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Abstract 
Antibiotic resistant infections are a public health threat. According to the CDC, 

the incidence of antibiotic resistant infections has increased 50% in the last five years1. 
Urinary tract infections (UTIs) are the most commonly occurring bacterial infection and 
resistance among them is highly prevalent. Lack of mandatory reporting of these 
infections, and a vast array of treatment options, place UTIs at the frontiers of newly 
evolved resistance. To investigate this important human health threat, I performed three 
studies. First, I performed a surveillance study of antibiotic resistance trends in 
uropathogenic E. coli (UPEC) at Dignity Health Mercy Medical Center (DHMMC) in 
Merced, and compared them to resistance trends found nationwide. I found higher 
incidence of resistance at DHMMC than nationwide. Second, to identify causes for this 
elevated resistance, I investigated potential environmental sources of antibiotic resistant 
infections at DHMMC. In doing so, I developed a rapid PCR screen for identifying UPEC 
using a suite of six genetic markers significantly associated with UPEC. Using this 
screen, I found evidence of UPEC in all environmental sites surveyed, most associated 
with livestock for retail meat. Third, to identify the fitness effects of antibiotic resistance 
genes upon bacteria being treated with antibiotics, and to further infer the effects of 
antibiotic consumption on the selection of the antibiotic resistance genes, I created a 
customizable plasmid vector construct library. This library contains all possible 
combinations of the four most identified resistance genes at DHMMC, and it can be used 
to evaluate their fitness, relative to one another, in the presence and absence of different 
antibiotics. In summary, I characterized the antibiotic resistance trends at DHMMC, 
identified potential sources of the resistance, and developed an experimental tool to 
evaluate the ongoing selection from antibiotic consumption resulting in the resistance 
trends at DHMMC.  
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Chapter 1: Introduction 
 Urinary tract infections (UTIs) are the most common type of bacterial infection in 
the developed world2. UTI from catheterization is the most common nosocomial 
infection3. A UTI is characterized as the presence of more than 105 bacteria in the urine. 
These bacteria can come from an external source or the native gut flora. Uropathogenic 
E. coli (UPEC) are the most common causative agent of UTIs. Women are more prone 
to UTIs due to a short urethra and proximity to fecal matter4. The severity of UTIs range 
from asymptomatic to complicated, which can result in kidney infection. Typical 
treatment for UTI is 3-7 day treatment with β-lactam antibiotics4. β-lactam antibiotics 
have been in use since the 1940s, and they continue to be the most widely used 
antibiotics due to their high effectiveness, ease of delivery, and low toxicity5,6. The 
longstanding use of β-lactam antibiotics has led to the emergence of resistant strains in 
clinical care settings7. UTIs are becoming increasingly hard to treat due to resistance to 
multiple types of antibiotics, including β-lactams8. 
 

The current empirical treatment for UTIs is up to the prescribing physician and is 
based on loose guidelines of broad spectrum antibiotics including fluroquinolones, 
cephalosporins, and aminoglycosides, often without antibiotic susceptibility testing9–11. 
The treatment of UTIs should take into consideration the current antimicrobial 
susceptibility patterns, and predictability, of the causative agent to avoid ineffective 
treatment11. 
 

The continuous use of β-lactam antibiotics has led to the selection and evolution of 
successful β-lactamase genes present in UPEC 12. Β-lactamase genes produce 
extended spectrum β-lactamase (ESBL) enzymes that work by hydrolyzing β-lactam 
antibiotics, rendering them ineffective. The most common β-lactamase genes blaTEM, 
blaSHV, blaCTX-M, and blaOXA have been previously identified in UPEC, and result in 
resistance to β-lactam antibiotics13,14.The increasing antibiotic resistance in UTIs is of 
great concern to public health. The emergence of the ESBL blaCTX-M-15 in community 
acquired UTIs has resulted in ineffective treatment with the later generation β-lactam 
antibiotics, substantially limiting the available antibiotic treatment options12,15.  

 
There are many roadblocks to solving the problem of resistance in UPEC that result 

from holes in the technical and intellectual status quo of the antibiotic research 
community.   

 
1. We do not understand the relative contributions of local vs. world-wide antibiotic 

consumption on the occurrence of antibiotic resistance in defined locations, such 
as hospitals and communities. 
 

2. We do not understand the role of environmental reservoirs of resistant UPEC in 
human infections. It is important to understand the source of UPEC causing 
these infections as a promising route to limit the spread of UPEC within a 
community.  
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3. We do not understand the relative contributions of the myriad of available 
resistance genes to resistance in UPEC. It is important to understand the agents 
of selection that drive the dissemination of antibiotic resistance among UPEC.  

 
My dissertation studies have centered on overcoming these technical and intellectual 
hurdles. Using innovative approaches, I have initiated research in previously 
unaddressed, and highly important areas of the antibiotic resistance problem as follows: 
 

1. Currently, there is no comparative data on antibiotic resistance in community 
acquired UTIs16. Previous guideline for the treatment of UTIs are compromised 
by changing patterns of antibiotics resistance in UPEC16. It is critical to know the 
current local antibiotic resistance patterns in UPEC to determine the appropriate 
antibiotic treatment. I created an innovative bioinformatics approach that serves 
as a model for how this problem should be addressed. I created a database of 
clinical isolate genomes from the United States to identify resistance trends 
nationwide and compare to local trends. This database allowed us to identify 
unique regional trends that indicate higher local resistance in Merced, CA. These 
findings suggest strong local selection in Merced, and prompted us to investigate 
potential sources of selection.  
 

2. Additionally, there has been no formal investigation into the relatedness of 
environmental and hospital UPEC isolates, and no good approach for performing 
this study has been previously described. To determine potential sources of 
UPEC in surrounding environment, I developed a rapid PCR approach to identify 
UPEC. Using six UPEC associated genes, I was able to identify UPEC in local 
environmental samples associated with retail meat production using this PCR 
approach.  
 

3. There are no set of laboratory strains or plasmid constructs available for 
controlled studies of the contributions and interactions of individual resistance 
genes, or how these interact in combination with each other. I designed a 
plasmid vector expressing four clinically relevant antibiotic resistance genes I 
identified at the DHMMC. Using this plasmid vector, I created a construct library 
with different combinations of genes observed at the local hospital as a tool to 
measure their relative fitness contributions.  

 
To address the shortcomings contributing to the rise of antibiotic resistant UPEC, we 

partnered with a local hospital to identify the abundance of resistance genotypes 
compared to nationwide genotypes. We have a collection of UPEC isolates collected 
between 2013-2019 from Dignity Health Mercy Medical Center (DHMMC) in Merced, 
California. We have identified the frequency of these common β-lactamase genes within 
this collection and found indicators of high resistance within these UPEC17. These 
indicators include high frequency of genes, which confer elevated resistance to later 
generation β-lactam antibiotics and detected more frequent genetic associations 
between genes that confer resistance to inhibitor combination therapies. We need to 
identify the local source of the antibiotic resistant UPEC. With that information we can 
develop a way to determine how the resistance trends at DHMMC have evolved and 
been selected. This in turn may enable us to employ effective antimicrobial stewardship.  
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We sought to identify the source of the antibiotics resistant UPEC at DHMMC by 
examining local environmental reservoirs. UTIs have historically been thought to be 
caused by bacteria entering the urethra from an external source or infections caused by 
patient’s native gut flora2,4. UPEC identified in retail meat and on animal farms are 
similar to human UTI isolates with regard to virulence genes, antibiotic resistance genes, 
and clonal relatedness18,19. This is likely due to the heavy use of antibiotics, including 
medically important antibiotics, in agriculture for the prevention of disease and growth 
promotion in food animals20. Recent studies have linked animal food consumption with 
UTI occurrence. Due to the increasing number of UTI outbreaks, UTIs are now 
hypothesized to be primarily a foodborne infection. DHMMC serves Merced, California, 
which is one of the top six producing agriculture counties in California. Merced’s primary 
products are dairy, almonds, chicken, and cattle21. The scale of agricultural production in 
Merced and abundance of antibiotic resistant UTIs at DHMMC, supports the inquiry of 
UPECs in agriculture. We identified a suite of genes significantly associated with UPEC 
(chuA, fyuA, papA, traT, yrbH, yqeK) that enable us to rapidly identify local sources of 
UPEC. We investigated the surrounding agricultural environments associated with 
animal food production to determine if they are a reservoir for hospital UPEC at 
DHMMC. We identified the same UPEC associated genes and common β-lactamase 
genes in the environmental samples as identified in hospital UPEC. This suggests a link 
between agricultural animal food production and UPEC in the local hospital, perhaps a 
shared reservoir.  

We determined the frequency of these common β-lactamase genes within UPEC at 
DHMMC and identified a potential environmental reservoir for these UPEC. It is also 
important to understand the impact of selection by antibiotic consumption on the 
antibiotic resistance trends we identified. Antibiotic consumption is the use of antibiotics 
for numerous applications, including clinical and industrial. The link between antibiotic 
consumption and antibiotic resistance is well documented and is the primary driver of 
antibiotic resistance22. The use of broad-spectrum antibiotic treatment not based on 
culture identification and resistance phenotype can result in ineffective clearance of the 
infection-causing bacteria23. The use of antibiotics creates evolutionary selective 
pressure on bacteria to develop and spread antibiotic resistance. In the presence of 
antibiotics, selected bacteria can resist antibiotic treatment, replicate, and become a 
resistant population23. Previous experimental work on the antibiotic selection on 
resistance genotypes proposed to leverage this selective pressure, in the form of 
sequential administration of different antibiotics to select for any particular resistance 
genotype of the sixteen TEM alleles tested24. However, this work was limited in its focus 
on the TEM gene when in actuality this is only one of several genes resulting in β-lactam 
resistance.  

Previous work has also shown that different resistance genes are genetically linked 
and can spread together at different frequencies17. We identified the most common β-
lactamases at DHMMC and developed a similar system for studying the fitness effects of 
those genes alone and in all possible combinations.  We designed a plasmid vector that 
expresses four common ESBL genes CTX-M-15, OXA-1, SHV-2, and TEM-10 (COST) 
identified in UPEC at DHMMC. Using this vector, we constructed a library that contains 
sixteen potential genotype combinations of these common ESBL genes with differential 
antibiotic resistance phenotypes. This vector and subsequent vector construct library are 
a novel tool that can be used to determine the effect of antibiotic consumption on the 
ongoing local selection of antibiotic resistance genes in UPEC.  In turn, that information 
may yield more effective approaches for prescribing antibiotics than currently exist. 
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Distribution of β-Lactamase Genes in Clinical Isolates from California Central Valley 
Hospital Deviates from the United States Nationwide Trends 
 

Candace Guzman-Cole1, Fabian Santiago2, Sona Garsevanyan1, Suzanne Sindi2 

and Miriam Barlow1,* 

Abstract: The evolution and dissemination of antibiotic resistance genes throughout the 

world are clearly affected by the selection and migration of resistant bacteria. However, 

the relative contributions of selection and migration at a local scale have not been fully 

explored. We sought to identify which of these factors has the strongest effect through 

comparisons of antibiotic resistance gene abundance between a distinct location and its 

surroundings over an extended period of six years. In this work, we used two repositories 

of extended spectrum β-lactamase (ESBL)-producing isolates collected since 2013 from 

patients at Dignity Health Mercy Medical Center (DHMMC) in Merced, California, USA, 

and a nationwide database compiled from clinical isolate genomes reported by the 

National Center for Biotechnology Information (NCBI) since 2013. We analyzed the 

stability of average resistance gene frequencies over the years since collection of these 

clinical isolates began for each repository. We then compared the frequencies of 

resistance genes in the DHMMC collection with the averages of the nationwide 

frequencies. We found DHMMC gene frequencies are stable over time and differ 

significantly from nationwide frequencies throughout the period of time we examined. Our 

results suggest that local selective pressures are a more important influence on the 

population structure of resistance genes in bacterial populations than migration. This, in 

turn, indicates the potential for antibiotic resistance to be controlled at a regional level, 

making it easier to limit the spread through local stewardship.  

Keywords: ESBL; selection; Enterobacteriaceae; antibiotic resistance; stewardship 

 

Introduction 
β-lactam antibiotics have been in use since the discovery of penicillin in the 1940s, 

and they continue to be the most widely used antibiotics due to their high effectiveness, 
ease of delivery, and low toxicity1,2. The longstanding use of β-lactam antibiotics has led 
to the emergence of resistant strains in clinical care settings3. The continuous selection 
and evolution of β-lactamase genes by β-lactam antibiotic use has led to the diversification 
of successful β-lactamase genes: blaTEM, blaSHV, blaCTX-M, and blaOXA

4. β-lactamase genes 
produce extended spectrum β-lactamase (ESBL) enzymes that work by hydrolyzing β-
lactam antibiotics, rendering them ineffective. blaTEM and blaSHV were the first β-lactamase 
enzymes identified in 1963 and 1972, respectively, and were implicit in outbreaks in the 
1990s5–7. Today, blaSHV composes 10% of ESBLs, and blaTEM has become somewhat less 
common in the U.S.8. blaCTX-M was first identified in 1989, and was identified with 
increasing frequency throughout the 1990s9. By the 2000s, the frequency of blaCTX-M 
enzymes surpassed those of blaTEM and blaSHV. Although first discovered in 1976, blaOXA 

enzymes have been increasing in prevalence due to the frequent association of blaOXA-1 

with blaCTX-M-15
10,11. Today, blaCTX-M enzymes are the most identified ESBLs, and have 

displaced blaTEM and blaSHV in many individual hospitals6,9,12–14. However, this trend is not 
uniform across publications originating from different surveillance locations11,15,16. Bajpai 
et al. (2017) found blaTEM to be the most abundant ESBL enzyme in a single hospital, 



 8 

although other reports detail different ESBL gene frequencies17. In the United States, few 
recent nationwide surveillance studies have specifically examined the frequencies of 
specific ESBL genes. One recent survey of 26 hospitals identified blaTEM as the most 
abundant ESBL enzyme in clinical isolates (47%), followed by blaCTX-M (36%), blaSHV 
(35%), and blaOXA (20%)18. 

Regional variance in the frequencies of ESBLs enables the assessment of which 
factors are contributing the most to ESBL frequencies. Due to the strong selection that 
bacteria experience from antibiotics and the rapid migration of bacteria that occurs in 
human populations, selection and migration were the two factors we chose to investigate. 
To understand the relative contributions of selection and migration, it was important to 
obtain and compare updated ESBL gene frequencies. We chose to compare the 
frequencies of ESBLs in a local repository of ESBL positive isolates collected from a single 
hospital, with average frequencies nationwide across the U.S. obtained from ESBL-
positive clinical isolates whose genomic sequences have been deposited in the NCBI 
Isolates Browser Database. 

When comparing genetic variations over two populations, there are four possible 
outcomes depending on the stability of gene frequencies within a site and comparisons of 
those frequencies between sites. First, gene frequencies that are stable over time within 
a population and non-uniform across populations indicate low migration between bacterial 
populations and that selection for resistance within a given population is strong and 
constant. However, if the gene frequencies are unstable over time within a population and 
non-uniform across populations, this would indicate alternating local selective pressures 
and rapid migration as “immigrants would increase the mutation supply rate19” and would 
compete with “better-adapted residents maintaining the population away from the local 
fitness optimum20”. Stability over time and uniformity between populations suggest rapid 
continuous migration between populations and strong consistent selection resulting in a 
highly resistant and optimized strain20. Finally, unstable (alternating) frequencies over time 
and uniformity between populations indicate strong alternating selective pressures in large 
areas (or populations). Moreover, this signal also indicates rapid migration because 
variation between populations averages out as immigration leads to a decrease in genetic 
differentiation between populations21. We compared ESBL gene frequencies from Dignity 
Health Mercy Medical Center (DHMMC) and the rest of the U.S. over a period of six years 
as follows. 

 

Results 

 

Regional Gene Frequencies 
We performed a molecular surveillance study of common the β-lactamases blaTEM, 

blaSHV, blaCTX-M, and blaOXA among isolates. At DHMMC, the most common ESBL gene we 
identified was blaCTX-M, followed by blaOXA, blaTEM, and blaSHV (Figure 1-1a). Their yearly 
frequencies are provided in Table 1. Mathematical analysis of those frequencies over time 
revealed no significant differences over months or agricultural seasons. However, there 
were some significant differences (p-value < 0.05) in yearly frequencies (Table 1-1, SI 
Tables 1-4). blaSHV and blaTEM frequencies were stable over time. blaCTX-M frequencies 
increased after the first year in 2014 and remained stable over time (SI Table 3). blaOXA 
frequencies significantly decreased in 2016 from previous years but returned to stable in 
2017 (SI Table 4). 
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(a) 

 
(b) 

  

Figure 1-1. Venn diagrams of blaSHV, blaTEM, blaCTX-M, and blaOXA combinations from 
both repositories. (a) Venn diagram of the resistance genes found in the clinical 
isolates from DHMMC. There were 142 isolates without any of these resistance genes 
(inconclusive data). (b) Venn diagram of the resistance genes found in the nationwide 
database of ESBL clinical isolates. 

 

DHMMC blaSHV blaTEM blaCTX-M blaOXA 

2013 (n=106) 9.4 (4.6, 16.7) 37.7 (28.5, 47.7) 52.8 (42.9, 62.6) 52.8 (42.9, 62.6) 

2014 (n=88) 8.0 (3.3, 15.7) 29.5 (20.3, 40.2) 75.0 (64.6, 83.6) 54.5 (43.6, 65.2) 

2015 (n=255) 7.5 (4.5, 11.4) 29.8 (24.3, 35.8) 71.4 (65.4, 76.8) 49.8 (43.5, 56.1) 

2016 (n=207) 12.6 (8.4, 17.9) 24.6 (18.9, 31.1) 62.8 (55.8, 69.4) 35.7 (29.2, 42.7) 

2017 (n=126) 9.5 (5.0, 16.0) 23.8 (16.7, 32.2) 61.1 (52.0, 69.7) 36.5 (28.1, 45.6) 

2018 (n=90) 13.3 (7.1, 22.1) 28.9 (19.8, 39.4) 63.3 (52.5, 73.2) 37.8 (27.8, 48.6) 

Table 1-1. The yearly frequency of blaSHV, blaTEM, blaCTX-M, and blaOXA from DHMMC. Each 
frequency is presented with a 95% confidence interval. The number of isolates is given in 
the first column in parenthesis. The confidence intervals are given in parenthesis in all the 
other columns.  

We then measured the frequencies at which these genes co-occurred in each isolate 
population. Statistical analysis suggests a genetic linkage (or correlation) between 
resistance genes in isolates from DHMMC (Table 1-2). Two statistical methods (Pearson’s 
chi-square test and the phi coefficient) revealed a significant positive correlation between 
blaTEM and blaSHV (p-value < 0.05) and between blaCTX-M and blaOXA (p-value < 0.05). There 
are significant negative correlations between blaTEM and blaCTX-M (p-value < 0.05) and 
blaTEM and blaOXA (p-value < 0.05).  

When stratified by species, the resistance genes in E. coli and K. pneumoniae isolates 
from the DHMMC clinical isolates show unique correlations (Table 2). In E. coli isolates, 
blaCTX-M and blaOXA are positively correlated with one another (p-value < 0.05) and 
negatively correlated with blaTEM (p-value < 0.05). However, in K. pneumoniae, all the 
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resistance genes are positively correlated with each other (p-value < 0.05) but significance 
is lost for blaTEM and blaOXA after the false discovery rate (FDR)-controlling procedure.  
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Species Markers Chi-Square p-Value PC PC p-Value 

All (n=872) 

blaSHV:blaTEM 3.75 x 10-9 * 0.20 2.74 x 10−9 * 

blaSHV:blaCTX-M 6.37 x 10-1 0.02 6.37x 10−1 

blaSHV:blaOXA 1.08 x 10-1 0.05 1.08 x 10-1 

blaTEM:blaCTX-M 1.49x 10-3 * −0.11 1.46 x 10−3 * 

blaTEM:blaOXA 3.00 x 10−6 * −0.16 2.68 x 10−6 * 

blaCTX-M:blaOXA 8.59x 10-30 * 0.38 5.24 x 10−32 * 

E. coli (n=787) 

blaSHV:blaTEM 5.22 x 10−1 0.02 5.23 x 10−1 

blaSHV:blaCTX-M 2.58 x 10−1 −0.04 2.59 x 10−1 

blaSHV:blaOXA 4.89 x 10-1 −0.02 4.89 x 10−1 

blaTEM:blaCTX-M 1.24 x 10−6 * −0.17 1.07 x 10−6 * 

blaTEM:blaOXA 1.40 x 10−9 * −0.22 9.50 x 10−10 * 

blaCTX-M:blaOXA 9.22 x 10−26 * 0.37 1.53 x 10−27 * 

K. pneumoniae 
(n=85) 

blaSHV:blaTEM 3.36 x 10−4 * 0.39 2.34 x 10−4 * 

blaSHV:blaCTX-M 1.97 x 10−5 * 0.46 8.15 x 10−6 * 

blaSHV:blaOXA 6.84 x 10−3 * 0.29 6.44 x 10−3 * 

blaTEM:blaCTX-M 2.58 x 10−5 * 0.46 1.13 x 10−5 * 

blaTEM:blaOXA 3.84 x 10−2 0.22 3.88 x 10−2 

blaCTX-M:blaOXA 5.69 x 10−6 * 0.49 1.72 x 10−6 * 

 
Table 1-2. Linkage analysis summary for DHMMC isolates. The p-value for a chi-square 
test for linkage, the phi coefficient, and the associated p-value are presented for each 
resistance marker pair comparison. The number of isolates for each species is given in 
parenthesis. An asterisk (*) indicates a statistically significant comparison after the FDR-
controlling procedure (q* = 0.025) for both the chi-square test and the phi coefficient. 
 

U.S. Database Gene Frequencies 
We conducted an analogous surveillance study using a nationwide database of ESBL 

clinical isolates from the NIH Pathogen Detection Isolates Browser (Figure 1-1b). 
Nationwide, the resistance gene frequencies were different from the DHMMC repository. 
The most common ESBL gene was blaTEM, followed by blaSHV, blaCTX-M, and blaOXA. Those 
frequencies are provided in Table 1-3. Analysis of these gene frequencies over time also 
showed no significant differences in the frequencies of common ESBL genes in the U.S 
despite annual changes in the sources of isolates (SI Table 9). over a period of months. 
However, there were significant differences (p-value < 0.05) in the yearly frequencies for 
blaSHV, blaTEM, and blaCTX-M (Table 1-3, SI Tables 5-8). blaSHV significantly increased in 
2015, followed by a significant decrease in 2016, but returned to stable in 2017 (SI Table 
5). blaTEM frequencies significantly decreased in 2017 and 2018 from previous years (SI 
Table 6). There was a non-significant decrease in blaCTX-M frequency in 2015 from previous 
years. The 2015 blaCTX-M frequency was significantly different than that of 2018 due to an 
increase that year (SI Table 7). 
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Table 
1-3. The yearly frequency of blaSHV, blaTEM, blaCTX-M, and blaOXA from the U.S. Nationwide 
Database. Each frequency is presented with a 95% confidence interval. The number of 
isolates is listed in the first column in parenthesis. 

 
In the nationwide database, the co-occurrence of resistance genes differs from that 

of our local samples from DHMMC (Table 1-4). We observed a negative association 
between blaTEM and the other resistance markers (p-value < 0.05), and a positive 
association between blaCTX-M and blaOXA (p-value < 0.05). The negative association of 
blaTEM with both blaCTX-M and blaOXA was almost double that found at DHMMC for all 
species (Tables 1-2 and 1-4). When stratified by species, E. coli upholds these trends, but 
in K. pneumoniae, blaSHV is negatively correlated with the other resistance genes (p-value 
< 0.05) and blaCTX-M is positively correlated blaOXA (p-value < 0.05). 

 

 

 

 

 

 

 

 

 

 

Nationwide 
U.S. 

blaSHV blaTEM blaCTX-M blaOXA 

2013 (n=6) 
16.7 (0.4, 

64.1) 
83.3 (35.9, 99.6) 0.0 (0.0, 45.9) 0.0 (0.0, 45.9) 

2014 (n=179) 4.5 (1.9, 8.6) 82.7 (76.3, 87.9) 14.0 (9.2, 19.9) 16.8 (11.6, 23.1) 

2015 (n=268) 
66.8 (60.8, 

72.4) 
74.6 (69.0, 79.7) 8.2 (5.2, 12.2) 9.7 (6.4, 13.9) 

2016 (n=190) 
19.5 (14.1, 

25.8) 
84.7 (78.8, 89.5) 16.8 (11.8, 22.9) 13.2 (8.7, 18.8) 

2017 (n=251) 
50.6 (44.2, 

56.9) 
66.9 (60.7, 72.7) 13.9 (9.9, 18.9) 11.6 (7.9, 16.2) 

2018 (n=166) 
50.0 (42.2, 

57.8) 
66.9 (59.2, 74.0) 22.3 (16.2, 29.4) 18.7 (13.1, 25.4) 
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Species Markers Chi-Square p-Value PC PC p-Value 

All (n=1060) 

blaSHV:blaTEM 7.03 x 10−43 * −0.42 6.29 x 10−47 * 

blaSHV:blaCTX-M 2.13 x 10 −1 −0.04 2.14 x 10−1 

blaSHV:blaOXA 2.81 x 10−1 −0.03 2.81 x 10−1 

blaTEM:blaCTX-M 1.31 x 10−9 * −0.19 9.80 x 10−10 * 

blaTEM:blaOXA 3.31 x 10−17 * −0.26 1.02 x 10−17 * 

blaCTX-M:blaOXA 1.01 x 10−99 * 0.65 
7.63 x 10−129 

* 

E. coli (n=559) 

blaSHV:blaTEM 2.03 x 10−6 * −0.20 1.68 x 10−6 * 

blaSHV:blaCTX-M 1.48 x 10−1 −0.06 1.49 x 10−1 

blaSHV:blaOXA 1.52 x 10 −1 −0.06 1.52 x 10−1 

blaTEM:blaCTX-M 6.72 x 10−35 * −0.52 2.90 x10−40 * 

blaTEM:blaOXA 1.85 x 10−64 * −0.72 2.38 x10−89 * 

blaCTX-M:blaOXA 1.83 x 10−53 * 0.65 1.05 x 10−68 * 

K. pneumoniae 
(n=501) 

blaSHV:blaTEM 6.81 x 10−10 * −0.28 3.45 x10−10 * 

blaSHV:blaCTX-M 4.69 x 10−5 * −0.18 4.23 x 10−5 * 

blaSHV:blaOXA 7.37 x 10−3 * −0.12 7.30 x 10−3 * 

blaTEM:blaCTX-M 4.73 x 10 −1 0.03 4.74 x 10−1 

blaTEM:blaOXA 5.68 x 10−1 0.03 5.69 x 10−1 

blaCTX-M:blaOXA 4.37 x 10−48 * 0.65 1.04 x 10−61 * 

Table 1-4. Linkage analysis summary for the Nationwide Database Isolates. The p-value 
for a chi-square test for linkage, the phi coefficient, and the associated p-value are 
presented for each resistance marker pair comparison. The number of isolates for each 
species is given in parenthesis. An asterisk (*) indicates a statistically significant 
comparison after the FDR-controlling procedure (q* = 0.025) for both the chi-square test 
and the phi coefficient. 

 
 

Comparison of DHMMC and U.S. Populations 
We then performed a formal statistical comparison between the frequencies of 

resistance genes in the DHMMC repository and the U.S. database to determine significant 
differences (Table 1-5). In the nationwide database, blaSHV and blaTEM occur more 
frequently (all p-values < 0.05) than at DHMMC. At DHMMC, blaCTX-M and blaOXA occur at 
higher frequencies than they do nationwide (all p-values < 0.05). A further breakdown of 
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the gene frequencies by species and FDR controlling revealed no significant frequency 
difference in blaSHV within species between datasets. blaTEM occurs in 57–68% more E. 
coli isolates in the U.S. database than E. coli isolates at DHMMC (p-values < 0.05). There 
is no significant difference in blaTEM frequency in K. pneumoniae isolates. blaCTX-M occurs 
much more frequently in E. coli and K. pneumoniae isolates from DHMMC than in the U.S. 
database (all p-values < 0.05). blaCTX-M occurs in 47–58% more E. coli isolates and 33–
52% more K. pneumoniae isolates at DHMMC than isolates from the nationwide U.S. 
database. This trend is similar but less drastic for blaOXA, which occurs in 26–36% more 
E. coli isolates and 26–44% more K. pneumoniae isolates than isolates nationwide. 

 

Species Marker FM FN FM—FN p-Value 95% CI 

All 

blaSHV 9.9 41.0 −31.2 2.79 x 10−53 * (−35.2,−27.2) 

blaTEM 28.6 74.8 −46.3 1.34 x 10−91 * (−50.7,−41.8) 

blaCTX-M 65.1 14.2 50.9 2.40 x 10−117 * (46.6,55.2) 

blaOXA 44.2 13.3 30.8 6.58 x 10−52 * (26.9,34.8) 

E. coli 

blaSHV 2.8 2.5 0.3 7.44 x 10−1 (−1.5,2.0) 

blaTEM 25.9 89.1 −63.2 1.14 x 10−115 (−68.6,−57.8) 

blaCTX-M 65.8 12.7 53.1 1.75 x 10−83 (47.7,58.5) 

blaOXA 43.6 12.5 31.1 4.16 x 10−34 (26.1,36.1) 

K. pneumoniae 

blaSHV 75.3 84.0 −8.7 4.86 x 10−2 (−17.4,−0.1) 

blaTEM 52.9 58.9 −5.9 3.05 x 10−1 (−17.3,5.4) 

blaCTX-M 58.8 16.0 42.9 1.46 x 10−18 (33.3,52.4) 

blaOXA 49.4 14.2 35.2 2.65 x 10−14 (26.2,44.3) 

 
Table 1-5. Percent frequency differences between resistance markers at DHMMC and 
the Nationwide Database. The frequency of a resistance marker from DHMMC is 
denoted FM, and the frequency of a resistance marker from the National Database is 
denoted by FN. An asterisk (*) indicates a statistically significant comparison after the 
FDR-controlling procedure (q* =0.025). The last column provides the 95% confidence 
interval for the percent difference for a particular resistance marker between the two 
datasets. 
 

Discussion 
Our results indicate the relative importance of selection and migration in small and 

large regions. The stability of resistance genes over time in a distinct community that differ 
from the nationwide frequencies strongly suggests that local selective pressures have a 
larger impact on frequencies than migration. DHMMC is unique with regards to the 
presence of blaCTX-M and blaTEM genes. At DHMMC, blaCTX-M occurs more frequently than 
in the nationwide database, while blaTEM occurs less frequently at DHMMC. The negative 
correlation at DHMMC between blaTEM and blaCTX-M and between blaTEM and blaOXA implies 
incompatibilities between blaTEM and at least one of the other genes. Since blaCTX-M and 
blaOXA are commonly linked with each other, it is not surprising that blaTEM is negatively 
associated with both of them, and genetic incompatibilities may exist for only one of those 
pairings. As those genetic compatibilities were not observed throughout the U.S., it is likely 
that they are the product of local selective pressures. This negative relationship results 
mainly from E. coli isolates; this relationship is not observed in K. pneumoniae isolates. 
This result indicates that either the genetic background of K. pneumoniae eliminates the 
incompatibilities of these genes, or that the antibiotic exposures of these pathogens is 
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different from E. coli. Additionally, at DHMMC, there appears to be strong selection for 
blaCTX-M, which may be displacing blaTEM likely due to antagonism between these genes22. 

In terms of antimicrobial stewardship, our results suggest resistance may be 
modulated at a regional level, facilitating the implementation of effective strategies to limit 
and control selection of the antibiotic resistance genes. However, we also found evidence 
that resistance must be modulated differently for separate species, which may be difficult 
to conduct because of the environmental presence of antibiotics and the use of empiric 
therapies without species identification. 

High blaSHV frequencies are unique to our nationwide dataset. However, when we 
considered E. coli and K. pneumoniae isolates separately, DHMMC and nationwide 
frequencies of blaSHV are similar. The greater number of K. pneumoniae isolates in the 
nationwide database likely accounts for the overall higher nationwide frequencies of blaSHV 
(Simpson’s paradox23). A high blaTEM frequency is also unique to our nationwide dataset. 
There are 57–68% more E. coli isolates with blaTEM nationwide than isolates from DHMMC. 
E. coli isolates nationwide have a negative correlation between blaTEM and the other 
resistance genes, meaning these isolates are likely to have blaTEM and no other resistance 
genes. In K. pneumoniae isolates nationwide, there is a negative correlation between 
blaSHV and the other resistance genes, meaning these isolates are likely to have blaSHV 
and no other resistance genes, which is the opposite of the K. pneumoniae isolates from 
DHMMC. ESBLs were initially derived from blaSHV and blaTEM, explaining the relatively high 
blaTEM frequencies nationwide, as blaTEM has proceeded to fixation24. blaSHV and blaTEM 
have been responsible for most ESBL infections since at least the 1980s, so it is 
reasonable for them to be widely distributed in a large-scale dataset25. 

We observed stable gene frequencies over time within the DHMMC population which 
differ from nationwide frequencies. This implies there is low migration or low survival of 
immigrants between populations, and that the selective forces within the DHMMC 
population are strong and constant. Overall, there is strong evidence that local selective 
pressures have a much stronger effect on the frequencies of ESBLs in local populations. 
This suggests that communities and specific regions have the potential to effectively 
manage ESBL frequencies through intentional antibiotic stewardship practices. 

 

Materials and Methods 

 Hospital Isolates 
Clinical patient isolates (n = 872) were collected from patients at DHMMC in Merced, 

CA, USA, from 2013 to 2018. These isolates were flagged as ESBL using Vitek 2 
(bioMérieux, Inc. Hazelwood, MO, USA). These patient samples were collected from 
urine, blood, sputum, and wounds. 

 

Molecular Methods 
Genomic DNA was isolated using the boil preparation method by adding a single 

colony to 100 µL sterile water and boiling at 100 °C for 15 min. From this 100 µL solution, 
1 µL was used in the PCR reaction for the respective genes with the primers listed in Table 
1-6. Multiplex PCR was used to determine the presence of blaCTX-M, blaTEM, and blaOXA. 
Detection of blaSHV was run in a separate reaction. Each PCR reaction consisted of 1 µL 
of template DNA, 10 µM of each primer, and Taq 2X master mix (NEB) at a final 
concentration of 1X, and the reactions were run under the following conditions: initial 
denaturation at 94 °C for 10 min, 30 cycles of 94 °C for 40 s, 60 °C for 40 s, 72 °C for 1 
min, and a final elongation at 72 °C for 7 min [26]. PCR amplicons were run out on 2% 
agarose gel at 100 V for 30 min and visualized using a ChemiDoc™ Touch Imaging 
System. (Figures S1 and S2). 
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Gene Primer Sequence (5′ to 3′) 
Product Size 

(bp) 

blaSHV 
Forward GCCTGTGTATTATCTCCCTGTTAG 

Reverse TCCCGGCGATTTGCTGATTCC 
813 

blaTEM 
Forward TGACGCCGGGCAAGAGCA 

Reverse AAGGGCCGAGCGCAGAAGTG 
424 

blaOXA 
Forward AGCGCCAGTGCATCAACAG 

Reverse GCAAAACCCAAACAACAGAAA 
300 

blaCTX-M 
Forward CGGCCGCGGTGCTGAAGAA 

Reverse GCTGCCGGTTTTATCCCCCACAA 
482 

 
Table 1-6. List of primers pairs used to identify blaSHV, blaTEM, blaOXA, and blaCTX-M and 
their expected product size. 
 

U.S. Database 
We obtained clinical isolate genomes from the NCBI RefSeq database27, using the 

NIH Isolate Browser28 to identify clinical isolates of E. coli and K. pneumoniae from the 
United States from 2013 to 2018. Using the Comprehensive Antibiotic Resistance 
Database (CARD)29, we identified isolate genomes containing ESBL genes to compile an 
ESBL clinical database (n = 1060) using the BLAST+ program. In combination with a 98% 
identity cut-off to positively identify the frequency of blaTEM, blaOXA, blaCTX-M, and blaSHV, we 
applied an additional base pair match cutoff for each gene to limit partial gene matches. 
For blaTEM, we required a base pair (bp) match at or above 753 bp; for blaOXA, we required 
831 bp; for blaCTX-M, we required 876 bp; and for blaSHV, we required 861 bp. The metadata 
for nationwide clinical isolate genomes were downloaded from the NIH Isolate Browser 
and included date, species, and location. The list of genome assemblies used to perform 
this analysis can be found in the Supplementary Materials. 

 

Statistical Analysis 
We used one-way analysis of variance (ANOVA) to compare the means of the 

resistance gene frequencies to identify significant differences between frequencies across 
months. We compared the same months across years, different months within the same 
year, different months across all years, and bins of 2, 3, 4, and 6 months. We tested for 
significant differences between the means of the resistance gene frequencies across 
years at DHMMC and the nationwide database using a Z-test 30. We tested for significant 
differences in the proportions of a resistance marker between isolates from DHMMC and 
the nationwide database using a Z-test. Pairwise linkage among the resistance alleles in 
each of the two clinical isolate populations, DHMMC and the nationwide database, was 
assessed using a chi-square test31. The phi coefficient (PC) was used as a chi-square 
measure of directional deviation from the null relationship of independent assortment32. 
The PC has the desired property of accounting for sample size (often >500 in this work) 
and because it has a known sampling distribution, it allows us to compute significance and 
to form confidence intervals. Controlling for multiple statistical tests was conducted via the 
FDR-controlling procedure33, a Bonferroni-type multiple testing procedure, with a false 
discovery control level of q* = 0.025. Only those results that remained significant after 
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using FDR are reported as significant. All analyses were performed using the Statistics 
and Machine Learning Toolbox of MATLAB R2020a34. 

 

Supplementary Materials: The following are available online at 
https://www.mdpi.com/article/10.3390/antibiotics10050498/s1. Table S1: Pairwise yearly 
frequency comparison for blaSHV in the DHMMC database, Table S2: Pairwise yearly 
frequency comparison for blaTEM in the DHMMC database, Table S3: Pairwise yearly 
frequency comparison for blaCTX-M in the DHMMC database, Table S4: Pairwise yearly 
frequency comparison for blaOXA in the DHMMC database, Table S5: Pairwise yearly 
frequency comparison for blaSHV in the Nationwide database, Table S6: Pairwise yearly 
frequency comparison for blaTEM in the Nationwide database, Table S7: Pairwise yearly 
frequency comparison for blaCTX-M in the Nationwide database, Table S8: Pairwise yearly 
frequency comparison for blaOXA in the Nationwide database, Figure S1: 2% agarose gel 
of blaCTX-M, blaTEM, and blaOXA PCR products, Figure S2: 2% agarose gel of blaSHV PCR 
products, Table S9: Number of clinical isolates annually by state. 

Author Contributions: Conceptualization, C.G.-C., F.S., S.S., and M.B.; methodology, 
C.G.-C., F.S., and S.S.; software, C.G-C. and F.S.; validation, C.G.-C., F.S., and S.S.; 
formal analysis, C.G.-C. and F.S.; investigation, C.G.-C. and F.S.; resources, S.G. and 
M.B.; data curation, S.G.; writing—original draft preparation, C.G.-C., F.S., S.S., M.B.; 
writing—review and editing, C.G.-C., F.S., S.S., and M.B.; visualization, C.G-C. and F.S.; 
supervision, S.S and M.B.; project administration, M.B. All authors have read and agreed 
to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the 
guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board 
of Catholic Healthcare West Sac/Sierra Non-Oncology / CHW IRB #14 (IRB #00006573 
and May 11, 2010). 

Informed Consent Statement: Patient consent was waived 

Acknowledgments: We are grateful to Dignity Health Mercy Medical Center for providing 
de-identified pathogenic bacterial isolates for this study. 

Conflicts of Interest: The authors declare no conflict of interest. 

  



 18 

References 
 
1. Wilke, M.S.; Lovering, A.L.; Strynadka, N.C. Βeta-lactam antibiotic resistance: A 

current structural perspective. Curr. Opin. Microbiol. 2005, 8, 525–533, 
doi:10.1016/j.mib.2005.08.016. 

2. Pandey, N.; Cascella, M. Beta lactam antibiotics. In StatPearls; StatPearls Publishing: 
Treasure Island, FL, 2020; Available online: 
https://www.ncbi.nlm.nih.gov/books/NBK545311/#_NBK545311_pubdet_ (accessed 
on: 28 June 2020) 

3. Hall, B.G.; Acar, H.; Nandipati, A.; Barlow, M. Growth rates made easy. Mol. Biol Evol. 
2014, 1, 232–238, doi:10.1093/molbev/mst187. 

4. Schwaber, M.J.; Schwartz, D.; Giladi, M.; Chmelnitsky, I.; Leavitt, A.; Carmeli, Y. 
Influx of extended-spectrum b-lactamase—producing enterobacteriaceae into the 
hospital. Clin. Infect. Dis. 2006, 42, 925–934, doi:10.1086/500936. 

5. Datta, N.; Kontomichalou, P. Penicillinase synthesis controlled by infectious r factors 
in enterobacteriaceae. Nature 1965, 208, 239–241, doi:10.1038/208239a0. 

6. Liakopoulos, A.; Mevius, D.; Ceccarelli, D. A review of shv extended-spectrum β-
lactamases: Neglected yet ubiquitous. Front. Microbiol. 2016, 7, 1374, 
doi:10.3389/fmicb.2016.01374. 

7. Pitton, J.S. Mechanisms of bacterial resistance to antibiotics. Ergeb. Physiol. 1972, 
65, 15–93; doi:10.1007/3-540-05814-1_2. 

8. Doi, Y.; Iovleva, A.; Bonomo, R.A. The ecology of extended-spectrum β-lactamases 
(esbls) in the developed world. J. Travel Med. 2017, 2, S44–S51; 
doi:10.1093/jtm/taw102. 

9. Cantón, R.; González-Alba, J.M.; Galán, J.C. Ctx-m enzymes: Origin and diffusion. 
Front. Microbiol. 2012, doi:10.3389/fmicb.2012.00110. 

10. Richmond, M.H.; Sykes, R.B. The β-lactamases of gram-negative bacteria and their 
possible physiological role. Adv. Microb. Physiol. 1973, 9, 31–88, doi:10.1016/s0065-
2911(08)60376-8. 

11. Poirel, L.; Naas, T.; Nordmann, P. Diversity, epidemiology, and genetics of class d β-
lactamases. Antimicrob. Agents Chemother. 2010, 54, 24–38, 
doi:10.1128/AAC.01512-08. 

12. Critchley, I.A.; Cotroneo, N.; Pucci, M.J.; Mendes, R. The burden of antimicrobial 
resistance among urinary tract isolates of Escherichia coli in the United States in 
2017. PLoS ONE 2019, 14, e0220265, doi:10.1371/journal.pone.0220265. 

13. Tamma, P.D.; Sharara, S.L.; Pana, Z.D.; Amoah, J.; Fisher, S.L.; Tekle, T.; Doi, Y.; 
Simner, P.J. Molecular epidemiology of ceftriaxone-nonsusceptible enterobacterales 
isolates in an academic medical center in the United States. Open Forum Infect. Dis. 
2019, doi:10.1093/ofid/ofz353. 

14. Mendes, R.E.; Jones, R.N.; Woosley, L.N.; Cattoir, V.; Castanheira, M. Application of 
next-generation sequencing for characterization of surveillance and clinical trial 
isolates: Analysis of the distribution of β-lactamase resistance genes and lineage 
background in the United States. Open Forum Infect. Dis. 2019, 6, S69–S78, 
doi:10.1093/ofid/ofz004. 

15. Markovska, R.; Schneider, I.; Keuleyan, E.; Bauernfeind, A. Extended-spectrum β-
lactamase (esbl) ctx-m-15-producing E.coli and Klebsiella pneumoniae in Sofia, 
Bulgaria. Clin. Microbiol Infect. 2004, 10, 752–755, doi:10.1111/j.1469-
0691.2004.00929.x. 

16. Sugumar, M.; Kumar, K.M.; Manoharan, A.; Anbarasu, A.; Ramaiah, S. Detection of 
oxa-1 β-lactamase gene of Klebsiella pneumoniae from blood stream infections (bsi) 
by conventional PCR and in-silico analysis to understand the mechanism of oxa 



 19 

mediated resistance. PLoS ONE 2014, 9, e91800, 
doi:10.1371/journal.pone.0091800. 

17. Bajpai, T.; Pandey, M.; Varma, M.; Bhatambare, G.S. Prevalence of tem, shv, and 
ctx-m beta-lactamase genes in the urinary isolates of a tertiary care hospital. 
Avicenna J. Med. 2017, 7, 12–16, doi:10.4103/2231-0770.197508. 

18. Castanheira, M.; Farrell, S.E.; Deshpande, L.M.; Mendes, R.E.; Jones, R.N. 
Prevalence of β-lactamase-encoding genes among Enterobacteriaceae bacteremia 
isolates collected in 26 U.S. Hospitals: report from the SENTRY Antimicrobial 
Surveillance Program (2010). Antimicrob. Agents Chemother. 2013, 57, 3012–3020: 
doi:10.1128/AAC.02252-12. 

19. MacLean, R.C.; Hall, A.R.; Perron, G.G.; Buckling, A. The population genetics of 
antibiotic resistance: Integrating molecular mechanisms and treatment contexts. Nat. 
Rev. Genet. 2010, 11, 405–414; doi:10.1038/nrg2778. 

20. Perron, G.G.; Gonzalez, A.; Buckling, A. Source-sink dynamics shape the evolution 
of antibiotic resistance and its pleiotropic fitness cost. Proc. Biol. Sci. 2007, 274, 
2351–2356, doi:10.1098/rspb.2007.0640. 

21. Norén, K.; Carmichael, L.; Fuglei, E.; Eide, N.E.; Hersteinsson, P.; Angerbjörn, A. 
Pulses of movement across the sea ice: Population connectivity and temporal genetic 
structure in the arctic fox. Oecologia 2011, 166, 973–984, doi:10.1007/s00442-011-
1939-7. 

22. Santiago, F.; Doscher, E.; Kim, J.; Camps, M.; Meza, J.; Sindi, S.; Barlow, M. Growth 
rate assays reveal fitness consequences of β-lactamases. PLoS ONE 2020, 15, 
e0228240, doi:10.1371/journal.pone.0228240. 

23. Wagner, C.H. Simpson’s paradox in real life. Am. Stat. 1982, 36, 46–48, 
doi:10.1080/00031305.1982.10482778. 

24. Woerther, P.L.; Angebault, C.; Lescat, M.; Ruppé, E.; Skurnik, D.; Assiya, E.M.; 
Clermont, O.; Jacquier, H.; Costa, A.D.; Renard, M. et al. Emergence and 
dissemination of extended‐spectrum β‐lactamase–producing E.coli in the community: 
Lessons from the study of a remote and controlled population. J. Infect. Dis. 2010, 
202, 515–523, doi:10.1086/654883. 

25. Kalp, M.; Bethel, C.R.; Bonomo, R.A.; Carey, P.R. Why the extended-spectrum β-
lactamases shv-2 and shv-5 are “hypersusceptible” to mechanism-based inhibitors. 
Biochemistry 2009, 48, 9912–9920, doi:10.1021/bi9012098. 

26. Dallenne, C., da Costa, A.; Decré, D.; Favier, C.; Arlet, G. Development of a set of 
multiplex PCR assays for the detection of genes encoding important β-lactamases in 
enterobacteriaceae. J. Antimicrob. Chemother. 2010, 65, 490–495; 
doi:10.1093/jac/dkp498. 

27. O’Leary, N.A.; Wright, M.W.; Brister, J.R.; Ciufo, S.; Haddad, D.; McVeigh, R.; Rajput, 
B.; Robbertse, B.; Smith-White, B.; Ako-Adjei, D. et al. Reference sequence (refseq) 
database at ncbi: Current status, taxonomic expansion, and functional annotation. 
Nucleic Acids Res. 2016, 44, D733–D745, doi:10.1093/nar/gkv1189. 

28. The NCBI Pathogen Detection Project. National Library of Medicine (US), National 
Center for Biotechnology Information: Bethesda, MD. Available online: 
https://www.ncbi.nlm.nih.gov/pathogens/isolates/ (accessed on: 18 October 2018). 

29. Alcock, B.P.; Raphenya, A.R.; Lau, T.T.Y.; Tsang, K.K.; Bouchard, M.; Edalatmand, 
A.; Huynh, W.; Nguyen, A.L.V.; Cheng, A.A.; Liu, S.; et al. Card 2020: Antibiotic 
resistome surveillance with the comprehensive antibiotic resistance database. 
Nucleic Acids Res. 2020, 48, D517–D525, doi:10.1093/nar/gkz935. 

30. Chihara, L.M.; Hesterberg, T.C. Mathematical Statistics with Resampling and R, 2nd 
ed.; John Wiley & Sons: Hoboken, NJ, USA, 2018; ISBN 978-1-119-41653-1. 



 20 

31. Griffith, A.J.F.; Miller, J.H.; Suzuki, D.T. Making Recombinant DNA in An. Introduction 
to Genetic Analysis, 7th ed.; W.H. Freeman: New York, NY, USA, 2000; ISBN: 978-
0716737711. 

32. Dunlap, W.P.; Brody, C.J.; Greer, T. Canonical correlation and chi-square: 
Relationships and interpretation. J. Gen. Psychol. 2000, 127, 341–353, 
doi:10.1080/00221300009598588. 

33. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: A practical and 
powerful approach to multiple testing. J. R Stat. Soc. Series B Stat. Methodol. 1995, 
57, 289–300, doi:10.1111/j.2517-6161.1995.tb02031.x. 

34. Statistics and Machine Learning Toolbox™, Version r2020a; The MathWorks Inc: 
Natick, MA, USA, 2020. 

  



 21 
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identification of UPEC in the environment and the clinic 
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Abstract 
Urinary tract infections (UTIs) caused by uropathogenic E. coli (UPECs) are the 

most common bacterial infection. Recently, UPECs have been hypothesized to be 
transmitted in food, originating from manure-based fertilizer1. We are investigating 
UPECs in a single hospital, Dignity Health Mercy Medical Center (DHMMC) and in 
surrounding agricultural environments to determine if they are a reservoir for hospital 
UPEC isolates in Merced, California. We identified several UPEC associated genes 
(chuA, fyuA, papA, traT, yrbH)2,3 from those environmental samples that are also present 
in the hospital isolates. We also identified the same resistance genes as observed in the 
hospital (blaTEM, blaSHV, blaCTX-M, blaOXA) in environmental samples from surrounding 
cattle feed lots and dairy farms. These results suggest that there may be overlap 
between hospital and environmental populations of E. coli. Taken together, these results 
implicate agricultural sources as likely local reservoirs of antibiotic resistant UTIs and 
indicate that antibiotics may exacerbate their transmission. 
 

Introduction 
Urinary Tract Infections (UTI) are the most common type of bacterial infection in 

the world with an estimated 130-175 million cases annually4,5. In the United States, there 
are 6-8 million UTI cases every year4. UTIs have become hard to treat due to increasing 
resistance to multiple antibiotics2. UTIs are primarily caused by uropathogenic E. coli 
(UPEC) that are genetically and phenotypically distinct from commensal E. coli and 
diarrheagenic E. coli (ExPEC)4. UPEC are characterized by their virulence factors that 
allow them to colonize the bladder which include pathogenicity (yrbH), adhesion (papA), 
iron uptake (chuA, fyuA) and protectin/serum resistance (traT)2. UTIs were originally 
thought be caused by bacteria entering the urethra (ascending infection) from an 
external source or infections caused by patient’s native gut flora4,6. UPEC is the main 
cause of community-acquired UTIs, causing 80-90% of cases7. UPEC have recently 
been identified in retail meat and on animal farms that are similar to human UTI isolates 
with regard to virulence genes, antibiotic resistance genes, and clonal relatedness8,9. 
Recent studies have linked animal food consumption with UTI and due to the increasing 
number of UTI outbreaks, UTIs are now hypothesized to be foodborne.   

The increasing antibiotic resistance in UTIs is of great concern to public health. 
Understanding the source of UPEC causing these infections is a promising route to limit 
the spread of UPEC within a community as well as the dissemination of antibiotic 
resistance among UPEC. We have a collection of UPEC isolates collected between 
2013-2019 from Dignity Health Mercy Medical Center (DHMMC) in Merced, California.  
Merced is one of the top six producing agricultural counties in California whose main 
exports are dairy, almonds, chicken, and cattle10. The magnitude of agricultural influence 
in Merced and abundance of antibiotic resistant UTIs, warrants our investigation of 
UPECs in agriculture. Using a suite of UPEC associated genes and antibiotic resistance 
genes identified at DHMMC, we are investigating surrounding agricultural environments 
associated with animal food production to test the hypothesis that they are a reservoir for 
hospital UPEC at DHMMC.  
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Methods 

 

E. coli genomic database 
I compiled two databases to identify potential UPEC associated genes. We 

obtained E. coli genomes from the NCBI RefSeq database (as of October 2020)11 that fit 
into the following E. coli categories: ten commensal strains, ten ExPEC strains, and 
twenty-one UPEC strains. The list of genome assemblies used to perform this analysis 
can be found in the Supplementary Materials. 

We identified a list of 22 genes associated with UPEC based on their abundance 
in numerous studies which can be found in Table 2-12,3,12–16. We also included genes 
which are part of a type III secretion system previously identified to not be part of the 
UPEC genome to act as negative controls17. We compiled a n-BLAST “subject” dataset 
of UPEC genes of interest to identify their frequency within our E. coli database. Our 

Function Gene Function Gene 

Fimbriae  fimH2,12,13,16 Type III Secretion System 
(T3SS) 

Not present in UPEC 
strains  

eivI25 

Adhesion/Pilus  papA2 eivJ225 

Iron Acquisition feoB2 epaR25 

iutA2,12,13,26 epaS125 

fyuA2,12 yqeF25 

Hemoglobin 
Receptor  

chuA2,12 yqeG25 

Toxin Genes traT2,12 yqeH25 

CNF-114,16 yqeI25 

Other yrbH (D-arabinose 
5- phosphate 
isomerase)3 

yqeJ25 

C3509 (ATP-
binding protein of 
an ABC transport 
system)3 

aer (aerobactin 
siderophores)12,16 

 
Table 2-1. Candidate genes for identifying UPEC isolates.   
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BLAST “subject” dataset was made of representative PCR amplicons of the genes in 
Table 2-1 from primers previously used in the literature.  

The genes were investigated for their correlation to UPEC belong to the following 
categories that are characteristic to UPEC virulence: Fimbrial adhesion for attachment to 
the bladder, iron acquisition for surviving in the iron-limited urinary tract, serum 
resistance to avoid immune response, LPS biosynthesis and bacterial membrane 
transport.  

 

Clinical UPEC database 
We created a second database of sequenced genomes from our collection of 

UPEC-enriched clinical isolates. These isolates were collected over a six-year period 
from the local hospital and sequenced using Illumina Hi-seq paired-end sequencing. 
This database is composed of 116 genomes with 74 UPEC isolates and 42 non-UPEC 
isolates. UPEC for this database was considered E. coli species identified in urine 
sample. The sample types for these isolates include blood, sputum, urine, wound, and 
N/A. Isolates were compiled into a database and a BLAST search was performed with 
our UPEC “subject” dataset to identify the frequency of our genes of interest.  

 

Correlation Analysis and PCA of UPEC genes 
We performed Pearson’s correlation analysis and principal component analysis 

(PCA) on the genes of interest to identify significant positive and negative UPEC 
correlations. A representative UPEC point was plotted on the PCA to illustrate where a 
UPEC isolate would lie with respect to the principal components. We used the results 
from PCA of each of our datasets to identify genes that were correlated with UPEC. 
Genes were then selected based on the magnitude of correlation, either positive or 
negative, and the significance of that correlation (p<0.05). The genes we selected 
clustered near the representative UPEC point on the PCA plots and had significant 
positive correlations with UPEC. For a negative control, we chose a gene that did not 
cluster with UPEC on the PCA plots and was significantly negatively associated with 
UPEC. 
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Function Gene 

Isolates 
Positive 
for Gene   

Isolates 
Negative 
for Gene 

UPEC 
Correlation p-value 

Aerobactin 
siderophore aer 14 26 0.314 0.048* 

ATP-binding 
protein of an 
ABC transport 
system C3509 30 10 0.231 0.152 

Hemoglobin 
receptor chuA 23 17 0.354 0.025* 

Toxin Gene CNF-1 7 33 0.461 0.003* 

traT 13 27 0.374 0.018* 

Iron acquisition feoB 40 0 --- --- 

fyuA 21 19 0.651 0 

iutA 14 26 0.314 0.048* 

Fimbrial 
adhesion fimH 40 1 0.224 0.165 

Part of Type III 
secretion 
system not 
found in UPEC 

eivI 7 33 -0.197 0.222 

eivJ2 14 26 -0.21 0.194 

epaR 15 25 -0.258 0.108 

epaS1 15 25 -0.258 0.108 

kduI 40 0 --- --- 

yqeF 40 0 --- --- 

yqeG 40 0 --- --- 

yqeH 24 16 -0.51 0.001* 

yqeI 22 18 -0.503 0.001* 

yqeJ 22 18 -0.503 0.001* 

yqeK 22 18 -0.503 0.001* 

Pilus gene papA 5 35 0.378 0.016* 

D-arabinose 5- 
phosphate 
isomerase yrbH 19 21 0.551 0.000* 

Table 2-2. Correlation Analysis of candidate UPEC genes from E. coli 
database. An asterisk (*) indicates a statistically significant p-value (< 
0.05). 
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Function Gene 

Isolates 
Positive 
for Gene 

Isolates 
Negative 
for Gene 

UPEC 
Correlation p-value 

Aerobactin 
siderophore aer 85 31 0.275 0.003* 

ATP-binding 
protein of an 
ABC transport 
system C3509 99 17 0.195 0.036* 

Hemoglobin 
receptor chuA 94 22 0.139 0.137 

Toxin Gene CNF-1 26 90 0.276 0.003* 

traT 91 25 0.259 0.005* 

Iron 
acquisition 

feoB 116 0 --- --- 

fyuA 90 26 0.197 0.034* 

iutA 92 24 0.279 0.002* 

Fimbrial 
adhesion fimH 100 16 0.115 0.22 

Part of Type 
III secretion 
system not 
found in 
UPEC 

eivI 32 84 0.104 0.268 

eivJ2 34 82 0.052 0.582 

epaR 45 71 0.121 0.195 

epaS1 45 71 0.121 0.195 

kduI 105 11 0.185 0.047* 

yqeF 104 12 0.156 0.094 

yqeG 105 11 0.185 0.047* 

yqeH 46 70 0.134 0.151 

yqeI 45 71 0.121 0.195 

yqeJ 46 70 0.097 0.298 

yqeK 45 71 0.121 0.195 

Pilus gene papA 3 113 -0.103 0.27 

D-arabinose 
5- phosphate 
isomerase yrbH 88 28 0.204 0.028* 

Table 2-3. Correlation Analysis of candidate UPEC genes from DHMMC 
database. An asterisk (*) indicates a statistically significant p-value (< 0.05). 
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Figure 2-1. Principal components analysis of 
UPEC genes in E. coli database: principal 
components 1 and 2. UPEC have a negative 
association with component 1 and a positive 
association with component 2.  

 
Figure 2-2. Principal components analysis of 
UPEC genes in E. coli database: principal 
components 1 and 3. UPEC have a negative 
association with components 1 and 3. 
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Figure 2-3. Principal components analysis of 
UPEC genes in E. coli database: principal 
components 2 and 3. UPEC have a positive 
association with component 2 and a negative 
association with component 3. 

 

 
Figure 2-4. Principal components analysis of 
UPEC genes in DHMMC database: principal 
components 1 and 2. UPEC have a positive 
association with components 1 and 2. 

 
Figure 2-6. Principal components analysis of 

UPEC genes in DHMMC database: principal 
components. UPEC have a positive association 
with component 2 and a negative association 
with component 3. 
 
 
 
 

 
Figure 2-5. Principal components analysis of 

UPEC genes in DHMMC database: principal 
components 1 and 3. UPEC have a positive 
association with component 1 and a negative 
association with component 3. 
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We designed primers based on six genes positively correlated (Figures 2-1 through 
Figure 2-6) with UPEC and one gene negatively associated with UPEC, to act as a 
negative control.   
 

 

Results 

 

UPEC gene frequencies in genomic databases  
We performed a n-BLAST search of the UPEC genes in our E. coli genomic 

database compiled from commensal, ExPEC, and UPEC genomes from the NCBI 
RefSeq database. A gene was considered present if the length match spanned the full 
gene length and had a percent identity of at least 98%. In our E. coli genomic database, 
we identified chuA in 15 UPEC isolates (71%), 8 Non-UPEC isolates (40%), fyuA in 17 
UPEC (81%), 4 Non-UPEC (20%), papA in 5 UPEC (24%), 0 Non-UPEC (0%), traT in 
10 UPEC (48%), 3 non-UPEC (15%), yrbH in 15 UPEC (71%), 4 non-UPEC (20%), 
yqeK in 6 UPEC (29%), 16 non-UPEC (80%) (Table 2-2).  

We performed a BLAST search of the UPEC genes in our clinical UPEC 
database compiled of sequenced genomes from our collection of UPEC-enriched clinical 
isolates from DHMMC. A gene was considered present if the length match spanned the 
full gene length and had a percent identity of at least 98%. In our clinical UPEC 
database, we identified chuA in 63 UPEC isolates (85%), 31 non-UPEC (74%), fyuA in 
62 UPEC (84%), 28 Non-UPEC (67%), papA in 1 UPEC (1%), 2 Non-UPEC (5%), traT 
in 64 UPEC (87%), 27 non-UPEC (64%), yrbH in 61 UPEC (82%), 27 non-UPEC (64%), 
yqeK in 32 UPEC (43%), 13 non-UPEC (31%) (Table 2-3).  

 

UPEC and ESBL resistance gene frequencies in environmental samples 
We performed PCR of our UPEC genes on six samples from each of our three 

environmental sites.  Presence of any genes in any of the replicates were considered 
present at the site sampled. We identified chuA, yrbH, and traT in all environmental 
sites. We did not identify fyuA, papA, and yqeK in any environmental sites.  

We wanted to compare the antibiotic resistance genotypes in environmental 
samples to the genotypes in UPEC-enriched clinical isolate collection18 which may also 
support animal food source reservoirs for UPEC. We performed PCR to identify the 
following genes blaTEM, blaSHV, blaCTX-M, and blaOXA. We identified blaSHV in all 
environmental sites, blaTEM, blaCTX-M, and blaOXA were identified in 2 out of 3 
environmental sites. The two sites with blaTEM, blaCTX-M, and blaOXA were dairy farms 
while the site without these genes was a cattle feed lot.  
 

Gene Forward 5’→3’ Reverse 5’→3’ Product 
(bp) 

chuA3 GCTACCGCGATAACTGTCAT TGGAGAACCGTTCCACTCTA 221 

fyuA2 TGATTGACCCCGCGACGGGAA CGCAGTAGGCACGATGTTGTA 785 

papA2 ATGGCAGTGGTGTTTTGGTG CGTCCCACCATACGTGCTCTTC 739 

traT2 GGTGTGGTGCGATGAGCACAG CACGGTTCAGCCATCCCTGAG 288 

yrbH3 TTGCACCAACAACGTCTACC TCTGCGTCTTCTACCATCAC 259 

yqeK17 TGCCCATGATGTTGTTTGCG TGGACATTGAGTTTTCGCAGAT 140 

Table 2-4. List of PCR primer pairs of UPEC-associated genes and their expected product size 
. 
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Discussion 
 

The suite of genes chosen to identify UPEC in our environmental isolates are 
responsible for characteristic pathogenicity of UPEC and colonization of the urinary tract. 
chuA and fyuA are involved in the uptake of iron from host cells and successful biofilm 
formation in the iron-deplete urinary tract19. chuA is a heme transporter protein UPEC 
use to acquire iron from heme20. fyuA in responsible for iron uptake and essential for 
biofilm formation. papA is part of a pathogenicity island that is responsible for pilus 
formation during initial attachment of UPEC to the urinary tract7. traT protects UPEC 
from the host immune response by providing serum resistance contributing to the overall 
pathogenicity of UPEC2. yrbH encodes an isomerase required for the biosynthesis of the 
lipopolysaccharide (LPS) layer present on all Gram-negative bacteria21. yqeK is a gene 
within a second type III secretion system operon, ETT2. ETT2 has differential expression 
across E. coli types17. The downregulation of ETT2 is associated with the decrease in 
flagellar proteins and an increase in fimbriae22. Each of these genes contributes to the 
numerous characteristics that make UPEC unique. Identification of any combination of 
these genes in an environmental sample lends support to the presence of UPEC.  

There were differences in the abundance of UPEC-associated and antibiotic 
resistance genes in the environmental and clinical isolates. In the environmental 
samples, fyuA and papA were not identified despite their frequency in the clinical 
databases and significant correlation to UPEC. We did identify chuA, yrbH, and traT in 
all environmental sites which suggests there are UPEC in environmental associated with 
animal food production. We wanted to compare the antibiotic resistance genotypes in 
environmental samples to the genotypes in UPEC-enriched clinical isolate collection18 
which may also support animal food source reservoirs for UPEC. Two of the sites were 
positive for blaTEM, blaSHV, blaCTX-M, and blaOXA and one site was positive for blaSHV only. 
The sites positive for blaTEM, blaSHV, blaCTX-M, and blaOXA were dairy farms while the site 
with blaSHV only was a cattle feed lot. On average, dairy cattle receive larger amounts of 
more classes of antibiotics more frequently throughout their lives23,24. Our antibiotics 
resistance gene findings support the higher prevalence of antibiotics used in cattle for 
dairy or at dairy farms as opposed to use in beef cattle. Taken together, the results show 
that UPEC identified at animal food production sites are not moving directly into 
hospitals. Future research will be to enrich for E. coli in the environmental samples then 
sequence individual environmental isolates. Genomic sequences will be used determine 
environmental E. coli isolates relatedness to clinical isolates to identify their relatedness 
to one another. Other future directions will be to identify variation among the ESBL and 
UPEC genes on interest.   
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common ESBL genes 
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Abstract 
The fitness effects of antibiotic resistance genes under selection and 

dissemination of resistant bacteria throughout infectious and environmental bacterial 
populations. The interplay between these genes and their fitness effects in combination 
with each other remain largely unknown and undescribed. The ability to develop further 
insights into the fitness effects that result from the expression of multiple resistance 
genes and the effects of antibiotic consumption on multiple drug resistance has been 
severely hindered by a lack of comprehensive expression libraries of resistance genes. 
We catalyze the advancement of our knowledge about the cause/effect relationships of 
antibiotic consumption and resistance, we have created a plasmid vector-based 
construct library expressed in DH5α E. coli with natural gene expression and differential 
antibiotic resistant phenotypes as a tool to test antibiotic consumption on selection of 
ESBL resistance genes. Based on the frequency and genetic linkage trends of the ESBL 
resistance genes identified at DHMMC, we designed the construct library to contain the 
sixteen potential gene combinations of blaCTX-M-15, blaOXA-1, blaSHV-2, and blaTEM-10 (COST) 
identified at DHMMC. The COST library has been validated to express the appropriate 
differential phenotypes.  

 

Introduction 
Antibiotic consumption mainly involves the indiscriminate use of antibiotics in a 

myriad of applications. The link between antibiotic consumption and antibiotic resistance 
is well documented and is the primary driver of antibiotic resistance1.  Between 2000 and 
2015, global antibiotic consumption increased 65% with documented parallel increases 
in antibiotic resistance1. The United States is the top consumer of antibiotics among high 
income countries1. Consumption of cephalosporins (specifically, third generation 
cephalosporins) has decreased in high income countries while it has increased in low 
middle income countries. Consumption of third generation cephalosporins is associated 
with the emergence of ESBL-producing bacteria1. There have been marked increase in 
the use of broad-spectrum antibiotics has increased globally, irrespective of a country’s 
income. The use of broad-spectrum treatment as a result of empirical therapies over 
theoretical therapies based on culture identification and resistance phenotype can result 
in ineffective clearance of the infection-causing bacteria2. This inappropriate use of 
antibiotics creates evolutionary selective pressure on bacteria to develop and spread 
antibiotic resistance chromosomally or on plasmids. In the presence of antibiotics, select 
bacteria can resist, reproduce, and generate resistant strains of themselves2. Treatment-
induced resistance results from selection of existing resistant strains rather than the 
evolution of resistance in the predominant infection-causing strain within a patient3. Non-
human use of antibiotics include their use for the prevention and treatment of animal 
disease and the promotion of growth or productivity in food producing animals2. 
Antibiotics are also used extensively on crops to improve productivity by preventing or 
curing disease4.  

Current research on antibiotic resistance relies on surveillance studies to identify 
antibiotic resistant genotypes and phenotypes in the clinic. While this is critical for 
identifying resistance and susceptibility patterns of clinical isolates, there are likely 
unidentified genes and or accessory elements contributing to these patterns not taken 
into consideration. The COST vector is a defined system with four clinically relevant 
genes and their natural regulatory components. Conclusions drawn from experiments 
with the COST vector can pinpoint the specific fitness contributions and resistance 
phenotypes by each COST gene or combination of COST genes. Fitness experiments 
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with the COST vector will explain why some certain resistance gene combinations are 
identified in the clinic and why others are not. Identifying the fitness of the COST 
constructs in clinically relevant antibiotics will elucidate the trends identified in 
surveillance studies of clinical isolates. 

It is critical to understand the evolutionary selection antibiotic consumption has 
on antibiotic resistance trends. Previous experimental work on the antibiotic selection on 
resistance genotypes was able to leverage selective pressure, in the form of sequential 
administration of different antibiotics to select for any particular resistance genotype of 
the sixteen TEM alleles tested5. Previous work has also shown that different resistance 
genes are genetically linked and can spread together at different frequencies6. We 
designed a plasmid vector that expresses four common ESBL genes CTX-M-15, blaOXA-

1, blaSHV-2, and blaTEM-10  (COST), a tetracycline selectable marker, and a restriction site 
for an additional gene. blaCTX-M-15 is one of the most widely disseminated ESBL 
resistance gene worldwide7.  blaCTX-M-15 confers resistance to the third generation 
cephalosporins with enhanced hydrolytic activity against ceftazidime8. blaOXA-1 confers 
resistance to aminopenillins, ureidopenicillins, and narrow spectrum penicillins. blaOXA-1 

frequently occurs in combination with blaCTX-M-15 resulting in resistance to combination -

lactam--lactamase inhibitor therapy9. blaSHV-2 is a successful SHV variant that confers 

resistance to 3rd generation cephalosporins with limited hydrolytic ability of ceftazidime10. 
blaTEM-10  is one of the over one hundred variants of TEM variant that confers ceftazidime 
resistance. Using this vector, we were able to create a construct library that contains 
sixteen potential genotype combinations of these common ESBL genes observed in the 
clinic expressing differential antibiotic resistance phenotypes.  

 

Methods  

Cost plasmid vector sequence design   
The pBR322 plasmid vector containing four ESBL genes, blaCTX-M-15, blaOXA-1, 

blaSHV-2, and blaTEM-10  was designed using the Benchling platform11. Using NCBI BLAST, 
I found numerous representative genomes for each gene. For blaCTX-M-15, I ran n-BLAST 
on the gene and identified and downloaded eleven E. coli and K. pneumoniae genomes 
which contained blaCTX-M-15. Using Benchling, I made an alignment of the upstream and 
downstream regions flanking blaCTX-M-15 gene between neighboring genes. This was 
done to ensure my alignment had all the regulatory regions for blaCTX-M-15and to identify 
essential conserved regions of the gene in a plasmid or genome. The conserved regions 
contained the -35 and -10 regions, identified using the annotations from NCBI as well as 
conserved regions across genomes flaking blaCTX-M-15. The consensus sequence derived 
from this alignment was used as the blaCTX-M-15gene insert for the plasmid vector. This 
was done for blaOXA-1 and blaSHV-2. For blaOXA-1, I used twelve representative genomes 
from E. coli and K. pneumoniae. For blaSHV-2 I used seven representative genomes from 
E. coli and Klebsiella species (K. pneumonia and K. michiganensis)  

For TEM-10 I used eight representative genomes from E. coli, Acinetobacter 
baumannii, K. pneumonia, and the cloning pBR322 vector. We planned to use the Amp 
resistance marker included in pBR322, blaTEM-1, with all its regulatory elements as our 
TEM-10 insert by changing the sequence at where blaTEM-1 and blaTEM-10 differ. After 
downloading the genomes containing blaTEM-1 and blaTEM-10 and aligning them, I was able 
to identify the conserved regions and places where blaTEM-1 and blaTEM-10 differ. The 
consensus sequence was derived to include all conserved regulatory regions across 
genomes with respect to pBR322 and blaTEM-10 mutations. 
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The blaTEM-1 sequence in pBR322 was edited to code for blaTEM-10  while blaSHV-2, 
blaOXA-1 and blaCTX-M-15 genes were inserted downstream of blaTEM-10. The orientations of 
each gene were maintained from the plasmids in which they were identified. TEM-10 
and blaSHV-2 are located on the reverse strand while blaOXA-1 and blaCTX-M-15are on the 
forward strand.  

Restrictions enzyme sites were identified using Benchling. I performed a vector 
wide search to identify New England Biolabs (NEB) restriction sites not found in pBR322 
containing all gene inserts. From this list, I excluded restriction sites with methylation 
issues and limited the list further to those restriction enzymes whose reactions occur in 
the same reaction buffer which consisted of nine potential restriction enzymes. I 
searched the vector for sequences similar to those restriction sites, limiting my search to 
one to three nucleotide changes. I was able to identify and incorporate eight restriction 
sites before and after each gene with limited nucleotide changes (MfeII, SpeI, AvrII, 
SacI, AflII, SbfI, PacI, and KpnI). I ran another search of restriction sites in the vector to 
determine if newly inserted restriction sites created any issues (new restriction sites) and 
verified these sites occurred only once in the vector sequence. Finally, using Benchling’s 
virtual digestion feature, I ran digestions to verify my restriction sites resulted in the 
appropriate constructs.  

 An additional restriction site was added for a fifth gene or genetic marker to be 
tested in combination for future projects. I added the restriction site, BsaBI, near the 
tetracycline selectable marker, downstream of the gene that can be used as an 

 
Figure 3-1. Diagram of COST vector.  
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additional insert site once constructs have been created. Just after digesting the vector 
into the 16 constructs inserting the additional genetic marker or a barcode so the single 
construct libraries have unique identifiable regions for sequencing or qPCR. 
 

COST plasmid vector library creation 
I created a construct library to be able to test fitness and selection of the different 

ESBL genes and different combination of ESBL genes. I performed sequential restriction 
digestions of the COST vector, removing a single gene at a time resulting in 16 different 
combinations of ESBL genes expressed in E. coli: COST, COT, COS, CST, OST, CO, 
CS, CT, OS, OT, ST, C, O, S, T, and Empty. 

Twenty mL of COST expressed in DH5 alpha E. coli in LB Miller broth was spun 
down into a pellet at 16,000 rpm in 30 second increments until all 20mL of culture was 
used to make the pellet. The pellet was then processed using the NEB Monarch Mini 
Plasmid Prep Kit to extract plasmid DNA. Gel electrophoresis was used to confirm the 
presence of plasmid DNA. 2µg of plasmid DNA was used with 2µL of 2 restriction 
enzymes were used in double digestion of plasmid DNA to remove a single ESBL gene. 
Restriction digestions where incubated at 37°C for 1 hours followed by spin column 
clean-up using the NEB Monarch PCR clean up kit to stop the digestion and remove 
gene cut from vector. Gel electrophoresis was performed to confirm appropriate 
digestion sizes based on construct digested and gene removed. Blunting was performed 
to clean up digested over-hanging ends of the vector to make ligation easier. The 
blunting reaction was incubated at room temperature for 30 minutes then 70°C for 10 
minutes to inactivate the blunting enzymes. 17µL of blunted DNA was used to ligate 
vector ends together (2µL ligase buffer, 1µL ligase). The ligation reaction was incubated 
at room temperature for 2 hours, then 65°C for 10 minutes to inactivate ligase. Spin 
columns were used to remove salts and ethanol prior to transformation. 20µL of ligated 
vector DNA was added to spin columns, centrifuges at 800xg for 2 minutes. Between 5-
15µL of vector DNA was added to 40µL of competent DH5α E. coli cells, electroporated, 
and incubated in 2mL SOC media at 37°C on a rotor for 1 hour. 100-200µL of 
transformed cells were plated on LB-tet plates overnight. Single colonies were picked for 
PCR to verify the correct genes were present and then streaked on LB tet plates to 
obtain single pure colonies. A single pure colony was used to inoculate LB tet broth and 
incubated at 37°C overnight. The broth culture was spun down at 3500xg for 10 minutes 
to pellet cells. 1mL of glycerol was used to resuspend pellet then stored at -80°C for long 
term storage. This was done for all sixteen constructs.  
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ESBL resistance phenotype assay of COST vector construct library: Disk 
diffusion 

I performed a Disk Diffusion assay to confirm ESBL activity and differential 
expression of ESBL genes in the different plasmid constructs. I streaked the following 
constructs onto LB-tet plates: COST, COT, CST, COS, OST, CO, OS, OT, O, and the 
empty vector. Constructs were grown at 37ºC overnight then single colonies were 
selected to inoculate Mueller-Hinton (MH) Broth in a standing culture overnight at 37°C. 
100µL of each MH broth culture was used to inoculate MH plates and spread evenly 
across the plates with sterile glass beads. Two MH plates of each culture were 
inoculated. Plates were left to dry for 10 minutes. The antibiotics and their 
concentrations in Table 3-2. were stamped on the inoculated MH plates. Plates were 
grown for 18 hours at 37°C and then zones of inhibition were measured.  

  
 

Antibiotic Disk Concentration (µg/µL) Class and Generation 

Ceftriaxone (CRO) 30  Cephalosporin, 3rd 

Imipenem (IPM) 10  Carbapenem, 1st 

Cefoxitin (FOX) 30 Cephamycin, 2nd 

Cefepime (FEP) 30 Cephalosporin, 4th 

Amoxicillin+ Clavulanic Acid 
(AMC) 

30 Penicillin, 3rd + inhibitor 

Cefotetan (CTT) 30 Cephamycin, 2nd 

Ceftazidime (CAZ) 30 Cephalosporin, 3rd 

Ampicillin (AM) 10 Penicillin, 3rd 

Table 3-2. Antibiotic abbreviations, concentrations, class, and generation of antibiotics 
disks used for Mueller-Hinton Disk Diffusion assay.  

Construct  Genes Size (bp) 

COST blaCTX-M-15, blaOXA-1, blaSHV-2, blaTEM-10, tetR 7826 

COT blaCTX-M-15, blaOXA-1, blaTEM-10, tetR 6651 

COS blaCTX-M-15, blaOXA-1, blaSHV-2, tetR 6800 

CST blaCTX-M-15, blaSHV-2, blaTEM-10, tetR 6805 

OST blaOXA-1, blaSHV-2, blaTEM-10, tetR 6686 

CO blaCTX-M-15, blaOXA-1, tetR 5625 

CS blaCTX-M-15, blaSHV-2, tetR 5779 

CT blaCTX-M-15, blaTEM-10, tetR 5630 

OS blaOXA-1, blaSHV-2, tetR 5660 

OT blaOXA-1, blaTEM-10, tetR 5515 

ST blaSHV-2, blaTEM-10, tetR 5666 

C blaCTX-M-15, tetR 4411 

O blaOXA-1, tetR 4493 

S blaSHV-2, tetR 4640 

T blaTEM-10, tetR 4491 

Empty tetR 3472 

Table 3-1. List of COST construct library abbreviations, genes present, and vector size.  
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ESBL resistance phenotype assay of COST vector construct library: Minimum 
inhibitory concentration 

I performed a preliminary minimum inhibitory concentration (MIC) assay to further 
identify different resistance phenotypes among the COST construct library. MICs are a 
preliminary step for growth rate assays as they determine the minimum concentration of 
antibiotic required to inhibit growth. Growth rate assays use the concentration just below 
the MIC to determine the inhibitory but sublethal concentration. This concentration can 
capture selection and be used to determine bacteria fitness in the presence of specific 
antibiotics. The purpose of preforming the preliminary MICs is to determine suitable 
antibiotic concentrations for each antibiotic to be tested with all constructs.  

I performed MICs on all sixteen constructs using the following antibiotics and 
inhibitor combinations: Meropenem, Meropenem + avibactam (4µg/µL), Aztreonam, and 
Ertapenem. Constructs were streaked for isolation onto LB + tet plates overnight at 
37°C. Single colonies were selected and used to inoculate 10mL of LB Miller broth + tet. 
Standing cultures were incubated overnight at 37°C. Absorbance readings were taken 
for each construct broth culture to determine the amount of each culture to add to obtain 
a concentration of 2 x 105 cells/mL of Mueller-Hinton II broth. Antibiotic concentrations 
were serially diluted using MHII broth cultures. Meropenem concentrations without the 
inhibitor ranged from 4096 to 0.0625 µg/µL. 180µL of MHII broth cultures and 20µL of 

Construct CRO 
30 

IPM 10 FOX 
30 

FEP 30 AMC 
30 

CTT 30 CAZ 
30 

AM 10 

Empty 31 mm 30 mm 30 mm 32 mm 21 mm 31 mm 30 mm 8 mm 

COT 0 28 31 11 10 27 12 0 

CO 0 26 29 12 9 29 14 0 

OST 16 31 32 20 16 32 0 0 

CST 6 30 31 15 16 31 10 7 

COST 0 26 30 12 15 28 10 0 

OS 16 30 32 21 15 30 20 0 

COS 0 30 32 13 11 30 14 0 

OT 33 29 32 33 21 33 13 0 

O 35 27 30 36 19 30 29 8 

Table 3-3. Mueller-Hinton Disk Diffusion susceptibility assay results. The antibiotic 
susceptibility results from each construct tested. The zone of inhibition is the diameter 
measured in millimeters (mm). A susceptible result is indicated by green, an intermediate 
result is indicated by yellow, and a resistant result is indicated by red according to CLSI and 
EUCAST standards.  
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10X Meropenem were used to create the initial 4096 µg/µL concentration then serially 
diluted to 0.0625 across seventeen wells. Aztreonam, Ertapenem, and Meropenem + 
avibactam (4µg/µL) concentrations ranged from 1024 to 0.0625µg/µL. For Aztreonam 
and Ertapenem 180µl of MHII broth cultures and 20µL of 10X antibiotic concentrations 
were used to create the initial 1024 µg/µL concentration then serially diluted to 0.0625 
µg/µL across fifteen wells. For Meropenem + Avibactam, 185µL of MHII broth cultures 
and 5µL of 40X Meropenem were used to create the initial 1024µg/µL concentration then 
serially diluted to 0.0625µg/µL across fifteen wells. 10µL of 20X avibactam was added to 
each well after serial dilutions were done to create a 4µg/µL concentration in each well. 
Control wells for each construct were used for each antibiotic treatment to serve as a 
positive control for construct growth. 

MIC results were read at 18 hrs. MICs were determined to be the well with the 
lowest antibiotic concentration with no growth. 

 

 

  Meropenem Meropenem 
+Avibactam 

(4µg/µL) 

Aztreonam Ertapenem 

Empty <0.0625  <0.0625  <0.0625  <0.0625  

COT <0.0625  <0.0625  256  256  

CO <0.0625  <0.0625  128  <0.0625  

OST <0.0625  <0.0625  32  <0.0625  

CST <0.0625  <0.0625  256  <0.0625  

COST <0.0625  <0.0625  128  <0.0625  

OS <0.0625  <0.0625  4  <0.0625  

COS <0.0625  <0.0625  256  <0.0625  

OT <0.0625  <0.0625  32  <0.0625  

O <0.0625  <0.0625  <0.0625  <0.0625  

CS <0.0625  <0.0625  64  <0.0625  

CT <0.0625  <0.0625  256  <0.0625  

ST <0.0625  <0.0625  64  <0.0625  

C <0.0625  <0.0625  256  <0.0625  

S <0.0625  <0.0625  4  <0.0625  

T <0.0625  <0.0625  16  <0.0625  

Table 3-4. MIC results for all constructs in Meropenem, Meropenem + Avibactam, 
Aztreonam, and Ertapenem. The colors of the boxes indicate the level of susceptibly to the 
antibiotics based in EUCAST 2022 and CLSI 2021 standards. Green indicates susceptibility, 
white indicates intermediate susceptibility, and red indicates resistance.  
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Sequencing primer design to confirm sequence of constructs  
The COST construct library was created by performing sequential restriction 

digestions of the COST vector into all possible gene combinations. To determine the 
correct vector sequence has been maintained throughout restriction digestions, it is 
important to sequence all of the constructs. I designed a series of sequencing primers to 
be used on all constructs to confirm the sequence of each COST construct. These 
primers are designed to capture areas of variation between constructs resulting in 
different length PCR products to be sent for sequencing. Each primer has been tested in 
silico on all constructs. A list of primers is provided in Table 3-5.  

 

Results 

 

Disk Diffusion 
The distinction between susceptible, intermediate, and resistant are determined 

by the European Society of Clinical Microbiology and Infectious Diseases (EUCAST) and 
the Clinical and Laboratory Standard Institute (CLSI) standards for disk diffusion based 
on the diameter of the zone of inhibition around the antibiotic disks listed in Table 3-
312,13. All constructs were susceptible to imipenem, cefoxitin, and cefotetan. All 
constructs are resistant to ampicillin. All constructs with blaCTX-M-15are resistant to the 
third generation cephalosporins (ceftriaxone and ceftazidime). These results are 
indicated by a disk diameter of less than 19mm for ceftriaxone and ceftazidime. All but 
one of the constructs with blaSHV-2 are resistant to 3rd generation cephalosporins. The OS 
construct shows intermediate resistance to ceftazidime. This intermediate result is 
indicated by a disk diameter of 20mm. Constructs with blaTEM-10  confer resistance to 
ceftazidime in constructs without blaCTX-M-15 or blaSHV-2 (OT). Constructs with only blaOXA-1 
and blaOXA-1 and blaTEM-10  were susceptible to the most antibiotics. blaOXA-1 conferred 
resistance to ampicillin and in combination with blaTEM-10  resistance to ceftazidime.  
 

Minimum inhibitory concentration  
The distinction between susceptible, intermediate, and resistant are determined 

by the European Society of Clinical Microbiology and Infectious Diseases (EUCAST) and 
the Clinical and Laboratory Standard Institute (CLSI) standards for MIC based on the 
growth in the concentrations of the antibiotics listed in Table 3-4.  

Primer region Forward 5’→3’ Reverse 5’→3’ 

TEM_TET GGCCTATCACGAGGCCCTTTCG GTGAATCCGTTAGCGAGGTGCCG 

TEM GCAACTGTGACGCTCAGTGGAACG CGAAAGGGCCTCGTGATACGCC 

SHV GCAAAGTCACAGACCGCGGGAT CCACTGAGCGTCACAGTTCCTGC 

OXA AACCCTTCCATCGAGGGGGACG GCGGTCTGTGACTTTGCCGTCT 

CTXM CTGCGCTCTGCTGAAGCCAGTT CGTCCCCCTCGATGGAAGGGTT 

MISC_CTXM GTAAAAAGGCCGCGTTGCTGGC GTAACTGGCTTCAGCAGAGCGC 

TET_MISC CAGCAACGCGGCCTTTTTACGG CTCGACCTGAATGGAAGCCGGC 

Table 3-5. List of PCR sequencing primer pairs and the regions in the construct vector they 
amplify. These primers result in amplicons which span the length of all vector constructs.  
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All constructs were susceptible to meropenem and meropenem + avibactam as 
indicated by inhibition of growth in the presence at concentrations below 0.0625µg/µL. 
All but one of the constructs were susceptible to ertapenem based on an MIC of less 
than 0.0625 µg/µL. The COT construct containing blaCTX-M-15, blaOXA-1, and blaTEM-10  
showed resistance to ertapenem with an MIC of 265µg/µL. The construct with no 
resistance genes and the construct with only blaOXA-1 were susceptible to aztreonam with 
MICs of less than 0.0625µg/µL. The blaOXA-1 and blaSHV-2 construct (OS) and the blaSHV-2 
construct (S) both showed intermediate resistance to aztreonam with MICs of 4µg/µL. 
The remaining constructs were resistant to aztreonam.  

 

Discussion 

 

Disk diffusion 
The results of the MH disk diffusion assay show expected differential gene 

expression across constructs. blaCTX-M-15 is responsible for conferring resistance to 3rd 
generation cephalosporins. The MH disk diffusion results reflect this activity. blaTEM-10  
confers ceftazidime resistance. This is illustrated by the blaTEM-10  construct (T) due to its 
susceptibility to all antibiotics except ceftazidime in which it is resistant. blaOXA-1 confers 
resistance to aminopenillins, ureidopenicillins, and narrow spectrum penicillins. The 
limited resistance conferred by the blaOXA-1 construct (O) is due to its broad-spectrum ß-
lactamase activity, as opposed to extended spectrum activity. blaSHV-2 confers resistance 
to 3rd generation cephalosporins. The intermediate susceptibility to ceftazidime by blaOXA-

1  and blaSHV-2 (OS) is due to the combination of blaOXA-1 not contributing resistance to 
ceftazidime and blaSHV-2 has limited hydrolytic ability of ceftazidime. This is due to a lack 
of the E240K mutation which allows for catalyzation of the bulky side group in 
ceftazidime14.  
 

Minimum inhibitory concentration 
Meropenem and ertapenem are carbapenem antibiotics which are proven 

effective against ESBL-producing bacteria which are resistant to penicillins and 
cephalosporins15. Susceptibility to meropenem for all constructs is in line with expected 
results. The overall susceptibility to ertapenem by all but one construct (COT) is in line 
with expected results. The high MIC for ertapenem seen with the COT construct is 
unusual and likely due to error (pipetting) and not a consequence of high resistance 
conferred by COT. This should be double checked by performing additional replicates of 
this experiment. 

Aztreonam is a monobactam antibiotic for use against Gram-negative bacteria 
but is generally ineffective against ESBLs and E. coli. The results in Table 3-4 follow that 
trend with resistance by all constructs with the ESBL genes blaCTX-M-15 and blaTEM-10. The 
constructs with ESBL genes that show susceptibility or intermediate susceptibility are 
blaOXA-1 and blaSHV-2 (OS), blaSHV-2 (S), and blaOXA-1 (O). Constructs with blaSHV-2 have 
intermediate resistance/susceptibility to aztreonam likely due to their inability to process 
the bulky sidechain of aztreonam14. The susceptibility to aztreonam by blaOXA-1 (O) can 
be attributed to the fact that it is not an extended spectrum β-lactamase, but rather a 
broad-spectrum β-lactamase. blaOXA-1 is often found in isolates with other ESBLs and 
confers additional resistance.   
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Differential phenotypes of COST 
The COST plasmid vector library is a critical tool for testing the effects of 

antibiotic consumptions on the selection of four common ESBL genes. The COST vector 
construct library contains all combinations the ESBL genes and expresses differential 
resistance phenotypes those combinations. Future work would include testing the fitness 
of the different COST vector constructs in clinically relevant antibiotics will shed light on 
selection of individual genes and different combinations of genes. This will be essential 
in the face of the antibiotic resistance crisis that plagues the US and globe. 
Understanding how selection works is key to mitigate unnecessary deaths and to 
maintain the efficacy of current antibiotics.  

The COST vector provides an elegant tool for understanding the selection of 
antibiotic resistance genotypes using multiple clinically relevant resistance genes. The 
expected results of work performed with the COST vector will allow for controlled studies 
addressing the relationship between antibiotic consumption and the selection of 
resistance genes and combinations of genes. Future fitness experiments with the COST 
vector are likely to identify antibiotics or combinations of antibiotics that will prove 
disadvantageous to problematic combinations of these genes. The results can be used 
to update guidelines for UTI treatment with antibiotics and inform effective antibiotic 
cycling protocols.



 

Prospectus 
 

The research presented throughout this dissertation addresses two facets of 
public health concerns in Merced, CA, and provides an important tool for investigating a 
third. In the second chapter, antibiotic resistance trends from the local hospital, DHMMC, 
revealed elevated resistance compared the nationwide US. The elevated resistance was 
evident on several fronts. At DHMMC, there were higher frequencies of blaCTX-M, which 
confers resistance to later generation antibiotics. There was also evidence of blaTEM 
displacement by blaCTX-M, which indicates selection for higher resistance genotypes. 
Nationwide, there were high frequencies of blaTEM in combination with negative gene 
correlations between blaTEM and blaSHV, blaCTX-M, and blaOXA. These results suggest less 
multidrug resistance nationwide because most of the isolates have blaTEM and are less 
likely to have any other resistance genes. There were significant positive genetic 
correlations between blaTEM, blaSHV, blaCTX-M, and blaOXA in K. pneumoniae isolates which 
suggests multidrug-resistant strains at DHMMC. This is in opposition to trends 
nationwide where there were negative gene correlations between blaSHV and all other 
resistance genes. Overall, the antibiotic resistance trends in Merced deviate significantly 
from the nationwide U.S. In the second chapter, we investigated a potential source of 
these resistance trends at DHMMC.  

Our clinical isolate collection from DHMMC is enriched with UTI samples caused 
by uropathogenic E. coli. Recent literature suggests UPEC are a foodborne illness 
caused by ingesting contaminated food products16. Since Merced is a top agriculture 
producer of dairy and cattle, we sought to investigate the presence of UPEC in local 
agriculture sites associated with animal food production. We identified a suite of genes 
(chuA, fyuA, papA, traT, yrbH, yqeK) significantly correlated with UPEC to rapidly 
identify UPEC. We collected environmental samples from two dairy farms and one cattle 
feed lot in Merced and found three out of the five genes positively correlated with UPEC 
at all sites. We also investigated the level of antibiotic resistance at these agriculture 
sites with respect to the trends we found at DHMMC. We identified blaTEM, blaSHV, blaCTX-

M, and blaOXA at two of the three sites surveyed. The remaining site was positive for only 
blaSHV. These results reveal the presence of UPEC and antibiotic resistance genes at 
agricultural sites surrounding Merced that are also found in UTI samples from the local 
hospital. The differences in abundance of the genes identified, suggest that there is not 
direct movement of UPEC from agricultural sites into DHMMC. It is worth noting, we only 
looked at one point along the food chain and can only make conclusions about the 
environment of dairy farms and cattle feed lots in Merced. Future research, would 
include collecting samples from food animals (cows and chickens) and environmental 
samples from a wide variety of agriculture sites, including chicken farms. Using the 
UPEC genes we identified, future research can quickly identify the presence of UPEC in 
a sample and proceed with genome sequencing for targeted bioinformatic and 
phylogenetic analysis.   
 Previous work done in the Barlow, lab was able to use antibiotics to drive 
selection of desired TEM genotypes5. Combining this previous work with the surveillance 
work done in chapter one, I designed a customizable plasmid vector of antibiotic 
resistance genes from the families of genes I identified at DHMMC. The plasmid vector 
has blaCTX-M-15, blaOXA-1, blaSHV-2, and blaTEM-10 (COST) under the natural expression of 
their own promoters flanked by unique restriction enzyme sites, a tetracycline selectable 
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marker, and a restriction site for an additional gene. I designed the COST plasmid vector 
as a tool for understanding the antibiotic resistance phenotypes of resistance genes in 
combination with each other and alone. I performed sequential restriction enzyme 
digestion of each gene to make constructs of the sixteen possible gene combinations 
expressed in E. coli. I tested the COST construct library using two antibiotic susceptibility 
assay, Mueller-Hinton disk diffusion and minimum inhibitory concentration, and 
confirmed the differential resistance phenotype in all constructs. The COST vector and 
subsequent vector construct library is an important tool to understand how resistance 
genes confer resistance in combination with one another and alone. Future research will 
make use of the COST vector and construct library to study the effects of antibiotic 
consumption on the selection of different resistance genotypes.  
 The research in this dissertation has highlighted the need for and created tools to 
address important public health concerns in Merced. This research highlights the 
importance of continued surveillance of antibiotic resistance genotypes, identified a 
potential reservoir for antibiotic resistant UPEC, and developed an important tool to test 
ongoing selection of observed antibiotic resistance genotypes.   

While my work focused on serving the local community, it is important to the 
nation and world as the Merced area encompasses many aspects of the antibiotic 
resistance problem. This research has created approaches and tools for studying a local 
region that are important in that they can be translated nationwide and worldwide.  
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Appendices  
List of genomes for E. coli database with accession numbers 
 
Commensal strain genomes: 
GCF_000005845.2_ASM584v2_genomic.fna.gz   
GCF_000333215.1_ASM33321v1_genomic.fna.gz   
GCF_001566335.1_ASM156633v1_genomic.fna.gz  
GCF_003546975.1_ASM354697v1_genomic.fna.gz 
GCF_000010245.2_ASM1024v1_genomic.fna.gz  
GCF_000714595.1_ASM71459v1_genomic.fna.gz   
GCF_001878695.1_ASM187869v1_genomic.fna.gz 
GCF_000017765.1_ASM1776v1_genomic.fna.gz  
GCF_001544635.1_ASM154463v1_genomic.fna.gz  
GCF_002843685.1_ASM284368v1_genomic.fna.gz 
 
ExPEC strain genomes: 
GCF_000006665.1_ASM666v1_genomic.fna.gz   
GCF_000167815.1_ASM16781v1_genomic.fna.gz  
GCF_000168095.1_ASM16809v1_genomic.fna.gz  
GCF_009766185.1_ASM976618v1_genomic.fna.gz 
GCF_000008865.2_ASM886v2_genomic.fna.gz   
GCF_000167875.2_ASM16787v2_genomic.fna.gz  
GCF_000732965.1_ASM73296v1_genomic.fna.gz 
GCF_000017745.1_ASM1774v1_genomic.fna.gz  
GCF_000167895.3_ASM16789v3_genomic.fna.gz  
GCF_000948445.1_ASM94844v1_genomic.fna.gz 
 
UPEC strain genomes: 
GCF_000007445.1_ASM744v1_genomic.fna.gz    
GCF_000285655.3_EC958.v1_genomic.fna.gz     
GCF_002024865.1_ASM202486v1_genomic.fna.gz         
GCF_014262945.1_ASM1426294v1_genomic.fna.gz 
GCF_000013265.1_ASM1326v1_genomic.fna.gz   
GCF_000295775.2_ASM29577v2_genomic.fna.gz   
GCF_003028795.1_ASM302879v1_genomic.fna.gz         
GCF_014858525.1_ASM1485852v1_genomic.fna.gz 
GCF_000013305.1_ASM1330v1_genomic.fna.gz   
GCF_000968515.1_ASM96851v1_genomic.fna.gz   
GCF_004664245.1_ASM466424v1_genomic.fna.gz         
GCF_014930875.1_ASM1493087v1_genomic.fna.gz 
GCF_000026325.1_ASM2632v2_genomic.fna.gz   
GCF_000971615.1_ASM97161v1_genomic.fna.gz    
GCF_009761195.1_FMVZ-USP_UPEC_V2-6_genomic.fna.gz 
GCF_000026345.1_ASM2634v1_genomic.fna.gz   
GCF_001693315.1_ASM169331v1_genomic.fna.gz  
GCF_009761205.1_ASM976120v1_genomic.fna.gz 
GCF_000214765.2_ASM21476v3_genomic.fna.gz  
GCF_001742465.1_ASM174246v1_genomic.fna.gz  
GCF_014219985.1_ASM1421998v1_genomic.fna.gz 
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List of COST Vector Construct Library Sequences 
>COST- pBR322 expressing CTX-M-15, OXA-1, SHV-2, TEM-10 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgcggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
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tgtcactggctgagcttagcgcggccgcgctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcg
gcccggctagcgtcaccgcgttcgcccgacagctgggagacgaaacgttccgtctcgaccgtaccgagccgacgttaaa
caccgccattccgggcgatccgcgtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgctgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatc
tggccaaaagatcgtgcgccgctgattctggtcacttacttcacccagcctcaacctaaggcagaaagccgtcgcgatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgc
cttaacccttccatcgagggggacgtcctagggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccgga
gcctcattaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgct
atttttttaataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaagga
actgaaggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatg
gcaccagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatg
ggataaaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtt
tcgcaagaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctc
tggagataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaat
tcaattcctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctac
aagatctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatg
gtttgaagggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacat
caagcataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgccc
aacccttcaatcaagtcgggacggccaaaagcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgtt
agacggcaaagtcacagaccgcgggatctcttAAggcgcgcggccaccgccgggttagcgttgccagtgctcgatcag
cgccgcgccgatcccggcgatttgctgatttcgctcggccatgctcgccggggtatcccgcagataaatcaccacaatgcg
ctctgctttgttattcgggccaagcagggcgacaatcccgcgcgcaccccgctcgctagctccggtcttatcggcgataaac
cagcccgccggcagcacggagcggatcaacggtccggcgacccgatcgtccaccatccactgcagcagctgccgttgc
gaacgggcgctcagacgctggctggtcagcagcttgcgcagggtcgcggccatgctggccggggtagtggtgtcgcggg
cgtcgccgggaagcgcctcattcagttccgtttcccagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaagg
cagtcaatcctgcggggccgccgacggtggccagtagcagattggcggcgctgttatcgctcatggtaatggcggcggcg
cagagttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggcgagtagtccaccagatcctgctggcgatagt
ggatctttcgctccagctgttcgtcaccggcatccacccgcgccagcactgcgccgcagagcactactttaaaggtgctcat
catgggaaagcgttcatcggcgcgccaggcggtcagcgtgcggccgctggccagatccatttctatcatgcctacgcggc
ccgacagctggctttcgcttagtttaatttgctcaagcggctgcgggctggcgtgtaccgccagcggcagggtggctaacag
ggagataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaag
cgacaaataagaataacccggcgttttgctgattcacaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatat
ctagccctgcctaagcacgctattttttgactcaaggccgtgatgaactataagaaagtactaaataccgcactctgtcgggc
gtcgctgtttgccgatcaccacgcccgccggtccctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgct
cagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttaattaaaaa
tgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcag
cgatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccc
cagtgctgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccagccagccggaagggcc
gagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgcc
agttaatagtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccgg
ttcccaactatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcag
aagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttc
tgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaacacgg
gataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatct
taccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggt
gctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcat
actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaac
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aaataggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataa
aaataggcgtatcacgaggccctttcgtcttcaagaa 
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>COT- pBR322 expressing CTX-M-15, OXA-1, TEM-10 
ggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagat
cctttttaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtga
ggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggc
ttaccatctggccccagtgctgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccagcca
gccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctaga
gtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgctcgtcgtttggtatggc
ttcattcagctccggttcccaactatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcct
ccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatc
cgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccg
gcgtcaacacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaa
actctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttca
ccagcgtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaa
atgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatt
tagaaaaataaacaaataggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatg
acattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaattctcatgtttgacagcttatcatcgataagcttt
aatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtatgaaatctaacaatgcgctcatcgtcatcctcg
gcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgccgggcctcttgcgggatatcgtccattccgac
agcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaatttctatgcgcacccgttctcggagcactgtcc
gaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccactatcgactacgcgatcatggcgaccacaccc
gtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgccacaggtgcggttgctggcgcctatatcgcc
gacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgcttgtttcggcgtgggtatggtggcaggcccc
gtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggcggcggtgctcaacggcctcaacctactac
tgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgcccttgagagccttcaacccagtcagctcctt
ccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttatcatgcaactcgtaggacaggtgccggca
gcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgatcggcctgtcgcttgcggtattcggaatcttg
cacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcgagaagcaggccattatcgccggcatggc
ggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggatggccttccccattatgattcttctcgcttccgg
cggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatgacgaccatcagggacagcttcaaggatcg
ctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacggcgatttatgccgcctcggcgagcacatgga
acgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgcgttgcgtcgcggtgcatggagccgggccac
ctcgacctgaatggaagccggcggcacctcgctaacggattcaccactccaagaattggagccaatcaattcttgcggag
aactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtccgccatctccagcagccgcacgcggcgcatct
cgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcgttgaggacccggctaggctggcggggttgcc
ttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcgactgctgctgcaaaacgtctgcgacctgagca
acaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcggaagtcagcgccctgcaccattatgttccggatc
tgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtattaacgaagcgctggcattgaccctgagtgattttt
ctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttccagtaaccgggcatgttcatcatcagtaacccgt
atcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaaatcccccttacacggaggcatcagtgaccaa
acaggaaaaaaccgcccttaacatggcccgctttatcagaagccagacattaacgcttctggagaaactcaacgagctg
gacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctgatgagctttaccgcagctgcctcgcgcgtttc
ggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagca
gacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgcagccatgacccagtcacgtagcgatagcg
gagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacag
atgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcgg
cgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtga
gcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccctgacg
agcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctg
gaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgct
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ttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcag
cccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagcc
actggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacact
agaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaac
aaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatccttt
gatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtggataacttgcagagtttattaagtatcattgc
agcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaataatgttacaatgtgtgagaagcagtctaa
attcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttagggactattcatgttgttgttatttcgtatcttcc
agaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatggcgacggcaaccgtcacgctgttgttagga
agtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccgaattagagcggcagtcgggaggcagactg
ggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgatgagcgctttgcgatgtgcagcaccagtaa
agtgatggccgcggccgcggtgctgaagaaaagtgaaagcgaaccgaatctgttaaatcagcgagttgagatcaaaaa
atctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacgatgtcactggctgagcttagcgcggccgcg
ctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcggcccggctagcgtcaccgcgttcgcccga
cagctgggagacgaaacgttccgtctcgaccgtaccgagccgacgttaaacaccgccattccgggcgatccgcgtgata
ccacttcacctcgggcaatggcgcaaactctgcggaatctgacgctgggtaaagcattgggcgacagccaacgggcgca
gctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcaggctggactgcctgcttcctgggttgtggggg
ataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatctggccaaaagatcgtgcgccgctgattctg
gtcacttacttcacccagcctcaacctaaggcagaaagccgtcgcgatgtattagcgtcggcggctaaaatcgtcaccgac
ggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgccttaacccttccatcgagggggacgtccta
gggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccggagcctcattaattgttagccgttaaaattaagc
cctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctatttttttaataattgcaaatattatctacagca
gcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactgaaggttgttttttactttacgatgcatcca
caaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcaccagattcaactttcaagatcgcattatc
acttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggataaaacccccaaaggaatggagatct
ggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgcaagaaataacccaaaaaattggatta
aataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctctggagataaagaaagaaacaacggattaa
cagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaattcctgcgtaaaattattaatcacaatct
cccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagatctggataatagtacaaaactgtatg
ggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttgaagggtttattataagcaaatcagga
cataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaagcataaaagccaagaaaaatgcgat
caccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacccttcaatcaagtcgggacggccaaa
agcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatct
c 
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>COS- pBR322 expressing CTX-M-15, OXA-1, SHV-2 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgcggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggccgcgctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcg
gcccggctagcgtcaccgcgttcgcccgacagctgggagacgaaacgttccgtctcgaccgtaccgagccgacgttaaa
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caccgccattccgggcgatccgcgtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgctgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatc
tggccaaaagatcgtgcgccgctgattctggtcacttacttcacccagcctcaacctaaggcagaaagccgtcgcgatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgc
cttaacccttccatcgagggggacgtcctagggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccgga
gcctcattaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgct
atttttttaataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaagga
actgaaggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatg
gcaccagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatg
ggataaaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtt
tcgcaagaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctc
tggagataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaat
tcaattcctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctac
aagatctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatg
gtttgaagggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacat
caagcataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgccc
aacccttcaatcaagtcgggacggccaaaagcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgtt
agacggcaaagtcacagaccgcgggatctcttAAggcgcgcggccaccgccgggttagcgttgccagtgctcgatcag
cgccgcgccgatcccggcgatttgctgatttcgctcggccatgctcgccggggtatcccgcagataaatcaccacaatgcg
ctctgctttgttattcgggccaagcagggcgacaatcccgcgcgcaccccgctcgctagctccggtcttatcggcgataaac
cagcccgccggcagcacggagcggatcaacggtccggcgacccgatcgtccaccatccactgcagcagctgccgttgc
gaacgggcgctcagacgctggctggtcagcagcttgcgcagggtcgcggccatgctggccggggtagtggtgtcgcggg
cgtcgccgggaagcgcctcattcagttccgtttcccagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaagg
cagtcaatcctgcggggccgccgacggtggccagtagcagattggcggcgctgttatcgctcatggtaatggcggcggcg
cagagttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggcgagtagtccaccagatcctgctggcgatagt
ggatctttcgctccagctgttcgtcaccggcatccacccgcgccagcactgcgccgcagagcactactttaaaggtgctcat
catgggaaagcgttcatcggcgcgccaggcggtcagcgtgcggccgctggccagatccatttctatcatgcctacgcggc
ccgacagctggctttcgcttagtttaatttgctcaagcggctgcgggctggcgtgtaccgccagcggcagggtggctaacag
ggagataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaag
cgacaaataagaataacccggcgttttgctgattcacaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatat
ctagccctgcctaagcacgctattttttgactcaaggccgtgatgaactataagaaagtactaaataccgcactctgtcgggc
gtcgctgtttgccgatcaccacgcccgccggtccctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgct
cagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttacgcgcac
atttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgagg
ccctttcgtcttcaagaa 
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>CST- pBR322 expressing CTX-M-15, SHV-2, TEM-10 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgcggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggccgcgctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcg
gcccggctagcgtcaccgcgttcgcccgacagctgggagacgaaacgttccgtctcgaccgtaccgagccgacgttaaa



 57 

caccgccattccgggcgatccgcgtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgctgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatc
tggccaaaagatcgtgcgccgctgattctggtcacttacttcacccagcctcaacctaaggcagaaagccgtcgcgatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgc
cttaacccttccatcgagggggacgtccggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctctt
aaggcgcgcggccaccgccgggttagcgttgccagtgctcgatcagcgccgcgccgatcccggcgatttgctgatttcgct
cggccatgctcgccggggtatcccgcagataaatcaccacaatgcgctctgctttgttattcgggccaagcagggcgacaa
tcccgcgcgcaccccgctcgctagctccggtcttatcggcgataaaccagcccgccggcagcacggagcggatcaacg
gtccggcgacccgatcgtccaccatccactgcagcagctgccgttgcgaacgggcgctcagacgctggctggtcagcag
cttgcgcagggtcgcggccatgctggccggggtagtggtgtcgcgggcgtcgccgggaagcgcctcattcagttccgtttcc
cagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagtcaatcctgcggggccgccgacggtggcc
agtagcagattggcggcgctgttatcgctcatggtaatggcggcggcgcagagttcgccgaccgtcatgccgtcggcaag
gtgtttttcgctgaccggcgagtagtccaccagatcctgctggcgatagtggatctttcgctccagctgttcgtcaccggcatcc
acccgcgccagcactgcgccgcagagcactactttaaaggtgctcatcatgggaaagcgttcatcggcgcgccaggcgg
tcagcgtgcggccgctggccagatccatttctatcatgcctacgcggcccgacagctggctttcgcttagtttaatttgctcaag
cggctgcgggctggcgtgtaccgccagcggcagggtggctaacagggagataatacacaggcgaatataacgcataac
cacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggcgttttgctgattc
acaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttttgactcaag
gccgtgatgaactataagaaagtactaaataccgcactctgtcgggcgtcgctgtttgccgatcaccacgcccgccggtcc
ctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttgg
tcatgagattatcaaaaaggatcttcacctagatcctttttaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaa
acttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactc
cccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctta
ccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctc
catccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgca
ggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaactatcaaggcgagttacatgatccccca
tgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttat
ggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgag
aatagtgtatgcggcgaccgagttgctcttgcccggcgtcaacacgggataataccgcgccacatagcagaactttaaaa
gtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccact
cgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgctcgagagcaaaaacaggaaggcaaaatg
ccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagg
gttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggtaccgcgcacatttccccgaaaa
gtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaa
gaa 
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>OST- pBR322 expressing OXA-1, SHV-2, TEM-10 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtcctagggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccggagcctc
attaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat
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ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga
agggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag
cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctcttAAggcgcgcggccaccgccgggttagcgttgccagtgctcgatcagcgcc
gcgccgatcccggcgatttgctgatttcgctcggccatgctcgccggggtatcccgcagataaatcaccacaatgcgctctg
ctttgttattcgggccaagcagggcgacaatcccgcgcgcaccccgctcgctagctccggtcttatcggcgataaaccagc
ccgccggcagcacggagcggatcaacggtccggcgacccgatcgtccaccatccactgcagcagctgccgttgcgaac
gggcgctcagacgctggctggtcagcagcttgcgcagggtcgcggccatgctggccggggtagtggtgtcgcgggcgtc
gccgggaagcgcctcattcagttccgtttcccagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcag
tcaatcctgcggggccgccgacggtggccagtagcagattggcggcgctgttatcgctcatggtaatggcggcggcgcag
agttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggcgagtagtccaccagatcctgctggcgatagtgga
tctttcgctccagctgttcgtcaccggcatccacccgcgccagcactgcgccgcagagcactactttaaaggtgctcatcatg
ggaaagcgttcatcggcgcgccaggcggtcagcgtgcggccgctggccagatccatttctatcatgcctacgcggcccga
cagctggctttcgcttagtttaatttgctcaagcggctgcgggctggcgtgtaccgccagcggcagggtggctaacagggag
ataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgac
aaataagaataacccggcgttttgctgattcacaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagc
cctgcctaagcacgctattttttgactcaaggccgtgatgaactataagaaagtactaaataccgcactctgtcgggcgtcgc
tgtttgccgatcaccacgcccgccggtccctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtg
gaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttaattaaaaatgaag
ttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatct
gtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgc
tgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccagccagccggaagggccgagcg
cagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaat
agtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttccca
actatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagta
agttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtga
ctggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaacacgggataa
taccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccg
ctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgctcg
agagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactctt
cctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaata
ggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaata
ggcgtatcacgaggccctttcgtcttcaagaa 
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>CO- pBR322 expressing CTX-M-15, OXA-1 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgcggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggccgcgctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcg
gcccggctagcgtcaccgcgttcgcccgacagctgggagacgaaacgttccgtctcgaccgtaccgagccgacgttaaa
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caccgccattccgggcgatccgcgtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgctgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatc
tggccaaaagatcgtgcgccgctgattctggtcacttacttcacccagcctcaacctaaggcagaaagccgtcgcgatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgc
cttaacccttccatcgagggggacgtcctagggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccgga
gcctcattaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgct
atttttttaataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaagga
actgaaggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatg
gcaccagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatg
ggataaaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtt
tcgcaagaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctc
tggagataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaat
tcaattcctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctac
aagatctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatg
gtttgaagggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacat
caagcataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgccc
aacccttcaatcaagtcgggacggccaaaagcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgtt
agacggcaaagtcacagaccgcgggatctcggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggt
catgagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccccgaaaagtgccacctgacgtctaagaaa
ccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa 
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>CS- pBR322 expressing CTX-M-15, SHV-2 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgcggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggccgcgctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcg
gcccggctagcgtcaccgcgttcgcccgacagctgggagacgaaacgttccgtctcgaccgtaccgagccgacgttaaa
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caccgccattccgggcgatccgcgtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgctgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatc
tggccaaaagatcgtgcgccgctgattctggtcacttacttcacccagcctcaacctaaggcagaaagccgtcgcgatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgc
cttaacccttccatcgagggggacgtccggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctctt
aaggcgcgcggccaccgccgggttagcgttgccagtgctcgatcagcgccgcgccgatcccggcgatttgctgatttcgct
cggccatgctcgccggggtatcccgcagataaatcaccacaatgcgctctgctttgttattcgggccaagcagggcgacaa
tcccgcgcgcaccccgctcgctagctccggtcttatcggcgataaaccagcccgccggcagcacggagcggatcaacg
gtccggcgacccgatcgtccaccatccactgcagcagctgccgttgcgaacgggcgctcagacgctggctggtcagcag
cttgcgcagggtcgcggccatgctggccggggtagtggtgtcgcgggcgtcgccgggaagcgcctcattcagttccgtttcc
cagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagtcaatcctgcggggccgccgacggtggcc
agtagcagattggcggcgctgttatcgctcatggtaatggcggcggcgcagagttcgccgaccgtcatgccgtcggcaag
gtgtttttcgctgaccggcgagtagtccaccagatcctgctggcgatagtggatctttcgctccagctgttcgtcaccggcatcc
acccgcgccagcactgcgccgcagagcactactttaaaggtgctcatcatgggaaagcgttcatcggcgcgccaggcgg
tcagcgtgcggccgctggccagatccatttctatcatgcctacgcggcccgacagctggctttcgcttagtttaatttgctcaag
cggctgcgggctggcgtgtaccgccagcggcagggtggctaacagggagataatacacaggcgaatataacgcataac
cacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggcgttttgctgattc
acaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttttgactcaag
gccgtgatgaactataagaaagtactaaataccgcactctgtcgggcgtcgctgtttgccgatcaccacgcccgccggtcc
ctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttgg
tcatgagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccccgaaaagtgccacctgacgtctaagaa
accattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa 
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>CT- pBR322 expressing CTX-M-15, TEM-10 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgcggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggccgcgctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcg
gcccggctagcgtcaccgcgttcgcccgacagctgggagacgaaacgttccgtctcgaccgtaccgagccgacgttaaa
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caccgccattccgggcgatccgcgtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgctgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatc
tggccaaaagatcgtgcgccgctgattctggtcacttacttcacccagcctcaacctaaggcagaaagccgtcgcgatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgc
cttaacccttccatcgagggggacgtccggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctcg
gaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatc
ctttttaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgag
gcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggctt
accatctggccccagtgctgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccagccag
ccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagt
aagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgctcgtcgtttggtatggcttc
attcagctccggttcccaactatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctcc
gatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccg
taagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggc
gtcaacacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaact
ctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcacca
gcgtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatg
ttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttag
aaaaataaacaaataggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgac
attaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa 
  



 66 

>OS- pBR322 expressing OXA-1, SHV-2 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtcctagggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccggagcctc
attaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat
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ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga
agggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag
cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctcttAAggcgcgcggccaccgccgggttagcgttgccagtgctcgatcagcgcc
gcgccgatcccggcgatttgctgatttcgctcggccatgctcgccggggtatcccgcagataaatcaccacaatgcgctctg
ctttgttattcgggccaagcagggcgacaatcccgcgcgcaccccgctcgctagctccggtcttatcggcgataaaccagc
ccgccggcagcacggagcggatcaacggtccggcgacccgatcgtccaccatccactgcagcagctgccgttgcgaac
gggcgctcagacgctggctggtcagcagcttgcgcagggtcgcggccatgctggccggggtagtggtgtcgcgggcgtc
gccgggaagcgcctcattcagttccgtttcccagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcag
tcaatcctgcggggccgccgacggtggccagtagcagattggcggcgctgttatcgctcatggtaatggcggcggcgcag
agttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggcgagtagtccaccagatcctgctggcgatagtgga
tctttcgctccagctgttcgtcaccggcatccacccgcgccagcactgcgccgcagagcactactttaaaggtgctcatcatg
ggaaagcgttcatcggcgcgccaggcggtcagcgtgcggccgctggccagatccatttctatcatgcctacgcggcccga
cagctggctttcgcttagtttaatttgctcaagcggctgcgggctggcgtgtaccgccagcggcagggtggctaacagggag
ataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgac
aaataagaataacccggcgttttgctgattcacaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagc
cctgcctaagcacgctattttttgactcaaggccgtgatgaactataagaaagtactaaataccgcactctgtcgggcgtcgc
tgtttgccgatcaccacgcccgccggtccctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtg
gaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccc
cgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttc
gtcttcaagaa 
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>OT- pBR322 expressing OXA-1, TEM-10 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtcctagggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccggagcctc
attaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat
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ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga
agggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag
cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtc
atgagattatcaaaaaggatcttcacctagatcctttttaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaac
ttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccc
cgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgcttacc
ggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctcca
tccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcagg
catcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaactatcaaggcgagttacatgatcccccatgt
tgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggc
agcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgctcttgcccggcgtcaacacgggataataccgcgccacatagcagaactttaaaagtg
ctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgt
gcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccg
caaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtt
attgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggtaccgcgcacatttccccgaaaagtg
ccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaaga
a 
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>ST- pBR322 expressing SHV-2, TEM-10 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacttccgtttttgtttatcgcctta
acccttccatcgagggggacgtccggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctcttaag
gcgcgcggccaccgccgggttagcgttgccagtgctcgatcagcgccgcgccgatcccggcgatttgctgatttcgctcgg
ccatgctcgccggggtatcccgcagataaatcaccacaatgcgctctgctttgttattcgggccaagcagggcgacaatcc
cgcgcgcaccccgctcgctagctccggtcttatcggcgataaaccagcccgccggcagcacggagcggatcaacggtc
cggcgacccgatcgtccaccatccactgcagcagctgccgttgcgaacgggcgctcagacgctggctggtcagcagcttg
cgcagggtcgcggccatgctggccggggtagtggtgtcgcgggcgtcgccgggaagcgcctcattcagttccgtttcccag
cggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagtcaatcctgcggggccgccgacggtggccagt
agcagattggcggcgctgttatcgctcatggtaatggcggcggcgcagagttcgccgaccgtcatgccgtcggcaaggtgt
ttttcgctgaccggcgagtagtccaccagatcctgctggcgatagtggatctttcgctccagctgttcgtcaccggcatccacc
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cgcgccagcactgcgccgcagagcactactttaaaggtgctcatcatgggaaagcgttcatcggcgcgccaggcggtca
gcgtgcggccgctggccagatccatttctatcatgcctacgcggcccgacagctggctttcgcttagtttaatttgctcaagcg
gctgcgggctggcgtgtaccgccagcggcagggtggctaacagggagataatacacaggcgaatataacgcataacca
caatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggcgttttgctgattcac
aattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttttgactcaaggcc
gtgatgaactataagaaagtactaaataccgcactctgtcgggcgtcgctgtttgccgatcaccacgcccgccggtccctgc
ggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcat
gagattatcaaaaaggatcttcacctagatcctttttaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaactt
ggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactcccc
gtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgcttaccg
gctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccat
ccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcaggc
atcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaactatcaaggcgagttacatgatcccccatgtt
gtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggc
agcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgctcttgcccggcgtcaacacgggataataccgcgccacatagcagaactttaaaagtg
ctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgt
gcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccg
caaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtt
attgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggtaccgcgcacatttccccgaaaagtg
ccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaaga
a 
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>C- pBR322 expressing CTX-M-15 
cgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtat
cacgaggccctttcgtcttcaagaattctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaatt
gctaacgcagtcaggcaccgtgtatgaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtagg
cataggcttggttatgccggtactgccgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgct
gctagcgctatatgcgttgatgcaatttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcct
gctcgcttcgctacttggagccactatcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgc
atcgtggccggcatcaccggcgccacaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcggg
ctcgccacttcgggctcatgagcgcttgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccat
ctccttgcatgcaccattccttgcggcggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgc
ataagggagagcgtcgaccgatgcccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatc
gtcgccgcacttatgactgtcttctttatcatgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggac
cgctttcgctggagcgcgacgatgatcggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcact
ggtcccgccaccaaacgtttcggcgagaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgct
ggcgttcgcgacgcgaggctggatggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcagg
ccatgctgtccaggcaggtagatgacgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcga
tcactggaccgctgatcgtcacggcgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccg
ccctataccttgtctgcctccccgcgttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggca
cctcgctaacggattcaccactccaagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttg
gcagaacatatccatcgcgtccgccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgg
gtgcgcatgatcgtgctcctgtcgttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgat
acgcgagcgaacgtgaagcgactgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgt
ttcgtaaagtctggaaacgcggaagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccct
gtggaacacctacatctgtattaacgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgcca
gttgtttaccctcacaacgttccagtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggt
atcattacccccatgaacagaaatcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatgg
cccgctttatcagaagccagacattaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgt
gaatcgcttcacgaccacgctgatgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacaca
tgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgg
gtgttggcgggtgtcggggcgcagccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatc
agagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcagg
cgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggt
aatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaac
cgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcag
aggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgacc
ctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttc
ggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatc
gtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtat
gtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgct
gaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttg
caagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaat
acaattgagtgttgctctgtggataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaat
gattgaaaggtggttgtaaataatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataa
aaaacacacgtggaatttagggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcact
gcgccagttcacgctgatggcgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacg
tacagcaaaaacttgccgaattagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcg
caaatactttatcgtgctgatgagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgcggtgctgaagaaa
agtgaaagcgaaccgaatctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaa
agcacgtcaatgggacgatgtcactggctgagcttagcgcggccgcgctacagtacagcgataacgtggcgatgaataa
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gctgattgctcacgttggcggcccggctagcgtcaccgcgttcgcccgacagctgggagacgaaacgttccgtctcgacc
gtaccgagccgacgttaaacaccgccattccgggcgatccgcgtgataccacttcacctcgggcaatggcgcaaactctg
cggaatctgacgctgggtaaagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccacc
ggtgcagcgagcattcaggctggactgcctgcttcctgggttgtgggggataaaaccggcagcggtggctatggcaccac
caacgatatcgcggtgatctggccaaaagatcgtgcgccgctgattctggtcacttacttcacccagcctcaacctaaggca
gaaagccgtcgcgatgtattagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaa 
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>O- pBR322 expressing OXA-1 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtcctagggctggcgcccttggccgcccctcatgtcaaacgttgggcgaacccggagcctc
attaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat
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ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga
agggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag
cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttttggctcccctcgctggagctcggcgccccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtc
atgagattatcaaaaaggatcttcacctagatcctttttagtaccgcgcacatttccccgaaaagtgccacctgacgtctaag
aaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa 
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>S- pBR322 expressing SHV-2 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacttccgtttttgtttatcgcctta
acccttccatcgagggggacgtccggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctcttaag
gcgcgcggccaccgccgggttagcgttgccagtgctcgatcagcgccgcgccgatcccggcgatttgctgatttcgctcgg
ccatgctcgccggggtatcccgcagataaatcaccacaatgcgctctgctttgttattcgggccaagcagggcgacaatcc
cgcgcgcaccccgctcgctagctccggtcttatcggcgataaaccagcccgccggcagcacggagcggatcaacggtc
cggcgacccgatcgtccaccatccactgcagcagctgccgttgcgaacgggcgctcagacgctggctggtcagcagcttg
cgcagggtcgcggccatgctggccggggtagtggtgtcgcgggcgtcgccgggaagcgcctcattcagttccgtttcccag
cggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagtcaatcctgcggggccgccgacggtggccagt
agcagattggcggcgctgttatcgctcatggtaatggcggcggcgcagagttcgccgaccgtcatgccgtcggcaaggtgt
ttttcgctgaccggcgagtagtccaccagatcctgctggcgatagtggatctttcgctccagctgttcgtcaccggcatccacc
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cgcgccagcactgcgccgcagagcactactttaaaggtgctcatcatgggaaagcgttcatcggcgcgccaggcggtca
gcgtgcggccgctggccagatccatttctatcatgcctacgcggcccgacagctggctttcgcttagtttaatttgctcaagcg
gctgcgggctggcgtgtaccgccagcggcagggtggctaacagggagataatacacaggcgaatataacgcataacca
caatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggcgttttgctgattcac
aattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttttgactcaaggcc
gtgatgaactataagaaagtactaaataccgcactctgtcgggcgtcgctgtttgccgatcaccacgcccgccggtccctgc
ggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcat
gagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccccgaaaagtgccacctgacgtctaagaaacc
attattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa 
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>T- pBR322 expressing TEM-10 
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacttccgtttttgtttatcgcctta
acccttccatcgagggggacgtccggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctcggaa
ctgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttt
aattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggca
cctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttacc
atctggccccagtgctgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccagccagccg
gaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaag
tagttcgccagttaatagtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattc
agctccggttcccaactatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgat
cgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaa
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gatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtc
aacacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctc
aaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagc
gtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttg
aatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaa
aaataaacaaataggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacatt
aacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa 
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>EMPTY- pBR322 expressing no ESBL genes  
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgc
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcgtgctgctagcgctatatgcgttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgccgcccagtcctgctcgcttcgctacttggagccacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggccggcatcaccggcgcc
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgct
tgtttcggcgtgggtatggtggcaggccccgtggccgggggactgttgggcgccatctccttgcatgcaccattccttgcggc
ggcggtgctcaacggcctcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatgc
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcttgcggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgccaccaaacgtttcggcg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtcttgctggcgttcgcgacgcgaggctggat
ggccttccccattatgattcttctcgcttccggcggcatcgggatgcccgcgttgcaggccatgctgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcctcggcgagcacatggaacgggttggcatggattgtaggcgccgccctataccttgtctgcctccccgc
gttgcgtcgcggtgcatggagccgggccacctcgacctgaatggaagccggcggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgcgtcc
gccatctccagcagccgcacgcggcgcatctcgggcagcgttgggtcctggccacgggtgcgcatgatcgtgctcctgtcg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggcgc
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgctcact
gactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctg
gcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgt
ccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtccggcgccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctctgcag
gaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatc
ctttttagtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaa
taggcgtatcacgaggccctttcgtcttcaagaa 
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