gi|9951408|gb|A

A
G

08496.1| lactoylglutathione lyase [P
seudom

onas 
aeruginosa PA

O
1] 

x

15600304
>gi|15600304|ref|N

P
_253798.1| lactoylglutathione lyase [P

seudom
onas 

aeruginosa PA
O

1] 
x

78037735
>gi|78037735|em

b|C
A

J25480.1| Lactoylglutathione lyase [X
anthom

onas 
cam

pestris pv. vesicatoria str. 85-10] 
x

78049305
>gi|78049305|ref|Y

P
_365480.1| Lactoylglutathione lyase [X

anthom
onas 

cam
pestris pv. vesicatoria str. 85-10]

x

77953933
>gi|77953933|ref|ZP

_00818336.1| G
lyoxalase I [M

arinobacter aquaeolei V
T8] 

x

77867230
>gi|77867230|gb|E

A
O

98510.1| G
lyoxalase I [M

arinobacter aquaeolei V
T8]

x

21110013
>gi|21110013|gb|A

A
M

38475.1| lactoylglutathione lyase [X
anthom

onas 
axonopodis pv. citri str. 306] 

x

21244357
>gi|21244357|ref|N

P
_643939.1| lactoylglutathione lyase [X

anthom
onas 

axonopodis pv. citri str. 306]
x

58580377
>gi|58580377|ref|Y

P
_199393.1| lactoylglutathione lyase [X

anthom
onas 

oryzae pv. oryzae K
A

C
C

10331] 
x

58424971
>gi|58424971|gb|A

AW
74008.1| lactoylglutathione lyase [X

anthom
onas oryzae 

pv. oryzae K
A

C
C

10331]
x
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84366281
>gi|84366281|dbj|B

A
E

67439.1| lactoylglutathione lyase [X
anthom

onas oryzae 
pv. oryzae M

A
FF 311018] 

x

84622341
>gi|84622341|ref|Y

P
_449713.1| lactoylglutathione lyase [X

anthom
onas 

oryzae pv. oryzae M
A

FF 311018]
x

2494843
>gi|2494843|sp|Q

39366|LG
U

L_B
R

A
O

G
 P

utative lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

76875453

>gi|76875453|em
b|C

A
I86674.1| Lactoylglutathione lyase (M

ethylglyoxalase) 
(A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde m
utase) (S

-D
-

lactoylglutathione m
ethylglyoxal lyase) [P

seudoalterom
onas haloplanktis 

TA
C

125] 

x

77360542

>gi|77360542|ref|Y
P

_340117.1| Lactoylglutathione lyase (M
ethylglyoxalase) 

(A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde m

utase) (S
-D

-
lactoylglutathione m

ethylglyoxal lyase) [P
seudoalterom

onas haloplanktis 
TA

C
125]

x

85712601
>gi|85712601|ref|ZP

_01043648.1| Lactoylglutathione lyase [Idiom
arina baltica 

O
S

145] 
x

85693592
>gi|85693592|gb|E

A
Q

31543.1| Lactoylglutathione lyase [Idiom
arina baltica 

O
S

145]
x

67674810
>gi|67674810|ref|ZP

_00471570.1| G
lyoxalase I [C

hrom
ohalobacter 

salexigens D
S

M
 3043] 

x

67521475
>gi|67521475|gb|E

A
M

25415.1| G
lyoxalase I [C

hrom
ohalobacter salexigens 

D
S

M
 3043]

x

2494847
>gi|2494847|sp|Q

55595|LG
U

L_S
Y

N
Y

3 P
robable lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

67663996
>gi|67663996|ref|ZP

_00461274.1| G
lyoxalase I [B

urkholderia cenocepacia 
H

I2424] 
x

67658610
>gi|67658610|ref|ZP

_00455980.1| G
lyoxalase I [B

urkholderia cenocepacia 
A

U
 1054] 

x

67102512
>gi|67102512|gb|E

A
M

19644.1| G
lyoxalase I [B

urkholderia cenocepacia 
H

I2424] 
x
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67093698
>gi|67093698|gb|E

A
M

11237.1| G
lyoxalase I [B

urkholderia cenocepacia A
U

 
1054] 

x

74014235
>gi|74014235|ref|ZP

_00684864.1| G
lyoxalase I [B

urkholderia am
bifaria 

A
M

M
D

] 
x

72612837
>gi|72612837|gb|E

A
O

48780.1| G
lyoxalase I [B

urkholderia am
bifaria A

M
M

D
]

x

9655474
>gi|9655474|gb|A

A
F94171.1| lactoylglutathione lyase [Vibrio cholerae O

1 
biovar eltor str. N

16961] 
x

15641025
>gi|15641025|ref|N

P
_230656.1| lactoylglutathione lyase [Vibrio cholerae O

1 
biovar eltor str. N

16961] 
x

14548103
>gi|14548103|sp|Q

9K
T93|LG

U
L_V

IB
C

H
 P

robable lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

67547158
>gi|67547158|ref|ZP

_00425064.1| G
lyoxalase I [B

urkholderia vietnam
iensis 

G
4] 

x

67531477
>gi|67531477|gb|E

A
M

28288.1| G
lyoxalase I [B

urkholderia vietnam
iensis G

4]
x

76791872
>gi|76791872|ref|ZP

_00774376.1| G
lyoxalase I [P

seudoalterom
onas atlantica 

T6c] 
x

76592844
>gi|76592844|gb|E

A
O

69030.1| G
lyoxalase I [P

seudoalterom
onas atlantica 

T6c]
x

77968247
>gi|77968247|gb|A

B
B

09627.1| G
lyoxalase I [B

urkholderia sp. 383] 
x

78067502
>gi|78067502|ref|Y

P
_370271.1| G

lyoxalase I [B
urkholderia sp. 383]

x

17131413
>gi|17131413|dbj|B

A
B

74020.1| lactoylglutathione lyase [N
ostoc sp. P

C
C

 
7120] 

x

17229813
>gi|17229813|ref|N

P
_486361.1| lactoylglutathione lyase [N

ostoc sp. P
C

C
 

7120]
x

83720549
>gi|83720549|ref|Y

P
_441137.1| lactoylglutathione lyase [B

urkholderia 
thailandensis E

264] 
x

83654374
>gi|83654374|gb|A

B
C

38437.1| lactoylglutathione lyase [B
urkholderia 

thailandensis E
264]

x

75700089
>gi|75700089|gb|A

B
A

19765.1| G
lyoxalase I [A

nabaena variabilis ATC
C

 
29413] 

x
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75906364
>gi|75906364|ref|Y

P
_320660.1| G

lyoxalase I [A
nabaena variabilis ATC

C
 

29413]
x

71677562
>gi|71677562|ref|ZP

_00675298.1| G
lyoxalase I [Trichodesm

ium
 erythraeum

 
IM

S
101] 

x

71669193
>gi|71669193|gb|E

A
O

25867.1| G
lyoxalase I [Trichodesm

ium
 erythraeum

 
IM

S
101]

x

2281946
>gi|2281946|em

b|C
A

A
74673.1| lactoylglutathione lyase [N

eisseria 
m

eningitidis] 
x

7380768
>gi|7380768|em

b|C
A

B
85359.1| lactoylglutathione lyase [N

eisseria 
m

eningitidis Z2491] 
x

7225560
>gi|7225560|gb|A

A
F40783.1| lactoylglutathione lyase [N

eisseria m
eningitidis 

M
C

58] 
x

15795018
>gi|15795018|ref|N

P
_284840.1| lactoylglutathione lyase [N

eisseria 
m

eningitidis Z2491] 
x

15676255
>gi|15676255|ref|N

P
_273389.1| lactoylglutathione lyase [N

eisseria 
m

eningitidis M
C

58] 
x

60392612
>gi|60392612|sp|P

0A
0T3|LG

U
L_N

E
IM

B
 Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) 

x

60392611
>gi|60392611|sp|P

0A
0T2|LG

U
L_N

E
IM

A Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

52428442
>gi|52428442|gb|A

A
U

49035.1| lactoylglutathione lyase [B
urkholderia m

allei 
ATC

C
 23344] 

x

52208720
>gi|52208720|em

b|C
A

H
34656.1| lactoylglutathione lyase [B

urkholderia 
pseudom

allei K
96243] 

x

53718306
>gi|53718306|ref|Y

P
_107292.1| lactoylglutathione lyase [B

urkholderia 
pseudom

allei K
96243]

x

76578699
>gi|76578699|gb|A

B
A

48174.1| lactoylglutathione lyase [B
urkholderia 

pseudom
allei 1710b] 

x

76809246
>gi|76809246|ref|Y

P
_332289.1| lactoylglutathione lyase [B

urkholderia 
pseudom

allei 1710b]
x
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56180743
>gi|56180743|gb|A

AV
83465.1| Lactoylglutathione lyase [Idiom

arina loihiensis 
L2TR

] 
x

56461733
>gi|56461733|ref|Y

P
_157014.1| Lactoylglutathione lyase [Idiom

arina 
loihiensis L2TR

]
x

24052010
>gi|24052010|gb|A

A
N

43259.1| lactoylglutathione lyase [S
higella flexneri 2a 

str. 301] 
x

1787940
>gi|1787940|gb|A

A
C

74723.1| lactoylglutathione lyase [E
scherichia coli K

12] 
x

85675062
>gi|85675062|dbj|B

A
E

76494.1| glyoxalase I, N
i-dependent [E

scherichia coli 
W

3110] 
x

30041419
>gi|30041419|gb|A

A
P

17147.1| lactoylglutathione lyase [S
higella flexneri 2a 

str. 2457T] 
x

13361827
>gi|13361827|dbj|B

A
B

35783.1| lactoylglutathione lyase [E
scherichia coli 

O
157:H

7] 
x

82777128
>gi|82777128|ref|Y

P
_403477.1| lactoylglutathione lyase [S

higella dysenteriae 
S

d197] 
x

30063167
>gi|30063167|ref|N

P
_837338.1| lactoylglutathione lyase [S

higella flexneri 2a 
str. 2457T] 

x

24113042
>gi|24113042|ref|N

P
_707552.1| lactoylglutathione lyase [S

higella flexneri 2a 
str. 301] 

x

16129609
>gi|16129609|ref|N

P
_416168.1| glyoxalase I, nickel isom

erase [E
scherichia 

coli K
12] 

x

81170962
>gi|81170962|sp|P

0A
C

83|LG
U

L_S
H

IFL Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase) 
x

81170961
>gi|81170961|sp|P

0A
C

81|LG
U

L_E
C

O
LI Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) 

x

81170960
>gi|81170960|sp|P

0A
C

82|LG
U

L_E
C

O
57 Lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) 

x

15831614
>gi|15831614|ref|N

P
_310387.1| lactoylglutathione lyase [E

scherichia coli 
O

157:H
7] 

x
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1354845
>gi|1354845|gb|A

A
C

27133.1| S
-D

-lactoylglutathione m
ethylglyoxal lyase 

[E
scherichia coli] 

x

74312021
>gi|74312021|ref|Y

P
_310440.1| lactoylglutathione lyase [S

higella sonnei 
S

s046] 
x

81241276
>gi|81241276|gb|A

B
B

61986.1| lactoylglutathione lyase [S
higella dysenteriae 

S
d197] 

x

10835721
>gi|10835721|pdb|1FA

8|B
 C

hain B
, C

rystal S
tructure O

f The A
po Form

 
G

lyoxalase I O
f E

scherichia C
oli 

x

10835720
>gi|10835720|pdb|1FA

8|A C
hain A

, C
rystal S

tructure O
f The A

po Form
 

G
lyoxalase I O

f E
scherichia C

oli 
x

10835719
>gi|10835719|pdb|1FA

7|B
 C

hain B
, C

rystal S
tructure O

f C
d(Ii)-B

ound 
G

lyoxalase I O
f E

scherichia C
oli 

x

10835718
>gi|10835718|pdb|1FA

7|A C
hain A

, C
rystal S

tructure O
f C

d(Ii)-B
ound 

G
lyoxalase I O

f E
scherichia C

oli 
x

10835717
>gi|10835717|pdb|1FA

6|B
 C

hain B
, C

rystal S
tructure O

f The C
o(Ii)-B

ound 
G

lyoxalase I O
f E

scherichia C
oli 

x

10835716
>gi|10835716|pdb|1FA

6|A C
hain A

, C
rystal S

tructure O
f The C

o(Ii)-B
ound 

G
lyoxalase I O

f E
scherichia C

oli 
x

10835715
>gi|10835715|pdb|1FA

5|B
 C

hain B
, C

rystal S
tructure O

f The Zn(Ii)-B
ound 

G
lyoxalase I O

f E
scherichia C

oli 
x

10835714
>gi|10835714|pdb|1FA

5|A C
hain A

, C
rystal S

tructure O
f The Zn(Ii)-B

ound 
G

lyoxalase I O
f E

scherichia C
oli 

x

10835713
>gi|10835713|pdb|1F9Z|B

 C
hain B

, C
rystal S

tructure O
f The N

i(Ii)-B
ound 

G
lyoxalase I From

 E
scherichia C

oli 
x

10835712
>gi|10835712|pdb|1F9Z|A C

hain A
, C

rystal S
tructure O

f The N
i(Ii)-B

ound 
G

lyoxalase I From
 E

scherichia C
oli 

x

73855498
>gi|73855498|gb|A

A
Z88205.1| lactoylglutathione lyase [S

higella sonnei 
S

s046]
x

59711535
>gi|59711535|ref|Y

P
_204311.1| lactoylglutathione lyase [Vibrio fischeri 

E
S

114] 
x

59479636
>gi|59479636|gb|A

AW
85423.1| lactoylglutathione lyase [Vibrio fischeri E

S
114]

x
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26108302
>gi|26108302|gb|A

A
N

80504.1| Lactoylglutathione lyase [E
scherichia coli 

C
FT073] 

x

26247899
>gi|26247899|ref|N

P
_753939.1| Lactoylglutathione lyase [E

scherichia coli 
C

FT073]
x

56313950
>gi|56313950|em

b|C
A

I08595.1| Lactoylglutathione lyase [A
zoarcus sp. E

bN
1] 

x

56477907
>gi|56477907|ref|Y

P
_159496.1| Lactoylglutathione lyase [A

zoarcus sp. E
bN

1]
x

49531298
>gi|49531298|em

b|C
A

G
69010.1| lactoylglutathione lyase [A

cinetobacter sp. 
A

D
P

1] 
x

50085322
>gi|50085322|ref|Y

P
_046832.1| lactoylglutathione lyase [A

cinetobacter sp. 
A

D
P

1]
x

28807102
>gi|28807102|dbj|B

A
C

60372.1| lactoylglutathione lyase [Vibrio 
parahaem

olyticus R
IM

D
 2210633] 

x

29611956
>gi|29611956|sp|P

46235|LG
U

L_V
IB

PA P
robable lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) 

x

28898883
>gi|28898883|ref|N

P
_798488.1| lactoylglutathione lyase [Vibrio 

parahaem
olyticus R

IM
D

 2210633]
x

34497115
>gi|34497115|ref|N

P
_901330.1| lactoylglutathione lyase [C

hrom
obacterium

 
violaceum

 ATC
C

 12472] 
x

34102972
>gi|34102972|gb|A

A
Q

59336.1| lactoylglutathione lyase [C
hrom

obacterium
 

violaceum
 ATC

C
 12472]

x

9949673
>gi|9949673|gb|A

A
G

06912.1| lactoylglutathione lyase [P
seudom

onas 
aeruginosa PA

O
1] 

x

15598720
>gi|15598720|ref|N

P
_252214.1| lactoylglutathione lyase [P

seudom
onas 

aeruginosa PA
O

1]
x

16502774
>gi|16502774|em

b|C
A

D
01932.1| lactoylglutathione lyase [S

alm
onella enterica 

subsp. enterica serovar Typhi] 
x

16419955
>gi|16419955|gb|A

A
L20357.1| glyoxalase I; nickel isom

erase [S
alm

onella 
typhim

urium
 LT2] 

x

62180024
>gi|62180024|ref|Y

P
_216441.1| glyoxalase I, nickel isom

erase [S
alm

onella 
enterica subsp. enterica serovar C

holeraesuis str. S
C

-B
67] 

x
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56127853
>gi|56127853|gb|A

AV
77359.1| lactoylglutathione lyase [S

alm
onella enterica 

subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

29137390
>gi|29137390|gb|A

A
O

68953.1| lactoylglutathione lyase [S
alm

onella enterica 
subsp. enterica serovar Typhi Ty2] 

x

62127657
>gi|62127657|gb|A

A
X

65360.1| glyoxalase I, nickel isom
erase [S

alm
onella 

enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67] 
x

61227640
>gi|61227640|sp|P

0A
1Q

2|LG
U

L_S
A

LTY Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase) 
x

16764783
>gi|16764783|ref|N

P
_460398.1| glyoxalase I [S

alm
onella typhim

urium
 LT2] 

x

56413596
>gi|56413596|ref|Y

P
_150671.1| lactoylglutathione lyase [S

alm
onella enterica 

subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

61227642
>gi|61227642|sp|P

0A
1Q

3|LG
U

L_S
A

LTI Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase) 
x

16760478
>gi|16760478|ref|N

P
_456095.1| lactoylglutathione lyase [S

alm
onella enterica 

subsp. enterica serovar Typhi str. C
T18] 

x

29141762
>gi|29141762|ref|N

P
_805104.1| lactoylglutathione lyase [S

alm
onella enterica 

subsp. enterica serovar Typhi Ty2] 
x

25518334
>gi|25518334|pir||A

C
0695 lactoylglutathione lyase (E

C
 4.4.1.5) [im

ported] - 
S

alm
onella enterica subsp. enterica serovar Typhi (strain C

T18)
x

82543983
>gi|82543983|ref|Y

P
_407930.1| lactoylglutathione lyase [S

higella boydii 
S

b227] 
x

81245394
>gi|81245394|gb|A

B
B

66102.1| lactoylglutathione lyase [S
higella boydii 

S
b227]

x

49611385
>gi|49611385|em

b|C
A

G
74832.1| lactoylglutathione lyase [E

rw
inia carotovora 

subsp. atroseptica S
C

R
I1043] 

x

50120859
>gi|50120859|ref|Y

P
_050026.1| lactoylglutathione lyase [E

rw
inia carotovora 

subsp. atroseptica S
C

R
I1043]

x

1354847
>gi|1354847|gb|A

A
C

44877.1| S
-D

-lactolyglutathione m
ethylglyoxal lyase

x
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86605927
>gi|86605927|ref|Y

P
_474690.1| lactoylglutathione lyase [C

yanobacteria 
bacterium

 Yellow
stone A

-P
rim

e]
x

75431428
>gi|75431428|ref|ZP

_00733000.1| Lactoylglutathione lyase [A
ctinobacillus 

succinogenes 130Z] 
x

74276309
>gi|74276309|gb|E

A
O

49924.1| Lactoylglutathione lyase [A
ctinobacillus 

succinogenes 130Z]
x

33568699
>gi|33568699|em

b|C
A

E
34457.1| lactoylglutathione lyase [B

ordetella 
bronchiseptica R

B
50] 

x

33566732
>gi|33566732|em

b|C
A

E
38943.1| lactoylglutathione lyase [B

ordetella 
parapertussis] 

x

33570950
>gi|33570950|em

b|C
A

E
40417.1| lactoylglutathione lyase [B

ordetella pertussis 
Toham

a I] 
x

33591308
>gi|33591308|ref|N

P
_878952.1| lactoylglutathione lyase [B

ordetella pertussis 
Toham

a I] 
x

33598174
>gi|33598174|ref|N

P
_885817.1| lactoylglutathione lyase [B

ordetella 
parapertussis 12822] 

x

33603068
>gi|33603068|ref|N

P
_890628.1| lactoylglutathione lyase [B

ordetella 
bronchiseptica R

B
50]

x

76884453
>gi|76884453|gb|A

B
A

59134.1| G
lyoxalase I [N

itrosococcus oceani ATC
C

 
19707] 

x

77166139
>gi|77166139|ref|Y

P
_344664.1| G

lyoxalase I [N
itrosococcus oceani ATC

C
 

19707]
x

84715589
>gi|84715589|ref|ZP

_01022618.1| G
lyoxalase I [P

olarom
onas 

naphthalenivorans C
J2] 

x

84693129
>gi|84693129|gb|E

A
Q

18932.1| G
lyoxalase I [P

olarom
onas naphthalenivorans 

C
J2]

x

45436822
>gi|45436822|gb|A

A
S

62375.1| lactoylglutathione lyase [Yersinia pestis biovar 
M

edievalis str. 91001] 
x

21958780
>gi|21958780|gb|A

A
M

85523.1| lactoylglutathione lyase [Yersinia pestis K
IM

] 
x

22125849
>gi|22125849|ref|N

P
_669272.1| lactoylglutathione lyase [Yersinia pestis K

IM
] 

x
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45441959
>gi|45441959|ref|N

P
_993498.1| lactoylglutathione lyase [Yersinia pestis 

biovar M
edievalis str. 91001]

x

56685855
>gi|56685855|dbj|B

A
D

79077.1| lactoylglutathione lyase [S
ynechococcus 

elongatus P
C

C
 6301] 

x

56750896
>gi|56750896|ref|Y

P
_171597.1| lactoylglutathione lyase [S

ynechococcus 
elongatus P

C
C

 6301] 
x

81299449
>gi|81299449|ref|Y

P
_399657.1| G

lyoxalase I [S
ynechococcus elongatus P

C
C

 
7942] 

x

81168330
>gi|81168330|gb|A

B
B

56670.1| G
lyoxalase I [S

ynechococcus elongatus P
C

C
 

7942]
x

67157387
>gi|67157387|ref|ZP

_00418689.1| G
lyoxalase I [A

zotobacter vinelandii AvO
P

] 
x

67085654
>gi|67085654|gb|E

A
M

05127.1| G
lyoxalase I [A

zotobacter vinelandii AvO
P

]
x

37198112
>gi|37198112|dbj|B

A
C

93949.1| lactoylglutathione lyase [Vibrio vulnificus 
Y

J016] 
x

37679369
>gi|37679369|ref|N

P
_933978.1| lactoylglutathione lyase [Vibrio vulnificus 

Y
J016]

x

67920488
>gi|67920488|ref|ZP

_00514008.1| G
lyoxalase I [C

rocosphaera w
atsonii W

H
 

8501] 
x

67857972
>gi|67857972|gb|E

A
M

53211.1| G
lyoxalase I [C

rocosphaera w
atsonii W

H
 

8501]
x

67777486
>gi|67777486|gb|E

A
M

37113.1| G
lyoxalase I [P

olarom
onas sp. JS

666] 
x

67910319
>gi|67910319|ref|ZP

_00508710.1| G
lyoxalase I [P

olarom
onas sp. JS

666]
x

86147966
>gi|86147966|ref|ZP

_01066270.1| lactoylglutathione lyase [Vibrio sp. 
M

E
D

222] 
x

85834291
>gi|85834291|gb|E

A
Q

52445.1| lactoylglutathione lyase [Vibrio sp. M
E

D
222] 

x

84393401
>gi|84393401|ref|ZP

_00992160.1| lactoylglutathione lyase [Vibrio splendidus 
12B

01] 
x

84376010
>gi|84376010|gb|E

A
P

92899.1| lactoylglutathione lyase [Vibrio splendidus 
12B

01]
x
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30138761
>gi|30138761|em

b|C
A

D
85338.1| possible gloA

; lactoylglutathione lyase 
[N

itrosom
onas europaea ATC

C
 19718] 

x

30249398
>gi|30249398|ref|N

P
_841468.1| possible gloA

; lactoylglutathione lyase 
[N

itrosom
onas europaea ATC

C
 19718]

x

36785924
>gi|36785924|em

b|C
A

E
14976.1| lactoylglutathione lyase (m

ethylglyoxalase) 
(S

-D
-lactolyglutathione m

ethylglyoxal lyase) [P
hotorhabdus lum

inescens 
subsp. laum

ondii TTO
1] 

x

37526493
>gi|37526493|ref|N

P
_929837.1| lactoylglutathione lyase (m

ethylglyoxalase) 
(S

-D
-lactolyglutathione m

ethylglyoxal lyase) [P
hotorhabdus lum

inescens 
subsp. laum

ondii TTO
1]

x

51589901
>gi|51589901|em

b|C
A

H
21533.1| lactoylglutathione lyase [Yersinia 

pseudotuberculosis IP 32953] 
x

51596619
>gi|51596619|ref|Y

P
_070810.1| lactoylglutathione lyase [Yersinia 

pseudotuberculosis IP 32953]
x

15980377
>gi|15980377|em

b|C
A

C
91186.1| lactoylglutathione lyase [Yersinia pestis 

C
O

92] 
x

16122604
>gi|16122604|ref|N

P
_405917.1| lactoylglutathione lyase [Yersinia pestis 

C
O

92]
x

71550295
>gi|71550295|ref|ZP

_00670425.1| G
lyoxalase I [N

itrosom
onas eutropha C

71] 
x

71484520
>gi|71484520|gb|E

A
O

17079.1| G
lyoxalase I [N

itrosom
onas eutropha C

71]
x

68188408
>gi|68188408|gb|E

A
N

03088.1| G
lyoxalase I [M

ethylobacillus flagellatus K
T] 

x

68213116
>gi|68213116|ref|ZP

_00564950.1| G
lyoxalase I [M

ethylobacillus flagellatus 
K

T]
x

72117622
>gi|72117622|gb|A

A
Z59885.1| G

lyoxalase I [R
alstonia eutropha JM

P
134] 

x

73540209
>gi|73540209|ref|Y

P
_294729.1| G

lyoxalase I [R
alstonia eutropha JM

P
134]

x

82703738
>gi|82703738|ref|Y

P
_413304.1| G

lyoxalase I [N
itrosospira m

ultiform
is ATC

C
 

25196] 
x

82411803
>gi|82411803|gb|A

B
B

75912.1| G
lyoxalase I [N

itrosospira m
ultiform

is ATC
C

 
25196]

x
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71848772
>gi|71848772|gb|A

A
Z48268.1| G

lyoxalase I [D
echlorom

onas arom
atica R

C
B

] 
x

71909151
>gi|71909151|ref|Y

P
_286738.1| G

lyoxalase I [D
echlorom

onas arom
atica 

R
C

B
]

x

33639478
>gi|33639478|em

b|C
A

E
08862.1| lactoylglutathione lyase [S

ynechococcus sp. 
W

H
 8102] 

x

33866877
>gi|33866877|ref|N

P
_898436.1| lactoylglutathione lyase [S

ynechococcus sp. 
W

H
 8102]

x

1175222
>gi|1175222|sp|P

44638|LG
U

L_H
A

E
IN

 Lactoylglutathione lyase 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

28809009
>gi|28809009|dbj|B

A
C

62117.1| lactoylglutathione lyase [Vibrio 
parahaem

olyticus R
IM

D
 2210633] 

x

28900629
>gi|28900629|ref|N

P
_800284.1| lactoylglutathione lyase [Vibrio 

parahaem
olyticus R

IM
D

 2210633]
x

83594120
>gi|83594120|ref|Y

P
_427872.1| N

-isopropylam
m

elide 
isopropylam

inohydrolase [R
hodospirillum

 rubrum
 ATC

C
 11170] 

x

83577034
>gi|83577034|gb|A

B
C

23585.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [R

hodospirillum
 rubrum

 ATC
C

 11170]
x

72121163
>gi|72121163|gb|A

A
Z63349.1| TatD

-related deoxyribonuclease [R
alstonia 

eutropha JM
P

134] 
x

83373235
>gi|83373235|ref|ZP

_00918014.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [R

hodobacter sphaeroides ATC
C

 17029] 
x

83365707
>gi|83365707|gb|E

A
P

69194.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [R

hodobacter sphaeroides ATC
C

 17029]
x

77384004
>gi|77384004|gb|A

B
A

75517.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [P

seudom
onas fluorescens P

fO
-1] 

x

77460001
>gi|77460001|ref|Y

P
_349508.1| N

-isopropylam
m

elide 
isopropylam

inohydrolase [P
seudom

onas fluorescens P
fO

-1]
x

83368279
>gi|83368279|ref|ZP

_00913143.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [R

hodobacter sphaeroides ATC
C

 17025] 
x

83361992
>gi|83361992|gb|E

A
P

65504.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [R

hodobacter sphaeroides ATC
C

 17025]
x
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77969535
>gi|77969535|gb|A

B
B

10914.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [B

urkholderia sp. 383] 
x

78061650
>gi|78061650|ref|Y

P
_371558.1| N

-isopropylam
m

elide 
isopropylam

inohydrolase [B
urkholderia sp. 383]

x

74016317
>gi|74016317|ref|ZP

_00686943.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [B

urkholderia am
bifaria A

M
M

D
] 

x

72610688
>gi|72610688|gb|E

A
O

46634.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [B

urkholderia am
bifaria A

M
M

D
]

x

67542566
>gi|67542566|ref|ZP

_00420502.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [B

urkholderia vietnam
iensis G

4] 
x

67536280
>gi|67536280|gb|E

A
M

32999.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [B

urkholderia vietnam
iensis G

4]
x

67656146
>gi|67656146|ref|ZP

_00453530.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [B

urkholderia cenocepacia A
U

 1054] 
x

67096306
>gi|67096306|gb|E

A
M

13831.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [B

urkholderia cenocepacia A
U

 1054]
x

68183854
>gi|68183854|ref|ZP

_00556825.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [Jannaschia sp. C

C
S

1] 
x

67975993
>gi|67975993|gb|E

A
M

65626.1| N
-isopropylam

m
elide 

isopropylam
inohydrolase [Jannaschia sp. C

C
S

1]
x

75258409
>gi|75258409|ref|ZP

_00729840.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli E

22]
x

75515511
>gi|75515511|ref|ZP

_00737668.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli 53638] 

x

75198143
>gi|75198143|ref|ZP

_00708213.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli H

S
]

x

75229725
>gi|75229725|ref|ZP

_00716258.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli B

7A
] 

x

75189047
>gi|75189047|ref|ZP

_00702314.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli E

24377A
] 

x

83586647
>gi|83586647|ref|ZP

_00925279.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli 101-1]

x
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75242238
>gi|75242238|ref|ZP

_00726000.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli F11]

x

75179389
>gi|75179389|ref|ZP

_00699393.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [S
higella boydii B

S
512] 

x

75212111
>gi|75212111|ref|ZP

_00712151.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli B

171]
x

75235099
>gi|75235099|ref|ZP

_00719355.1| C
O

G
1820: N

-acetylglucosam
ine-6-

phosphate deacetylase [E
scherichia coli E

110019]
x

737714
>gi|737714|prf||1923271A enoyl-C

oA isom
erase

x

15080016
>gi|15080016|gb|A

A
H

11792.1| P
eroxisom

al enoyl-coenzym
e A hydratase-like 

protein [H
om

o sapiens]
x

70995211
>gi|70995211|ref|N

P
_001389.2| peroxisom

al enoyl-coenzym
e A hydratase-

like protein [H
om

o sapiens]
x

16924265
>gi|16924265|gb|A

A
H

17408.1| P
eroxisom

al enoyl-coenzym
e A hydratase-like 

protein [H
om

o sapiens]
x

38566122
>gi|38566122|gb|A

A
H

62226.1| E
noyl coenzym

e A hydratase 1, peroxisom
al 

[R
attus norvegicus]

x

12018256
>gi|12018256|ref|N

P
_072116.1| enoyl coenzym

e A hydratase 1, peroxisom
al 

[R
attus norvegicus]

x

478984
>gi|478984|gb|A

A
A

82008.1| peroxisom
al enoyl hydratase-like protein

x

7949037
>gi|7949037|ref|N

P
_058052.1| enoyl coenzym

e A hydratase 1, peroxisom
al 

[M
us m

usculus]
x

45829801
>gi|45829801|gb|A

A
H

68112.1| E
noyl coenzym

e A hydratase 1, peroxisom
al 

[M
us m

usculus]
x

56789390
>gi|56789390|gb|A

A
H

87924.1| E
noyl coenzym

e A hydratase 1, peroxisom
al 

[M
us m

usculus]
x

564065
>gi|564065|gb|A

A
C

50222.1| peroxisom
al enoyl-C

oA hydratase-like protein 
[H

om
o sapiens]

x

57036579
>gi|57036579|ref|X

P
_533678.1| P

R
E

D
IC

TE
D

: sim
ilar to peroxisom

al enoyl-
coenzym

e A hydratase-like protein isoform
 1 [C

anis fam
iliaris]

x

26990733
>gi|26990733|ref|N

P
_746158.1| enoyl-C

oA hydratase [P
seudom

onas putida 
K

T2440]
x
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76641602
>gi|76641602|ref|X

P
_871981.1| P

R
E

D
IC

TE
D

: sim
ilar to peroxisom

al enoyl-
coenzym

e A hydratase-like protein isoform
 2 [B

os taurus]
x

77383110
>gi|77383110|gb|A

B
A

74623.1| E
noyl-C

oA hydratase/isom
erase 

[P
seudom

onas fluorescens P
fO

-1]
x

77459107
>gi|77459107|ref|Y

P
_348613.1| enoyl-C

oA hydratase [P
seudom

onas 
fluorescens P

fO
-1]

x

28869906
>gi|28869906|ref|N

P
_792525.1| enoyl-C

oA hydratase [P
seudom

onas 
syringae pv. tom

ato str. D
C

3000]
x

66045688
>gi|66045688|ref|Y

P
_235529.1| enoyl-C

oA hydratase [P
seudom

onas 
syringae pv. syringae B

728a]
x

63256395
>gi|63256395|gb|A

AY
37491.1| E

noyl-C
oA hydratase/isom

erase 
[P

seudom
onas syringae pv. syringae B

728a]
x

70730631
>gi|70730631|ref|Y

P
_260372.1| enoyl-C

oA hydratase [P
seudom

onas 
fluorescens P

f-5]
x

32041895
>gi|32041895|ref|ZP

_00139478.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [P

seudom
onas aeruginosa U

C
B

P
P

-PA
14]

x

9947806
>gi|9947806|gb|A

A
G

05210.1| probable enoyl-C
oA hydratase/isom

erase 
[P

seudom
onas aeruginosa PA

O
1]

x

15597018
>gi|15597018|ref|N

P
_250512.1| enoyl-C

oA hydratase [P
seudom

onas 
aeruginosa PA

O
1]

x

84327857
>gi|84327857|ref|ZP

_00975871.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [P

seudom
onas aeruginosa 2192]

x

84321283
>gi|84321283|ref|ZP

_00969641.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [P

seudom
onas aeruginosa C

3719]
x

54020920
>gi|54020920|ref|N

P
_001005704.1| enoyl C

oenzym
e A hydratase 1, 

peroxisom
al [X

enopus tropicalis]
x

49522300
>gi|49522300|gb|A

A
H

75277.1| E
noyl C

oenzym
e A hydratase 1, peroxisom

al 
[X

enopus tropicalis]
x

15239823
>gi|15239823|ref|N

P
_199142.1| catalytic/ enoyl-C

oA hydratase [A
rabidopsis 

thaliana]
x

18252833
>gi|18252833|gb|A

A
L62343.1| enoyl C

oA hydratase-like protein [A
rabidopsis 

thaliana]
x
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10177390
>gi|10177390|dbj|B

A
B

10591.1| enoyl C
oA hydratase-like protein [A

rabidopsis 
thaliana]

x

25084271
>gi|25084271|gb|A

A
N

72209.1| enoyl C
oA hydratase-like protein [A

rabidopsis 
thaliana]

x

73746067
>gi|73746067|gb|A

A
Z82038.1| peroxisom

al enoyl coenzym
e A hydratase 1 

[S
us scrofa]

x

50904363
>gi|50904363|ref|X

P
_463670.1| enoyl C

oA hydratase-like protein [O
ryza 

sativa (japonica cultivar-group)]
x

20161749
>gi|20161749|dbj|B

A
B

90665.1| putative enoyl coenzym
e A hydratase 1, 

peroxisom
al [O

ryza sativa (japonica cultivar-group)]
x

20160715
>gi|20160715|dbj|B

A
B

89657.1| enoyl C
oA hydratase-like protein [O

ryza 
sativa (japonica cultivar-group)]

x

76782375
>gi|76782375|ref|ZP

_00769580.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

ycobacterium
 tuberculosis F11]

x

1552857
>gi|1552857|em

b|C
A

B
02481.1| P

O
S

S
IB

LE
 E

N
O

Y
L-C

oA H
Y

D
R

ATA
S

E
 

E
C

H
A

21 (E
N

O
Y

L H
Y

D
R

A
S

E
) (U

N
S

ATU
R

ATE
D

 A
C

Y
L-C

oA H
Y

D
R

ATA
S

E
) 

(C
R

O
TO

N
A

S
E

) [M
ycobacterium

 tuberculosis H
37R

v]
x

31620545
>gi|31620545|em

b|C
A

D
95989.1| P

U
TATIV

E
 E

N
O

Y
L-C

O
A H

Y
D

R
ATA

S
E

 
E

C
H

A
21 (E

N
O

Y
L H

Y
D

R
A

S
E

) (U
N

S
ATU

R
ATE

D
 A

C
Y

L-C
O

A H
Y

D
R

ATA
S

E
) 

(C
R

O
TO

N
A

S
E

) [M
ycobacterium

 bovis A
F2122/97]

x

31794947
>gi|31794947|ref|N

P
_857440.1| enoyl-C

oA hydratase [M
ycobacterium

 bovis 
A

F2122/97]
x

15610910
>gi|15610910|ref|N

P
_218291.1| enoyl-C

oA hydratase [M
ycobacterium

 
tuberculosis H

37R
v]

x

15843397
>gi|15843397|ref|N

P
_338434.1| enoyl-C

oA hydratase [M
ycobacterium

 
tuberculosis C

D
C

1551]
x

81252859
>gi|81252859|ref|ZP

_00877435.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

ycobacterium
 tuberculosis C

]
x

1502424
>gi|1502424|gb|A

A
B

06504.1| enoyl-C
oA hydratase [M

ycobacterium
 

tuberculosis]
x

13092500
>gi|13092500|em

b|C
A

C
29628.1| putative enoyl-C

oA hydratase 
[M

ycobacterium
 leprae]

x
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15826953
>gi|15826953|ref|N

P
_301216.1| enoyl-C

oA hydratase [M
ycobacterium

 leprae 
TN

]
x

73947714
>gi|73947714|ref|X

P
_867316.1| P

R
E

D
IC

TE
D

: sim
ilar to peroxisom

al enoyl-
coenzym

e A hydratase-like protein isoform
 2 [C

anis fam
iliaris]

x

24194552
>gi|24194552|gb|A

A
N

48231.1| enoyl-C
oA hydratase [Leptospira interrogans 

serovar Lai str. 56601]
x

24213732
>gi|24213732|ref|N

P
_711213.1| enoyl-C

oA hydratase [Leptospira interrogans 
serovar Lai str. 56601]

x

54022347
>gi|54022347|ref|Y

P
_116589.1| enoyl-C

oA hydratase [N
ocardia farcinica IFM

 
10152]

x

76641609
>gi|76641609|ref|X

P
_884451.1| P

R
E

D
IC

TE
D

: sim
ilar to peroxisom

al enoyl-
coenzym

e A hydratase-like protein isoform
 6 [B

os taurus]
x

41406347
>gi|41406347|ref|N

P
_959183.1| enoyl-C

oA hydratase [M
ycobacterium

 avium
 

subsp. paratuberculosis K
-10]

x

76792596
>gi|76792596|ref|ZP

_00775094.1| E
noyl-C

oA hydratase/isom
erase 

[P
seudoalterom

onas atlantica T6c]
x

76592171
>gi|76592171|gb|E

A
O

68363.1| E
noyl-C

oA hydratase/isom
erase 

[P
seudoalterom

onas atlantica T6c]
x

69952303
>gi|69952303|ref|ZP

_00639816.1| E
noyl-C

oA hydratase/isom
erase 

[S
hew

anella frigidim
arina N

C
IM

B
 400]

x

69164309
>gi|69164309|gb|E

A
N

73387.1| E
noyl-C

oA hydratase/isom
erase [S

hew
anella 

frigidim
arina N

C
IM

B
 400]

x

45658466
>gi|45658466|ref|Y

P
_002552.1| enoyl-C

oA hydratase [Leptospira interrogans 
serovar C

openhageni str. Fiocruz L1-130]
x

45601709
>gi|45601709|gb|A

A
S

71189.1| enoyl-C
oA hydratase [Leptospira interrogans 

serovar C
openhageni str. Fiocruz L1-130]

x

34497940
>gi|34497940|ref|N

P
_902155.1| enoyl-C

oA hydratase [C
hrom

obacterium
 

violaceum
 ATC

C
 12472]

x

34103795
>gi|34103795|gb|A

A
Q

60156.1| probable enoyl-C
oA hydratase 

[C
hrom

obacterium
 violaceum

 ATC
C

 12472]
x

68233383
>gi|68233383|ref|ZP

_00572505.1| E
noyl-C

oA hydratase/isom
erase [Frankia 

sp. E
A

N
1pec]

x
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68199001
>gi|68199001|gb|E

A
N

13251.1| E
noyl-C

oA hydratase/isom
erase [Frankia sp. 

E
A

N
1pec]

x

3355325
>gi|3355325|em

b|C
A

A
76876.1| putative peroxisom

al enoyl-C
oA hydratase 

[A
garicus bisporus]

x

75258517
>gi|75258517|ref|ZP

_00729939.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli E
22] 

x

75212468
>gi|75212468|ref|ZP

_00712492.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli B
171] 

x

75178812
>gi|75178812|ref|ZP

_00698848.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [S

higella boydii B
S

512]
x

75515297
>gi|75515297|ref|ZP

_00737481.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli 53638] 
x

75239514
>gi|75239514|ref|ZP

_00723485.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli E
110019] 

x

75196870
>gi|75196870|ref|ZP

_00706940.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli H
S

] 
x

75187633
>gi|75187633|ref|ZP

_00700900.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli E
24377A

] 
x

83587686
>gi|83587686|ref|ZP

_00926313.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli 101-1] 
x

75228586
>gi|75228586|ref|ZP

_00715215.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [E

scherichia coli B
7A

]
x

46202591
>gi|46202591|ref|ZP

_00208575.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

agnetospirillum
 m

agnetotacticum
 M

S
-1]

x

48782635
>gi|48782635|ref|ZP

_00279141.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia fungorum
 LB

400]
x

7287999
>gi|7287999|em

b|C
A

B
81837.1| enoyl-C

oA
-hydratase-like protein 

[A
rabidopsis thaliana]

x

77383092
>gi|77383092|gb|A

B
A

74605.1| E
noyl-C

oA hydratase/isom
erase 

[P
seudom

onas fluorescens P
fO

-1] 
x

77459089
>gi|77459089|ref|Y

P
_348595.1| E

noyl-C
oA hydratase/isom

erase 
[P

seudom
onas fluorescens P

fO
-1]

x

              884



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

68344726
>gi|68344726|gb|A

AY
92332.1| enoly-coenzym

e A hydratase/isom
erase fam

ily 
protein [P

seudom
onas fluorescens P

f-5] 
x

70730427
>gi|70730427|ref|Y

P
_260168.1| enoly-coenzym

e A hydratase/isom
erase 

fam
ily protein [P

seudom
onas fluorescens P

f-5]
x

15891433
>gi|15891433|ref|N

P
_357105.1| enoyl-C

oA hydratase [A
grobacterium

 
tum

efaciens str. C
58]

x

26990203
>gi|26990203|ref|N

P
_745628.1| enoly-coenzym

e A hydratase/isom
erase 

fam
ily protein [P

seudom
onas putida K

T2440] 
x

24985146
>gi|24985146|gb|A

A
N

69092.1| enoly-coenzym
e A hydratase/isom

erase fam
ily 

protein [P
seudom

onas putida K
T2440]

x

68557951
>gi|68557951|ref|ZP

_00597290.1| E
noyl-C

oA hydratase/isom
erase [R

alstonia 
m

etallidurans C
H

34] 
x

68527505
>gi|68527505|gb|E

A
N

50472.1| E
noyl-C

oA hydratase/isom
erase [R

alstonia 
m

etallidurans C
H

34]
x

67156734
>gi|67156734|ref|ZP

_00418231.1| E
noyl-C

oA hydratase/isom
erase 

[A
zotobacter vinelandii AvO

P
] 

x

67085923
>gi|67085923|gb|E

A
M

05394.1| E
noyl-C

oA hydratase/isom
erase [A

zotobacter 
vinelandii AvO

P
]

x

66045015
>gi|66045015|ref|Y

P
_234856.1| E

noyl-C
oA hydratase/isom

erase 
[P

seudom
onas syringae pv. syringae B

728a] 
x

63255722
>gi|63255722|gb|A

AY
36818.1| E

noyl-C
oA hydratase/isom

erase 
[P

seudom
onas syringae pv. syringae B

728a]
x

28870860
>gi|28870860|ref|N

P
_793479.1| enoly-C

oA hydratase/isom
erase fam

ily 
protein [P

seudom
onas syringae pv. tom

ato str. D
C

3000] 
x

28854109
>gi|28854109|gb|A

A
O

57174.1| enoly-C
oA hydratase/isom

erase fam
ily protein 

[P
seudom

onas syringae pv. tom
ato str. D

C
3000]

x

17741908
>gi|17741908|gb|A

A
L44318.1| enoyl-C

oA hydratase [A
grobacterium

 
tum

efaciens str. C
58] 

x

17937213
>gi|17937213|ref|N

P
_534002.1| enoyl-C

oA hydratase [A
grobacterium

 
tum

efaciens str. C
58]

x

71555597
>gi|71555597|gb|A

A
Z34808.1| enoly-C

oA hydratase/isom
erase fam

ily protein 
[P

seudom
onas syringae pv. phaseolicola 1448A

] 
x
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71735044
>gi|71735044|ref|Y

P
_273958.1| enoly-C

oA hydratase/isom
erase fam

ily 
protein [P

seudom
onas syringae pv. phaseolicola 1448A

]
x

82735704
>gi|82735704|ref|ZP

_00898566.1| enoly-coenzym
e A hydratase/isom

erase 
fam

ily protein [P
seudom

onas putida F1] 
x

82717337
>gi|82717337|gb|E

A
P

52389.1| enoly-coenzym
e A hydratase/isom

erase fam
ily 

protein [P
seudom

onas putida F1]
x

17546017
>gi|17546017|ref|N

P
_519419.1| enoyl-C

oA hydratase [R
alstonia 

solanacearum
 G

M
I1000]

x

29542410
>gi|29542410|gb|A

A
O

91347.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[C
oxiella burnetii R

S
A 493] 

x

29655141
>gi|29655141|ref|N

P
_820833.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [C

oxiella burnetii R
S

A 493]
x

39650366
>gi|39650366|em

b|C
A

E
28888.1| putative enoyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris C
G

A
009] 

x

39936510
>gi|39936510|ref|N

P
_948786.1| enoyl-C

oA hydratase [R
hodopseudom

onas 
palustris C

G
A

009]
x

46201010
>gi|46201010|ref|ZP

_00207929.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

agnetospirillum
 m

agnetotacticum
 M

S
-1]

x

83593169
>gi|83593169|ref|Y

P
_426921.1| E

noyl-C
oA hydratase/isom

erase 
[R

hodospirillum
 rubrum

 ATC
C

 11170] 
x

83576083
>gi|83576083|gb|A

B
C

22634.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodospirillum

 rubrum
 ATC

C
 11170]

x

46202084
>gi|46202084|ref|ZP

_00208375.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

agnetospirillum
 m

agnetotacticum
 M

S
-1]

x

17431118
>gi|17431118|em

b|C
A

D
17798.1| P

U
TATIV

E
 E

N
O

Y
L-C

O
E

N
ZY

M
E

 A 
H

Y
D

R
ATA

S
E

 P
R

O
TE

IN
 [R

alstonia solanacearum
] 

x

17548868
>gi|17548868|ref|N

P
_522208.1| P

U
TATIV

E
 E

N
O

Y
L-C

O
E

N
ZY

M
E

 A 
H

Y
D

R
ATA

S
E

 P
R

O
TE

IN
 [R

alstonia solanacearum
 G

M
I1000]

x

24373249
>gi|24373249|ref|N

P
_717292.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [S

hew
anella oneidensis M

R
-1] 

x
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24347483
>gi|24347483|gb|A

A
N

54736.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[S
hew

anella oneidensis M
R

-1]
x

82947523
>gi|82947523|dbj|B

A
E

52387.1| E
noyl-C

oA hydratase/carnithine racem
ase 

[M
agnetospirillum

 m
agneticum

 A
M

B
-1] 

x

83312682
>gi|83312682|ref|Y

P
_422946.1| E

noyl-C
oA hydratase/carnithine racem

ase 
[M

agnetospirillum
 m

agneticum
 A

M
B

-1]
x

16944696
>gi|16944696|em

b|C
A

C
28821.2| related to enoyl-C

oA
-hydratase [N

eurospora 
crassa] 

x

85101280
>gi|85101280|ref|X

P
_961123.1| related to enoyl-C

oA
-hydratase [M

IP
S

] 
[N

eurospora crassa N
150] 

x

32404930
>gi|32404930|ref|X

P
_323078.1| related to enoyl-C

oA
-hydratase [M

IP
S

] 
[N

eurospora crassa] 
x

28922662
>gi|28922662|gb|E

A
A

31887.1| related to enoyl-C
oA

-hydratase [M
IP

S
] 

[N
eurospora crassa]

x

82496410
>gi|82496410|ref|ZP

_00881978.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [S
hew

anella sp. M
R

-4] 
x

82405559
>gi|82405559|gb|E

A
P

46231.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[S
hew

anella sp. M
R

-4]
x

78685608
>gi|78685608|ref|ZP

_00850385.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [S
hew

anella sp. A
N

A
-3] 

x

78506726
>gi|78506726|gb|E

A
P

20242.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[S
hew

anella sp. A
N

A
-3]

x

67153773
>gi|67153773|ref|ZP

_00415518.1| E
noyl-C

oA hydratase/isom
erase 

[A
zotobacter vinelandii AvO

P
] 

x

67087906
>gi|67087906|gb|E

A
M

07372.1| E
noyl-C

oA hydratase/isom
erase [A

zotobacter 
vinelandii AvO

P
]

x

48788634
>gi|48788634|ref|ZP

_00284613.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia fungorum
 LB

400]
x

78691657
>gi|78691657|ref|ZP

_00856261.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [S
hew

anella sp. M
R

-7] 
x

78508940
>gi|78508940|gb|E

A
P

22358.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[S
hew

anella sp. M
R

-7]
x
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77738926
>gi|77738926|ref|ZP

_00807419.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris B
isA

53] 
x

77701394
>gi|77701394|gb|E

A
O

92531.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris B
isA

53]
x

74484320
>gi|74484320|gb|A

B
A

10805.1| enoyl C
oA hydratase [P

seudom
onas putida] 

x

82735325
>gi|82735325|ref|ZP

_00898188.1| enoly-coenzym
e A hydratase/isom

erase 
fam

ily protein [P
seudom

onas putida F1] 
x

82718000
>gi|82718000|gb|E

A
P

53051.1| enoly-coenzym
e A hydratase/isom

erase fam
ily 

protein [P
seudom

onas putida F1] 
x

2228238
>gi|2228238|gb|A

A
B

62303.1| enoly-coenzym
e A hydratase [P

seudom
onas 

putida] 
x

11138233
>gi|11138233|dbj|B

A
B

17782.1| enoyl-C
oA hydratase [P

seudom
onas putida]

x

15141332
>gi|15141332|em

b|C
A

C
49844.1| putative enoyl-C

oA hydratase protein 
[S

inorhizobium
 m

eliloti 1021] 
x

16265192
>gi|16265192|ref|N

P
_437984.1| enoyl-C

oA hydratase [S
inorhizobium

 m
eliloti 

1021]
x

77688208
>gi|77688208|ref|ZP

_00803393.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris B
isB

5] 
x

77655483
>gi|77655483|gb|E

A
O

87124.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris B
isB

5]
x

17983175
>gi|17983175|gb|A

A
L52377.1| E

N
O

Y
L-C

O
A H

Y
D

R
ATA

S
E

 [B
rucella 

m
elitensis 16M

] 
x

17987479
>gi|17987479|ref|N

P
_540113.1| enoyl-C

oA hydratase [B
rucella m

elitensis 
16M

]
x

23347564
>gi|23347564|gb|A

A
N

29687.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
rucella suis 1330] 

x

23501645
>gi|23501645|ref|N

P
_697772.1| enoyl-C

oA hydratase [B
rucella suis 1330]

x

23098272
>gi|23098272|ref|N

P
_691738.1| enoyl-C

oA hydratase [O
ceanobacillus 

iheyensis H
TE

831]
x
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69926900
>gi|69926900|ref|ZP

_00624371.1| E
noyl-C

oA hydratase/isom
erase 

[N
itrobacter ham

burgensis X
14] 

x

69144563
>gi|69144563|gb|E

A
N

63050.1| E
noyl-C

oA hydratase/isom
erase [N

itrobacter 
ham

burgensis X
14]

x

68542471
>gi|68542471|ref|ZP

_00582201.1| E
noyl-C

oA hydratase/isom
erase 

[S
hew

anella baltica O
S

155] 
x

68519854
>gi|68519854|gb|E

A
N

43377.1| E
noyl-C

oA hydratase/isom
erase [S

hew
anella 

baltica O
S

155]
x

27352217
>gi|27352217|dbj|B

A
C

49221.1| enoyl-C
oA hydratase [B

radyrhizobium
 

japonicum
 U

S
D

A 110] 
x

27379067
>gi|27379067|ref|N

P
_770596.1| enoyl-C

oA hydratase [B
radyrhizobium

 
japonicum

 U
S

D
A 110]

x

82699640
>gi|82699640|ref|Y

P
_414214.1| E

noyl-C
oA hydratase/isom

erase [B
rucella 

m
elitensis biovar A

bortus 2308] 
x

62289711
>gi|62289711|ref|Y

P
_221504.1| enoyl-C

oA hydratase [B
rucella abortus biovar 

1 str. 9-941] 
x

62195843
>gi|62195843|gb|A

A
X

74143.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
rucella abortus biovar 1 str. 9-941] 

x

82615741
>gi|82615741|em

b|C
A

J10737.1| E
noyl-C

oA hydratase/isom
erase [B

rucella 
m

elitensis biovar A
bortus]

x

78035352
>gi|78035352|em

b|C
A

J22997.1| E
noyl-C

oA hydratase/isom
erase fam

ily 
protein [X

anthom
onas cam

pestris pv. vesicatoria str. 85-10] 
x

78046922
>gi|78046922|ref|Y

P
_363097.1| E

noyl-C
oA hydratase/isom

erase fam
ily 

protein [X
anthom

onas cam
pestris pv. vesicatoria str. 85-10]

x

86572270
>gi|86572270|gb|A

B
D

06827.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris H
aA

2]
x

30020424
>gi|30020424|ref|N

P
_832055.1| enoyl-C

oA hydratase [B
acillus cereus ATC

C
 

14579]
x

77812935
>gi|77812935|ref|ZP

_00812218.1| E
noyl-C

oA hydratase/isom
erase 

[S
hew

anella putrefaciens C
N

-32] 
x

77812168
>gi|77812168|gb|E

A
O

96536.1| E
noyl-C

oA hydratase/isom
erase [S

hew
anella 

putrefaciens C
N

-32]
x
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21107473
>gi|21107473|gb|A

A
M

36186.1| enoyl-C
oA hydratase [X

anthom
onas 

axonopodis pv. citri str. 306] 
x

21242068
>gi|21242068|ref|N

P
_641650.1| enoyl-C

oA hydratase [X
anthom

onas 
axonopodis pv. citri str. 306]

x

48785709
>gi|48785709|ref|ZP

_00281918.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia fungorum
 LB

400]
x

42781447
>gi|42781447|ref|N

P
_978694.1| enoyl-C

oA hydratase [B
acillus cereus ATC

C
 

10987] 
x

42737369
>gi|42737369|gb|A

A
S

41302.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
acillus cereus ATC

C
 10987]

x

52143120
>gi|52143120|ref|Y

P
_083709.1| enoyl-C

oA hydratase [B
acillus cereus E

33L]
x

78708994
>gi|78708994|gb|A

B
B

47969.1| enoyl-C
oA

-hydratase, putative [O
ryza sativa 

(japonica cultivar-group)]
x

37536724
>gi|37536724|ref|N

P
_922664.1| putative enoyl-C

oA
-hydratase [O

ryza sativa 
(japonica cultivar-group)] 

x

10140648
>gi|10140648|gb|A

A
G

13484.1| putative enoyl-C
oA

-hydratase [O
ryza sativa 

(japonica cultivar-group)]
x

49477633
>gi|49477633|ref|Y

P
_036459.1| enoyl-C

oA hydratase [B
acillus thuringiensis 

serovar konkukian str. 97-27]
x

13422701
>gi|13422701|gb|A

A
K

23333.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[C
aulobacter crescentus C

B
15] 

x

16125601
>gi|16125601|ref|N

P
_420165.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [C

aulobacter crescentus C
B

15]
x

48784091
>gi|48784091|ref|ZP

_00280472.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia fungorum
 LB

400]
x

47502799
>gi|47502799|gb|A

AT31475.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
acillus anthracis str. 'A

m
es A

ncestor'] 
x

49179131
>gi|49179131|gb|A

AT54507.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
acillus anthracis str. S

terne] 
x

49185204
>gi|49185204|ref|Y

P
_028456.1| enoyl-C

oA hydratase [B
acillus anthracis str. 

S
terne] 

x
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30256992
>gi|30256992|gb|A

A
P

26224.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
acillus anthracis str. A

m
es] 

x

47527651
>gi|47527651|ref|Y

P
_019000.1| enoyl-C

oA hydratase [B
acillus anthracis str. 

'A
m

es A
ncestor'] 

x

30262361
>gi|30262361|ref|N

P
_844738.1| enoyl-C

oA hydratase [B
acillus anthracis str. 

A
m

es]
x

76785131
>gi|76785131|ref|ZP

_00772304.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

ycobacterium
 tuberculosis F11] 

x

13880681
>gi|13880681|gb|A

A
K

45357.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[M
ycobacterium

 tuberculosis C
D

C
1551] 

x

2896708
>gi|2896708|em

b|C
A

A
17187.1| P

O
S

S
IB

LE
 E

N
O

Y
L-C

oA H
Y

D
R

ATA
S

E
 

E
C

H
A

9 (E
N

O
Y

L H
Y

D
R

A
S

E
) (U

N
S

ATU
R

ATE
D

 A
C

Y
L-C

oA H
Y

D
R

ATA
S

E
) 

(C
R

O
TO

N
A

S
E

) [M
ycobacterium

 tuberculosis H
37R

v] 
x

31617850
>gi|31617850|em

b|C
A

D
93960.1| P

O
S

S
IB

LE
 E

N
O

Y
L-C

O
A H

Y
D

R
ATA

S
E

 
E

C
H

A
9 (E

N
O

Y
L H

Y
D

R
A

S
E

) (U
N

S
ATU

R
ATE

D
 A

C
Y

L-C
O

A H
Y

D
R

ATA
S

E
) 

(C
R

O
TO

N
A

S
E

) [M
ycobacterium

 bovis A
F2122/97] 

x

31792262
>gi|31792262|ref|N

P
_854755.1| enoyl-C

oA hydratase [M
ycobacterium

 bovis 
A

F2122/97] 
x

15608211
>gi|15608211|ref|N

P
_215587.1| enoyl-C

oA hydratase [M
ycobacterium

 
tuberculosis H

37R
v] 

x

15840506
>gi|15840506|ref|N

P
_335543.1| enoyl-C

oA hydratase [M
ycobacterium

 
tuberculosis C

D
C

1551] 
x

81255001
>gi|81255001|ref|ZP

_00879494.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

ycobacterium
 tuberculosis C

]
x

82742573
>gi|82742573|ref|ZP

_00905261.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [S
hew

anella sp. W
3-18-1] 

x

82720083
>gi|82720083|gb|E

A
P

54961.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[S
hew

anella sp. W
3-18-1]

x

66574616
>gi|66574616|gb|A

AY
50026.1| enoyl-C

oA hydratase [X
anthom

onas 
cam

pestris pv. cam
pestris str. 8004] 

x

66769284
>gi|66769284|ref|Y

P
_244046.1| enoyl-C

oA hydratase [X
anthom

onas 
cam

pestris pv. cam
pestris str. 8004]

x
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13476928
>gi|13476928|ref|N

P
_108497.1| enoyl-C

oA hydratase [M
esorhizobium

 loti 
M

A
FF303099]

x

47565713
>gi|47565713|ref|ZP

_00236753.1| enoly-C
oA hydratase/isom

erase fam
ily 

protein [B
acillus cereus G

9241] 
x

47557349
>gi|47557349|gb|E

A
L15677.1| enoly-C

oA hydratase/isom
erase fam

ily protein 
[B

acillus cereus G
9241]

x

21281145
>gi|21281145|gb|A

A
M

45067.1| putative enoyl-C
oA hydratase [A

rabidopsis 
thaliana] 

x

19424019
>gi|19424019|gb|A

A
L87270.1| putative enoyl-C

oA hydratase [A
rabidopsis 

thaliana]
x

65319652
>gi|65319652|ref|ZP

_00392611.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

acillus anthracis str. A
2012]

x

58581468
>gi|58581468|ref|Y

P
_200484.1| enoyl-C

oA hydratase [X
anthom

onas oryzae 
pv. oryzae K

A
C

C
10331] 

x

58426062
>gi|58426062|gb|A

AW
75099.1| enoyl-C

oA hydratase [X
anthom

onas oryzae 
pv. oryzae K

A
C

C
10331]

x

84367338
>gi|84367338|dbj|B

A
E

68496.1| enoyl-C
oA hydratase [X

anthom
onas oryzae 

pv. oryzae M
A

FF 311018] 
x

84623398
>gi|84623398|ref|Y

P
_450770.1| enoyl-C

oA hydratase [X
anthom

onas oryzae 
pv. oryzae M

A
FF 311018]

x

78492767
>gi|78492767|ref|ZP

_00845003.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris B
isB

18] 
x

78390510
>gi|78390510|gb|E

A
P

13294.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodopseudom

onas palustris B
isB

18]
x

79039897
>gi|79039897|ref|ZP

_00871603.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [N
ovosphingobium

 arom
aticivorans D

S
M

 12444] 
x

78775538
>gi|78775538|gb|E

A
P

39193.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[N
ovosphingobium

 arom
aticivorans D

S
M

 12444]
x

74018482
>gi|74018482|ref|ZP

_00689103.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia am

bifaria A
M

M
D

] 
x

72609014
>gi|72609014|gb|E

A
O

44965.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
am

bifaria A
M

M
D

]
x
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74421212
>gi|74421212|gb|A

B
A

05411.1| enoyl-C
oA hydratase/isom

erase [N
itrobacter 

w
inogradskyi N

b-255] 
x

75676342
>gi|75676342|ref|Y

P
_318763.1| enoyl-C

oA hydratase [N
itrobacter 

w
inogradskyi N

b-255]
x

83858218
>gi|83858218|ref|ZP

_00951740.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [O
ceanicaulis alexandrii H

TC
C

2633] 
x

83853041
>gi|83853041|gb|E

A
P

90893.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[O
ceanicaulis alexandrii H

TC
C

2633]
x

21112312
>gi|21112312|gb|A

A
M

40561.1| enoyl-C
oA hydratase [X

anthom
onas 

cam
pestris pv. cam

pestris str. ATC
C

 33913] 
x

21230720
>gi|21230720|ref|N

P
_636637.1| enoyl-C

oA hydratase [X
anthom

onas 
cam

pestris pv. cam
pestris str. ATC

C
 33913]

x

41407116
>gi|41407116|ref|N

P
_959952.1| enoyl-C

oA hydratase [M
ycobacterium

 avium
 

subsp. paratuberculosis K
-10] 

x

85715651
>gi|85715651|ref|ZP

_01046631.1| enoyl-C
oA hydratase [N

itrobacter sp. N
b-

311A
] 

x

85697590
>gi|85697590|gb|E

A
Q

35467.1| enoyl-C
oA hydratase [N

itrobacter sp. N
b-

311A
]

x

84787916
>gi|84787916|gb|A

B
C

64098.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[E
rythrobacter litoralis H

TC
C

2594] 
x

85374833
>gi|85374833|ref|Y

P
_458895.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [E

rythrobacter litoralis H
TC

C
2594]

x

82946501
>gi|82946501|dbj|B

A
E

51365.1| E
noyl-C

oA hydratase/carnithine racem
ase 

[M
agnetospirillum

 m
agneticum

 A
M

B
-1] 

x

83311660
>gi|83311660|ref|Y

P
_421924.1| E

noyl-C
oA hydratase/carnithine racem

ase 
[M

agnetospirillum
 m

agneticum
 A

M
B

-1]
x

13093984
>gi|13093984|em

b|C
A

C
31917.1| putative enoyl-C

oA hydratase/isom
erase 

[M
ycobacterium

 leprae] 
x

15828291
>gi|15828291|ref|N

P
_302554.1| enoyl-C

oA hydratase [M
ycobacterium

 leprae 
TN

]
x

77969454
>gi|77969454|gb|A

B
B

10833.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
sp. 383] 

x
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78061569
>gi|78061569|ref|Y

P
_371477.1| E

noyl-C
oA hydratase/isom

erase 
[B

urkholderia sp. 383]
x

72119120
>gi|72119120|gb|A

A
Z61383.1| E

noyl-C
oA hydratase/isom

erase [R
alstonia 

eutropha JM
P

134] 
x

73541707
>gi|73541707|ref|Y

P
_296227.1| enoyl-C

oA hydratase [R
alstonia eutropha 

JM
P

134]
x

78695778
>gi|78695778|ref|ZP

_00860289.1| enoyl-C
oA hydratase [B

radyrhizobium
 sp. 

B
TA

i1] 
x

78516341
>gi|78516341|gb|E

A
P

29641.1| enoyl-C
oA hydratase [B

radyrhizobium
 sp. 

B
TA

i1]
x

84352615
>gi|84352615|ref|ZP

_00977568.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia cenocepacia P
C

184]
x

67543192
>gi|67543192|ref|ZP

_00421125.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia vietnam

iensis G
4] 

x

67535371
>gi|67535371|gb|E

A
M

32103.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
vietnam

iensis G
4]

x

67760200
>gi|67760200|ref|ZP

_00498924.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei S

13] 
x

67755620
>gi|67755620|ref|ZP

_00494513.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei P

asteur] 
x

67736263
>gi|67736263|ref|ZP

_00487157.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 668] 

x

67672806
>gi|67672806|ref|ZP

_00469579.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1655]

x

67684559
>gi|67684559|ref|ZP

_00478505.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1710a] 

x

76582384
>gi|76582384|gb|A

B
A

51858.1| enoyl-C
oA hydratase/isom

erase fam
ily 

[B
urkholderia pseudom

allei 1710b] 
x

52212072
>gi|52212072|em

b|C
A

H
38079.1| enoyl-C

oA hydratase/isom
erase fam

ily 
[B

urkholderia pseudom
allei K

96243] 
x

76817911
>gi|76817911|ref|Y

P
_337334.1| enoyl-C

oA hydratase/isom
erase fam

ily 
[B

urkholderia pseudom
allei 1710b] 

x
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53721658
>gi|53721658|ref|Y

P
_110643.1| enoyl-C

oA hydratase/isom
erase fam

ily 
[B

urkholderia pseudom
allei K

96243] 
x

83678446
>gi|83678446|ref|ZP

_00940173.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 406e] 

x

82535504
>gi|82535504|ref|ZP

_00894520.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1106b] 

x

82530725
>gi|82530725|ref|ZP

_00889952.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1106a]

x

82739983
>gi|82739983|ref|ZP

_00902757.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [P
seudom

onas putida F1] 
x

82712945
>gi|82712945|gb|E

A
P

48085.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[P
seudom

onas putida F1]
x

86356224
>gi|86356224|ref|Y

P
_468116.1| probable enoyl-C

oA hydratase protein 
[R

hizobium
 etli C

FN
 42] 

x

86280326
>gi|86280326|gb|A

B
C

89389.1| probable enoyl-C
oA hydratase protein 

[R
hizobium

 etli C
FN

 42]
x

68523260
>gi|68523260|gb|E

A
N

46393.1| E
noyl-C

oA hydratase/isom
erase 

[S
phingopyxis alaskensis R

B
2256] 

x

68539419
>gi|68539419|ref|ZP

_00579191.1| E
noyl-C

oA hydratase/isom
erase 

[S
phingopyxis alaskensis R

B
2256]

x

84322815
>gi|84322815|ref|ZP

_00970896.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [P

seudom
onas aeruginosa 2192]

x

53727306
>gi|53727306|ref|ZP

_00138342.2| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [P

seudom
onas aeruginosa U

C
B

P
P

-PA
14]

x

9946630
>gi|9946630|gb|A

A
G

04133.1| probable enoyl-C
oA hydratase/isom

erase 
[P

seudom
onas aeruginosa PA

O
1] 

x

15595941
>gi|15595941|ref|N

P
_249435.1| probable enoyl-C

oA hydratase/isom
erase 

[P
seudom

onas aeruginosa PA
O

1] 
x

84316787
>gi|84316787|ref|ZP

_00965252.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [P

seudom
onas aeruginosa C

3719]
x

26988145
>gi|26988145|ref|N

P
_743570.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [P

seudom
onas putida K

T2440] 
x
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24982877
>gi|24982877|gb|A

A
N

67034.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[P
seudom

onas putida K
T2440]

x

27358491
>gi|27358491|gb|A

A
O

07441.1| E
noyl-C

oA hydratase/carnithine racem
ase 

[Vibrio vulnificus C
M

C
P

6] 
x

27366924
>gi|27366924|ref|N

P
_762451.1| E

noyl-C
oA hydratase/carnithine racem

ase 
[Vibrio vulnificus C

M
C

P
6]

x

67668205
>gi|67668205|ref|ZP

_00465390.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia cenocepacia H

I2424] 
x

67660620
>gi|67660620|ref|ZP

_00457962.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia cenocepacia A

U
 1054] 

x

67098230
>gi|67098230|gb|E

A
M

15455.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
cenocepacia H

I2424] 
x

67091760
>gi|67091760|gb|E

A
M

09327.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
cenocepacia A

U
 1054]

x

83721249
>gi|83721249|ref|Y

P
_443024.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [B

urkholderia thailandensis E
264] 

x

83655074
>gi|83655074|gb|A

B
C

39137.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
urkholderia thailandensis E

264]
x

83717427
>gi|83717427|ref|Y

P
_439992.1| enoyl-C

oA hydratase/isom
erase fam

ily 
[B

urkholderia thailandensis E
264] 

x

83651252
>gi|83651252|gb|A

B
C

35316.1| enoyl-C
oA hydratase/isom

erase fam
ily 

[B
urkholderia thailandensis E

264]
x

84359397
>gi|84359397|ref|ZP

_00984144.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia dolosa A
U

O
158]

x

37201242
>gi|37201242|dbj|B

A
C

97065.1| putative enoyl-C
oA hydratase/isom

erase 
[Vibrio vulnificus Y

J016] 
x

37676699
>gi|37676699|ref|N

P
_937095.1| putative enoyl-C

oA hydratase/isom
erase 

[Vibrio vulnificus Y
J016]

x

85709281
>gi|85709281|ref|ZP

_01040346.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [E
rythrobacter sp. N

A
P

1] 
x

85687991
>gi|85687991|gb|E

A
Q

27995.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[E
rythrobacter sp. N

A
P

1]
x
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28809420
>gi|28809420|dbj|B

A
C

62462.1| putative enoyl-C
oA hydratase/isom

erase 
[Vibrio parahaem

olyticus R
IM

D
 2210633] 

x

28900974
>gi|28900974|ref|N

P
_800629.1| putative enoyl-C

oA hydratase/isom
erase 

[Vibrio parahaem
olyticus R

IM
D

 2210633]
x

67669989
>gi|67669989|ref|ZP

_00466805.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1655] 

x

83677743
>gi|83677743|ref|ZP

_00939484.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 406e] 

x

82534320
>gi|82534320|ref|ZP

_00893360.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1106b] 

x

82529056
>gi|82529056|ref|ZP

_00888312.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1106a]

x

67753853
>gi|67753853|ref|ZP

_00492775.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei P

asteur] 
x

67681882
>gi|67681882|ref|ZP

_00476183.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 1710a] 

x

67647999
>gi|67647999|ref|ZP

_00446234.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia m
allei N

C
TC

 10247] 
x

67636586
>gi|67636586|ref|ZP

_00435531.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia m
allei 10399] 

x

52426873
>gi|52426873|gb|A

A
U

47466.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
urkholderia m

allei ATC
C

 23344] 
x

76579559
>gi|76579559|gb|A

B
A

49034.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[B
urkholderia pseudom

allei 1710b] 
x

85064890
>gi|85064890|ref|ZP

_01025743.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia m
allei 10229] 

x

76810106
>gi|76810106|ref|Y

P
_333381.1| enoyl-C

oA hydratase [B
urkholderia 

pseudom
allei 1710b] 

x

84522689
>gi|84522689|ref|ZP

_01009825.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia m
allei S

AV
P

1] 
x

83625971
>gi|83625971|ref|ZP

_00936198.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia m
allei JH

U
] 

x
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83618593
>gi|83618593|ref|ZP

_00929049.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia m
allei FM

H
]

x

28808859
>gi|28808859|dbj|B

A
C

61967.1| putative enoyl-C
oA hydratase/isom

erase 
[Vibrio parahaem

olyticus R
IM

D
 2210633] 

x

28900479
>gi|28900479|ref|N

P
_800134.1| putative enoyl-C

oA hydratase/isom
erase 

[Vibrio parahaem
olyticus R

IM
D

 2210633]
x

54014514
>gi|54014514|dbj|B

A
D

55884.1| putative enoyl-C
oA hydratase/isom

erase 
fam

ily protein [N
ocardia farcinica IFM

 10152] 
x

54023006
>gi|54023006|ref|Y

P
_117248.1| enoyl-C

oA hydratase [N
ocardia farcinica IFM

 
10152]

x

72121428
>gi|72121428|gb|A

A
Z63614.1| E

noyl-C
oA hydratase/isom

erase [R
alstonia 

eutropha JM
P

134] 
x

73538091
>gi|73538091|ref|Y

P
_298458.1| E

noyl-C
oA hydratase/isom

erase [R
alstonia 

eutropha JM
P

134]
x

48785252
>gi|48785252|ref|ZP

_00281502.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia fungorum
 LB

400]
x

67737730
>gi|67737730|ref|ZP

_00488462.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei 668] 

x

53719473
>gi|53719473|ref|Y

P
_108459.1| enoyl-C

oA hydratase [B
urkholderia 

pseudom
allei K

96243]
x

67759433
>gi|67759433|ref|ZP

_00498170.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia pseudom
allei S

13]
x

77953636
>gi|77953636|ref|ZP

_00818042.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [M
arinobacter aquaeolei V

T8] 
x

77867406
>gi|77867406|gb|E

A
O

98683.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[M
arinobacter aquaeolei V

T8]
x

75857232
>gi|75857232|ref|ZP

_00764849.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [Vibrio sp. E

x25]
x

84361651
>gi|84361651|ref|ZP

_00986306.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia dolosa A
U

O
158]

x

68233952
>gi|68233952|ref|ZP

_00573055.1| E
noyl-C

oA hydratase/isom
erase [Frankia 

sp. E
A

N
1pec] 

x
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68198429
>gi|68198429|gb|E

A
N

12698.1| E
noyl-C

oA hydratase/isom
erase [Frankia sp. 

E
A

N
1pec]

x

67906902
>gi|67906902|ref|ZP

_00505307.1| E
noyl-C

oA hydratase/isom
erase 

[P
olarom

onas sp. JS
666] 

x

67780552
>gi|67780552|gb|E

A
M

40167.1| E
noyl-C

oA hydratase/isom
erase 

[P
olarom

onas sp. JS
666]

x

52003684
>gi|52003684|gb|A

A
U

23626.1| E
noyl-C

oA hydratase/isom
erase [B

acillus 
licheniform

is ATC
C

 14580] 
x

52080473
>gi|52080473|ref|Y

P
_079264.1| enoyl-C

oA hydratase [B
acillus licheniform

is 
ATC

C
 14580] 

x

52785855
>gi|52785855|ref|Y

P
_091684.1| enoyl-C

oA hydratase [B
acillus licheniform

is 
ATC

C
 14580]

x

77966917
>gi|77966917|gb|A

B
B

08297.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
sp. 383] 

x

78066172
>gi|78066172|ref|Y

P
_368941.1| enoyl-C

oA hydratase [B
urkholderia sp. 383]

x

66963447
>gi|66963447|ref|ZP

_00411019.1| E
noyl-C

oA hydratase/isom
erase 

[A
rthrobacter sp. FB

24] 
x

66871107
>gi|66871107|gb|E

A
L98471.1| E

noyl-C
oA hydratase/isom

erase [A
rthrobacter 

sp. FB
24]

x

67530724
>gi|67530724|gb|E

A
M

27559.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
vietnam

iensis G
4] 

x

67548005
>gi|67548005|ref|ZP

_00425901.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia vietnam

iensis G
4]

x

85712006
>gi|85712006|ref|ZP

_01043060.1| E
noyl-C

oA hydratase/isom
erase fam

ily 
protein [Idiom

arina baltica O
S

145] 
x

85694192
>gi|85694192|gb|E

A
Q

32136.1| E
noyl-C

oA hydratase/isom
erase fam

ily protein 
[Idiom

arina baltica O
S

145]
x

68191586
>gi|68191586|gb|E

A
N

06242.1| E
noyl-C

oA hydratase/isom
erase 

[M
esorhizobium

 sp. B
N

C
1] 

x

69277709
>gi|69277709|ref|ZP

_00613044.1| E
noyl-C

oA hydratase/isom
erase 

[M
esorhizobium

 sp. B
N

C
1]

x
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68343112
>gi|68343112|gb|A

AY
90718.1| enoyl-C

oA hydratase/isom
erase fam

ily protein 
[P

seudom
onas fluorescens P

f-5] 
x

70728813
>gi|70728813|ref|Y

P
_258562.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [P

seudom
onas fluorescens P

f-5]
x

84357656
>gi|84357656|ref|ZP

_00982469.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

urkholderia cenocepacia P
C

184]
x

75856921
>gi|75856921|ref|ZP

_00764542.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [Vibrio sp. E

x25]
x

77381578
>gi|77381578|gb|A

B
A

73091.1| E
noyl-C

oA hydratase/isom
erase 

[P
seudom

onas fluorescens P
fO

-1] 
x

77457575
>gi|77457575|ref|Y

P
_347080.1| E

noyl-C
oA hydratase/isom

erase 
[P

seudom
onas fluorescens P

fO
-1]

x

67664923
>gi|67664923|ref|ZP

_00462192.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia cenocepacia H

I2424] 
x

67658424
>gi|67658424|ref|ZP

_00455796.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia cenocepacia A

U
 1054] 

x

67101448
>gi|67101448|gb|E

A
M

18589.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
cenocepacia H

I2424] 
x

67093996
>gi|67093996|gb|E

A
M

11533.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
cenocepacia A

U
 1054]

x

56178986
>gi|56178986|gb|A

AV
81708.1| E

noyl-C
oA hydratase/isom

erase fam
ily protein 

[Idiom
arina loihiensis L2TR

] 
x

56459976
>gi|56459976|ref|Y

P
_155257.1| E

noyl-C
oA hydratase/isom

erase fam
ily 

protein [Idiom
arina loihiensis L2TR

]
x

74016895
>gi|74016895|ref|ZP

_00687520.1| E
noyl-C

oA hydratase/isom
erase 

[B
urkholderia am

bifaria A
M

M
D

] 
x

72610366
>gi|72610366|gb|E

A
O

46313.1| E
noyl-C

oA hydratase/isom
erase [B

urkholderia 
am

bifaria A
M

M
D

]
x

6320241
>gi|6320241|ref|N

P
_010321.1| P

rotein of unconfirm
ed function, plays an 

indirect role in endocytic m
em

brane trafficking, m
em

ber of a fam
ily of enoyl-

C
oA hydratase/isom

erases; E
hd3p [S

accharom
yces cerevisiae] 

x

78368178
>gi|78368178|ref|ZP

_00838423.1| E
noyl-C

oA hydratase/isom
erase 

[S
hew

anella sp. P
V-4] 

x
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78359757
>gi|78359757|gb|E

A
P

01609.1| E
noyl-C

oA hydratase/isom
erase [S

hew
anella 

sp. P
V-4]

x

83374669
>gi|83374669|ref|ZP

_00919439.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [R
hodobacter sphaeroides ATC

C
 17029] 

x

83364040
>gi|83364040|gb|E

A
P

67533.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[R
hodobacter sphaeroides ATC

C
 17029]

x

77388142
>gi|77388142|gb|A

B
A

79327.1| enoyl-C
oA hydratase [R

hodobacter 
sphaeroides 2.4.1] 

x

77463724
>gi|77463724|ref|Y

P
_353228.1| enoyl-C

oA hydratase [R
hodobacter 

sphaeroides 2.4.1]
x

68547274
>gi|68547274|ref|ZP

_00586813.1| E
noyl-C

oA hydratase/isom
erase 

[S
hew

anella am
azonensis S

B
2B

] 
x

68515049
>gi|68515049|gb|E

A
N

38771.1| E
noyl-C

oA hydratase/isom
erase [S

hew
anella 

am
azonensis S

B
2B

]
x

83368357
>gi|83368357|ref|ZP

_00913221.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [R
hodobacter sphaeroides ATC

C
 17025] 

x

83362070
>gi|83362070|gb|E

A
P

65582.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[R
hodobacter sphaeroides ATC

C
 17025]

x

85703747
>gi|85703747|ref|ZP

_01034851.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [R
oseovarius sp. 217] 

x

85672675
>gi|85672675|gb|E

A
Q

27532.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[R
oseovarius sp. 217]

x

83643530
>gi|83643530|ref|Y

P
_431965.1| E

noyl-C
oA hydratase/carnithine racem

ase 
[H

ahella chejuensis K
C

TC
 2396] 

x

83631573
>gi|83631573|gb|A

B
C

27540.1| E
noyl-C

oA hydratase/carnithine racem
ase 

[H
ahella chejuensis K

C
TC

 2396]
x

41325144
>gi|41325144|em

b|C
A

F19625.1| E
noyl-C

oA hydratase/carnithine racem
ase 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

21323685
>gi|21323685|dbj|B

A
B

98312.1| E
noyl-C

oA hydratase/carnithine racem
ase 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

62389809
>gi|62389809|ref|Y

P
_225211.1| enoyl-C

oA hydratase [C
orynebacterium

 
glutam

icum
 ATC

C
 13032] 

x
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19552145
>gi|19552145|ref|N

P
_600147.1| enoyl-C

oA hydratase [C
orynebacterium

 
glutam

icum
 ATC

C
 13032]

x

7270084
>gi|7270084|em

b|C
A

B
79899.1| enoyl-C

oA hydratase-like protein [A
rabidopsis 

thaliana] 
x

4584520
>gi|4584520|em

b|C
A

B
40751.1| enoyl-C

oA hydratase-like protein [A
rabidopsis 

thaliana]
x

62423100
>gi|62423100|ref|ZP

_00378271.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [B

revibacterium
 linens B

L2]
x

67906936
>gi|67906936|ref|ZP

_00505341.1| E
noyl-C

oA hydratase/isom
erase 

[P
olarom

onas sp. JS
666] 

x

67780586
>gi|67780586|gb|E

A
M

40201.1| E
noyl-C

oA hydratase/isom
erase 

[P
olarom

onas sp. JS
666]

x

23492819
>gi|23492819|dbj|B

A
C

17791.1| putative enoyl-C
oA hydratase 

[C
orynebacterium

 efficiens Y
S

-314] 
x

25027537
>gi|25027537|ref|N

P
_737591.1| enoyl-C

oA hydratase [C
orynebacterium

 
efficiens Y

S
-314]

x

6014701
>gi|6014701|gb|A

A
F01467.1| enoyl-C

oA
-hydratase [Avicennia m

arina]
x

69949474
>gi|69949474|ref|ZP

_00637471.1| E
noyl-C

oA hydratase/isom
erase 

[S
hew

anella frigidim
arina N

C
IM

B
 400] 

x

69166698
>gi|69166698|gb|E

A
N

75657.1| E
noyl-C

oA hydratase/isom
erase [S

hew
anella 

frigidim
arina N

C
IM

B
 400]

x

33576045
>gi|33576045|em

b|C
A

E
33124.1| enoly-C

oA hydratase [B
ordetella 

bronchiseptica R
B

50] 
x

33572190
>gi|33572190|em

b|C
A

E
41736.1| enoly-C

oA hydratase [B
ordetella pertussis 

Toham
a I] 

x

33592544
>gi|33592544|ref|N

P
_880188.1| enoly-C

oA hydratase [B
ordetella pertussis 

Toham
a I] 

x

33601608
>gi|33601608|ref|N

P
_889168.1| enoly-C

oA hydratase [B
ordetella 

bronchiseptica R
B

50]
x

33573200
>gi|33573200|em

b|C
A

E
36855.1| enoly-C

oA hydratase [B
ordetella 

parapertussis] 
x

33596197
>gi|33596197|ref|N

P
_883840.1| enoly-C

oA hydratase [B
ordetella 

parapertussis 12822]
x
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69157802
>gi|69157802|gb|E

A
N

70011.1| E
noyl-C

oA hydratase/isom
erase [S

hew
anella 

denitrificans O
S

217] 
x

69944036
>gi|69944036|ref|ZP

_00635507.1| E
noyl-C

oA hydratase/isom
erase 

[S
hew

anella denitrificans O
S

-217]
x

83952652
>gi|83952652|ref|ZP

_00961382.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [R
oseovarius nubinhibens IS

M
] 

x

83835787
>gi|83835787|gb|E

A
P

75086.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[R
oseovarius nubinhibens IS

M
]

x

57899600
>gi|57899600|dbj|B

A
D

87179.1| putative enoyl-C
oA

-hydratase [O
ryza sativa 

(japonica cultivar-group)] 
x

57899161
>gi|57899161|dbj|B

A
D

87104.1| putative enoyl-C
oA

-hydratase [O
ryza sativa 

(japonica cultivar-group)]
x

67676057
>gi|67676057|ref|ZP

_00472809.1| E
noyl-C

oA hydratase/isom
erase 

[C
hrom

ohalobacter salexigens D
S

M
 3043] 

x

67519819
>gi|67519819|gb|E

A
M

23767.1| E
noyl-C

oA hydratase/isom
erase 

[C
hrom

ohalobacter salexigens D
S

M
 3043]

x

34497537
>gi|34497537|ref|N

P
_901752.1| enoyl-C

oA hydratase [C
hrom

obacterium
 

violaceum
 ATC

C
 12472] 

x

34331002
>gi|34331002|gb|A

A
Q

59754.2| enoyl-C
oA hydratase [C

hrom
obacterium

 
violaceum

 ATC
C

 12472]
x

46916211
>gi|46916211|em

b|C
A

G
22980.1| putative enoyl-C

oA hydratase 
[P

hotobacterium
 profundum

 S
S

9] 
x

54302787
>gi|54302787|ref|Y

P
_132780.1| putative enoyl-C

oA hydratase 
[P

hotobacterium
 profundum

 S
S

9]
x

76875312
>gi|76875312|em

b|C
A

I86533.1| E
noyl-C

oA hydratase/isom
erase fam

ily 
protein [P

seudoalterom
onas haloplanktis TA

C
125] 

x

77360401
>gi|77360401|ref|Y

P
_339976.1| E

noyl-C
oA hydratase/isom

erase protein 
[P

seudoalterom
onas haloplanktis TA

C
125]

x

86138797
>gi|86138797|ref|ZP

_01057369.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [R
oseobacter sp. M

E
D

193] 
x

85824444
>gi|85824444|gb|E

A
Q

44647.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[R
oseobacter sp. M

E
D

193]
x
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69936390
>gi|69936390|ref|ZP

_00631216.1| E
noyl-C

oA hydratase/isom
erase 

[P
aracoccus denitrificans P

D
1222] 

x

69152327
>gi|69152327|gb|E

A
N

65494.1| E
noyl-C

oA hydratase/isom
erase [P

aracoccus 
denitrificans P

D
1222]

x

56678812
>gi|56678812|gb|A

AV
95478.1| enoyl-C

oA hydratase/isom
erase fam

ily protein 
[S

ilicibacter pom
eroyi D

S
S

-3] 
x

56697075
>gi|56697075|ref|Y

P
_167438.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [S

ilicibacter pom
eroyi D

S
S

-3]
x

84503053
>gi|84503053|ref|ZP

_01001149.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [O
ceanicola batsensis H

TC
C

2597] 
x

84388597
>gi|84388597|gb|E

A
Q

01469.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[O
ceanicola batsensis H

TC
C

2597]
x

69297921
>gi|69297921|ref|ZP

_00620217.1| E
noyl-C

oA hydratase/isom
erase 

[S
ilicibacter sp. TM

1040] 
x

69135458
>gi|69135458|gb|E

A
N

58652.1| E
noyl-C

oA hydratase/isom
erase [S

ilicibacter 
sp. TM

1040]
x

49475616
>gi|49475616|ref|Y

P
_033657.1| enoyl-C

oA hydratase [B
artonella henselae 

str. H
ouston-1]

x

83954344
>gi|83954344|ref|ZP

_00963064.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [S
ulfitobacter sp. N

A
S

-14.1] 
x

83841381
>gi|83841381|gb|E

A
P

80551.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[S
ulfitobacter sp. N

A
S

-14.1]
x

83943209
>gi|83943209|ref|ZP

_00955669.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [S
ulfitobacter sp. E

E
-36] 

x

83846217
>gi|83846217|gb|E

A
P

84094.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[S
ulfitobacter sp. E

E
-36]

x

56909818
>gi|56909818|dbj|B

A
D

64345.1| enoyl-C
oA hydratase [B

acillus clausii K
S

M
-

K
16] 

x

56963575
>gi|56963575|ref|Y

P
_175306.1| enoyl-C

oA hydratase [B
acillus clausii K

S
M

-
K

16]
x

74024885
>gi|74024885|ref|ZP

_00695362.1| E
noyl-C

oA hydratase/isom
erase 

[R
hodoferax ferrireducens D

S
M

 15236] 
x
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72602406
>gi|72602406|gb|E

A
O

38501.1| E
noyl-C

oA hydratase/isom
erase [R

hodoferax 
ferrireducens D

S
M

 15236]
x

84684712
>gi|84684712|ref|ZP

_01012612.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [R
hodobacterales bacterium

 H
TC

C
2654] 

x

84667047
>gi|84667047|gb|E

A
Q

13517.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[R
hodobacterales bacterium

 H
TC

C
2654]

x

70880810
>gi|70880810|gb|E

A
N

93883.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein, putative [Trypanosom
a cruzi] 

x

71654220
>gi|71654220|ref|X

P
_815734.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [Trypanosom

a cruzi]
x

76793726
>gi|76793726|ref|ZP

_00776209.1| E
noyl-C

oA hydratase/isom
erase 

[P
seudoalterom

onas atlantica T6c] 
x

76591044
>gi|76591044|gb|E

A
O

67251.1| E
noyl-C

oA hydratase/isom
erase 

[P
seudoalterom

onas atlantica T6c]
x

68182426
>gi|68182426|ref|ZP

_00555406.1| E
noyl-C

oA hydratase/isom
erase 

[Jannaschia sp. C
C

S
1] 

x

67977530
>gi|67977530|gb|E

A
M

67150.1| E
noyl-C

oA hydratase/isom
erase [Jannaschia 

sp. C
C

S
1]

x

71147946
>gi|71147946|gb|A

A
Z28419.1| enoyl-C

oA hydratase/isom
erase fam

ily protein 
[C

olw
ellia psychrerythraea 34H

] 
x

71282206
>gi|71282206|ref|Y

P
_267406.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [C

olw
ellia psychrerythraea 34H

]
x

23008652
>gi|23008652|ref|ZP

_00050010.1| C
O

G
1024: E

noyl-C
oA hydratase/carnithine 

racem
ase [M

agnetospirillum
 m

agnetotacticum
 M

S
-1]

x

71147469
>gi|71147469|gb|A

A
Z27942.1| enoyl-C

oA hydratase/isom
erase fam

ily protein 
[C

olw
ellia psychrerythraea 34H

] 
x

71281729
>gi|71281729|ref|Y

P
_268349.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [C

olw
ellia psychrerythraea 34H

]
x

78700594
>gi|78700594|ref|ZP

_00865050.1| enoyl-C
oA hydratase [A

lkalilim
nicola 

ehrlichei M
LH

E
-1] 

x

78522081
>gi|78522081|gb|E

A
P

35332.1| enoyl-C
oA hydratase [A

lkalilim
nicola ehrlichei 

M
LH

E
-1]

x
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86164753
>gi|86164753|gb|E

A
Q

66022.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[M
arinom

onas sp. M
E

D
121]

x

71366013
>gi|71366013|ref|ZP

_00656561.1| E
noyl-C

oA hydratase/isom
erase 

[N
ocardioides sp. JS

614] 
x

71158317
>gi|71158317|gb|E

A
O

08696.1| E
noyl-C

oA hydratase/isom
erase 

[N
ocardioides sp. JS

614]
x

24461673
>gi|24461673|gb|A

A
N

62242.1| putative enoyl-C
oA hydratase [P

seudom
onas 

aeruginosa]
x

84515560
>gi|84515560|ref|ZP

_01002922.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [Loktanella vestfoldensis S
K

A
53] 

x

84510843
>gi|84510843|gb|E

A
Q

07298.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[Loktanella vestfoldensis S
K

A
53]

x

70835091
>gi|70835091|gb|E

A
N

80593.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein, putative [Trypanosom
a brucei] 

x

74026278
>gi|74026278|ref|X

P
_829705.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [Trypanosom

a brucei]
x

70876097
>gi|70876097|gb|E

A
N

89582.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein, putative [Trypanosom
a cruzi] 

x

71420280
>gi|71420280|ref|X

P
_811433.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [Trypanosom

a cruzi]
x

77952157
>gi|77952157|ref|ZP

_00816574.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein [M
arinobacter aquaeolei V

T8] 
x

77868964
>gi|77868964|gb|E

A
P

00230.1| enoyl-C
oA hydratase/isom

erase fam
ily protein 

[M
arinobacter aquaeolei V

T8]
x

70880811
>gi|70880811|gb|E

A
N

93884.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein, putative [Trypanosom
a cruzi] 

x

71654222
>gi|71654222|ref|X

P
_815735.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [Trypanosom

a cruzi]
x

70876098
>gi|70876098|gb|E

A
N

89583.1| enoyl-C
oA hydratase/isom

erase fam
ily 

protein, putative [Trypanosom
a cruzi] 

x

71420282
>gi|71420282|ref|X

P
_811434.1| enoyl-C

oA hydratase/isom
erase fam

ily 
protein [Trypanosom

a cruzi]
x
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38233482
>gi|38233482|ref|N

P
_939249.1| enoyl-C

oA hydratase [C
orynebacterium

 
diphtheriae N

C
TC

 13129]
x

68264188
>gi|68264188|em

b|C
A

I37676.1| enoyl-C
oA hydratase [C

orynebacterium
 

jeikeium
 K

411] 
x

68536589
>gi|68536589|ref|Y

P
_251294.1| enoyl-C

oA hydratase [C
orynebacterium

 
jeikeium

 K
411]

x

2462733
>gi|2462733|gb|A

A
B

71952.1| P
utative enoyl-C

oA hydratase/isom
erase 

[A
rabidopsis thaliana]

x

30696431
>gi|30696431|ref|N

P
_176255.2| catalytic/ naphthoate synthase [A

rabidopsis 
thaliana]

x

26450042
>gi|26450042|dbj|B

A
C

42141.1| putative enoyl-C
oA hydratase/isom

erase 
[A

rabidopsis thaliana]
x

37198045
>gi|37198045|dbj|B

A
C

93882.1| dihydroxynaphthoic acid synthase [Vibrio 
vulnificus Y

J016] 
x

37679302
>gi|37679302|ref|N

P
_933911.1| naphthoate synthase [Vibrio vulnificus Y

J016]
x

77975453
>gi|77975453|ref|ZP

_00830988.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Yersinia frederiksenii ATC

C
 33641]

x

34912078
>gi|34912078|ref|N

P
_917386.1| putative naphthoate synthase [O

ryza sativa 
(japonica cultivar-group)] 

x

20521224
>gi|20521224|dbj|B

A
B

91741.1| putative naphthoate synthase m
enB

 [O
ryza 

sativa (japonica cultivar-group)]
x

62463996
>gi|62463996|ref|ZP

_00383301.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Lactococcus lactis subsp. crem

oris S
K

11]
x

21647863
>gi|21647863|gb|A

A
M

73066.1| naphthoate synthase [C
hlorobium

 tepidum
 

TLS
] 

x

21674659
>gi|21674659|ref|N

P
_662724.1| naphthoate synthase [C

hlorobium
 tepidum

 
TLS

]
x

9656513
>gi|9656513|gb|A

A
F95121.1| naphthoate synthase [Vibrio cholerae O

1 biovar 
eltor str. N

16961] 
x

15641975
>gi|15641975|ref|N

P
_231607.1| naphthoate synthase [Vibrio cholerae O

1 
biovar eltor str. N

16961]
x
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28805918
>gi|28805918|dbj|B

A
C

59194.1| naphthoate synthase [Vibrio 
parahaem

olyticus R
IM

D
 2210633] 

x

28897705
>gi|28897705|ref|N

P
_797310.1| naphthoate synthase [Vibrio 

parahaem
olyticus R

IM
D

 2210633]
x

23467877
>gi|23467877|ref|ZP

_00123454.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [H

aem
ophilus som

nus 129P
T]

x

15602961
>gi|15602961|ref|N

P
_246033.1| naphthoate synthase [P

asteurella m
ultocida 

subsp. m
ultocida str. P

m
70] 

x

18202821
>gi|18202821|sp|Q

9C
LV

5|M
E

N
B

_PA
S

M
U

 N
aphthoate synthase 

(D
ihydroxynaphthoic acid synthetase) (D

H
N

A synthetase)
x

27362632
>gi|27362632|gb|A

A
O

11486.1| D
ihydroxynaphthoic acid synthase [Vibrio 

vulnificus C
M

C
P

6] 
x

27366431
>gi|27366431|ref|N

P
_761959.1| naphthoate synthase [Vibrio vulnificus 

C
M

C
P

6]
x

32029562
>gi|32029562|ref|ZP

_00132565.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [H

aem
ophilus som

nus 2336]
x

75854298
>gi|75854298|ref|ZP

_00762000.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Vibrio sp. E

x25]
x

68057754
>gi|68057754|gb|A

A
X

88007.1| naphthoate synthase [H
aem

ophilus influenzae 
86-028N

P
] 

x

68249555
>gi|68249555|ref|Y

P
_248667.1| naphthoate synthase [H

aem
ophilus 

influenzae 86-028N
P

]
x

42631290
>gi|42631290|ref|ZP

_00156828.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [H

aem
ophilus influenzae R

2866] 
x

46129093
>gi|46129093|ref|ZP

_00155738.2| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [H

aem
ophilus influenzae R

2846]
x

16272905
>gi|16272905|ref|N

P
_439129.1| naphthoate synthase [H

aem
ophilus 

influenzae R
d K

W
20] 

x

1573991
>gi|1573991|gb|A

A
C

22625.1| naphthoate synthase (m
enB

) [H
aem

ophilus 
influenzae R

d K
W

20] 
x

1074008
>gi|1074008|pir||B

64105 naphthoate synthase (E
C

 4.1.3.36) m
enB

 - 
H

aem
ophilus influenzae (strain R

d K
W

20) 
x
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1170915
>gi|1170915|sp|P

44960|M
E

N
B

_H
A

E
IN

 N
aphthoate synthase 

(D
ihydroxynaphthoic acid synthetase) (D

H
N

A synthetase)
x

21958459
>gi|21958459|gb|A

A
M

85231.1| dihydroxynaphtoic acid synthetase [Yersinia 
pestis K

IM
] 

x

22125557
>gi|22125557|ref|N

P
_668980.1| naphthoate synthase [Yersinia pestis K

IM
]

x

75830780
>gi|75830780|ref|ZP

_00760052.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Vibrio cholerae M

O
10] 

x

75827286
>gi|75827286|ref|ZP

_00756721.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Vibrio cholerae O

395] 
x

75815077
>gi|75815077|ref|ZP

_00745605.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Vibrio cholerae V

52]
x

62180877
>gi|62180877|ref|Y

P
_217294.1| naphthoate synthase [S

alm
onella enterica 

subsp. enterica serovar C
holeraesuis str. S

C
-B

67] 
x

62128510
>gi|62128510|gb|A

A
X

66213.1| dihydroxynaphtoic acid synthetase 
[S

alm
onella enterica subsp. enterica serovar C

holeraesuis str. S
C

-B
67]

x

75818948
>gi|75818948|ref|ZP

_00749057.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Vibrio cholerae V

51]
x

24052699
>gi|24052699|gb|A

A
N

43855.1| dihydroxynaphtoic acid synthetase [S
higella 

flexneri 2a str. 301] 
x

30041948
>gi|30041948|gb|A

A
P

17674.1| dihydroxynaphtoic acid synthetase [S
higella 

flexneri 2a str. 2457T] 
x

30063693
>gi|30063693|ref|N

P
_837864.1| naphthoate synthase [S

higella flexneri 2a str. 
2457T] 

x

24113638
>gi|24113638|ref|N

P
_708148.1| naphthoate synthase [S

higella flexneri 2a str. 
301]

x

16503532
>gi|16503532|em

b|C
A

D
07540.1| naphthoate synthase [S

alm
onella enterica 

subsp. enterica serovar Typhi] 
x

16420847
>gi|16420847|gb|A

A
L21208.1| dihydroxynaphtoic acid synthetase 

[S
alm

onella typhim
urium

 LT2] 
x

56127052
>gi|56127052|gb|A

AV
76558.1| naphthoate synthase [S

alm
onella enterica 

subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x
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29136697
>gi|29136697|gb|A

A
O

68262.1| naphthoate synthase [S
alm

onella enterica 
subsp. enterica serovar Typhi Ty2] 

x

16765634
>gi|16765634|ref|N

P
_461249.1| naphthoate synthase [S

alm
onella 

typhim
urium

 LT2] 
x

56412795
>gi|56412795|ref|Y

P
_149870.1| naphthoate synthase [S

alm
onella enterica 

subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

16761233
>gi|16761233|ref|N

P
_456850.1| naphthoate synthase [S

alm
onella enterica 

subsp. enterica serovar Typhi str. C
T18] 

x

29141071
>gi|29141071|ref|N

P
_804413.1| naphthoate synthase [S

alm
onella enterica 

subsp. enterica serovar Typhi Ty2] 
x

25291829
>gi|25291829|pir||A

B
0795 naphthoate synthase (E

C
 4.1.3.36) [im

ported] - 
S

alm
onella enterica subsp. enterica serovar Typhi (strain C

T18)
x

75512740
>gi|75512740|ref|ZP

_00735242.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli 53638] 
x

75259726
>gi|75259726|ref|ZP

_00731028.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli E
22] 

x

75243078
>gi|75243078|ref|ZP

_00726784.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli F11] 
x

75238051
>gi|75238051|ref|ZP

_00722056.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli E
110019] 

x

75211671
>gi|75211671|ref|ZP

_00711750.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli B
171] 

x

75196305
>gi|75196305|ref|ZP

_00706375.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli H
S

] 
x

75187049
>gi|75187049|ref|ZP

_00700316.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli E
24377A

] 
x

1788597
>gi|1788597|gb|A

A
C

75322.1| dihydroxynaphtoic acid synthetase [E
scherichia 

coli K
12] 

x

1799616
>gi|1799616|dbj|B

A
A

16086.1| dihydroxynaphthoic acid synthetase 
[E

scherichia coli W
3110] 

x

26109056
>gi|26109056|gb|A

A
N

81259.1| N
aphthoate synthase [E

scherichia coli 
C

FT073] 
x
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16130197
>gi|16130197|ref|N

P
_416765.1| naphthoate synthase [E

scherichia coli K
12] 

x

83588249
>gi|83588249|ref|ZP

_00926874.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli 101-1] 
x

78100380
>gi|78100380|sp|P

0A
B

U
0|M

E
N

B
_E

C
O

LI N
aphthoate synthase 

(D
ihydroxynaphthoic acid synthetase) (D

H
N

A synthetase) 
x

78100379
>gi|78100379|sp|P

0A
B

U
1|M

E
N

B
_E

C
O

L6 N
aphthoate synthase 

(D
ihydroxynaphthoic acid synthetase) (D

H
N

A synthetase) 
x

26248651
>gi|26248651|ref|N

P
_754691.1| naphthoate synthase [E

scherichia coli 
C

FT073] 
x

145740
>gi|145740|gb|A

A
A

23682.1| D
H

N
A synthase

x

52425847
>gi|52425847|ref|Y

P
_088984.1| naphthoate synthase [M

annheim
ia 

succiniciproducens M
B

E
L55E

]
x

75230351
>gi|75230351|ref|ZP

_00716841.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [E

scherichia coli B
7A

] 
x

75177945
>gi|75177945|ref|ZP

_00698007.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [S

higella boydii B
S

512] 
x

13362620
>gi|13362620|dbj|B

A
B

36573.1| dihydroxynaphtoic acid synthetase 
[E

scherichia coli O
157:H

7] 
x

82544744
>gi|82544744|ref|Y

P
_408691.1| dihydroxynaphtoic acid synthetase [S

higella 
boydii S

b227] 
x

15832404
>gi|15832404|ref|N

P
_311177.1| naphthoate synthase [E

scherichia coli 
O

157:H
7] 

x

74312784
>gi|74312784|ref|Y

P
_311203.1| naphthoate synthase [S

higella sonnei S
s046] 

x

81246155
>gi|81246155|gb|A

B
B

66863.1| dihydroxynaphtoic acid synthetase [S
higella 

boydii S
b227] 

x

73856261
>gi|73856261|gb|A

A
Z88968.1| dihydroxynaphtoic acid synthetase [S

higella 
sonnei S

s046]
x

77976637
>gi|77976637|ref|ZP

_00832115.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Yersinia interm

edia ATC
C

 29909]
x

82777671
>gi|82777671|ref|Y

P
_404020.1| dihydroxynaphtoic acid synthetase [S

higella 
dysenteriae S

d197] 
x
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81241819
>gi|81241819|gb|A

B
B

62529.1| dihydroxynaphtoic acid synthetase [S
higella 

dysenteriae S
d197]

x

77636598
>gi|77636598|ref|ZP

_00798671.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Yersinia pestis A

ngola] 
x

77629611
>gi|77629611|ref|ZP

_00792197.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Yersinia pseudotuberculosis IP 31758] 

x

45436989
>gi|45436989|gb|A

A
S

62542.1| naphthoate synthase [Yersinia pestis biovar 
M

edievalis str. 91001] 
x

51590159
>gi|51590159|em

b|C
A

H
21796.1| naphthoate synthase [Yersinia 

pseudotuberculosis IP 32953] 
x

15980517
>gi|15980517|em

b|C
A

C
91328.1| naphthoate synthase [Yersinia pestis C

O
92] 

x

51596877
>gi|51596877|ref|Y

P
_071068.1| naphthoate synthase [Yersinia 

pseudotuberculosis IP 32953] 
x

45442126
>gi|45442126|ref|N

P
_993665.1| naphthoate synthase [Yersinia pestis biovar 

M
edievalis str. 91001] 

x

16122744
>gi|16122744|ref|N

P
_406057.1| naphthoate synthase [Yersinia pestis C

O
92]

x

12516610
>gi|12516610|gb|A

A
G

57395.1| dihydroxynaphtoic acid synthetase 
[E

scherichia coli O
157:H

7 E
D

L933] 
x

15802813
>gi|15802813|ref|N

P
_288840.1| naphthoate synthase [E

scherichia coli 
O

157:H
7 E

D
L933]

x

49610678
>gi|49610678|em

b|C
A

G
74123.1| naphthoate synthase [E

rw
inia carotovora 

subsp. atroseptica S
C

R
I1043] 

x

50120152
>gi|50120152|ref|Y

P
_049319.1| naphthoate synthase [E

rw
inia carotovora 

subsp. atroseptica S
C

R
I1043]

x

71673659
>gi|71673659|ref|ZP

_00671407.1| N
aphthoate synthase [Trichodesm

ium
 

erythraeum
 IM

S
101] 

x

71672907
>gi|71672907|gb|E

A
O

29569.1| N
aphthoate synthase [Trichodesm

ium
 

erythraeum
 IM

S
101]

x

46143479
>gi|46143479|ref|ZP

_00135155.2| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [A

ctinobacillus pleuropneum
oniae serovar 1 str. 4074]

x
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77957629
>gi|77957629|ref|ZP

_00821680.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Yersinia bercovieri ATC

C
 43970]

x

77961209
>gi|77961209|ref|ZP

_00825053.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Yersinia m

ollaretii ATC
C

 43969]
x

75823557
>gi|75823557|ref|ZP

_00753050.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Vibrio cholerae R

C
385]

x

75429737
>gi|75429737|ref|ZP

_00732399.1| dihydroxynaphthoic acid synthase 
[A

ctinobacillus succinogenes 130Z] 
x

74276945
>gi|74276945|gb|E

A
O

50532.1| dihydroxynaphthoic acid synthase 
[A

ctinobacillus succinogenes 130Z]
x

33149130
>gi|33149130|gb|A

A
P

96647.1| napthoate synthetase [H
aem

ophilus ducreyi 
35000H

P
] 

x

33152905
>gi|33152905|ref|N

P
_874258.1| naphthoate synthase [H

aem
ophilus ducreyi 

35000H
P

]
x

75762877
>gi|75762877|ref|ZP

_00742690.1| N
aphthoate synthase [B

acillus 
thuringiensis serovar israelensis ATC

C
 35646] 

x

74489636
>gi|74489636|gb|E

A
O

53039.1| N
aphthoate synthase [B

acillus thuringiensis 
serovar israelensis ATC

C
 35646]

x

36786392
>gi|36786392|em

b|C
A

E
15445.1| naphthoate synthase (dihydroxynaphthoic 

acid synthetase) (D
H

N
A synthetase) [P

hotorhabdus lum
inescens subsp. 

laum
ondii TTO

1] 
x

37526959
>gi|37526959|ref|N

P
_930303.1| naphthoate synthase [P

hotorhabdus 
lum

inescens subsp. laum
ondii TTO

1]
x

86148508
>gi|86148508|ref|ZP

_01066796.1| naphthoate synthase [Vibrio sp. M
E

D
222] 

x

85833699
>gi|85833699|gb|E

A
Q

51869.1| naphthoate synthase [Vibrio sp. M
E

D
222]

x

84387749
>gi|84387749|ref|ZP

_00990765.1| naphthoate synthase [Vibrio splendidus 
12B

01] 
x

84377432
>gi|84377432|gb|E

A
P

94299.1| naphthoate synthase [Vibrio splendidus 
12B

01]
x

56381250
>gi|56381250|dbj|B

A
D

77158.1| dihydroxynapthoic acid synthetase 
[G

eobacillus kaustophilus H
TA

426] 
x
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56421408
>gi|56421408|ref|Y

P
_148726.1| naphthoate synthase [G

eobacillus 
kaustophilus H

TA
426]

x

23126174
>gi|23126174|ref|ZP

_00108078.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [N

ostoc punctiform
e P

C
C

 73102]
x

75700116
>gi|75700116|gb|A

B
A

19792.1| N
aphthoate synthase [A

nabaena variabilis 
ATC

C
 29413] 

x

75906391
>gi|75906391|ref|Y

P
_320687.1| naphthoate synthase [A

nabaena variabilis 
ATC

C
 29413]

x

67987855
>gi|67987855|gb|E

A
M

75641.1| N
aphthoate synthase [K

ineococcus 
radiotolerans S

R
S

30216] 
x

69284895
>gi|69284895|ref|ZP

_00616594.1| N
aphthoate synthase [K

ineococcus 
radiotolerans S

R
S

30216]
x

52004777
>gi|52004777|gb|A

A
U

24719.1| dihydroxynapthoic acid synthetase [B
acillus 

licheniform
is ATC

C
 14580] 

x

52081566
>gi|52081566|ref|Y

P
_080357.1| naphthoate synthase [B

acillus licheniform
is 

ATC
C

 14580] 
x

52786944
>gi|52786944|ref|Y

P
_092773.1| naphthoate synthase [B

acillus licheniform
is 

ATC
C

 14580]
x

68548715
>gi|68548715|ref|ZP

_00588184.1| N
aphthoate synthase [P

elodictyon 
phaeoclathratiform

e B
U

-1] 
x

68244273
>gi|68244273|gb|E

A
N

26465.1| N
aphthoate synthase [P

elodictyon 
phaeoclathratiform

e B
U

-1]
x

42784059
>gi|42784059|ref|N

P
_981306.1| naphthoate synthase [B

acillus cereus ATC
C

 
10987] 

x

42739990
>gi|42739990|gb|A

A
S

43914.1| naphthoate synthase [B
acillus cereus ATC

C
 

10987]
x

65322221
>gi|65322221|ref|ZP

_00395180.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [B

acillus anthracis str. A
2012] 

x

49330350
>gi|49330350|gb|A

AT60996.1| naphthoate synthase [B
acillus thuringiensis 

serovar konkukian str. 97-27] 
x

47505559
>gi|47505559|gb|A

AT34235.1| naphthoate synthase [B
acillus anthracis str. 

'A
m

es A
ncestor'] 

x
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49181666
>gi|49181666|gb|A

AT57042.1| naphthoate synthase [B
acillus anthracis str. 

S
terne] 

x

49187739
>gi|49187739|ref|Y

P
_030992.1| naphthoate synthase [B

acillus anthracis str. 
S

terne] 
x

49478794
>gi|49478794|ref|Y

P
_038898.1| naphthoate synthase [B

acillus thuringiensis 
serovar konkukian str. 97-27] 

x

30259593
>gi|30259593|gb|A

A
P

28781.1| naphthoate synthase [B
acillus anthracis str. 

A
m

es] 
x

47530411
>gi|47530411|ref|Y

P
_021760.1| naphthoate synthase [B

acillus anthracis str. 
'A

m
es A

ncestor'] 
x

30264918
>gi|30264918|ref|N

P
_847295.1| naphthoate synthase [B

acillus anthracis str. 
A

m
es]

x

51974114
>gi|51974114|gb|A

A
U

15664.1| naphthoate synthase [B
acillus cereus E

33L] 
x

52140645
>gi|52140645|ref|Y

P
_086183.1| naphthoate synthase [B

acillus cereus E
33L]

x

68054686
>gi|68054686|ref|ZP

_00538836.1| N
aphthoate synthase [E

xiguobacterium
 sp. 

255-15] 
x

68008603
>gi|68008603|gb|E

A
M

87827.1| N
aphthoate synthase [E

xiguobacterium
 sp. 

255-15]
x

17131439
>gi|17131439|dbj|B

A
B

74046.1| naphthoate synthase [N
ostoc sp. P

C
C

 7120] 
x

17229839
>gi|17229839|ref|N

P
_486387.1| naphthoate synthase [N

ostoc sp. P
C

C
 7120]

x

22778008
>gi|22778008|dbj|B

A
C

14279.1| naphthoate synthase [O
ceanobacillus 

iheyensis H
TE

831] 
x

23099778
>gi|23099778|ref|N

P
_693244.1| naphthoate synthase [O

ceanobacillus 
iheyensis H

TE
831]

x

29898480
>gi|29898480|gb|A

A
P

11753.1| N
aphthoate synthase [B

acillus cereus ATC
C

 
14579] 

x

30022921
>gi|30022921|ref|N

P
_834552.1| naphthoate synthase [B

acillus cereus ATC
C

 
14579]

x
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2635564
>gi|2635564|em

b|C
A

B
15058.1| dihydroxynapthoic acid synthetase [B

acillus 
subtilis subsp. subtilis str. 168] 

x

20141516
>gi|20141516|sp|P

23966|M
E

N
B

_B
A

C
S

U
 N

aphthoate synthase 
(D

ihydroxynaphthoic acid synthetase) (D
H

N
A synthetase) 

x

2293148
>gi|2293148|gb|A

A
C

00226.1| dihydroxynaphthoate synthase [B
acillus 

subtilis] 
x

16080132
>gi|16080132|ref|N

P
_390958.1| naphthoate synthase [B

acillus subtilis subsp. 
subtilis str. 168]

x

67921527
>gi|67921527|ref|ZP

_00515045.1| N
aphthoate synthase [C

rocosphaera 
w

atsonii W
H

 8501] 
x

67856639
>gi|67856639|gb|E

A
M

51880.1| N
aphthoate synthase [C

rocosphaera w
atsonii 

W
H

 8501]
x

45478466
>gi|45478466|gb|A

A
S

66445.1| 1,4 dihydroxy-2-naphthaote synthase 
[S

ynechococcus sp. P
C

C
 7002]

x

67938338
>gi|67938338|ref|ZP

_00530865.1| N
aphthoate synthase [C

hlorobium
 

phaeobacteroides B
S

1] 
x

67915446
>gi|67915446|gb|E

A
M

64767.1| N
aphthoate synthase [C

hlorobium
 

phaeobacteroides B
S

1]
x

68208072
>gi|68208072|ref|ZP

_00560208.1| N
aphthoate synthase [D

esulfitobacterium
 

hafniense D
C

B
-2] 

x

68168051
>gi|68168051|gb|E

A
M

96001.1| N
aphthoate synthase [D

esulfitobacterium
 

hafniense D
C

B
-2]

x

71481155
>gi|71481155|ref|ZP

_00660863.1| N
aphthoate synthase [P

rosthecochloris 
vibrioform

is D
S

M
 265] 

x

71284015
>gi|71284015|gb|E

A
O

15836.1| N
aphthoate synthase [P

rosthecochloris 
vibrioform

is D
S

M
 265]

x

22296185
>gi|22296185|dbj|B

A
C

10009.1| naphthoate synthase [Therm
osynechococcus 

elongatus B
P

-1] 
x

22300000
>gi|22300000|ref|N

P
_683247.1| naphthoate synthase 

[Therm
osynechococcus elongatus B

P
-1]

x

78166118
>gi|78166118|gb|A

B
B

23216.1| N
aphthoate synthase [P

elodictyon luteolum
 

D
S

M
 273] 

x
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78186216
>gi|78186216|ref|Y

P
_374259.1| naphthoate synthase [P

elodictyon luteolum
 

D
S

M
 273]

x

47568032
>gi|47568032|ref|ZP

_00238738.1| naphthoate synthase [B
acillus cereus 

G
9241] 

x

47555335
>gi|47555335|gb|E

A
L13680.1| naphthoate synthase [B

acillus cereus G
9241]

x

1652614
>gi|1652614|dbj|B

A
A

17535.1| naphthoate synthase [S
ynechocystis sp. P

C
C

 
6803] 

x

16330127
>gi|16330127|ref|N

P
_440855.1| naphthoate synthase [S

ynechocystis sp. 
P

C
C

 6803]
x

78171874
>gi|78171874|gb|A

B
B

28970.1| N
aphthoate synthase [C

hlorobium
 

chlorochrom
atii C

aD
3] 

x

78189675
>gi|78189675|ref|Y

P
_380013.1| naphthoate synthase [C

hlorobium
 

chlorochrom
atii C

aD
3]

x

12723642
>gi|12723642|gb|A

A
K

04827.1| dihydroxynaphthonic acid synthase (E
C

 
4.1.3.36) [Lactococcus lactis subsp. lactis Il1403] 

x

15672711
>gi|15672711|ref|N

P
_266885.1| naphthoate synthase [Lactococcus lactis 

subsp. lactis Il1403]
x

49244328
>gi|49244328|em

b|C
A

G
42756.1| putative naphthoate synthase 

[S
taphylococcus aureus subsp. aureus M

S
S

A
476] 

x

21204096
>gi|21204096|dbj|B

A
B

94794.1| naphthoate synthase [S
taphylococcus aureus 

subsp. aureus M
W

2] 
x

49485885
>gi|49485885|ref|Y

P
_043106.1| naphthoate synthase [S

taphylococcus 
aureus subsp. aureus M

S
S

A
476] 

x

21282658
>gi|21282658|ref|N

P
_645746.1| naphthoate synthase [S

taphylococcus 
aureus subsp. aureus M

W
2]

x

49241340
>gi|49241340|em

b|C
A

G
40023.1| putative naphthoate synthase 

[S
taphylococcus aureus subsp. aureus M

R
S

A
252] 

x

57284425
>gi|57284425|gb|A

AW
36519.1| naphthoate synthase [S

taphylococcus aureus 
subsp. aureus C

O
L] 

x

57650239
>gi|57650239|ref|Y

P
_185919.1| naphthoate synthase [S

taphylococcus 
aureus subsp. aureus C

O
L] 

x
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49483211
>gi|49483211|ref|Y

P
_040435.1| naphthoate synthase [S

taphylococcus aureus 
subsp. aureus M

R
S

A
252]

x

68447642
>gi|68447642|dbj|B

A
E

05226.1| naphthoate synthase [S
taphylococcus 

haem
olyticus JC

S
C

1435] 
x

70726918
>gi|70726918|ref|Y

P
_253832.1| naphthoate synthase [S

taphylococcus 
haem

olyticus JC
S

C
1435]

x

68551552
>gi|68551552|ref|ZP

_00590947.1| N
aphthoate synthase [P

rosthecochloris 
aestuarii D

S
M

 271] 
x

68241486
>gi|68241486|gb|E

A
N

23752.1| N
aphthoate synthase [P

rosthecochloris 
aestuarii D

S
M

 271]
x

67784005
>gi|67784005|gb|E

A
M

43385.1| N
aphthoate synthase [C

hlorobium
 lim

icola 
D

S
M

 245] 
x

67918349
>gi|67918349|ref|ZP

_00511948.1| N
aphthoate synthase [C

hlorobium
 lim

icola 
D

S
M

 245]
x

14246815
>gi|14246815|dbj|B

A
B

57207.1| naphthoate synthase [S
taphylococcus aureus 

subsp. aureus M
u50] 

x

13700847
>gi|13700847|dbj|B

A
B

42143.1| naphthoate synthase [S
taphylococcus aureus 

subsp. aureus N
315] 

x

15926632
>gi|15926632|ref|N

P
_374165.1| naphthoate synthase [S

taphylococcus 
aureus subsp. aureus N

315] 
x

15924035
>gi|15924035|ref|N

P
_371569.1| naphthoate synthase [S

taphylococcus 
aureus subsp. aureus M

u50]
x

67935849
>gi|67935849|ref|ZP

_00528866.1| N
aphthoate synthase [C

hlorobium
 

phaeobacteroides D
S

M
 266] 

x

67775244
>gi|67775244|gb|E

A
M

34913.1| N
aphthoate synthase [C

hlorobium
 

phaeobacteroides D
S

M
 266]

x

82750657
>gi|82750657|ref|Y

P
_416398.1| naphthoate synthase [S

taphylococcus 
aureus R

F122] 
x

82656188
>gi|82656188|em

b|C
A

I80600.1| naphthoate synthase [S
taphylococcus 

aureus R
F122]

x

72495570
>gi|72495570|dbj|B

A
E

18891.1| dihydroxynaphthoic acid synthase 
[S

taphylococcus saprophyticus subsp. saprophyticus ATC
C

 15305] 
x
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73663055
>gi|73663055|ref|Y

P
_301836.1| naphthoate synthase [S

taphylococcus 
saprophyticus subsp. saprophyticus ATC

C
 15305]

x

86605247
>gi|86605247|ref|Y

P
_474010.1| naphthoate synthase [C

yanobacteria 
bacterium

 Yellow
stone A

-P
rim

e] 
x

86553789
>gi|86553789|gb|A

B
C

98747.1| naphthoate synthase [C
yanobacteria 

bacterium
 Yellow

stone A
-P

rim
e]

x

46907904
>gi|46907904|ref|Y

P
_014293.1| naphthoate synthase [Listeria 

m
onocytogenes str. 4b F2365] 

x

47093552
>gi|47093552|ref|ZP

_00231312.1| naphthoate synthase [Listeria 
m

onocytogenes str. 4b H
7858] 

x

47018066
>gi|47018066|gb|E

A
L08839.1| naphthoate synthase [Listeria m

onocytogenes 
str. 4b H

7858] 
x

46881173
>gi|46881173|gb|A

AT04470.1| naphthoate synthase [Listeria m
onocytogenes 

str. 4b F2365] 
x

16803713
>gi|16803713|ref|N

P
_465198.1| naphthoate synthase [Listeria 

m
onocytogenes E

G
D

-e]
x

47096746
>gi|47096746|ref|ZP

_00234330.1| naphthoate synthase [Listeria 
m

onocytogenes str. 1/2a F6854] 
x

47014878
>gi|47014878|gb|E

A
L05827.1| naphthoate synthase [Listeria m

onocytogenes 
str. 1/2a F6854] 

x

16800849
>gi|16800849|ref|N

P
_471117.1| naphthoate synthase [Listeria innocua 

C
lip11262]

x

56685894
>gi|56685894|dbj|B

A
D

79116.1| naphthoate synthase [S
ynechococcus 

elongatus P
C

C
 6301] 

x

56750935
>gi|56750935|ref|Y

P
_171636.1| naphthoate synthase [S

ynechococcus 
elongatus P

C
C

 6301]
x

57866511
>gi|57866511|ref|Y

P
_188217.1| naphthoate synthase [S

taphylococcus 
epiderm

idis R
P

62A
] 

x

57637169
>gi|57637169|gb|A

AW
53957.1| naphthoate synthase [S

taphylococcus 
epiderm

idis R
P

62A
]

x

41324695
>gi|41324695|em

b|C
A

F19177.1| D
IH

Y
D

R
O

X
Y

N
A

P
H

TH
O

N
IC

 A
C

ID
 

S
Y

N
TH

A
S

E
 [C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x
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21323228
>gi|21323228|dbj|B

A
B

97856.1| D
ihydroxynaphthoic acid synthase 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

62389361
>gi|62389361|ref|Y

P
_224763.1| naphthoate synthase [C

orynebacterium
 

glutam
icum

 ATC
C

 13032] 
x

19551706
>gi|19551706|ref|N

P
_599708.1| naphthoate synthase [C

orynebacterium
 

glutam
icum

 ATC
C

 13032]
x

27315208
>gi|27315208|gb|A

A
O

04343.1| naphthoate synthase [S
taphylococcus 

epiderm
idis ATC

C
 12228] 

x

27467664
>gi|27467664|ref|N

P
_764301.1| naphthoate synthase [S

taphylococcus 
epiderm

idis ATC
C

 12228]
x

76260425
>gi|76260425|ref|ZP

_00768061.1| N
aphthoate synthase [C

hloroflexus 
aurantiacus J-10-fl] 

x

76164674
>gi|76164674|gb|E

A
O

58818.1| N
aphthoate synthase [C

hloroflexus 
aurantiacus J-10-fl]

x

81299408
>gi|81299408|ref|Y

P
_399616.1| naphthoate synthase [S

ynechococcus 
elongatus P

C
C

 7942] 
x

81168289
>gi|81168289|gb|A

B
B

56629.1| naphthoate synthase [S
ynechococcus 

elongatus P
C

C
 7942]

x

55377678
>gi|55377678|ref|Y

P
_135529.1| naphthoate synthase [H

aloarcula m
arism

ortui 
ATC

C
 43049] 

x

55230403
>gi|55230403|gb|A

AV
45822.1| enoyl-C

oA hydratase [H
aloarcula m

arism
ortui 

ATC
C

 43049]
x

86608057
>gi|86608057|ref|Y

P
_476819.1| naphthoate synthase [C

yanobacteria 
bacterium

 Yellow
stone B

-P
rim

e] 
x

86556599
>gi|86556599|gb|A

B
D

01556.1| naphthoate synthase [C
yanobacteria 

bacterium
 Yellow

stone B
-P

rim
e]

x

23492311
>gi|23492311|dbj|B

A
C

17285.1| putative naphthoate synthase 
[C

orynebacterium
 efficiens Y

S
-314] 

x

25027031
>gi|25027031|ref|N

P
_737085.1| naphthoate synthase [C

orynebacterium
 

efficiens Y
S

-314]
x

72001734
>gi|72001734|gb|A

A
Z57536.1| naphthoate synthase [P

rochlorococcus 
m

arinus str. N
ATL2A

] 
x
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72381884
>gi|72381884|ref|Y

P
_291239.1| naphthoate synthase [P

rochlorococcus 
m

arinus str. N
ATL2A

]
x

33634594
>gi|33634594|em

b|C
A

E
20580.1| N

aphthoate synthase [P
rochlorococcus 

m
arinus str. M

IT 9313] 
x

33862678
>gi|33862678|ref|N

P
_894238.1| N

aphthoate synthase [P
rochlorococcus 

m
arinus str. M

IT 9313]
x

84517892
>gi|84517892|ref|ZP

_01005241.1| N
aphthoate synthase [P

rochlorococcus 
m

arinus str. M
IT 9211] 

x

84512641
>gi|84512641|gb|E

A
Q

08979.1| N
aphthoate synthase [P

rochlorococcus 
m

arinus str. M
IT 9211]

x

33632701
>gi|33632701|em

b|C
A

E
07513.1| N

aphthoate synthase [S
ynechococcus sp. 

W
H

 8102] 
x

33865532
>gi|33865532|ref|N

P
_897091.1| N

aphthoate synthase [S
ynechococcus sp. 

W
H

 8102]
x

78169200
>gi|78169200|gb|A

B
B

26297.1| N
aphthoate synthase [S

ynechococcus sp. 
C

C
9902] 

x

78184906
>gi|78184906|ref|Y

P
_377341.1| N

aphthoate synthase [S
ynechococcus sp. 

C
C

9902]
x

86167773
>gi|86167773|gb|E

A
Q

69031.1| N
aphthoate synthase [S

ynechococcus sp. 
R

S
9917]

x

71915545
>gi|71915545|gb|A

A
Z55447.1| naphthoate synthase [Therm

obifida fusca Y
X

] 
x

72161813
>gi|72161813|ref|Y

P
_289470.1| naphthoate synthase [Therm

obifida fusca 
Y

X
]

x

13880083
>gi|13880083|gb|A

A
K

44795.1| naphthoate synthase [M
ycobacterium

 
tuberculosis C

D
C

1551] 
x

31791730
>gi|31791730|ref|N

P
_854223.1| naphthoate synthase [M

ycobacterium
 bovis 

A
F2122/97] 

x

15607688
>gi|15607688|ref|N

P
_215062.1| naphthoate synthase [M

ycobacterium
 

tuberculosis H
37R

v] 
x

15839944
>gi|15839944|ref|N

P
_334981.1| naphthoate synthase [M

ycobacterium
 

tuberculosis C
D

C
1551] 

x

143186
>gi|143186|gb|A

A
C

37016.1| dihydroxynapthoic acid (D
H

N
A

) synthetase 
x
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557492

>gi|557492|gb|A
A

A
50401.1| dihydroxynapthoic acid (D

H
N

A
) synthetase

x

78197115
>gi|78197115|gb|A

B
B

34880.1| naphthoate synthase [S
ynechococcus sp. 

C
C

9605] 
x

78212656
>gi|78212656|ref|Y

P
_381435.1| naphthoate synthase [S

ynechococcus sp. 
C

C
9605]

x

29342535
>gi|29342535|gb|A

A
O

80300.1| naphthoate synthase [E
nterococcus faecalis 

V
583] 

x

29375076
>gi|29375076|ref|N

P
_814229.1| naphthoate synthase [E

nterococcus faecalis 
V

583]
x

33639897
>gi|33639897|em

b|C
A

E
19067.1| N

apthoate synthase [P
rochlorococcus 

m
arinus subsp. pastoris str. C

C
M

P
1986] 

x

33861165
>gi|33861165|ref|N

P
_892726.1| N

apthoate synthase [P
rochlorococcus 

m
arinus subsp. pastoris str. C

C
M

P
1986]

x

732732
>gi|732732|em

b|C
A

A
59693.1| naphthoate synthase [H

aem
ophilus 

parahaem
olyticus]

x

68544606
>gi|68544606|ref|ZP

_00584236.1| N
aphthoate synthase [S

hew
anella baltica 

O
S

155] 
x

68517691
>gi|68517691|gb|E

A
N

41322.1| N
aphthoate synthase [S

hew
anella baltica 

O
S

155]
x

33238031
>gi|33238031|gb|A

A
Q

00098.1| D
ihydroxynaphthoic acid synthase 

[P
rochlorococcus m

arinus subsp. m
arinus str. C

C
M

P
1375] 

x

33240503
>gi|33240503|ref|N

P
_875445.1| D

ihydroxynaphthoic acid synthase 
[P

rochlorococcus m
arinus subsp. m

arinus str. C
C

M
P

1375]
x

15790175
>gi|15790175|ref|N

P
_279999.1| naphthoate synthase [H

alobacterium
 sp. 

N
R

C
-1]

x

41410142
>gi|41410142|ref|N

P
_962978.1| naphthoate synthase [M

ycobacterium
 avium

 
subsp. paratuberculosis K

-10] 
x

68264562
>gi|68264562|em

b|C
A

I38050.1| naphthoate synthase [C
orynebacterium

 
jeikeium

 K
411] 

x

68536963
>gi|68536963|ref|Y

P
_251668.1| naphthoate synthase [C

orynebacterium
 

jeikeium
 K

411]
x

48856485
>gi|48856485|ref|ZP

_00310642.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [C

ytophaga hutchinsonii]
x
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60492255
>gi|60492255|em

b|C
A

H
07020.1| putative naphthoate synthase [B

acteroides 
fragilis N

C
TC

 9343] 
x

52215475
>gi|52215475|dbj|B

A
D

48068.1| dihydroxynapthoic acid synthetase 
[B

acteroides fragilis Y
C

H
46] 

x

53712610
>gi|53712610|ref|Y

P
_098602.1| dihydroxynapthoic acid synthetase 

[B
acteroides fragilis Y

C
H

46] 
x

60680821
>gi|60680821|ref|Y

P
_210965.1| putative naphthoate synthase [B

acteroides 
fragilis N

C
TC

 9343]
x

48866139
>gi|48866139|ref|ZP

_00319996.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [O

enococcus oeni P
S

U
-1]

x

78712492
>gi|78712492|gb|A

B
B

49669.1| naphthoate synthase [P
rochlorococcus 

m
arinus str. M

IT 9312] 
x

78778993
>gi|78778993|ref|Y

P
_397105.1| naphthoate synthase [P

rochlorococcus 
m

arinus str. M
IT 9312]

x

29350110
>gi|29350110|ref|N

P
_813613.1| dihydroxynapthoic acid synthetase 

[B
acteroides thetaiotaom

icron V
P

I-5482] 
x

29342022
>gi|29342022|gb|A

A
O

79807.1| dihydroxynapthoic acid synthetase 
[B

acteroides thetaiotaom
icron V

P
I-5482]

x

71366728
>gi|71366728|ref|ZP

_00657266.1| N
aphthoate synthase [N

ocardioides sp. 
JS

614] 
x

71157539
>gi|71157539|gb|E

A
O

07928.1| N
aphthoate synthase [N

ocardioides sp. 
JS

614]
x

39577055
>gi|39577055|em

b|C
A

E
78284.1| N

aphthoate synthase [B
dellovibrio 

bacteriovorus H
D

100] 
x

42524845
>gi|42524845|ref|N

P
_970225.1| naphthoate synthase [B

dellovibrio 
bacteriovorus H

D
100]

x

28410416
>gi|28410416|em

b|C
A

D
66802.1| naphthoate synthase [Tropherym

a w
hipplei 

TW
08/27] 

x

28476117
>gi|28476117|gb|A

A
O

44207.1| naphthoate synthase [Tropherym
a w

hipplei 
str. Tw

ist] 
x

28572285
>gi|28572285|ref|N

P
_789065.1| naphthoate synthase [Tropherym

a w
hipplei 

TW
08/27] 

x
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28493077
>gi|28493077|ref|N

P
_787238.1| naphthoate synthase [Tropherym

a w
hipplei 

str. Tw
ist]

x

69953506
>gi|69953506|ref|ZP

_00640617.1| N
aphthoate synthase [S

hew
anella 

frigidim
arina N

C
IM

B
 400] 

x

69163491
>gi|69163491|gb|E

A
N

72634.1| N
aphthoate synthase [S

hew
anella 

frigidim
arina N

C
IM

B
 400]

x

77813712
>gi|77813712|ref|ZP

_00812985.1| N
aphthoate synthase [S

hew
anella 

putrefaciens C
N

-32] 
x

77811218
>gi|77811218|gb|E

A
O

95591.1| N
aphthoate synthase [S

hew
anella 

putrefaciens C
N

-32] 
x

82742522
>gi|82742522|ref|ZP

_00905212.1| N
aphthoate synthase [S

hew
anella sp. W

3-
18-1] 

x

82720140
>gi|82720140|gb|E

A
P

55016.1| N
aphthoate synthase [S

hew
anella sp. W

3-18-
1]

x

50950517
>gi|50950517|gb|A

AT88218.1| naphthoate synthase [Leifsonia xyli subsp. xyli 
str. C

TC
B

07] 
x

50954035
>gi|50954035|ref|Y

P
_061323.1| naphthoate synthase [Leifsonia xyli subsp. 

xyli str. C
TC

B
07]

x

24376211
>gi|24376211|ref|N

P
_720255.1| naphthoate synthase [S

hew
anella oneidensis 

M
R

-1] 
x

24351268
>gi|24351268|gb|A

A
N

57698.1| naphthoate synthase [S
hew

anella oneidensis 
M

R
-1]

x

78691283
>gi|78691283|ref|ZP

_00855907.1| N
aphthoate synthase [S

hew
anella sp. M

R
-

7] 
x

78687815
>gi|78687815|ref|ZP

_00852551.1| N
aphthoate synthase [S

hew
anella sp. A

N
A

-
3] 

x

78509337
>gi|78509337|gb|E

A
P

22735.1| N
aphthoate synthase [S

hew
anella sp. M

R
-7] 

x

78504426
>gi|78504426|gb|E

A
P

17983.1| N
aphthoate synthase [S

hew
anella sp. A

N
A

-3]
x

86143133
>gi|86143133|ref|ZP

_01061555.1| naphthoate synthase [Flavobacterium
 sp. 

M
E

D
217] 

x
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85830578
>gi|85830578|gb|E

A
Q

49037.1| naphthoate synthase [Flavobacterium
 sp. 

M
E

D
217]

x

78367711
>gi|78367711|ref|ZP

_00837975.1| N
aphthoate synthase [S

hew
anella sp. P

V-
4] 

x

78360257
>gi|78360257|gb|E

A
P

02097.1| N
aphthoate synthase [S

hew
anella sp. P

V-4]
x

68548540
>gi|68548540|ref|ZP

_00588034.1| N
aphthoate synthase [S

hew
anella 

am
azonensis S

B
2B

] 
x

68513759
>gi|68513759|gb|E

A
N

37526.1| N
aphthoate synthase [S

hew
anella 

am
azonensis S

B
2B

]
x

86133839
>gi|86133839|ref|ZP

_01052421.1| naphthoate synthase [Tenacibaculum
 sp. 

M
E

D
152] 

x

85820702
>gi|85820702|gb|E

A
Q

41849.1| naphthoate synthase [Tenacibaculum
 sp. 

M
E

D
152]

x

86132721
>gi|86132721|ref|ZP

_01051313.1| naphthoate synthase [C
ellulophaga sp. 

M
E

D
134] 

x

85816675
>gi|85816675|gb|E

A
Q

37861.1| naphthoate synthase [C
ellulophaga sp. 

M
E

D
134]

x

13093764
>gi|13093764|em

b|C
A

C
31219.1| naphthoate synthase [M

ycobacterium
 

leprae] 
x

15828210
>gi|15828210|ref|N

P
_302473.1| naphthoate synthase [M

ycobacterium
 leprae 

TN
]

x

54018620
>gi|54018620|dbj|B

A
D

59990.1| putative dihydroxynaphtoic acid synthetase 
[N

ocardia farcinica IFM
 10152] 

x

54027112
>gi|54027112|ref|Y

P
_121354.1| naphthoate synthase [N

ocardia farcinica IFM
 

10152]
x

82498032
>gi|82498032|ref|ZP

_00883549.1| N
aphthoate synthase [S

hew
anella sp. M

R
-

4] 
x

82403949
>gi|82403949|gb|E

A
P

44653.1| N
aphthoate synthase [S

hew
anella sp. M

R
-4]

x

38199294
>gi|38199294|em

b|C
A

E
48925.1| P

utative naphthoate synthase 
[C

orynebacterium
 diphtheriae] 

x
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38233035
>gi|38233035|ref|N

P
_938802.1| naphthoate synthase [C

orynebacterium
 

diphtheriae N
C

TC
 13129]

x

84494963
>gi|84494963|ref|ZP

_00994082.1| putative naphthoate synthase [Janibacter 
sp. H

TC
C

2649] 
x

84384456
>gi|84384456|gb|E

A
Q

00336.1| putative naphthoate synthase [Janibacter sp. 
H

TC
C

2649]
x

83857229
>gi|83857229|ref|ZP

_00950757.1| naphthoate synthase [C
roceibacter 

atlanticus H
TC

C
2559] 

x

83848596
>gi|83848596|gb|E

A
P

86465.1| naphthoate synthase [C
roceibacter atlanticus 

H
TC

C
2559]

x

62425059
>gi|62425059|ref|ZP

_00380197.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [B

revibacterium
 linens B

L2]
x

85860722
>gi|85860722|ref|Y

P
_462924.1| dihydroxynaphthoic acid synthase 

[S
yntrophus aciditrophicus S

B
] 

x

85723813
>gi|85723813|gb|A

B
C

78756.1| dihydroxynaphthoic acid synthase 
[S

yntrophus aciditrophicus S
B

]
x

83815505
>gi|83815505|ref|Y

P
_446858.1| naphthoate synthase [S

alinibacter ruber 
D

S
M

 13855] 
x

83756899
>gi|83756899|gb|A

B
C

45012.1| naphthoate synthase [S
alinibacter ruber D

S
M

 
13855]

x

23024048
>gi|23024048|ref|ZP

_00063272.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [Leuconostoc m

esenteroides subsp. m
esenteroides ATC

C
 8293]

x

71846868
>gi|71846868|gb|A

A
Z46364.1| N

aphthoate synthase [D
echlorom

onas 
arom

atica R
C

B
] 

x

71907247
>gi|71907247|ref|Y

P
_284834.1| N

aphthoate synthase [D
echlorom

onas 
arom

atica R
C

B
]

x

76557872
>gi|76557872|em

b|C
A

I49456.1| naphthoate synthase (E
C

 4.1.3.36) 
[N

atronom
onas pharaonis D

S
M

 2160] 
x

76802007
>gi|76802007|ref|Y

P
_327015.1| naphthoate synthase [N

atronom
onas 

pharaonis D
S

M
 2160]

x

76785837
>gi|76785837|ref|ZP

_00773001.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [M

ycobacterium
 tuberculosis F11] 

x
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81255561
>gi|81255561|ref|ZP

_00880035.1| C
O

G
0447: D

ihydroxynaphthoic acid 
synthase [M

ycobacterium
 tuberculosis C

]
x

34541185
>gi|34541185|ref|N

P
_905664.1| naphthoate synthase [P

orphyrom
onas 

gingivalis W
83] 

x

34397501
>gi|34397501|gb|A

A
Q

66563.1| naphthoate synthase [P
orphyrom

onas 
gingivalis W

83]
x

30409237
>gi|30409237|dbj|B

A
C

76186.1| naphthoate synthase [C
yanidioschyzon 

m
erolae] 

x

30468137
>gi|30468137|ref|N

P
_849024.1| naphthoate synthase [C

yanidioschyzon 
m

erolae strain 10D
]

x

68562468
>gi|68562468|ref|ZP

_00601726.1| N
aphthoate synthase [R

ubrobacter 
xylanophilus D

S
M

 9941] 
x

68511353
>gi|68511353|gb|E

A
N

35202.1| N
aphthoate synthase [R

ubrobacter 
xylanophilus D

S
M

 9941]
x

66966063
>gi|66966063|ref|ZP

_00413626.1| N
aphthoate synthase [A

rthrobacter sp. 
FB

24] 
x

66868115
>gi|66868115|gb|E

A
L95488.1| N

aphthoate synthase [A
rthrobacter sp. FB

24]
x

83638332
>gi|83638332|gb|A

B
C

33866.1| naphthoate synthase [R
hodococcus sp. T104]

x

6466406
>gi|6466406|gb|A

A
F12988.1| unknow

n; naphthoate synthase [C
yanidium

 
caldarium

] 
x

11465502
>gi|11465502|ref|N

P
_045107.1| naphthoate synthase [C

yanidium
 caldarium

] 
x

14423764
>gi|14423764|sp|Q

9TM
10|M

E
N

B
_C

YA
C

A N
aphthoate synthase 

(D
ihydroxynaphthoic acid synthetase) (D

H
N

A synthetase)
x

50842391
>gi|50842391|ref|Y

P
_055618.1| naphthoate synthase [P

ropionibacterium
 

acnes K
PA

171202]
x

48428779
>gi|48428779|gb|A

AT42427.1| L-alanine-D
L-glutam

ate epim
erase 

[C
ollim

onas fungivorans]
x

66045229
>gi|66045229|ref|Y

P
_235070.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e:M
andelate racem

ase/m
uconate lactonizing enzym

e [P
seudom

onas 
syringae pv. syringae B

728a] 
x
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63255936
>gi|63255936|gb|A

AY
37032.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e:M
andelate racem

ase/m
uconate lactonizing enzym

e [P
seudom

onas 
syringae pv. syringae B

728a]
x

77968208
>gi|77968208|gb|A

B
B

09588.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia sp. 383] 
x

78067463
>gi|78067463|ref|Y

P
_370232.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
urkholderia sp. 383]

x

67663959
>gi|67663959|ref|ZP

_00461237.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
cenocepacia H

I2424] 
x

67102475
>gi|67102475|gb|E

A
M

19607.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
cenocepacia H

I2424] 
x

74014271
>gi|74014271|ref|ZP

_00684900.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
] 

x

72612873
>gi|72612873|gb|E

A
O

48816.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
]

x

67549010
>gi|67549010|ref|ZP

_00426886.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
vietnam

iensis G
4] 

x

67529663
>gi|67529663|gb|E

A
M

26522.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
vietnam

iensis G
4]

x

77384347
>gi|77384347|gb|A

B
A

75860.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

seudom
onas fluorescens P

fO
-1] 

x

77460344
>gi|77460344|ref|Y

P
_349851.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [P
seudom

onas fluorescens P
fO

-1]
x

74024396
>gi|74024396|ref|ZP

_00694948.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodoferax ferrireducens D
S

M
 15236] 

x

72602896
>gi|72602896|gb|E

A
O

38916.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodoferax ferrireducens D
S

M
 15236]

x
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67158311
>gi|67158311|ref|ZP

_00419302.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [A

zotobacter 
vinelandii AvO

P
] 

x

67084806
>gi|67084806|gb|E

A
M

04285.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [A

zotobacter 
vinelandii AvO

P
]

x

67661240
>gi|67661240|ref|ZP

_00458560.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
cenocepacia A

U
 1054] 

x

67091168
>gi|67091168|gb|E

A
M

08757.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [B

urkholderia 
cenocepacia A

U
 1054]

x

52005569
>gi|52005569|gb|A

A
U

25511.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e,M

andelate racem
ase/m

uconate lactonizing enzym
e [B

acillus 
licheniform

is ATC
C

 14580] 
x

52082358
>gi|52082358|ref|Y

P
_081149.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e,M
andelate racem

ase/m
uconate lactonizing enzym

e [B
acillus 

licheniform
is ATC

C
 14580] 

x

21112838
>gi|21112838|gb|A

A
M

41037.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-3-
deoxyphosphogluconate aldolase [X

anthom
onas cam

pestris pv. cam
pestris 

str. ATC
C

 33913] 
x

66574128
>gi|66574128|gb|A

AY
49538.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-3-

deoxyphosphogluconate aldolase [X
anthom

onas cam
pestris pv. cam

pestris 
str. 8004] 

x

66768796
>gi|66768796|ref|Y

P
_243558.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-

3-deoxyphosphogluconate aldolase [X
anthom

onas cam
pestris pv. cam

pestris 
str. 8004] 

x

21231196
>gi|21231196|ref|N

P
_637113.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-3-

deoxyphosphogluconate aldolase [X
anthom

onas cam
pestris pv. cam

pestris 
str. ATC

C
 33913]

x

66799010
>gi|66799010|ref|ZP

_00397752.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [D

einococcus 
geotherm

alis D
S

M
 11300] 

x
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66780648
>gi|66780648|gb|E

A
L81630.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e:M
andelate racem

ase/m
uconate lactonizing enzym

e [D
einococcus 

geotherm
alis D

S
M

 11300]
x

84368366
>gi|84368366|dbj|B

A
E

69524.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-3-
deoxyphosphogluconate aldolase [X

anthom
onas oryzae pv. oryzae M

A
FF 

311018] 
x

84624426
>gi|84624426|ref|Y

P
_451798.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-

3-deoxyphosphogluconate aldolase [X
anthom

onas oryzae pv. oryzae M
A

FF 
311018] 

x

58582542
>gi|58582542|ref|Y

P
_201558.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-

3-deoxyphosphogluconate aldolase [X
anthom

onas oryzae pv. oryzae 
K

A
C

C
10331] 

x

58427136
>gi|58427136|gb|A

AW
76173.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-3-

deoxyphosphogluconate aldolase [X
anthom

onas oryzae pv. oryzae 
K

A
C

C
10331]

x

21107962
>gi|21107962|gb|A

A
M

36629.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-3-
deoxyphosphogluconate aldolase [X

anthom
onas axonopodis pv. citri str. 306] 

x

21242511
>gi|21242511|ref|N

P
_642093.1| 4-hydroxy-2-oxoglutarate aldolase/2-deydro-

3-deoxyphosphogluconate aldolase [X
anthom

onas axonopodis pv. citri str. 
306]

x

57229094
>gi|57229094|gb|A

AW
45528.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e, putative [C
ryptococcus neoform

ans var. neoform
ans JE

C
21] 

x

58271358
>gi|58271358|ref|X

P
_572835.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e [C
ryptococcus neoform

ans var. neoform
ans JE

C
21]

x

77964602
>gi|77964602|gb|A

B
B

05983.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia sp. 383] 
x

78060052
>gi|78060052|ref|Y

P
_366627.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
urkholderia sp. 383]

x

67677415
>gi|67677415|ref|ZP

_00474151.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e 

[C
hrom

ohalobacter salexigens D
S

M
 3043] 

x
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67518584
>gi|67518584|gb|E

A
M

22550.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e 

[C
hrom

ohalobacter salexigens D
S

M
 3043]

x

6469462
>gi|6469462|em

b|C
A

B
61799.1| putative isom

erase [S
treptom

yces coelicolor 
A

3(2)] 
x

21221899
>gi|21221899|ref|N

P
_627678.1| isom

erase [S
treptom

yces coelicolor A
3(2)]

x

77383946
>gi|77383946|gb|A

B
A

75459.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

seudom
onas fluorescens P

fO
-1] 

x

77459943
>gi|77459943|ref|Y

P
_349450.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [P
seudom

onas fluorescens P
fO

-1]
x

67547730
>gi|67547730|ref|ZP

_00425630.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia vietnam
iensis G

4] 
x

67531011
>gi|67531011|gb|E

A
M

27836.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia vietnam
iensis G

4]
x

67664329
>gi|67664329|ref|ZP

_00461604.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia H
I2424] 

x

67657983
>gi|67657983|ref|ZP

_00455358.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia A
U

 1054] 
x

67102115
>gi|67102115|gb|E

A
M

19250.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia H
I2424] 

x

67094410
>gi|67094410|gb|E

A
M

11944.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia A
U

 1054]
x

77966492
>gi|77966492|gb|A

B
B

07872.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia sp. 383] 
x

78065747
>gi|78065747|ref|Y

P
_368516.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
urkholderia sp. 383]

x

74015769
>gi|74015769|ref|ZP

_00686396.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
] 

x

72611198
>gi|72611198|gb|E

A
O

47143.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
]

x

52001952
>gi|52001952|gb|A

A
U

21894.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

acillus licheniform
is ATC

C
 14580] 

x
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52078741
>gi|52078741|ref|Y

P
_077532.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
acillus licheniform

is ATC
C

 14580] 
x

67932686
>gi|67932686|ref|ZP

_00525824.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [S

olibacter usitatus E
llin6076] 

x

67860101
>gi|67860101|gb|E

A
M

55157.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [S

olibacter usitatus E
llin6076]

x

46914221
>gi|46914221|em

b|C
A

G
21001.1| putative o-succinylbenzoate-C

oA synthase 
[P

hotobacterium
 profundum

 S
S

9] 
x

1573992
>gi|1573992|gb|A

A
C

22626.1| O
-succinylbenzoate-C

oA synthase (m
enC

) 
[H

aem
ophilus influenzae R

d K
W

20] 
x

23492313
>gi|23492313|dbj|B

A
C

17287.1| putative m
uconate cycloisom

erase 
[C

orynebacterium
 efficiens Y

S
-314] 

x

45436988
>gi|45436988|gb|A

A
S

62541.1| putative O
-succinylbenzoate-C

oA synthase 
[Yersinia pestis biovar M

edievalis str. 91001] 
x

15980516
>gi|15980516|em

b|C
A

C
91327.1| putative O

-succinylbenzoate-C
oA synthase 

[Yersinia pestis C
O

92] 
x

21958460
>gi|21958460|gb|A

A
M

85232.1| o-succinylbenzoyl-C
oA synthase [Yersinia 

pestis K
IM

] 
x

49610679
>gi|49610679|em

b|C
A

G
74124.1| O

-succinylbenzoate-C
oA synthase [E

rw
inia 

carotovora subsp. atroseptica S
C

R
I1043] 

x

51590158
>gi|51590158|em

b|C
A

H
21795.1| putative O

-succinylbenzoate-C
oA synthase 

[Yersinia pseudotuberculosis IP 32953] 
x

28805919
>gi|28805919|dbj|B

A
C

59195.1| o-succinylbenzoate-C
oA synthase [Vibrio 

parahaem
olyticus R

IM
D

 2210633] 
x

24351060
>gi|24351060|gb|A

A
N

57535.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella oneidensis M

R
-1]

x

2635562
>gi|2635562|em

b|C
A

B
15056.1| O

-succinylbenzoate-C
oA synthase [B

acillus 
subtilis subsp. subtilis str. 168] 

x

16080130
>gi|16080130|ref|N

P
_390956.1| O

-succinylbenzoate-C
oA synthase [B

acillus 
subtilis subsp. subtilis str. 168]

x

9656512
>gi|9656512|gb|A

A
F95120.1| o-succinylbenzoate-C

oA synthase [Vibrio 
cholerae O

1 biovar eltor str. N
16961] 

x
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1788596
>gi|1788596|gb|A

A
C

75321.1| o-succinylbenzoyl-C
oA synthase; conversion of 

chorism
ate to 2-o-succinylbenzoyl-C

oA [E
scherichia coli K

12] 
x

85675330
>gi|85675330|dbj|B

A
A

16085.2| o-succinylbenzoyl-C
oA synthase [E

scherichia 
coli W

3110] 
x

82777670
>gi|82777670|ref|Y

P
_404019.1| o-succinylbenzoyl-C

oA synthase [S
higella 

dysenteriae S
d197] 

x

81241818
>gi|81241818|gb|A

B
B

62528.1| o-succinylbenzoyl-C
oA synthase [S

higella 
dysenteriae S

d197] 
x

73856260
>gi|73856260|gb|A

A
Z88967.1| O

-succinylbenzoyl-C
oA synthase [S

higella 
sonnei S

s046]
x

13362619
>gi|13362619|dbj|B

A
B

36572.1| o-succinylbenzoyl-C
oA synthase [E

scherichia 
coli O

157:H
7] 

x

12516609
>gi|12516609|gb|A

A
G

57394.1| o-succinylbenzoyl-C
oA synthase; conversion 

of chorism
ate to 2-o-succinylbenzoyl-C

oA [E
scherichia coli O

157:H
7 E

D
L933] 

x

26109055
>gi|26109055|gb|A

A
N

81258.1| O
-succinylbenzoate-C

oA synthase 
[E

scherichia coli C
FT073] 

x

16420846
>gi|16420846|gb|A

A
L21207.1| o-succinylbenzoyl-C

oA synthase [S
alm

onella 
typhim

urium
 LT2] 

x

62128509
>gi|62128509|gb|A

A
X

66212.1| o-succinylbenzoyl-C
oA synthase [S

alm
onella 

enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67] 
x

24052698
>gi|24052698|gb|A

A
N

43854.1| O
-succinylbenzoyl-C

oA synthase [S
higella 

flexneri 2a str. 301] 
x

30041947
>gi|30041947|gb|A

A
P

17673.1| O
-succinylbenzoyl-C

oA synthase [S
higella 

flexneri 2a str. 2457T] 
x

82544743
>gi|82544743|ref|Y

P
_408690.1| o-succinylbenzoyl-C

oA synthase [S
higella 

boydii S
b227] 

x

81246154
>gi|81246154|gb|A

B
B

66862.1| o-succinylbenzoyl-C
oA synthase [S

higella 
boydii S

b227]
x

56127053
>gi|56127053|gb|A

AV
76559.1| O

-succinylbenzoate-C
oA synthase 

[S
alm

onella enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x
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16503531
>gi|16503531|em

b|C
A

D
07539.1| O

-succinylbenzoate-C
oA synthase 

[S
alm

onella enterica subsp. enterica serovar Typhi] 
x

29136698
>gi|29136698|gb|A

A
O

68263.1| O
-succinylbenzoate-C

oA synthase 
[S

alm
onella enterica subsp. enterica serovar Typhi Ty2] 

x

25357724
>gi|25357724|pir||A

I0794 O
-succinylbenzoate-C

oA synthase [im
ported] - 

S
alm

onella enterica subsp. enterica serovar Typhi (strain C
T18)

x

33148409
>gi|33148409|gb|A

A
P

95929.1| O
-succinylbenzoate-C

oA synthase 
[H

aem
ophilus ducreyi 35000H

P
] 

x

68208070
>gi|68208070|ref|ZP

_00560206.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [D

esulfitobacterium
 hafniense D

C
B

-2] 
x

68168049
>gi|68168049|gb|E

A
M

95999.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [D

esulfitobacterium
 hafniense D

C
B

-2]
x

13093906
>gi|13093906|em

b|C
A

C
31784.1| putative isom

erase/racem
ase 

[M
ycobacterium

 leprae] 
x

41324698
>gi|41324698|em

b|C
A

F19180.1| sim
ilar to o-succinylbenzoate-coa synthase 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

52004775
>gi|52004775|gb|A

A
U

24717.1| O
-succinylbenzoate-C

oA synthase [B
acillus 

licheniform
is ATC

C
 14580] 

x

52081564
>gi|52081564|ref|Y

P
_080355.1| O

-succinylbenzoate-C
oA synthase [B

acillus 
licheniform

is ATC
C

 14580] 
x

12723640
>gi|12723640|gb|A

A
K

04825.1| racem
ase [Lactococcus lactis subsp. lactis 

Il1403] 
x

15672709
>gi|15672709|ref|N

P
_266883.1| racem

ase [Lactococcus lactis subsp. lactis 
Il1403]

x

50950516
>gi|50950516|gb|A

AT88217.1| O
-succinylbenzoate-C

oA synthase [Leifsonia 
xyli subsp. xyli str. C

TC
B

07] 
x

82497160
>gi|82497160|ref|ZP

_00882719.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella sp. M

R
-4] 

x

82404873
>gi|82404873|gb|E

A
P

45554.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella sp. M

R
-4]

x

78684421
>gi|78684421|ref|ZP

_00849205.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella sp. A

N
A

-3] 
x
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78507753
>gi|78507753|gb|E

A
P

21262.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella sp. A

N
A

-3]
x

68054688
>gi|68054688|ref|ZP

_00538838.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [E

xiguobacterium
 sp. 255-15] 

x

68008605
>gi|68008605|gb|E

A
M

87829.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [E

xiguobacterium
 sp. 255-15]

x

78689221
>gi|78689221|ref|ZP

_00853885.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella sp. M

R
-7] 

x

78511378
>gi|78511378|gb|E

A
P

24736.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella sp. M

R
-7]

x

21647864
>gi|21647864|gb|A

A
M

73067.1| o-succinylbenzoate-C
oA synthase 

[C
hlorobium

 tepidum
 TLS

] 
x

21674660
>gi|21674660|ref|N

P
_662725.1| O

-succinylbenzoate-C
oA synthase 

[C
hlorobium

 tepidum
 TLS

]
x

13880091
>gi|13880091|gb|A

A
K

44802.1| m
uconate cycloisom

erase I, putative 
[M

ycobacterium
 tuberculosis C

D
C

1551] 
x

3261782
>gi|3261782|em

b|C
A

B
08964.1| P

R
O

B
A

B
LE

 M
U

C
O

N
ATE

 
C

Y
C

LO
IS

O
M

E
R

A
S

E
 M

E
N

C
 (C

IS
,C

IS
-M

U
C

O
N

ATE
 LA

C
TO

N
IZIN

G
 

E
N

ZY
M

E
) (M

LE
) [M

ycobacterium
 tuberculosis H

37R
v] 

x

31617321
>gi|31617321|em

b|C
A

D
93430.1| P

R
O

B
A

B
LE

 M
U

C
O

N
ATE

 
C

Y
C

LO
IS

O
M

E
R

A
S

E
 M

E
N

C
 (C

IS
,C

IS
-M

U
C

O
N

ATE
 LA

C
TO

N
IZIN

G
 

E
N

ZY
M

E
) (M

LE
) [M

ycobacterium
 bovis A

F2122/97] 
x

50839988
>gi|50839988|gb|A

AT82655.1| O
-succinylbenzoate-C

oA synthase 
[P

ropionibacterium
 acnes K

PA
171202] 

x

71915546
>gi|71915546|gb|A

A
Z55448.1| o-succinylbenzoate-C

oA synthase 
[Therm

obifida fusca Y
X

] 
x

38199295
>gi|38199295|em

b|C
A

E
48926.1| P

utative O
-succinylbenzoate-C

oA synthase 
[C

orynebacterium
 diphtheriae] 

x

29350111
>gi|29350111|ref|N

P
_813614.1| chlorom

uconate cycloisom
erase [B

acteroides 
thetaiotaom

icron V
P

I-5482] 
x

29342023
>gi|29342023|gb|A

A
O

79808.1| chlorom
uconate cycloisom

erase [B
acteroides 

thetaiotaom
icron V

P
I-5482]

x
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67987856
>gi|67987856|gb|E

A
M

75642.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [K

ineococcus radiotolerans S
R

S
30216] 

x

69284896
>gi|69284896|ref|ZP

_00616595.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [K

ineococcus radiotolerans S
R

S
30216]

x

66966163
>gi|66966163|ref|ZP

_00413725.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [A

rthrobacter sp. FB
24] 

x

66868003
>gi|66868003|gb|E

A
L95377.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [A
rthrobacter sp. FB

24]
x

68562469
>gi|68562469|ref|ZP

_00601727.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

ubrobacter xylanophilus D
S

M
 9941] 

x

68511354
>gi|68511354|gb|E

A
N

35203.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

ubrobacter xylanophilus D
S

M
 9941]

x

33237177
>gi|33237177|gb|A

A
P

99246.1| O
-succinylbenzoate-C

oA synthase 
[P

rochlorococcus m
arinus subsp. m

arinus str. C
C

M
P

1375] 
x

33239652
>gi|33239652|ref|N

P
_874594.1| O

-succinylbenzoate-C
oA synthase 

[P
rochlorococcus m

arinus subsp. m
arinus str. C

C
M

P
1375]

x

84494961
>gi|84494961|ref|ZP

_00994080.1| O
-succinylbenzoate-C

oA synthase 
[Janibacter sp. H

TC
C

2649] 
x

84384454
>gi|84384454|gb|E

A
Q

00334.1| O
-succinylbenzoate-C

oA synthase [Janibacter 
sp. H

TC
C

2649]
x

77814934
>gi|77814934|ref|ZP

_00814184.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella putrefaciens C

N
-32] 

x

77810108
>gi|77810108|gb|E

A
O

94493.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella putrefaciens C

N
-32]

x

68542839
>gi|68542839|ref|ZP

_00582561.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella baltica O

S
155] 

x

68519432
>gi|68519432|gb|E

A
N

42965.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella baltica O

S
155]

x

82741684
>gi|82741684|ref|ZP

_00904400.1| O
-succinylbenzoate-C

oA synthase 
[S

hew
anella sp. W

3-18-1]
x

60492256
>gi|60492256|em

b|C
A

H
07021.1| putative m

uconate cycloisom
erase 

[B
acteroides fragilis N

C
TC

 9343] 
x
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60680822
>gi|60680822|ref|Y

P
_210966.1| putative m

uconate cycloisom
erase 

[B
acteroides fragilis N

C
TC

 9343]
x

71846867
>gi|71846867|gb|A

A
Z46363.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [D
echlorom

onas arom
atica R

C
B

] 
x

71907246
>gi|71907246|ref|Y

P
_284833.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [D
echlorom

onas arom
atica R

C
B

]
x

52215476
>gi|52215476|dbj|B

A
D

48069.1| chlorom
uconate cycloisom

erase [B
acteroides 

fragilis Y
C

H
46] 

x

53712611
>gi|53712611|ref|Y

P
_098603.1| chlorom

uconate cycloisom
erase [B

acteroides 
fragilis Y

C
H

46]
x

71369872
>gi|71369872|ref|ZP

_00660277.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

ocardioides sp. JS
614] 

x

71154410
>gi|71154410|gb|E

A
O

04932.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

ocardioides sp. JS
614]

x

76261333
>gi|76261333|ref|ZP

_00768947.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [C

hloroflexus 
aurantiacus J-10-fl] 

x

76163761
>gi|76163761|gb|E

A
O

57927.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [C

hloroflexus 
aurantiacus J-10-fl]

x

14021703
>gi|14021703|dbj|B

A
B

48315.1| probable m
uconate cycloisom

erase 
[M

esorhizobium
 loti M

A
FF303099] 

x

13470960
>gi|13470960|ref|N

P
_102529.1| probable m

uconate cycloisom
erase 

[M
esorhizobium

 loti M
A

FF303099]
x

68193420
>gi|68193420|gb|E

A
N

08072.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [M

esorhizobium
 sp. B

N
C

1] 
x

69274980
>gi|69274980|ref|ZP

_00610892.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [M

esorhizobium
 sp. B

N
C

1]
x

49612565
>gi|49612565|em

b|C
A

G
76015.1| putative m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
rw

inia carotovora subsp. atroseptica S
C

R
I1043] 

x
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50122039
>gi|50122039|ref|Y

P
_051206.1| putative m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
rw

inia carotovora subsp. atroseptica S
C

R
I1043]

x

82699869
>gi|82699869|ref|Y

P
_414443.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
rucella m

elitensis biovar A
bortus 2308] 

x

82615970
>gi|82615970|em

b|C
A

J10993.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

rucella m
elitensis biovar A

bortus] 
x

17982924
>gi|17982924|gb|A

A
L52147.1| M

U
C

O
N

ATE
 C

Y
C

LO
IS

O
M

E
R

A
S

E
 I [B

rucella 
m

elitensis 16M
] 

x

17987249
>gi|17987249|ref|N

P
_539883.1| M

U
C

O
N

ATE
 C

Y
C

LO
IS

O
M

E
R

A
S

E
 I [B

rucella 
m

elitensis 16M
]

x

39650882
>gi|39650882|em

b|C
A

E
29405.1| putative m

uconate cycloisom
erase 

[R
hodopseudom

onas palustris C
G

A
009] 

x

39937025
>gi|39937025|ref|N

P
_949301.1| putative m

uconate cycloisom
erase 

[R
hodopseudom

onas palustris C
G

A
009]

x

69928950
>gi|69928950|ref|ZP

_00625964.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

itrobacter ham
burgensis X

14] 
x

69142115
>gi|69142115|gb|E

A
N

60680.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

itrobacter ham
burgensis X

14]
x

77386731
>gi|77386731|gb|A

B
A

77916.1| M
andelate racem

ase / m
uconate lactonizing 

enzym
e [R

hodobacter sphaeroides 2.4.1] 
x

77462313
>gi|77462313|ref|Y

P
_351817.1| M

andelate racem
ase / m

uconate lactonizing 
enzym

e [R
hodobacter sphaeroides 2.4.1] 

x

78495713
>gi|78495713|ref|ZP

_00847932.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodopseudom
onas palustris B

isB
18] 

x

78387141
>gi|78387141|gb|E

A
P

10208.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodopseudom
onas palustris B

isB
18]

x

29137654
>gi|29137654|gb|A

A
O

69216.1| putative m
andelate racem

ase [S
alm

onella 
enterica subsp. enterica serovar Typhi Ty2] 

x

86571778
>gi|86571778|gb|A

B
D

06335.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodopseudom
onas palustris H

aA
2]

x

22778653
>gi|22778653|dbj|B

A
C

14921.1| m
uconate cycloisom

erase [O
ceanobacillus 

iheyensis H
TE

831] 
x
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23100420
>gi|23100420|ref|N

P
_693887.1| m

uconate cycloisom
erase [O

ceanobacillus 
iheyensis H

TE
831]

x

85715012
>gi|85715012|ref|ZP

_01045997.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

itrobacter sp. N
b-311A

] 
x

85698209
>gi|85698209|gb|E

A
Q

36081.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

itrobacter sp. N
b-311A

]
x

62180244
>gi|62180244|ref|Y

P
_216661.1| putative chlorom

uconate cycloisom
erase 

(m
uconate cycloisom

erase) [S
alm

onella enterica subsp. enterica serovar 
C

holeraesuis str. S
C

-B
67] 

x

62127877
>gi|62127877|gb|A

A
X

65580.1| putative chlorom
uconate cycloisom

erase 
(m

uconate cycloisom
erase) [S

alm
onella enterica subsp. enterica serovar 

C
holeraesuis str. S

C
-B

67]
x

16420208
>gi|16420208|gb|A

A
L20598.1| putative chlorom

uconate cycloisom
erase; 

m
uconate cycloisom

erase [S
alm

onella typhim
urium

 LT2] 
x

16765024
>gi|16765024|ref|N

P
_460639.1| putative chlorom

uconate cycloisom
erase 

[S
alm

onella typhim
urium

 LT2]
x

56383430
>gi|56383430|gb|A

A
N

42937.2| putative m
uconate cycloisom

erase I [S
higella 

flexneri 2a str. 301] 
x

30041091
>gi|30041091|gb|A

A
P

16821.1| putative m
uconate cycloisom

erase I [S
higella 

flexneri 2a str. 2457T] 
x

30062843
>gi|30062843|ref|N

P
_837014.1| putative m

uconate cycloisom
erase I [S

higella 
flexneri 2a str. 2457T] 

x

56479879
>gi|56479879|ref|N

P
_707230.2| putative m

uconate cycloisom
erase I [S

higella 
flexneri 2a str. 301]

x

82776689
>gi|82776689|ref|Y

P
_403038.1| putative m

uconate cycloisom
erase I [S

higella 
dysenteriae S

d197] 
x

81240837
>gi|81240837|gb|A

B
B

61547.1| putative m
uconate cycloisom

erase I [S
higella 

dysenteriae S
d197]

x

13361369
>gi|13361369|dbj|B

A
B

35327.1| putative m
uconate cycloisom

erase I 
[E

scherichia coli O
157:H

7]
x

38703962
>gi|38703962|ref|N

P
_309931.2| putative m

uconate cycloisom
erase I 

[E
scherichia coli O

157:H
7]

x
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77689340
>gi|77689340|ref|ZP

_00804522.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodopseudom
onas palustris B

isB
5] 

x

77654347
>gi|77654347|gb|E

A
O

86088.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodopseudom
onas palustris B

isB
5]

x

19712800
>gi|19712800|gb|A

A
L93701.1| O

-succinylbenzoate-C
oA synthase 

[Fusobacterium
 nucleatum

 subsp. nucleatum
 ATC

C
 25586] 

x

19704907
>gi|19704907|ref|N

P
_602402.1| O

-succinylbenzoate-C
oA synthase 

[Fusobacterium
 nucleatum

 subsp. nucleatum
 ATC

C
 25586]

x

15801845
>gi|15801845|ref|N

P
_287863.1| putative m

uconate cycloisom
erase I 

[E
scherichia coli O

157:H
7 E

D
L933]

x

86357965
>gi|86357965|ref|Y

P
_469857.1| probable m

uconate cycloisom
erase I protein 

[R
hizobium

 etli C
FN

 42] 
x

86282067
>gi|86282067|gb|A

B
C

91130.1| probable m
uconate cycloisom

erase I protein 
[R

hizobium
 etli C

FN
 42]

x

45436784
>gi|45436784|gb|A

A
S

62337.1| putative m
andelate racem

ase / m
uconate 

lactonizing protein [Yersinia pestis biovar M
edievalis str. 91001] 

x

51589866
>gi|51589866|em

b|C
A

H
21498.1| putative m

andelate racem
ase / m

uconate 
lactonizing protein [Yersinia pseudotuberculosis IP 32953] 

x

15980338
>gi|15980338|em

b|C
A

C
91146.1| putative m

andelate racem
ase / m

uconate 
lactonizing protein [Yersinia pestis C

O
92] 

x

21958818
>gi|21958818|gb|A

A
M

85557.1| putative m
uconate cycloisom

erase I [Yersinia 
pestis K

IM
] 

x

22125883
>gi|22125883|ref|N

P
_669306.1| m

uconate cycloisom
erase I [Yersinia pestis 

K
IM

] 
x

51596584
>gi|51596584|ref|Y

P
_070775.1| putative m

andelate racem
ase / m

uconate 
lactonizing protein [Yersinia pseudotuberculosis IP 32953] 

x

45441921
>gi|45441921|ref|N

P
_993460.1| putative m

andelate racem
ase / m

uconate 
lactonizing protein [Yersinia pestis biovar M

edievalis str. 91001] 
x

16122565
>gi|16122565|ref|N

P
_405878.1| putative m

andelate racem
ase / m

uconate 
lactonizing protein [Yersinia pestis C

O
92]

x
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83593891
>gi|83593891|ref|Y

P
_427643.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [R
hodospirillum

 rubrum
 ATC

C
 11170] 

x

83576805
>gi|83576805|gb|A

B
C

23356.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodospirillum
 rubrum

 ATC
C

 11170]
x

74420148
>gi|74420148|gb|A

B
A

04347.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

itrobacter w
inogradskyi N

b-255] 
x

75675278
>gi|75675278|ref|Y

P
_317699.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e [N
itrobacter w

inogradskyi N
b-255]

x

77739092
>gi|77739092|ref|ZP

_00807584.1| IM
P dehydrogenase/G

M
P 

reductase:M
andelate racem

ase/m
uconate lactonizing enzym

e 
[R

hodopseudom
onas palustris B

isA
53] 

x

77700902
>gi|77700902|gb|E

A
O

92041.1| IM
P dehydrogenase/G

M
P 

reductase:M
andelate racem

ase/m
uconate lactonizing enzym

e 
[R

hodopseudom
onas palustris B

isA
53]

x

56127654
>gi|56127654|gb|A

AV
77160.1| putative m

andelate racem
ase [S

alm
onella 

enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150] 

x

56413397
>gi|56413397|ref|Y

P
_150472.1| putative m

andelate racem
ase [S

alm
onella 

enterica subsp. enterica serovar P
aratyphi A str. ATC

C
 9150]

x

21110264
>gi|21110264|gb|A

A
M

38704.1| chlorom
uconate cycloisom

erase 
[X

anthom
onas axonopodis pv. citri str. 306] 

x

21244586
>gi|21244586|ref|N

P
_644168.1| chlorom

uconate cycloisom
erase 

[X
anthom

onas axonopodis pv. citri str. 306]
x

46913516
>gi|46913516|em

b|C
A

G
20302.1| H

ypothetical m
uconate cycloisom

erase I 
[P

hotobacterium
 profundum

 S
S

9] 
x

54309084
>gi|54309084|ref|Y

P
_130104.1| H

ypothetical m
uconate cycloisom

erase I 
[P

hotobacterium
 profundum

 S
S

9]
x

15023023
>gi|15023023|gb|A

A
K

78174.1| S
im

ilar to chlorom
uconate cycloisom

erase 
[C

lostridium
 acetobutylicum

 ATC
C

 824] 
x

15893485
>gi|15893485|ref|N

P
_346834.1| S

im
ilar to chlorom

uconate cycloisom
erase 

[C
lostridium

 acetobutylicum
 ATC

C
 824]

x

10581283
>gi|10581283|gb|A

A
G

20045.1| chlorom
uconate cycloisom

erase; Y
kfB

1 
[H

alobacterium
 sp. N

R
C

-1] 
x
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21115078
>gi|21115078|gb|A

A
M

43053.1| chlorom
uconate cycloisom

erase 
[X

anthom
onas cam

pestris pv. cam
pestris str. ATC

C
 33913] 

x

21233235
>gi|21233235|ref|N

P
_639152.1| chlorom

uconate cycloisom
erase 

[X
anthom

onas cam
pestris pv. cam

pestris str. ATC
C

 33913]
x

78037966
>gi|78037966|em

b|C
A

J25711.1| putative chlorom
uconate cycloisom

erase 
[X

anthom
onas cam

pestris pv. vesicatoria str. 85-10] 
x

78049536
>gi|78049536|ref|Y

P
_365711.1| putative chlorom

uconate cycloisom
erase 

[X
anthom

onas cam
pestris pv. vesicatoria str. 85-10]

x

28808495
>gi|28808495|dbj|B

A
C

61672.1| putative m
uconate cycloisom

erase I [Vibrio 
parahaem

olyticus R
IM

D
 2210633] 

x

28900184
>gi|28900184|ref|N

P
_799839.1| putative m

uconate cycloisom
erase I [Vibrio 

parahaem
olyticus R

IM
D

 2210633]
x

51976131
>gi|51976131|gb|A

A
U

17681.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

acillus cereus E
33L] 

x

52142662
>gi|52142662|ref|Y

P
_084167.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
acillus cereus E

33L]
x

17132665
>gi|17132665|dbj|B

A
B

75231.1| m
uconate cycloisom

erase [N
ostoc sp. P

C
C

 
7120] 

x

17231024
>gi|17231024|ref|N

P
_487572.1| m

uconate cycloisom
erase [N

ostoc sp. P
C

C
 

7120]
x

66575509
>gi|66575509|gb|A

AY
50919.1| chlorom

uconate cycloisom
erase 

[X
anthom

onas cam
pestris pv. cam

pestris str. 8004] 
x

66770177
>gi|66770177|ref|Y

P
_244939.1| chlorom

uconate cycloisom
erase 

[X
anthom

onas cam
pestris pv. cam

pestris str. 8004]
x

68192448
>gi|68192448|gb|E

A
N

07102.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [M

esorhizobium
 sp. B

N
C

1] 
x

69276542
>gi|69276542|ref|ZP

_00612136.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [M

esorhizobium
 sp. B

N
C

1]
x

75703443
>gi|75703443|gb|A

B
A

23119.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [A

nabaena variabilis ATC
C

 29413] 
x

75909718
>gi|75909718|ref|Y

P
_324014.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [A
nabaena variabilis ATC

C
 29413]

x

              942



         Table L-1. G
enB

ank N
R

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

69300394
>gi|69300394|ref|ZP

_00621959.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [S

ilicibacter sp. TM
1040] 

x

69132915
>gi|69132915|gb|E

A
N

56189.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [S

ilicibacter sp. TM
1040]

x

32446038
>gi|32446038|em

b|C
A

D
75867.1| chlorom

uconate cycloisom
erase Y

kfB
1 

[R
hodopirellula baltica S

H
 1] 

x

32475496
>gi|32475496|ref|N

P
_868490.1| chlorom

uconate cycloisom
erase Y

kfB
1 

[R
hodopirellula baltica S

H
 1]

x

82544227
>gi|82544227|ref|Y

P
_408174.1| putative m

uconate cycloisom
erase I [S

higella 
boydii S

b227] 
x

81245638
>gi|81245638|gb|A

B
B

66346.1| putative m
uconate cycloisom

erase I [S
higella 

boydii S
b227]

x

49330647
>gi|49330647|gb|A

AT61293.1| m
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

acillus thuringiensis serovar konkukian str. 97-27] 
x

49479091
>gi|49479091|ref|Y

P
_036935.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
acillus thuringiensis serovar konkukian str. 97-27]

x

84369475
>gi|84369475|dbj|B

A
E

70633.1| chlorom
uconate cycloisom

erase 
[X

anthom
onas oryzae pv. oryzae M

A
FF 311018] 

x

84625535
>gi|84625535|ref|Y

P
_452907.1| chlorom

uconate cycloisom
erase 

[X
anthom

onas oryzae pv. oryzae M
A

FF 311018] 
x

58583725
>gi|58583725|ref|Y

P
_202741.1| chlorom

uconate cycloisom
erase 

[X
anthom

onas oryzae pv. oryzae K
A

C
C

10331] 
x

58428319
>gi|58428319|gb|A

AW
77356.1| chlorom

uconate cycloisom
erase 

[X
anthom

onas oryzae pv. oryzae K
A

C
C

10331]
x

77966567
>gi|77966567|gb|A

B
B

07947.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia sp. 383] 
x

78065822
>gi|78065822|ref|Y

P
_368591.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
urkholderia sp. 383]

x

84515760
>gi|84515760|ref|ZP

_01003121.1| M
andelate racem

ase / m
uconate 

lactonizing enzym
e [Loktanella vestfoldensis S

K
A

53] 
x

84510202
>gi|84510202|gb|E

A
Q

06658.1| M
andelate racem

ase / m
uconate lactonizing 

enzym
e [Loktanella vestfoldensis S

K
A

53]
x
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10175628
>gi|10175628|dbj|B

A
B

06725.1| m
uconate cycloisom

erase [B
acillus 

halodurans C
-125] 

x

15615568
>gi|15615568|ref|N

P
_243872.1| m

uconate cycloisom
erase [B

acillus 
halodurans C

-125]
x

68180729
>gi|68180729|ref|ZP

_00553712.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [Jannaschia sp. C

C
S

1] 
x

67979088
>gi|67979088|gb|E

A
M

68705.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [Jannaschia sp. C

C
S

1]
x

77684669
>gi|77684669|ref|ZP

_00800093.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [A

lkaliphilus m
etalliredigenes Q

Y
M

F] 
x

77639548
>gi|77639548|gb|E

A
O

81912.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [A

lkaliphilus m
etalliredigenes Q

Y
M

F]
x

74312308
>gi|74312308|ref|Y

P
_310727.1| putative m

uconate cycloisom
erase I [S

higella 
sonnei S

s046] 
x

73855785
>gi|73855785|gb|A

A
Z88492.1| putative m

uconate cycloisom
erase I [S

higella 
sonnei S

s046]
x

84389418
>gi|84389418|ref|ZP

_00991224.1| putative m
uconate cycloisom

erase I [Vibrio 
splendidus 12B

01] 
x

84376933
>gi|84376933|gb|E

A
P

93806.1| putative m
uconate cycloisom

erase I [Vibrio 
splendidus 12B

01]
x

52003007
>gi|52003007|gb|A

A
U

22949.1| putative m
uconate cycloisom

erase [B
acillus 

subtilis phage P
B

S
X

] 
x

52079796
>gi|52079796|ref|Y

P
_078587.1| putative m

uconate cycloisom
erase [B

acillus 
licheniform

is ATC
C

 14580] 
x

86145024
>gi|86145024|ref|ZP

_01063356.1| putative m
uconate cycloisom

erase I [Vibrio 
sp. M

E
D

222] 
x

85837923
>gi|85837923|gb|E

A
Q

56035.1| putative m
uconate cycloisom

erase I [Vibrio 
sp. M

E
D

222]
x

68560641
>gi|68560641|ref|ZP

_00599952.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

ubrobacter xylanophilus D
S

M
 9941] 

x

68513172
>gi|68513172|gb|E

A
N

36968.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

ubrobacter xylanophilus D
S

M
 9941]

x
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76792916
>gi|76792916|ref|ZP

_00775410.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

seudoalterom
onas atlantica T6c] 

x

76591735
>gi|76591735|gb|E

A
O

67931.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

seudoalterom
onas atlantica T6c]

x

76557748
>gi|76557748|em

b|C
A

I49331.1| m
andelate racem

ase hom
olog / m

uconate 
lactonizing enzym

e hom
olog [N

atronom
onas pharaonis D

S
M

 2160] 
x

76801883
>gi|76801883|ref|Y

P
_326891.1| m

andelate racem
ase hom

olog / m
uconate 

lactonizing enzym
e hom

olog [N
atronom

onas pharaonis D
S

M
 2160]

x

72123620
>gi|72123620|gb|A

A
Z65763.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [R
alstonia eutropha JM

P
134] 

x

72384267
>gi|72384267|ref|Y

P
_293620.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [R
alstonia eutropha JM

P
134] 

x

41326584
>gi|41326584|em

b|C
A

F21066.1| C
H

LO
R

O
M

U
C

O
N

ATE
 C

Y
C

LO
IS

O
M

E
R

A
S

E
 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032] 
x

62391244
>gi|62391244|ref|Y

P
_226646.1| C

H
LO

R
O

M
U

C
O

N
ATE

 C
Y

C
LO

IS
O

M
E

R
A

S
E

 
[C

orynebacterium
 glutam

icum
 ATC

C
 13032] 

x

23308936
>gi|23308936|ref|N

P
_601602.2| putative chlorom

uconate cycloisom
erase 

[C
orynebacterium

 glutam
icum

 ATC
C

 13032]
x

57223758
>gi|57223758|gb|A

AW
41801.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e, putative [C
ryptococcus neoform

ans var. neoform
ans JE

C
21] 

x

58263396
>gi|58263396|ref|X

P
_569108.1| m

andelate racem
ase/m

uconate lactonizing 
enzym

e [C
ryptococcus neoform

ans var. neoform
ans JE

C
21]

x

77969357
>gi|77969357|gb|A

B
B

10736.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia sp. 383] 
x

78061472
>gi|78061472|ref|Y

P
_371380.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
urkholderia sp. 383]

x

74018423
>gi|74018423|ref|ZP

_00689044.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
] 

x

72608955
>gi|72608955|gb|E

A
O

44906.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
]

x
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67663584
>gi|67663584|ref|ZP

_00460865.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia H
I2424] 

x

67655301
>gi|67655301|ref|ZP

_00452688.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia A
U

 1054] 
x

67102866
>gi|67102866|gb|E

A
M

19995.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia H
I2424] 

x

67097439
>gi|67097439|gb|E

A
M

14961.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia cenocepacia A
U

 1054]
x

45436138
>gi|45436138|gb|A

A
S

61694.1| O
-succinylbenzoate synthase and related 

enzym
es [Yersinia pestis biovar M

edievalis str. 91001] 
x

45441278
>gi|45441278|ref|N

P
_992817.1| O

-succinylbenzoate synthase and related 
enzym

e [Yersinia pestis biovar M
edievalis str. 91001]

x

17983732
>gi|17983732|gb|A

A
L52888.1| M

A
N

D
E

LATE
 R

A
C

E
M

A
S

E
 [B

rucella 
m

elitensis 16M
] 

x

17987990
>gi|17987990|ref|N

P
_540624.1| M

A
N

D
E

LATE
 R

A
C

E
M

A
S

E
 [B

rucella 
m

elitensis 16M
] 

x

82699152
>gi|82699152|ref|Y

P
_413726.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
rucella m

elitensis biovar A
bortus 2308] 

x

82615253
>gi|82615253|em

b|C
A

J10204.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

rucella m
elitensis biovar A

bortus]
x

67543243
>gi|67543243|ref|ZP

_00421176.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia vietnam
iensis G

4] 
x

67535422
>gi|67535422|gb|E

A
M

32154.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia vietnam
iensis G

4]
x

86360704
>gi|86360704|ref|Y

P
_472592.1| probable m

andelate racem
ase protein 

[R
hizobium

 etli C
FN

 42] 
x

86284806
>gi|86284806|gb|A

B
C

93865.1| probable m
andelate racem

ase protein 
[R

hizobium
 etli C

FN
 42]

x

67777516
>gi|67777516|gb|E

A
M

37143.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

olarom
onas sp. JS

666] 
x

67910349
>gi|67910349|ref|ZP

_00508740.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

olarom
onas sp. JS

666]
x
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74020687
>gi|74020687|ref|ZP

_00691276.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodoferax ferrireducens D
S

M
 15236] 

x

72606701
>gi|72606701|gb|E

A
O

42684.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

hodoferax ferrireducens D
S

M
 15236]

x

29610948
>gi|29610948|dbj|B

A
C

74993.1| putative m
andelate racem

ase [S
treptom

yces 
averm

itilis M
A

-4680] 
x

29833824
>gi|29833824|ref|N

P
_828458.1| putative m

andelate racem
ase [S

treptom
yces 

averm
itilis M

A
-4680]

x

68562552
>gi|68562552|ref|ZP

_00601806.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

ubrobacter xylanophilus D
S

M
 9941] 

x

68511291
>gi|68511291|gb|E

A
N

35144.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

ubrobacter xylanophilus D
S

M
 9941]

x

76651806
>gi|76651806|ref|X

P
_871913.1| P

R
E

D
IC

TE
D

: sim
ilar to rTS

 beta protein 
isoform

 2 [B
os taurus]

x

67675856
>gi|67675856|ref|ZP

_00472610.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e 

[C
hrom

ohalobacter salexigens D
S

M
 3043] 

x

67520125
>gi|67520125|gb|E

A
M

24071.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e 

[C
hrom

ohalobacter salexigens D
S

M
 3043]

x

78038273
>gi|78038273|em

b|C
A

J26018.1| putative m
andelate racem

ase/m
uconate 

lactonizing enzym
e [X

anthom
onas cam

pestris pv. vesicatoria str. 85-10] 
x

78049843
>gi|78049843|ref|Y

P
_366018.1| putative m

andelate racem
ase/m

uconate 
lactonizing enzym

e [X
anthom

onas cam
pestris pv. vesicatoria str. 85-10]

x

67986809
>gi|67986809|gb|E

A
M

74620.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [K

ineococcus radiotolerans S
R

S
30216] 

x

69286820
>gi|69286820|ref|ZP

_00617628.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [K

ineococcus radiotolerans S
R

S
30216]

x

73961860
>gi|73961860|ref|X

P
_848625.1| P

R
E

D
IC

TE
D

: sim
ilar to rTS

 beta protein 
isoform

 2 isoform
 3 [C

anis fam
iliaris]

x
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32398341
>gi|32398341|em

b|C
A

D
61030.1| putative m

andelate racem
ase/m

uconate 
lactonizing enzym

e [A
rthrobacter ilicis]

x

69300569
>gi|69300569|ref|ZP

_00622134.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [S

ilicibacter sp. TM
1040] 

x

69133090
>gi|69133090|gb|E

A
N

56364.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [S

ilicibacter sp. TM
1040]

x

51589196
>gi|51589196|em

b|C
A

H
20816.1| putative racem

ase [Yersinia 
pseudotuberculosis IP 32953] 

x

15979607
>gi|15979607|em

b|C
A

C
90389.1| putative racem

ase [Yersinia pestis C
O

92] 
x

51595914
>gi|51595914|ref|Y

P
_070105.1| putative racem

ase [Yersinia 
pseudotuberculosis IP 32953] 

x

16121837
>gi|16121837|ref|N

P
_405150.1| putative racem

ase [Yersinia pestis C
O

92]
x

68182765
>gi|68182765|ref|ZP

_00555743.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [Jannaschia sp. C

C
S

1] 
x

67976928
>gi|67976928|gb|E

A
M

66550.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [Jannaschia sp. C

C
S

1]
x

66963668
>gi|66963668|ref|ZP

_00411239.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e [A

rthrobacter sp. 
FB

24] 
x

66870116
>gi|66870116|gb|E

A
L97481.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e:M
andelate racem

ase/m
uconate lactonizing enzym

e [A
rthrobacter sp. 

FB
24]

x

67676304
>gi|67676304|ref|ZP

_00473054.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [C

hrom
ohalobacter salexigens D

S
M

 3043] 
x

67519629
>gi|67519629|gb|E

A
M

23581.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [C

hrom
ohalobacter salexigens D

S
M

 3043]
x

19917838
>gi|19917838|gb|A

A
M

07119.1| acylneuram
inate cytidylyltransferase 

[M
ethanosarcina acetivorans C

2A
] 

x

20092564
>gi|20092564|ref|N

P
_618639.1| acylneuram

inate cytidylyltransferase 
[M

ethanosarcina acetivorans C
2A

]
x
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56313239
>gi|56313239|em

b|C
A

I07884.1| P
henylphosphate carboxylase, gam

m
a 

subunit [A
zoarcus sp. E

bN
1] 

x

56477196
>gi|56477196|ref|Y

P
_158785.1| phenylphosphate carboxylase, gam

m
a 

subunit [A
zoarcus sp. E

bN
1]

x

27359576
>gi|27359576|gb|A

A
O

08520.1| P
redicted phosphatase/phosphohexom

utase 
[Vibrio vulnificus C

M
C

P
6] 

x

27368003
>gi|27368003|ref|N

P
_763530.1| P

redicted phosphatase/phosphohexom
utase 

[Vibrio vulnificus C
M

C
P

6] 
x

75856018
>gi|75856018|ref|ZP

_00763654.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Vibrio sp. E
x25]

x

32041351
>gi|32041351|ref|ZP

_00138934.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [P
seudom

onas aeruginosa U
C

B
P

P
-PA

14] 
x

84328248
>gi|84328248|ref|ZP

_00976255.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [P
seudom

onas aeruginosa 2192]
x

84321922
>gi|84321922|ref|ZP

_00970273.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [P
seudom

onas aeruginosa C
3719]

x

75831515
>gi|75831515|ref|ZP

_00760778.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Vibrio cholerae M
O

10] 
x

75825431
>gi|75825431|ref|ZP

_00754867.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Vibrio cholerae O
395] 

x

75817213
>gi|75817213|ref|ZP

_00747666.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Vibrio cholerae V
52] 

x

75818497
>gi|75818497|ref|ZP

_00748652.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Vibrio cholerae V
51]

x

75821624
>gi|75821624|ref|ZP

_00751452.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Vibrio cholerae R
C

385]
x

16418937
>gi|16418937|gb|A

A
L19386.1| 2-am

inoethylphosphonate transport 
[S

alm
onella typhim

urium
 LT2] 

x

16763812
>gi|16763812|ref|N

P
_459427.1| 2-am

inoethylphosphonate transport 
[S

alm
onella typhim

urium
 LT2]

x

62179043
>gi|62179043|ref|Y

P
_215460.1| 2-am

inoethylphosphonate transport 
[S

alm
onella enterica subsp. enterica serovar C

holeraesuis str. S
C

-B
67] 

x
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62126676
>gi|62126676|gb|A

A
X

64379.1| 2-am
inoethylphosphonate transport 

[S
alm

onella enterica subsp. enterica serovar C
holeraesuis str. S

C
-B

67]
x

84394244
>gi|84394244|ref|ZP

_00992971.1| P
redicted 

phosphatase/phosphohexom
utase [Vibrio splendidus 12B

01] 
x

84375119
>gi|84375119|gb|E

A
P

92039.1| P
redicted phosphatase/phosphohexom

utase 
[Vibrio splendidus 12B

01]
x

86144390
>gi|86144390|ref|ZP

_01062722.1| P
redicted 

phosphatase/phosphohexom
utase [Vibrio sp. M

E
D

222] 
x

85837289
>gi|85837289|gb|E

A
Q

55401.1| P
redicted phosphatase/phosphohexom

utase 
[Vibrio sp. M

E
D

222]
x

65318692
>gi|65318692|ref|ZP

_00391651.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [B
acillus anthracis str. A

2012]
x

34013301
>gi|34013301|dbj|B

A
C

81974.1| haloacetate dehalogenase H
-2 [D

elftia 
acidovorans] 

x

18916607
>gi|18916607|dbj|B

A
B

85580.1| haloacetate dehalogenase H
-2 [D

elftia 
acidovorans] 

x

18916600
>gi|18916600|dbj|B

A
B

85577.1| haloacetate dehalogenase H
-2 [D

elftia 
acidovorans] 

x

216775
>gi|216775|dbj|B

A
A

14413.1| haloacetate dehalogenase H
-2 [M

oraxella sp. B
] 

x

34500480
>gi|34500480|ref|N

P
_904251.1| haloacetate dehalogenase H

-2 [D
elftia 

acidovorans] 
x

461926
>gi|461926|sp|Q

01399|D
E

H
2_M

O
R

S
B

 H
aloacetate dehalogenase H

-2 
x

348433
>gi|348433|pir||B

44856 haloacetate dehalogenase (E
C

 3.8.1.3) H
-2 - 

M
oraxella sp. plasm

id pU
O

1
x

52211788
>gi|52211788|em

b|C
A

H
37787.1| putative am

ino acid dioxygenase 
[B

urkholderia pseudom
allei K

96243] 
x

53721374
>gi|53721374|ref|Y

P
_110359.1| putative am

ino acid dioxygenase 
[B

urkholderia pseudom
allei K

96243] 
x

76582500
>gi|76582500|gb|A

B
A

51974.1| putative am
ino acid dioxygenase 

[B
urkholderia pseudom

allei 1710b] 
x

76818027
>gi|76818027|ref|Y

P
_337051.1| putative am

ino acid dioxygenase 
[B

urkholderia pseudom
allei 1710b]

x
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77381551
>gi|77381551|gb|A

B
A

73064.1| G
lyoxalase/bleom

ycin resistance 
protein/dioxygenase [P

seudom
onas fluorescens P

fO
-1] 

x

77457548
>gi|77457548|ref|Y

P
_347053.1| G

lyoxalase/bleom
ycin resistance 

protein/dioxygenase [P
seudom

onas fluorescens P
fO

-1]
x

32041139
>gi|32041139|ref|ZP

_00138722.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa U
C

B
P

P
-PA

14] 
x

84328603
>gi|84328603|ref|ZP

_00976607.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa 2192] 
x

84322124
>gi|84322124|ref|ZP

_00970469.1| C
O

G
0346: Lactoylglutathione lyase and 

related lyases [P
seudom

onas aeruginosa C
3719] 

x

86169225
>gi|86169225|gb|E

A
Q

70481.1| G
lyoxalase/B

leom
ycin resistance 

protein/D
ioxygenase superfam

ily protein [S
ynechococcus sp. R

S
9917]

x

68178628
>gi|68178628|ref|ZP

_00551741.1| IM
P dehydrogenase/G

M
P 

reductase:A
m

idohydrolase [D
esulfurom

onas acetoxidans D
S

M
 684] 

x

67981316
>gi|67981316|gb|E

A
M

70759.1| IM
P dehydrogenase/G

M
P 

reductase:A
m

idohydrolase [D
esulfurom

onas acetoxidans D
S

M
 684]

x

22776497
>gi|22776497|dbj|B

A
C

12773.1| enoyl-C
oA hydratase (3-hydroxybutyryl-C

oA 
dehydratase) [O

ceanobacillus iheyensis H
TE

831] 
x

60492114
>gi|60492114|em

b|C
A

H
06877.1| putative hem

e-binding enolase [B
acteroides 

fragilis N
C

TC
 9343] 

x

29839251
>gi|29839251|sp|Q

8K
N

X
9|E

N
O

_B
A

C
FR

 E
nolase (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase) (H

em
e uptake protein A

) 
x

49613860
>gi|49613860|em

b|C
A

G
77312.1| D

goA protein [includes: 2-dehydro-3-
deoxyphosphogalactonate aldolase; galactonate dehydratase] [E

rw
inia 

carotovora subsp. atroseptica S
C

R
I1043] 

x

50123334
>gi|50123334|ref|Y

P
_052501.1| D

goA protein [includes: 2-dehydro-3-
deoxyphosphogalactonate aldolase; galactonate dehydratase] [E

rw
inia 

carotovora subsp. atroseptica S
C

R
I1043]

x

16422401
>gi|16422401|gb|A

A
L22687.1| galactonate dehydratase; 2-oxo-3-

deoxygalactonate 6-phosphate aldolase [S
alm

onella typhim
urium

 LT2] 
x

16767113
>gi|16767113|ref|N

P
_462728.1| 2-oxo-3-deoxygalactonate 6-phosphate 

aldolase/galactonate dehydratase [S
alm

onella typhim
urium

 LT2]
x
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36786391
>gi|36786391|em

b|C
A

E
15444.1| O

-succinylbenzoate-C
oA synthase (O

S
B

 
synthase) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) [P

hotorhabdus 
lum

inescens subsp. laum
ondii TTO

1] 
x

79043126
>gi|79043126|ref|ZP

_00873779.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

ovosphingobium
 arom

aticivorans D
S

M
 12444] 

x

78772597
>gi|78772597|gb|E

A
P

36290.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [N

ovosphingobium
 arom

aticivorans D
S

M
 12444]

x

77382555
>gi|77382555|gb|A

B
A

74068.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

seudom
onas fluorescens P

fO
-1] 

x

77458552
>gi|77458552|ref|Y

P
_348057.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [P
seudom

onas fluorescens P
fO

-1]
x

72121566
>gi|72121566|gb|A

A
Z63752.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [R
alstonia eutropha JM

P
134] 

x

73538229
>gi|73538229|ref|Y

P
_298596.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [R
alstonia eutropha JM

P
134]

x

68556131
>gi|68556131|ref|ZP

_00595474.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

alstonia m
etallidurans C

H
34] 

x

68529304
>gi|68529304|gb|E

A
N

52267.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [R

alstonia m
etallidurans C

H
34]

x

607908
>gi|607908|gb|A

A
A

66202.1| m
uconate lactonizing enzym

e
x

77383191
>gi|77383191|gb|A

B
A

74704.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [P

seudom
onas fluorescens P

fO
-1] 

x

77459188
>gi|77459188|ref|Y

P
_348694.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [P
seudom

onas fluorescens P
fO

-1]
x

72118791
>gi|72118791|gb|A

A
Z61054.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [R
alstonia eutropha JM

P
134] 

x

73541378
>gi|73541378|ref|Y

P
_295898.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [R
alstonia eutropha JM

P
134]

x

77964708
>gi|77964708|gb|A

B
B

06089.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia sp. 383] 
x

78060158
>gi|78060158|ref|Y

P
_366733.1| M

andelate racem
ase/m

uconate lactonizing 
enzym

e [B
urkholderia sp. 383]

x
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74017902
>gi|74017902|ref|ZP

_00688524.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
] 

x

72609078
>gi|72609078|gb|E

A
O

45028.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
]

x

74015085
>gi|74015085|ref|ZP

_00685713.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
] 

x

72611888
>gi|72611888|gb|E

A
O

47832.1| M
andelate racem

ase/m
uconate lactonizing 

enzym
e [B

urkholderia am
bifaria A

M
M

D
]

x

32030885
>gi|32030885|ref|ZP

_00133620.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [H

aem
ophilus som

nus 2336] 
x

23467284
>gi|23467284|ref|ZP

_00122867.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [H

aem
ophilus som

nus 129P
T]

x

42629027
>gi|42629027|ref|ZP

_00154577.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [H

aem
ophilus influenzae R

2846]
x

42631907
>gi|42631907|ref|ZP

_00157445.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [H

aem
ophilus influenzae R

2866]
x

84323010
>gi|84323010|ref|ZP

_00971087.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [P

seudom
onas aeruginosa 2192] 

x

84316989
>gi|84316989|ref|ZP

_00965446.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [P

seudom
onas aeruginosa C

3719]
x

32039674
>gi|32039674|ref|ZP

_00137946.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [P

seudom
onas aeruginosa U

C
B

P
P

-PA
14]

x

32035568
>gi|32035568|ref|ZP

_00135499.1| C
O

G
1778: Low

 specificity phosphatase 
(H

A
D

 superfam
ily) [A

ctinobacillus pleuropneum
oniae serovar 1 str. 4074]

x

82699462
>gi|82699462|ref|Y

P
_414036.1| H

aloacid dehalogenase/epoxide 
hydrolase:H

aloacid dehalogenase-like hydrolase:H
A

D
-superfam

ily hydrolase, 
subfam

ily IA
, variant 2 [B

rucella m
elitensis biovar A

bortus 2308] 

x

82615563
>gi|82615563|em

b|C
A

J10546.1| H
aloacid dehalogenase/epoxide 

hydrolase:H
aloacid dehalogenase-like hydrolase:H

A
D

-superfam
ily hydrolase, 

subfam
ily IA

, variant 2 [B
rucella m

elitensis biovar A
bortus]

x
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23023945
>gi|23023945|ref|ZP

_00063172.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Leuconostoc m
esenteroides subsp. 

m
esenteroides ATC

C
 8293]

x

23023302
>gi|23023302|ref|ZP

_00062539.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Leuconostoc m
esenteroides subsp. 

m
esenteroides ATC

C
 8293]

x

68196414
>gi|68196414|gb|E

A
N

10842.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[E
nterococcus faecium

 D
O

] 
x

69244473
>gi|69244473|ref|ZP

_00602889.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[E
nterococcus faecium

 D
O

]
x

48866179
>gi|48866179|ref|ZP

_00320036.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [O
enococcus oeni P

S
U

-1]
x

20515793
>gi|20515793|gb|A

A
M

24059.1| predicted phosphatase/phosphohexom
utase 

[Therm
oanaerobacter tengcongensis M

B
4] 

x

20807284
>gi|20807284|ref|N

P
_622455.1| predicted phosphatase/phosphohexom

utase 
[Therm

oanaerobacter tengcongensis M
B

4]
x

76795835
>gi|76795835|ref|ZP

_00778206.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[Therm
oanaerobacter ethanolicus ATC

C
 33223] 

x

76588820
>gi|76588820|gb|E

A
O

65221.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[Therm
oanaerobacter ethanolicus ATC

C
 33223]

x

62463248
>gi|62463248|ref|ZP

_00382589.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [Lactococcus lactis subsp. crem
oris S

K
11]

x

75242116
>gi|75242116|ref|ZP

_00725910.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli F11]

x

75259429
>gi|75259429|ref|ZP

_00730748.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli E

22] 
x
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75212757
>gi|75212757|ref|ZP

_00712755.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli B

171] 
x

75190403
>gi|75190403|ref|ZP

_00703670.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli E

24377A
]

x

75515063
>gi|75515063|ref|ZP

_00737267.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli 53638] 

x

75195466
>gi|75195466|ref|ZP

_00705536.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli H

S
] 

x

83587457
>gi|83587457|ref|ZP

_00926085.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli 101-1] 

x

68195257
>gi|68195257|gb|E

A
N

09710.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[E
nterococcus faecium

 D
O

] 
x

69246454
>gi|69246454|ref|ZP

_00603949.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[E
nterococcus faecium

 D
O

]
x

75240037
>gi|75240037|ref|ZP

_00723998.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli E

110019]
x

75231885
>gi|75231885|ref|ZP

_00718226.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [E
scherichia coli B

7A
]

x

83569459
>gi|83569459|ref|ZP

_00920912.1| C
O

G
0637: P

redicted 
phosphatase/phosphohexom

utase [S
higella dysenteriae 1012]

x

68055676
>gi|68055676|ref|ZP

_00539819.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[E
xiguobacterium

 sp. 255-15] 
x

68007811
>gi|68007811|gb|E

A
M

87055.1| H
A

D
-superfam

ily hydrolase, subfam
ily IA

, 
variant 3:B

eta-phosphoglucom
utase:B

eta-phosphoglucom
utase hydrolase 

[E
xiguobacterium

 sp. 255-15]
x

83749409
>gi|83749409|ref|ZP

_00946403.1| 3-dehydroshikim
ate dehydratase / 4-

hydroxyphenylpyruvate dioxygenase [R
alstonia solanacearum

 U
W

551] 
x

83723936
>gi|83723936|gb|E

A
P

71120.1| 3-dehydroshikim
ate dehydratase / 4-

hydroxyphenylpyruvate dioxygenase [R
alstonia solanacearum

 U
W

551]
x
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rotK
B

/TrE
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A
ccession

A
nnotation

E
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Incorrect
C

orrect
G

eneral
Q

8FK
G

9_E
C

O
L6

>gnl|tr|Q
8FK

G
9_E

C
O

L6 (Q
8FK

G
9) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

53ZC
8_E

C
O

LI
>gnl|tr|Q

53ZC
8_E

C
O

LI (Q
53ZC

8) C
ytosine deam

inase
x

Q
57JD

4_S
A

LC
H

>gnl|tr|Q
57JD

4_S
A

LC
H

 (Q
57JD

4) P
utative cytosine deam

inase
x

Q
8ZJE

7_Y
E

R
P

E
>gnl|tr|Q

8ZJE
7_Y

E
R

P
E

 (Q
8ZJE

7) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
8X

690_E
C

O
57

>gnl|tr|Q
8X

690_E
C

O
57 (Q

8X
690) C

ytosine deam
inase

x
Q

5P
LF4_S

A
LPA

>gnl|tr|Q
5P

LF4_S
A

LPA (Q
5P

LF4) C
ytosine deam

inase
x

Q
8Z3F3_S

A
LTI

>gnl|tr|Q
8Z3F3_S

A
LTI (Q

8Z3F3) C
ytosine deam

inase
x

Q
8ZLR

0_S
A

LTY
>gnl|tr|Q

8ZLR
0_S

A
LTY (Q

8ZLR
0) P

utative cytosine deam
inase (E

C
 

3.5.4.1)
x

Q
6Q

8Q
1_E

C
O

LI
>gnl|tr|Q

6Q
8Q

1_E
C

O
LI (Q

6Q
8Q

1) C
ytosine deam

inase
x

Q
664N

0_Y
E

R
P

S
>gnl|tr|Q

664N
0_Y

E
R

P
S

 (Q
664N

0) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
66ZJ3_9C

A
R

Y
>gnl|tr|Q

66ZJ3_9C
A

R
Y (Q

66ZJ3) C
ytosine deam

inase (Fragm
ent)

x
Q

9I680_P
S

E
A

E
>gnl|tr|Q

9I680_P
S

E
A

E
 (Q

9I680) C
ytosine deam

inase
x

Q
92X

H
0_R

H
IM

E
>gnl|tr|Q

92X
H

0_R
H

IM
E

 (Q
92X

H
0) P

utative C
odA

1 cytosine deam
inase 

(E
C

 3.5.4.1)
x

Q
5E

7H
0_V

IB
F1

>gnl|tr|Q
5E

7H
0_V

IB
F1 (Q

5E
7H

0) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
87G

S
2_V

IB
PA

>gnl|tr|Q
87G

S
2_V

IB
PA (Q

87G
S

2) P
utative cytosine deam

inase
x

Q
8D

5W
3_V

IB
V

U
>gnl|tr|Q

8D
5W

3_V
IB

V
U

 (Q
8D

5W
3) C

ytosine deam
inase

x
Q

7M
C

Y
1_V

IB
V

Y
>gnl|tr|Q

7M
C

Y
1_V

IB
V

Y (Q
7M

C
Y

1) C
ytosine deam

inase
x

Q
6LH

I8_P
H

O
P

R
>gnl|tr|Q

6LH
I8_P

H
O

P
R

 (Q
6LH

I8) P
utative cytosine deam

inase
x

Q
8X

Z12_R
A

LS
O

>gnl|tr|Q
8X

Z12_R
A

LS
O

 (Q
8X

Z12) P
R

O
B

A
B

LE
 C

Y
TO

S
IN

E
 D

E
A

M
IN

A
S

E
 

(C
Y

TO
S

IN
E

 A
M

IN
O

H
Y

D
R

O
LA

S
E

) P
R

O
TE

IN
 (E

C
 3.5.4.1)

x

Q
8X

M
D

3_C
LO

P
E

>gnl|tr|Q
8X

M
D

3_C
LO

P
E

 (Q
8X

M
D

3) C
ytosine deam

inase
x

Q
4J633_A

ZO
V

I
>gnl|tr|Q

4J633_A
ZO

V
I (Q

4J633) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
6W

266_R
H

IS
N

>gnl|tr|Q
6W

266_R
H

IS
N

 (Q
6W

266) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
8G

870_B
IFLO

>gnl|tr|Q
8G

870_B
IFLO

 (Q
8G

870) C
ytosine deam

inase
x

Q
3R

TW
7_R

A
LM

E
>gnl|tr|Q

3R
TW

7_R
A

LM
E

 (Q
3R

TW
7) A

m
idohydrolase

x
x

Q
3J118_R

H
O

S
4

>gnl|tr|Q
3J118_R

H
O

S
4 (Q

3J118) C
ytosine deam

inase
x

Q
3L5C

3_B
IFB

R
>gnl|tr|Q

3L5C
3_B

IFB
R

 (Q
3L5C

3) C
ytosine deam

inase
x

Q
893E

4_C
LO

TE
>gnl|tr|Q

893E
4_C

LO
TE

 (Q
893E

4) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
4K

9F3_P
S

E
F5

>gnl|tr|Q
4K

9F3_P
S

E
F5 (Q

4K
9F3) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

5W
A

P
7_B

A
C

S
K

>gnl|tr|Q
5W

A
P

7_B
A

C
S

K
 (Q

5W
A

P
7) C

ytosine deam
inase (E

C
 3.5.4.1)

x
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niP

rotK
B

/TrE
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B
L D
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A
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A
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E
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Incorrect
C

orrect
G

eneral

Q
96X

W
5_S

U
LTO

>gnl|tr|Q
96X

W
5_S

U
LTO

 (Q
96X

W
5) 412aa long hypothetical cytosine 

deam
inase

x

Q
2X

IC
1_P

S
E

P
U

>gnl|tr|Q
2X

IC
1_P

S
E

P
U

 (Q
2X

IC
1) C

ytosine deam
inase

x
Q

4A
ZB

6_9B
U

R
K

>gnl|tr|Q
4A

ZB
6_9B

U
R

K
 (Q

4A
ZB

6) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
88I13_P

S
E

P
K

>gnl|tr|Q
88I13_P

S
E

P
K

 (Q
88I13) C

ytosine deam
inase

x

Q
97V

65_S
U

LS
O

>gnl|tr|Q
97V

65_S
U

LS
O

 (Q
97V

65) C
ytosine deam

inase (C
odA

) (E
C

 
3.5.4.1)

x

Q
3JG

17_B
U

R
P

1
>gnl|tr|Q

3JG
17_B

U
R

P
1 (Q

3JG
17) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

4LTU
9_9B

U
R

K
>gnl|tr|Q

4LTU
9_9B

U
R

K
 (Q

4LTU
9) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

63M
99_B

U
R

P
S

>gnl|tr|Q
63M

99_B
U

R
P

S
 (Q

63M
99) C

ytosine deam
inase (E

C
 3.5.4.1)

x
Q

62D
65_B

U
R

M
A

>gnl|tr|Q
62D

65_B
U

R
M

A (Q
62D

65) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
2T4R

6_B
U

R
TH

>gnl|tr|Q
2T4R

6_B
U

R
TH

 (Q
2T4R

6) C
ytosine deam

inase
x

Q
2S

B
Z7_9G

A
M

M
>gnl|tr|Q

2S
B

Z7_9G
A

M
M

 (Q
2S

B
Z7) C

ytosine deam
inase and related 

m
etal-dependent H

ydrolase
x

x

Q
5LP

P
2_S

ILP
O

>gnl|tr|Q
5LP

P
2_S

ILP
O

 (Q
5LP

P
2) C

ytosine deam
inase, putative

x

Q
8N

U
64_C

O
R

G
L

>gnl|tr|Q
8N

U
64_C

O
R

G
L (Q

8N
U

64) C
ytosine deam

inase and related 
m

etal-dependent hydrolases (E
C

 3.5.4.21)
x

Q
7N

H
K

7_G
LO

V
I

>gnl|tr|Q
7N

H
K

7_G
LO

V
I (Q

7N
H

K
7) C

ytosine deam
inase

x
Q

3X
5C

2_9A
C

TN
>gnl|tr|Q

3X
5C

2_9A
C

TN
 (Q

3X
5C

2) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
4J9V

1_S
U

LA
C

>gnl|tr|Q
4J9V

1_S
U

LA
C

 (Q
4J9V

1) C
ytosine deam

inase (E
C

 3.5.4.1)
x

Q
8FLL9_C

O
R

E
F

>gnl|tr|Q
8FLL9_C

O
R

E
F (Q

8FLL9) P
utative cytosine deam

inase
x

Q
3Z1X

8_S
H

IS
S

>gnl|tr|Q
3Z1X

8_S
H

IS
S

 (Q
3Z1X

8) A
denosine deam

inase
x

Q
57P

H
5_S

A
LC

H
>gnl|tr|Q

57P
H

5_S
A

LC
H

 (Q
57P

H
5) A

denosine deam
inase

x
Q

32FF0_S
H

ID
S

>gnl|tr|Q
32FF0_S

H
ID

S
 (Q

32FF0) A
denosine deam

inase
x

Q
320Y

0_S
H

IB
S

>gnl|tr|Q
320Y

0_S
H

IB
S

 (Q
320Y

0) A
denosine deam

inase
x

Q
365P

4_9G
A

M
M

>gnl|tr|Q
365P

4_9G
A

M
M

 (Q
365P

4) A
denosine deam

inase (E
C

 3.5.4.4)
x

Q
3E

0Q
9_C

H
LA

U
>gnl|tr|Q

3E
0Q

9_C
H

LA
U

 (Q
3E

0Q
9) A

denosine deam
inase

x
Q

35V
I2_9G

A
M

M
>gnl|tr|Q

35V
I2_9G

A
M

M
 (Q

35V
I2) A

denosine deam
inase (E

C
 3.5.4.4)

x

Q
2Z4Z4_9G

A
M

M
>gnl|tr|Q

2Z4Z4_9G
A

M
M

 (Q
2Z4Z4) A

denosine deam
inase (E

C
 3.5.4.4)

x

Q
2ZM

92_S
H

E
P

U
>gnl|tr|Q

2ZM
92_S

H
E

P
U

 (Q
2ZM

92) A
denosine deam

inase (E
C

 3.5.4.4)
x
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A
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A
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E
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Incorrect
C

orrect
G

eneral

Q
2W

ZZ7_9G
A

M
M

>gnl|tr|Q
2W

ZZ7_9G
A

M
M

 (Q
2W

ZZ7) A
denosine deam

inase (E
C

 3.5.4.4)
x

Q
33P

63_9G
A

M
M

>gnl|tr|Q
33P

63_9G
A

M
M

 (Q
33P

63) A
denosine deam

inase (E
C

 3.5.4.4)
x

Q
3Q

260_9G
A

M
M

>gnl|tr|Q
3Q

260_9G
A

M
M

 (Q
3Q

260) A
denosine deam

inase (E
C

 3.5.4.4)
x

Q
6LLR

1_P
H

O
P

R
>gnl|tr|Q

6LLR
1_P

H
O

P
R

 (Q
6LLR

1) P
utative adenosine deam

inase
x

Q
3P

429_9G
A

M
M

>gnl|tr|Q
3P

429_9G
A

M
M

 (Q
3P

429) A
denosine deam

inase (E
C

 3.5.4.4)
x

Q
3Q

E
L7_9G

A
M

M
>gnl|tr|Q

3Q
E

L7_9G
A

M
M

 (Q
3Q

E
L7) A

denosine deam
inase (E

C
 3.5.4.4)

x

Q
3N

N
U

5_S
H

E
FR

>gnl|tr|Q
3N

N
U

5_S
H

E
FR

 (Q
3N

N
U

5) A
denosine deam

inase (E
C

 3.5.4.4)
x

Q
66A

F0_Y
E

R
P

S
>gnl|tr|Q

66A
F0_Y

E
R

P
S

 (Q
66A

F0) A
denosine deam

inase (E
C

 3.5.4.4)
x

Q
4ZZD

7_P
S

E
U

2
>gnl|tr|Q

4ZZD
7_P

S
E

U
2 (Q

4ZZD
7) N

-acyl-D
-am

ino-acid deacylase (E
C

 
3.5.1.81)

x

Q
3K

ID
9_P

S
E

P
F

>gnl|tr|Q
3K

ID
9_P

S
E

P
F (Q

3K
ID

9) A
m

idohydrolase
x

x

Q
48P

G
1_P

S
E

14
>gnl|tr|Q

48P
G

1_P
S

E
14 (Q

48P
G

1) N
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reC
x

Q
3P

B
N

3_PA
R

D
E

>gnl|tr|Q
3P

B
N

3_PA
R

D
E

 (Q
3P

B
N

3) U
rease

x
Q

4A
0J5_S

TA
S

1
>gnl|tr|Q

4A
0J5_S

TA
S

1 (Q
4A

0J5) U
rease alpha subunit

x
Q

2Y
Y

Q
6_S

TA
A

B
>gnl|tr|Q

2Y
Y

Q
6_S

TA
A

B
 (Q

2Y
Y

Q
6) U

rease alpha subunit (E
C

 3.5.1.5)
x

Q
8R

N
U

6_H
E

LP
Y

>gnl|tr|Q
8R

N
U

6_H
E

LP
Y (Q

8R
N

U
6) U

rease B
 subunit

x
Q

8FQ
X

2_C
O

R
E

F
>gnl|tr|Q

8FQ
X

2_C
O

R
E

F (Q
8FQ

X
2) U

rease alpha subunit (E
C

 3.5.1.5)
x
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Q

5Y
W

R
8_N

O
C

FA
>gnl|tr|Q

5Y
W

R
8_N

O
C

FA (Q
5Y

W
R

8) P
utative urease alpha subunit

x

Q
79V

J3_C
O

R
G

L
>gnl|tr|Q

79V
J3_C

O
R

G
L (Q

79V
J3) U

rea am
idohydrolase (U

rease) alpha 
subunit (E

C
 3.5.1.5) (U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT)

x

Q
5FB

23_C
A

M
LA

>gnl|tr|Q
5FB

23_C
A

M
LA (Q

5FB
23) U

rease B
 subunit

x
Q

3S
3T8_9S

TR
E

>gnl|tr|Q
3S

3T8_9S
TR

E
 (Q

3S
3T8) U

rease alpha subunit
x

Q
6U

B
24_S

TR
TR

>gnl|tr|Q
6U

B
24_S

TR
TR

 (Q
6U

B
24) U

reC
 protein

x

Q
5M

607_S
TR

T2
>gnl|tr|Q

5M
607_S

TR
T2 (Q

5M
607) U

rea am
idohydrolase (U

rease) alpha 
subunit

x

Q
5M

1G
6_S

TR
T1

>gnl|tr|Q
5M

1G
6_S

TR
T1 (Q

5M
1G

6) U
rea am

idohydrolase (U
rease) alpha 

subunit
x

Q
6U

R
42_Y

E
R

M
O

>gnl|tr|Q
6U

R
42_Y

E
R

M
O

 (Q
6U

R
42) U

reC
x

Q
84I83_S

TR
TR

>gnl|tr|Q
84I83_S

TR
TR

 (Q
84I83) U

reC
x

Q
6U

R
51_Y

E
R

K
R

>gnl|tr|Q
6U

R
51_Y

E
R

K
R

 (Q
6U

R
51) U

reC
x

Q
6U

R
84_Y

E
R

A
L

>gnl|tr|Q
6U

R
84_Y

E
R

A
L (Q

6U
R

84) U
reC

x
Q

6U
R

68_Y
E

R
FR

>gnl|tr|Q
6U

R
68_Y

E
R

FR
 (Q

6U
R

68) U
reC

x
Q

6U
R

60_Y
E

R
IN

>gnl|tr|Q
6U

R
60_Y

E
R

IN
 (Q

6U
R

60) U
reC

x
Q

6U
R

76_Y
E

R
B

E
>gnl|tr|Q

6U
R

76_Y
E

R
B

E
 (Q

6U
R

76) U
reC

x
Q

6U
R

33_Y
E

R
R

O
>gnl|tr|Q

6U
R

33_Y
E

R
R

O
 (Q

6U
R

33) U
reC

x
Q

826R
9_S

TR
AW

>gnl|tr|Q
826R

9_S
TR

AW
 (Q

826R
9) P

utative urease alpha subunit
x

Q
9FC

D
3_S

TR
C

O
>gnl|tr|Q

9FC
D

3_S
TR

C
O

 (Q
9FC

D
3) U

rease alpha subunit
x

Q
84E

D
2_S

TR
TR

>gnl|tr|Q
84E

D
2_S

TR
TR

 (Q
84E

D
2) U

reC
 protein

x
Q

2ZG
T0_C

A
LS

A
>gnl|tr|Q

2ZG
T0_C

A
LS

A (Q
2ZG

T0) U
rease, alpha subunit

x
Q

7N
4Y

7_P
H

O
LL

>gnl|tr|Q
7N

4Y
7_P

H
O

LL (Q
7N

4Y
7) U

rease alpha subunit
x

Q
3V

ZP
2_9A

C
TO

>gnl|tr|Q
3V

ZP
2_9A

C
TO

 (Q
3V

ZP
2) U

rease (E
C

 3.5.1.5)
x

Q
437T6_9A

C
TO

>gnl|tr|Q
437T6_9A

C
TO

 (Q
437T6) U

rease (E
C

 3.5.1.5)
x

Q
8FZW

2_B
R

U
S

U
>gnl|tr|Q

8FZW
2_B

R
U

S
U

 (Q
8FZW

2) U
rease, alpha subunit (E

C
 3.5.1.5)

x

Q
8Y

H
Z8_B

R
U

M
E

>gnl|tr|Q
8Y

H
Z8_B

R
U

M
E

 (Q
8Y

H
Z8) U

R
E

A
S

E
 A

LP
H

A S
U

B
U

N
IT (E

C
 

3.5.1.5)
x

Q
2Y

Q
D

8_B
R

U
A

2
>gnl|tr|Q

2Y
Q

D
8_B

R
U

A
2 (Q

2Y
Q

D
8) U

rease:A
m

idohydrolase (E
C

 3.5.1.5)
x

Q
57C

E
8_B

R
U

A
B

>gnl|tr|Q
57C

E
8_B

R
U

A
B

 (Q
57C

E
8) U

reC
-2, urease, alpha subunit

x
Q

9S
6F6_LA

C
FE

>gnl|tr|Q
9S

6F6_LA
C

FE
 (Q

9S
6F6) U

rease alpha subunit
x
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Q

4ZU
D

2_P
S

E
U

2
>gnl|tr|Q

4ZU
D

2_P
S

E
U

2 (Q
4ZU

D
2) U

rease (E
C

 3.5.1.5)
x

Q
35P

05_9B
R

A
D

>gnl|tr|Q
35P

05_9B
R

A
D

 (Q
35P

05) U
rease, alpha subunit (E

C
 3.5.1.5)

x

Q
3IR

Z5_N
ATP

D
>gnl|tr|Q

3IR
Z5_N

ATP
D

 (Q
3IR

Z5) U
rease (E

C
 3.5.1.5), alpha subunit (E

C
 

3.5.1.5)
x

Q
75ZQ

5_H
A

LM
A

>gnl|tr|Q
75ZQ

5_H
A

LM
A (Q

75ZQ
5) U

rease alpha subunit U
reC

 (E
C

 
3.5.1.5)

x

Q
6JH

P
2_9P

S
E

U
>gnl|tr|Q

6JH
P

2_9P
S

E
U

 (Q
6JH

P
2) U

rease alpha subunit
x

Q
6I6I3_C

A
M

LA
>gnl|tr|Q

6I6I3_C
A

M
LA (Q

6I6I3) U
rease beta subunit (Fragm

ent)
x

Q
6I6I9_C

A
M

LA
>gnl|tr|Q

6I6I9_C
A

M
LA (Q

6I6I9) U
rease beta subunit (Fragm

ent)
x

Q
6I6H

3_C
A

M
LA

>gnl|tr|Q
6I6H

3_C
A

M
LA (Q

6I6H
3) U

rease beta subunit (Fragm
ent)

x
Q

6I6J1_C
A

M
LA

>gnl|tr|Q
6I6J1_C

A
M

LA (Q
6I6J1) U

rease beta subunit (Fragm
ent)

x
Q

6I6H
5_C

A
M

LA
>gnl|tr|Q

6I6H
5_C

A
M

LA (Q
6I6H

5) U
rease beta subunit (Fragm

ent)
x

Q
6I6I5_C

A
M

LA
>gnl|tr|Q

6I6I5_C
A

M
LA (Q

6I6I5) U
rease beta subunit (Fragm

ent)
x

Q
6I6H

7_C
A

M
LA

>gnl|tr|Q
6I6H

7_C
A

M
LA (Q

6I6H
7) U

rease beta subunit (Fragm
ent)

x
Q

6I6I1_C
A

M
LA

>gnl|tr|Q
6I6I1_C

A
M

LA (Q
6I6I1) U

rease beta subunit (Fragm
ent)

x
Q

6I6H
1_C

A
M

LA
>gnl|tr|Q

6I6H
1_C

A
M

LA (Q
6I6H

1) U
rease beta subunit (Fragm

ent)
x

Q
972W

0_S
U

LTO
>gnl|tr|Q

972W
0_S

U
LTO

 (Q
972W

0) 493aa long hypothetical urease alpha 
subunit

x

Q
6I6H

9_C
A

M
LA

>gnl|tr|Q
6I6H

9_C
A

M
LA (Q

6I6H
9) U

rease beta subunit (Fragm
ent)

x
O

86508_S
TR

C
O

>gnl|tr|O
86508_S

TR
C

O
 (O

86508) U
rease alpha subunit

x
Q

82JN
9_S

TR
AW

>gnl|tr|Q
82JN

9_S
TR

AW
 (Q

82JN
9) P

utative urease alpha subunit
x

Q
35JE

7_9B
R

A
D

>gnl|tr|Q
35JE

7_9B
R

A
D

 (Q
35JE

7) U
rease, alpha subunit (E

C
 3.5.1.5)

x
Q

40V
S

0_K
IN

R
A

>gnl|tr|Q
40V

S
0_K

IN
R

A (Q
40V

S
0) U

rease (E
C

 3.5.1.5)
x

Q
8K

T25_H
E

LB
I

>gnl|tr|Q
8K

T25_H
E

LB
I (Q

8K
T25) U

rease U
reB

 (Fragm
ent)

x
Q

8K
T24_H

E
LFE

>gnl|tr|Q
8K

T24_H
E

LFE
 (Q

8K
T24) U

rease U
reB

 (Fragm
ent)

x
Q

8K
T12_H

E
LP

Y
>gnl|tr|Q

8K
T12_H

E
LP

Y (Q
8K

T12) U
rease U

reB
 (Fragm

ent)
x

Q
8K

T33_H
E

LP
Y

>gnl|tr|Q
8K

T33_H
E

LP
Y (Q

8K
T33) U

rease U
reB

 (Fragm
ent)

x
Q

8K
T29_H

E
LH

E
>gnl|tr|Q

8K
T29_H

E
LH

E
 (Q

8K
T29) U

rease U
reB

 (Fragm
ent)

x
Q

8K
T26_H

E
LB

I
>gnl|tr|Q

8K
T26_H

E
LB

I (Q
8K

T26) U
rease U

reB
 (Fragm

ent)
x

Q
6U

K
70_H

E
LP

Y
>gnl|tr|Q

6U
K

70_H
E

LP
Y (Q

6U
K

70) U
reB

 (Fragm
ent)

x
Q

6U
K

72_H
E

LP
Y

>gnl|tr|Q
6U

K
72_H

E
LP

Y (Q
6U

K
72) U

reB
 (Fragm

ent)
x

Q
6U

K
82_H

E
LFE

>gnl|tr|Q
6U

K
82_H

E
LFE

 (Q
6U

K
82) U

reB
 (Fragm

ent)
x
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ath:A
t1g67550

>gnl|kg|ath:A
t1g67550 F12B

7.10; urease, putative / urea 
am

idohydrolase, putative [E
C

:3.5.1.5] [K
O

:K
01428 K

01429 K
01430]

x

spo:S
PA

C
1952.11c

>gnl|kg|spo:S
PA

C
1952.11c ure1; urease (E

C
 3.5.1.5) [E

C
:3.5.1.5] 

[K
O

:K
01428 K

01429 K
01430]

x

cne:C
N

H
01900

>gnl|kg|cne:C
N

H
01900 urease [E

C
:3.5.1.5] [K

O
:K

01428 K
01429 

K
01430]

x

psb:P
syr_4436

>gnl|kg|psb:P
syr_4436 urease [E

C
:3.5.1.5] [K

O
:K

01428]
x

psp:P
S

P
P

H
_4479

>gnl|kg|psp:P
S

P
P

H
_4479 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

pst:P
S

P
TO

4895
>gnl|kg|pst:P

S
P

TO
4895 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

ava:Ava_3618
>gnl|kg|ava:Ava_3618 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

pfl:P
FL_0631

>gnl|kg|pfl:P
FL_0631 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

ana:alr3670
>gnl|kg|ana:alr3670 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

pfo:P
fl_0580

>gnl|kg|pfo:P
fl_0580 urease, alpha subunit

x

syn:sll1750
>gnl|kg|syn:sll1750 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bur:B
cep18194_A

4006 >gnl|kg|bur:B
cep18194_A

4006 urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

tel:tlr0005
>gnl|kg|tel:tlr0005 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bha:B
H

0254
>gnl|kg|bha:B

H
0254 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

reu:R
eut_A

0995
>gnl|kg|reu:R

eut_A
0995 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sm
e:S

M
c01837

>gnl|kg|sm
e:S

M
c01837 ureC

; urease alpha subunit protein [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

rso:R
S

c2032
>gnl|kg|rso:R

S
c2032 ureC

, R
S

02789; probable urease (alpha subunit) 
protein [E

C
:3.5.1.5] [K

O
:K

01428]
x

hch:H
C

H
_04523

>gnl|kg|hch:H
C

H
_04523 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x
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bps:B
P

S
L2659

>gnl|kg|bps:B
P

S
L2659 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bm
a:B

M
A

2184
>gnl|kg|bm

a:B
M

A
2184 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

pae:PA
4868

>gnl|kg|pae:PA
4868 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

dar:D
aro_1427

>gnl|kg|dar:D
aro_1427 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ret:R
H

E
_C

H
03305

>gnl|kg|ret:R
H

E
_C

H
03305 ureC

; urease (U
reA am

idohydrolase) alpha 
subunit protein [E

C
:3.5.1.5] [K

O
:K

01427]
x

cyb:C
Y

B
_0023

>gnl|kg|cyb:C
Y

B
_0023 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

noc:N
oc_2880

>gnl|kg|noc:N
oc_2880 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

m
lo:m

ll4940
>gnl|kg|m

lo:m
ll4940 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sye:S
yncc9902_2257

>gnl|kg|sye:S
yncc9902_2257 urease, alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01427]

x

bpm
:B

U
R

P
S

1710b_3135 >gnl|kg|bpm
:B

U
R

P
S

1710b_3135 ureC
; urease, alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01427]

x

atc:A
G

R
_C

_4357
>gnl|kg|atc:A

G
R

_C
_4357 ureA

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

atu:A
tu2401

>gnl|kg|atu:A
tu2401 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

pm
t:P

M
T2236

>gnl|kg|pm
t:P

M
T2236 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

syd:S
yncc9605_2627

>gnl|kg|syd:S
yncc9605_2627 urease, alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01427]

x

bte:B
TH

_I1496
>gnl|kg|bte:B

TH
_I1496 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

gka:G
K

1930
>gnl|kg|gka:G

K
1930 ureC

; urease alpha subunit (urea am
idohydrolase) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

syw
:S

Y
N

W
2449

>gnl|kg|syw
:S

Y
N

W
2449 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x
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bja:blr1457
>gnl|kg|bja:blr1457 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

pm
n:P

M
N

2A
_1055

>gnl|kg|pm
n:P

M
N

2A
_1055 urease, alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01428]

x

bm
s:B

R
0270

>gnl|kg|bm
s:B

R
0270 ureC

-1; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bm
b:B

ruA
b1_0296

>gnl|kg|bm
b:B

ruA
b1_0296 ureC

-1; U
reC

-1, urease, alpha subunit 
[E

C
:3.5.1.5] [K

O
:K

01428]
x

bm
f:B

A
B

1_0300
>gnl|kg|bm

f:B
A

B
1_0300 ureC

-1; urease:am
idohydrolase [E

C
:3.5.1.5] 

[K
O

:K
01427]

x

pm
m

:P
M

M
0963

>gnl|kg|pm
m

:P
M

M
0963 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

aci:A
C

IA
D

1091
>gnl|kg|aci:A

C
IA

D
1091 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

pm
i:P

M
T9312_0836

>gnl|kg|pm
i:P

M
T9312_0836 urease, alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01427]

x

rpa:R
PA

3660
>gnl|kg|rpa:R

PA
3660 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sil:S
P

O
1714

>gnl|kg|sil:S
P

O
1714 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bm
e:B

M
E

I1652
>gnl|kg|bm

e:B
M

E
I1652 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

rsp:R
S

P
_6111

>gnl|kg|rsp:R
S

P
_6111 ureC

; U
reA am

idohydrolase (urease) alpha subunit 
[E

C
:3.5.1.5] [K

O
:K

01427]
x

ecs:E
C

s1324
>gnl|kg|ecs:E

C
s1324 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ece:Z1145
>gnl|kg|ece:Z1145 ureC

; putative urease structural subunit C
 (alpha) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

ece:Z1584
>gnl|kg|ece:Z1584 ureC

_2; putative urease structural subunit C
 (alpha) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

rpb:R
P

B
_1803

>gnl|kg|rpb:R
P

B
_1803 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01427]
x

vfi:V
F0673

>gnl|kg|vfi:V
F0673 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x
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bca:B
C

E
3662

>gnl|kg|bca:B
C

E
3662 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

hit:N
TH

I0665
>gnl|kg|hit:N

TH
I0665 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

ppu:P
P

2845
>gnl|kg|ppu:P

P
2845 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

nm
u:N

m
ul_A

1241
>gnl|kg|nm

u:N
m

ul_A
1241 urease, alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01427]

x

bsu:B
G

11983
>gnl|kg|bsu:B

G
11983 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

hin:H
I0539

>gnl|kg|hin:H
I0539 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

dra:D
R

A
0318

>gnl|kg|dra:D
R

A
0318 urease, alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

hhe:H
H

0408
>gnl|kg|hhe:H

H
0408 ureB

; urease [E
C

:3.5.1.5] [K
O

:K
01428]

x

pha:P
S

H
A

a1759
>gnl|kg|pha:P

S
H

A
a1759 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

cya:C
YA

_0603
>gnl|kg|cya:C

YA
_0603 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

bpe:B
P

3168
>gnl|kg|bpe:B

P
3168 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bbr:B
B

4323
>gnl|kg|bbr:B

B
4323 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bpa:B
P

P
3855

>gnl|kg|bpa:B
P

P
3855 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bpn:B
P

E
N

_542
>gnl|kg|bpn:B

P
E

N
_542 ureC

; putative urease structural subunit C
 (alpha) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

hpy:H
P

0072
>gnl|kg|hpy:H

P
0072 ureB

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

hpj:jhp0067
>gnl|kg|hpj:jhp0067 ureB

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

bfl:B
fl523

>gnl|kg|bfl:B
fl523 ureC

; putative urease structural subunit C
 (alpha) 

[E
C

:3.5.1.5] [K
O

:K
01428]

x
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saa:S
A

U
S

A
300_2240

>gnl|kg|saa:S
A

U
S

A
300_2240 ureC

; urease, alpha subunit [E
C

:3.5.1.5]
x

sas:S
A

S
2180

>gnl|kg|sas:S
A

S
2180 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sau:S
A

2084
>gnl|kg|sau:S

A
2084 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sav:S
AV

2290
>gnl|kg|sav:S

AV
2290 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sac:S
A

C
O

L2282
>gnl|kg|sac:S

A
C

O
L2282 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sam
:M

W
2208

>gnl|kg|sam
:M

W
2208 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sep:S
E

1863
>gnl|kg|sep:S

E
1863 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

ser:S
E

R
P

1871
>gnl|kg|ser:S

E
R

P
1871 ureC

; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sar:S
A

R
2374

>gnl|kg|sar:S
A

R
2374 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

ssp:S
S

P
0263

>gnl|kg|ssp:S
S

P
0263 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sab:S
A

B
2162

>gnl|kg|sab:S
A

B
2162 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

uur:U
U

432
>gnl|kg|uur:U

U
432 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

cef:C
E

0995
>gnl|kg|cef:C

E
0995 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

nfa:nfa25260
>gnl|kg|nfa:nfa25260 ureC

; putative urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

cgb:cg0115
>gnl|kg|cgb:cg0115 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

cgl:N
C

gl0085
>gnl|kg|cgl:N

C
gl0085 C

gl0086; urea am
idohydrolase (urease) alpha 

subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

m
tu:R

v1850
>gnl|kg|m

tu:R
v1850 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

m
bo:M

b1881
>gnl|kg|m

bo:M
b1881 ureC

; urease alpha subunit U
reC

 (urea 
am

idohydrolase) [E
C

:3.5.1.5] [K
O

:K
01428]

x
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m
tc:M

T1898
>gnl|kg|m

tc:M
T1898 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

stl:stu0283
>gnl|kg|stl:stu0283 ureC

; urea am
idohydrolase (urease) alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

stc:str0283
>gnl|kg|stc:str0283 ureC

; urea am
idohydrolase (urease) alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

ype:Y
P

O
2667

>gnl|kg|ype:Y
P

O
2667 ureC

, yeuC
; urease alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01428]

x

yps:Y
P

TB
2942

>gnl|kg|yps:Y
P

TB
2942 ureC

, yeuC
; urease alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01428]

x

sm
a:S

AV
7106

>gnl|kg|sm
a:S

AV
7106 ureC

1; putative urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

ypm
:Y

P
2468

>gnl|kg|ypm
:Y

P
2468 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sco:S
C

O
1234

>gnl|kg|sco:S
C

O
1234 2S

C
G

1.09c, ureC
; urease alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

plu:plu2173
>gnl|kg|plu:plu2173 ureC

; urease alpha subunit [E
C

:3.5.1.5] [K
O

:K
01428]

x

fra:Francci3_0832
>gnl|kg|fra:Francci3_0832 urease, alpha subunit [E

C
:3.5.1.5] 

[K
O

:K
01427]

x

bm
s:B

R
1358

>gnl|kg|bm
s:B

R
1358 ureC

-2; urease, alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

bm
e:B

M
E

I0647
>gnl|kg|bm

e:B
M

E
I0647 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

bm
f:B

A
B

1_1378
>gnl|kg|bm

f:B
A

B
1_1378 urease:am

idohydrolase [E
C

:3.5.1.5] 
[K

O
:K

01427]
x

bm
b:B

ruA
b1_1355

>gnl|kg|bm
b:B

ruA
b1_1355 ureC

-2; U
reC

-2, urease, alpha subunit 
[E

C
:3.5.1.5] [K

O
:K

01428]
x

psb:P
syr_2197

>gnl|kg|psb:P
syr_2197 urease [E

C
:3.5.1.5] [K

O
:K

01428]
x

ypk:y1239
>gnl|kg|ypk:y1239 ureC

; urease (urea am
idohydrolase) alpha subunit 

[E
C

:3.5.1.5] [K
O

:K
01428]

x

nph:N
P

2010A
>gnl|kg|nph:N

P
2010A ureA

; urease , alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x
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hm
a:pN

G
7124

>gnl|kg|hm
a:pN

G
7124 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sto:S
T1028

>gnl|kg|sto:S
T1028 urease alpha subunit [E

C
:3.5.1.5] [K

O
:K

01428]
x

sco:S
C

O
5526

>gnl|kg|sco:S
C

O
5526 ureC

; urease alpha subunit [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

sm
a:S

AV
2715

>gnl|kg|sm
a:S

AV
2715 ureC

2; putative urease subunit alpha [E
C

:3.5.1.5] 
[K

O
:K

01428]
x

Q
8X

B
98_E

C
O

57
>gnl|tr|Q

8X
B

98_E
C

O
57 (Q

8X
B

98) Isoaspartyl dipeptidase
x

Q
83P

79_S
H

IFL
>gnl|tr|Q

83P
79_S

H
IFL (Q

83P
79) Isoaspartyl dipeptidase

x
Q

659Y
9_E

C
O

LI
>gnl|tr|Q

659Y
9_E

C
O

LI (Q
659Y

9) Isoaspartyl dipeptidase yadA
x

Q
31T14_S

H
IB

S
>gnl|tr|Q

31T14_S
H

IB
S

 (Q
31T14) Isoaspartyl dipeptidase

x

Q
8FA

99_E
C

O
L6

>gnl|tr|Q
8FA

99_E
C

O
L6 (Q

8FA
99) Isoaspartyl dipeptidase (E

C
 3.4.19.-)

x

Q
57G

89_S
A

LC
H

>gnl|tr|Q
57G

89_S
A

LC
H

 (Q
57G

89) Isoaspartyl dipeptidase
x

Q
5P

M
50_S

A
LPA

>gnl|tr|Q
5P

M
50_S

A
LPA (Q

5P
M

50) P
robable isoaspartyl dipeptidase

x

Q
8Z0X

6_S
A

LTI
>gnl|tr|Q

8Z0X
6_S

A
LTI (Q

8Z0X
6) P

robable isoaspartyl dipeptidase (E
C

 
3.4.19.-)

x

Q
8Q

ZV
3_M

O
U

S
E

>gnl|tr|Q
8Q

ZV
3_M

O
U

S
E

 (Q
8Q

ZV
3) D

odecenoyl-C
oenzym

e A delta 
isom

erase (3,2 trans-enoyl-C
oenym

e A isom
erase) (D

ci protein) (0 day 
neonate head cD

N
A

, R
IK

E
N

 full-length enriched library, 
clone:4833445A

04 product:dodecenoyl-C
oenzym

e A delta isom
erase (3,2 

trans-enoyl-

x

Q
9D

B
N

7_M
O

U
S

E

>gnl|tr|Q
9D

B
N

7_M
O

U
S

E
 (Q

9D
B

N
7) A

dult m
ale liver cD

N
A

, R
IK

E
N

 full-
length enriched library, clone:1300001E

07 product:dodecenoyl-
C

oenzym
e A delta isom

erase (3,2 trans-enoyl-C
oenym

e A isom
erase), 

full insert sequence

x

Q
68G

41_R
AT

>gnl|tr|Q
68G

41_R
AT (Q

68G
41) D

odecenoyl-coenzym
e A delta isom

erase
x

Q
7Z2L7_H

U
M

A
N

>gnl|tr|Q
7Z2L7_H

U
M

A
N

 (Q
7Z2L7) D

odecenoyl-C
oenzym

e A delta 
isom

erase,
x

Q
5M

8Y
6_X

E
N

TR
>gnl|tr|Q

5M
8Y

6_X
E

N
TR

 (Q
5M

8Y
6) D

odecenoyl-C
oenzym

e A delta 
isom

erase (3,2 trans-enoyl-C
oenzym

e A isom
erase)

x
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Q
88FQ

7_P
S

E
P

K
>gnl|tr|Q

88FQ
7_P

S
E

P
K

 (Q
88FQ

7) E
noyl-C

oA hydratase/isom
erase 

fam
ily protein

x
x

Q
2X

8K
8_P

S
E

P
U

>gnl|tr|Q
2X

8K
8_P

S
E

P
U

 (Q
2X

8K
8) E

noyl-C
oA hydratase/isom

erase 
fam

ily protein
x

x

Q
882B

0_P
S

E
S

M
>gnl|tr|Q

882B
0_P

S
E

S
M

 (Q
882B

0) E
noyl-C

oA hydratase/isom
erase 

fam
ily protein

x
x

Q
4K

B
L1_P

S
E

F5
>gnl|tr|Q

4K
B

L1_P
S

E
F5 (Q

4K
B

L1) E
noyl-C

oA hydratase/isom
erase 

fam
ily protein

x
x

Q
48IH

9_P
S

E
14

>gnl|tr|Q
48IH

9_P
S

E
14 (Q

48IH
9) E

noyl-C
oA hydratase/isom

erase fam
ily 

protein (E
C

 5.3.3.-)
x

x

Q
9A

B
78_C

A
U

C
R

>gnl|tr|Q
9A

B
78_C

A
U

C
R

 (Q
9A

B
78) E

noyl-C
oA hydratase/isom

erase 
fam

ily protein
x

x

Q
8W

ZH
4_N

E
U

C
R

>gnl|tr|Q
8W

ZH
4_N

E
U

C
R

 (Q
8W

ZH
4) P

robable D
E

LTA
3, 5-D

E
LTA

2, 4-
D

IE
N

O
Y

L-C
O

A IS
O

M
E

R
A

S
E

 (E
C

H
1)

x

Q
4W

Y
W

7_A
S

P
FU

>gnl|tr|Q
4W

Y
W

7_A
S

P
FU

 (Q
4W

Y
W

7) E
noyl-C

oA hydratase/isom
erase 

fam
ily protein

x
x

Q
36P

W
7_M

A
R

H
Y

>gnl|tr|Q
36P

W
7_M

A
R

H
Y (Q

36P
W

7) E
noyl-C

oA hydratase/isom
erase 

fam
ily protein

x
x

Q
5Z2W

6_N
O

C
FA

>gnl|tr|Q
5Z2W

6_N
O

C
FA (Q

5Z2W
6) P

utative enoyl-C
oA 

hydratase/isom
erase fam

ily protein
x

x

Q
31W

H
7_S

H
IB

S
>gnl|tr|Q

31W
H

7_S
H

IB
S

 (Q
31W

H
7) P

utative enzym
e

x
x

Q
8X

D
14_E

C
O

57
>gnl|tr|Q

8X
D

14_E
C

O
57 (Q

8X
D

14) P
utative enzym

e
x

x
Q

83JT8_S
H

IFL
>gnl|tr|Q

83JT8_S
H

IFL (Q
83JT8) P

utative enzym
e

x
x

Q
3Y

X
V

3_S
H

IS
S

>gnl|tr|Q
3Y

X
V

3_S
H

IS
S

 (Q
3Y

X
V

3) P
utative enzym

e
x

x

Q
53G

A
8_H

U
M

A
N

>gnl|tr|Q
53G

A
8_H

U
M

A
N

 (Q
53G

A
8) 3-hydroxyisobutyryl-C

oenzym
e A 

hydrolase isoform
 1 variant (Fragm

ent)
x

Q
53G

F2_H
U

M
A

N
>gnl|tr|Q

53G
F2_H

U
M

A
N

 (Q
53G

F2) 3-hydroxyisobutyryl-C
oenzym

e A 
hydrolase isoform

 1 variant (Fragm
ent)

x

Q
6N

V
Y

1_H
U

M
A

N
>gnl|tr|Q

6N
V

Y
1_H

U
M

A
N

 (Q
6N

V
Y

1) 3-hydroxyisobutyryl-C
oenzym

e A 
hydrolase, isoform

 1
x
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Q
8Q

ZS
1_M

O
U

S
E

>gnl|tr|Q
8Q

ZS
1_M

O
U

S
E

 (Q
8Q

ZS
1) 10 days em

bryo w
hole body cD

N
A

, 
R

IK
E

N
 full-length enriched library, clone:2610509I15 product:sim

ilar to 3-
H

Y
D

R
O

X
Y

IS
O

B
U

TY
R

Y
L-C

O
E

N
ZY

M
E

 A H
Y

D
R

O
LA

S
E

x
x

Q
58E

B
4_B

R
A

R
E

>gnl|tr|Q
58E

B
4_B

R
A

R
E

 (Q
58E

B
4) 3-hydroxyisobutyryl-C

oenzym
e A 

hydrolase
x

Q
92931_H

U
M

A
N

>gnl|tr|Q
92931_H

U
M

A
N

 (Q
92931) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase

x

Q
9LK

J1_A
R

ATH
>gnl|tr|Q

9LK
J1_A

R
ATH

 (Q
9LK

J1) C
oA

-thioester hydrolase C
H

Y
1 (3-

hydroxyisobutyryl-coenzym
e A hydrolase)

x

O
49331_A

R
ATH

>gnl|tr|O
49331_A

R
ATH

 (O
49331) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase

x

O
49330_A

R
ATH

>gnl|tr|O
49330_A

R
ATH

 (O
49330) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase

x

Q
81D

R
3_B

A
C

C
R

>gnl|tr|Q
81D

R
3_B

A
C

C
R

 (Q
81D

R
3) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase (E

C
 3.1.2.4)

x

Q
983C

3_R
H

ILO
>gnl|tr|Q

983C
3_R

H
ILO

 (Q
983C

3) 3-hydroxyisobutyryl-C
oenzym

e A 
hydrolase

x

Q
9LK

08_A
R

ATH
>gnl|tr|Q

9LK
08_A

R
ATH

 (Q
9LK

08) 3-hydroxyisobutyryl-coenzym
e A 

hydrolase-like protein
x

x

Q
9T0K

7_A
R

ATH
>gnl|tr|Q

9T0K
7_A

R
ATH

 (Q
9T0K

7) 3-hydroxyisobutyryl-coenzym
e A 

hydrolase-like protein (AT4g13360/T9E
8_100)

x
x

Q
4W

V
P

0_A
S

P
FU

>gnl|tr|Q
4W

V
P

0_A
S

P
FU

 (Q
4W

V
P

0) M
itochondrial 3-hydroxyisobutyryl-

C
oA hydrolase, putative

x

Q
63TV

7_B
U

R
P

S
>gnl|tr|Q

63TV
7_B

U
R

P
S

 (Q
63TV

7) P
utative hydratase

x
x

Q
56X

U
5_A

R
ATH

>gnl|tr|Q
56X

U
5_A

R
ATH

 (Q
56X

U
5) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase (A

t1g06550)
x

Q
2Q

U
G

4_O
R

Y
S

A
>gnl|tr|Q

2Q
U

G
4_O

R
Y

S
A (Q

2Q
U

G
4) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase, putative

x

Q
2Q

U
G

3_O
R

Y
S

A
>gnl|tr|Q

2Q
U

G
3_O

R
Y

S
A (Q

2Q
U

G
3) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase, putative

x

Q
69U

F2_O
R

Y
S

A
>gnl|tr|Q

69U
F2_O

R
Y

S
A (Q

69U
F2) P

utative 3-hydroxyisobutyryl-
coenzym

e A hydrolase
x
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Q
6G

3D
0_B

A
R

H
E

>gnl|tr|Q
6G

3D
0_B

A
R

H
E

 (Q
6G

3D
0) 3-hydroxyisobutyryl-coenzym

e A 
hydrolase

x

Q
5X

IE
6_R

AT
>gnl|tr|Q

5X
IE

6_R
AT (Q

5X
IE

6) 3-hydroxyisobutyryl-C
oenzym

e A 
hydrolase (P

redicted)
x

Q
6N

I92_C
O

R
D

I
>gnl|tr|Q

6N
I92_C

O
R

D
I (Q

6N
I92) P

utative hydrolase
x

x
O

85078_9M
IC

C
>gnl|tr|O

85078_9M
IC

C
 (O

85078) 4-chlorobenzoyl C
oA dehalogenase

x

Q
7B

I35_A
R

TG
O

>gnl|tr|Q
7B

I35_A
R

TG
O

 (Q
7B

I35) 4-chlorobenzoate C
o-A dehalogenase

x

Q
7B

U
Z5_9M

IC
C

>gnl|tr|Q
7B

U
Z5_9M

IC
C

 (Q
7B

U
Z5) 4-chlorobenzoyl C

oA dehalogenase
x

Q
99Q

J6_9M
IC

C
>gnl|tr|Q

99Q
J6_9M

IC
C

 (Q
99Q

J6) 4-C
B

A
-C

oA dehalogenase
x

Q
9LC

U
3_9M

IC
C

>gnl|tr|Q
9LC

U
3_9M

IC
C

 (Q
9LC

U
3) 4-chlorobenzoyl C

oA dehalogenase
x

O
68600_9P

R
O

T
>gnl|tr|O

68600_9P
R

O
T (O

68600) 4-chlorobenzoyl C
oA dehalogenase

x

Q
8G

N
87_9B

U
R

K
>gnl|tr|Q

8G
N

87_9B
U

R
K

 (Q
8G

N
87) 4-chlorobenzoyl C

oA dehalogenase
x

Q
84R

L9_D
U

N
S

A
>gnl|tr|Q

84R
L9_D

U
N

S
A (Q

84R
L9) E

nolase
x

Q
6FH

V
6_H

U
M

A
N

>gnl|tr|Q
6FH

V
6_H

U
M

A
N

 (Q
6FH

V
6) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-

glycerate hydro-lyase)
x

Q
4Y

Q
J5_P

LA
B

E
>gnl|tr|Q

4Y
Q

J5_P
LA

B
E

 (Q
4Y

Q
J5) E

nolase, putative
x

Q
3C

FC
7_TH

E
E

T
>gnl|tr|Q

3C
FC

7_TH
E

E
T (Q

3C
FC

7) E
nolase (E

C
 4.2.1.11)

x

Q
545V

3_M
O

U
S

E
>gnl|tr|Q

545V
3_M

O
U

S
E

 (Q
545V

3) A
dult m

ale brain cD
N

A
, R

IK
E

N
 full-

length enriched library, clone:0710008M
22 product:enolase 2, gam

m
a 

neuronal, full insert sequence (A
dult m

ale cerebellum
 cD

N
A

, R
IK

E
N

 full-
length enriched library, clone:1520403G

13 product:enolase 2,

x

Q
5N

JY
7_LA

C
P

L
>gnl|tr|Q

5N
JY

7_LA
C

P
L (Q

5N
JY

7) E
nolase (E

C
 4.2.1.11)

x
Q

53FT9_H
U

M
A

N
>gnl|tr|Q

53FT9_H
U

M
A

N
 (Q

53FT9) E
nolase 1 variant (Fragm

ent)
x

Q
3U

J20_M
O

U
S

E
>gnl|tr|Q

3U
J20_M

O
U

S
E

 (Q
3U

J20) 17 days em
bryo heart cD

N
A

, R
IK

E
N

 
full-length enriched library, clone:I920038O

04 product:enolase 2, gam
m

a 
neuronal, full insert sequence

x
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Q
5FW

97_M
O

U
S

E
>gnl|tr|Q

5FW
97_M

O
U

S
E

 (Q
5FW

97) H
ypothetical protein LO

C
433182 

(M
elanocyte cD

N
A

, R
IK

E
N

 full-length enriched library, clone:G
270128I15 

product:enolase 1, alpha non-neuron, full insert sequence) (B
one m

arrow
 

m
acrophage cD

N
A

, R
IK

E
N

 full-length enriched library, clone

x

Q
53H

R
3_H

U
M

A
N

>gnl|tr|Q
53H

R
3_H

U
M

A
N

 (Q
53H

R
3) E

nolase 1 variant (Fragm
ent)

x
Q

5E
B

49_R
AT

>gnl|tr|Q
5E

B
49_R

AT (Q
5E

B
49) E

nolase 1, alpha
x

Q
7X

A
S

6_C
Y

N
D

A
>gnl|tr|Q

7X
A

S
6_C

Y
N

D
A (Q

7X
A

S
6) P

ollen 2-phosphoglycerate 
dehydrogenase 2

x

Q
5X

IV
3_R

AT
>gnl|tr|Q

5X
IV

3_R
AT (Q

5X
IV

3) E
nolase 3, beta

x

Q
4R

5L2_M
A

C
FA

>gnl|tr|Q
4R

5L2_M
A

C
FA (Q

4R
5L2) B

rain cD
N

A
, clone: Q

ccE
-14518, 

sim
ilar to hum

an enolase 1, (alpha) (E
N

O
1),

x
x

Q
2S

S
R

3_M
Y

C
C

A
>gnl|tr|Q

2S
S

R
3_M

Y
C

C
A (Q

2S
S

R
3) E

nolase (E
C

 4.2.1.11)
x

Q
9LE

K
6_E

U
G

G
R

>gnl|tr|Q
9LE

K
6_E

U
G

G
R

 (Q
9LE

K
6) C

hloroplast enolase precursor (E
C

 
4.2.1.11) (Fragm

ent)
x

Q
3A

FC
8_C

A
R

H
Z

>gnl|tr|Q
3A

FC
8_C

A
R

H
Z (Q

3A
FC

8) E
nolase (E

C
 4.2.1.11)

x
Q

3X
X

08_E
N

TFC
>gnl|tr|Q

3X
X

08_E
N

TFC
 (Q

3X
X

08) E
nolase (E

C
 4.2.1.11)

x

Q
5S

X
58_M

O
U

S
E

>gnl|tr|Q
5S

X
58_M

O
U

S
E

 (Q
5S

X
58) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-

glycerate hydro-lyase)
x

Q
7X

B
E

4_O
R

Y
S

A
>gnl|tr|Q

7X
B

E
4_O

R
Y

S
A (Q

7X
B

E
4) E

nolase (E
C

 4.2.1.11)
x

Q
8V

Y
G

4_A
R

ATH
>gnl|tr|Q

8V
Y

G
4_A

R
ATH

 (Q
8V

Y
G

4) P
utative enolase (2-phospho-D

-
glycerate hydroylase)

x

Q
65E

N
2_B

A
C

LD
>gnl|tr|Q

65E
N

2_B
A

C
LD

 (Q
65E

N
2) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-

glycerate hydro-lyase)
x

Q
4M

Q
53_B

A
C

C
E

>gnl|tr|Q
4M

Q
53_B

A
C

C
E

 (Q
4M

Q
53) E

nolase (E
C

 4.2.1.11)
x

Q
5R

6Y
1_P

O
N

P
Y

>gnl|tr|Q
5R

6Y
1_P

O
N

P
Y (Q

5R
6Y

1) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-
glycerate hydro-lyase)

x

Q
4U

8Y
7_TH

E
A

N
>gnl|tr|Q

4U
8Y

7_TH
E

A
N

 (Q
4U

8Y
7) E

nolase (E
C

 4.2.1.11) (2-phospho-D
-

glycerate hydro-lyase)
x

Q
6P

C
12_B

R
A

R
E

>gnl|tr|Q
6P

C
12_B

R
A

R
E

 (Q
6P

C
12) E

nolase 1, (A
lpha)

x
Q

2R
LT8_M

O
O

TH
>gnl|tr|Q

2R
LT8_M

O
O

TH
 (Q

2R
LT8) E

nolase (E
C

 4.2.1.11)
x

Q
6IQ

P
5_B

R
A

R
E

>gnl|tr|Q
6IQ

P
5_B

R
A

R
E

 (Q
6IQ

P
5) E

nolase 1, (A
lpha)

x
Q

9LE
E

0_S
P

IO
L

>gnl|tr|Q
9LE

E
0_S

P
IO

L (Q
9LE

E
0) E

nolase (E
C

 4.2.1.11)
x
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Q

3E
M

P
6_B

A
C

TI
>gnl|tr|Q

3E
M

P
6_B

A
C

TI (Q
3E

M
P

6) E
nolase (E

C
 4.2.1.11)

x

Q
6P

8E
1_X

E
N

TR
>gnl|tr|Q

6P
8E

1_X
E

N
TR

 (Q
6P

8E
1) E

nolase (2-phosphoglycerate 
dehydratase)

x

Q
4N

1N
2_TH

E
PA

>gnl|tr|Q
4N

1N
2_TH

E
PA (Q

4N
1N

2) E
nolase, putative (E

C
 4.2.1.11)

x
Q

9LE
K

7_E
U

G
G

R
>gnl|tr|Q

9LE
K

7_E
U

G
G

R
 (Q

9LE
K

7) E
nolase (E

C
 4.2.1.11)

x
Q

5V
N

T9_O
R

Y
S

A
>gnl|tr|Q

5V
N

T9_O
R

Y
S

A (Q
5V

N
T9) P

utative enolase
x

Q
6W

B
92_G

O
S

B
A

>gnl|tr|Q
6W

B
92_G

O
S

B
A (Q

6W
B

92) E
nolase

x

Q
8R

W
M

8_A
R

ATH
>gnl|tr|Q

8R
W

M
8_A

R
ATH

 (Q
8R

W
M

8) E
nolase (2-phospho-D

-glycerate 
hydroylase)

x

Q
6TH

14_B
R

A
R

E
>gnl|tr|Q

6TH
14_B

R
A

R
E

 (Q
6TH

14) E
nolase 1, (A

lpha)
x

Q
3ATQ

5_C
H

LC
H

>gnl|tr|Q
3ATQ

5_C
H

LC
H

 (Q
3ATQ

5) E
nolase (E

C
 4.2.1.11)

x
Q

39T27_G
E

O
M

G
>gnl|tr|Q

39T27_G
E

O
M

G
 (Q

39T27) E
nolase

x
Q

8G
D

Z5_H
E

LM
O

>gnl|tr|Q
8G

D
Z5_H

E
LM

O
 (Q

8G
D

Z5) E
nolase (E

C
 4.2.1.11) (Fragm

ent)
x

Q
3V

I98_9C
H

LB
>gnl|tr|Q

3V
I98_9C

H
LB

 (Q
3V

I98) E
nolase (E

C
 4.2.1.11)

x
Q

9M
434_LU

P
LU

>gnl|tr|Q
9M

434_LU
P

LU
 (Q

9M
434) E

nolase
x

Q
568G

3_B
R

A
R

E
>gnl|tr|Q

568G
3_B

R
A

R
E

 (Q
568G

3) E
nolase 3, (B

eta, m
uscle)

x

Q
38Y

18_LA
C

S
S

>gnl|tr|Q
38Y

18_LA
C

S
S

 (Q
38Y

18) P
hosphopyruvate hydratase (E

C
 

4.2.1.11)
x

Q
5IS

Q
0_M

A
C

FA
>gnl|tr|Q

5IS
Q

0_M
A

C
FA (Q

5IS
Q

0) E
nolase 2 (Fragm

ent)
x

Q
3G

IP
3_C

H
LV

I
>gnl|tr|Q

3G
IP

3_C
H

LV
I (Q

3G
IP

3) E
nolase (E

C
 4.2.1.11)

x

Q
5LG

64_B
A

C
FN

>gnl|tr|Q
5LG

64_B
A

C
FN

 (Q
5LG

64) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-
glycerate hydro-lyase)

x

Q
6W

7E
8_B

R
A

C
M

>gnl|tr|Q
6W

7E
8_B

R
A

C
M

 (Q
6W

7E
8) E

nolase
x

Q
3B

1G
7_P

E
LLD

>gnl|tr|Q
3B

1G
7_P

E
LLD

 (Q
3B

1G
7) E

nolase (E
C

 4.2.1.11)
x

Q
41A

A
9_9B

A
C

I
>gnl|tr|Q

41A
A

9_9B
A

C
I (Q

41A
A

9) E
nolase (E

C
 4.2.1.11)

x
Q

4H
8Q

9_9D
E

IO
>gnl|tr|Q

4H
8Q

9_9D
E

IO
 (Q

4H
8Q

9) E
nolase (E

C
 4.2.1.11)

x
Q

967U
0_TR

IS
P

>gnl|tr|Q
967U

0_TR
IS

P (Q
967U

0) E
nolase

x
Q

3X
P

P
9_9P

R
O

T
>gnl|tr|Q

3X
P

P
9_9P

R
O

T (Q
3X

P
P

9) E
nolase (E

C
 4.2.1.11)

x
Q

6R
IB

7_S
O

Y
B

N
>gnl|tr|Q

6R
IB

7_S
O

Y
B

N
 (Q

6R
IB

7) E
nolase (E

C
 2.3.1.16)

x
Q

4E
E

P
6_LIS

M
O

>gnl|tr|Q
4E

E
P

6_LIS
M

O
 (Q

4E
E

P
6) E

nolase (E
C

 4.2.1.11)
x

Q
44T71_C

H
LLI

>gnl|tr|Q
44T71_C

H
LLI (Q

44T71) E
nolase (E

C
 4.2.1.11)

x
Q

3FZA
1_9D

E
LT

>gnl|tr|Q
3FZA

1_9D
E

LT (Q
3FZA

1) E
nolase (E

C
 4.2.1.11)

x
Q

5N
JZ3_LA

C
S

K
>gnl|tr|Q

5N
JZ3_LA

C
S

K
 (Q

5N
JZ3) E

nolase
x
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Q

3S
E

A
7_PA

R
TE

>gnl|tr|Q
3S

E
A

7_PA
R

TE
 (Q

3S
E

A
7) E

nolase, putative
x

Q
58W

U
7_9B

A
C

T
>gnl|tr|Q

58W
U

7_9B
A

C
T (Q

58W
U

7) E
nolase

x

Q
6A

4N
1_C

A
E

E
L

>gnl|tr|Q
6A

4N
1_C

A
E

E
L (Q

6A
4N

1) E
nolase (E

C
 4.2.1.11) (2-phospho-D

-
glycerate hydro-lyase)

x

Q
3V

W
M

9_P
R

O
A

E
>gnl|tr|Q

3V
W

M
9_P

R
O

A
E

 (Q
3V

W
M

9) E
nolase (E

C
 4.2.1.11)

x
Q

6W
7E

7_B
R

A
N

A
>gnl|tr|Q
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eta-phosphoglucom
utase 

hydrolase
x

Q
98P

T4_M
Y

C
P

U
>gnl|tr|Q
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76P

E
4_G

IB
ZE

 (Q
76P

E
4) Trichodiene synthase

x
Q

7LJL9_FU
S

A
U

>gnl|tr|Q
7LJL9_FU

S
A

U
 (Q

7LJL9) Trichodiene synthase
x

Q
7LJL3_G

IB
ZE

>gnl|tr|Q
7LJL3_G

IB
ZE

 (Q
7LJL3) Trichodiene synthase

x
Q

8N
JH

2_FU
S

LU
>gnl|tr|Q

8N
JH

2_FU
S

LU
 (Q

8N
JH

2) Trichodiene synthase
x

Q
8N

JU
9_G

IB
ZE

>gnl|tr|Q
8N

JU
9_G

IB
ZE

 (Q
8N

JU
9) Trichodiene synthetase

x
Q

7LP
67_FU

S
S

P
>gnl|tr|Q

7LP
67_FU

S
S

P (Q
7LP

67) Trichodiene synthase
x

Q
7Z8B

9_FU
S

P
O

>gnl|tr|Q
7Z8B

9_FU
S

P
O

 (Q
7Z8B

9) Trichodiene synthase
x

Q
8N

JV
0_G

IB
ZE

>gnl|tr|Q
8N

JV
0_G

IB
ZE

 (Q
8N

JV
0) Trichodiene synthetase

x
Q

7Z8C
0_FU

S
S

P
>gnl|tr|Q

7Z8C
0_FU

S
S

P (Q
7Z8C

0) Trichodiene synthase
x

Q
71R

X
9_S

TA
C

H
>gnl|tr|Q

71R
X

9_S
TA

C
H

 (Q
71R

X
9) Trichodiene synthase

x
Q

9U
R

08_A
S

P
TE

>gnl|tr|Q
9U

R
08_A

S
P

TE
 (Q

9U
R

08) A
ristolochene synthase

x

Q
7N

ZF3_C
H

R
V

O
>gnl|tr|Q

7N
ZF3_C

H
R

V
O

 (Q
7N

ZF3) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x
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Q
63P

Y
5_B

U
R

P
S

>gnl|tr|Q
63P

Y
5_B

U
R

P
S

 (Q
63P

Y
5) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
3JY

B
9_B

U
R

P
1

>gnl|tr|Q
3JY

B
9_B

U
R

P
1 (Q

3JY
B

9) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
62G

Q
1_B

U
R

M
A

>gnl|tr|Q
62G

Q
1_B

U
R

M
A (Q

62G
Q

1) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
2S

TZ8_B
U

R
TH

>gnl|tr|Q
2S

TZ8_B
U

R
TH

 (Q
2S

TZ8) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
4B

831_B
U

R
V

I
>gnl|tr|Q

4B
831_B

U
R

V
I (Q

4B
831) 4-hydroxyphenylpyruvate dioxygenase 

(E
C

 1.13.11.27)
x

Q
8X

U
T2_R

A
LS

O
>gnl|tr|Q

8X
U

T2_R
A

LS
O

 (Q
8X

U
T2) P

R
O

B
A

B
LE

 4-
H

Y
D

R
O

X
Y

P
H

E
N

Y
LP

Y
R

U
VATE

 D
IO

X
Y

G
E

N
A

S
E

 O
X

ID
O

R
E

D
U

C
TA

S
E

 
P

R
O

TE
IN

 (E
C

 1.13.11.27)
x

Q
4LIA

5_9B
U

R
K

>gnl|tr|Q
4LIA

5_9B
U

R
K

 (Q
4LIA

5) 4-hydroxyphenylpyruvate dioxygenase 
(E

C
 1.13.11.27)

x

Q
44U

09_9B
U

R
K

>gnl|tr|Q
44U

09_9B
U

R
K

 (Q
44U

09) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
3F1S

4_9B
U

R
K

>gnl|tr|Q
3F1S

4_9B
U

R
K

 (Q
3F1S

4) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
39K

J4_B
U

R
S

3
>gnl|tr|Q

39K
J4_B

U
R

S
3 (Q

39K
J4) 4-hydroxyphenylpyruvate dioxygenase 

(E
C

 1.13.11.27)
x

Q
9R

C
H

2_V
IB

C
H

>gnl|tr|Q
9R

C
H

2_V
IB

C
H

 (Q
9R

C
H

2) P
-hydroxyphenylpyruvate 

dioxygenase (4-hydroxyphenylpyruvate dioxygenase)
x

Q
8V

Q
C

4_V
IB

A
N

>gnl|tr|Q
8V

Q
C

4_V
IB

A
N

 (Q
8V

Q
C

4) 4-hydroxyphenylpyruvate 
dioxygenase

x

Q
9I576_P

S
E

A
E

>gnl|tr|Q
9I576_P

S
E

A
E

 (Q
9I576) 4-hydroxyphenylpyruvate dioxygenase

x

Q
87Q

01_V
IB

PA
>gnl|tr|Q

87Q
01_V

IB
PA (Q

87Q
01) 4-hydroxyphenylpyruvate dioxygenase

x

Q
983J0_R

H
ILO

>gnl|tr|Q
983J0_R

H
ILO

 (Q
983J0) 4-hydroxyphenylpyruvate dioxygenase

x

Q
3K

C
47_P

S
E

P
F

>gnl|tr|Q
3K

C
47_P

S
E

P
F (Q

3K
C

47) 4-hydroxyphenylpyruvate 
dioxygenase

x
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Q
4ZR

60_P
S

E
U

2
>gnl|tr|Q

4ZR
60_P

S
E

U
2 (Q

4ZR
60) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
89X

H
5_B

R
A

JA
>gnl|tr|Q

89X
H

5_B
R

A
JA (Q

89X
H

5) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
4K

B
91_P

S
E

F5
>gnl|tr|Q

4K
B

91_P
S

E
F5 (Q

4K
B

91) 4-hydroxyphenylpyruvate dioxygenase 
(E

C
 1.13.11.27)

x

Q
88H

C
7_P

S
E

P
K

>gnl|tr|Q
88H

C
7_P

S
E

P
K

 (Q
88H

C
7) 4-hydroxyphenylpyruvate 

dioxygenase
x

Q
4A

ZW
6_9B

U
R

K
>gnl|tr|Q

4A
ZW

6_9B
U

R
K

 (Q
4A

ZW
6) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
87Z77_P

S
E

S
M

>gnl|tr|Q
87Z77_P

S
E

S
M

 (Q
87Z77) 4-hydroxyphenylpyruvate dioxygenase

x

Q
48G

S
3_P

S
E

14
>gnl|tr|Q

48G
S

3_P
S

E
14 (Q

48G
S

3) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
2X

K
A

2_P
S

E
P

U
>gnl|tr|Q

2X
K

A
2_P

S
E

P
U

 (Q
2X

K
A

2) 4-hydroxyphenylpyruvate 
dioxygenase

x

Q
6E

M
J1_P

S
E

P
U

>gnl|tr|Q
6E

M
J1_P

S
E

P
U

 (Q
6E

M
J1) P

-hydroxyphenylpyruvate 
dioxygenase

x

Q
35K

Q
1_9B

R
A

D
>gnl|tr|Q

35K
Q

1_9B
R

A
D

 (Q
35K

Q
1) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
3R

V
34_R

A
LM

E
>gnl|tr|Q

3R
V

34_R
A

LM
E

 (Q
3R

V
34) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
37X

Y
1_S

P
H

A
R

>gnl|tr|Q
37X

Y
1_S

P
H

A
R

 (Q
37X

Y
1) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
92LT1_R

H
IM

E
>gnl|tr|Q

92LT1_R
H

IM
E

 (Q
92LT1) P

U
TATIV

E
 4-

H
Y

D
R

O
X

Y
P

H
E

N
Y

LP
Y

R
U

VATE
 D

IO
X

Y
G

E
N

A
S

E
 P

R
O

TE
IN

 (E
C

 
1.13.11.27)

x

Q
46S

N
3_R

A
LE

J
>gnl|tr|Q

46S
N

3_R
A

LE
J (Q

46S
N

3) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
4J186_A

ZO
V

I
>gnl|tr|Q

4J186_A
ZO

V
I (Q

4J186) 4-hydroxyphenylpyruvate dioxygenase 
(E

C
 1.13.11.27)

x

Q
6N

D
U

9_R
H

O
PA

>gnl|tr|Q
6N

D
U

9_R
H

O
PA (Q

6N
D

U
9) 4-hydroxyphenylpyruvate 

dioxygenase
x
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Q
3JB

70_N
ITO

C
>gnl|tr|Q

3JB
70_N

ITO
C

 (Q
3JB

70) 4-hydroxyphenylpyruvate dioxygenase 
(E

C
 1.13.11.27)

x

Q
3W

TX
8_9R

H
IZ

>gnl|tr|Q
3W

TX
8_9R

H
IZ (Q

3W
TX

8) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
2S

N
D

1_9G
A

M
M

>gnl|tr|Q
2S

N
D

1_9G
A

M
M

 (Q
2S

N
D

1) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
8P

Q
76_X

A
N

A
C

>gnl|tr|Q
8P

Q
76_X

A
N

A
C

 (Q
8P

Q
76) 4-hydroxyphenylpyruvate 

dioxygenase
x

Q
6LI28_P

H
O

P
R

>gnl|tr|Q
6LI28_P

H
O

P
R

 (Q
6LI28) P

utative 4-hydroxyphenylpyruvate 
dioxygenase

x

Q
3B

Y
F0_X

A
N

C
5

>gnl|tr|Q
3B

Y
F0_X

A
N

C
5 (Q

3B
Y

F0) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
3V

924_9S
P

H
N

>gnl|tr|Q
3V

924_9S
P

H
N

 (Q
3V

924) 4-hydroxyphenylpyruvate dioxygenase 
(E

C
 1.13.11.27)

x

Q
4U

ZJ1_X
A

N
C

8
>gnl|tr|Q

4U
ZJ1_X

A
N

C
8 (Q

4U
ZJ1) 4-hydroxyphenylpyruvate 

dioxygenase
x

Q
8P

D
A

4_X
A

N
C

P
>gnl|tr|Q

8P
D

A
4_X

A
N

C
P (Q

8P
D

A
4) 4-hydroxyphenylpyruvate 

dioxygenase
x

Q
2N

A
B

6_9S
P

H
N

>gnl|tr|Q
2N

A
B

6_9S
P

H
N

 (Q
2N

A
B

6) 4-hydroxyphenylpyruvate 
dioxygenase

x

Q
3P

H
Y

1_PA
R

D
E

>gnl|tr|Q
3P

H
Y

1_PA
R

D
E

 (Q
3P

H
Y

1) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
5G

V
E

8_X
A

N
O

R
>gnl|tr|Q

5G
V

E
8_X

A
N

O
R

 (Q
5G

V
E

8) 4-hydroxyphenylpyruvate 
dioxygenase

x

Q
5W

U
G

4_LE
G

P
L

>gnl|tr|Q
5W

U
G

4_LE
G

P
L (Q

5W
U

G
4) 4-hydroxyphenylpyruvate 

dioxygenase (Legiolysin)
x

Q
2N

Y
M

6_X
A

N
O

R
>gnl|tr|Q

2N
Y

M
6_X

A
N

O
R

 (Q
2N

Y
M

6) 4-hydroxyphenylpyruvate 
dioxygenase

x

Q
3C

W
I1_A

LTAT
>gnl|tr|Q

3C
W

I1_A
LTAT (Q

3C
W

I1) 4-hydroxyphenylpyruvate dioxygenase 
(E

C
 1.13.11.27)

x

Q
5X

304_LE
G

PA
>gnl|tr|Q

5X
304_LE

G
PA (Q

5X
304) 4-hydroxyphenylpyruvate dioxygenase 

(Legiolysin)
x
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Q
3C

U
Y

6_A
LTAT

>gnl|tr|Q
3C

U
Y

6_A
LTAT (Q

3C
U

Y
6) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
9A

5B
7_C

A
U

C
R

>gnl|tr|Q
9A

5B
7_C

A
U

C
R

 (Q
9A

5B
7) 4-hydroxyphenylpyruvate 

dioxygenase
x

Q
5R

0G
8_ID

ILO
>gnl|tr|Q

5R
0G

8_ID
ILO

 (Q
5R

0G
8) 4-hydroxyphenylpyruvate dioxygenase

x

Q
3G

L80_9G
A

M
M

>gnl|tr|Q
3G

L80_9G
A

M
M

 (Q
3G

L80) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
4IY

20_A
ZO

V
I

>gnl|tr|Q
4IY

20_A
ZO

V
I (Q

4IY
20) 4-hydroxyphenylpyruvate dioxygenase 

precursor (E
C

 1.13.11.27)
x

Q
3K

6G
2_P

S
E

P
F

>gnl|tr|Q
3K

6G
2_P

S
E

P
F (Q

3K
6G

2) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
2X

M
67_P

S
E

P
U

>gnl|tr|Q
2X

M
67_P

S
E

P
U

 (Q
2X

M
67) 4-hydroxyphenylpyruvate 

dioxygenase, putative
x

Q
88JU

3_P
S

E
P

K
>gnl|tr|Q

88JU
3_P

S
E

P
K

 (Q
88JU

3) 4-hydroxyphenylpyruvate 
dioxygenase, putative

x

Q
883L0_P

S
E

S
M

>gnl|tr|Q
883L0_P

S
E

S
M

 (Q
883L0) 4-hydroxyphenylpyruvate 

dioxygenase, putative
x

Q
4ZU

J9_P
S

E
U

2
>gnl|tr|Q

4ZU
J9_P

S
E

U
2 (Q

4ZU
J9) 4-hydroxyphenylpyruvate dioxygenase 

(E
C

 1.13.11.27)
x

Q
48JV

3_P
S

E
14

>gnl|tr|Q
48JV

3_P
S

E
14 (Q

48JV
3) 4-hydroxyphenylpyruvate dioxygenase, 

putative
x

Q
40C

79_9R
H

O
B

>gnl|tr|Q
40C

79_9R
H

O
B

 (Q
40C

79) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
4K

5N
0_P

S
E

F5
>gnl|tr|Q

4K
5N

0_P
S

E
F5 (Q

4K
5N

0) 4-hydroxyphenylpyruvate 
dioxygenase, putative

x

Q
3Q

W
K

3_9R
H

O
B

>gnl|tr|Q
3Q

W
K

3_9R
H

O
B

 (Q
3Q

W
K

3) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
7X

4L3_9B
A

C
T

>gnl|tr|Q
7X

4L3_9B
A

C
T (Q

7X
4L3) 4-hydroxyphenylpyruvate dioxygenase

x

Q
33P

L8_9G
A

M
M

>gnl|tr|Q
33P

L8_9G
A

M
M

 (Q
33P

L8) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x
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Q
2ZN

E
8_S

H
E

P
U

>gnl|tr|Q
2ZN

E
8_S

H
E

P
U

 (Q
2ZN

E
8) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
8L7E

8_A
R

ATH
>gnl|tr|Q

8L7E
8_A

R
ATH

 (Q
8L7E

8) 4-hydroxyphenylpyruvate dioxygenase 
H

P
D

x

Q
5LTI8_S

ILP
O

>gnl|tr|Q
5LTI8_S

ILP
O

 (Q
5LTI8) 4-hydroxyphenylpyruvate dioxygenase 

(E
C

 1.13.11.27)
x

Q
2X

680_9G
A

M
M

>gnl|tr|Q
2X

680_9G
A

M
M

 (Q
2X

680) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
3Q

520_9G
A

M
M

>gnl|tr|Q
3Q

520_9G
A

M
M

 (Q
3Q

520) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
8E

FK
9_S

H
E

O
N

>gnl|tr|Q
8E

FK
9_S

H
E

O
N

 (Q
8E

FK
9) 4-hydroxyphenylpyruvate 

dioxygenase
x

Q
35TW

0_9G
A

M
M

>gnl|tr|Q
35TW

0_9G
A

M
M

 (Q
35TW

0) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
2Z830_9G

A
M

M
>gnl|tr|Q

2Z830_9G
A

M
M

 (Q
2Z830) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
36B

K
6_9G

A
M

M
>gnl|tr|Q

36B
K

6_9G
A

M
M

 (Q
36B

K
6) 4-hydroxyphenylpyruvate 

dioxygenase (E
C

 1.13.11.27)
x

Q
4IU

U
1_A

ZO
V

I
>gnl|tr|Q

4IU
U

1_A
ZO

V
I (Q

4IU
U

1) 4-hydroxyphenylpyruvate dioxygenase 
(E

C
 1.13.11.27)

x

Q
3Q

E
M

4_9G
A

M
M

>gnl|tr|Q
3Q

E
M

4_9G
A

M
M

 (Q
3Q

E
M

4) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
3N

Q
Q

8_S
H

E
FR

>gnl|tr|Q
3N

Q
Q

8_S
H

E
FR

 (Q
3N

Q
Q

8) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
3P

045_9G
A

M
M

>gnl|tr|Q
3P

045_9G
A

M
M

 (Q
3P

045) 4-hydroxyphenylpyruvate 
dioxygenase (E

C
 1.13.11.27)

x

Q
8X

F91_R
A

LS
O

>gnl|tr|Q
8X

F91_R
A

LS
O

 (Q
8X

F91) P
R

O
B

A
B

LE
 4-

H
Y

D
R

O
X
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9_S

TA
A

N
>gnl|tr|Q

7A
6A

9_S
TA

A
N

 (Q
7A

6A
9) N

aphthoate synthase
x

Q
99V

48_S
TA

A
M

>gnl|tr|Q
99V

48_S
TA

A
M

 (Q
99V

48) N
aphthoate synthase

x
Q

43G
Z6_9C

H
LB

>gnl|tr|Q
43G

Z6_9C
H

LB
 (Q

43G
Z6) N

aphthoate synthase
x

Q
2Y

X
28_S

TA
A

B
>gnl|tr|Q

2Y
X

28_S
TA

A
B

 (Q
2Y

X
28) N

aphthoate synthase (E
C

 4.1.3.36)
x

Q
49W

G
8_S

TA
S

1
>gnl|tr|Q

49W
G

8_S
TA

S
1 (Q

49W
G

8) D
ihydroxynaphthoic acid synthase

x

Q
71Y

Z4_LIS
M

F
>gnl|tr|Q

71Y
Z4_LIS

M
F (Q

71Y
Z4) N

aphthoate synthase
x

Q
4E

Q
39_LIS

M
O

>gnl|tr|Q
4E

Q
39_LIS

M
O

 (Q
4E

Q
39) N

aphthoate synthase
x

Q
4E

G
C

9_LIS
M

O
>gnl|tr|Q

4E
G

C
9_LIS

M
O

 (Q
4E

G
C

9) N
aphthoate synthase

x
Q

5N
3K

4_S
Y

N
P

6
>gnl|tr|Q

5N
3K

4_S
Y

N
P

6 (Q
5N

3K
4) N

aphthoate synthase
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Q
5H

Q
C

3_S
TA

E
Q

>gnl|tr|Q
5H

Q
C

3_S
TA

E
Q

 (Q
5H

Q
C

3) N
aphthoate synthase (E

C
 4.1.3.36)

x

Q
8N

T47_C
O

R
G

L
>gnl|tr|Q

8N
T47_C

O
R

G
L (Q

8N
T47) D

ihydroxynaphthoic acid synthase 
(E

C
 4.1.3.36) (D

IH
Y

D
R

O
X

Y
N

A
P

H
TH

O
N

IC
 A

C
ID

 S
Y

N
TH

A
S

E
)

x

Q
8C

P
Q

4_S
TA

E
S

>gnl|tr|Q
8C

P
Q

4_S
TA

E
S

 (Q
8C

P
Q

4) N
aphthoate synthase

x
Q

3D
ZE

4_C
H

LA
U

>gnl|tr|Q
3D

ZE
4_C

H
LA

U
 (Q

3D
ZE

4) N
aphthoate synthase

x
Q

31Q
P

0_S
Y

N
P

7
>gnl|tr|Q

31Q
P

0_S
Y

N
P

7 (Q
31Q

P
0) N

aphthoate synthase
x

Q
5V

3S
9_H

A
LM

A
>gnl|tr|Q

5V
3S

9_H
A

LM
A (Q

5V
3S

9) E
noyl-C

oA hydratase (E
C

 4.2.1.17)
x

Q
8FS

B
9_C

O
R

E
F

>gnl|tr|Q
8FS

B
9_C

O
R

E
F (Q

8FS
B

9) P
utative naphthoate synthase

x
Q

46LU
2_P

R
O

M
T

>gnl|tr|Q
46LU

2_P
R

O
M

T (Q
46LU

2) N
aphthoate synthase

x

Q
7V

8E
8_P

R
O

M
M

>gnl|tr|Q
7V

8E
8_P

R
O

M
M

 (Q
7V

8E
8) N

aphthoate synthase (E
C

 4.1.3.36)
x

Q
7U

7I4_S
Y

N
P

X
>gnl|tr|Q

7U
7I4_S

Y
N

P
X

 (Q
7U

7I4) N
aphthoate synthase (E

C
 4.1.3.36)

x
Q

3AV
F7_S

Y
N

S
9

>gnl|tr|Q
3AV

F7_S
Y

N
S

9 (Q
3AV

F7) N
aphthoate synthase

x
Q

47Q
22_TH

E
FY

>gnl|tr|Q
47Q

22_TH
E

FY (Q
47Q

22) N
aphthoate synthase

x

O
06414_M

Y
C

TU
>gnl|tr|O

06414_M
Y

C
TU

 (O
06414) P

R
O

B
A

B
LE

 N
A

P
H

TH
O

ATE
 

S
Y

N
TH

A
S

E
 M

E
N

B
 (D

IH
Y

D
R

O
X

Y
N

A
P

H
TH

O
IC

 A
C

ID
 S

Y
N

TH
E

TA
S

E
) 

(D
H

N
A S

Y
N

TH
E

TA
S

E
) (E

C
 4.1.3.36) (N

aphthoate synthase)
x

Q
7U

1T0_M
Y

C
B

O
>gnl|tr|Q

7U
1T0_M

Y
C

B
O

 (Q
7U

1T0) P
R

O
B

A
B

LE
 N

A
P

H
TH

O
ATE

 
S

Y
N

TH
A

S
E

 M
E

N
B

 (D
IH

Y
D

R
O

X
Y

N
A

P
H

TH
O

IC
 A

C
ID

 S
Y

N
TH

E
TA

S
E

) 
(D

H
N

A S
Y

N
TH

E
TA

S
E

) (E
C

 4.1.3.36)
x

Q
3A

K
K

2_S
Y

N
S

C
>gnl|tr|Q

3A
K

K
2_S

Y
N

S
C

 (Q
3A

K
K

2) N
aphthoate synthase

x
Q

838K
2_E

N
TFA

>gnl|tr|Q
838K

2_E
N

TFA (Q
838K

2) N
aphthoate synthase

x
Q

7V
276_P

R
O

M
P

>gnl|tr|Q
7V

276_P
R

O
M

P (Q
7V

276) N
apthoate synthase (E

C
 4.1.3.36)

x

Q
59464_H

A
E

P
H

>gnl|tr|Q
59464_H

A
E

P
H

 (Q
59464) N

aphthoate synthase (E
C

 4.1.3.36) 
(Fragm

ent)
x

Q
3Q

0N
0_9G

A
M

M
>gnl|tr|Q

3Q
0N

0_9G
A

M
M

 (Q
3Q

0N
0) N

aphthoate synthase
x

Q
7V

B
N

9_P
R

O
M

A
>gnl|tr|Q

7V
B

N
9_P

R
O

M
A (Q

7V
B

N
9) D

ihydroxynaphthoic acid synthase
x

Q
9H

Q
N

4_H
A

LS
A

>gnl|tr|Q
9H

Q
N

4_H
A

LS
A (Q

9H
Q

N
4) D

ihydroxynaphthoic acid synthase
x

Q
4JT07_C

O
R

JK
>gnl|tr|Q

4JT07_C
O

R
JK

 (Q
4JT07) N

aphthoate synthase (E
C

 4.1.3.36)
x
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Q
5LFS

3_B
A

C
FN

>gnl|tr|Q
5LFS

3_B
A

C
FN

 (Q
5LFS

3) P
utative naphthoate synthase (E

C
 

4.1.3.36)
x

Q
64W

Q
8_B

A
C

FR
>gnl|tr|Q

64W
Q

8_B
A

C
FR

 (Q
64W

Q
8) D

ihydroxynapthoic acid synthetase
x

Q
31B

S
6_P

R
O

M
9

>gnl|tr|Q
31B

S
6_P

R
O

M
9 (Q

31B
S

6) N
aphthoate synthase

x

Q
89Y

M
9_B

A
C

TN
>gnl|tr|Q

89Y
M

9_B
A

C
TN

 (Q
89Y

M
9) D

ihydroxynapthoic acid synthetase
x

Q
3H

1V
1_9A

C
TO

>gnl|tr|Q
3H

1V
1_9A

C
TO

 (Q
3H

1V
1) N

aphthoate synthase
x

Q
6M

H
P

8_B
D

E
B

A
>gnl|tr|Q

6M
H

P
8_B

D
E

B
A (Q

6M
H

P
8) N

aphthoate synthase
x

Q
83G

X
0_TR

O
W

T
>gnl|tr|Q

83G
X

0_TR
O

W
T (Q

83G
X

0) N
aphthoate synthase (E

C
 4.1.3.36)

x

Q
83IB

8_TR
O

W
8

>gnl|tr|Q
83IB

8_TR
O

W
8 (Q

83IB
8) N

aphthoate synthase (E
C

 4.1.3.36)
x

Q
3N

K
X

7_S
H

E
FR

>gnl|tr|Q
3N

K
X

7_S
H

E
FR

 (Q
3N

K
X

7) N
aphthoate synthase

x
Q

2ZU
S

8_S
H

E
P

U
>gnl|tr|Q

2ZU
S

8_S
H

E
P

U
 (Q

2ZU
S

8) N
aphthoate synthase

x
Q

2X
1G

3_9G
A

M
M

>gnl|tr|Q
2X

1G
3_9G

A
M

M
 (Q

2X
1G

3) N
aphthoate synthase

x
Q

6A
H

C
7_LE

IX
X

>gnl|tr|Q
6A

H
C

7_LE
IX

X
 (Q

6A
H

C
7) N

aphthoate synthase
x

Q
8E

8C
7_S

H
E

O
N

>gnl|tr|Q
8E

8C
7_S

H
E

O
N

 (Q
8E

8C
7) N

aphthoate synthase
x

Q
366R

3_9G
A

M
M

>gnl|tr|Q
366R

3_9G
A

M
M

 (Q
366R

3) N
aphthoate synthase

x
Q

35V
57_9G

A
M

M
>gnl|tr|Q

35V
57_9G

A
M

M
 (Q

35V
57) N

aphthoate synthase
x

Q
33S

G
7_9G

A
M

M
>gnl|tr|Q

33S
G

7_9G
A

M
M

 (Q
33S

G
7) N

aphthoate synthase
x

Q
3Q

C
E

2_9G
A

M
M

>gnl|tr|Q
3Q

C
E

2_9G
A

M
M

 (Q
3Q

C
E

2) N
aphthoate synthase

x
Q

9C
B

B
5_M

Y
C

LE
>gnl|tr|Q

9C
B

B
5_M

Y
C

LE
 (Q

9C
B

B
5) N

aphthoate synthase
x

Q
5Y

PA
1_N

O
C

FA
>gnl|tr|Q

5Y
PA

1_N
O

C
FA (Q

5Y
PA

1) P
utative dihydroxynaphtoic acid 

synthetase
x

Q
6N

JI0_C
O

R
D

I
>gnl|tr|Q

6N
JI0_C

O
R

D
I (Q

6N
JI0) P

utative naphthoate synthase
x

Q
2Z4E

1_9G
A

M
M

>gnl|tr|Q
2Z4E

1_9G
A

M
M

 (Q
2Z4E

1) N
aphthoate synthase

x

Q
6A

R
P

4_D
E

S
P

S
>gnl|tr|Q

6A
R

P
4_D

E
S

P
S

 (Q
6A

R
P

4) P
robable naphthoate synthase 

(M
enB

)
x

Q
2R

Y
X

3_9S
P

H
I

>gnl|tr|Q
2R

Y
X

3_9S
P

H
I (Q

2R
Y

X
3) N

aphthoate synthase (E
C

 4.1.3.36)
x

Q
47FL7_D

E
C

A
R

>gnl|tr|Q
47FL7_D

E
C

A
R

 (Q
47FL7) N

aphthoate synthase
x

Q
3IQ

Y
8_N

ATP
D

>gnl|tr|Q
3IQ

Y
8_N

ATP
D

 (Q
3IQ

Y
8) N

aphthoate synthase (E
C

 4.1.3.36) 
(E

C
 4.1.3.36)

x

Q
7M

U
J0_P

O
R

G
I

>gnl|tr|Q
7M

U
J0_P

O
R

G
I (Q

7M
U

J0) N
aphthoate synthase

x
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Q

85G
05_C

YA
M

E
>gnl|tr|Q

85G
05_C

YA
M

E
 (Q

85G
05) N

aphthoate synthase
x

Q
3X

033_9A
C

TN
>gnl|tr|Q

3X
033_9A

C
TN

 (Q
3X

033) N
aphthoate synthase

x
Q

4N
D

X
0_9M

IC
C

>gnl|tr|Q
4N

D
X

0_9M
IC

C
 (Q

4N
D

X
0) N

aphthoate synthase
x

Q
2P

Q
Y

7_9N
O

C
A

>gnl|tr|Q
2P

Q
Y

7_9N
O

C
A (Q

2P
Q

Y
7) N

aphthoate synthase
x

Q
6A

9A
6_P

R
O

A
C

>gnl|tr|Q
6A

9A
6_P

R
O

A
C

 (Q
6A

9A
6) N

aphthoate synthase M
enB

 (E
C

 
4.1.3.36)

x

Q
6J674_9B

U
R

K
>gnl|tr|Q

6J674_9B
U

R
K

 (Q
6J674) L-alanine-D

L-glutam
ate epim

erase
x

Q
4ZU

Z0_P
S

E
U

2
>gnl|tr|Q

4ZU
Z0_P

S
E

U
2 (Q

4ZU
Z0) M

andelate racem
ase/m

uconate 
lactonizing enzym

e:M
andelate racem

ase/m
uconate lactonizing enzym

e
x

Q
4LU

69_9B
U

R
K

>gnl|tr|Q
4LU

69_9B
U

R
K

 (Q
4LU

69) M
andelate racem

ase/m
uconate 

lactonizing enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e

x

Q
3FIX

4_9B
U

R
K

>gnl|tr|Q
3FIX

4_9B
U

R
K

 (Q
3FIX

4) M
andelate racem

ase/m
uconate 

lactonizing enzym
e

x

Q
4B

9K
4_B

U
R

V
I

>gnl|tr|Q
4B

9K
4_B

U
R

V
I (Q

4B
9K

4) M
andelate racem

ase/m
uconate 

lactonizing enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e

x

Q
3K

8P
4_P

S
E

P
F

>gnl|tr|Q
3K

8P
4_P

S
E

P
F (Q

3K
8P

4) M
andelate racem

ase/m
uconate 

lactonizing enzym
e

x

Q
3FLD

4_9B
U

R
K

>gnl|tr|Q
3FLD

4_9B
U

R
K

 (Q
3FLD

4) M
andelate racem

ase/m
uconate 

lactonizing enzym
e

x

Q
4IU

35_A
ZO

V
I

>gnl|tr|Q
4IU

35_A
ZO

V
I (Q

4IU
35) M

andelate racem
ase/m

uconate 
lactonizing enzym

e:M
andelate racem

ase/m
uconate lactonizing enzym

e
x

Q
44TM

9_9B
U

R
K

>gnl|tr|Q
44TM

9_9B
U

R
K

 (Q
44TM

9) M
andelate racem

ase/m
uconate 

lactonizing enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e

x

Q
8P

9V
1_X

A
N

C
P

>gnl|tr|Q
8P

9V
1_X

A
N

C
P (Q

8P
9V

1) 4-hydroxy-2-oxoglutarate aldolase/2-
deydro-3-deoxyphosphogluconate aldolase

x

Q
4U

TT5_X
A

N
C

8
>gnl|tr|Q

4U
TT5_X

A
N

C
8 (Q

4U
TT5) 4-hydroxy-2-oxoglutarate aldolase/2-

deydro-3-deoxyphosphogluconate aldolase
x
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Q
4H

5S
5_9D

E
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>gnl|tr|Q
4H

5S
5_9D

E
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4H

5S
5) M

andelate racem
ase/m
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lactonizing enzym
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andelate racem

ase/m
uconate lactonizing enzym

e
x

Q
2P

1Q
3_X

A
N

O
R

>gnl|tr|Q
2P

1Q
3_X

A
N

O
R

 (Q
2P

1Q
3) 4-hydroxy-2-oxoglutarate aldolase/2-

deydro-3-deoxyphosphogluconate aldolase
x

Q
5G

Y
P

8_X
A

N
O

R
>gnl|tr|Q

5G
Y

P
8_X

A
N

O
R

 (Q
5G

Y
P

8) 4-hydroxy-2-oxoglutarate aldolase/2-
deydro-3-deoxyphosphogluconate aldolase

x

Q
8P

LN
0_X

A
N

A
C

>gnl|tr|Q
8P

LN
0_X

A
N

A
C

 (Q
8P

LN
0) 4-hydroxy-2-oxoglutarate aldolase/2-

deydro-3-deoxyphosphogluconate aldolase
x

Q
5K

B
M

5_C
R

Y
N

E
>gnl|tr|Q

5K
B

M
5_C

R
Y

N
E
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5K

B
M

5) M
andelate racem

ase/m
uconate 

lactonizing enzym
e, putative

x

Q
39N
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U

R
S

3
>gnl|tr|Q

39N
I3_B

U
R

S
3 (Q

39N
I3) M

andelate racem
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uconate 
lactonizing enzym

e (E
C
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x

Q
44C
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8_C

H
R

S
L

>gnl|tr|Q
44C

R
8_C

H
R
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44C
R

8) M
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ase/m
uconate 

lactonizing enzym
e:M

andelate racem
ase/m

uconate lactonizing enzym
e

x

Q
9R

K
G

2_S
TR

C
O

>gnl|tr|Q
9R

K
G

2_S
TR
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O
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9R
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G

2) P
utative isom

erase
x

Q
3K

9U
5_P

S
E

P
F

>gnl|tr|Q
3K

9U
5_P

S
E
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F (Q

3K
9U

5) M
andelate racem

ase/m
uconate 

lactonizing enzym
e

x

Q
4B

D
61_B

U
R

V
I

>gnl|tr|Q
4B

D
61_B

U
R

V
I (Q

4B
D

61) M
andelate racem

ase/m
uconate 

lactonizing enzym
e

x

Q
453Y

0_9B
U

R
K

>gnl|tr|Q
453Y

0_9B
U

R
K

 (Q
453Y

0) M
andelate racem

ase/m
uconate 

lactonizing enzym
e

x

Q
4LT53_9B

U
R

K
>gnl|tr|Q

4LT53_9B
U

R
K
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ase/m

uconate 
lactonizing enzym

e
x

Q
3FE

L8_9B
U

R
K

>gnl|tr|Q
3FE

L8_9B
U

R
K

 (Q
3FE

L8) M
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ase/m
uconate 

lactonizing enzym
e

x

Q
43Q

N
0_S

O
LU

S
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N
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ase/m
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Q
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R
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X
5) P
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3334

>gnl|kg|stm
:S

TM
3334 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

yps:Y
P

TB
3739

>gnl|kg|yps:Y
P

TB
3739 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

pm
u:P

M
0565

>gnl|kg|pm
u:P

M
0565 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

pae:PA
0437

>gnl|kg|pae:PA
0437 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x
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sm
e:S

M
a2371

>gnl|kg|sm
e:S

M
a2371 codA

1; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

vfi:V
F0531

>gnl|kg|vfi:V
F0531 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

vpa:V
PA

1243
>gnl|kg|vpa:V

PA
1243 putative cytosine deam

inase [E
C

:3.5.4.1] 
[K

O
:K

01485]
x

vvu:V
V

20789
>gnl|kg|vvu:V

V
20789 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x
vvy:V

VA
1255

>gnl|kg|vvy:V
VA

1255 cytosine deam
inase [E

C
:3.5.4.1] [K

O
:K

01485]
x

ppr:P
B

P
R

B
1375

>gnl|kg|ppr:P
B

P
R

B
1375 putative cytosine deam

inase [E
C

:3.5.4.1] 
[K

O
:K

01485]
x

rso:R
S

c1594
>gnl|kg|rso:R

S
c1594 codA

, R
S

03956; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

cpe:C
P

E
0756

>gnl|kg|cpe:C
P

E
0756 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

blo:B
L0011

>gnl|kg|blo:B
L0011 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

ret:R
H

E
_P

B
00107

>gnl|kg|ret:R
H

E
_P

B
00107 codA

b; cytosine deam
inase protein 

[E
C

:3.5.4.1] [K
O

:K
01485]

x

rsp:R
S

P
_0341

>gnl|kg|rsp:R
S

P
_0341 cytosine deam

inase
x

ctc:C
TC

01883
>gnl|kg|ctc:C

TC
01883 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

cya:C
YA

_1587
>gnl|kg|cya:C

YA
_1587 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

pfl:P
FL_4033

>gnl|kg|pfl:P
FL_4033 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

bcl:A
B

C
4032

>gnl|kg|bcl:A
B

C
4032 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

cyb:C
Y

B
_0393

>gnl|kg|cyb:C
Y

B
_0393 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

sto:S
T2403

>gnl|kg|sto:S
T2403 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

ppu:P
P

3189
>gnl|kg|ppu:P

P
3189 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

sso:S
S

O
2770

>gnl|kg|sso:S
S

O
2770 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x
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bpm
:B

U
R

P
S

1710b_A
2335

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
2335 codA

; cytosine deam
inase 

[E
C

:3.5.4.1] [K
O

:K
01485]

x

bps:B
P

S
S

0761
>gnl|kg|bps:B

P
S

S
0761 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

bm
a:B

M
A

A
0603

>gnl|kg|bm
a:B

M
A

A
0603 codA

; cytosine deam
inase [E

C
:3.5.4.1] 

[K
O

:K
01485]

x

bte:B
TH

_II1639
>gnl|kg|bte:B

TH
_II1639 cytosine deam

inase
x

hch:H
C

H
_05147

>gnl|kg|hch:H
C

H
_05147 cytosine deam

inase and related m
etal-

dependent hydrolase
x

x

sil:S
P

O
2806

>gnl|kg|sil:S
P

O
2806 cytosine deam

inase, putative [E
C

:3.5.4.1] 
[K

O
:K

01485]
x

cgl:N
C

gl0075
>gnl|kg|cgl:N

C
gl0075 C

gl0076; cytosine deam
inase or related m

etal-
dependent hydrolase [E

C
:3.5.4.21] [K

O
:K

03365]
x

x

gvi:gll2528
>gnl|kg|gvi:gll2528 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

sai:S
aci_1072

>gnl|kg|sai:S
aci_1072 cytosine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

cef:C
E

2849
>gnl|kg|cef:C

E
2849 putative cytosine deam

inase
x

bta:280712
>gnl|kg|bta:280712 A

D
A

; adenosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

x

hsa:100
>gnl|kg|hsa:100 A

D
A

; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

m
m

u:11486
>gnl|kg|m

m
u:11486 A

da; adenosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

x

rno:24165
>gnl|kg|rno:24165 A

da; adenosine deam
inase [E

C
:3.5.4.4] [K

O
:K

01488]
x

vch:V
C

2751
>gnl|kg|vch:V

C
2751 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

stt:t1331
>gnl|kg|stt:t1331 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

sty:S
TY

1658
>gnl|kg|sty:S

TY
1658 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

ssn:S
S

O
_1535

>gnl|kg|ssn:S
S

O
_1535 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x
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sec:S
C

1480
>gnl|kg|sec:S

C
1480 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

ecc:c2015
>gnl|kg|ecc:c2015 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

eco:b1623
>gnl|kg|eco:b1623 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

ecj:JW
1615

>gnl|kg|ecj:JW
1615 add; A

denosine deam
inase [E

C
:3.5.4.4] 

[K
O

:K
01488]

x

stm
:S

TM
1463

>gnl|kg|stm
:S

TM
1463 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

ecs:E
C

s2331
>gnl|kg|ecs:E

C
s2331 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

ece:Z2628
>gnl|kg|ece:Z2628 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

sfl:S
F1648

>gnl|kg|sfl:S
F1648 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

sfx:S
1780

>gnl|kg|sfx:S
1780 add; adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

sdy:S
D

Y
_1846

>gnl|kg|sdy:S
D

Y
_1846 add; adenosine deam

inase
x

sbo:S
B

O
_1511

>gnl|kg|sbo:S
B

O
_1511 add; adenosine deam

inase
x

son:S
O

4731
>gnl|kg|son:S

O
4731 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

vpa:V
P

0116
>gnl|kg|vpa:V

P
0116 adenosine deam

inase [E
C

:3.5.4.4] [K
O

:K
01488]

x

ppr:P
B

P
R

A
3496

>gnl|kg|ppr:P
B

P
R

A
3496 putative adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

xtr:496434
>gnl|kg|xtr:496434 ada-prov; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

yps:Y
P

TB
2180

>gnl|kg|yps:Y
P

TB
2180 add; adenosine deam

inase [E
C

:3.5.4.4] 
[K

O
:K

01488]
x

xla:444167
>gnl|kg|xla:444167 M

G
C

80635; M
G

C
80635 protein [E

C
:3.5.4.4] 

[K
O

:K
01488]

x
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psb:P
syr_0415

>gnl|kg|psb:P
syr_0415 N

-acyl-D
-am

ino-acid deacylase [E
C

:3.5.1.82]
x

pfo:P
fl_0723

>gnl|kg|pfo:P
fl_0723 am

idohydrolase
x

x

psp:P
S

P
P

H
_0405

>gnl|kg|psp:P
S

P
P

H
_0405 N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[E
C

:3.5.1.82]
x

rso:R
S

p1187
>gnl|kg|rso:R

S
p1187 ndeD

, R
S

03131; probable N
-acyl-D

-glutam
ate 

deacylase protein [E
C

:3.5.1.82]
x

pst:P
S

P
TO

5117
>gnl|kg|pst:P

S
P

TO
5117 N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[E
C

:3.5.1.82]
x

x

bte:B
TH

_I0546
>gnl|kg|bte:B

TH
_I0546 N

-acyl-D
-am

ino-acid deacylase fam
ily protein

x
x

bpm
:B

U
R

P
S

1710b_0837
>gnl|kg|bpm

:B
U

R
P

S
1710b_0837 D

-am
inoacylase [E

C
:3.5.1.81]

x
bps:B

P
S

L0630
>gnl|kg|bps:B

P
S

L0630 dan; D
-am

inoacylase [E
C

:3.5.1.81]
x

pfl:P
FL_0775

>gnl|kg|pfl:P
FL_0775 N

-acyl-D
-am

ino acid deacylase fam
ily protein 

[E
C

:3.5.1.82]
x

x

reu:R
eut_B

4020
>gnl|kg|reu:R

eut_B
4020 N

-acyl-D
-am

ino-acid deacylase [E
C

:3.5.1.81]
x

bur:B
cep18194_A

6068
>gnl|kg|bur:B

cep18194_A
6068 N

-acyl-D
-am

ino-acid deacylase 
[E

C
:3.5.1.81]

x

bm
a:B

M
A

0178
>gnl|kg|bm

a:B
M

A
0178 N

-acyl-D
-am

ino-acid deacylase fam
ily protein 

[E
C

:3.5.1.81]
x

x

sm
e:S

M
c01821

>gnl|kg|sm
e:S

M
c01821 dht; dihydropyrim

idinase [E
C

:3.5.2.2] 
[K

O
:K

01464]
x

x

rsp:R
S

P
_0183

>gnl|kg|rsp:R
S

P
_0183 dht; dihydropyrim

idinase [E
C

:3.5.2.2] 
[K

O
:K

01464]
x

x

m
lo:m

ll1629
>gnl|kg|m

lo:m
ll1629 dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

atu:A
tu2386

>gnl|kg|atu:A
tu2386 dht; dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

atc:A
G

R
_C

_4328
>gnl|kg|atc:A

G
R

_C
_4328 dihydropyrim

idinase [E
C

:3.5.2.2] 
[K

O
:K

01464]
x

x

bm
s:B

R
0278

>gnl|kg|bm
s:B

R
0278 dhT; D

-hydantoinase [E
C

:3.5.2.2] [K
O

:K
01464]

x

sil:S
P

O
1783

>gnl|kg|sil:S
P

O
1783 hydA

; D
-hydantoinase [E

C
:3.5.2.2] [K

O
:K

01464]
x
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bm
e:B

M
E

I1644
>gnl|kg|bm

e:B
M

E
I1644 dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

pfo:P
fl_3441

>gnl|kg|pfo:P
fl_3441 D

-hydantoinase [E
C

:3.5.2.2] [K
O

:K
01464]

x

pfl:P
FL_2548

>gnl|kg|pfl:P
FL_2548 hydA

; dihydropyrim
idinase [E

C
:3.5.2.2] 

[K
O

:K
01464]

x
x

pae:PA
0441

>gnl|kg|pae:PA
0441 dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

osa:P
0702B

09.7
>gnl|kg|osa:P

0702B
09.7 putative dihydropyrim

idinase
x

x
gka:G

K
1423

>gnl|kg|gka:G
K

1423 dihydropyrim
idinase [E

C
:3.5.2.2] [K

O
:K

01464]
x

x

bur:B
cep18194_C

6658
>gnl|kg|bur:B

cep18194_C
6658 D

-hydantoinase [E
C

:3.5.2.2] 
[K

O
:K

01464]
x

bja:blr7615
>gnl|kg|bja:blr7615 dht; dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

cps:C
P

S
_4055

>gnl|kg|cps:C
P

S
_4055 dht; dihydropyrim

idinase [E
C

:3.5.2.2] 
[K

O
:K

01464]
x

x

sco:S
C

O
6415

>gnl|kg|sco:S
C

O
6415 S

C
1A

6.04; putative D
-hydantoinase [E

C
:3.5.2.2] 

[K
O

:K
01464]

x

sm
a:S

AV
1949

>gnl|kg|sm
a:S

AV
1949 dht; putative dihydropyrim

idinase [E
C

:3.5.2.2] 
[K

O
:K

01464]
x

x

ecs:E
C

s3746
>gnl|kg|ecs:E

C
s3746 dihydropyrim

idinase
x

x
ece:Z4212

>gnl|kg|ece:Z4212 dihydropyrim
idinase

x
x

rsp:R
S

P
_3462

>gnl|kg|rsp:R
S

P
_3462 dihydropyrim

idinase
x

x
ecc:c3451

>gnl|kg|ecc:c3451 ygeZ; dihydropyrim
idinase [E

C
:3.-.-.-]

x
x

bcl:A
B

C
3783

>gnl|kg|bcl:A
B

C
3783 dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

reu:R
eut_A

0045
>gnl|kg|reu:R

eut_A
0045 D

-hydantoinase [E
C

:3.5.2.2] [K
O

:K
01464]

x

cfa:475067
>gnl|kg|cfa:475067 LO

C
475067; sim

ilar to D
ihydropyrim

idinase 
(D

H
P

ase) (H
ydantoinase) (D

H
P

)
x

x

ddi:D
D

B
0191172

>gnl|kg|ddi:D
D

B
0191172 pyd2; hypothetical protein [E

C
:3.5.2.2] 

[K
O

:K
01464]

x
x

gga:420266
>gnl|kg|gga:420266 LO

C
420266; sim

ilar to dihydropyrim
idinase

x
x

hsa:1807
>gnl|kg|hsa:1807 D

P
Y

S
; dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x
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ctc:C
TC

01781
>gnl|kg|ctc:C

TC
01781 dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

rno:65135
>gnl|kg|rno:65135 D

pys; dihydropyrim
idinase [E

C
:3.5.2.2] [K

O
:K

01464]
x

x

m
m

u:64705
>gnl|kg|m

m
u:64705 D

pys; dihydropyrim
idinase [E

C
:3.5.2.2] 

[K
O

:K
01464]

x
x

ppr:P
B

P
R

A
1991

>gnl|kg|ppr:P
B

P
R

A
1991 ygeZ; hypothetical hydrolase ygeZ [E

C
:3.-.-.-]

x
x

xla:495311
>gnl|kg|xla:495311 LO

C
495311; hypothetical LO

C
495311 [E

C
:3.5.2.2] 

[K
O

:K
01464]

x
x

bta:509241
>gnl|kg|bta:509241 LO

C
509241; sim

ilar to D
ihydropyrim

idinase 
(D

H
P

ase) (H
ydantoinase) (D

H
P

)
x

x

cel:C
47E

12.8
>gnl|kg|cel:C

47E
12.8 dhp-2; H

ypothetical protein C
47E

12.8 
[E

C
:3.5.2.2] [K

O
:K

01464]
x

x

bja:blr3295
>gnl|kg|bja:blr3295 dihydropyrim

idinase [E
C

:3.5.2.2] [K
O

:K
01464]

x
x

sbo:S
B

O
_4379

>gnl|kg|sbo:S
B

O
_4379 iadA

; isoaspartyl dipeptidase
x

m
m

u:13177
>gnl|kg|m

m
u:13177 D

ci; dodecenoyl-C
oenzym

e A delta isom
erase (3,2 

trans-enoyl-C
oenym

e A isom
erase) [E

C
:5.3.3.8] [K

O
:K

01825]
x

hsa:1632
>gnl|kg|hsa:1632 D

C
I; dodecenoyl-C

oenzym
e A delta isom

erase (3,2 
trans-enoyl-C

oenzym
e A isom

erase) [E
C

:5.3.3.8] [K
O

:K
01825]

x

rno:29740
>gnl|kg|rno:29740 D

ci; dodecenoyl-coenzym
e A delta isom

erase 
[E

C
:5.3.3.8] [K

O
:K

01825]
x

dm
e:C

G
4598-PA

>gnl|kg|dm
e:C

G
4598-PA C

G
4598; C

G
4598 gene product from

 
transcript C

G
4598-R

A [E
C

:5.3.3.8] [K
O

:K
01825]

x

dm
e:C

G
4594-PA

>gnl|kg|dm
e:C

G
4594-PA C

G
4594; C

G
4594 gene product from

 
transcript C

G
4594-R

A [E
C

:5.3.3.8] [K
O

:K
01825]

x

xtr:496654
>gnl|kg|xtr:496654 dci-prov; dodecenoyl-C

oenzym
e A delta isom

erase 
(3,2 trans-enoyl-C

oenzym
e A isom

erase) [E
C

:5.3.3.8] [K
O

:K
01825]

x

xla:432103
>gnl|kg|xla:432103 M

G
C

82167; hypothetical protein M
G

C
82167 

[E
C

:5.3.3.8] [K
O

:K
01825]

x

cfa:490059
>gnl|kg|cfa:490059 LO

C
490059; sim

ilar to dodecenoyl-C
oenzym

e A 
delta isom

erase (3,2 trans-enoyl-C
oenzym

e A isom
erase)

x
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral
pfo:P

fl_2882
>gnl|kg|pfo:P

fl_2882 enoyl-C
oA hydratase/isom

erase
x

x

psp:P
S

P
P

H
_2608

>gnl|kg|psp:P
S

P
P

H
_2608 enoyl-C

oA hydratase/isom
erase fam

ily 
protein [E

C
:5.3.3.-]

x
x

ath:A
t5g43280

>gnl|kg|ath:A
t5g43280 M

N
L12.10; enoyl-C

oA hydratase/isom
erase 

fam
ily [E

C
:5.3.3.-]

x
x

sfl:S
F2904

>gnl|kg|sfl:S
F2904 ygfG

; putative enzym
e

x
x

eco:b2919
>gnl|kg|eco:b2919 ygfG

; m
ethylm

alonyl-C
oA decarboxylase, biotin-

independent
x

sfx:S
3104

>gnl|kg|sfx:S
3104 ygfG

; putative enzym
e

x
x

ece:Z4256
>gnl|kg|ece:Z4256 ygfG

; putative enzym
e

x
x

sbo:S
B

O
_3075

>gnl|kg|sbo:S
B

O
_3075 ygfG

; putative enzym
e

x
x

ssn:S
S

O
_3070

>gnl|kg|ssn:S
S

O
_3070 ygfG

; putative enzym
e

x
x

hsa:26275
>gnl|kg|hsa:26275 H

IB
C

H
; 3-hydroxyisobutyryl-C

oenzym
e A hydrolase

x

m
m

u:227095
>gnl|kg|m

m
u:227095 H

ibch; 3-hydroxyisobutyryl-C
oenzym

e A hydrolase
x

gga:423979
>gnl|kg|gga:423979 LO

C
423979; sim

ilar to 3-hydroxyisobutyryl-
C

oenzym
e A hydrolase isoform

 1
x

x

ath:A
t5g65940

>gnl|kg|ath:A
t5g65940 K

14B
20.11; 3-hydroxyisobutyryl-coenzym

e A 
hydrolase (C

oA
-thioester hydrolase) (C

H
Y

1)
x

bta:535883
>gnl|kg|bta:535883 LO

C
535883; sim

ilar to 3-hydroxyisobutyryl-
C

oenzym
e A hydrolase isoform

 1
x

x

ath:A
t2g30660

>gnl|kg|ath:A
t2g30660 T11J7.5; 3-hydroxyisobutyryl-coenzym

e A 
hydrolase, putative / C

oA
-thioester hydrolase, putative

x

ath:A
t2g30650

>gnl|kg|ath:A
t2g30650 T11J7.4; 3-hydroxyisobutyryl-coenzym

e A 
hydrolase, putative / C

oA
-thioester hydrolase, putative

x

bce:B
C

2292
>gnl|kg|bce:B

C
2292 3-hydroxyisobutyryl-coenzym

e A hydrolase 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

cfa:478841
>gnl|kg|cfa:478841 LO

C
478841; sim

ilar to 3-hydroxyisobutyryl-
C

oenzym
e A hydrolase isoform

 1
x

x

rno:301384
>gnl|kg|rno:301384 H

ibch_predicted; 3-hydroxyisobutyryl-C
oenzym

e A 
hydrolase (predicted)

x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

gka:G
K

3054
>gnl|kg|gka:G

K
3054 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cte:C
T0145

>gnl|kg|cte:C
T0145 eno-2; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

gga:396017
>gnl|kg|gga:396017 LO

C
396017; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dm
e:C

G
17654-P

B
>gnl|kg|dm

e:C
G

17654-P
B

 C
G

17654; C
G

17654 gene product from
 

transcript C
G

17654-R
B

 C
G

17654 gene product from
 transcript 

C
G

17654-R
C

 [E
C

:4.2.1.11] [K
O

:K
01689]

x

m
fl:M

fl468
>gnl|kg|m

fl:M
fl468 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pfa:P
F10_0155

>gnl|kg|pfa:P
F10_0155 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tte:TTE
1759

>gnl|kg|tte:TTE
1759 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hsa:2026
>gnl|kg|hsa:2026 E

N
O

2; enolase 2 (gam
m

a, neuronal) [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

xla:380298
>gnl|kg|xla:380298 eno1-prov; enolase 1, alpha [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

rno:24334
>gnl|kg|rno:24334 E

no2; enolase 2, gam
m

a [E
C

:4.2.1.11] [K
O

:K
01689]

x

gga:395689
>gnl|kg|gga:395689 LO

C
395689; gam

m
a-subunit of enolase

x

cfa:477709
>gnl|kg|cfa:477709 LO

C
477709; sim

ilar to G
am

m
a enolase (2-phospho-

D
-glycerate hydro-lyase) (N

eural enolase) (N
S

E
) (E

nolase 2)
x

m
m

u:13807
>gnl|kg|m

m
u:13807 E

no2; enolase 2, gam
m

a neuronal [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

lpl:lp_0792
>gnl|kg|lpl:lp_0792 enoA

1; phosphopyruvate hydratase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

hsa:2023
>gnl|kg|hsa:2023 E

N
O

1; enolase 1, (alpha) [E
C

:4.2.1.11] [K
O

:K
01689]

x

dre:393668
>gnl|kg|dre:393668 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hsa:2027
>gnl|kg|hsa:2027 E

N
O

3; enolase 3 (beta, m
uscle) [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

zm
a:E

N
O

2
>gnl|kg|zm

a:E
N

O
2 eno2; enolase 2 (2-phosphoglycerate dehydratase 

2) (2-phospho- d-glycerate hydro-lyase 2). [E
C

:4.2.1.11] 
[S

P
:E

N
O

2_M
A

IZE
]

x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral
cfa:479469

>gnl|kg|cfa:479469 LO
C

479469; sim
ilar to E

nolase 3, beta
x

bta:540303
>gnl|kg|bta:540303 M

G
C

128156; sim
ilar to B

eta enolase (2-phospho-D
-

glycerate hydro-lyase) (M
uscle-specific enolase) (M

S
E

) (S
keletal 

m
uscle enolase) (E

nolase 3)
x

xla:380038
>gnl|kg|xla:380038 eno3-prov; enolase 3, beta m

uscle [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

m
cp:M

C
A

P
_0213

>gnl|kg|m
cp:M

C
A

P
_0213 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ljo:LJ0875
>gnl|kg|ljo:LJ0875 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

chy:C
H

Y
_0284

>gnl|kg|chy:C
H

Y
_0284 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
m

u:13806
>gnl|kg|m

m
u:13806 E

no1; enolase 1, alpha non-neuron [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

bsu:B
G

10899
>gnl|kg|bsu:B

G
10899 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
m

u:13808
>gnl|kg|m

m
u:13808 E

no3; enolase 3, beta m
uscle [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bcz:B
C

ZK
4824

>gnl|kg|bcz:B
C

ZK
4824 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ptr:457913
>gnl|kg|ptr:457913 E

N
O

1; enolase 1
x

bli:B
L03468

>gnl|kg|bli:B
L03468 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bld:B
Li03661

>gnl|kg|bld:B
Li03661 eno; enolase; R

B
L03415 [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bha:B
H

3556
>gnl|kg|bha:B

H
3556 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ath:A
t2g36530

>gnl|kg|ath:A
t2g36530 F1O

11.16; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

ban:B
A

5364
>gnl|kg|ban:B

A
5364 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

baa:B
A

_0223
>gnl|kg|baa:B

A
_0223 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bar:G
B

A
A

5364
>gnl|kg|bar:G

B
A

A
5364 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

btk:B
T9727_4814

>gnl|kg|btk:B
T9727_4814 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bat:B
A

S
4985

>gnl|kg|bat:B
A

S
4985 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

xla:379079
>gnl|kg|xla:379079 M

G
C

53543; sim
ilar to enolase 1, alpha non-neuron 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

efa:E
F1961

>gnl|kg|efa:E
F1961 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bca:B
C

E
5238

>gnl|kg|bca:B
C

E
5238 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tan:TA
10425

>gnl|kg|tan:TA
10425 enolase, putative

x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

m
m

y:M
S

C
_0253

>gnl|kg|m
m

y:M
S

C
_0253 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

dre:334116
>gnl|kg|dre:334116 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
ta:M

oth_0266
>gnl|kg|m

ta:M
oth_0266 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bce:B
C

5135
>gnl|kg|bce:B

C
5135 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

xtr:394749
>gnl|kg|xtr:394749 M

G
C

75746; E
nolase (2-phosphoglycerate 

dehydratase) [E
C

:4.2.1.11] [K
O

:K
01689]

x

rno:24333
>gnl|kg|rno:24333 E

no1; enolase 1, alpha [E
C

:4.2.1.11] [K
O

:K
01689]

x

tpv:TP
04_0700

>gnl|kg|tpv:TP
04_0700 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tm
a:TM

0877
>gnl|kg|tm

a:TM
0877 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dre:378963
>gnl|kg|dre:378963 eno3; enolase 3, (beta, m

uscle) [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

bcl:A
B

C
3017

>gnl|kg|bcl:A
B

C
3017 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cch:C
ag_0347

>gnl|kg|cch:C
ag_0347 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

gm
e:G

m
et_2372

>gnl|kg|gm
e:G

m
et_2372 enolase

x
bga:B

G
0338

>gnl|kg|bga:B
G

0338 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
aae:aq_484

>gnl|kg|aae:aq_484 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
gsu:G

S
U

2286
>gnl|kg|gsu:G

S
U

2286 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
bth:B

T4572
>gnl|kg|bth:B

T4572 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

lsa:LS
A

0607
>gnl|kg|lsa:LS

A
0607 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ctc:C
TC

00382
>gnl|kg|ctc:C

TC
00382 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bbu:B
B

0337
>gnl|kg|bbu:B

B
0337 eno; enolase (eno) [E

C
:4.2.1.11] [K

O
:K

01689]
x

bfr:B
F1188

>gnl|kg|bfr:B
F1188 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bfs:B
F1155

>gnl|kg|bfs:B
F1155 eno, hupA

; phosphopyruvate hydratase 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

plt:P
lut_1972

>gnl|kg|plt:P
lut_1972 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cac:C
A

C
0713

>gnl|kg|cac:C
A

C
0713 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pcu:pc0143
>gnl|kg|pcu:pc0143 eno; probable phosphopyruvate hydratase 
(enolase) [E

C
:4.2.1.11] [K

O
:K

01689]
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

bta:526006
>gnl|kg|bta:526006 LO

C
526006; sim

ilar to G
am

m
a enolase (2-phospho-

D
-glycerate hydro-lyase) (N

eural enolase) (N
euron-specific enolase) 

(N
S

E
) (E

nolase 2)
x

x

lm
o:lm

o2455
>gnl|kg|lm

o:lm
o2455 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lin:lin2549
>gnl|kg|lin:lin2549 eno; highly sim

ilar to enolase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

x

lm
f:LM

O
f2365_2428

>gnl|kg|lm
f:LM

O
f2365_2428 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cal:orf19.395
>gnl|kg|cal:orf19.395 E

N
O

1; enolase I [E
C

:4.2.1.11] [K
O

:K
01689]

x

pac:P
PA

0545
>gnl|kg|pac:P

PA
0545 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ago:A
E

R
294C

>gnl|kg|ago:A
E

R
294C

 A
E

R
294C

p; enolase (E
N

O
2) (E

N
O

1) 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

tde:TD
E

0949
>gnl|kg|tde:TD

E
0949 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sth:S
TH

249
>gnl|kg|sth:S

TH
249 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

zm
a:E

N
O

1
>gnl|kg|zm

a:E
N

O
1 eno1, pgh1; enolase 1 (2-phosphoglycerate 

dehydratase 1) (2-phospho- d-glycerate hydro-lyase 1). [E
C

:4.2.1.11] 
[S

P
:E

N
O

1_M
A

IZE
]

x

m
pu:M

Y
P

U
_5180

>gnl|kg|m
pu:M

Y
P

U
_5180 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

oih:O
B

2434
>gnl|kg|oih:O

B
2434 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dvu:D
V

U
0322

>gnl|kg|dvu:D
V

U
0322 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sce:Y
G

R
254W

>gnl|kg|sce:Y
G

R
254W

 E
N

O
1; enolase I [E

C
:4.2.1.11] [K

O
:K

01689]
x

pca:P
car_1230

>gnl|kg|pca:P
car_1230 enolase

x
pab:PA

B
1126

>gnl|kg|pab:PA
B

1126 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
dre:402874

>gnl|kg|dre:402874 eno2; enolase 2
x

tbd:Tbd_0621
>gnl|kg|tbd:Tbd_0621 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

rru:R
ru_A

1885
>gnl|kg|rru:R

ru_A
1885 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ttj:TTH
A

0002
>gnl|kg|ttj:TTH

A
0002 enolase (2-phosphoglycerate dehydratase) 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

tth:TTC
1610

>gnl|kg|tth:TTC
1610 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dde:D
de_0295

>gnl|kg|dde:D
de_0295 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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G
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ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral
rno:25438

>gnl|kg|rno:25438 E
no3; enolase 3, beta [E

C
:4.2.1.11] [K

O
:K

01689]
x

cjk:jk1483
>gnl|kg|cjk:jk1483 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dra:D
R

2637
>gnl|kg|dra:D

R
2637 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

zm
o:ZM

O
1608

>gnl|kg|zm
o:ZM

O
1608 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cdi:D
IP

0917
>gnl|kg|cdi:D

IP
0917 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sce:Y
H

R
174W

>gnl|kg|sce:Y
H

R
174W

 E
N

O
2; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cef:C
E

1042
>gnl|kg|cef:C

E
1042 putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

blo:B
L1022

>gnl|kg|blo:B
L1022 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
ja:M

J0232
>gnl|kg|m

ja:M
J0232 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

spn:S
P

1128
>gnl|kg|spn:S

P
1128 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hin:H
I0932

>gnl|kg|hin:H
I0932 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

spr:spr1036
>gnl|kg|spr:spr1036 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

nar:S
aro_2223

>gnl|kg|nar:S
aro_2223 phosphopyruvate hydratase [E

C
:4.2.1.11]

x
hit:N

TH
I1103

>gnl|kg|hit:N
TH

I1103 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

su:M
S

0256
>gnl|kg|m

su:M
S

0256 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cpe:C

P
E

1299
>gnl|kg|cpe:C

P
E

1299 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tko:TK

2106
>gnl|kg|tko:TK

2106 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

spm
:spyM

18_0798
>gnl|kg|spm

:spyM
18_0798 eno; putative enolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

spb:M
28_S

py0535
>gnl|kg|spb:M

28_S
py0535 eno; phosphopyruvate hydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

spg:S
pyM

3_0479
>gnl|kg|spg:S

pyM
3_0479 eno; putative enolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

sps:S
P

s1375
>gnl|kg|sps:S

P
s1375 putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

spy:S
P

y0731
>gnl|kg|spy:S

P
y0731 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dar:D
aro_2364

>gnl|kg|dar:D
aro_2364 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cgb:cg1111
>gnl|kg|cgb:cg1111 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cgl:N
C

gl0935
>gnl|kg|cgl:N

C
gl0935 C

gl0974; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
san:gbs0608

>gnl|kg|san:gbs0608 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

sak:S
A

K
_0713

>gnl|kg|sak:S
A

K
_0713 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

sag:S
A

G
0628

>gnl|kg|sag:S
A

G
0628 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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A
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E
quiv.

Incorrect
C

orrect
G

eneral
bta:281141

>gnl|kg|bta:281141 E
N

O
1; enolase 1 [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
le:M

L0255
>gnl|kg|m

le:M
L0255 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

aci:A
C

IA
D

2001
>gnl|kg|aci:A

C
IA

D
2001 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

stl:stu0635
>gnl|kg|stl:stu0635 eno; 2-phosphoglycerate dehydratase, enolase 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

stc:str0635
>gnl|kg|stc:str0635 eno; 2-phosphoglycerate dehydratase, enolase 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

sab:S
A

B
0732

>gnl|kg|sab:S
A

B
0732 eno; enolase 2-phosphoglycerate dehydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

sav:S
AV

0776
>gnl|kg|sav:S

AV
0776 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sau:S
A

0731
>gnl|kg|sau:S

A
0731 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sac:S
A

C
O

L0842
>gnl|kg|sac:S

A
C

O
L0842 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

saa:S
A

U
S

A
300_0760

>gnl|kg|saa:S
A

U
S

A
300_0760 eno; phosphopyruvate hydratase 

[E
C

:4.2.1.11]
x

sam
:M

W
0738

>gnl|kg|sam
:M

W
0738 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sar:S
A

R
0832

>gnl|kg|sar:S
A

R
0832 eno; putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sas:S
A

S
0742

>gnl|kg|sas:S
A

S
0742 putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pm
u:P

M
1871

>gnl|kg|pm
u:P

M
1871 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
lo:m

lr0378
>gnl|kg|m

lo:m
lr0378 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sm
u:S

M
U

.1247
>gnl|kg|sm

u:S
M

U
.1247 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

tcx:Tcr_1260
>gnl|kg|tcx:Tcr_1260 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pae:PA
3635

>gnl|kg|pae:PA
3635 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sha:S
H

2109
>gnl|kg|sha:S

H
2109 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pho:P
H

1942
>gnl|kg|pho:P

H
1942 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sep:S
E

0561
>gnl|kg|sep:S

E
0561 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ser:S
E

R
P

0446
>gnl|kg|ser:S

E
R

P
0446 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

poy:PA
M

284
>gnl|kg|poy:PA

M
284 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sbo:S
B

O
_2660

>gnl|kg|sbo:S
B

O
_2660 eno; enolase

x
sfx:S

2988
>gnl|kg|sfx:S

2988 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sdy:S

D
Y

_2996
>gnl|kg|sdy:S

D
Y

_2996 eno; enolase
x

ecs:E
C

s3639
>gnl|kg|ecs:E

C
s3639 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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 D
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E
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C
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G

eneral

ecc:c3344
>gnl|kg|ecc:c3344 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ecj:JW
2750

>gnl|kg|ecj:JW
2750 eno; E

nolase (2-phosphoglycerate dehydratase) (2-
phospho-d- glycerate hydro-lyase). [E

C
:4.2.1.11] [K

O
:K

01689]
x

eco:b2779
>gnl|kg|eco:b2779 eno, eno'; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sfl:S
F2794

>gnl|kg|sfl:S
F2794 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ngo:N
G

O
0617

>gnl|kg|ngo:N
G

O
0617 putative enolase (2-phosphoglycerate 

dehydratase) [E
C

:4.2.1.11] [K
O

:K
01689]

x

xcc:X
C

C
1700

>gnl|kg|xcc:X
C

C
1700 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

xcb:X
C

_2531
>gnl|kg|xcb:X

C
_2531 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
pa:M

A
P

0990
>gnl|kg|m

pa:M
A

P
0990 eno; putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

xoo:X
O

O
2963

>gnl|kg|xoo:X
O

O
2963 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

xac:X
A

C
1719

>gnl|kg|xac:X
A

C
1719 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ype:Y
P

O
3376

>gnl|kg|ype:Y
P

O
3376 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ypk:y0814
>gnl|kg|ypk:y0814 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

vvy:V
V

2818
>gnl|kg|vvy:V

V
2818 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

yps:Y
P

TB
0755

>gnl|kg|yps:Y
P

TB
0755 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ypm
:Y

P
0310

>gnl|kg|ypm
:Y

P
0310 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ppr:P
B

P
R

A
3079

>gnl|kg|ppr:P
B

P
R

A
3079 eno; putative enolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

nm
a:N

M
A

1495
>gnl|kg|nm

a:N
M

A
1495 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

nm
e:N

M
B

1285
>gnl|kg|nm

e:N
M

B
1285 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ece:Z4094
>gnl|kg|ece:Z4094 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ilo:IL0772
>gnl|kg|ilo:IL0772 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

gga:396016
>gnl|kg|gga:396016 LO

C
396016; enolase

x
pfu:P

F0215
>gnl|kg|pfu:P

F0215 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
hch:H

C
H

_01867
>gnl|kg|hch:H

C
H

_01867 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
xfa:X

F1291
>gnl|kg|xfa:X

F1291 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

plu:plu0913
>gnl|kg|plu:plu0913 eno; enolase (2-phosphoglycerate dehydratase) (2-
phospho-D

-glycerate hydro-lyase) [E
C

:4.2.1.11] [K
O

:K
01689]

x
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C
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eneral

sco:S
C

O
3096

>gnl|kg|sco:S
C

O
3096 eno, S

C
E

41.05c; enolase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

deh:cbdb_A
573

>gnl|kg|deh:cbdb_A
573 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tpa:TP
0817

>gnl|kg|tpa:TP
0817 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ssn:S
S

O
_2936

>gnl|kg|ssn:S
S

O
_2936 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

xcv:X
C

V
1752

>gnl|kg|xcv:X
C

V
1752 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

psp:P
S

P
P

H
_3820

>gnl|kg|psp:P
S

P
P

H
_3820 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

dps:D
P

1799
>gnl|kg|dps:D

P
1799 probable enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

psb:P
syr_1363

>gnl|kg|psb:P
syr_1363 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
sy:M

S
53_0009

>gnl|kg|m
sy:M

S
53_0009 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

vpa:V
P

2561
>gnl|kg|vpa:V

P
2561 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

spo:S
P

B
C

1815.01
>gnl|kg|spo:S

P
B

C
1815.01 eno1; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tfu:Tfu_0428
>gnl|kg|tfu:Tfu_0428 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

rba:R
B

12381
>gnl|kg|rba:R

B
12381 eno; enolase (2-phosphoglycerate dehydratase) 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

det:D
E

T0593
>gnl|kg|det:D

E
T0593 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pfl:P
FL_1196

>gnl|kg|pfl:P
FL_1196 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
tc:M

T1051
>gnl|kg|m

tc:M
T1051 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
tu:R

v1023
>gnl|kg|m

tu:R
v1023 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

sm
a:S

AV
3533

>gnl|kg|sm
a:S

AV
3533 eno; putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

atc:A
G

R
_C

_2631
>gnl|kg|atc:A

G
R

_C
_2631 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

reu:R
eut_A

1091
>gnl|kg|reu:R

eut_A
1091 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
ka:M

K
1647

>gnl|kg|m
ka:M

K
1647 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hdu:H
D

0477
>gnl|kg|hdu:H

D
0477 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ayw
:AY

W
B

_437
>gnl|kg|ayw

:AY
W

B
_437 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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eneral
stm

:S
TM

2952
>gnl|kg|stm

:S
TM

2952 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sty:S

TY
3081

>gnl|kg|sty:S
TY

3081 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
stt:t2853

>gnl|kg|stt:t2853 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
spt:S

PA
2809

>gnl|kg|spt:S
PA

2809 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sec:S

C
2886

>gnl|kg|sec:S
C

2886 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

pfo:P
fl_1121

>gnl|kg|pfo:P
fl_1121 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

eca:E
C

A
3566

>gnl|kg|eca:E
C

A
3566 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
bo:M

b1051
>gnl|kg|m

bo:M
b1051 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
ga:M

G
A

_0209
>gnl|kg|m

ga:M
G

A
_0209 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

vvu:V
V

11579
>gnl|kg|vvu:V

V
11579 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

vch:V
C

2447
>gnl|kg|vch:V

C
2447 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

spz:M
5005_S

py_0556
>gnl|kg|spz:M

5005_S
py_0556 eno; phosphopyruvate hydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

bja:bll4794
>gnl|kg|bja:bll4794 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cne:C
N

C
00160

>gnl|kg|cne:C
N

C
00160 phosphopyruvate hydratase, putative 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

cte:C
T1962

>gnl|kg|cte:C
T1962 eno-1; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sm
e:S

M
c01028

>gnl|kg|sm
e:S

M
c01028 eno; probable enolase protein [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

eli:E
LI_05740

>gnl|kg|eli:E
LI_05740 enolase

x

nfa:nfa48590
>gnl|kg|nfa:nfa48590 eno; putative enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hpj:jhp0142
>gnl|kg|hpj:jhp0142 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

vfi:V
F2075

>gnl|kg|vfi:V
F2075 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

fnu:FN
1764

>gnl|kg|fnu:FN
1764 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lxx:Lxx17200
>gnl|kg|lxx:Lxx17200 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ddi:D
D

B
0231355

>gnl|kg|ddi:D
D

B
0231355 enoA

; 2-phospho-D
-glycerate hydrolase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

pgi:P
G

1824
>gnl|kg|pgi:P

G
1824 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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E
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C
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eneral
xft:P

D
0543

>gnl|kg|xft:P
D

0543 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ppu:P

P
1612

>gnl|kg|ppu:P
P

1612 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

m
p:M

M
P

0396
>gnl|kg|m

m
p:M

M
P

0396 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
pst:P

S
P

TO
1554

>gnl|kg|pst:P
S

P
TO

1554 eno-1; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
ssp:S

S
P

1912
>gnl|kg|ssp:S

S
P

1912 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lic:LIC

11954
>gnl|kg|lic:LIC

11954 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lil:LA

1951
>gnl|kg|lil:LA

1951 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

rso:R
S

c1129
>gnl|kg|rso:R

S
c1129 eno, R

S
04624; enolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

cm
e:C

M
K

131C
>gnl|kg|cm

e:C
M

K
131C

 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
sil:S

P
O

2474
>gnl|kg|sil:S

P
O

2474 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
lla:L0007

>gnl|kg|lla:L0007 enoA
; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cpa:C
P

1071
>gnl|kg|cpa:C

P
1071 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cpj:C
P

j0800
>gnl|kg|cpj:C

P
j0800 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ftu:FTT0709
>gnl|kg|ftu:FTT0709 eno; enolase (2-phosphoglycerate dehydratase) 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

bur:B
cep18194_A

5413
>gnl|kg|bur:B

cep18194_A
5413 phosphopyruvate hydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

sgl:S
G

0513
>gnl|kg|sgl:S

G
0513 enolase

x
cpn:C

P
n0800

>gnl|kg|cpn:C
P

n0800 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
cpt:C

pB
0829

>gnl|kg|cpt:C
pB

0829 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

ret:R
H

E
_C

H
01931

>gnl|kg|ret:R
H

E
_C

H
01931 eno; 2-phosphoglycerate dehydratase 

(enolase) protein [E
C

:4.2.1.11] [K
O

:K
01689]

x

cpv:cgd5_1960
>gnl|kg|cpv:cgd5_1960 enolase (2-phosphoglycerate dehydratase) 
[E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
f:B

A
B

1_1155
>gnl|kg|bm

f:B
A

B
1_1155 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
b:B

ruA
b1_1138

>gnl|kg|bm
b:B

ruA
b1_1138 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
s:B

R
1132

>gnl|kg|bm
s:B

R
1132 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ana:all3538
>gnl|kg|ana:all3538 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bhe:B
H

05720
>gnl|kg|bhe:B

H
05720 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hpy:H
P

0154
>gnl|kg|hpy:H

P
0154 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

rpa:R
PA

2874
>gnl|kg|rpa:R

PA
2874 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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bpa:B
P

P
3252

>gnl|kg|bpa:B
P

P
3252 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bbr:B
B

3703
>gnl|kg|bbr:B

B
3703 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bpe:B
P

2386
>gnl|kg|bpe:B

P
2386 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bqu:B
Q

04880
>gnl|kg|bqu:B

Q
04880 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ehi:337.t00001
>gnl|kg|ehi:337.t00001 enolase, putative [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
e:B

M
E

I0851
>gnl|kg|bm

e:B
M

E
I0851 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

fra:Francci3_3923
>gnl|kg|fra:Francci3_3923 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
ag:am

b1823
>gnl|kg|m

ag:am
b1823 enolase

x
par:P

syc_1636
>gnl|kg|par:P

syc_1636 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

ava:Ava_3517
>gnl|kg|ava:Ava_3517 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bpm
:B

U
R

P
S

1710b_2711
>gnl|kg|bpm

:B
U

R
P

S
1710b_2711 eno; phosphopyruvate hydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

bps:B
P

S
L2270

>gnl|kg|bps:B
P

S
L2270 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bm
a:B

M
A

1689
>gnl|kg|bm

a:B
M

A
1689 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sco:S
C

O
7638

>gnl|kg|sco:S
C

O
7638 eno2, S

C
10F4.11c; enolase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ccr:C
C

1724
>gnl|kg|ccr:C

C
1724 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

gvi:gll2121
>gnl|kg|gvi:gll2121 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cps:C
P

S
_4106

>gnl|kg|cps:C
P

S
_4106 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

tbr:Tb10.70.4740
>gnl|kg|tbr:Tb10.70.4740 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

tel:tlr0658
>gnl|kg|tel:tlr0658 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pha:P
S

H
A

a0742
>gnl|kg|pha:P

S
H

A
a0742 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

bte:B
TH

_I1894
>gnl|kg|bte:B

TH
_I1894 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ath:A
t1g74030

>gnl|kg|ath:A
t1g74030 F2P

9.10; enolase, putative [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

syc:syc0886_c
>gnl|kg|syc:syc0886_c eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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E
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C
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G

eneral
syf:S

ynpcc7942_0639
>gnl|kg|syf:S

ynpcc7942_0639 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
gox:G

O
X

2279
>gnl|kg|gox:G

O
X

2279 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

ca:M
C

A
2515

>gnl|kg|m
ca:M

C
A

2515 eno-2; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
rpb:R

P
B

_2778
>gnl|kg|rpb:R

P
B

_2778 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
rsp:R

S
P

_2491
>gnl|kg|rsp:R

S
P

_2491 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
m

pe:M
Y

P
E

3750
>gnl|kg|m

pe:M
Y

P
E

3750 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
syn:slr0752

>gnl|kg|syn:slr0752 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tcr:504105.140

>gnl|kg|tcr:504105.140 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

m
m

o:M
M

O
B

1800
>gnl|kg|m

m
o:M

M
O

B
1800 eno; phosphopyruvate hydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

sru:S
R

U
_0787

>gnl|kg|sru:S
R

U
_0787 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

eba:ebA
6162

>gnl|kg|eba:ebA
6162 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
pn:M

P
N

606
>gnl|kg|m

pn:M
P

N
606 eno, C

12_orf456; enolase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

pm
m

:P
M

M
0208

>gnl|kg|pm
m

:P
M

M
0208 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

nm
u:N

m
ul_A

1228
>gnl|kg|nm

u:N
m

ul_A
1228 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lpl:lp_1920
>gnl|kg|lpl:lp_1920 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

sye:S
yncc9902_2161

>gnl|kg|sye:S
yncc9902_2161 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pm
t:P

M
T2083

>gnl|kg|pm
t:P

M
T2083 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pm
i:P

M
T9312_0210

>gnl|kg|pm
i:P

M
T9312_0210 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lpf:lpl2015
>gnl|kg|lpf:lpl2015 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

w
su:W

S
1494

>gnl|kg|w
su:W

S
1494 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

nw
i:N

w
i_1827

>gnl|kg|nw
i:N

w
i_1827 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cya:C
YA

_2554
>gnl|kg|cya:C

YA
_2554 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

syw
:S

Y
N

W
2348

>gnl|kg|syw
:S

Y
N

W
2348 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cbu:C
B

U
_1674

>gnl|kg|cbu:C
B

U
_1674 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pm
a:P

ro0235
>gnl|kg|pm

a:P
ro0235 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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tdn:Tm
den_2001

>gnl|kg|tdn:Tm
den_2001 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

lpn:lpg2037
>gnl|kg|lpn:lpg2037 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bba:B
d0796

>gnl|kg|bba:B
d0796 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

lm
a:Lm

jF14.1160
>gnl|kg|lm

a:Lm
jF14.1160 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

syd:S
yncc9605_2476

>gnl|kg|syd:S
yncc9605_2476 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

pm
n:P

M
N

2A
_1575

>gnl|kg|pm
n:P

M
N

2A
_1575 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bfl:B
fl157

>gnl|kg|bfl:B
fl157 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lpp:lpp2020
>gnl|kg|lpp:lpp2020 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hhe:H
H

0631
>gnl|kg|hhe:H

H
0631 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ddi:D
D

B
0231356

>gnl|kg|ddi:D
D

B
0231356 enoB

; 2-phospho-D
-glycerate hydrolase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

psb:P
syr_1482

>gnl|kg|psb:P
syr_1482 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

noc:N
oc_0852

>gnl|kg|noc:N
oc_0852 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

pst:P
S

P
TO

4616
>gnl|kg|pst:P

S
P

TO
4616 eno-2; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cyb:C
Y

B
_2531

>gnl|kg|cyb:C
Y

B
_2531 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

neu:N
E

1044
>gnl|kg|neu:N

E
1044 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

tw
h:TW

T783
>gnl|kg|tw

h:TW
T783 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cje:C
j1672c

>gnl|kg|cje:C
j1672c eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

w
ol:W

D
0494

>gnl|kg|w
ol:W

D
0494 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cne:C
N

E
00040

>gnl|kg|cne:C
N

E
00040 enolase 1, putative [E

C
:4.2.1.11] [K

O
:K

01689]
x

cne:C
N

E
05250

>gnl|kg|cne:C
N

E
05250 enolase 1, putative

x

sce:Y
M

R
323W

>gnl|kg|sce:Y
M

R
323W

 H
ypothetical O

R
F [E

C
:4.2.1.11] [K

O
:K

01689]
x

cjr:C
JE

1844
>gnl|kg|cjr:C

JE
1844 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x
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sce:Y
P

L281C
>gnl|kg|sce:Y

P
L281C

 E
R

R
2; enolase-related subtelom

eric sequence 
(E

R
R

1 and E
R

R
2 code for identical proteins)

x
x

sce:Y
O

R
393W

>gnl|kg|sce:Y
O

R
393W

 E
R

R
1; P

rotein of unknow
n function, has 

sim
ilarity to enolases [E

C
:4.2.1.11] [K

O
:K

01689]
x

x

tw
s:TW

793
>gnl|kg|tw

s:TW
793 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lla:L0008
>gnl|kg|lla:L0008 enoB

; 2-phosphoglycerate dehydratase [E
C

:4.2.1.11] 
[K

O
:K

01689]
x

buc:B
U

417
>gnl|kg|buc:B

U
417 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bab:bbp377
>gnl|kg|bab:bbp377 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cca:C
C

A
00963

>gnl|kg|cca:C
C

A
00963 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cab:C
A

B
932

>gnl|kg|cab:C
A

B
932 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
hy:m

hp129
>gnl|kg|m

hy:m
hp129 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
hj:M

H
J_0242

>gnl|kg|m
hj:M

H
J_0242 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
ca:M

C
A

1933
>gnl|kg|m

ca:M
C

A
1933 eno-1; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
hp:M

H
P

7448_0250
>gnl|kg|m

hp:M
H

P
7448_0250 eno; phosphopyruvate hydratase 

[E
C

:4.2.1.11] [K
O

:K
01689]

x

uur:U
U

184
>gnl|kg|uur:U

U
184 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ape:A
P

E
2458

>gnl|kg|ape:A
P

E
2458 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

bas:B
U

sg400
>gnl|kg|bas:B

U
sg400 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
ba:M

bar_A
2850

>gnl|kg|m
ba:M

bar_A
2850 phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

w
bm

:W
bm

0119
>gnl|kg|w

bm
:W

bm
0119 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

lac:LB
A

0889
>gnl|kg|lac:LB

A
0889 2-phosphoglycerate dehydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

m
ge:M

G
407

>gnl|kg|m
ge:M

G
407 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

cm
u:TC

0876
>gnl|kg|cm

u:TC
0876 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
ac:M

A
1672

>gnl|kg|m
ac:M

A
1672 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

ljo:LJ1416
>gnl|kg|ljo:LJ1416 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
m

a:M
M

2836
>gnl|kg|m

m
a:M

M
2836 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ctr:C
T587

>gnl|kg|ctr:C
T587 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral
cta:C

TA
_0637

>gnl|kg|cta:C
TA

_0637 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
atu:A

tu1426
>gnl|kg|atu:A

tu1426 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
bpn:B

P
E

N
_162

>gnl|kg|bpn:B
P

E
N

_162 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

am
a:A

M
600

>gnl|kg|am
a:A

M
600 eno; E

nolase 1 (2-phosphoglycerate dehydratase 
1) [E

C
:4.2.1.11] [K

O
:K

01689]
x

ljo:LJ1246
>gnl|kg|ljo:LJ1246 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

son:S
O

3440
>gnl|kg|son:S

O
3440 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ecn:E
caj_0489

>gnl|kg|ecn:E
caj_0489 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

eru:E
rum

4840
>gnl|kg|eru:E

rum
4840 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

erw
:E

R
W

E
_C

D
S

_05060
>gnl|kg|erw

:E
R

W
E

_C
D

S
_05060 eno; enolase (2-phosphoglycerate 

dehydratase) [E
C

:4.2.1.11] [K
O

:K
01689]

x

ptr:454457
>gnl|kg|ptr:454457 LO

C
454457; sim

ilar to enolase 3; enolase-3, beta, 
m

uscle; m
uscle specific enolase; beta enolase; skeletal m

uscle 
enolase; 2-phospho-D

-glycerate hydrolyase
x

x

w
br:W

G
Lp353

>gnl|kg|w
br:W

G
Lp353 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

erg:E
R

G
A

_C
D

S
_04960

>gnl|kg|erg:E
R

G
A

_C
D

S
_04960 eno; enolase (2-phosphoglycerate 

dehydratase) [E
C

:4.2.1.11] [K
O

:K
01689]

x

m
th:M

TH
43

>gnl|kg|m
th:M

TH
43 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

rno:310585
>gnl|kg|rno:310585 LO

C
310585; sim

ilar to A
lpha enolase (2-phospho-D

-
glycerate hydro-lyase) (N

on-neural enolase) (N
N

E
) (E

nolase 1)
x

sso:S
S

O
0913

>gnl|kg|sso:S
S

O
0913 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

ecu:E
C

U
10_1690

>gnl|kg|ecu:E
C

U
10_1690 10_1690, E

N
O

LA
S

E
, E

N
O

_FA
S

H
E

, gene 
found by G

lim
m

er [E
C

:4.2.1.11] [K
O

:K
01689]

x

pub:S
A

R
11_0939

>gnl|kg|pub:S
A

R
11_0939 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

sto:S
T1212

>gnl|kg|sto:S
T1212 enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

m
st:M

sp_0862
>gnl|kg|m

st:M
sp_0862 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x

hm
a:rrnA

C
0069

>gnl|kg|hm
a:rrnA

C
0069 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

nph:N
P

2846A
>gnl|kg|nph:N

P
2846A eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

sai:S
aci_1377

>gnl|kg|sai:S
aci_1377 eno; enolase [E

C
:4.2.1.11] [K

O
:K

01689]
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral
pai:PA

E
0812

>gnl|kg|pai:PA
E

0812 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

afu:A
F1132

>gnl|kg|afu:A
F1132 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

hal:V
N

G
1142G

>gnl|kg|hal:V
N

G
1142G

 eno; enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tac:Ta0882

>gnl|kg|tac:Ta0882 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x
tvo:TV

N
0981

>gnl|kg|tvo:TV
N

0981 enolase [E
C

:4.2.1.11] [K
O

:K
01689]

x

pto:P
TO

1234
>gnl|kg|pto:P

TO
1234 eno; phosphopyruvate hydratase [E

C
:4.2.1.11] 

[K
O

:K
01689]

x

sm
e:S

M
b20510

>gnl|kg|sm
e:S

M
b20510 dgoA

; probable galactonate dehydratase 
protein [E

C
:4.2.1.6] [K

O
:K

01684]
x

pst:P
S

P
TO

2179
>gnl|kg|pst:P

S
P

TO
2179 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [E

C
:4.2.1.6] [K

O
:K

01684]
x

x

psp:P
S

P
P

H
_1958

>gnl|kg|psp:P
S

P
P

H
_1958 dgoD

; galactonate dehydratase [E
C

:4.2.1.6] 
[K

O
:K

01684]
x

oih:O
B

2215
>gnl|kg|oih:O

B
2215 putative galactonate dehydratase [E

C
:4.2.1.6] 

[K
O

:K
01684]

x

bps:B
P

S
L0699

>gnl|kg|bps:B
P

S
L0699 putative galactonate dehydratase protein 

[E
C

:4.2.1.6] [K
O

:K
01684]

x

vvy:V
VA

1580
>gnl|kg|vvy:V

VA
1580 probable galactonate dehydratase protein 

[E
C

:4.2.1.6] [K
O

:K
01684]

x

gka:G
K

1955
>gnl|kg|gka:G

K
1955 galactonate dehydratase [E

C
:4.2.1.6] [K

O
:K

01684]
x

eco:b4478
>gnl|kg|eco:b4478 dgoD

; galactonate dehydratase [E
C

:4.2.1.6] 
[K

O
:K

01684]
x

bcl:A
B

C
0524

>gnl|kg|bcl:A
B

C
0524 galactonate dehydratase [E

C
:4.2.1.6] 

[K
O

:K
01684]

x

bld:B
Li04070

>gnl|kg|bld:B
Li04070 hypothetical protein [E

C
:4.2.1.6] [K

O
:K

01684]
x

xcv:X
C

V
1796

>gnl|kg|xcv:X
C

V
1796 dgoD

; galactonate dehydratase [E
C

:4.2.1.6] 
[K

O
:K

01684]
x

sco:S
C

O
3475

>gnl|kg|sco:S
C

O
3475 S

C
E

65.11c; putative galactonate dehydratase 
protein [E

C
:4.2.1.6] [K

O
:K

01684]
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

psb:P
syr_3120

>gnl|kg|psb:P
syr_3120 glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

ppu:P
P

4757
>gnl|kg|ppu:P

P
4757 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

pst:P
S

P
TO

3285
>gnl|kg|pst:P

S
P

TO
3285 gudD

; glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

bsu:B
G

11161
>gnl|kg|bsu:B

G
11161 ycbF; glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

eca:E
C

A
3575

>gnl|kg|eca:E
C

A
3575 gudD

; glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

reu:R
eut_B

3715
>gnl|kg|reu:R

eut_B
3715 glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

m
su:M

S
0689

>gnl|kg|m
su:M

S
0689 dgoA

; O
-succinylbenzoate synthase and related 

enzym
es [E

C
:4.2.1.40] [K

O
:K

01706]
x

x

stm
:S

TM
2960

>gnl|kg|stm
:S

TM
2960 gudD

; D
-glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

sec:S
C

2900
>gnl|kg|sec:S

C
2900 gudD

; D
-glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

oih:O
B

2836
>gnl|kg|oih:O

B
2836 glucarate dehydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

sty:S
TY

3098
>gnl|kg|sty:S

TY
3098 ygcX

; probable glucarate dehydratase 1 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

stt:t2869
>gnl|kg|stt:t2869 ygcX

; probable glucarate dehydratase 1 [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

rso:R
S

c1079
>gnl|kg|rso:R

S
c1079 gudD

1, R
S

04108; probable glucarate dehydratase 
protein [E

C
:4.2.1.40] [K

O
:K

01706]
x

ecj:JW
2758

>gnl|kg|ecj:JW
2758 ygcX

; P
robable glucarate dehydrogenase 1 (G

D
H

) 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

ecs:E
C

s3647
>gnl|kg|ecs:E

C
s3647 putative glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

eco:b2787
>gnl|kg|eco:b2787 gudD

, ygcX
, gdh1; (D

)-glucarate dehydratase 1 
[E

C
:4.2.1.40] [K

O
:K

01706]
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

sfl:S
F2800

>gnl|kg|sfl:S
F2800 ygcX

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

sfx:S
2994

>gnl|kg|sfx:S
2994 ygcX

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

ece:Z4102
>gnl|kg|ece:Z4102 ygcX

; putative glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

sbo:S
B

O
_2668

>gnl|kg|sbo:S
B

O
_2668 ygcX

; putative glucarate dehydratase
x

bte:B
TH

_I0189
>gnl|kg|bte:B

TH
_I0189 glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

spt:S
PA

2825
>gnl|kg|spt:S

PA
2825 ygcX

; probable glucarate dehydratase 1 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

bld:B
Li00287

>gnl|kg|bld:B
Li00287 ycbF; sim

ilar to glucarate dehydratase; R
B

L01496 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

x

ssn:S
S

O
_2944

>gnl|kg|ssn:S
S

O
_2944 ygcX

; putative glucarate dehydratase 
[E

C
:4.2.1.40] [K

O
:K

01706]
x

bja:blr5872
>gnl|kg|bja:blr5872 gudD

; glucarate dehydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

xcc:X
C

C
3242

>gnl|kg|xcc:X
C

C
3242 tcbD

; glucarate hydratase [E
C

:4.2.1.40] 
[K

O
:K

01706]
x

xcb:X
C

_0951
>gnl|kg|xcb:X

C
_0951 glucarate hydratase [E

C
:4.2.1.40] [K

O
:K

01706]
x

aci:A
C

IA
D

0128
>gnl|kg|aci:A

C
IA

D
0128 gudD

; D
-glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

bur:B
cep18194_A

3396
>gnl|kg|bur:B

cep18194_A
3396 glucarate dehydratase [E

C
:4.2.1.40] 

[K
O

:K
01706]

x

rso:R
S

p0829
>gnl|kg|rso:R

S
p0829 gudD

2, R
S

05366; probable glucarate dehydratase 
protein [E

C
:4.2.1.40] [K

O
:K

01706]
x

ece:Z0892
>gnl|kg|ece:Z0892 putative m

ethylaspartate am
m

onia-lyase 
[E

C
:4.3.1.2] [K

O
:K

04835]
x

ecs:E
C

s0761
>gnl|kg|ecs:E

C
s0761 3-m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

sdy:S
D

Y
_0673

>gnl|kg|sdy:S
D

Y
_0673 putative m

ethylaspartate am
m

onia-lyase
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

m
lo:m

lr6095
>gnl|kg|m

lo:m
lr6095 3-m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

ctc:C
TC

02563
>gnl|kg|ctc:C

TC
02563 m

ethylaspartate am
m

onia-lyase [E
C

:4.3.1.2] 
[K

O
:K

04835]
x

hal:V
N

G
2289G

>gnl|kg|hal:V
N

G
2289G

 m
al; m

ethylaspartate am
m

onia-lyase 
[E

C
:4.3.1.2] [K

O
:K

04835]
x

m
su:M

S
1791

>gnl|kg|m
su:M

S
1791 dgoA

; O
-succinylbenzoate synthase and related 

enzym
es [E

C
:4.2.1.-] [K

O
:K

02549]
x

x

bsu:B
G

13847
>gnl|kg|bsu:B

G
13847 m

enC
, ytfD

; o-succinylbenzoate synthase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

vvy:V
V

1119
>gnl|kg|vvy:V

V
1119 O

-succinylbenzoate synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

hit:N
TH

I1142
>gnl|kg|hit:N

TH
I1142 m

enC
; O

-succinylbenzoate synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

btk:B
T9727_4584

>gnl|kg|btk:B
T9727_4584 enolase superfam

ily protein; possible N
-

acylam
ino acid racem

ase, m
andelate racem

ase/m
uconate lactonizing 

enzym
e, or o-succinylbenzoate synthase [E

C
:4.2.1.-] [K

O
:K

02549]

x
x

ban:B
A

5107
>gnl|kg|ban:B

A
5107 N

-acylam
ino acid racem

ase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

bat:B
A

S
4746

>gnl|kg|bat:B
A

S
4746 N

-acylam
ino acid racem

ase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

bar:G
B

A
A

5107
>gnl|kg|bar:G

B
A

A
5107 N

-acylam
ino acid racem

ase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

bcz:B
C

ZK
4606

>gnl|kg|bcz:B
C

ZK
4606 m

enC
; possible N

-acylam
ino acid racem

ase; 
possible O

-succinylbenzoate synthase [E
C

:4.2.1.-] [K
O

:K
02549]

x
x

bca:B
C

E
5011

>gnl|kg|bca:B
C

E
5011 N

-acylam
ino acid racem

ase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

vfi:V
F1667

>gnl|kg|vfi:V
F1667 O

-succinylbenzoate synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

cgl:N
C

gl0449
>gnl|kg|cgl:N

C
gl0449 C

gl0466; O
-succinylbenzoate synthase or related 

enzym
e [E

C
:4.2.1.-] [K

O
:K

02549]
x

x
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efa:E
F0450

>gnl|kg|efa:E
F0450 m

andelate racem
ase/m

uconate lactonizing enzym
e 

fam
ily protein [E

C
:4.2.1.-] [K

O
:K

02549]
x

x

dps:D
P

0251
>gnl|kg|dps:D

P
0251 m

enC
; sim

ilar to N
-acylam

ino acid racem
ase 

(M
enC

)
x

pgi:P
G

1522
>gnl|kg|pgi:P

G
1522 m

andelate racem
ase/m

uconate lactonizing enzym
e 

fam
ily protein

x
x

ava:Ava_2635
>gnl|kg|ava:Ava_2635 O

-succinylbenzoate synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

ana:alr0034
>gnl|kg|ana:alr0034 m

enC
; O

-succinylbenzoic acid synthase [E
C

:4.2.1.-
] [K

O
:K

02549]
x

gka:G
K

0926
>gnl|kg|gka:G

K
0926 N

-acylam
ino acid racem

ase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

syw
:S

Y
N

W
2306

>gnl|kg|syw
:S

Y
N

W
2306 m

enC
; putative O

-succinylbenzoate synthase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

sav:S
AV

1796
>gnl|kg|sav:S

AV
1796 m

enC
; o-succinylbenzoic acid synthetase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

sau:S
A

1614
>gnl|kg|sau:S

A
1614 m

enC
; o-succinylbenzoic acid (O

S
B

) synthetase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

sac:S
A

C
O

L1843
>gnl|kg|sac:S

A
C

O
L1843 O

-succinylbenzoic acid (O
S

B
) synthetase, 

putative [E
C

:4.2.1.-] [K
O

:K
02549]

x

saa:S
A

U
S

A
300_1735

>gnl|kg|saa:S
A

U
S

A
300_1735 m

enC
; O

-succinylbenzoic acid 
synthetase [E

C
:4.2.1.-]

x

oih:O
B

2713
>gnl|kg|oih:O

B
2713 N

-acylam
ino acid racem

ase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

sam
:M

W
1734

>gnl|kg|sam
:M

W
1734 m

enC
; O

-succinylbenzoic acid synthetase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

pm
t:P

M
T2058

>gnl|kg|pm
t:P

M
T2058 m

enC
; putative O

-succinylbenzoate synthase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

sab:S
A

B
1650c

>gnl|kg|sab:S
A

B
1650c O

-succinylbenzoic acid synthetase [E
C

:4.2.1.-]
x

lm
f:LM

O
f2365_2493

>gnl|kg|lm
f:LM

O
f2365_2493 N

-acylam
ino acid racem

ase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x
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sep:S
E

1463
>gnl|kg|sep:S

E
1463 o-succinylbenzoic acid (O

S
B

) synthetase 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

ser:S
E

R
P

1357
>gnl|kg|ser:S

E
R

P
1357 O

-succinylbenzoic acid synthetase, putative 
[E

C
:4.2.1.-] [K

O
:K

02549]
x

bm
b:B

ruA
b1_1023

>gnl|kg|bm
b:B

ruA
b1_1023 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

atu:A
tu1648

>gnl|kg|atu:A
tu1648 m

andelate racem
ase/m

uconate lactonizing enzym
e 

fam
ily protein

x
x

dde:D
de_1177

>gnl|kg|dde:D
de_1177 L-alanine-D

L-glutam
ate epim

erase and related 
enzym

es of enolase superfam
ily-like

x
x

sty:S
TY

1382
>gnl|kg|sty:S

TY
1382 putative m

andelate racem
ase / m

uconate 
lactonizing enzym

e fam
ily protein

x
x

stt:t1585
>gnl|kg|stt:t1585 m

uconate lactonizing enzym
e fam

ily protein
x

x

eco:b1325
>gnl|kg|eco:b1325 ycjG

, ycjH
; L-A

la-D
/L-G

lu epim
erase, a m

uconate 
lactonizing enzym

e
x

x

ccr:C
C

3113
>gnl|kg|ccr:C

C
3113 m

andelate racem
ase/m

uconate lactonizing enzym
e 

fam
ily protein

x
x

bce:B
C

2850
>gnl|kg|bce:B

C
2850 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

ban:B
A

2850
>gnl|kg|ban:B

A
2850 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

bat:B
A

S
2659

>gnl|kg|bat:B
A

S
2659 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

bar:G
B

A
A

2850
>gnl|kg|bar:G

B
A

A
2850 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

sil:S
P

O
3606

>gnl|kg|sil:S
P

O
3606 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

bca:B
C

E
2879

>gnl|kg|bca:B
C

E
2879 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

eca:E
C

A
0139

>gnl|kg|eca:E
C

A
0139 putative m

andelate racem
ase / m

uconate 
lactonizing enzym

e fam
ily protein

x
x

nph:N
P

2480A
>gnl|kg|nph:N

P
2480A m

andelate racem
ase hom

olog / m
uconate 

lactonizing enzym
e hom

olog
x

x
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ppu:P

P
3715

>gnl|kg|ppu:P
P

3715 catB
; m

uconate cycloisom
erase

x

pfl:P
FL_3862

>gnl|kg|pfl:P
FL_3862 catB

; m
uconate cycloisom

erase [E
C

:5.5.1.1] 
[K

O
:K

01856]
x

pae:PA
2509

>gnl|kg|pae:PA
2509 catB

; m
uconate cycloisom

erase I [E
C

:5.5.-.-]
x

bur:B
cep18194_B

2328
>gnl|kg|bur:B

cep18194_B
2328 m

uconate cycloisom
erase [E

C
:5.5.1.1] 

[K
O

:K
01856]

x

bte:B
TH

_II0485
>gnl|kg|bte:B

TH
_II0485 m

uconate cycloisom
erase

x

bps:B
P

S
S

1891
>gnl|kg|bps:B

P
S

S
1891 catB

; m
uconate cycloisom

erase I [E
C

:5.5.1.1] 
[K

O
:K

01856]
x

bm
a:B

M
A

A
0200

>gnl|kg|bm
a:B

M
A

A
0200 catB

; m
uconate cycloisom

erase [E
C

:5.5.1.1] 
[K

O
:K

01856]
x

bpm
:B

U
R

P
S

1710b_A
0986

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
0986 catB

; m
uconate cycloisom

erase 
[E

C
:5.5.1.1] [K

O
:K

01856]
x

cef:C
E

2303
>gnl|kg|cef:C

E
2303 putative m

uconate cycloisom
erase

x

bm
s:B

R
0245

>gnl|kg|bm
s:B

R
0245 m

andelate racem
ase/m

uconate lactonizing 
enzym

e dom
ain protein

x
x

bm
b:B

ruA
b1_0240

>gnl|kg|bm
b:B

ruA
b1_0240 m

andelate racem
ase/m

uconate lactonizing 
enzym

e dom
ain protein

x
x

hsa:55556
>gnl|kg|hsa:55556 E

N
O

S
F1; enolase superfam

ily m
em

ber 1
x

x

ppu:P
P

2831
>gnl|kg|ppu:P

P
2831 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein

x
x

pm
u:P

M
0524

>gnl|kg|pm
u:P

M
0524 putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

psp:P
S

P
P

H
_4147

>gnl|kg|psp:P
S

P
P

H
_4147 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] 

[K
O

:K
03270]

x

pst:P
S

P
TO

4449
>gnl|kg|pst:P

S
P

TO
4449 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] 

[K
O

:K
03270]

x

hin:H
I1679

>gnl|kg|hin:H
I1679 yrbI; putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

pfo:P
fl_0861

>gnl|kg|pfo:P
fl_0861 kdsC

; phosphatase K
dsC

 [E
C

:3.1.3.45] 
[K

O
:K

03270]
x

ppu:P
P

0956
>gnl|kg|ppu:P

P
0956 phosphatase, Y

rbI fam
ily [E

C
:3.1.3.45] 

[K
O

:K
03270]

x
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hit:N
TH

I1982
>gnl|kg|hit:N

TH
I1982 yrbI; 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

pae:PA
4458

>gnl|kg|pae:PA
4458 putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

nm
e:N

M
B

0353
>gnl|kg|nm

e:N
M

B
0353 putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

pfl:P
FL_0919

>gnl|kg|pfl:P
FL_0919 kdsC

; 3-deoxy-D
-m

anno-octulosonate 8-
phosphate phosphatase [E

C
:3.1.3.45] [K

O
:K

03270]
x

m
su:M

S
0995

>gnl|kg|m
su:M

S
0995 uncharacterized proteins of H

A
D

 superfam
ily, 

C
M

P
-N

eu5A
c sim

ilarity [E
C

:3.1.3.45] [K
O

:K
03270]

x
x

ngo:N
G

O
1608

>gnl|kg|ngo:N
G

O
1608 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (K
D

O
 8-P phosphatase) [E

C
:3.1.3.45] [K

O
:K

03270]
x

nm
a:N

M
A

2134
>gnl|kg|nm

a:N
M

A
2134 putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

psb:P
syr_4143

>gnl|kg|psb:P
syr_4143 yrbI; H

A
D

-superfam
ily hydrolase, subfam

ily 
IIIA

:phosphatase Y
rbI [E

C
:3.1.3.45] [K

O
:K

03270]
x

syw
:S

Y
N

W
0186

>gnl|kg|syw
:S

Y
N

W
0186 possible phosphatase [E

C
:3.1.3.45] 

[K
O

:K
03270]

x
x

hpj:jhp1478
>gnl|kg|hpj:jhp1478 putative [E

C
:3.1.3.45] [K

O
:K

03270]
x

syd:S
yncc9605_0182

>gnl|kg|syd:S
yncc9605_0182 kdsC

; phosphatase K
dsC

x
x

hpy:H
P

1570
>gnl|kg|hpy:H

P
1570 putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

sye:S
yncc9902_0210

>gnl|kg|sye:S
yncc9902_0210 kdsC

; phosphatase K
dsC

x
x

aae:aq_2171
>gnl|kg|aae:aq_2171 putative 3-deoxy-D

-m
anno-octulosonate 8-

phosphate phosphatase [E
C

:3.1.3.45] [K
O

:K
03270]

x

vvy:V
VA

0474
>gnl|kg|vvy:V

VA
0474 phosphonoacetaldehyde phosphonohydrolase

x
pfo:P

fl_3684
>gnl|kg|pfo:P

fl_3684 phosphonoacetaldehyde hydrolase
x

pfl:P
FL_3966

>gnl|kg|pfl:P
FL_3966 phnX

; 2-phosphonoacetaldehyde hydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
x

pae:PA
1311

>gnl|kg|pae:PA
1311 phnX

; 2-phosphonoacetaldehyde hydrolase
x

ppu:P
P

2208
>gnl|kg|ppu:P

P
2208 phnX

; 2-phosphonoacetaldehyde hydrolase
x

vch:V
C

A
0606

>gnl|kg|vch:V
C

A
0606 phosphonoacetaldehyde phosphonohydrolase

x
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vpa:V
PA

0233
>gnl|kg|vpa:V

PA
0233 phosphonoacetaldehyde phosphonohydrolase

x

stm
:S

TM
0432

>gnl|kg|stm
:S

TM
0432 phnX

; 2-am
inoethylphosphonate transport

x

sty:S
TY

0471
>gnl|kg|sty:S

TY
0471 phnX

; phosphonoacetaldehyde 
phosphonohydrolase

x

stt:t2431
>gnl|kg|stt:t2431 phnX

; phosphonoacetaldehyde phosphonohydrolase
x

spt:S
PA

2291
>gnl|kg|spt:S

PA
2291 phnX

; phosphonoacetaldehyde 
phosphonohydrolase

x

bca:B
C

E
1439

>gnl|kg|bca:B
C

E
1439 phnX

; phosphonoacetaldehyde 
phosphonohydrolase [E

C
:3.11.1.1] [K

O
:K

05306]
x

bat:B
A

S
1239

>gnl|kg|bat:B
A

S
1239 phosphonoacetaldehyde phosphonohydrolase 

[E
C

:3.11.1.1] [K
O

:K
05306]

x

ban:B
A

1340
>gnl|kg|ban:B

A
1340 phnX

; phosphonoacetaldehyde 
phosphonohydrolase [E

C
:3.11.1.1] [K

O
:K

05306]
x

baa:B
A

_1865
>gnl|kg|baa:B

A
_1865 haloacid dehalogenase-like hydrolase 

[E
C

:3.11.1.1] [K
O

:K
05306]

x
x

bar:G
B

A
A

1340
>gnl|kg|bar:G

B
A

A
1340 phnX

; phosphonoacetaldehyde 
phosphonohydrolase [E

C
:3.11.1.1] [K

O
:K

05306]
x

btk:B
T9727_1215

>gnl|kg|btk:B
T9727_1215 phnX

; possible phosphonoacetaldehyde 
hydrolase [E

C
:3.11.1.1] [K

O
:K

05306]
x

bcz:B
C

ZK
1217

>gnl|kg|bcz:B
C

ZK
1217 phnX

; possible phosphonoacetaldehyde 
hydrolase [E

C
:3.11.1.1] [K

O
:K

05306]
x

lpl:lp_0711
>gnl|kg|lpl:lp_0711 phnX

; phosphonoacetaldehyde hydrolase 
[E

C
:3.11.1.1] [K

O
:K

05306]
x

rpa:R
PA

4199
>gnl|kg|rpa:R

PA
4199 putative 2-haloacid halidohydrolase Iva 

[E
C

:3.8.1.2] [K
O

:K
01560]

x

bja:blr7560
>gnl|kg|bja:blr7560 dhlB

; 2-haloalkanoic acid dehalogenase [E
C

:3.8.1.2] 
[K

O
:K

01560]
x

rso:R
S

c1362
>gnl|kg|rso:R

S
c1362 R

S
04644; putative 2-haloalkanoic acid 

dehalogenase protein [E
C

:3.8.1.2] [K
O

:K
01560]

x

bpm
:B

U
R

P
S

1710b_2616
>gnl|kg|bpm

:B
U

R
P

S
1710b_2616 dehII; haloacid dehalogenase, type II 

[E
C

:3.8.1.2] [K
O

:K
01560]

x
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bps:B
P

S
L2191

>gnl|kg|bps:B
P

S
L2191 putative dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

bm
a:B

M
A

1589
>gnl|kg|bm

a:B
M

A
1589 dheII; haloacid dehalogenase, type II 

[E
C

:3.8.1.2] [K
O

:K
01560]

x

reu:R
eut_A

1952
>gnl|kg|reu:R

eut_A
1952 haloacid dehalogenase, type II:H

A
D

-
superfam

ily hydrolase, subfam
ily IA

, variant 2 [E
C

:3.8.1.2] [K
O

:K
01560]

x

bte:B
TH

_I1995
>gnl|kg|bte:B

TH
_I1995 dehII-1; haloacid dehalogenase, type II 

[E
C

:3.8.1.2] [K
O

:K
01560]

x

m
lo:m

ll7634
>gnl|kg|m

lo:m
ll7634 2-haloacid halidohydrolase Iva

x

bur:B
cep18194_A

5360
>gnl|kg|bur:B

cep18194_A
5360 haloacid dehalogenase, type II 

[E
C

:3.8.1.2] [K
O

:K
01560]

x

sm
e:S

M
c00103

>gnl|kg|sm
e:S

M
c00103 dhe; putative alpha-halocarboxylic acid 

dehalogenase protein [E
C

:3.8.1.-]
x

x

bm
b:B

ruA
b1_0587

>gnl|kg|bm
b:B

ruA
b1_0587 haloacid dehalogenase [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

bm
s:B

R
0565

>gnl|kg|bm
s:B

R
0565 haloacid dehalogenase, type II [E

C
:3.8.1.2] 

[K
O

:K
01560]

x

eba:ebA
812

>gnl|kg|eba:ebA
812 putative 2-haloalkanoic acid dehalogenase 

[E
C

:3.8.1.2] [K
O

:K
01560]

x

m
ag:am

b2538
>gnl|kg|m

ag:am
b2538 2-haloalkanoic acid dehalogenase I

x

bsu:B
G

12422
>gnl|kg|bsu:B

G
12422 yvdM

; putative beta-phosphoglucom
utase 

[E
C

:5.4.2.6] [K
O

:K
01838]

x

lpl:lp_0027
>gnl|kg|lpl:lp_0027 pgm

B
1; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

nm
e:N

M
B

0391
>gnl|kg|nm

e:N
M

B
0391 beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

lla:L0001
>gnl|kg|lla:L0001 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

lpl:lp_0066
>gnl|kg|lpl:lp_0066 pgm

B
2; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

nm
a:N

M
A

2093
>gnl|kg|nm

a:N
M

A
2093 pgm

2; beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x
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lin:lin2964
>gnl|kg|lin:lin2964 sim

ilar to phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x
x

ecs:E
C

s1896
>gnl|kg|ecs:E

C
s1896 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

ece:Z2465
>gnl|kg|ece:Z2465 ycjU

; putative beta-phosphoglucom
utase 

[E
C

:5.4.2.6] [K
O

:K
01838]

x

sfl:S
F1323

>gnl|kg|sfl:S
F1323 ycjU

; putative beta-phosphoglucom
utase 

[E
C

:5.4.2.6] [K
O

:K
01838]

x

sfx:S
1406

>gnl|kg|sfx:S
1406 ycjU

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

lm
f:LM

O
f2365_2822

>gnl|kg|lm
f:LM

O
f2365_2822 beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

lm
o:lm

o2831
>gnl|kg|lm

o:lm
o2831 putative beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

nm
a:N

M
A

2097
>gnl|kg|nm

a:N
M

A
2097 pgm

1; beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

ecc:c1789
>gnl|kg|ecc:c1789 ycjU

; putative beta-phosphoglucom
utase [E

C
:5.4.2.6] 

[K
O

:K
01838]

x

eco:b1317
>gnl|kg|eco:b1317 ycjU

, pgm
B

; putative beta phosphoglucom
utase, 

contains a phophatase-like dom
ain [E

C
:5.4.2.6] [K

O
:K

01838]
x

ecj:JW
1310

>gnl|kg|ecj:JW
1310 ycjU

; P
utative beta-phosphoglucom

utase 
[E

C
:5.4.2.6] [K

O
:K

01838]
x

ssn:S
S

O
_1823

>gnl|kg|ssn:S
S

O
_1823 ycjU

; putative beta-phosphoglucom
utase 

[E
C

:5.4.2.6] [K
O

:K
01838]

x

efa:E
F0956

>gnl|kg|efa:E
F0956 pgm

B
; beta-phosphoglucom

utase [E
C

:5.4.2.6] 
[K

O
:K

01838]
x

m
pu:M

Y
P

U
_6350

>gnl|kg|m
pu:M

Y
P

U
_6350 pgm

B
; beta-phosphoglucom

utase 
[E

C
:5.4.2.6] [K

O
:K

01838]
x

sm
a:S

AV
2998

>gnl|kg|sm
a:S

AV
2998 ptlA

; pentalenene synthase [E
C

:4.2.3.7]
x

gsu:G
S

U
3061

>gnl|kg|gsu:G
S

U
3061 shc-2; squalene-hopene cyclase [E

C
:5.4.99.17]

x
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gsu:G
S

U
0688

>gnl|kg|gsu:G
S

U
0688 shc-1; squalene-hopene cyclase [E

C
:5.4.99.17]

x

gm
e:G

m
et_0419

>gnl|kg|gm
e:G

m
et_0419 terpene synthase:squalene cyclase

x

sco:S
C

O
6764

>gnl|kg|sco:S
C

O
6764 S

C
6A

5.13; putative squalene-hopene cyclase
x

gm
e:G

m
et_2820

>gnl|kg|gm
e:G

m
et_2820 terpene synthase:squalene cyclase

x

rpa:R
PA

3740
>gnl|kg|rpa:R

PA
3740 sqhC

; squalene-hopene-cyclase [E
C

:5.4.99.7] 
[K

O
:K

01852]
x

sm
a:S

AV
1650

>gnl|kg|sm
a:S

AV
1650 hopA

; squalene-hopene cyclase
x

tel:tlr2309
>gnl|kg|tel:tlr2309 shc; squalene-hopene-cyclase

x
bja:blr3004

>gnl|kg|bja:blr3004 shc; squalene-hopene cyclase [E
C

:5.4.99.-]
x

x
ana:all0775

>gnl|kg|ana:all0775 squalene-hopene-cyclase
x

zm
o:ZM

O
0872

>gnl|kg|zm
o:ZM

O
0872 shc; squalene--hopene cyclase [E

C
:5.4.99.17]

x

rpb:R
P

B
_1726

>gnl|kg|rpb:R
P

B
_1726 squalene cyclase

x
ava:Ava_4671

>gnl|kg|ava:Ava_4671 terpene synthase [E
C

:5.4.99.17]
x

syn:slr2089
>gnl|kg|syn:slr2089 shc; squalene-hopene-cyclase

x
gvi:glr4057

>gnl|kg|gvi:glr4057 shc; squalene-hopene cyclase
x

m
ca:M

C
A

0812
>gnl|kg|m

ca:M
C

A
0812 sqhC

; squalene-hopene cyclase [E
C

:5.4.99.-]
x

x

nw
i:N

w
i_2269

>gnl|kg|nw
i:N

w
i_2269 terpene synthase/squalene cyclase 

[E
C

:5.4.99.17]
x

bps:B
P

S
S

2339
>gnl|kg|bps:B

P
S

S
2339 shc; squalene--hopene cyclase [E

C
:5.4.99.17]

x

pca:P
car_0441

>gnl|kg|pca:P
car_0441 squalene-hopene cyclase

x

bte:B
TH

_II2359
>gnl|kg|bte:B

TH
_II2359 shc; squalene-hopene cyclase [E

C
:5.4.99.17]

x

bpm
:B

U
R

P
S

1710b_A
1490

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
1490 shc; squalene-hopene cyclase 

[E
C

:5.4.99.17]
x

bm
a:B

M
A

A
2100

>gnl|kg|bm
a:B

M
A

A
2100 shc; squalene-hopene cyclase [E

C
:5.4.99.17]

x

bur:B
cep18194_B

0019
>gnl|kg|bur:B

cep18194_B
0019 terpene synthase/squalene cyclase 

[E
C

:5.4.99.17]
x

              1078



         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

reu:R
eut_B

4954
>gnl|kg|reu:R

eut_B
4954 terpene synthase:squalene cyclase 

[E
C

:5.4.99.17]
x

gox:G
O

X
2260

>gnl|kg|gox:G
O

X
2260 squalene-hopene cyclase [E

C
:5.4.99.17]

x

noc:N
oc_1320

>gnl|kg|noc:N
oc_1320 terpene synthase/squalene cyclase 

[E
C

:5.4.99.17]
x

bca:B
C

E
3572

>gnl|kg|bca:B
C

E
3572 squalene-hopene cyclase [E

C
:5.4.99.-]

x
x

bce:B
C

3557
>gnl|kg|bce:B

C
3557 squalene--hopene cyclase [E

C
:5.4.99.-]

x
x

bsu:B
G

12679
>gnl|kg|bsu:B

G
12679 sqhC

; squalene-hopene cyclase
x

rru:R
ru_A

0062
>gnl|kg|rru:R

ru_A
0062 terpene synthase, squalene cyclase 

[E
C

:5.4.99.17]
x

neu:N
E

1168
>gnl|kg|neu:N

E
1168 prenyltransferase and squalene oxidase repeats 

[E
C

:5.4.99.-]
x

x

btk:B
T9727_3315

>gnl|kg|btk:B
T9727_3315 sqhC

; squalene-hopene cyclase [E
C

:5.4.99.-]
x

bat:B
A

S
3351

>gnl|kg|bat:B
A

S
3351 squalene-hopene cyclase [E

C
:5.4.99.-]

x
x

baa:B
A

_4104
>gnl|kg|baa:B

A
_4104 prenyltrans, prenyltransferase and squalene 

oxidase repeat [E
C

:5.4.99.-]
x

x

bar:G
B

A
A

3612
>gnl|kg|bar:G

B
A

A
3612 squalene-hopene cyclase [E

C
:5.4.99.-]

x
x

ban:B
A

3612
>gnl|kg|ban:B

A
3612 squalene-hopene cyclase [E

C
:5.4.99.-]

x
x

bcz:B
C

ZK
3265

>gnl|kg|bcz:B
C

ZK
3265 sqhC

; squalene-hopene cyclase [E
C

:5.4.99.-]
x

x

nm
u:N

m
ul_A

2556
>gnl|kg|nm

u:N
m

ul_A
2556 squalene cyclase

x
fra:Francci3_0823

>gnl|kg|fra:Francci3_0823 squalene cyclase
x

bur:B
cep18194_C

7519
>gnl|kg|bur:B

cep18194_C
7519 terpene synthase/squalene cyclase 

[E
C

:5.4.99.17]
x

zm
o:ZM

O
1548

>gnl|kg|zm
o:ZM

O
1548 shc; squalene--hopene cyclase [E

C
:5.4.99.17]

x

pca:P
car_0355

>gnl|kg|pca:P
car_0355 squalene--hopene cyclase

x

hsa:84693
>gnl|kg|hsa:84693 M

C
E

E
; m

ethylm
alonyl C

oA epim
erase [E

C
:5.1.99.1] 

[K
O

:K
05606]

x

ptr:459310
>gnl|kg|ptr:459310 LO

C
459310; sim

ilar to M
ethylm

alonyl-C
oA 

epim
erase, m

itochondrial precursor (D
L-m

ethylm
alonyl-C

oA racem
ase)

x
x
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cfa:479018
>gnl|kg|cfa:479018 LO

C
479018; sim

ilar to M
ethylm

alonyl-C
oA 

epim
erase, m

itochondrial precursor (D
L-m

ethylm
alonyl-C

oA racem
ase)

x
x

bta:508170
>gnl|kg|bta:508170 LO

C
508170; sim

ilar to m
ethylm

alonyl-C
oA 

epim
erase

x
x

m
m

u:73724
>gnl|kg|m

m
u:73724 M

cee; m
ethylm

alonyl C
oA epim

erase [E
C

:5.1.99.1] 
[K

O
:K

05606]
x

rno:293829
>gnl|kg|rno:293829 M

cee_predicted; m
ethylm

alonyl C
oA epim

erase 
(predicted) [E

C
:5.1.99.1] [K

O
:K

05606]
x

cvi:C
V

0969
>gnl|kg|cvi:C

V
0969 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bpm
:B

U
R

P
S

1710b_0016
>gnl|kg|bpm

:B
U

R
P

S
1710b_0016 hppD

; 4-hydroxyphenylpyruvate 
dioxygenase [E

C
:1.13.11.27] [K

O
:K

00457]
x

bm
a:B

M
A

2582
>gnl|kg|bm

a:B
M

A
2582 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bps:B
P

S
L3239

>gnl|kg|bps:B
P

S
L3239 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bpa:B
P

P
3767

>gnl|kg|bpa:B
P

P
3767 bllY; putative hem

olysin [E
C

:1.13.11.27] 
[K

O
:K

00457]
x

bbr:B
B

4213
>gnl|kg|bbr:B

B
4213 bllY; putative hem

olysin [E
C

:1.13.11.27] 
[K

O
:K

00457]
x

bte:B
TH

_I3106
>gnl|kg|bte:B

TH
_I3106 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

rso:R
S

c3103
>gnl|kg|rso:R

S
c3103 R

S
00556; probable 4-hydroxyphenylpyruvate 

dioxygenase oxidoreductase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

bur:B
cep18194_A

3420
>gnl|kg|bur:B

cep18194_A
3420 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bpe:B
P

3040
>gnl|kg|bpe:B

P
3040 bllY; putative hem

olysin [E
C

:1.13.11.27] 
[K

O
:K

00457]
x

vvu:V
V

12768
>gnl|kg|vvu:V

V
12768 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

vvy:V
V

1495
>gnl|kg|vvy:V

V
1495 putitive hem

olysin [E
C

:1.13.11.27] [K
O

:K
00457]

x
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vch:V
C

1344
>gnl|kg|vch:V

C
1344 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pae:PA
0865

>gnl|kg|pae:PA
0865 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

vpa:V
P

1349
>gnl|kg|vpa:V

P
1349 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

m
lo:m

ll8309
>gnl|kg|m

lo:m
ll8309 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pfo:P
fl_2917

>gnl|kg|pfo:P
fl_2917 4-hydroxyphenylpyruvate dioxygenase

x

psb:P
syr_3330

>gnl|kg|psb:P
syr_3330 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bja:bll0339
>gnl|kg|bja:bll0339 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

pfl:P
FL_3387

>gnl|kg|pfl:P
FL_3387 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

ppu:P
P

3433
>gnl|kg|ppu:P

P
3433 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pst:P
S

P
TO

3553
>gnl|kg|pst:P

S
P

TO
3553 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

psp:P
S

P
P

H
_3250

>gnl|kg|psp:P
S

P
P

H
_3250 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

nar:S
aro_0597

>gnl|kg|nar:S
aro_0597 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27]
x

sm
e:S

M
c03211

>gnl|kg|sm
e:S

M
c03211 putative 4-hydroxyphenylpyruvate dioxygenase 

protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

reu:R
eut_B

4501
>gnl|kg|reu:R

eut_B
4501 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

rpa:R
PA

0005
>gnl|kg|rpa:R

PA
0005 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ret:R
H

E
_C

H
01745

>gnl|kg|ret:R
H

E
_C

H
01745 probable 4-hydroxyphenylpyruvate 

dioxygenase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

noc:N
oc_1437

>gnl|kg|noc:N
oc_1437 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x
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hch:H
C

H
_00955

>gnl|kg|hch:H
C

H
_00955 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

xac:X
A

C
0452

>gnl|kg|xac:X
A

C
0452 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ppr:P
B

P
R

B
1180

>gnl|kg|ppr:P
B

P
R

B
1180 putative 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

xcv:X
C

V
0482

>gnl|kg|xcv:X
C

V
0482 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

xcb:X
C

_0450
>gnl|kg|xcb:X

C
_0450 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

xcc:X
C

C
0436

>gnl|kg|xcc:X
C

C
0436 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

eli:E
LI_06415

>gnl|kg|eli:E
LI_06415 4-hydroxyphenylpyruvate dioxygenase

x

lpn:lpg2278
>gnl|kg|lpn:lpg2278 hpd; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

xoo:X
O

O
4071

>gnl|kg|xoo:X
O

O
4071 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

lpf:lpl2204
>gnl|kg|lpf:lpl2204 lly; 4-hydroxyphenylpyruvate dioxygenase (legiolysin) 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

lpp:lpp2232
>gnl|kg|lpp:lpp2232 lly; 4-hydroxyphenylpyruvate dioxygenase 
(legiolysin) [E

C
:1.13.11.27] [K

O
:K

00457]
x

ccr:C
C

2533
>gnl|kg|ccr:C

C
2533 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ilo:IL0722
>gnl|kg|ilo:IL0722 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

pfo:P
fl_4905

>gnl|kg|pfo:P
fl_4905 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pae:PA
0242

>gnl|kg|pae:PA
0242 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ppu:P
P

2554
>gnl|kg|ppu:P

P
2554 4-hydroxyphenylpyruvate dioxygenase, putative 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pst:P
S

P
TO

2346
>gnl|kg|pst:P

S
P

TO
2346 4-hydroxyphenylpyruvate dioxygenase, 

putative [E
C

:1.13.11.27] [K
O

:K
00457]

x
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psb:P
syr_2130

>gnl|kg|psb:P
syr_2130 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

psp:P
S

P
P

H
_2105

>gnl|kg|psp:P
S

P
P

H
_2105 4-hydroxyphenylpyruvate dioxygenase, 

putative [E
C

:1.13.11.27] [K
O

:K
00457]

x

ptr:473296
>gnl|kg|ptr:473296 H

P
D

; 4-hydroxyphenylpyruvate dioxygenase
x

pfl:P
FL_5385

>gnl|kg|pfl:P
FL_5385 4-hydroxyphenylpyruvate dioxygenase, putative 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

hsa:3242
>gnl|kg|hsa:3242 H

P
D

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

m
m

u:15445
>gnl|kg|m

m
u:15445 H

pd; 4-hydroxyphenylpyruvic acid dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bta:516058
>gnl|kg|bta:516058 H

P
D

; 4-hydroxyphenylpyruvate dioxygenase
x

rno:29531
>gnl|kg|rno:29531 H

pd; 4-hydroxyphenylpyruvic acid dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

sil:S
P

O
1426

>gnl|kg|sil:S
P

O
1426 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

ath:A
t1g06570

>gnl|kg|ath:A
t1g06570 F12K

11.9; 4-hydroxyphenylpyruvate 
dioxygenase (H

P
D

) [E
C

:1.13.11.27] [K
O

:K
00457]

x

son:S
O

1962
>gnl|kg|son:S

O
1962 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

sco:S
C

O
2927

>gnl|kg|sco:S
C

O
2927 S

C
E

19A
.27c; putative 4-hydroxyphenylpyruvate 

dioxygenase [E
C

:1.13.11.27] [K
O

:K
00457]

x

ssc:397443
>gnl|kg|ssc:397443 H

P
D

; 4-hydroxyphenylpyruvic acid dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bja:bll1053
>gnl|kg|bja:bll1053 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

sm
a:S

AV
5149

>gnl|kg|sm
a:S

AV
5149 hpd; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

rso:R
S

04776
>gnl|kg|rso:R

S
04776 R

S
p1347; probable 4-hydroxyphenylpyruvate 

dioxygenase oxidoreductase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

rso:R
S

05661
>gnl|kg|rso:R

S
05661 R

S
p1316; probable 4-hydroxyphenylpyruvate 

dioxygenase oxidoreductase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x
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rso:R
S

02058
>gnl|kg|rso:R

S
02058 R

S
p1400; 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

pha:P
S

H
A

a2168
>gnl|kg|pha:P

S
H

A
a2168 m

elA
; 4-hydroxyphenylpyruvate dioxygenase 

(4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) [E

C
:1.13.11.27] [K

O
:K

00457]
x

atc:A
G

R
_L_678

>gnl|kg|atc:A
G

R
_L_678 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

atu:A
tu4529

>gnl|kg|atu:A
tu4529 putative 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

xla:495029
>gnl|kg|xla:495029 LO

C
495029; hypothetical LO

C
495029 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

sru:S
R

U
_1370

>gnl|kg|sru:S
R

U
_1370 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bur:B
cep18194_B

1625
>gnl|kg|bur:B

cep18194_B
1625 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bba:B
d3543

>gnl|kg|bba:B
d3543 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

nar:S
aro_1586

>gnl|kg|nar:S
aro_1586 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27]
x

bce:B
C

0252
>gnl|kg|bce:B

C
0252 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ban:B
A

0240
>gnl|kg|ban:B

A
0240 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

baa:B
A

_0807
>gnl|kg|baa:B

A
_0807 glyoxalase/B

leom
ycin resistance 

protein/D
ioxygenase superfam

ily [E
C

:1.13.11.27] [K
O

:K
00457]

x
x

btk:B
T9727_0213

>gnl|kg|btk:B
T9727_0213 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bcz:B
C

ZK
0215

>gnl|kg|bcz:B
C

ZK
0215 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bar:G
B

A
A

0240
>gnl|kg|bar:G

B
A

A
0240 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bat:B
A

S
0226

>gnl|kg|bat:B
A

S
0226 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x
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bca:B
C

E
0260

>gnl|kg|bca:B
C

E
0260 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

cps:C
P

S
_3484

>gnl|kg|cps:C
P

S
_3484 hppD

; 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

bte:B
TH

_II1222
>gnl|kg|bte:B

TH
_II1222 4-hydroxyphenylpyruvate dioxygenase

x

bm
a:B

M
A

A
0848

>gnl|kg|bm
a:B

M
A

A
0848 4-hydroxyphenylpyruvate dioxygenase, 

putative [E
C

:1.13.11.27] [K
O

:K
00457]

x

bur:B
cep18194_B

0343
>gnl|kg|bur:B

cep18194_B
0343 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bps:B
P

S
S

0339
>gnl|kg|bps:B

P
S

S
0339 putative am

ino acid dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

x

bpm
:B

U
R

P
S

1710b_A
1894

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
1894 putative am

ino acid dioxygenase
x

x

ret:R
H

E
_P

C
00215

>gnl|kg|ret:R
H

E
_P

C
00215 putative 4-hydroxyphenylpyruvate 

dioxygenase protein [E
C

:1.13.11.27] [K
O

:K
00457]

x

cel:T21C
12.2

>gnl|kg|cel:T21C
12.2 hpd-1; H

ypothetical protein T21C
12.2 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

bte:B
TH

_II2059
>gnl|kg|bte:B

TH
_II2059 4-hydroxyphenylpyruvate dioxygenase, putative

x

reu:R
eut_B

5028
>gnl|kg|reu:R

eut_B
5028 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

dm
e:C

G
11796-PA

>gnl|kg|dm
e:C

G
11796-PA C

G
11796; C

G
11796 gene product from

 
transcript C

G
11796-R

A [E
C

:1.13.11.27] [K
O

:K
00457]

x

reu:R
eut_B

5035
>gnl|kg|reu:R

eut_B
5035 4-hydroxyphenylpyruvate dioxygenase 

[E
C

:1.13.11.27] [K
O

:K
00457]

x

ddi:D
D

B
0203373

>gnl|kg|ddi:D
D

B
0203373 hypothetical protein [E

C
:1.13.11.27] 

[K
O

:K
00457]

x

nfa:nfa50810
>gnl|kg|nfa:nfa50810 putative 4-hydroxyphenylpyruvate dioxygenase 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

cm
e:C

M
I063C

>gnl|kg|cm
e:C

M
I063C

 4-hydroxyphenylpyruvate dioxygenase, 4H
P

P
D

 
[E

C
:1.13.11.27] [K

O
:K

00457]
x

pae:PA
1129

>gnl|kg|pae:PA
1129 probable fosfom

ycin resistance protein
x

x
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ath:A
t1g08110

>gnl|kg|ath:A
t1g08110 T6D

22.20; lactoylglutathione lyase, putative / 
glyoxalase I, putative [E

C
:4.4.1.5] [K

O
:K

01759]
x

ath:A
t1g11840

>gnl|kg|ath:A
t1g11840 F12F1.32; lactoylglutathione lyase, putative / 

glyoxalase I, putative [E
C

:4.4.1.5] [K
O

:K
01759]

x

sce:Y
M

L004C
>gnl|kg|sce:Y

M
L004C

 G
LO

1; R
egulated by H

O
G

 (high osm
olarity 

glycerol)-M
A

P (m
itogen-activated protein) kinase pathw

ay in osm
otic 

stress response [E
C

:4.4.1.5] [K
O

:K
01759]

x

spo:S
P

B
C

12C
2.12c

>gnl|kg|spo:S
P

B
C

12C
2.12c lactoylglutathione lyase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

pfa:P
F11_0145

>gnl|kg|pfa:P
F11_0145 glyoxalase I, putative [E

C
:4.4.1.5] [K

O
:K

01759]
x

cal:orf19.6058
>gnl|kg|cal:orf19.6058 G

LO
1; glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

ath:A
t1g67280

>gnl|kg|ath:A
t1g67280 F1N

21.10; lactoylglutathione lyase, putative / 
glyoxalase I, putative

x

gga:421428
>gnl|kg|gga:421428 LO

C
421428; sim

ilar to glyoxylase 1; glyoxalase 1
x

x

pfo:P
fl_2923

>gnl|kg|pfo:P
fl_2923 glyoxalase I

x
rno:294320

>gnl|kg|rno:294320 G
lo1; glyoxylase 1

x
m

m
u:109801

>gnl|kg|m
m

u:109801 G
lo1; glyoxalase 1 [E

C
:4.4.1.5] [K

O
:K

01759]
x

ppu:P
P

3766
>gnl|kg|ppu:P

P
3766 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

hsa:2739
>gnl|kg|hsa:2739 G

LO
1; glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

dm
e:C

G
1707-PA

>gnl|kg|dm
e:C

G
1707-PA C

G
1707; C

G
1707 gene product from

 
transcript C

G
1707-R

A [E
C

:4.4.1.5] [K
O

:K
01759]

x

pfl:P
FL_3393

>gnl|kg|pfl:P
FL_3393 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

psp:P
S

P
P

H
_2267

>gnl|kg|psp:P
S

P
P

H
_2267 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

psb:P
syr_2973

>gnl|kg|psb:P
syr_2973 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

xla:446359
>gnl|kg|xla:446359 M

G
C

82317; M
G

C
82317 protein [E

C
:4.4.1.5] 

[K
O

:K
01759]

x
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pst:P
S

P
TO

3106
>gnl|kg|pst:P

S
P

TO
3106 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

cfa:474894
>gnl|kg|cfa:474894 LO

C
474894; sim

ilar to glyoxylase 1
x

x

xla:447401
>gnl|kg|xla:447401 M

G
C

84827; M
G

C
84827 protein [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

dre:368213
>gnl|kg|dre:368213 glo1; glyoxalase 1

x

xcb:X
C

_3658
>gnl|kg|xcb:X

C
_3658 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

xcc:X
C

C
0575

>gnl|kg|xcc:X
C

C
0575 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

xft:P
D

0629
>gnl|kg|xft:P

D
0629 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

bba:B
d2848

>gnl|kg|bba:B
d2848 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

xfa:X
F1399

>gnl|kg|xfa:X
F1399 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

pae:PA
5111

>gnl|kg|pae:PA
5111 gloA

3; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

xcv:X
C

V
3749

>gnl|kg|xcv:X
C

V
3749 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

xac:X
A

C
3632

>gnl|kg|xac:X
A

C
3632 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

xoo:X
O

O
0754

>gnl|kg|xoo:X
O

O
0754 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

pha:P
S

H
A

a1601

>gnl|kg|pha:P
S

H
A

a1601 gloA
; lactoylglutathione lyase 

(M
ethylglyoxalase) (A

ldoketom
utase) (glyoxalase I) (G

lx I) (K
etone-

aldehyde m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase) 
[E

C
:4.4.1.5] [K

O
:K

01759]

x

syn:slr0381
>gnl|kg|syn:slr0381 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

vch:V
C

1010
>gnl|kg|vch:V

C
1010 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x
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bur:B
cep18194_A

6033
>gnl|kg|bur:B

cep18194_A
6033 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

ana:alr2321
>gnl|kg|ana:alr2321 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

bte:B
TH

_I0580
>gnl|kg|bte:B

TH
_I0580 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

ava:Ava_0139
>gnl|kg|ava:Ava_0139 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

nm
a:N

M
A

2147
>gnl|kg|nm

a:N
M

A
2147 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

nm
e:N

M
B

0340
>gnl|kg|nm

e:N
M

B
0340 lactoylglutathione lyase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

bpm
:B

U
R

P
S

1710b_0876
>gnl|kg|bpm

:B
U

R
P

S
1710b_0876 gloA

; lactoylglutathione lyase 
[E

C
:4.4.1.5] [K

O
:K

01759]
x

bps:B
P

S
L0663

>gnl|kg|bps:B
P

S
L0663 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

bm
a:B

M
A

0213
>gnl|kg|bm

a:B
M

A
0213 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

ilo:IL2633
>gnl|kg|ilo:IL2633 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

ecs:E
C

s2360
>gnl|kg|ecs:E

C
s2360 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

sfx:S
1810

>gnl|kg|sfx:S
1810 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

eco:b1651
>gnl|kg|eco:b1651 gloA

; glyoxalase I, nickel isom
erase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

ssn:S
S

O
_1505

>gnl|kg|ssn:S
S

O
_1505 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

ecj:JW
1643

>gnl|kg|ecj:JW
1643 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

ece:Z2669
>gnl|kg|ece:Z2669 gloA

; hypothetical protein [E
C

:4.4.1.5] [K
O

:K
01759]

x

sdy:S
D

Y
_1877

>gnl|kg|sdy:S
D

Y
_1877 gloA

; lactoylglutathione lyase
x
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sfl:S
F1678

>gnl|kg|sfl:S
F1678 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

vfi:V
F0928

>gnl|kg|vfi:V
F0928 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

ecc:c2044
>gnl|kg|ecc:c2044 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

eba:ebB
148

>gnl|kg|eba:ebB
148 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

aci:A
C

IA
D

2213
>gnl|kg|aci:A

C
IA

D
2213 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

vpa:V
P

2109
>gnl|kg|vpa:V

P
2109 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

cvi:C
V

1660
>gnl|kg|cvi:C

V
1660 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

pae:PA
3524

>gnl|kg|pae:PA
3524 gloA

1; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

stt:t1303
>gnl|kg|stt:t1303 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

sty:S
TY

1687
>gnl|kg|sty:S

TY
1687 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

sec:S
C

1454
>gnl|kg|sec:S

C
1454 gloA

; glyoxalase I, nickel isom
erase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

spt:S
PA

1418
>gnl|kg|spt:S

PA
1418 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

stm
:S

TM
1435

>gnl|kg|stm
:S

TM
1435 gloA

; glyoxalase I, nickel isom
erase [E

C
:4.4.1.5] 

[K
O

:K
01759]

x

sbo:S
B

O
_1484

>gnl|kg|sbo:S
B

O
_1484 gloA

; lactoylglutathione lyase
x

eca:E
C

A
1929

>gnl|kg|eca:E
C

A
1929 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

cya:C
YA

_1244
>gnl|kg|cya:C

YA
_1244 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

noc:N
oc_2681

>gnl|kg|noc:N
oc_2681 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x
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bbr:B
B

4094
>gnl|kg|bbr:B

B
4094 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

bpe:B
P

0038
>gnl|kg|bpe:B

P
0038 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

bpa:B
P

P
3659

>gnl|kg|bpa:B
P

P
3659 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

m
su:M

S
0703

>gnl|kg|m
su:M

S
0703 gloA

; lactoylglutathione lyase and related lyases 
[E

C
:4.4.1.5] [K

O
:K

01759]
x

x

ypk:y1957
>gnl|kg|ypk:y1957 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

ypm
:Y

P
2167

>gnl|kg|ypm
:Y

P
2167 gloA

1; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

syf:S
ynpcc7942_0638

>gnl|kg|syf:S
ynpcc7942_0638 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

syc:syc0887_d
>gnl|kg|syc:syc0887_d gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

vvy:V
V

1185
>gnl|kg|vvy:V

V
1185 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

pm
u:P

M
0987

>gnl|kg|pm
u:P

M
0987 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

neu:N
E

1427
>gnl|kg|neu:N

E
1427 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

plu:plu2602
>gnl|kg|plu:plu2602 gloA

; lactoylglutathione lyase (m
ethylglyoxalase) (S

-
D

-lactolyglutathione m
ethylglyoxal lyase) [E

C
:4.4.1.5] [K

O
:K

01759]
x

pm
a:P

ro0234
>gnl|kg|pm

a:P
ro0234 gloA

; lactoylglutathione lyase fam
ily enzym

e 
[E

C
:4.4.1.5] [K

O
:K

01759]
x

x

ype:Y
P

O
2381

>gnl|kg|ype:Y
P

O
2381 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

yps:Y
P

TB
2295

>gnl|kg|yps:Y
P

TB
2295 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

reu:R
eut_A

0503
>gnl|kg|reu:R

eut_A
0503 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x

nm
u:N

m
ul_A

2625
>gnl|kg|nm

u:N
m

ul_A
2625 glyoxalase I [E

C
:4.4.1.5] [K

O
:K

01759]
x
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C
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dar:D

aro_3539
>gnl|kg|dar:D

aro_3539 glyoxalase I [E
C

:4.4.1.5] [K
O

:K
01759]

x

hch:H
C

H
_04598

>gnl|kg|hch:H
C

H
_04598 gloA

2; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

syw
:S

Y
N

W
2347

>gnl|kg|syw
:S

Y
N

W
2347 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

hit:N
TH

I0441
>gnl|kg|hit:N

TH
I0441 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

hin:H
I0323

>gnl|kg|hin:H
I0323 gloA

; lactoylglutathione lyase [E
C

:4.4.1.5] 
[K

O
:K

01759]
x

vpa:V
PA

0774
>gnl|kg|vpa:V

PA
0774 lactoylglutathione lyase [E

C
:4.4.1.5] [K

O
:K

01759]
x

rru:R
ru_A

2788
>gnl|kg|rru:R

ru_A
2788 N

-isopropylam
m

elide isopropylam
inohydrolase 

[E
C

:3.5.99.4]
x

pfo:P
fl_3779

>gnl|kg|pfo:P
fl_3779 N

-isopropylam
m

elide isopropylam
inohydrolase 

[E
C

:3.5.99.4]
x

bur:B
cep18194_B

0800
>gnl|kg|bur:B

cep18194_B
0800 N

-isopropylam
m

elide 
isopropylam

inohydrolase [E
C

:3.5.99.4]
x

cgb:cg0104
>gnl|kg|cgb:cg0104 codA

; creatinine deam
inase [E

C
:3.5.4.21] 

[K
O

:K
03365]

x

rno:64526
>gnl|kg|rno:64526 E

ch1; enoyl coenzym
e A hydratase 1, peroxisom

al 
[E

C
:5.3.3.-]

x

m
m

u:51798
>gnl|kg|m

m
u:51798 E

ch1; enoyl coenzym
e A hydratase 1, peroxisom

al 
[E

C
:5.3.3.-]

x

hsa:1891
>gnl|kg|hsa:1891 E

C
H

1; enoyl C
oenzym

e A hydratase 1, peroxisom
al 

[E
C

:5.3.3.-]
x

xtr:448218
>gnl|kg|xtr:448218 ech1-prov; enoyl C

oenzym
e A hydratase 1, 

peroxisom
al [E

C
:5.3.3.-]

x

osa:B
1033B

05.16
>gnl|kg|osa:B

1033B
05.16 enoyl C

oA hydratase-like protein
x

m
bo:M

b3803
>gnl|kg|m

bo:M
b3803 echA

21; enoyl-C
oA hydratase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

m
le:M

L0120
>gnl|kg|m

le:M
L0120 echA

1; putative enoyl-C
oA hydratase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x
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lil:LA
1032

>gnl|kg|lil:LA
1032 ech3; enoyl-C

oA hydratase [E
C

:4.2.1.17] 
[K

O
:K

01692]
x

hch:H
C

H
_01668

>gnl|kg|hch:H
C

H
_01668 enoyl-C

oA hydratase/carnithine racem
ase

x

dar:D
aro_3320

>gnl|kg|dar:D
aro_3320 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

lic:LIC
12629

>gnl|kg|lic:LIC
12629 ech3; enoyl-C

oA hydratase [E
C

:4.2.1.17] 
[K

O
:K

01692]
x

cvi:C
V

2485
>gnl|kg|cvi:C

V
2485 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x
pfo:P

fl_2864
>gnl|kg|pfo:P

fl_2864 enoyl-C
oA hydratase/isom

erase
x

pfl:P
FL_3062

>gnl|kg|pfl:P
FL_3062 echA

9; enoly-coenzym
e A hydratase/isom

erase 
fam

ily protein [E
C

:4.2.1.17] [K
O

:K
01692]

x

atc:A
G

R
_L_2647

>gnl|kg|atc:A
G

R
_L_2647 probable enoyl-C

oA hydratase [E
C

:4.2.1.17] 
[K

O
:K

01692]
x

ppu:P
P

3491
>gnl|kg|ppu:P

P
3491 enoly-coenzym

e A hydratase/isom
erase fam

ily 
protein [E

C
:4.2.1.17] [K

O
:K

01692]
x

psb:P
syr_1770

>gnl|kg|psb:P
syr_1770 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

pst:P
S

P
TO

3705
>gnl|kg|pst:P

S
P

TO
3705 enoly-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

atu:A
tu3505

>gnl|kg|atu:A
tu3505 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

psp:P
S

P
P

H
_1721

>gnl|kg|psp:P
S

P
P

H
_1721 enoly-C

oA hydratase/isom
erase fam

ily 
protein [E

C
:4.2.1.17] [K

O
:K

01692]
x

cbu:C
B

U
_1856

>gnl|kg|cbu:C
B

U
_1856 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

rso:R
S

c1298
>gnl|kg|rso:R

S
c1298 R

S
02820; enoyl-C

oA hydratase [E
C

:4.2.1.17] 
[K

O
:K

01692]
x

rpa:R
PA

3447
>gnl|kg|rpa:R

PA
3447 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

rru:R
ru_A

1834
>gnl|kg|rru:R

ru_A
1834 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

rso:R
S

05575
>gnl|kg|rso:R

S
05575 R

S
p0647; putative enoyl-coenzym

e A hydratase 
protein [E

C
:4.2.1.17] [K

O
:K

01692]
x
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son:S
O

1681
>gnl|kg|son:S

O
1681 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

m
ag:am

b3583
>gnl|kg|m

ag:am
b3583 enoyl-C

oA hydratase/carnithine racem
ase

x

sm
e:S

M
b20752

>gnl|kg|sm
e:S

M
b20752 enoyl-C

oA hydratase [E
C

:4.2.1.17] 
[K

O
:K

01692]
x

bm
e:B

M
E

I1196
>gnl|kg|bm

e:B
M

E
I1196 enoyl-C

oA hydratase [E
C

:4.2.1.17] 
[K

O
:K

01692]
x

bm
s:B

R
0758

>gnl|kg|bm
s:B

R
0758 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

oih:O
B

0817
>gnl|kg|oih:O

B
0817 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

bja:blr3956
>gnl|kg|bja:blr3956 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

bm
b:B

ruA
b1_0775

>gnl|kg|bm
b:B

ruA
b1_0775 enoyl-C

oA hydratase/isom
erase fam

ily 
protein [E

C
:4.2.1.17] [K

O
:K

01692]
x

bm
f:B

A
B

1_0781
>gnl|kg|bm

f:B
A

B
1_0781 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

xcv:X
C

V
1366

>gnl|kg|xcv:X
C

V
1366 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

rpb:R
P

B
_2121

>gnl|kg|rpb:R
P

B
_2121 enoyl-C

oA hydratase/isom
erase

x

ath:A
t3g60510

>gnl|kg|ath:A
t3g60510 T8B

10.170; enoyl-C
oA hydratase/isom

erase 
fam

ily protein
x

xac:X
A

C
1315

>gnl|kg|xac:X
A

C
1315 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

bca:B
C

E
2384

>gnl|kg|bca:B
C

E
2384 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

bcz:B
C

ZK
2118

>gnl|kg|bcz:B
C

ZK
2118 phaB

; enoyl-C
oA hydratase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

btk:B
T9727_2132

>gnl|kg|btk:B
T9727_2132 phaB

; enoyl-C
oA hydratase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

ccr:C
C

1352
>gnl|kg|ccr:C

C
1352 enoyl-C

oA hydratase/isom
erase fam

ily protein
x

bar:G
B

A
A

2356
>gnl|kg|bar:G

B
A

A
2356 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x
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bat:B
A

S
2195

>gnl|kg|bat:B
A

S
2195 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

ban:B
A

2356
>gnl|kg|ban:B

A
2356 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

m
tu:R

v1071c
>gnl|kg|m

tu:R
v1071c echA

9 [E
C

:4.2.1.17] [K
O

:K
01692]

x

m
bo:M

b1100c
>gnl|kg|m

bo:M
b1100c echA

9; enoyl-C
oA hydratase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

m
tc:M

T1101
>gnl|kg|m

tc:M
T1101 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

xcb:X
C

_2978
>gnl|kg|xcb:X

C
_2978 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

m
lo:m

lr8392
>gnl|kg|m

lo:m
lr8392 enoyl-C

oA hydratase
x

ath:A
t4g31810

>gnl|kg|ath:A
t4g31810 F11C

18.10; enoyl-C
oA hydratase/isom

erase 
fam

ily protein
x

baa:B
A

_2850
>gnl|kg|baa:B

A
_2850 enoyl-C

oA hydratase/isom
erase fam

ily 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

xoo:X
O

O
1845

>gnl|kg|xoo:X
O

O
1845 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

ath:A
t3g24360

>gnl|kg|ath:A
t3g24360 K

7M
2.21; enoyl-C

oA hydratase/isom
erase fam

ily 
protein

x

ath:A
t4g13360

>gnl|kg|ath:A
t4g13360 T9E

8.100; enoyl-C
oA hydratase/isom

erase 
fam

ily protein
x

nar:S
aro_0859

>gnl|kg|nar:S
aro_0859 enoyl-C

oA hydratase/isom
erase

x

nw
i:N

w
i_2157

>gnl|kg|nw
i:N

w
i_2157 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

xcc:X
C

C
1263

>gnl|kg|xcc:X
C

C
1263 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

m
pa:M

A
P

1018c
>gnl|kg|m

pa:M
A

P
1018c echA

9; putative enoyl-C
oA 

hydratase/isom
erase [E

C
:4.2.1.17] [K

O
:K

01692]
x

eli:E
LI_10030

>gnl|kg|eli:E
LI_10030 enoyl-C

oA hydratase/isom
erase fam

ily protein
x

m
ag:am

b2561
>gnl|kg|m

ag:am
b2561 enoyl-C

oA hydratase/carnithine racem
ase

x
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m
le:M

L2401
>gnl|kg|m

le:M
L2401 putative enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

bur:B
cep18194_B

0719
>gnl|kg|bur:B

cep18194_B
0719 enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

reu:R
eut_A

2019
>gnl|kg|reu:R

eut_A
2019 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

bpm
:B

U
R

P
S

1710b_A
2183

>gnl|kg|bpm
:B

U
R

P
S

1710b_A
2183 enoyl-C

oA hydratase/isom
erase 

fam
ily

x

bps:B
P

S
S

0622
>gnl|kg|bps:B

P
S

S
0622 enoyl-C

oA hydratase/isom
erase fam

ily 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

ret:R
H

E
_C

H
00571

>gnl|kg|ret:R
H

E
_C

H
00571 probable enoyl-C

oA hydratase protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

pae:PA
0744

>gnl|kg|pae:PA
0744 probable enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

ppu:P
P

1412
>gnl|kg|ppu:P

P
1412 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

vvu:V
V

20490
>gnl|kg|vvu:V

V
20490 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

bte:B
TH

_I2504
>gnl|kg|bte:B

TH
_I2504 enoyl-C

oA hydratase/isom
erase fam

ily protein
x

bte:B
TH

_II1798
>gnl|kg|bte:B

TH
_II1798 enoyl-C

oA hydratase/isom
erase fam

ily
x

vvy:V
VA

1039
>gnl|kg|vvy:V

VA
1039 putative enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

vpa:V
PA

1119
>gnl|kg|vpa:V

PA
1119 putative enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

bm
a:B

M
A

1244
>gnl|kg|bm

a:B
M

A
1244 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

bpm
:B

U
R

P
S

1710b_1985
>gnl|kg|bpm

:B
U

R
P

S
1710b_1985 paaG

; enoyl-C
oA 

hydratase/isom
erase fam

ily protein
x

vpa:V
PA

0624
>gnl|kg|vpa:V

PA
0624 putative enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

nfa:nfa10390
>gnl|kg|nfa:nfa10390 putative enoyl-C

oA hydratase/isom
erase fam

ily 
protein [E

C
:4.2.1.17] [K

O
:K

01692]
x
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reu:R
eut_B

4261
>gnl|kg|reu:R

eut_B
4261 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

bps:B
P

S
L1860

>gnl|kg|bps:B
P

S
L1860 putative hydratase [E

C
:4.2.1.17] [K

O
:K

01692]
x

bli:B
L00295

>gnl|kg|bli:B
L00295 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

bld:B
Li02102

>gnl|kg|bld:B
Li02102 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

bur:B
cep18194_A

4702
>gnl|kg|bur:B

cep18194_A
4702 enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

pfl:P
FL_1434

>gnl|kg|pfl:P
FL_1434 echA

9; enoyl-C
oA hydratase/isom

erase fam
ily 

protein [E
C

:4.2.1.17] [K
O

:K
01692]

x

ath:A
t1g06550

>gnl|kg|ath:A
t1g06550 F12K

11.12; enoyl-C
oA hydratase/isom

erase 
fam

ily protein
x

pfo:P
fl_1348

>gnl|kg|pfo:P
fl_1348 enoyl-C

oA hydratase/isom
erase

x

ilo:IL0868
>gnl|kg|ilo:IL0868 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

sce:Y
D

R
036C

>gnl|kg|sce:Y
D

R
036C

 E
H

D
3, M

R
P

5; P
rotein of unconfirm

ed function, 
plays an indirect role in endocytic m

em
brane trafficking, m

em
ber of a 

fam
ily of enoyl-C

oA hydratase/isom
erases

x

lpf:lpl0902
>gnl|kg|lpf:lpl0902 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

spo:S
P

B
C

2D
10.09

>gnl|kg|spo:S
P

B
C

2D
10.09 3-hydroxyisobutyryl-coenzym

e a hydrolase; 
E

noyl-C
oA isom

erase fam
ily

x

rsp:R
S

P
_0155

>gnl|kg|rsp:R
S

P
_0155 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

lpp:lpp0933
>gnl|kg|lpp:lpp0933 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

cgb:cg1049
>gnl|kg|cgb:cg1049 enoyl-C

oA hydratase/carnithine racem
ase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

cgl:N
C

gl0882
>gnl|kg|cgl:N

C
gl0882 C

gl0919; enoyl-C
oA hydratase/carnithine 

racem
ase [E

C
:4.2.1.17] [K

O
:K

01692]
x

hch:H
C

H
_00639

>gnl|kg|hch:H
C

H
_00639 enoyl-C

oA hydratase/carnithine racem
ase

x
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cef:C
E

0981
>gnl|kg|cef:C

E
0981 putative enoyl-C

oA hydratase [E
C

:4.2.1.17] 
[K

O
:K

01692]
x

bpe:B
P

1446
>gnl|kg|bpe:B

P
1446 enoly-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

bbr:B
B

2631
>gnl|kg|bbr:B

B
2631 enoly-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

bpa:B
P

P
1553

>gnl|kg|bpa:B
P

P
1553 enoly-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

cvi:C
V

2082
>gnl|kg|cvi:C

V
2082 paaG

; enoyl-C
oA hydratase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

ppr:P
B

P
R

B
1108

>gnl|kg|ppr:P
B

P
R

B
1108 paaG

; putative enoyl-C
oA hydratase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

pha:P
S

H
A

a1458
>gnl|kg|pha:P

S
H

A
a1458 enoyl-C

oA hydratase/isom
erase protein 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

sil:S
P

O
2212

>gnl|kg|sil:S
P

O
2212 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

bcl:A
B

C
1810

>gnl|kg|bcl:A
B

C
1810 enoyl-C

oA hydratase [E
C

:4.2.1.17] [K
O

:K
01692]

x

tcr:511529.160
>gnl|kg|tcr:511529.160 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

cps:C
P

S
_0656

>gnl|kg|cps:C
P

S
_0656 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

cps:C
P

S
_1607

>gnl|kg|cps:C
P

S
_1607 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

tbr:Tb11.01.8200
>gnl|kg|tbr:Tb11.01.8200 enoyl-C

oA hydratase/isom
erase fam

ily protein
x

tcr:506727.90
>gnl|kg|tcr:506727.90 enoyl-C

oA hydratase/isom
erase fam

ily protein
x

tcr:511529.170
>gnl|kg|tcr:511529.170 enoyl-C

oA hydratase/isom
erase fam

ily protein
x

tcr:506727.100
>gnl|kg|tcr:506727.100 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

cdi:D
IP

0885
>gnl|kg|cdi:D

IP
0885 putative hydrolase [E

C
:4.2.1.17] [K

O
:K

01692]
x
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cjk:jk1503
>gnl|kg|cjk:jk1503 echA

5; enoyl-C
oA hydratase/carnithine racem

ase 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

ath:A
t1g60550

>gnl|kg|ath:A
t1g60550 F8A

5.9; naphthoate synthase, putative / 
dihydroxynaphthoic acid synthetase, putative / D

H
N

A synthetase, 
putative [E

C
:4.1.3.36] [K

O
:K

01661]
x

vvy:V
V

1118
>gnl|kg|vvy:V

V
1118 dihydroxynaphthoic acid synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

osa:P
0671D

01.18
>gnl|kg|osa:P

0671D
01.18 putative naphthoate synthase

x

vch:V
C

1973
>gnl|kg|vch:V

C
1973 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

vpa:V
P

0931
>gnl|kg|vpa:V

P
0931 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

vvu:V
V

13170
>gnl|kg|vvu:V

V
13170 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

ecs:E
C

s3150
>gnl|kg|ecs:E

C
s3150 dihydroxynaphtoic acid synthetase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

gka:G
K

2873
>gnl|kg|gka:G

K
2873 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

ava:Ava_0166
>gnl|kg|ava:Ava_0166 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

bat:B
A

S
4748

>gnl|kg|bat:B
A

S
4748 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

baa:B
A

_5527
>gnl|kg|baa:B

A
_5527 enoyl-C

oA hydratase/isom
erase fam

ily 
[E

C
:4.1.3.36] [K

O
:K

01661]
x

ana:all2347
>gnl|kg|ana:all2347 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

oih:O
B

2323
>gnl|kg|oih:O

B
2323 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

bce:B
C

4853
>gnl|kg|bce:B

C
4853 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

plt:P
lut_0328

>gnl|kg|plt:P
lut_0328 naphthoate synthase

x

cch:C
ag_1719

>gnl|kg|cch:C
ag_1719 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x
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sas:S
A

S
0981

>gnl|kg|sas:S
A

S
0981 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

ssp:S
S

P
1746

>gnl|kg|ssp:S
S

P
1746 dihydroxynaphthoic acid synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

cgl:N
C

gl0446
>gnl|kg|cgl:N

C
gl0446 C

gl0463; dihydroxynaphthoic acid synthase 
[E

C
:4.1.3.36] [K

O
:K

01661]
x

sep:S
E

0746
>gnl|kg|sep:S

E
0746 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

syf:S
ynpcc7942_0597

>gnl|kg|syf:S
ynpcc7942_0597 naphthoate synthase

x

hm
a:rrnA

C
0841

>gnl|kg|hm
a:rrnA

C
0841 ech1; naphthoate synthase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

cef:C
E

0475
>gnl|kg|cef:C

E
0475 putative naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pm
n:P

M
N

2A
_0044

>gnl|kg|pm
n:P

M
N

2A
_0044 naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

sye:S
yncc9902_1333

>gnl|kg|sye:S
yncc9902_1333 naphthoate synthase

x

tfu:Tfu_1409
>gnl|kg|tfu:Tfu_1409 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

syd:S
yncc9605_1123

>gnl|kg|syd:S
yncc9605_1123 naphthoate synthase

x

bfr:B
F1318

>gnl|kg|bfr:B
F1318 dihydroxynapthoic acid synthetase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pm
i:P

M
T9312_0608

>gnl|kg|pm
i:P

M
T9312_0608 naphthoate synthase

x

bth:B
T4702

>gnl|kg|bth:B
T4702 dihydroxynapthoic acid synthetase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

dar:D
aro_1616

>gnl|kg|dar:D
aro_1616 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

cm
e:C

M
V

113C
>gnl|kg|cm

e:C
M

V
113C

 naphthoate synthase
x

pac:P
PA

0907
>gnl|kg|pac:P

PA
0907 naphthoate synthase [E

C
:4.1.3.36] [K

O
:K

01661]
x

pfo:P
fl_4123

>gnl|kg|pfo:P
fl_4123 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

bur:B
cep18194_C

6937
>gnl|kg|bur:B

cep18194_C
6937 m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
C

:4.1.2.21] [K
O

:K
01631]

x
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pfo:P
fl_3721

>gnl|kg|pfo:P
fl_3721 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

pm
u:P

M
1094

>gnl|kg|pm
u:P

M
1094 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

ppr:P
B

P
R

A
2622

>gnl|kg|ppr:P
B

P
R

A
2622 m

enC
; putative o-succinylbenzoate-C

oA 
synthase [E

C
:4.2.1.-] [K

O
:K

02549]
x

cef:C
E

0477
>gnl|kg|cef:C

E
0477 putative m

uconate cycloisom
erase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

hin:H
I0969

>gnl|kg|hin:H
I0969 m

enC
; O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-

] [K
O

:K
02549]

x

ypm
:Y

P
2335

>gnl|kg|ypm
:Y

P
2335 m

enC
; putative O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

ype:Y
P

O
2524

>gnl|kg|ype:Y
P

O
2524 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

ypk:y1663
>gnl|kg|ypk:y1663 m

enC
; O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-

] [K
O

:K
02549]

x

eca:E
C

A
1214

>gnl|kg|eca:E
C

A
1214 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

yps:Y
P

TB
2557

>gnl|kg|yps:Y
P

TB
2557 m

enC
; putative O

-succinylbenzoate-C
oA 

synthase [E
C

:4.2.1.-] [K
O

:K
02549]

x

vpa:V
P

0932
>gnl|kg|vpa:V

P
0932 o-succinylbenzoate-C

oA synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

son:S
O

4575
>gnl|kg|son:S

O
4575 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

vch:V
C

1972
>gnl|kg|vch:V

C
1972 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

vvu:V
V

13169
>gnl|kg|vvu:V

V
13169 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

eco:b2261
>gnl|kg|eco:b2261 m

enC
; o-succinylbenzoyl-C

oA synthase [E
C

:4.2.1.-] 
[K

O
:K

02549]
x

sdy:S
D

Y
_2457

>gnl|kg|sdy:S
D

Y
_2457 m

enC
; O

-succinylbenzoyl-C
oA synthase

x

ecj:JW
2256

>gnl|kg|ecj:JW
2256 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

ssn:S
S

O
_2322

>gnl|kg|ssn:S
S

O
_2322 m

enC
; O

-succinylbenzoyl-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

ecs:E
C

s3149
>gnl|kg|ecs:E

C
s3149 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

ece:Z3521
>gnl|kg|ece:Z3521 m

enC
; o-succinylbenzoyl-C

oA synthase; conversion 
of chorism

ate to 2-o-succinylbenzoyl-C
oA [E

C
:4.2.1.-] [K

O
:K

02549]
x

ecc:c2804
>gnl|kg|ecc:c2804 m

enC
; O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-

] [K
O

:K
02549]

x

sfx:S
2474

>gnl|kg|sfx:S
2474 m

enC
; O

-succinylbenzoyl-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

sfl:S
F2340

>gnl|kg|sfl:S
F2340 m

enC
; O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-

] [K
O

:K
02549]

x

stm
:S

TM
2306

>gnl|kg|stm
:S

TM
2306 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

sec:S
C

2306
>gnl|kg|sec:S

C
2306 m

enC
; O

-succinylbenzoyl-C
oA synthase [E

C
:4.2.1.-

] [K
O

:K
02549]

x

sbo:S
B

O
_2298

>gnl|kg|sbo:S
B

O
_2298 m

enC
; O

-succinylbenzoyl-C
oA synthase

x

spt:S
PA

0557
>gnl|kg|spt:S

PA
0557 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

sty:S
TY

2536
>gnl|kg|sty:S

TY
2536 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

stt:t0557
>gnl|kg|stt:t0557 m

enC
; O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

hdu:H
D

1055
>gnl|kg|hdu:H

D
1055 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

baa:B
A

_5525
>gnl|kg|baa:B

A
_5525 m

andelate racem
ase / m

uconate lactonizing 
enzym

e, C
-term

inal dom
ain [E

C
:4.2.1.-] [K

O
:K

02549]
x

m
le:M

L2268
>gnl|kg|m

le:M
L2268 putative O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

cgb:cg0551
>gnl|kg|cgb:cg0551 m

enC
; sim

ilar to O
-succinylbenzoate-coa synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

bli:B
L02404

>gnl|kg|bli:B
L02404 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

bld:B
Li03218

>gnl|kg|bld:B
Li03218 m

enC
; O

-succinylbenzoate-C
oA synthase; 

R
B

L03386 [E
C

:4.2.1.-] [K
O

:K
02549]

x

lla:L131805
>gnl|kg|lla:L131805 yhdB

; O
-succinylbenzoate-C

oA synthase [E
C

:4.2.1.-
] [K

O
:K

02549]
x

lxx:Lxx01430
>gnl|kg|lxx:Lxx01430 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

cte:C
T1847

>gnl|kg|cte:C
T1847 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

m
bo:M

b0568
>gnl|kg|m

bo:M
b0568 m

enC
; probable m

uconate cycloisom
erase M

enC
 

(cis,cis-m
uconate lactonizing enzym

e) (M
LE

) [E
C

:4.2.1.-] [K
O

:K
02549]

x

m
tu:R

v0553
>gnl|kg|m

tu:R
v0553 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

m
tc:M

T0579
>gnl|kg|m

tc:M
T0579 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

pac:P
PA

0902
>gnl|kg|pac:P

PA
0902 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

m
pa:M

A
P

4050
>gnl|kg|m

pa:M
A

P
4050 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

tfu:Tfu_1410
>gnl|kg|tfu:Tfu_1410 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

cdi:D
IP

0422
>gnl|kg|cdi:D

IP
0422 m

enC
; putative O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

bth:B
T4703

>gnl|kg|bth:B
T4703 chlorom

uconate cycloisom
erase

x

pm
a:P

ro0200
>gnl|kg|pm

a:P
ro0200 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

syn:sll0409
>gnl|kg|syn:sll0409 m

enC
; O

-succinylbenzoate-C
oA synthase 

[E
C

:4.2.1.-] [K
O

:K
02549]

x

sas:S
A

S
1716

>gnl|kg|sas:S
A

S
1716 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

bfs:B
F1304

>gnl|kg|bfs:B
F1304 putative m

uconate cycloisom
erase

x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

dar:D
aro_1615

>gnl|kg|dar:D
aro_1615 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

bfr:B
F1319

>gnl|kg|bfr:B
F1319 chlorom

uconate cycloisom
erase

x

sar:S
A

R
1876

>gnl|kg|sar:S
A

R
1876 O

-succinylbenzoate-C
oA synthase [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

m
lo:m

lr0803
>gnl|kg|m

lo:m
lr0803 probable m

uconate cycloisom
erase

x

eca:E
C

A
3116

>gnl|kg|eca:E
C

A
3116 putative m

andelate racem
ase/m

uconate 
lactonizing enzym

e
x

bm
f:B

A
B

1_1037
>gnl|kg|bm

f:B
A

B
1_1037 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

atc:A
G

R
_C

_3037
>gnl|kg|atc:A

G
R

_C
_3037 putative m

uconate cycloisom
erase I

x

bm
e:B

M
E

I0966
>gnl|kg|bm

e:B
M

E
I0966 m

uconate cycloisom
erase I [E

C
:5.5.1.1] 

[K
O

:K
01856]

x

rpa:R
PA

3964
>gnl|kg|rpa:R

PA
3964 putative m

uconate cycloisom
erase [E

C
:5.5.1.1] 

[K
O

:K
01856]

x

rsp:R
S

P
_1769

>gnl|kg|rsp:R
S

P
_1769 m

andelate racem
ase / m

uconate lactonizing 
enzym

e [E
C

:5.1.2.2 5.5.1.1] [K
O

:K
01781 K

01856]
x

rpb:R
P

B
_1626

>gnl|kg|rpb:R
P

B
_1626 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

oih:O
B

2965
>gnl|kg|oih:O

B
2965 m

uconate cycloisom
erase

x

sec:S
C

1674
>gnl|kg|sec:S

C
1674 ycjG

; putative chlorom
uconate cycloisom

erase 
(m

uconate cycloisom
erase)

x

stm
:S

TM
1681

>gnl|kg|stm
:S

TM
1681 ycjG

; putative chlorom
uconate cycloisom

erase 
(m

uconate cycloisom
erase)

x

sfl:S
F1331

>gnl|kg|sfl:S
F1331 ycjG

; putative m
uconate cycloisom

erase I [E
C

:5.5.-.-
]

x

sfx:S
1414

>gnl|kg|sfx:S
1414 ycjG

; putative m
uconate cycloisom

erase I
x

ecs:E
C

s1904
>gnl|kg|ecs:E

C
s1904 putative m

uconate cycloisom
erase I

x
fnu:FN

1586
>gnl|kg|fnu:FN

1586 O
-succinylbenzoate-C

oA synthase
x

bsu:B
G

13232
>gnl|kg|bsu:B

G
13232 ykfB

; sim
ilar to chlorom

uconate cycloisom
erase

x

ece:Z2450
>gnl|kg|ece:Z2450 ycjG

; putative m
uconate cycloisom

erase I
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

ret:R
H

E
_C

H
02350

>gnl|kg|ret:R
H

E
_C

H
02350 probable m

uconate cycloisom
erase I protein

x

ypm
:Y

P
2128

>gnl|kg|ypm
:Y

P
2128 dgoA

2; putative m
andelate racem

ase / m
uconate 

lactonizing protein
x

yps:Y
P

TB
2260

>gnl|kg|yps:Y
P

TB
2260 putative m

andelate racem
ase / m

uconate 
lactonizing protein

x

ype:Y
P

O
2341

>gnl|kg|ype:Y
P

O
2341 putative m

andelate racem
ase / m

uconate 
lactonizing protein

x

rru:R
ru_A

2556
>gnl|kg|rru:R

ru_A
2556 m

andelate racem
ase/m

uconate lactonizing 
enzym

e [E
C

:5.5.1.1] [K
O

:K
01856]

x

nw
i:N

w
i_1085

>gnl|kg|nw
i:N

w
i_1085 m

andelate racem
ase/m

uconate lactonizing 
enzym

e [E
C

:5.5.1.1] [K
O

:K
01856]

x

spt:S
PA

1203
>gnl|kg|spt:S

PA
1203 ycjG

; putative m
andelate racem

ase
x

xac:X
A

C
3862

>gnl|kg|xac:X
A

C
3862 tcbD

; chlorom
uconate cycloisom

erase
x

ppr:P
B

P
R

A
1898

>gnl|kg|ppr:P
B

P
R

A
1898 hypothetical m

uconate cycloisom
erase I

x
cac:C

A
C

0192
>gnl|kg|cac:C

A
C

0192 sim
ilar to chlorom

uconate cycloisom
erase

x

xcv:X
C

V
3980

>gnl|kg|xcv:X
C

V
3980 tcbD

; putative chlorom
uconate cycloisom

erase 
[E

C
:5.5.1.7] [K

O
:K

01860]
x

xcc:X
C

C
3807

>gnl|kg|xcc:X
C

C
3807 tcbD

; chlorom
uconate cycloisom

erase
x

vpa:V
PA

0329
>gnl|kg|vpa:V

PA
0329 putative m

uconate cycloisom
erase I

x

bcz:B
C

ZK
2578

>gnl|kg|bcz:B
C

ZK
2578 ykfB

; m
andelate racem

ase/m
uconate 

lactonizing enzym
e [E

C
:5.1.2.2] [K

O
:K

01781]
x

xcb:X
C

_3879
>gnl|kg|xcb:X

C
_3879 chlorom

uconate cycloisom
erase

x

ava:Ava_3512
>gnl|kg|ava:Ava_3512 m

andelate racem
ase/m

uconate lactonizing 
enzym

e [E
C

:5.5.1.1] [K
O

:K
01856]

x

rba:R
B

8686
>gnl|kg|rba:R

B
8686 ykfB

; chlorom
uconate cycloisom

erase Y
kfB

1 
[E

C
:5.5.1.7] [K

O
:K

01860]
x

sbo:S
B

O
_1745

>gnl|kg|sbo:S
B

O
_1745 ycjG

; putative m
uconate cycloisom

erase I 
[E

C
:5.5.-.-]

x

btk:B
T9727_2610

>gnl|kg|btk:B
T9727_2610 ykfB

; m
andelate racem

ase/m
uconate 

lactonizing enzym
e

x

baa:B
A

_3373
>gnl|kg|baa:B

A
_3373 M

R
_M

LE
, m

andelate racem
ase / m

uconate 
lactonizing enzym

e, C
-term

inal dom
ain

x
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E

G
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 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral
xoo:X

O
O

4102
>gnl|kg|xoo:X

O
O

4102 tcbD
; chlorom

uconate cycloisom
erase

x

bur:B
cep18194_A

4351
>gnl|kg|bur:B

cep18194_A
4351 m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
C

:5.5.1.1] [K
O

:K
01856]

x

bha:B
H

3006
>gnl|kg|bha:B

H
3006 m

uconate cycloisom
erase

x
ssn:S

S
O

_1813
>gnl|kg|ssn:S

S
O

_1813 ycjG
; putative m

uconate cycloisom
erase I

x
bli:B

L03765
>gnl|kg|bli:B

L03765 putative m
uconate cycloisom

erase
x

reu:R
eut_D

6465
>gnl|kg|reu:R

eut_D
6465 m

andelate racem
ase/m

uconate lactonizing 
enzym

e [E
C

:5.5.1.1] [K
O

:K
01856]

x

cgb:cg2635
>gnl|kg|cgb:cg2635 catB

; chlorom
uconate cycloisom

erase [E
C

:5.5.1.7] 
[K

O
:K

01860]
x

cgl:N
C

gl2318
>gnl|kg|cgl:N

C
gl2318 C

gl2401; putative chlorom
uconate 

cycloisom
erase

x

cne:C
N

B
01020

>gnl|kg|cne:C
N

B
01020 m

andelate racem
ase/m

uconate lactonizing 
enzym

e, putative
x

bur:B
cep18194_B

0622
>gnl|kg|bur:B

cep18194_B
0622 m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
C

:5.1.2.2] [K
O

:K
01781]

x

ypm
:Y

P
1455

>gnl|kg|ypm
:Y

P
1455 dgoA

1; O
-succinylbenzoate synthase and related 

enzym
e

x

bm
e:B

M
E

I1707
>gnl|kg|bm

e:B
M

E
I1707 m

andelate racem
ase [E

C
:5.1.2.2] [K

O
:K

01781]
x

bm
f:B

A
B

1_0248
>gnl|kg|bm

f:B
A

B
1_0248 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

ret:R
H

E
_P

E
00430

>gnl|kg|ret:R
H

E
_P

E
00430 probable m

andelate racem
ase protein

x
sm

a:S
AV

7282
>gnl|kg|sm

a:S
AV

7282 m
enC

; putative m
andelate racem

ase
x

xcv:X
C

V
4287

>gnl|kg|xcv:X
C

V
4287 putative m

andelate racem
ase/m

uconate 
lactonizing enzym

e
x

ype:Y
P

O
1567

>gnl|kg|ype:Y
P

O
1567 putative racem

ase
x

yps:Y
P

TB
1577

>gnl|kg|yps:Y
P

TB
1577 putative racem

ase
x

vvu:V
V

21662
>gnl|kg|vvu:V

V
21662 predicted phosphatase/phosphohexom

utase
x

sec:S
C

0473
>gnl|kg|sec:S

C
0473 phnX

; 2-am
inoethylphosphonate transport

x

reu:R
eut_B

3993
>gnl|kg|reu:R

eut_B
3993 TatD

-related deoxyribonuclease [E
C

:3.5.4.1] 
[K

O
:K

01485]
x
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G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

m
lo:m

lr5363
>gnl|kg|m

lo:m
lr5363 creatinine deam

inase [E
C

:3.5.4.1] [K
O

:K
01485]

x

ret:R
H

E
_C

H
03292

>gnl|kg|ret:R
H

E
_C

H
03292 dht; dihydropyrim

idinase protein [E
C

:3.5.2.3 
3.5.2.2] [K

O
:K

01464 K
01465]

x

eco:b4328
>gnl|kg|eco:b4328 iadA

, yjiF; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

ecj:JW
4291

>gnl|kg|ecj:JW
4291 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

ecs:E
C

s5286
>gnl|kg|ecs:E

C
s5286 isoaspartyl dipeptidase [E

C
:3.4.19.5] 

[K
O

:K
01305]

x

ece:Z5927
>gnl|kg|ece:Z5927 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

sfl:S
F4190

>gnl|kg|sfl:S
F4190 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

sfx:S
4446

>gnl|kg|sfx:S
4446 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

ecc:c5408
>gnl|kg|ecc:c5408 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

sec:S
C

4367
>gnl|kg|sec:S

C
4367 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

spt:S
PA

4332
>gnl|kg|spt:S

PA
4332 iadA

; probable isoaspartyl dipeptidase 
[E

C
:3.4.19.5] [K

O
:K

01305]
x

stm
:S

TM
4512

>gnl|kg|stm
:S

TM
4512 iadA

; isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

stt:t4562
>gnl|kg|stt:t4562 iadA

; probable isoaspartyl dipeptidase [E
C

:3.4.19.5] 
[K

O
:K

01305]
x

sty:S
TY

4868
>gnl|kg|sty:S

TY
4868 iadA

; probable isoaspartyl dipeptidase 
[E

C
:3.4.19.5] [K

O
:K

01305]
x

ppu:P
P

4030
>gnl|kg|ppu:P

P
4030 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

pst:P
S

P
TO

2719
>gnl|kg|pst:P

S
P

TO
2719 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

psb:P
syr_2452

>gnl|kg|psb:P
syr_2452 enoyl-C

oA hydratase/isom
erase [E

C
:4.2.1.17] 

[K
O

:K
01692]

x

pfl:P
FL_3267

>gnl|kg|pfl:P
FL_3267 fad-1; enoyl-C

oA hydratase/isom
erase fam

ily 
protein [E

C
:4.2.1.17] [K

O
:K

01692]
x

pae:PA
1821

>gnl|kg|pae:PA
1821 probable enoyl-C

oA hydratase/isom
erase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

ccr:C
C

0353
>gnl|kg|ccr:C

C
0353 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

m
tc:M

T3883
>gnl|kg|m

tc:M
T3883 enoyl-C

oA hydratase/isom
erase fam

ily protein 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

m
tu:R

v3774
>gnl|kg|m

tu:R
v3774 echA

21; enoyl-C
oA hydratase/isom

erase 
superfam

ily [E
C

:4.2.1.17] [K
O

:K
01692]

x

nfa:nfa3830
>gnl|kg|nfa:nfa3830 echA

1; putative enoyl-C
oA hydratase/isom

erase 
fam

ily protein [E
C

:4.2.1.17] [K
O

:K
01692]

x

m
pa:M

A
P

0249c
>gnl|kg|m

pa:M
A

P
0249c echA

21; enoyl-C
oA hydratase/isom

erase fam
ily 

protein [E
C

:4.2.1.17] [K
O

:K
01692]

x

lpn:lpg0870
>gnl|kg|lpn:lpg0870 3-hydroxyisobutyryl C

oenzym
e A hydrolase 

[E
C

:4.2.1.17] [K
O

:K
01692]

x

bhe:B
H

08520
>gnl|kg|bhe:B

H
08520 3-hydroxyisobutyryl-coenzym

e A hydrolase 
[E

C
:4.2.1.17] [K

O
:K

01692]
x

cte:C
T1846

>gnl|kg|cte:C
T1846 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pm
u:P

M
1096

>gnl|kg|pm
u:P

M
1096 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

hit:N
TH

I1141
>gnl|kg|hit:N

TH
I1141 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

hin:H
I0968

>gnl|kg|hin:H
I0968 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

ypk:y1662
>gnl|kg|ypk:y1662 m

enB
; dihydroxynaphtoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

sec:S
C

2307
>gnl|kg|sec:S

C
2307 m

enB
; dihydroxynaphtoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x
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         Table L-3. K
E

G
G

 D
ata (C

hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

sfl:S
F2341

>gnl|kg|sfl:S
F2341 m

enB
; dihydroxynaphtoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

sfx:S
2475

>gnl|kg|sfx:S
2475 m

enB
; dihydroxynaphtoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

stt:t0556
>gnl|kg|stt:t0556 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

stm
:S

TM
2307

>gnl|kg|stm
:S

TM
2307 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

spt:S
PA

0556
>gnl|kg|spt:S

PA
0556 m

enB
; naphthoate synthase

x

sty:S
TY

2537
>gnl|kg|sty:S

TY
2537 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

ecj:JW
2257

>gnl|kg|ecj:JW
2257 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

eco:b2262
>gnl|kg|eco:b2262 m

enB
; dihydroxynaphthoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

ecc:c2805
>gnl|kg|ecc:c2805 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

m
su:M

S
1792

>gnl|kg|m
su:M

S
1792 m

enB
; dihydroxynaphthoic acid synthase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

sbo:S
B

O
_2299

>gnl|kg|sbo:S
B

O
_2299 m

enB
; dihydroxynaphtoic acid synthetase

x

ssn:S
S

O
_2323

>gnl|kg|ssn:S
S

O
_2323 m

enB
; dihydroxynaphtoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

sdy:S
D

Y
_2458

>gnl|kg|sdy:S
D

Y
_2458 m

enB
; dihydroxynaphtoic acid synthetase

x

yps:Y
P

TB
2558

>gnl|kg|yps:Y
P

TB
2558 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

ypm
:Y

P
2336

>gnl|kg|ypm
:Y

P
2336 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

ype:Y
P

O
2525

>gnl|kg|ype:Y
P

O
2525 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

ece:Z3522
>gnl|kg|ece:Z3522 m

enB
; dihydroxynaphtoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

eca:E
C

A
1213

>gnl|kg|eca:E
C

A
1213 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x
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         Table L-3. K
E

G
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ata (C
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A
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A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

hdu:H
D

1925
>gnl|kg|hdu:H

D
1925 m

enB
; napthoate synthetase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

plu:plu3071
>gnl|kg|plu:plu3071 m

enB
; naphthoate synthase (dihydroxynaphthoic 

acid synthetase) (D
H

N
A synthetase) [E

C
:4.1.3.36] [K

O
:K

01661]
x

bli:B
L02406

>gnl|kg|bli:B
L02406 m

enB
; dihydroxynapthoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

bld:B
Li03220

>gnl|kg|bld:B
Li03220 m

enB
; dihydroxynapthoic acid synthetase; 

R
B

L03382 [E
C

:4.1.3.36] [K
O

:K
01661]

x

bca:B
C

E
5013

>gnl|kg|bca:B
C

E
5013 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

ban:B
A

5109
>gnl|kg|ban:B

A
5109 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

btk:B
T9727_4586

>gnl|kg|btk:B
T9727_4586 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

bar:G
B

A
A

5109
>gnl|kg|bar:G

B
A

A
5109 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

bcz:B
C

ZK
4608

>gnl|kg|bcz:B
C

ZK
4608 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

bsu:B
G

10686
>gnl|kg|bsu:B

G
10686 m

enB
; dihydroxynapthoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

tel:tll2458
>gnl|kg|tel:tll2458 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

syn:sll1127
>gnl|kg|syn:sll1127 m

enB
; 1,4-dihydroxy-2-naphthoate synthase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

lla:L0171
>gnl|kg|lla:L0171 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

sam
:M

W
0929

>gnl|kg|sam
:M

W
0929 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

sac:S
A

C
O

L1054
>gnl|kg|sac:S

A
C

O
L1054 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

sar:S
A

R
1019

>gnl|kg|sar:S
A

R
1019 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x
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E
quiv.

Incorrect
C

orrect
G

eneral

saa:S
A

U
S

A
300_0948

>gnl|kg|saa:S
A

U
S

A
300_0948 m

enB
; naphthoate synthase 

[E
C

:4.1.3.36]
x

sha:S
H

1917
>gnl|kg|sha:S

H
1917 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

sau:S
A

0898
>gnl|kg|sau:S

A
0898 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

sav:S
AV

1045
>gnl|kg|sav:S

AV
1045 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

sab:S
A

B
0912

>gnl|kg|sab:S
A

B
0912 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

cya:C
YA

_0530
>gnl|kg|cya:C

YA
_0530 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

lm
o:lm

o1673
>gnl|kg|lm

o:lm
o1673 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

lin:lin1781
>gnl|kg|lin:lin1781 m

enB
; sim

ilar to dihydroxynapthoic acid synthetase 
[E

C
:4.1.3.36] [K

O
:K

01661]
x

lm
f:LM

O
f2365_1697

>gnl|kg|lm
f:LM

O
f2365_1697 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

syc:syc0926_d
>gnl|kg|syc:syc0926_d m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

ser:S
E

R
P

0632
>gnl|kg|ser:S

E
R

P
0632 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

cgb:cg0548
>gnl|kg|cgb:cg0548 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

cyb:C
Y

B
_0565

>gnl|kg|cyb:C
Y

B
_0565 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pm
t:P

M
T0405

>gnl|kg|pm
t:P

M
T0405 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

syw
:S

Y
N

W
0998

>gnl|kg|syw
:S

Y
N

W
0998 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pcu:pc1064
>gnl|kg|pcu:pc1064 m

enB
; probable naphthoate synthase, m

enB
 

[E
C

:4.1.3.36] [K
O

:K
01661]

x
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E
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Incorrect
C

orrect
G

eneral

m
tc:M

T0573
>gnl|kg|m

tc:M
T0573 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

m
tu:R

v0548c
>gnl|kg|m

tu:R
v0548c m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

m
bo:M

b0562c
>gnl|kg|m

bo:M
b0562c m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

efa:E
F0445

>gnl|kg|efa:E
F0445 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pm
m

:P
M

M
0608

>gnl|kg|pm
m

:P
M

M
0608 m

enB
; napthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pm
a:P

ro1053
>gnl|kg|pm

a:P
ro1053 m

enB
; dihydroxynaphthoic acid synthase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

hal:V
N

G
1079G

>gnl|kg|hal:V
N

G
1079G

 m
enB

; dihydroxynaphthoic acid synthase 
[E

C
:4.1.3.36] [K

O
:K

01661]
x

m
pa:M

A
P

4044c
>gnl|kg|m

pa:M
A

P
4044c m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

cjk:jk1870
>gnl|kg|cjk:jk1870 m

enB
; dihydroxynaphthoic acid synthase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

bfs:B
F1303

>gnl|kg|bfs:B
F1303 m

enB
; putative naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

bba:B
d3492

>gnl|kg|bba:B
d3492 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

tw
s:TW

120
>gnl|kg|tw

s:TW
120 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

tw
h:TW

T110
>gnl|kg|tw

h:TW
T110 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

lxx:Lxx01440
>gnl|kg|lxx:Lxx01440 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

son:S
O

4739
>gnl|kg|son:S

O
4739 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

m
le:M

L2263
>gnl|kg|m

le:M
L2263 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x
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         Table L-3. K
E

G
G
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hapter 3)
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A
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E
quiv.

Incorrect
C

orrect
G

eneral

nfa:nfa51380
>gnl|kg|nfa:nfa51380 m

enB
; putative dihydroxynaphtoic acid synthetase 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

cdi:D
IP

0421
>gnl|kg|cdi:D

IP
0421 m

enB
; putative naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

dps:D
P

0252
>gnl|kg|dps:D

P
0252 m

enB
; probable naphthoate synthase (M

enB
) 

[E
C

:4.1.3.36] [K
O

:K
01661]

x

sru:S
R

U
_2766

>gnl|kg|sru:S
R

U
_2766 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

nph:N
P

2730A
>gnl|kg|nph:N

P
2730A m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

pgi:P
G

1523
>gnl|kg|pgi:P

G
1523 m

enB
; naphthoate synthase [E

C
:4.1.3.36] 

[K
O

:K
01661]

x

psb:P
syr_1989

>gnl|kg|psb:P
syr_1989 m

andelate racem
ase/m

uconate lactonizing 
enzym

e:m
andelate racem

ase/m
uconate lactonizing enzym

e 
[E

C
:4.2.1.6] [K

O
:K

01684]
x

bur:B
cep18194_A

5994
>gnl|kg|bur:B

cep18194_A
5994 m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
C

:4.2.1.6] [K
O

:K
01684]

x

eca:E
C

A
4416

>gnl|kg|eca:E
C

A
4416 dgoA

1, dgoD
2; D

goA protein [includes: 2-dehydro-
3-deoxyphosphogalactonate aldolase; galactonate dehydratase] 
[E

C
:4.1.2.21 4.2.1.6] [K

O
:K

01631 K
01684]

x

bli:B
L03851

>gnl|kg|bli:B
L03851 m

andelate racem
ase/m

uconate lactonizing 
enzym

e,m
andelate racem

ase/m
uconate lactonizing enzym

e 
[E

C
:4.2.1.6] [K

O
:K

01684]
x

stm
:S

TM
3828

>gnl|kg|stm
:S

TM
3828 dgoA

; 2-oxo-3-deoxygalactonate 6-phosphate 
aldolase/galactonate dehydratase [E

C
:4.1.2.21 4.2.1.6] [K

O
:K

01631 
K

01684]
x

xcc:X
C

C
1746

>gnl|kg|xcc:X
C

C
1746 dgoA

; 4-hydroxy-2-oxoglutarate aldolase/2-
deydro-3-deoxyphosphogluconate aldolase [E

C
:4.2.1.6] [K

O
:K

01684]
x

xcb:X
C

_2488
>gnl|kg|xcb:X

C
_2488 4-hydroxy-2-oxoglutarate aldolase/2-deydro-3-

deoxyphosphogluconate aldolase [E
C

:4.2.1.6] [K
O

:K
01684]

x
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 D
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A
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A
nnotation

E
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C
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G

eneral

xoo:X
O

O
2919

>gnl|kg|xoo:X
O

O
2919 dgoA

; 4-hydroxy-2-oxoglutarate aldolase/2-
deydro-3-deoxyphosphogluconate aldolase [E

C
:4.2.1.6] [K

O
:K

01684]
x

xac:X
A

C
1765

>gnl|kg|xac:X
A

C
1765 dgoA

; 4-hydroxy-2-oxoglutarate aldolase/2-
deydro-3-deoxyphosphogluconate aldolase [E

C
:4.2.1.6] [K

O
:K

01684]
x

cne:C
N

I02060
>gnl|kg|cne:C

N
I02060 m

andelate racem
ase/m

uconate lactonizing 
enzym

e, putative [E
C

:4.2.1.6] [K
O

:K
01684]

x

tfu:Tfu_1786
>gnl|kg|tfu:Tfu_1786 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily [E

C
:4.2.1.6] [K

O
:K

01684]
x

hm
a:rrnA

C
3069

>gnl|kg|hm
a:rrnA

C
3069 dgoA

3; m
andelate racem

ase/m
uconate 

lactonizing enzym
e fam

ily [E
C

:4.2.1.6] [K
O

:K
01684]

x

bur:B
cep18194_A

4275
>gnl|kg|bur:B

cep18194_A
4275 m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
C

:4.2.1.40] [K
O

:K
01706]

x

bli:B
L01649

>gnl|kg|bli:B
L01649 gudD

; m
andelate racem

ase/m
uconate lactonizing 

enzym
e [E

C
:4.2.1.40] [K

O
:K

01706]
x

plu:plu3070
>gnl|kg|plu:plu3070 m

enC
; O

-succinylbenzoate-C
oA synthase (O

S
B

 
synthase) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) [E

C
:4.2.1.-] 

[K
O

:K
02549]

x

lm
o:lm

o2520
>gnl|kg|lm

o:lm
o2520 sim

ilar to B
. subtilis O

-succinylbenzoate-C
oA 

synthase (M
enC

) [E
C

:4.2.1.-] [K
O

:K
02549]

x

lin:lin2664
>gnl|kg|lin:lin2664 sim

ilar to B
. subtilis O

-succinylbenzoate-C
oA 

synthase (M
enC

) [E
C

:4.2.1.-] [K
O

:K
02549]

x

bm
s:B

R
1018

>gnl|kg|bm
s:B

R
1018 m

andelate racem
ase/m

uconate lactonizing 
enzym

e fam
ily protein [E

C
:5.5.1.7] [K

O
:K

01860]
x

sdy:S
D

Y
_1403

>gnl|kg|sdy:S
D

Y
_1403 ycjG

; putative m
uconate cycloisom

erase I 
[E

C
:5.5.-.-]

x

ypk:y1991
>gnl|kg|ypk:y1991 m

uconate cycloisom
erase I [E

C
:5.5.-.-]

x
ana:all3532

>gnl|kg|ana:all3532 m
uconate cycloisom

erase [E
C

:5.5.-.-]
x

pfo:P
fl_2325

>gnl|kg|pfo:P
fl_2325 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

reu:R
eut_B

4400
>gnl|kg|reu:R

eut_B
4400 m

andelate racem
ase/m

uconate lactonizing 
enzym

e [E
C

:5.5.1.1] [K
O

:K
01856]

x
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A
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E
quiv.
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C
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G

eneral

pfo:P
fl_2963

>gnl|kg|pfo:P
fl_2963 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

reu:R
eut_A

1689
>gnl|kg|reu:R

eut_A
1689 m

andelate racem
ase/m

uconate lactonizing 
enzym

e
x

bur:B
cep18194_C

7044
>gnl|kg|bur:B

cep18194_C
7044 m

andelate racem
ase/m

uconate 
lactonizing enzym

e [E
C

:5.5.1.1] [K
O

:K
01856]

x

bm
f:B

A
B

1_0590
>gnl|kg|bm

f:B
A

B
1_0590 haloacid dehalogenase/epoxide 

hydrolase:haloacid dehalogenase-like hydrolase:H
A

D
-superfam

ily 
hydrolase, subfam

ily IA
, variant 2

x

tte:TTE
0802

>gnl|kg|tte:TTE
0802 predicted phosphatase/phosphohexom

utase 
[E

C
:5.4.2.6] [K

O
:K

01838]
x

bld:B
Li00665

>gnl|kg|bld:B
Li00665 pgcM

; beta-phosphoglucom
utase / glucose-1-

phosphate phosphodism
utase; R

B
L03360 [E

C
:5.4.2.6] [K

O
:K

01838]
x

bli:B
L00490

>gnl|kg|bli:B
L00490 pgcM

; beta-phosphoglucom
utase and glucose-1-

phosphate phosphodism
utase [E

C
:5.4.2.6] [K

O
:K

01838]
x
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         Table L-4. U
niP

rotK
B

/S
w

iss-P
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ata (C
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A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

C
O

D
A

_E
C

O
LI

>gnl|sp|C
O

D
A

_E
C

O
LI (P

25524) C
ytosine deam

inase (E
C

 3.5.4.1) (C
ytosine 

am
inohydrolase)

x

A
D

A
_B

O
V

IN
>gnl|sp|A

D
A

_B
O

V
IN

 (P
56658) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

A
_H

U
M

A
N

>gnl|sp|A
D

A
_H

U
M

A
N

 (P
00813) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

A
_M

O
U

S
E

>gnl|sp|A
D

A
_M

O
U

S
E

 (P
03958) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

A
_R

AT
>gnl|sp|A

D
A

_R
AT (Q

920P
6) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_V

IB
C

H
>gnl|sp|A

D
D

_V
IB

C
H

 (Q
9K

N
I7) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_S

A
LTI

>gnl|sp|A
D

D
_S

A
LTI (Q

8Z6R
2) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_E

C
O

L6
>gnl|sp|A

D
D

_E
C

O
L6 (Q

8FH
99) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_E

C
O

LI
>gnl|sp|A

D
D

_E
C

O
LI (P

22333) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x

A
D

D
_S

A
LTY

>gnl|sp|A
D

D
_S

A
LTY (Q

8ZP
L9) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_E

C
O

57
>gnl|sp|A

D
D

_E
C

O
57 (Q

8X
661) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
_S

H
IFL

>gnl|sp|A
D

D
_S

H
IFL (Q

83R
C

0) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x

A
D

D
_S

H
E

O
N

>gnl|sp|A
D

D
_S

H
E

O
N

 (Q
8E

8D
4) A

denosine deam
inase (E

C
 3.5.4.4) (A

denosine 
am

inohydrolase)
x

A
D

D
1_V

IB
PA

>gnl|sp|A
D

D
1_V

IB
PA (Q

87TF3) A
denosine deam

inase 1 (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase 1)

x

A
D

A
_X

E
N

TR
>gnl|sp|A

D
A

_X
E

N
TR

 (Q
63ZU

0) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x

A
D

A
_X

E
N

LA
>gnl|sp|A

D
A

_X
E

N
LA (Q

6G
P

70) A
denosine deam

inase (E
C

 3.5.4.4) (A
denosine 

am
inohydrolase)

x
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         Table L-4. U
niP

rotK
B

/S
w

iss-P
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A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

N
D

D
D

_A
LC

X
X

>gnl|sp|N
D

D
D

_A
LC

X
X

 (P
94212) N

-acyl-D
-aspartate deacylase (E

C
 3.5.1.83) (N

-
acyl-D

-aspartate am
idohydrolase)

x

N
D

A
D

_A
LC

X
X

>gnl|sp|N
D

A
D

_A
LC

X
X

 (P
72349) D

-am
inoacylase (E

C
 3.5.1.81) (N

-acyl-D
-am

ino-
acid deacylase)

x

N
D

E
D

_A
LC

X
X

>gnl|sp|N
D

E
D

_A
LC

X
X

 (P
94211) N

-acyl-D
-glutam

ate deacylase (E
C

 3.5.1.82) (N
-

acyl-D
-glutam

ate am
idohydrolase)

x

H
Y

D
L_A

R
TA

U
>gnl|sp|H

Y
D

L_A
R

TA
U

 (P
81006) N

on-ATP
-dependent L-selective hydantoinase (E

C
 

3.5.2.2)
x

H
Y

D
A

_P
S

E
P

U
>gnl|sp|H

Y
D

A
_P

S
E

P
U

 (Q
59699) D

-hydantoinase (E
C

 3.5.2.2) 
(D

ihydropyrim
idinase) (D

H
P

ase)
x

H
Y

D
A

_B
A

C
S

T
>gnl|sp|H

Y
D

A
_B

A
C

S
T (Q

45515) D
-hydantoinase (E

C
 3.5.2.2) 

(D
ihydropyrim

idinase) (D
H

P
ase)

x

H
Y

D
A

_S
TR

C
O

>gnl|sp|H
Y

D
A

_S
TR

C
O

 (O
69809) D

-hydantoinase (E
C

 3.5.2.2) 
(D

ihydropyrim
idinase) (D

H
P

ase)
x

H
Y

D
A

_A
G

R
TU

>gnl|sp|H
Y

D
A

_A
G

R
TU

 (Q
44184) D

-hydantoinase (E
C

 3.5.2.2) 
(D

ihydropyrim
idinase) (D

H
P

ase)
x

Y
G

E
Z_E

C
O

LI
>gnl|sp|Y

G
E

Z_E
C

O
LI (Q

46806) H
ypothetical hydrolase ygeZ (E

C
 3.-.-.-)

x
x

H
Y

D
A

_B
U

R
P

I
>gnl|sp|H

Y
D

A
_B

U
R

P
I (Q

8V
TT5) D

-hydantoinase (E
C

 3.5.2.2) 
(D

ihydropyrim
idinase) (D

H
P

ase)
x

D
P

Y
S

_H
U

M
A

N
>gnl|sp|D

P
Y

S
_H

U
M

A
N

 (Q
14117) D

ihydropyrim
idinase (E

C
 3.5.2.2) (D

H
P

ase) 
(H

ydantoinase) (D
H

P
)

x
x

D
P

Y
S

_R
AT

>gnl|sp|D
P

Y
S

_R
AT (Q

63150) D
ihydropyrim

idinase (E
C

 3.5.2.2) (D
H

P
ase) 

(H
ydantoinase) (D

H
P

)
x

x

D
P

Y
S

_M
O

U
S

E
>gnl|sp|D

P
Y

S
_M

O
U

S
E

 (Q
9E

Q
F5) D

ihydropyrim
idinase (E

C
 3.5.2.2) (D

H
P

ase) 
(H

ydantoinase) (D
H

P
)

x
x

D
H

P
2_C

A
E

B
R

>gnl|sp|D
H

P
2_C

A
E

B
R

 (Q
61Y

Q
1) D

ihydropyrim
idinase 2 (E

C
 3.5.2.2)

x
x

D
H

P
2_C

A
E

E
L

>gnl|sp|D
H

P
2_C

A
E

E
L (Q

18677) D
ihydropyrim

idinase 2 (E
C

 3.5.2.2) 
(C

eC
R

M
P

/D
H

P
-2) (U

lipA
)

x
x

D
H

P
1_C

A
E

B
R

>gnl|sp|D
H

P
1_C

A
E

B
R

 (Q
60Q

85) D
ihydropyrim

idinase 1 (E
C

 3.5.2.2)
x

x

D
H

P
1_C

A
E

E
L

>gnl|sp|D
H

P
1_C

A
E

E
L (Q

21773) D
ihydropyrim

idinase 1 (E
C

 3.5.2.2) 
(C

eC
R

M
P

/D
H

P
-1) (U

lipB
)

x
x

U
R

E
A

_C
A

N
E

N
>gnl|sp|U

R
E

A
_C

A
N

E
N

 (P
07374) U

rease (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

U
R

E
A

_S
C

H
P

O
>gnl|sp|U

R
E

A
_S

C
H

P
O

 (O
00084) U

rease (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x
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niP

rotK
B

/S
w

iss-P
rot D

ata (C
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A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral
U

R
E

A
_A

S
P

FU
>gnl|sp|U

R
E

A
_A

S
P

FU
 (Q

6A
3P

9) U
rease (E

C
 3.5.1.5) (U

rea am
idohydrolase)

x
U

R
E

A
_C

R
Y

N
E

>gnl|sp|U
R

E
A

_C
R

Y
N

E
 (Q

5K
C

Q
6) U

rease (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

U
R

E
A

_C
R

Y
N

V
>gnl|sp|U

R
E

A
_C

R
Y

N
V

 (O
13465) U

rease (E
C

 3.5.1.5) (U
rea am

idohydrolase)
x

U
R

E
1_B

A
C

S
B

>gnl|sp|U
R

E
1_B

A
C

S
B

 (Q
07397) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_S

Y
N

Y
3

>gnl|sp|U
R

E
1_S

Y
N

Y
3 (P

73061) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
1_R

H
IM

E
>gnl|sp|U

R
E

1_R
H

IM
E

 (P
42885) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_K

LE
A

E
>gnl|sp|U

R
E

1_K
LE

A
E

 (P
18314) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_P

R
O

M
I

>gnl|sp|U
R

E
1_P

R
O

M
I (P

17086) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
1_P

R
O

V
U

>gnl|sp|U
R

E
1_P

R
O

V
U

 (P
16122) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_B

A
C

S
U

>gnl|sp|U
R

E
1_B

A
C

S
U

 (P
77837) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_H

A
E

IN
>gnl|sp|U

R
E

1_H
A

E
IN

 (P
44391) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_A

C
TP

L
>gnl|sp|U

R
E

1_A
C

TP
L (O

54420) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
1_B

O
R

B
R

>gnl|sp|U
R

E
1_B

O
R

B
R

 (O
08400) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
2_H

E
LP

Y
>gnl|sp|U

R
E

2_H
E

LP
Y (P

69996) U
rease beta subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
2_H

E
LP

J
>gnl|sp|U

R
E

2_H
E

LP
J (P

69997) U
rease beta subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
2_H

E
LFE

>gnl|sp|U
R

E
2_H

E
LFE

 (Q
08716) U

rease beta subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
2_H

E
LH

E
>gnl|sp|U

R
E

2_H
E

LH
E

 (P
42823) U

rease beta subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_B

A
C

PA
>gnl|sp|U

R
E

1_B
A

C
PA (P

41020) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x
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rotK
B
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w

iss-P
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ata (C
hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

U
R

E
1_S

TA
A

N
>gnl|sp|U

R
E

1_S
TA

A
N

 (P
67404) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_S

TA
AW

>gnl|sp|U
R

E
1_S

TA
AW

 (P
67405) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_S

TA
A

S
>gnl|sp|U

R
E

1_S
TA

A
S

 (Q
6G

732) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
1_S

TA
A

M
>gnl|sp|U

R
E

1_S
TA

A
M

 (P
67403) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_S

TA
A

C
>gnl|sp|U

R
E

1_S
TA

A
C

 (Q
5H

D
R

8) U
rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
1_U

R
E

U
R

>gnl|sp|U
R

E
1_U

R
E

U
R

 (P
17272) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_S

TA
E

Q
>gnl|sp|U

R
E

1_S
TA

E
Q

 (Q
5H

LW
1) U

rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_S

TA
E

S
>gnl|sp|U

R
E

1_S
TA

E
S
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C
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rease alpha subunit (E
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 3.5.1.5) (U
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idohydrolase)
x
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R

E
1_S
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A

R
>gnl|sp|U

R
E

1_S
TA
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R
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R
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R
E
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E
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rea 
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idohydrolase)
x
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R

E
1_S
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X
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>gnl|sp|U

R
E

1_S
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rease alpha subunit (E

C
 3.5.1.5) (U

rea 
am

idohydrolase)
x

U
R

E
1_M

Y
C
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>gnl|sp|U

R
E

1_M
Y

C
TU
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rease alpha subunit (E

C
 3.5.1.5) (U

rea 
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idohydrolase)
x

U
R

E
1_M

Y
C

B
O

>gnl|sp|U
R

E
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Y
C
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C
 3.5.1.5) (U
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am

idohydrolase)
x

U
R

E
1_C
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P

E
>gnl|sp|U

R
E

1_C
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P
E

 (P
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rease alpha subunit (E
C

 3.5.1.5) (U
rea 

am
idohydrolase)

x

U
R

E
1_S

TR
S

L
>gnl|sp|U

R
E

1_S
TR

S
L (P

50047) U
rease alpha subunit (E

C
 3.5.1.5) (U
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am

idohydrolase)
x

U
R
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1_Y

E
R

E
N

>gnl|sp|U
R

E
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E
R
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 (P
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 3.5.1.5) (U

rea 
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idohydrolase)
x
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E
1_Y

E
R

P
S
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R
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E
R
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S

 (P
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am
idohydrolase)

x

U
R

E
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C
FE

>gnl|sp|U
R
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C
FE
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rea 
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x
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D
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O
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O
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U
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 (P
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x

D
3D
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23965) 3,2-trans-enoyl-C
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odecenoyl-C
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erase) (D
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3,D
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x

D
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O

U
S

E
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U
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erase, m

itochondrial 
precursor (E

C
 5.3.3.8) (D

odecenoyl-C
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erase) (D
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erase) (D
3,D

2-enoyl-C
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erase)
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C

H
1_H

U
M
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C

H
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M
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x
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C
H
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itochondrial precursor (E

C
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x
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C
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1_M

O
U
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E
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H
1_M
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C
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C

H
1_P

O
N

P
Y

>gnl|sp|E
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1_P

O
N

P
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 5.3.3.-)

x

M
M

C
D
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D
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x
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N
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_G

E
O
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A
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N
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E
O
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N
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O
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x

E
N
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N
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8IJN
7) E

nolase (E
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dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_TH

E
TN

>gnl|sp|E
N

O
_TH

E
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 (Q
8R
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nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
G

_C
H

IC
K

>gnl|sp|E
N

O
G

_C
H
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K

 (O
57391) G

am
m

a-enolase (E
C

 4.2.1.11) (2-phospho-D
-

glycerate hydro-lyase) (N
eural enolase) (N

S
E

)
x

E
N

O
_P

LA
FA

>gnl|sp|E
N

O
_P
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FA (Q

27727) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
G

_H
U

M
A

N
>gnl|sp|E

N
O

G
_H

U
M

A
N

 (P
09104) G

am
m

a-enolase (E
C

 4.2.1.11) (2-phospho-D
-

glycerate hydro-lyase) (N
eural enolase) (N

euron-specific enolase) (N
S

E
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nolase 
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x

E
N

O
_LY

C
E

S
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N
O

_LY
C

E
S

 (P
26300) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
G

_R
AT

>gnl|sp|E
N

O
G

_R
AT (P

07323) G
am

m
a-enolase (E

C
 4.2.1.11) (2-phospho-D

-
glycerate hydro-lyase) (N

eural enolase) (N
euron-specific enolase) (N

S
E

) (E
nolase 
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x

E
N

O
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C
P

L
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N
O
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C

P
L (Q
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H
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 4.2.1.11) (2-phosphoglycerate 
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x

E
N
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>gnl|sp|E
N

O
_P
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A
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nolase (E
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 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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N

O
A
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N
O
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V
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S
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S
E

 (P
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a-enolase (E
C
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S

E
) (E
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x

E
N

O
A
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N

O
A
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lpha-enolase (E

C
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-glycerate 
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E
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x
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N

O
A
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C
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N

O
A
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O
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S

E
>gnl|sp|E
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O
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 (P
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 4.2.1.11) (2-phospho-D
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N
E

) (E
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x

E
N

O
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A
IZE

>gnl|sp|E
N

O
2_M

A
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 (P
42895) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
1_LA

C
JO

>gnl|sp|E
N

O
1_LA

C
JO

 (Q
74K

78) E
nolase 1 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 1) (2-phospho-D
-glycerate hydro-lyase 1)

x

E
N

O
_P

LAY
O

>gnl|sp|E
N

O
_P

LAY
O

 (Q
7R

A
60) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_E

N
TH

R
>gnl|sp|E

N
O

_E
N

TH
R

 (Q
8G

R
70) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
B

_H
U

M
A

N
>gnl|sp|E

N
O

B
_H

U
M

A
N

 (P
13929) B

eta-enolase (E
C

 4.2.1.11) (2-phospho-D
-

glycerate hydro-lyase) (M
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S
E

) (S
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uscle enolase) 
(E
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x
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N
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C
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Z
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N
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C

C
Z (Q
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nolase (E
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 4.2.1.11) (2-phosphoglycerate 
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-glycerate hydro-lyase)
x
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N

O
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C

H
D

>gnl|sp|E
N
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C
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9K

717) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_A

R
ATH

>gnl|sp|E
N

O
_A

R
ATH

 (P
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nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_B

A
C

H
K

>gnl|sp|E
N

O
_B

A
C

H
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nolase (E
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 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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N

O
_B
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C

A
N

>gnl|sp|E
N

O
_B
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C

A
N
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x

E
N

O
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N

O
_E

N
TFA (Q
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x
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N
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x

              1122



         Table L-4. U
niP

rotK
B

/S
w

iss-P
rot D

ata (C
hapter 3)

A
ccession

A
nnotation

E
quiv.

Incorrect
C

orrect
G

eneral

E
N

O
A

_X
E

N
LA

>gnl|sp|E
N

O
A

_X
E

N
LA (P

08734) A
lpha-enolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_B

A
C

C
1

>gnl|sp|E
N

O
_B

A
C

C
1 (Q

72X
Y

5) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

Y
C

M
S

>gnl|sp|E
N

O
_M

Y
C

M
S

 (Q
6M

TZ2) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)
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 (P
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x
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N
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A
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N
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N
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R
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 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_B

U
C

A
P

>gnl|sp|E
N

O
_B

U
C

A
P (Q

8K
9E

0) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_C

U
R

LU
>gnl|sp|E

N
O

_C
U

R
LU

 (Q
96V

P
4) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_LA

C
A

C
>gnl|sp|E

N
O

_LA
C

A
C

 (Q
5FK

M
6) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

Y
C

G
E

>gnl|sp|E
N

O
_M

Y
C

G
E

 (P
47647) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_C

H
LM

U
>gnl|sp|E

N
O

_C
H

LM
U

 (Q
9P

JF3) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_M

E
TA

C
>gnl|sp|E

N
O

_M
E

TA
C

 (Q
8TQ

79) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
3_LA

C
JO

>gnl|sp|E
N

O
3_LA

C
JO

 (Q
74IV

0) E
nolase 3 (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase 2) (2-phospho-D
-glycerate hydro-lyase 3)

x

E
N

O
_M

E
TM

A
>gnl|sp|E

N
O

_M
E

TM
A (Q

8P
T81) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_C

H
LTR

>gnl|sp|E
N

O
_C

H
LTR

 (O
84591) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
2_LA

C
JO

>gnl|sp|E
N

O
2_LA

C
JO

 (Q
74J64) E

nolase 2 (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase 2) (2-phospho-D

-glycerate hydro-lyase 2)
x

E
N

O
_S

TR
TR

>gnl|sp|E
N

O
_S

TR
TR

 (O
52191) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
1B

_H
U

M
A

N
>gnl|sp|E

N
O

1B
_H

U
M

A
N

 (Q
05524) A

lpha-enolase, lung specific (E
C

 4.2.1.11) (2-
phospho-D

-glycerate hydro-lyase) (N
on-neural enolase) (N

N
E

) (P
hosphopyruvate 

hydratase) (H
LE

1)
x

E
N

O
_W

IG
B

R
>gnl|sp|E

N
O

_W
IG

B
R

 (Q
8D

2K
1) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_M

E
TTH

>gnl|sp|E
N

O
_M

E
TTH

 (O
26149) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x
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E
N

O
_S

U
LS

O
>gnl|sp|E

N
O

_S
U

LS
O

 (Q
97ZJ3) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_A

R
C

FU
>gnl|sp|E

N
O

_A
R

C
FU

 (O
29133) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_S

U
LTO

>gnl|sp|E
N

O
_S

U
LTO

 (Q
972B

6) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_H

A
LM

A
>gnl|sp|E

N
O

_H
A

LM
A (P

29201) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_S

U
LA

C
>gnl|sp|E

N
O

_S
U

LA
C

 (Q
4J920) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_P

Y
R

A
E

>gnl|sp|E
N

O
_P

Y
R

A
E

 (Q
8ZY

E
7) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

E
N

O
_H

A
LS

A
>gnl|sp|E

N
O

_H
A

LS
A (Q

9H
Q

I9) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TH

E
A

C
>gnl|sp|E

N
O

_TH
E

A
C

 (Q
9H

JT1) E
nolase (E

C
 4.2.1.11) (2-phosphoglycerate 

dehydratase) (2-phospho-D
-glycerate hydro-lyase)

x

E
N

O
_TH

E
V

O
>gnl|sp|E

N
O

_TH
E

V
O

 (Q
979Z9) E

nolase (E
C

 4.2.1.11) (2-phosphoglycerate 
dehydratase) (2-phospho-D

-glycerate hydro-lyase)
x

D
G

O
D

_E
C

O
LI

>gnl|sp|D
G

O
D

_E
C

O
LI (Q

6B
F17) G

alactonate dehydratase (E
C

 4.2.1.6)
x

M
A

N
R

_P
S

E
P

U
>gnl|sp|M

A
N

R
_P

S
E

P
U

 (P
11444) M

andelate racem
ase (E

C
 5.1.2.2) (M

R
)

x

G
U

D
H

_B
A

C
S

U
>gnl|sp|G

U
D

H
_B

A
C

S
U

 (P
42238) P

robable glucarate dehydratase (E
C

 4.2.1.40) 
(G

D
H

) (G
lucD

)
x

G
U

D
H

_P
S

E
P

U
>gnl|sp|G

U
D

H
_P

S
E

P
U

 (P
42206) G

lucarate dehydratase (E
C

 4.2.1.40) (G
D

H
) 

(G
lucD

)
x

G
U

D
H

_E
C

O
57

>gnl|sp|G
U

D
H

_E
C

O
57 (P

0A
E

S
3) G

lucarate dehydratase (E
C

 4.2.1.40) (G
D

H
) 

(G
lucD

)
x

G
U

D
H

_E
C

O
LI

>gnl|sp|G
U

D
H

_E
C

O
LI (P

0A
E

S
2) G

lucarate dehydratase (E
C

 4.2.1.40) (G
D

H
) 

(G
lucD

)
x

M
A

A
L_C

LO
TT

>gnl|sp|M
A

A
L_C

LO
TT (Q

05514) M
ethylaspartate am

m
onia-lyase (E

C
 4.3.1.2) 

(B
eta-m

ethylaspartase)
x

M
E

N
C

_PA
S

M
U

>gnl|sp|M
E

N
C

_PA
S

M
U

 (Q
9C

LV
7) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x
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M
E

N
C

_Y
E

R
P

E
>gnl|sp|M

E
N

C
_Y

E
R

P
E

 (P
58487) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x

M
E

N
C

_B
A

C
S

U
>gnl|sp|M

E
N

C
_B

A
C

S
U

 (O
34514) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x

M
E

N
C

_V
IB

C
H

>gnl|sp|M
E

N
C

_V
IB

C
H

 (Q
9K

Q
M

6) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

M
E

N
C

_H
A

E
IN

>gnl|sp|M
E

N
C

_H
A

E
IN

 (P
44961) O

-succinylbenzoate synthase (E
C

 4.2.1.-) (O
S

B
 

synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O
-

succinylbenzoic acid synthase)
x

M
E

N
C

_E
C

O
LI

>gnl|sp|M
E

N
C

_E
C

O
LI (P

29208) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

M
E

N
C

_E
C

O
57

>gnl|sp|M
E

N
C

_E
C

O
57 (P

58484) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

M
E

N
C

_S
A

LTY
>gnl|sp|M

E
N

C
_S

A
LTY (P

58486) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

M
E

N
C

_S
A

LTI
>gnl|sp|M

E
N

C
_S

A
LTI (P

58485) O
-succinylbenzoate synthase (E

C
 4.2.1.-) (O

S
B

 
synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) (O

-
succinylbenzoic acid synthase)

x

M
E

N
C

_M
Y

C
LE

>gnl|sp|M
E

N
C

_M
Y

C
LE

 (Q
9C

B
B

2) P
robable O

-succinylbenzoate synthase (E
C

 
4.2.1.-) (O

S
B

 synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) 
(O

-succinylbenzoic acid synthase)
x

M
E

N
C

_M
Y

C
B

O
>gnl|sp|M

E
N

C
_M

Y
C

B
O

 (P
65426) P

robable O
-succinylbenzoate synthase (E

C
 

4.2.1.-) (O
S

B
 synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) 

(O
-succinylbenzoic acid synthase)

x

M
E

N
C

_M
Y

C
TU

>gnl|sp|M
E

N
C

_M
Y

C
TU

 (P
65425) P

robable O
-succinylbenzoate synthase (E

C
 

4.2.1.-) (O
S

B
 synthase) (O

S
B

S
) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) 

(O
-succinylbenzoic acid synthase)

x
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M
E

N
C

_S
Y

N
Y

3
>gnl|sp|M

E
N

C
_S

Y
N

Y
3 (Q

55117) P
robable O

-succinylbenzoate synthase (E
C

 
4.2.1.-) (O

S
B

 synthase) (O
S

B
S

) (4-(2'-carboxyphenyl)-4-oxybutyric acid synthase) 
(O

-succinylbenzoic acid synthase)
x

TC
B

D
_P

S
E

S
Q

>gnl|sp|TC
B

D
_P

S
E

S
Q

 (P
27099) C

hlorom
uconate cycloisom

erase (E
C

 5.5.1.7) 
(M

uconate cycloisom
erase II)

x

TFD
D

_C
O

M
A

C
>gnl|sp|TFD

D
_C

O
M

A
C

 (Q
9R

N
Z9) C

hlorom
uconate cycloisom

erase (E
C

 5.5.1.7)
x

C
B

N
B

_R
A

LE
U

>gnl|sp|C
B

N
B

_R
A

LE
U

 (P
83763) C

hlorom
uconate cycloisom

erase cbnB
 (E

C
 

5.5.1.7) (M
uconate cycloisom

erase II cbnB
)

x

TFD
D

1_R
A

LE
J

>gnl|sp|TFD
D

1_R
A

LE
J (P

05404) C
hlorom

uconate cycloisom
erase (E

C
 5.5.1.7) 

(M
uconate cycloisom

erase II)
x

C
LC

B
_P

S
E

P
U

>gnl|sp|C
LC

B
_P

S
E

P
U

 (P
11452) C

hlorom
uconate cycloisom

erase (E
C

 5.5.1.7) 
(M

uconate cycloisom
erase II)

x

C
ATB

1_A
C

ILW
>gnl|sp|C

ATB
1_A

C
ILW

 (O
33946) M

uconate cycloisom
erase I 1 (E

C
 5.5.1.1) 

(C
is,cis-m

uconate lactonizing enzym
e I 1) (M

LE
 1)

x

C
ATB

_P
S

E
P

U
>gnl|sp|C

ATB
_P

S
E

P
U

 (P
08310) M

uconate cycloisom
erase I (E

C
 5.5.1.1) (C

is,cis-
m

uconate lactonizing enzym
e I) (M

LE
)

x

C
ATB

_A
C

IA
D

>gnl|sp|C
ATB

_A
C

IA
D

 (Q
43931) M

uconate cycloisom
erase I (E

C
 5.5.1.1) (C

is,cis-
m

uconate lactonizing enzym
e I) (M

LE
)

x

C
ATB

_R
H

O
O

P
>gnl|sp|C

ATB
_R

H
O

O
P (P

95608) M
uconate cycloisom

erase I (E
C

 5.5.1.1) (C
is,cis-

m
uconate lactonizing enzym

e I) (M
LE

)
x

K
D

O
P

_H
A

E
IN

>gnl|sp|K
D

O
P

_H
A

E
IN

 (P
45314) 3-deoxy-D

-m
anno-octulosonate 8-phosphate 

phosphatase (E
C

 3.1.3.45) (K
D

O
 8-P phosphatase)

x

H
A

D
_X

A
N

A
U

>gnl|sp|H
A

D
_X

A
N

A
U

 (Q
60099) (S

)-2-haloacid dehalogenase (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) (H

alocarboxylic acid 
halidohydrolase)

x

H
A

D
_P

S
E

U
Y

>gnl|sp|H
A

D
_P

S
E

U
Y (Q

53464) (S
)-2-haloacid dehalogenase (E

C
 3.8.1.2) (2-

haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) (H
alocarboxylic acid 

halidohydrolase) (L-D
E

X
)

x

H
A

D
L_P

S
E

P
U

>gnl|sp|H
A

D
L_P

S
E

P
U

 (Q
52087) (S

)-2-haloacid dehalogenase (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) (H

alocarboxylic acid 
halidohydrolase)

x
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H
A

D
9_P

S
E

P
U

>gnl|sp|H
A

D
9_P

S
E

P
U

 (Q
59728) (S

)-2-haloacid dehalogenase H
-109 (E

C
 3.8.1.2) 

(2-haloalkanoic acid dehalogenase H
-109) (L-2-haloacid dehalogenase H

-109) 
(H

alocarboxylic acid halidohydrolase H
-109)

x

H
A

D
4_B

U
R

C
E

>gnl|sp|H
A

D
4_B

U
R

C
E

 (Q
51645) (S

)-2-haloacid dehalogenase IVA (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase IVA

) (L-2-haloacid dehalogenase IVA
) 

(H
alocarboxylic acid halidohydrolase IVA

)
x

H
A

D
2_P

S
E

U
C

>gnl|sp|H
A

D
2_P

S
E

U
C

 (P
24070) (S

)-2-haloacid dehalogenase II (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase II) (L-2-haloacid dehalogenase II) (H

alocarboxylic 
acid halidohydrolase II) (D

E
H

C
II)

x

H
A

D
_P

S
E

FL
>gnl|sp|H

A
D

_P
S

E
FL (Q

59666) (S
)-2-haloacid dehalogenase (E

C
 3.8.1.2) (2-

haloalkanoic acid dehalogenase) (L-2-haloacid dehalogenase) (H
alocarboxylic acid 

halidohydrolase)
x

H
A

D
1_P

S
E

U
C

>gnl|sp|H
A

D
1_P

S
E

U
C

 (P
24069) (S

)-2-haloacid dehalogenase I (E
C

 3.8.1.2) (2-
haloalkanoic acid dehalogenase I) (L-2-haloacid dehalogenase I) (H

alocarboxylic 
acid halidohydrolase I) (D

E
H

C
I)

x

H
A

D
_A

G
R

TR
>gnl|sp|H

A
D

_A
G

R
TR

 (P
60527) 2-haloalkanoic acid dehalogenase (E

C
 3.8.1.2) (L-

2-haloacid dehalogenase) (H
alocarboxylic acid halidohydrolase) (L-D

E
X

) (C
ryptic L-

isom
er-specific dehalogenase) (D

hlS
5I)

x

P
G

M
B

_B
A

C
S

U
>gnl|sp|P

G
M

B
_B

A
C

S
U

 (O
06995) P

utative beta-phosphoglucom
utase (E

C
 5.4.2.6) 

(B
eta-P

G
M

)
x

P
G

M
B

_LA
C

LA
>gnl|sp|P

G
M

B
_LA

C
LA (P

71447) B
eta-phosphoglucom

utase (E
C

 5.4.2.6) (B
eta-

P
G

M
)

x

P
G

M
B

_E
C

O
LI

>gnl|sp|P
G

M
B

_E
C

O
LI (P

77366) P
utative beta-phosphoglucom

utase (E
C

 5.4.2.6) 
(B

eta-P
G

M
)

x

5E
A

S
_TO

B
A

C
>gnl|sp|5E

A
S

_TO
B

A
C

 (Q
40577) A

ristolchene synthase (E
C

 4.2.3.9) (5-epi-
aristolochene synthase) (E

A
S

)
x

B
P

P
S

_S
A

LO
F

>gnl|sp|B
P

P
S

_S
A

LO
F (O

81192) (+)-bornyl diphosphate synthase, chloroplast 
precursor (E

C
 5.5.1.8) (S

B
S

) (B
P

P
S

)
x

P
TLS

_S
TR

S
3

>gnl|sp|P
TLS

_S
TR

S
3 (Q

55012) P
entalenene synthase (E

C
 4.2.3.7)

x
S

Q
H

C
_B

R
A

JA
>gnl|sp|S

Q
H

C
_B

R
A

JA (P
54924) S

qualene--hopene cyclase (E
C

 5.4.99.17)
x

S
Q

H
C

_ZY
M

M
O

>gnl|sp|S
Q

H
C

_ZY
M

M
O

 (P
33990) S

qualene--hopene cyclase (E
C

 5.4.99.17)
x

S
Q

H
C

_A
LIA

C
>gnl|sp|S

Q
H

C
_A

LIA
C

 (P
33247) S

qualene--hopene cyclase (E
C

 5.4.99.17)
x
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S
Q

H
C

_R
H

IS
N

>gnl|sp|S
Q

H
C

_R
H

IS
N

 (P
55348) P

robable squalene--hopene cyclase (E
C

 
5.4.99.17)

x

TR
I5_G

IB
P

U
>gnl|sp|TR

I5_G
IB

P
U

 (P
27679) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_G

IB
ZE

>gnl|sp|TR
I5_G

IB
ZE

 (Q
00909) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
A

C
>gnl|sp|TR

I5_FU
S

A
C

 (Q
7LJR

6) Trichodiene synthase (E
C

 4.2.3.6) (S
esquiterpene 

cyclase) (TS
)

x

TR
I5_FU

S
C

U
>gnl|sp|TR

I5_FU
S

C
U

 (Q
8N

IG
9) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
B

O
>gnl|sp|TR

I5_FU
S

B
O

 (Q
8N

IH
3) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
A

S
>gnl|sp|TR

I5_FU
S

A
S

 (Q
8N

IH
6) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
A

U
>gnl|sp|TR

I5_FU
S

A
U

 (Q
8N

IH
0) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
M

I
>gnl|sp|TR

I5_FU
S

M
I (Q

8N
JA

1) Trichodiene synthase (E
C

 4.2.3.6) (S
esquiterpene 

cyclase) (TS
)

x

TR
I5_FU

S
C

E
>gnl|sp|TR

I5_FU
S

C
E

 (Q
8N

IC
1) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
P

S
>gnl|sp|TR

I5_FU
S

P
S

 (Q
8N

ID
7) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
P

O
>gnl|sp|TR

I5_FU
S

P
O

 (Q
00835) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
M

E
>gnl|sp|TR

I5_FU
S

M
E

 (Q
8N

IC
8) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
C

O
>gnl|sp|TR

I5_FU
S

C
O

 (Q
7LJF8) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

TR
I5_FU

S
S

P
>gnl|sp|TR

I5_FU
S

S
P (P

13513) Trichodiene synthase (E
C

 4.2.3.6) (S
esquiterpene 

cyclase) (TS
)

x

TR
I5_S

TA
C

H
>gnl|sp|TR

I5_S
TA

C
H

 (O
59947) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x
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TR
I5_M

Y
R

R
O

>gnl|sp|TR
I5_M

Y
R

R
O

 (O
13489) Trichodiene synthase (E

C
 4.2.3.6) (S

esquiterpene 
cyclase) (TS

)
x

A
R

IS
_P

E
N

R
O

>gnl|sp|A
R

IS
_P

E
N

R
O

 (Q
03471) A

ristolochene synthase (E
C

 4.2.3.9) 
(S

esquiterpene cyclase) (A
S

)
x

M
C

E
E

_H
U

M
A

N
>gnl|sp|M

C
E

E
_H

U
M

A
N

 (Q
96P

E
7) M

ethylm
alonyl-C

oA epim
erase, m

itochondrial 
precursor (E

C
 5.1.99.1) (D

L-m
ethylm

alonyl-C
oA racem

ase)
x

M
C

E
E

_M
O

U
S

E
>gnl|sp|M

C
E

E
_M

O
U

S
E

 (Q
9D

1I5) M
ethylm

alonyl-C
oA epim

erase, m
itochondrial 

precursor (E
C

 5.1.99.1) (D
L-m

ethylm
alonyl-C

oA racem
ase)

x

H
P

P
D

_P
S

E
U

J
>gnl|sp|H

P
P

D
_P

S
E

U
J (P

80064) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

LLY
_LE

G
P

H
>gnl|sp|LLY

_LE
G

P
H

 (Q
5ZT84) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (Legiolysin)

x

LLY
_LE

G
P

N
>gnl|sp|LLY

_LE
G

P
N

 (P
69053) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (Legiolysin)

x

H
P

P
D

_N
E

U
C

R
>gnl|sp|H

P
P

D
_N

E
U

C
R

 (Q
872T7) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

H
P

P
D

_M
A

G
G

R
>gnl|sp|H

P
P

D
_M

A
G

G
R

 (Q
96X

22) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

H
P

P
D

_H
U

M
A

N
>gnl|sp|H

P
P

D
_H

U
M

A
N

 (P
32754) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_M
O

U
S

E
>gnl|sp|H

P
P

D
_M

O
U

S
E

 (P
49429) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (4-hydroxyphenylpyruvic acide oxidase) (H

P
P

D
ase) (F 

protein) (F A
lloantigen)

x

H
P

P
D

_B
O

V
IN

>gnl|sp|H
P

P
D

_B
O

V
IN

 (Q
5E

A
20) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_R
AT

>gnl|sp|H
P

P
D

_R
AT (P

32755) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (4-hydroxyphenylpyruvic acide oxidase) (H
P

P
D

ase) (F 
protein) (F A

lloantigen)
x

H
P

P
D

_A
R

ATH
>gnl|sp|H

P
P

D
_A

R
ATH

 (P
93836) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_D
A

U
C

A
>gnl|sp|H

P
P

D
_D

A
U

C
A (O

23920) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x
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H
P

P
D

_S
TR

C
O

>gnl|sp|H
P

P
D

_S
TR

C
O

 (Q
9S

2F4) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase)
x

H
P

P
D

_P
IG

>gnl|sp|H
P

P
D

_P
IG

 (Q
02110) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_S
TR

AW
>gnl|sp|H

P
P

D
_S

TR
AW

 (Q
53586) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

H
P

P
D

_S
O

LS
C

>gnl|sp|H
P

P
D

_S
O

LS
C

 (Q
9A

R
F9) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_M
Y

C
G

R
>gnl|sp|H

P
P

D
_M

Y
C

G
R

 (O
42764) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

H
P

P
D

1_A
S

P
FU

>gnl|sp|H
P

P
D

1_A
S

P
FU

 (Q
4W

H
U

1) P
robable 4-hydroxyphenylpyruvate 

dioxygenase 1 (E
C

 1.13.11.27) (4H
P

P
D

 1) (H
P

D
 1) (H

P
P

D
ase 1)

x

H
P

P
D

_B
R

A
R

E
>gnl|sp|H

P
P

D
_B

R
A

R
E

 (Q
6TG

Z5) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x

H
P

P
D

_X
E

N
TR

>gnl|sp|H
P

P
D

_X
E

N
TR

 (Q
5B

K
L0) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase)

x

H
P

P
D

_C
O

C
IM

>gnl|sp|H
P

P
D

_C
O

C
IM

 (Q
00415) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (T-cell reactive protein)

x

H
P

P
D

_YA
R

LI
>gnl|sp|H

P
P

D
_YA

R
LI (Q

6C
D

R
5) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase)

x

H
P

P
D

_TE
TTH

>gnl|sp|H
P

P
D

_TE
TTH

 (Q
27203) 4-hydroxyphenylpyruvate dioxygenase (E

C
 

1.13.11.27) (4H
P

P
D

) (H
P

D
) (H

P
P

D
ase) (4-hydroxyphenylpyruvic acide oxidase) (F-

antigen hom
olog) (TF-A

G
)

x

H
P

P
D

2_A
S

P
FU

>gnl|sp|H
P

P
D

2_A
S

P
FU

 (Q
4W

P
V

8) P
robable 4-hydroxyphenylpyruvate 

dioxygenase 2 (E
C

 1.13.11.27) (4H
P

P
D

 2) (H
P

D
 2) (H

P
P

D
ase 2)

x

H
P

P
D

_C
A

E
B

R
>gnl|sp|H

P
P

D
_C

A
E

B
R

 (Q
60Y

65) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x

H
P

P
D

_C
A

E
E

L
>gnl|sp|H

P
P

D
_C

A
E

E
L (Q

22633) 4-hydroxyphenylpyruvate dioxygenase (E
C

 
1.13.11.27) (4H

P
P

D
) (H

P
D

) (H
P

P
D

ase) (4-hydroxyphenylpyruvic acide oxidase)
x

FO
S

A
_S

E
R

M
A

>gnl|sp|FO
S

A
_S

E
R

M
A (Q

56415) G
lutathione transferase fosA (E

C
 2.5.1.18) 

(Fosfom
ycin resistance protein)

x

FO
S

A
_P

S
E

A
E

>gnl|sp|FO
S

A
_P

S
E

A
E

 (Q
9I4K

6) G
lutathione transferase fosA (E

C
 2.5.1.18) 

(Fosfom
ycin resistance protein)

x
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LG
U

L_Y
E

A
S

T
>gnl|sp|LG

U
L_Y

E
A

S
T (P

50107) Lactoylglutathione lyase (E
C

 4.4.1.5) 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

LG
U

L_S
C

H
P

O
>gnl|sp|LG

U
L_S

C
H

P
O

 (Q
09751) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_O
R

Y
S

A

>gnl|sp|LG
U

L_O
R

Y
S

A (Q
948T6) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase) (A

llergen O
ry s ?) (A

llergen 
G

lb33) (P
P

33)

x

LG
U

L_LY
C

E
S

>gnl|sp|LG
U

L_LY
C

E
S

 (Q
42891) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_B
R

A
JU

>gnl|sp|LG
U

L_B
R

A
JU

 (O
04885) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_C
IC

A
R

>gnl|sp|LG
U

L_C
IC

A
R

 (O
49818) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_A
R

ATH
>gnl|sp|LG

U
L_A

R
ATH

 (Q
8H

0V
3) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_R
AT

>gnl|sp|LG
U

L_R
AT (Q

6P
7Q

4) Lactoylglutathione lyase (E
C

 4.4.1.5) 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

LG
U

L_H
U

M
A

N
>gnl|sp|LG

U
L_H

U
M

A
N

 (Q
04760) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x

LG
U

L_M
A

C
FA

>gnl|sp|LG
U

L_M
A

C
FA (Q

4R
5F2) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G

lyoxalase I) (G
lx I) (K

etone-aldehyde 
m

utase) (S
-D

-lactoylglutathione m
ethylglyoxal lyase)

x
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LG
U

L_M
O

U
S

E
>gnl|sp|LG

U
L_M

O
U

S
E

 (Q
9C

P
U

0) Lactoylglutathione lyase (E
C

 4.4.1.5) 
(M

ethylglyoxalase) (A
ldoketom

utase) (G
lyoxalase I) (G

lx I) (K
etone-aldehyde 

m
utase) (S

-D
-lactoylglutathione m

ethylglyoxal lyase)
x

LG
U

L_P
S

E
P

U
>gnl|sp|LG

U
L_P

S
E

P
U

 (P
16635) Lactoylglutathione lyase (E

C
 4.4.1.5) 

(M
ethylglyoxalase) (A

ldoketom
utase) (G
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Appendix M. MLE Operon Data 
 

M.1. ‘Old’, ‘new’ and ‘unknown’ protein accession numbers (gi) 
from GenBank 

GI  Function 

108798346 NewMLE 

116670480 NewMLE 

118470554 NewMLE 

119715080 NewMLE 

126434011 NewMLE 

133913537 NewMLE 

145221949 NewMLE 

25990736 NewMLE 

42627730 NewMLE 

54025491 NewMLE 

66966584 NewMLE 

71365319 NewMLE 

89343204 NewMLE 

92911417 NewMLE 

70731221  MLEIorII 

141917  MLEIorII 

115713  MLEIorII 

2935031  MLEIorII 

5915882  MLEIorII 

23094408  MLEIorII 

151125  MLEIorII 

11270756  MLEIorII 

4579699  MLEIorII 
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6014740  MLEIorII 

23308936  MLEIorII 

25028859  MLEIorII 

38198158  MLEIorII 

111019363  MLEIorII 

77362681  MLEIorII 

30698534  MLEIorII 

82548049  MLEIorII 

46130813  MLEIorII 

1747426  MLEIorII 

51243151  MLEIorII 

84502279  MLEIorII 

14209510  MLEIorII 

150773   MLEIorII 

135651   MLEIorII 

116506   MLEIorII 

11270764  MLEIorII 

3643989  MLEIorII 

48788203  MLEIorII 

15026865  MLEIorII 

19386505  MLEIorII 

135517   MLEIorII 

111616534  MLEIorII 

110592574  MLEIorII 

84713193  MLEIorII 

118730150  MLEIorII 

118051814  MLEIorII 

61611869  MLEIorII 

118592584  MLEIorII 

85707323  MLEIorII 

86139513  MLEIorII 

118750314  MLEIorII 

71362561  MLEIorII 

118761900  MLEIorII 

94414964  MLEIorII 

107101955  MLEIorII 

14132758  MLEIorII 
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15597705  MLEIorII 

84320738  MLEIorII 

111145985  MLEIorII 

56710236  MLEIorII 

115315694  MLEIorII 

12862418  MLEIorII 

104782198  MLEIorII 

119855551  MLEIorII 

13660733  MLEIorII 

13399453  MLEIorII 

6730036  MLEIorII 

6730024  MLEIorII 

607908   MLEIorII 

1633161  MLEIorII 

82735481  MLEIorII 

26990423  MLEIorII 

48729290  MLEIorII 

48733237  MLEIorII 

89360248  MLEIorII 

12539415  MLEIorII 

23491545  MLEIorII 

118038923  MLEIorII 

11967279  MLEIorII 

38638066  MLEIorII 

38638055  MLEIorII 

48771790  MLEIorII 

113528986  MLEIorII 

53760758  MLEIorII 

73538229  MLEIorII 

46131202  MLEIorII 

2996615  MLEIorII 

50084621  MLEIorII 

83749259  MLEIorII 

121530931  MLEIorII 

83716982  MLEIorII 

67740097  MLEIorII 

53716515  MLEIorII 
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67763500  MLEIorII 

53722912  MLEIorII 

67754538  MLEIorII 

84358682  MLEIorII 

124899758  MLEIorII 

118716069  MLEIorII 

44241970  MLEIorII 

46316855  MLEIorII 

84353826  MLEIorII 

67665468  MLEIorII 

118713472  MLEIorII 

46323402  MLEIorII 

74015085  MLEIorII 

118695799  MLEIorII 

118037998  MLEIorII 

91783706  MLEIorII 

6014742  MLEIorII 

118029372  MLEIorII 

23491535  MLEIorII 

89358823  MLEIorII 

69936817  MLEIorII 

118715667  MLEIorII 

74017902  MLEIorII 

118696142  MLEIorII 

46313897  MLEIorII 

44419204  MLEIorII 

113473705  MLEIorII 

48848011  MLEIorII 

13476122  UNK 

83951128  UNK 

114764387  UNK 

22959025  UNK 

69936829  UNK 

83774494  UNK 

83951697  UNK 

83951694  UNK 

56678215  UNK 
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86136102  UNK 

83951693  UNK 

86136103  UNK 

56678216  UNK 

114770232  UNK 

83951695  UNK 

118591613  UNK 

87306973  UNK 

44366874  UNK 

44283290  UNK 

56478651  UNK 

73539613  UNK 

53766361  UNK 

68191996  UNK 

54029967  UNK 

27383232  UNK 

114765516  UNK 

56680224  UNK 

68183493  UNK 

23100298  UNK 

56964777  UNK 

27377950  UNK 

116254727  UNK 

121607611  UNK 

36958607  UNK 

15963874  UNK 

113871165  UNK 

88856058  UNK 

32471785  UNK 

67932993  UNK 

87309493  UNK 

13476121  UNK 

46199775  UNK 

55981793  UNK 

15806871  UNK 

66798121  UNK 

72161364  UNK 
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M.2. Operons returned for ‘new’ MLEs 
 

GI  geneName OperonID species    OperonType 

116670479 Arth_1930 13225510 290399 Arthrobacter sp. FB24 newMLE 

116670480 Arth_1931 13225510 290399 Arthrobacter sp. FB24 newMLE 

116670481 Arth_1932 13225510 290399 Arthrobacter sp. FB24 newMLE 

116670482 Arth_1933 13225510 290399 Arthrobacter sp. FB24 newMLE 

 

119715079 Noca_0834 12798663 196162 Nocardioides sp. JS614 newMLE 

119715080 Noca_0835 12798663 196162 Nocardioides sp. JS614 newMLE 

119715081 Noca_0836 12798663 196162 Nocardioides sp. JS614 newMLE 

119715082 Noca_0837 12798663 196162 Nocardioides sp. JS614 newMLE 

 

126434010 Mjls_1408 12724298 164757 Mycobacterium sp. JLS newMLE 

126434011 Mjls_1409 12724298 164757 Mycobacterium sp. JLS newMLE 

126434012 Mjls_1410 12724298 164757 Mycobacterium sp. JLS newMLE 

126434013 Mjls_1411 12724298 164757 Mycobacterium sp. JLS newMLE 

 

108798345 Mmcs_1374 12720537 164756 Mycobacterium sp. MCS
 newMLE 

108798346 Mmcs_1375 12720537 164756 Mycobacterium sp. MCS
 newMLE 

108798347 Mmcs_1376 12720537 164756 Mycobacterium sp. MCS
 newMLE 

108798348 Mmcs_1377 12720537 164756 Mycobacterium sp. MCS
 newMLE 

 

54025490 nfa35200 12545915 37329 Nocardia farcinica newMLE 

54025491 nfa35210 12545915 37329 Nocardia farcinica newMLE 

54025492 nfa35220 12545915 37329 Nocardia farcinica newMLE 

54025493 nfa35230 12545915 37329 Nocardia farcinica newMLE 

54025494 nfa35240 12545915 37329 Nocardia farcinica newMLE 

 

118468666 MSMEG_1909 13001374 246196 Mycobacterium smegmatis str. MC2 155
 newMLE 

118470554 MSMEG_1910 13001374 246196 Mycobacterium smegmatis str. MC2 155
 newMLE 
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118473469 MSMEG_1911 13001374 246196 Mycobacterium smegmatis str. MC2 155
 newMLE 

118471569 MSMEG_1912 13001374 246196 Mycobacterium smegmatis str. MC2 155
 newMLE 

 

M.3. Operons returned for ‘old’ MLEs 
GI  geneName  OperonID species  OperonType 
121530925 RpicDRAFT_2992 13956227 402626 Ralstonia pickettii 12J
 oldMLEs 
121530926 RpicDRAFT_2993 13956227 402626 Ralstonia pickettii 12J
 oldMLEs 
121530927 RpicDRAFT_2994 13956227 402626 Ralstonia pickettii 12J
 oldMLEs 
121530928 RpicDRAFT_2995 13956227 402626 Ralstonia pickettii 12J
 oldMLEs 
121530929 RpicDRAFT_2996 13956227 402626 Ralstonia pickettii 12J
 oldMLEs 
121530930 RpicDRAFT_2997 13956227 402626 Ralstonia pickettii 12J
 oldMLEs 
121530931 RpicDRAFT_2998 13956227 402626 Ralstonia pickettii 12J
 oldMLEs 
 
86139509 MED193_00135 13336591 314262 Roseobacter sp. MED193
 oldMLEs 
86139510 MED193_00140 13336591 314262 Roseobacter sp. MED193
 oldMLEs 
86139511 MED193_00145 13336591 314262 Roseobacter sp. MED193
 oldMLEs 
86139512 MED193_00150 13336591 314262 Roseobacter sp. MED193
 oldMLEs 
86139513 MED193_00155 13336591 314262 Roseobacter sp. MED193
 oldMLEs 
 
26990421 PP3713 12708624 160488 Pseudomonas putida KT2440 oldMLEs 
26990422 PP3714 12708624 160488 Pseudomonas putida KT2440 oldMLEs 
26990423 PP3715 12708624 160488 Pseudomonas putida KT2440 oldMLEs 
 
70731219 PFL_3860 12900123 220664 Pseudomonas fluorescens Pf-5
 oldMLEs 
70731220 PFL_3861 12900123 220664 Pseudomonas fluorescens Pf-5
 oldMLEs 
70731221 PFL_3862 12900123 220664 Pseudomonas fluorescens Pf-5
 oldMLEs 
 
118038922 BphytDRAFT_2056 13915810 398527 Burkholderia phytofirmans PsJN
 oldMLEs 
118038923 BphytDRAFT_2057 13915810 398527 Burkholderia phytofirmans PsJN
 oldMLEs 
118038924 BphytDRAFT_2058 13915810 398527 Burkholderia phytofirmans PsJN
 oldMLEs 
 
111019362 RHA1_ro02371 12657315 101510 Rhodococcus sp. RHA1 oldMLEs 
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161353732 RHA1_ro02372 12657315 101510 Rhodococcus sp. RHA1 oldMLEs 
111019364 RHA1_ro02373 12657315 101510 Rhodococcus sp. RHA1 oldMLEs 
 
85707323 ROS217_16450 13339812 314264 Roseovarius sp. 217 oldMLEs 
85707324 ROS217_16455 13339812 314264 Roseovarius sp. 217 oldMLEs 
85707325 ROS217_16460 13339812 314264 Roseovarius sp. 217 oldMLEs 
85707326 ROS217_16465 13339812 314264 Roseovarius sp. 217 oldMLEs 
85707327 ROS217_16470 13339812 314264 Roseovarius sp. 217 oldMLEs 
 
118029370 BphyDRAFT_5729 13826597 391038 Burkholderia phymatum 
STM815 oldMLEs 
118029371 BphyDRAFT_5730 13826597 391038 Burkholderia phymatum 
STM815 oldMLEs 
118029372 BphyDRAFT_5731 13826597 391038 Burkholderia phymatum 
STM815 oldMLEs 
 
118051814 CtesDRAFT_4002 13944614 399795 Comamonas testosteroni KF-1
 oldMLEs 
 
83718355 BTH_II0483 13123240 271848 Burkholderia thailandensis E264
 oldMLEs 
83717464 BTH_II0484 13123240 271848 Burkholderia thailandensis E264
 oldMLEs 
83716982 BTH_II0485 13123240 271848 Burkholderia thailandensis E264
 oldMLEs 
 
25028858 CE2302 12802734 196164 Corynebacterium efficiens YS-314
 oldMLEs 
161485963 CE2303 12802734 196164 Corynebacterium efficiens YS-314
 oldMLEs 
25028860 CE2304 12802734 196164 Corynebacterium efficiens YS-314
 oldMLEs 
 
119855551 PputW619DRAFT_4526 13812529 390235 Pseudomonas putida W619
 oldMLEs 
119855552 PputW619DRAFT_4527 13812529 390235 Pseudomonas putida W619
 oldMLEs 
119855553 PputW619DRAFT_4528 13812529 390235 Pseudomonas putida W619
 oldMLEs 
 
53722912 BPSS1891 13134770 272560 Burkholderia pseudomallei K96243
 oldMLEs 
53722913 BPSS1892 13134770 272560 Burkholderia pseudomallei K96243
 oldMLEs 
53722914 BPSS1893 13134770 272560 Burkholderia pseudomallei K96243
 oldMLEs 
 
118696140 BamMC406DRAFT_0568 13919296 398577 Burkholderia ambifaria 
MC40-6 oldMLEs 
118696141 BamMC406DRAFT_0569 13919296 398577 Burkholderia ambifaria 
MC40-6 oldMLEs 
118696142 BamMC406DRAFT_0570 13919296 398577 Burkholderia ambifaria 
MC40-6 oldMLEs 
 
38638055 PHG394 13754051 381666 Ralstonia eutropha H16 oldMLEs 
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118592584 SIAM614_30761 13780933 384765 Stappia aggregata IAM 12614
 oldMLEs 
 
38638066 PHG405 13754057 381666 Ralstonia eutropha H16 oldMLEs 
 
161611272 Reut_B4400 13054933 264198 Ralstonia eutropha JMP134
 oldMLEs 
 
104782196 PSEEN3136 13776214 384676 Pseudomonas entomophila L48
 oldMLEs 
104782197 PSEEN3137 13776214 384676 Pseudomonas entomophila L48
 oldMLEs 
104782198 PSEEN3138 13776214 384676 Pseudomonas entomophila L48
 oldMLEs 
 
118713472 Bcenmc03DRAFT_1049 14020829 406425 Burkholderia 
cenocepacia MC0-3 oldMLEs 
 
84502279 OB2597_19786 13014800 252305 Oceanicola batsensis HTCC2597
 oldMLEs 
 
19553599 NCgl2317 12809828 196627 Corynebacterium glutamicum ATCC 
13032 oldMLEs 
23308936 NCgl2318 12809828 196627 Corynebacterium glutamicum ATCC 
13032 oldMLEs 
19553601 NCgl2319 12809828 196627 Corynebacterium glutamicum ATCC 
13032 oldMLEs 
 
15597703 PA2507 12870119 208964 Pseudomonas aeruginosa PAO1
 oldMLEs 
15597704 PA2508 12870119 208964 Pseudomonas aeruginosa PAO1
 oldMLEs 
15597705 PA2509 12870119 208964 Pseudomonas aeruginosa PAO1
 oldMLEs 
 
118695799 BamMC406DRAFT_5445 13919079 398577 Burkholderia ambifaria 
MC40-6 oldMLEs 
118695800 BamMC406DRAFT_5446 13919079 398577 Burkholderia ambifaria 
MC40-6 oldMLEs 
118695801 BamMC406DRAFT_5447 13919079 398577 Burkholderia ambifaria 
MC40-6 oldMLEs 
 
118037998 BphytDRAFT_1497 13915176 398527 Burkholderia phytofirmans PsJN
 oldMLEs 
118037999 BphytDRAFT_1498 13915176 398527 Burkholderia phytofirmans PsJN
 oldMLEs 
118038000 BphytDRAFT_1499 13915176 398527 Burkholderia phytofirmans PsJN
 oldMLEs 
 
91783704 Bxe_A2110 13078271 266265 Burkholderia xenovorans LB400
 oldMLEs 
91783705 Bxe_A2109 13078271 266265 Burkholderia xenovorans LB400
 oldMLEs 
91783706 Bxe_A2108 13078271 266265 Burkholderia xenovorans LB400
 oldMLEs 
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107101953 PaerPA_01003000 13792381 388272 Pseudomonas aeruginosa 
PACS2 oldMLEs 
107101954 PaerPA_01003001 13792381 388272 Pseudomonas aeruginosa 
PACS2 oldMLEs 
107101955 PaerPA_01003002 13792381 388272 Pseudomonas aeruginosa 
PACS2 oldMLEs 
 
50084621 ACIAD1446 12579454 62977 Acinetobacter sp. ADP1 oldMLEs 
50084622 ACIAD1447 12579454 62977 Acinetobacter sp. ADP1 oldMLEs 
 
53716517 BMAA0198 12981119 243160 Burkholderia mallei ATCC 23344
 oldMLEs 
53716516 BMAA0199 12981119 243160 Burkholderia mallei ATCC 23344
 oldMLEs 
53716515 BMAA0200 12981119 243160 Burkholderia mallei ATCC 23344
 oldMLEs 
 

M.4. Operons returned for ‘unknown’ MLEs 
GI    geneName OperonID   species  OperonType 
23100298 OB2843 12756868 182710 Oceanobacillus iheyensis
 unkfuncMLE 
23100299 OB2844 12756868 182710 Oceanobacillus iheyensis
 unkfuncMLE 
23100300 OB2845 12756868 182710 Oceanobacillus iheyensis
 unkfuncMLE 
 
87306973 DSM3645_00930 13314567 314230 Blastopirellula marina DSM 
3645 unkfuncMLE 
 
114764387 R2601_01638 13341838 314265 Roseovarius sp. HTCC2601
 unkfuncMLE 
 
72161364 Tfu_0960 13113875 269800 Thermobifida fusca YX unkfuncMLE 
 
56964774 ABC3010 12587029 66692 Bacillus clausii KSM-K16 unkfuncMLE 
56964775 ABC3011 12587029 66692 Bacillus clausii KSM-K16 unkfuncMLE 
56964776 ABC3012 12587029 66692 Bacillus clausii KSM-K16 unkfuncMLE 
56964777 ABC3013 12587029 66692 Bacillus clausii KSM-K16 unkfuncMLE 
56964778 ABC3014 12587029 66692 Bacillus clausii KSM-K16 unkfuncMLE 
56964779 ABC3015 12587029 66692 Bacillus clausii KSM-K16 unkfuncMLE 
56964780 ABC3016 12587029 66692 Bacillus clausii KSM-K16 unkfuncMLE 
 
73539613 Reut_B5793 13055768 264198 Ralstonia eutropha JMP134
 unkfuncMLE 
 
114765516 R2601_12825 13342489 314265 Roseovarius sp. HTCC2601
 unkfuncMLE 
 
27377947 blr2836 12482458 375 Bradyrhizobium japonicum unkfuncMLE 
27377948 blr2837 12482458 375 Bradyrhizobium japonicum unkfuncMLE 
27377949 blr2838 12482458 375 Bradyrhizobium japonicum unkfuncMLE 
27377950 blr2839 12482458 375 Bradyrhizobium japonicum unkfuncMLE 
27377951 blr2840 12482458 375 Bradyrhizobium japonicum unkfuncMLE 
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27377952 blr2841 12482458 375 Bradyrhizobium japonicum unkfuncMLE 
27377953 blr2842 12482458 375 Bradyrhizobium japonicum unkfuncMLE 
 
121607609 Veis_0615 13873692 391735 Verminephrobacter eiseniae EF01-2
 unkfuncMLE 
121607610 Veis_0616 13873692 391735 Verminephrobacter eiseniae EF01-2
 unkfuncMLE 
121607611 Veis_0617 13873692 391735 Verminephrobacter eiseniae EF01-2
 unkfuncMLE 
121607612 Veis_0618 13873692 391735 Verminephrobacter eiseniae EF01-2
 unkfuncMLE 
121607613 Veis_0619 13873692 391735 Verminephrobacter eiseniae EF01-2
 unkfuncMLE 
121607614 Veis_0620 13873692 391735 Verminephrobacter eiseniae EF01-2
 unkfuncMLE 
121607615 Veis_0621 13873692 391735 Verminephrobacter eiseniae EF01-2
 unkfuncMLE 
 
55981793 TTHA1824 13267741 300852 Thermus thermophilus HB8
 unkfuncMLE 
55981794 TTHA1825 13267741 300852 Thermus thermophilus HB8
 unkfuncMLE 
 
32471785 RB2166 12972319 243090 Pirellula sp. 1 unkfuncMLE 
 
13476121 mll7352 13088816 266835 Mesorhizobium loti MAFF303099
 unkfuncMLE 
13476122 mll7353 13088816 266835 Mesorhizobium loti MAFF303099
 unkfuncMLE 
 
15963874 SMc04131 12486969 382 Sinorhizobium meliloti unkfuncMLE 
 
46199775 TTC1473 13048257 262724 Thermus thermophilus HB27
 unkfuncMLE 
46199776 TTC1474 13048257 262724 Thermus thermophilus HB27
 unkfuncMLE 
 
15806870 DR1870 12510659 1299 Deinococcus radiodurans unkfuncMLE 
15806871 DR1871 12510659 1299 Deinococcus radiodurans unkfuncMLE 
 
118591613 SIAM614_28497 13780320 384765 Stappia aggregata IAM 12614
 unkfuncMLE 
 
83951693 ISM_14060 12630760 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
83951694 ISM_14065 12630760 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
83951695 ISM_14070 12630760 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
 
83951696 ISM_14075 12630761 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
83951697 ISM_14080 12630761 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
83951698 ISM_14085 12630761 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
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83951699 ISM_14090 12630761 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
 
83951128 ISM_08500 12630381 89187 Roseovarius nubinhibens ISM
 unkfuncMLE 
 
56478650 ebA5649 12600174 76114 Azoarcus sp. EbN1 unkfuncMLE 
56478651 ebA5652 12600174 76114 Azoarcus sp. EbN1 unkfuncMLE 
 
27383228 blr8117 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
27383229 blr8118 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
27383230 blr8119 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
27383231 blr8120 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
27383232 blr8121 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
27383233 blr8122 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
27383234 blr8123 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
27383235 blr8124 12485871 375 Bradyrhizobium japonicum unkfuncMLE 
 
114770232 OM2255_11365 13709296 367336 Rhodobacterales bacterium HTCC2255
 unkfuncMLE 
 
86136100 MED193_18294 13334387 314262 Roseobacter sp. MED193
 unkfuncMLE 
86136101 MED193_18299 13334387 314262 Roseobacter sp. MED193
 unkfuncMLE 
86136102 MED193_18304 13334387 314262 Roseobacter sp. MED193
 unkfuncMLE 
86136103 MED193_18309 13334387 314262 Roseobacter sp. MED193
 unkfuncMLE 
 
116254724 pRL100282 12890601 216596 Rhizobium leguminosarum bv. viciae 
3841 unkfuncMLE 
116254725 pRL100283 12890601 216596 Rhizobium leguminosarum bv. viciae 
3841 unkfuncMLE 
116254726 pRL100284 12890601 216596 Rhizobium leguminosarum bv. viciae 
3841 unkfuncMLE 
116254727 pRL100285 12890601 216596 Rhizobium leguminosarum bv. viciae 
3841 unkfuncMLE 
 
87309492 DSM3645_24360 13316731 314230 Blastopirellula marina DSM 
3645 unkfuncMLE 
87309493 DSM3645_24365 13316731 314230 Blastopirellula marina DSM 
3645 unkfuncMLE 
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