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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 years?.
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, | performed three
studies. First, | 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. | found higher
incidence of resistance at DHMMC than nationwide. Second, to identify causes for this
elevated resistance, | investigated potential environmental sources of antibiotic resistant
infections at DHMMC. In doing so, | developed a rapid PCR screen for identifying UPEC
using a suite of six genetic markers significantly associated with UPEC. Using this
screen, | 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, | 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, | 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 world?. UTI from catheterization is the most common nosocomial
infection®. A UTI is characterized as the presence of more than 10° 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 UTIls. Women are more prone
to UTIs due to a short urethra and proximity to fecal matter*. 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 B-lactam antibiotics*. B-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 toxicity®>®. The
longstanding use of B-lactam antibiotics has led to the emergence of resistant strains in
clinical care settings’. UTIs are becoming increasingly hard to treat due to resistance to
multiple types of antibiotics, including B-lactams?.

The current empirical treatment for UTlIs 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 testing®-1.
The treatment of UTIs should take into consideration the current antimicrobial
susceptibility patterns, and predictability, of the causative agent to avoid ineffective
treatment!?,

The continuous use of B-lactam antibiotics has led to the selection and evolution of
successful B-lactamase genes present in UPEC 12, B-lactamase genes produce
extended spectrum B-lactamase (ESBL) enzymes that work by hydrolyzing -lactam
antibiotics, rendering them ineffective. The most common B-lactamase genes blarem,
blasnv, blactx-m, and blaoxa have been previously identified in UPEC, and result in
resistance to B-lactam antibiotics'®!4.The increasing antibiotic resistance in UTIs is of
great concern to public health. The emergence of the ESBL blacrx-w-15 in community
acquired UTlIs has resulted in ineffective treatment with the later generation -lactam
antibiotics, substantially limiting the available antibiotic treatment options?1°,

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.



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, | 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 UTIs®. Previous guideline for the treatment of UTIs are compromised
by changing patterns of antibiotics resistance in UPEC®. It is critical to know the
current local antibiotic resistance patterns in UPEC to determine the appropriate
antibiotic treatment. | created an innovative bioinformatics approach that serves
as a model for how this problem should be addressed. | 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, | developed a rapid PCR approach to identify
UPEC. Using six UPEC associated genes, | 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. | designed a
plasmid vector expressing four clinically relevant antibiotic resistance genes |
identified at the DHMMC. Using this plasmid vector, | created a construct library
with different combinations of genes observed at the local hospital as a tool to
measure their relative fithess 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 B-lactamase genes within
this collection and found indicators of high resistance within these UPEC?Y’. These
indicators include high frequency of genes, which confer elevated resistance to later
generation B-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.



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 flora®>*. 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 relatedness®®®°. 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 animals?®. 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 cattle?!. The scale of agricultural production in
Merced and abundance of antibiotic resistant UTIls at DHMMC, supports the inquiry of
UPECs in agriculture. We identified a suite of genes significantly associated with UPEC
(chuA, fyuA, papA, traT, yrbH, ygeK) 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 B-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 reservair.

We determined the frequency of these common B-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 resistance??. The use of broad-spectrum antibiotic treatment not based on
culture identification and resistance phenotype can result in ineffective clearance of the
infection-causing bacteria?®. 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 population?3. 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 tested?*. However, this work was limited in its focus
on the TEM gene when in actuality this is only one of several genes resulting in B-lactam
resistance.

Previous work has also shown that different resistance genes are genetically linked
and can spread together at different frequencies!’. We identified the most common -
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 B-Lactamase Genes in Clinical Isolates from California Central Valley
Hospital Deviates from the United States Nationwide Trends

Candace Guzman-Cole?, Fabian Santiago?, Sona Garsevanyan?, Suzanne Sindi?
and Miriam Barlow!*

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 B-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

B-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 toxicity>2. The longstanding use of B-lactam antibiotics has led
to the emergence of resistant strains in clinical care settings®. The continuous selection
and evolution of B-lactamase genes by B-lactam antibiotic use has led to the diversification
of successful B-lactamase genes: blarem, blasny, blacrx-m, and blaoxa*. B-lactamase genes
produce extended spectrum B-lactamase (ESBL) enzymes that work by hydrolyzing 8-
lactam antibiotics, rendering them ineffective. blarem and blasny were the first f-lactamase
enzymes identified in 1963 and 1972, respectively, and were implicit in outbreaks in the
1990s°>’. Today, blasyy composes 10% of ESBLSs, and blarem has become somewhat less
common in the U.S.8. blactxm was first identified in 1989, and was identified with
increasing frequency throughout the 1990s°. By the 2000s, the frequency of blactx-wm
enzymes surpassed those of blarem and blasny. Although first discovered in 1976, blaoxa
enzymes have been increasing in prevalence due to the frequent association of blaoxa-1
with blacrx-m15%t. Today, blactx-m enzymes are the most identified ESBLs, and have
displaced blatem and blaspy in many individual hospitals®12-4, However, this trend is not
uniform across publications originating from different surveillance locations!t1>1¢ Bajpai
et al. (2017) found blatem to be the most abundant ESBL enzyme in a single hospital,



although other reports detail different ESBL gene frequencies'’. 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 blacrxm (36%), blasny
(35%), and blaoxa (20%)*8.

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 rate!®” and would
compete with “better-adapted residents maintaining the population away from the local
fitness optimum?°”. Stability over time and uniformity between populations suggest rapid
continuous migration between populations and strong consistent selection resulting in a
highly resistant and optimized strain?°. 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 populations?!. 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 B-lactamases blatem,
blasny, blacrx-m, and blacxa among isolates. At DHMMC, the most common ESBL gene we
identified was blacrx-m, followed by blaoxa, blatem, and blasny (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). blaswv and blatem frequencies were stable over time. blacrx-w frequencies
increased after the first year in 2014 and remained stable over time (S| Table 3). blaoxa
frequencies significantly decreased in 2016 from previous years but returned to stable in
2017 (Sl Table 4).



Figure 1-1. Venn diagrams of blaswv, blarem, blacrx-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 b|as|-|v bIaTEM blaCTx-M bIaOXA
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 blasny, blarem, blactx-v, 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 blasnv (p-value < 0.05) and between blactx.m and blaoxa (p-value < 0.05). There
are significant negative correlations between blatem and blacrx.w (p-value < 0.05) and
blarem 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.v and blaoxa are positively correlated with one another (p-value < 0.05) and
negatively correlated with blarem (p-value < 0.05). However, in K. pneumoniae, all the



resistance genes are positively correlated with each other (p-value < 0.05) but significance
is lost for blarem and blaoxa after the false discovery rate (FDR)-controlling procedure.
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Species Markers Chi-Square p-Value PC PC p-Value
blasuv:blaTtem 3.75x10° * 0.20 2.74 x 107°*
blasnv:blacTx-m 6.37 x 10! 0.02 6.37x107!
_ blasyv:blaoxa 1.08 x 101 0.05 1.08 x 1071
All (n=872) blarem:blactx-m 1.49x 103 * -0.111.46 x 1072 *
blatem:blaoxa 3.00 x 1076 * -0.16 2.68 x 1076 *
blactx-m:blaoxa 8.59x 103 * 0.38 5.24 x 10732 *
blasnv:blarem 5.22 x 107! 0.02 5.23x 1071
blashv:blacTx-m 2.58 x 107! -0.04 2.59 x 10!
— blasnv:blaoxa 4.89 x 101 -0.02 4.89 x 107*
E.coll ("=787) 3 ewblacna 124x10°*  -0.171.07 x 10°*
blarem:blaoxa 1.40 x 1072 * -0.229.50 x 10710 *
bIaCTx.M:bIaOXA 9.22 x 10726 * 0.37 1.53 x 10727 *
blasnv:blarem 3.36 x 107 * 0.39 2.34x1074*
blasnv:blacTxwm 1.97 x 1075 * 0.46 8.15x 1076 *
K. pneumoniae blashv:blaoxa 6.84 x 1073~ 0.29 6.44 x 1073 *
(n=85) blatem:blactx-wm 2.58 x 107 * 0.46 1.13x107°*
blarem:blaoxa 3.84 x 1072 0.22 3.88x107?
blacrx-m:blaoxa 5.69 x 107 * 0.49 1.72x10°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 (g* = 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 blarew, followed by blasny, blactx-u, 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 (Sl Table 9). over a period of months.
However, there were significant differences (p-value < 0.05) in the yearly frequencies for
blasnv, blarem, and blacrx-m (Table 1-3, SI Tables 5-8). blasnyv significantly increased in
2015, followed by a significant decrease in 2016, but returned to stable in 2017 (Sl Table
5). blatem frequencies significantly decreased in 2017 and 2018 from previous years (Sl
Table 6). There was a non-significant decrease in blactx-v frequency in 2015 from previous
years. The 2015 blactx-m frequency was significantly different than that of 2018 due to an
increase that year (S| Table 7).
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Nationwide

US blashv blatem blacrx-m blaoxa
2013 (n=6) 1661(](_))'4’ 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';32(3())'8’ 74.6 (69.0,79.7) 8.2(5.2,12.2) 9.7 (6.4, 13.9)
2016 (n=190) 19'255(1'3'1’ 84.7 (78.8,89.5)16.8 (11.8, 22.9) 13.2 (8.7, 18.8)
2017 (n=251) 50'566(2?'2’ 66.9 (60.7, 72.7) 13.9 (9.9, 18.9) 11.6 (7.9, 16.2)
2018 (n=166) 50'5?7(‘5'2’ 66.9 (59.2, 74.0)22.3 (16.2, 29.4)18.7 (13.1, 25.4)

Table
1-3. The yearly frequency of blasnv, blatem, blactx-w, 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.v 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, blasny is negatively correlated with the other resistance genes (p-value
< 0.05) and blacrx-m is positively correlated blaoxa (p-value < 0.05).
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Species

Markers

Chi-Square p-Value

PC PC p-Value

blasnv:blarem 7.03x 10743 * -0.426.29 x 10747 *

blasnv:blacTx-m 2.13x101 -0.04 2.14x 107!

blashv:blaoxa 2.81x 1071 -0.03 2.81x10*%*

All (n=1060)

blaTEM:b|ac'rx.M 1.31 x 10_9 * -0.19 9.80 x 10_10 *
blarem:blaoxa 3.31x1077 * -0.261.02 x 10717 *

-129

blacrxwblaoxs ~ 1.01x10°%°* 065 (03%10

blasnv:blarem 2.03x 107 * -0.20 1.68 x 1078 *

blasuv:blactx-m 1.48 x 10! -0.06 1.49x107*

. -1 - -1

E. coli (n=559) blashv:blaoxa 1.52 x 10 0.06 1.52x 10

blatem:blacTxm 6.72 x 10735 * —-0.52 2.90 x10740 *

blatem:blaoxa 1.85 x 10764 * -0.72 2.38 x1078 *
blacrtx-.m:blaoxa 1.83 x 10758 * 0.65 1.05 x 10758 *

blashv:blaTtem 6.81 x 10710 * -0.28 3.45 x10710 *

blasnv:blactxm 4,69 x107°* -0.18 4.23 x 107 *

K. pneumoniae

(n=501) blashv:blaoxa 7.37 x 1073 * -0.12 7.30 x 1073 *

blarem:blacrx-m 473x10 71 0.03 4.74x1071

b|aTEM:b|ao>(A 5.68 x 10_1 0.03 5.69x :|.O_l
blactxwm:blaoxa 4.37 x 10748+ 0.65 1.04 x 10761 *

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 (g* = 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, blassy and blatem occur more
frequently (all p-values < 0.05) than at DHMMC. At DHMMC, blacrx-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 blasyy 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 blarem frequency in K. pneumoniae isolates. blacrx.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  Fwm Fn Fv—Fn  p-Value 95% ClI
blassy 9.9 41.0 -31.2 2.79x107%%* (-35.2,-27.2)
blarem 28.6 74.8 -46.3 1.34x107°'* (-50.7,-41.8)

Al blacrxw  65.1 14.2 50.9 2.40 x 107 *  (46.6,55.2)
blaoxa 44.2 13.3 30.8 6.58 x 10°2*  (26.9,34.8)
blas,y 2.8 25 0.3 7.44x10°  (-1.52.0)

£ col blarew  25.9 89.1 -63.2 1.14x 10 (-68.6,-57.8)

blactxm 65.8 12,7 53.1 1.75x10™®  (47.7,58.5)
blaoxa 43.6 125 311 4.16x1073 (26.1,36.1)
blasnv  75.3 84.0 -8.7 4.86x102% (-17.4,-0.1)
bla;em 529 589 -59 3.05x10™* (-17.3,54)
blactxm 58.8 16.0 429 1.46x107'  (33.3,52.4)
blaoxa 494 142 352 2.65x10™ (26.2,44.3)

K. pneumoniae

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 (g* =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 blacrx-v and blarem genes. At DHMMC, blacrx-m occurs more frequently than
in the nationwide database, while blatem occurs less frequently at DHMMC. The negative
correlation at DHMMC between blarem and blacrx-w and between blarem and blaoxa implies
incompatibilities between blatem and at least one of the other genes. Since blacrx.v and
blaoxa are commonly linked with each other, it is not surprising that blarem 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., itis 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-w, which may be displacing blatem likely due to antagonism between these genes?2.

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 blasny frequencies are unique to our nationwide dataset. However, when we
considered E. coli and K. pneumoniae isolates separately, DHMMC and nationwide
frequencies of blasuv are similar. The greater number of K. pneumoniae isolates in the
nationwide database likely accounts for the overall higher nationwide frequencies of blasny
(Simpson’s paradox®3). A high blarem frequency is also unique to our nationwide dataset.
There are 57-68% more E. coliisolates with blatem nationwide than isolates from DHMMC.
E. coli isolates nationwide have a negative correlation between blarem and the other
resistance genes, meaning these isolates are likely to have blarem and no other resistance
genes. In K. pneumoniae isolates nationwide, there is a negative correlation between
blaswv and the other resistance genes, meaning these isolates are likely to have blasny
and no other resistance genes, which is the opposite of the K. pneumoniae isolates from
DHMMC. ESBLs were initially derived from blasny and blarew, explaining the relatively high
blatem frequencies nationwide, as blarem has proceeded to fixation?*. blaswy and blarem
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 dataset?.

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 ESBLSs 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 pL sterile water and boiling at 100 °C for 15 min. From this 100 pL solution,
1 yL 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 blacrx-w, blarem, and blaoxa.
Detection of blassv was run in a separate reaction. Each PCR reaction consisted of 1 pL
of template DNA, 10 puM 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)
bla Forward GCCTGTGTATTATCTCCCTGTTAG 813
SHY Reverse TCCCGGCGATTTGCTGATTCC

bla Forward TGACGCCGGGCAAGAGCA 424
TEM Reverse AAGGGCCGAGCGCAGAAGTG

bla Forward AGCGCCAGTGCATCAACAG 300
OXA Reverse GCAAAACCCAAACAACAGAAA

bla Forward CGGCCGCGGTGCTGAAGAA 482
CTXM Reverse GCTGCCGGTTTTATCCCCCACAA

Table 1-6. List of primers pairs used to identify blasny, blarem, blaoxa, and blacrx-w and
their expected product size.

U.S. Database

We obtained clinical isolate genomes from the NCBI RefSeq database?’, using the
NIH Isolate Browser?® 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)?, we identified isolate genomes containing ESBL genes to compile an
ESBL clinical database (h = 1060) using the BLAST+ program. In combination with a 98%
identity cut-off to positively identify the frequency of blarem, blaoxa, blacrx-m, and blasny, 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 blacrx-w, we required 876 bp; and for blasny, 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 *°. 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 test®'. The phi coefficient (PC) was used as a chi-square
measure of directional deviation from the null relationship of independent assortment?2.
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 procedure®3, a Bonferroni-type multiple testing procedure, with a false
discovery control level of g* = 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 R2020a>*.

Supplementary Materials: The following are available online at
https://www.mdpi.com/article/10.3390/antibiotics10050498/s1. Table S1: Pairwise yearly
frequency comparison for blaswy in the DHMMC database, Table S2: Pairwise yearly
frequency comparison for blatem in the DHMMC database, Table S3: Pairwise yearly
frequency comparison for blacrx.m in the DHMMC database, Table S4: Pairwise yearly
frequency comparison for blaoxa in the DHMMC database, Table S5: Pairwise yearly
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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 fertilizer. 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 from those environmental samples that are also present
in the hospital isolates. We also identified the same resistance genes as observed in the
hospital (blarem, blaskv, blacrx-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 annually*®. In the United States, there
are 6-8 million UTI cases every year*. UTIs have become hard to treat due to increasing
resistance to multiple antibiotics?. UTIs are primarily caused by uropathogenic E. coli
(UPEC) that are genetically and phenotypically distinct from commensal E. coli and
diarrheagenic E. coli (EXPEC)*. 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 flora*5. UPEC is the main
cause of community-acquired UTIs, causing 80-90% of cases’. 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 relatedness®®.
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 cattle!®. 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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5- phosphate
isomerase)®

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

aer (aerobactin
siderophores)!?16

Function Gene Function Gene
Fimbriae fimH?212.13.16 Type Ill Secretion System | eivI®®
(T3SS)
i i 2 i 25
Adhesion/Pilus | papA Not present in UPEC eivJ2
strains
Iron Acquisition | feoB?2 epaR?®
iutA2,12,13,26 epaS]_ZS
fyuA2v12 yquZS
Hemaoglobin chuAz*? yqeG2?®
Receptor
Toxin Genes traT212 ygeH?
CNF-11416 ygel?
Other yrbH (D-arabinose ygeJ®

Table 2-1. Candidate genes for identifying UPEC isolates.

Methods

E. coli genomic database

| compiled two databases to identify potential UPEC associated genes. We
obtained E. coli genomes from the NCBI RefSeq database (as of October 2020)**! 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 2-12312-16_ We also included genes
which are part of a type 1l secretion system previously identified to not be part of the
UPEC genome to act as negative controls!’. We compiled a n-BLAST “subject” dataset
of UPEC genes of interest to identify their frequency within our E. coli database. Our
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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 lllumina 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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Isolates Isolates
Positive Negative | UPEC

Function Gene | for Gene | for Gene | 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*

ToxinGene | cNF-1 7 33 0.461 | 0.003*
traT 13 27 0.374 | 0.018*

Iron acquisition | ¢oop 40 0
fyuA 21 19 0.651 0
iutA 14 26 0.314 | 0.048*

Fimbrial

adhesion fimH 40 1 0.224 0.165

Partof Type il | gjyi 7 33|  -0197| 0.222

secretion _

System not e|VJ2 14 26 '021 0194

found in UPEC | epaR 15 25 -0.258 | 0.108
epaSl 15 25 -0.258 0.108
kdul 40 0
ygeF 40
yqeG 40
ygeH 24 16 -0.51 | 0.001*
yqel 22 18 -0.503 | 0.001*
ygeJ 22 18 -0.503 | 0.001*
ygeK 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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Isolates Isolates
Positive Negative | UPEC
Function Gene | for Gene | for Gene | 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.g 26 90 0.276 | 0.003*
traT 91 25 0.259 0.005*
ron feoB 116 0
acquisition
fyuA 90 26 0.197 0.034*
iutA 92 24 0.279 0.002*
Fimbrial
adhesion fimH 100 16 0.115 0.22
Partof Type | gjy 32 84 0.104 |  0.268
Il secretion )
System not eivJ2 34 82 0.052 0.582
found in epaR 45 71 0.121 0.195
UPEC
epaSl 45 71 0.121 0.195
kdul 105 11 0.185 | 0.047*
ygeF 104 12 0.156 0.094
yqeG 105 11 0.185 0.047*
ygeH 46 70 0.134 0.151
yael 45 71 0.121 0.195
yqeJd 46 70 0.097 0.298
ygeK 45 71 0.121 0.195
Pilusgene | papaA 3 113 0103 | 027
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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UPEC genes in E. coli database: principal UPEC genes in E. coli database: principal
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association with component 1 and a positive association with components 1 and 3.

association with component 2.
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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.

Gene Forward 5>3’ Reverse 5 >3’ Product
(bp)
chuA3 GCTACCGCGATAACTGTCAT TGGAGAACCGTTCCACTCTA 221
fyuA? TGATTGACCCCGCGACGGGAA | CGCAGTAGGCACGATGTTGTA 785
papA? ATGGCAGTGGTGTTTTGGTG CGTCCCACCATACGTGCTCTTC | 739
traT? GGTGTGGTGCGATGAGCACAG | CACGGTTCAGCCATCCCTGAG 288
yrbH3 TTGCACCAACAACGTCTACC TCTGCGTCTTCTACCATCAC 259
ygeKY’ TGCCCATGATGTTGTTTGCG TGGACATTGAGTTTTCGCAGAT | 140

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

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 ygeK in any environmental sites.

We wanted to compare the antibiotic resistance genotypes in environmental
samples to the genotypes in UPEC-enriched clinical isolate collection® which may also
support animal food source reservoirs for UPEC. We performed PCR to identify the
following genes blatew, blasny, blactx-w, and blaoxa. We identified blasny 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.
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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 tract!®. chuA is a heme transporter protein UPEC
use to acquire iron from heme?. 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 tract’. traT protects UPEC
from the host immune response by providing serum resistance contributing to the overall
pathogenicity of UPEC?. yrbH encodes an isomerase required for the biosynthesis of the
lipopolysaccharide (LPS) layer present on all Gram-negative bacteria?. ygeK is a gene
within a second type Ill secretion system operon, ETT2. ETT2 has differential expression
across E. coli types?’. The downregulation of ETT2 is associated with the decrease in
flagellar proteins and an increase in fimbriae?2. 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 collection®
which may also support animal food source reservoirs for UPEC. Two of the sites were
positive for blarem, blasny, blactx-v, and blaoxa and one site was positive for blasyy only.
The sites positive for blarem, blaswy, blactx-v, and blaocxa were dairy farms while the site
with blasnyy only was a cattle feed lot. On average, dairy cattle receive larger amounts of
more classes of antibiotics more frequently throughout their lives?®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.

30



References

1.

10.

11.

12.

13.

14.

Bélanger L, Garenaux A, Harel J, Boulianne M, Nadeau E, Dozois CM.
Escherichia coli from animal reservoirs as a potential source of human
extraintestinal pathogenic E. coli. FEMS Immunol Med Microbiol. 2011;62(1):1-10.
doi:10.1111/J.1574-695X.2011.00797.X

Paniagua-Contreras GL, Monroy-Pérez E, Diaz-Velasquez CE, et al. Whole-
genome sequence analysis of multidrug-resistant uropathogenic strains of
Escherichia coli from Mexico. Infect Drug Resist. 2019;12:2363-2377.
doi:10.2147/IDR.S203661

Brons JK, Vink SN, de Vos MGJ, Reuter S, Dobrindt U, van Elsas JD. Fast
identification of Escherichia coli in urinary tract infections using a virulence gene
based PCR approach in a novel thermal cycler. J Microbiol Methods.
2020;169:105799. doi:10.1016/j.mimet.2019.105799

Nordstrom L, Liu CM, Price LB. Foodborne urinary tract infections: A new
paradigm for antimicrobial-resistant foodborne illness. Front Microbiol.
2013;4(MAR). doi:10.3389/fmich.2013.00029

Russo TA, Johnson JR. Medical and economic impact of extraintestinal infections
due to Escherichia coli: Focus on an increasingly important endemic problem.
Microbes Infect. 2003;5(5):449-456. doi:10.1016/S1286-4579(03)00049-2

Lee JBL, Neild GH. Urinary tract infection. Medicine (Baltimore). 2007;35(8).
doi:10.1016/j.mpmed.2007.05.009

Terlizzi ME, Gribaudo G, Maffei ME. UroPathogenic Escherichia coli (UPEC)
Infections: Virulence Factors, Bladder Responses, Antibiotic, and Non-antibiotic
Antimicrobial Strategies. Front Microbiol. 2017;8(AUG).
doi:10.3389/FMICB.2017.01566

Jakobsen L, Garneau P, Bruant G, et al. Is Escherichia coli urinary tract infection
a zoonosis? Proof of direct link with production animals and meat. Eur J Clin
Microbiol Infect Dis. 2012;31(6):1121-1129. doi:10.1007/S10096-011-1417-
5/FIGURES/2

Jakobsen L, Kurbasic A, Skjgt-Rasmussen L, et al. Escherichia coli isolates from
broiler chicken meat, broiler chickens, pork, and pigs share phylogroups and
antimicrobial resistance with community-dwelling humans and patients with
urinary tract infection. Foodborne Pathog Dis. 2010;7(5):537-547.
doi:10.1089/FPD.2009.0409

California Department of Food and Agriculture. California Agricultural Statistics
Review 2019-2020.; 2019. www.cdfa.ca.gov/statistics. Accessed May 26, 2022.
O’Leary NA, Wright MW, Brister JR, et al. Reference sequence (RefSeq)
database at NCBI: Current status, taxonomic expansion, and functional
annotation. Nucleic Acids Res. 2016. doi:10.1093/nar/gkv1189

Munkhdelger Y, Gunregjav N, Dorjpurev A, Juniichiro N, Sarantuya J. Detection of
virulence genes, phylogenetic group and antibiotic resistance of uropathogenic
Escherichia coli in Mongolia. J Infect Dev Ctries. 2017;11(1):51-57.
doi:10.3855/jidc.7903

Chakraborty A, Adhikari P, Shenoy S, Saralaya V. Molecular characterisation of
uropathogenic Escherichia coli isolates at a tertiary care hospital in South India.
Indian J Med Microbiol. 2017;35(2):305-310. d0i:10.4103/ijmm.IJIMM_14 291
Basu S, Mukherjee SK, Hazra A, Mukherjee M. Molecular Characterization of
Uropathogenic Escherichia coli: Nalidixic Acid and Ciprofloxacin Resistance,

31



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Virulent Factors and Phylogenetic Background. J Clin Diagn Res.
2013;7(12):2727. doi:10.7860/JCDR/2013/6613.3744

Lloyd AL, Rasko DA, Mobley HLT. Defining genomic islands and uropathogen-
specific genes in uropathogenic Escherichia coli. J Bacteriol. 2007;189(9):3532-
3546. doi:10.1128/JB.01744-06

Dadi BR, Abebe T, Zhang L, Mihret A, Abebe W, Amogne W. Distribution of
virulence genes and phylogenetics of uropathogenic Escherichia coli among
urinary tract infection patients in Addis Ababa, Ethiopia. BMC Infect Dis.
2020;20(1):1-12. d0i:10.1186/S12879-020-4844-Z/TABLES/7

Ren CP, Chaudhuri RR, Fivian A, et al. The ETT2 gene cluster, encoding a
second type Il secretion system from Escherichia coli, is present in the majority of
strains but has undergone widespread mutational attrition. J Bacteriol. 2004.
doi:10.1128/JB.186.11.3547-3560.2004

Guzman-Cole C, Santiago F, Garsevanyan S, Sindi S, Barlow M. Distribution of 3-
Lactamase Genes in Clinical Isolates from California Central Valley Hospital
Deviates from the United States Nationwide Trends. Antibiot 2021, Vol 10, Page
498. 2021;10(5):498. d0i:10.3390/ANTIBIOTICS10050498

Hancock V, Ferriéres L, Klemm P. The ferric yersiniabactin uptake receptor FyuA
is required for efficient biofilm formation by urinary tract infectious Escherichia coli
in human urine. Microbiology. 2008;154(1):167-175.
doi:10.1099/mic.0.2007/011981-0

Torres AG, Payne SM. Haem iron-transport system in enterohaemorrhagic
Escherichia coli 0157:H7. Mol Microbiol. 1997;23(4):825-833.
doi:10.1046/J.1365-2958.1997.2641628.X

Meredith TC, Woodard RW. Escherichia coli YrbH Is a D-Arabinose 5-Phosphate
Isomerase. J Biol Chem. 2003;278(35):32771-32777.
doi:10.1074/JBC.M303661200

Shulman A, Yair Y, Biran D, et al. The Escherichia coli type Ill secretion system 2
has a global effect on cell surface. MBio. 2018. doi:10.1128/mBi0.01070-18
Ferroni L, Lovito C, Scoccia E, et al. Antibiotic Consumption on Dairy and Beef
Cattle Farms of Central Italy Based on Paper Registers. Antibiotics. 2020;9(5).
doi:10.3390/ANTIBIOTICS9050273

CVM, Fda, DS. 2019 Summary Report On Antimicrobials Sold or Distributed for
Use in Food-Producing Animals. 2019.

Ren CP, Chaudhuri RR, Fivian A, et al. The ETT2 gene cluster, encoding a
second type Il secretion system from Escherichia coli, is present in the majority of
strains but has undergone widespread mutational attrition. J Bacteriol.
2004;186(11):3547-3560. doi:10.1128/JB.186.11.3547-3560.2004

Yun KW, Kim HY, Park HK, Kim W, Lim IS. Virulence factors of uropathogenic
Escherichia coli of urinary tract infections and asymptomatic bacteriuria in
children. J Microbiol Immunol Infect. 2014,;47(6):455-461.
doi:10.1016/}.jmii.2013.07.010

32



Chapter 4: Designing a plasmid vector to test the selection of
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 DH5a 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 blacrx-m-1s, blaoxa-1, blaskv-2, and blarem-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 resistance!. Between 2000 and
2015, global antibiotic consumption increased 65% with documented parallel increases
in antibiotic resistance?. The United States is the top consumer of antibiotics among high
income countriest. 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 bacteria®. 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 bacteria?. 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 themselves?. Treatment-
induced resistance results from selection of existing resistant strains rather than the
evolution of resistance in the predominant infection-causing strain within a patient®. 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 animals?.
Antibiotics are also used extensively on crops to improve productivity by preventing or
curing disease”.

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 fithess 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 tested®. Previous work has also shown that different resistance
genes are genetically linked and can spread together at different frequencies®. We
designed a plasmid vector that expresses four common ESBL genes CTX-M-15, blaoxa-
1, blasnwv-2, and blarem10 (COST), a tetracycline selectable marker, and a restriction site
for an additional gene. blacrx-m-15 is one of the most widely disseminated ESBL
resistance gene worldwide’. blactx-m-15 confers resistance to the third generation
cephalosporins with enhanced hydrolytic activity against ceftazidime?®. blaoxa-1 confers
resistance to aminopenillins, ureidopenicillins, and narrow spectrum penicillins. blaoxa-1
frequently occurs in combination with blacrx.m-15 resulting in resistance to combination j3-
lactam-B-lactamase inhibitor therapy?®. blasnv-2 is a successful SHV variant that confers
resistance to 3" generation cephalosporins with limited hydrolytic ability of ceftazidime?°.
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, blacrx-w-15, blaoxa-1,
blasnv-2, and blatem10 Was designed using the Benchling platform?®t. Using NCBI BLAST,
| found numerous representative genomes for each gene. For blacrx-m-1s, | ran n-BLAST
on the gene and identified and downloaded eleven E. coli and K. pneumoniae genomes
which contained blacrtx-w-15. Using Benchling, | made an alignment of the upstream and
downstream regions flanking blacrx-w-1s gene between neighboring genes. This was
done to ensure my alignment had all the regulatory regions for blacrx-w-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 blacrx-v-1s. The consensus sequence derived
from this alignment was used as the blacrx-w-1sgene insert for the plasmid vector. This
was done for blaoxa-1 and blasnv-2. For blaoxa-1, | used twelve representative genomes
from E. coli and K. pneumoniae. For blasnwv-2 | used seven representative genomes from
E. coli and Klebsiella species (K. pneumonia and K. michiganensis)

For TEM-10 | 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, blarem-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 blarem-1 and blarem-10 and aligning them, | was able
to identify the conserved regions and places where blatem-1 and blatew-10 differ. The
consensus sequence was derived to include all conserved regulatory regions across
genomes with respect to pBR322 and blarem-10 mutations.
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The blatem-1 sequence in pBR322 was edited to code for blatem-10 while blasny-2,
blaoxa-1 and blacrx-w-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 blasnv-2 are located on the reverse strand while blaoxa-1 and blacrx-w-1sare on the
forward strand.

Restrictions enzyme sites were identified using Benchling. | performed a vector
wide search to identify New England Biolabs (NEB) restriction sites not found in pBR322
containing all gene inserts. From this list, | 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. |
searched the vector for sequences similar to those restriction sites, limiting my search to
one to three nucleotide changes. | was able to identify and incorporate eight restriction
sites before and after each gene with limited nucleotide changes (Mfell, Spel, Avrll,
Sacl, Aflll, Sbfl, Pacl, and Kpnl). | 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, | ran digestions to verify my restriction sites resulted in the
appropriate constructs.

bl a si g_pepti de Shi ne- Dal garno sequence +9 mi sc_bi ndi ng pronot er PL (6), msc_bi ndi ng +6
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Figure 3-1. Diagram of COST vector.

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

| created a construct library to be able to test fithess and selection of the different
ESBL genes and different combination of ESBL genes. | 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. coliin 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. 2ug of plasmid DNA was used with 2L 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. 17uL of blunted DNA was used to ligate
vector ends together (2uL ligase buffer, 1L 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. 20uL of ligated
vector DNA was added to spin columns, centrifuges at 800xg for 2 minutes. Between 5-
15uL of vector DNA was added to 40uL of competent DH5a E. coli cells, electroporated,
and incubated in 2mL SOC media at 37°C on a rotor for 1 hour. 100-200uL 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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Construct Genes Size (bp)
COST blactx-m-15, blaoxa-1, blashv-2, blatewm-10, tetR 7826
COT blactx-m-15, blaoxa-1, blatem-1o, tetR 6651
COS blacTtx-m-15, blaoxa-1, blashv-2, tetR 6800
CST blactx-m-15, blashv-2, blatem-10, tetR 6805
OST blaoxa-1, blasnv-2, blatem-10, tetR 6686
CcO blactx-m-15, blaoxa-1, tetR 5625
CS blactx-m-15, blashv-2, tetR 5779
CT blactx-m-15, blaTtewm-10, tetR 5630
(O] 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
(@) blaoxa-1, tetR 4493
S blashv-2, tetR 4640
T blarem-10, tetR 4491
Empty tetR 3472
Table 3-1. List of COST construct library abbreviations, genes present, and vector size.

ESBL resistance phenotype assay of COST vector construct library: Disk
diffusion

| performed a Disk Diffusion assay to confirm ESBL activity and differential
expression of ESBL genes in the different plasmid constructs. | streaked the following
constructs onto LB-tet plates: COST, COT, CST, COS, OST, CO, 0OS, OT, O, and the
empty vector. Constructs were grown at 37°C overnight then single colonies were
selected to inoculate Mueller-Hinton (MH) Broth in a standing culture overnight at 37°C.
100pL 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 (ug/uL) 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 30 Penicillin, 3 + inhibitor
(AMC)
Cefotetan (CTT) 30 Cephamycin, 2nd
Ceftazidime (CAZ) 30 Cephalosporin, 3rd
Ampicillin (AM) 10 Penicillin, 3"
Table 3-2. Antibiotic abbreviations, concentrations, class, and generation of antibiotics
disks used for Mueller-Hinton Disk Diffusion assay.
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Construct [ CRO | IPM10| FOX |FEP30| AMC (CTT30| CAZ | AM10
30 30 30 30

Empty 31mm [30mm [30mm [32mm [21mm (31 mm |30 mm |8 mm

CcoT 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

@) 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.

ESBL resistance phenotype assay of COST vector construct library: Minimum
inhibitory concentration

| 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 fithess 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.

| performed MICs on all sixteen constructs using the following antibiotics and
inhibitor combinations: Meropenem, Meropenem + avibactam (4ug/uL), 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 10° cells/mL of Mueller-Hinton Il broth. Antibiotic concentrations
were serially diluted using MHII broth cultures. Meropenem concentrations without the
inhibitor ranged from 4096 to 0.0625 pg/uL. 180uL of MHII broth cultures and 20puL of
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10X Meropenem were used to create the initial 4096 pg/uL concentration then serially
diluted to 0.0625 across seventeen wells. Aztreonam, Ertapenem, and Meropenem +
avibactam (4pg/pL) concentrations ranged from 1024 to 0.0625ug/pL. For Aztreonam
and Ertapenem 180pl of MHII broth cultures and 20pL of 10X antibiotic concentrations
were used to create the initial 1024 pg/uL concentration then serially diluted to 0.0625
Mo/uL across fifteen wells. For Meropenem + Avibactam, 185uL of MHII broth cultures
and 5L of 40X Meropenem were used to create the initial 1024ug/uL concentration then
serially diluted to 0.0625ug/uL across fifteen wells. 10uL of 20X avibactam was added to
each well after serial dilutions were done to create a 4ug/pL 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 Aztreonam Ertapenem
+Avibactam
(4ug/ul)
Empty <0.0625 <0.0625 <0.0625 <0.0625
COoT <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. | 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.

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.

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-
31213 All constructs were susceptible to imipenem, cefoxitin, and cefotetan. All
constructs are resistant to ampicillin. All constructs with blacrx-m-1sare 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 blaspv-2 are resistant to 3" generation cephalosporins. The OS
construct shows intermediate resistance to ceftazidime. This intermediate result is
indicated by a disk diameter of 20mm. Constructs with blarem10 confer resistance to
ceftazidime in constructs without blacrx-w-15 Or blaskv-2 (OT). Constructs with only blaoxa-1
and blaoxa-1 and blarem-10 Were susceptible to the most antibiotics. blaoxa-1 conferred
resistance to ampicillin and in combination with blarem-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.
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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 0.0625pg/pL.
All but one of the constructs were susceptible to ertapenem based on an MIC of less
than 0.0625 pg/uL. The COT construct containing blacrx-w-1s, blaoxa-1, and blarem-10
showed resistance to ertapenem with an MIC of 265ug/uL. The construct with no
resistance genes and the construct with only blaoxa-1 were susceptible to aztreonam with
MICs of less than 0.0625ug/uL. The blaoxa-1 and blasny-2 construct (OS) and the blashy-2
construct (S) both showed intermediate resistance to aztreonam with MICs of 4ug/uL.
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. blacrx-u-15 is responsible for conferring resistance to 3"
generation cephalosporins. The MH disk diffusion results reflect this activity. blarem-io
confers ceftazidime resistance. This is illustrated by the blarem-10 construct (T) due to its
susceptibility to all antibiotics except ceftazidime in which it is resistant. blaoxa1 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 [3-
lactamase activity, as opposed to extended spectrum activity. blasnv-2 confers resistance
to 3" generation cephalosporins. The intermediate susceptibility to ceftazidime by blaoxa-
1 and blaswv-2 (OS) is due to the combination of blaoxa-1 Not contributing resistance to
ceftazidime and blasnv-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
ceftazidime4.

Minimum inhibitory concentration

Meropenem and ertapenem are carbapenem antibiotics which are proven
effective against ESBL-producing bacteria which are resistant to penicillins and
cephalosporins®®. 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-w-15 and blatem-10. The
constructs with ESBL genes that show susceptibility or intermediate susceptibility are
blaox/.\.l and b|as|-|v.2 (OS), blaSHv.z (S), and blaox/.\.l (O) Constructs with blaSHv.z have
intermediate resistance/susceptibility to aztreonam likely due to their inability to process
the bulky sidechain of aztreonam?*. The susceptibility to aztreonam by blaoxa-1 (O) can
be attributed to the fact that it is not an extended spectrum B-lactamase, but rather a
broad-spectrum B-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 fithess
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 fithess 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.
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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 blacrx-m, which
confers resistance to later generation antibiotics. There was also evidence of blatewm
displacement by blacrx-w, Which indicates selection for higher resistance genotypes.
Nationwide, there were high frequencies of blarem in combination with negative gene
correlations between blarem and blasv, blactx-v, 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 blatewm, blashy, blacrx-m, and blacxa 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 products?®. 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 blarem, blasny, blacrx-
v, and blaoxa at two of the three sites surveyed. The remaining site was positive for only
blasny. 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 genotypes®. Combining this previous work with the surveillance
work done in chapter one, | designed a customizable plasmid vector of antibiotic
resistance genes from the families of genes | identified at DHMMC. The plasmid vector
has blacrx-m-15, blaoxa-1, blasnv-2, and blarem-10 (COST) under the natural expression of
their own promoters flanked by unique restriction enzyme sites, a tetracycline selectable



marker, and a restriction site for an additional gene. | designed the COST plasmid vector
as a tool for understanding the antibiotic resistance phenotypes of resistance genes in
combination with each other and alone. | performed sequential restriction enzyme
digestion of each gene to make constructs of the sixteen possible gene combinations
expressed in E. coli. | 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_ASM1024v1l_genomic.fna.gz
GCF_000714595.1 ASM71459v1 genomic.fna.gz
GCF_001878695.1_ASM187869v1_genomic.fna.gz
GCF_000017765.1 _ASM1776vl_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 _ASM16781v1l _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_ASM1326vl_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_ASM466424v1l_genomic.fna.gz
GCF_014930875.1_ASM1493087v1_genomic.fna.gz
GCF_000026325.1_ASM2632v2_genomic.fna.gz
GCF_000971615.1 _ASM97161vl genomic.fna.gz
GCF_009761195.1_FMVZ-USP_UPEC_V2-6_genomic.fna.gz
GCF_000026345.1 ASM2634v1l_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 _ASM1421998v1l 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
ttctcatgtttgacagcttatcatcgataagctitaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgetgtaggcataggcttggttatgecggtactge
cgggcctcttgcgggatatcgtccaticcgacagcatcgccagtcactatggegtgetgctagegctatatgegtitgatgcaat
ttctatgcgcacccgtictcggagcactgtccgaccgcetttggeccgecgceccagtcctgetcgettcgetacttggagcecacta
tcgactacgcgatcatggcgaccacacccgicctgtggatcctctacgccggacgcatcgtggecggcatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggcetcgecactticgggcetcatgagegcet
tgtttcggcgtgggtatggtggcaggcecccgtggecgggggactgttgggegcecatctecttgcatgcaccattccttgegge
ggcggtgctcaacggcectcaacctactactgggctgcticctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggecgcggggceatgactatcgtcgecgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcegctctgggtcattttcggcgaggaccgctttcgetggagecgegacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgcecctcgcetcaagcecttcgtcactggtcccgecaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggcecgacgcgcetgggctacgtcttgetggegttcgcgacgcgaggcetggat
ggccttccccattatgattctictcgceticcggeggceatcgggatgeccgcegttigcaggcecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggcgagcacatggaacgggttggcatggattgtaggcgecgcecctataccttgtctgectceeege
gttgcgtcgcggtgcatggagecgggcecacctcgacctgaatggaagecggeggcacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagcecgceacgcggcegcatctcgggecagcegttgggtectggecacgggtgegeatgatcgtgceteetgteg
ttgaggacccggctaggctggeggggttgecttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgetgctggcetaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgceatccataccgcecagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagcetcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgegtcagegggigttggecgggtgtcggggegce
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgetcact
gactcgctgcgctcggtcgticggcetgcggcgagceggtatcagetcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecgcegttgetg
gcgtttttccataggctccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegcetctectgttccgacccetgecgcttaccggatacctgt
ccgcctttctcecttcgggaagcegtggegctttctcatagcetcacgcetgtaggtatctcagttcggtgtaggtegttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgcetgegccttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggtigtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggecgeggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
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tgtcactggctgagcttagcgecggecgegctacagtacagcgataacgtggegatgaataagcetgattgctcacgttggeg
gcccggctagegtcaccgegttcgeccgacagetgggagacgaaacgttcecgtctcgaccgtaccgagecgacgttaaa
caccgccattccgggcegatccgegtgataccacttcacctcgggcaatggecgcaaactctgcggaatctgacgetgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcageggtggcetatggcaccaccaacgatatcgeggtgatc
tggccaaaagatcgtgcgecgctgattctggtcacttacttcacccagectcaacctaaggcagaaagecgtcgegatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcge
cttaacccttccatcgagggggacgtcctagggctggegeccttggecgeccctcatgtcaaacgttgggcgaacccgga
gcctcattaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgct
atttttttaataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaagga
actgaaggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatg
gcaccagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatg
ggataaaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtt
tcgcaagaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctc
tggagataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaat
tcaattcctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctac
aagatctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatg
gtttgaagggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacat
caagcataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcecc
aacccttcaatcaagtcgggacggccaaaagcaagcttttggctccectegetggagctcggegecccttatttcaaacgtt
agacggcaaagtcacagaccgcgggatctcttAAggcgegeggcecaccgecgggttagegttgccagtgetcgatcag
cgccgcgecgatcccggcegatttgetgatttcgetcggecatgcetcgecggggtatcccgcagataaatcaccacaatgeg
ctctgcetttgttattcgggccaagcagggegacaatcccgegegeacccecgetecgetageteeggtcttatcggegataaac
cagcccgecggceagcacggagceggatcaacggtccggcgacccgatcgtccaccatccactgcageagetgecgttge
gaacgggcgctcagacgctggetggtcagcagettgcgcagggtcgeggecatgetggecggggtagtggtgtcgeggg
cgtcgccgggaagcegcctcattcagttcegtttcccageggtcaaggegggtgacgttgtcgecgatctggcgcaaaaagg
cagtcaatcctgcggggcecgecgacggtggecagtagcagattggeggegctgttatcgctcatggtaatggeggeggeg
cagagttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggegagtagtccaccagatcctgetggegatagt
ggatctttcgctccagetgttcgtcaccggceatccacccgegecagcactgcgecgecagagceactactttaaaggtgctcat
catgggaaagcgttcatcggcgcegecaggeggtcagegtgcggecgcetggecagatccatttctatcatgectacgegge
ccgacagctggctttcgcttagtttaatttgctcaagcggetgcgggctggegtgtaccgccageggeagggtggctaacag
ggagataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaag
cgacaaataagaataacccggcgttttgctgattcacaattcctettttttccttcatcatttttcatcttttatttcgaataatcaatat
ctagccctgcctaagcacgctattttttgactcaaggccgtgatgaactataagaaagtactaaataccgcactctgtcggge
gtcgctgtttgccgatcaccacgeccgecggtecctgeggttcgccaacgctatatgccatcecctgcaggaactgtgacgcet
cagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttaattaaaaa
tgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcag
cgatctgtctatttcgttcatccatagttgcctgactccccgtegtgtagataactacgatacgggagggcttaccatctggecc
cagtgctgcaatgataccgcgagacccacgcttaccggetccagatttatcagcaataaaccagccagccggaagggec
gagcgcagaagtggtcctgcaactttatccgectccatccagtctattaattgttgccgggaagcetagagtaagtagttcgec
agttaatagtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgctcgtegtttggtatggcttcattcagetcecgg
ttcccaactatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctecttcggtcctecgategttgtcag
aagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttc
tgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgetcttgcccggegtcaacacgg
gataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatct
taccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcegtttctgggt
gctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcat
actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaac
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aaataggggtaccgcgcacatttccccgaaaagtgeccacctgacgtctaagaaaccattattatcatgacattaacctataa
aaataggcgtatcacgaggccctttcgtcttcaagaa
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>COT- pBR322 expressing CTX-M-15, OXA-1, TEM-10
ggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagat
cctttttaattaaaaatgaagttitaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtga
ggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactcceegtegtgtagataactacgatacgggaggge
ttaccatctggccccagtgctgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccageca
gccggaagggcecgagcgcagaagtggtcctgcaactttatccgectccatccagtctattaattgttgccgggaagctaga
gtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcaggceatcgtggtgtcacgetegtegtttggtatgge
ttcattcagctccggttcccaactatcaaggcegagttacatgatcccccatgttgtgcaaaaaageggttagetcecttcggtect
ccgatcgttgtcagaagtaagttggccgeagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgecatc
cgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcecg
gcgtcaacacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaa
actctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttca
ccagcgtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaa
atgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatt
tagaaaaataaacaaataggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatg
acattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaattctcatgtttgacagcttatcatcgataagcttt
aatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtatgaaatctaacaatgcgctcatcgtcatccteg
gcaccgtcaccctggatgctgtaggcataggcttggttatgccggtactgecgggcectcttgcgggatatcgtccattccgac
agcatcgccagtcactatggcgtgctgctagegctatatgegttgatgcaatttctatgcgcaccegttctcggageactgtce
gaccgctttggcecgecgeccagtcctgctegcttegetacttggagecactatcgactacgegatcatggcgaccacacce
gtcctgtggatcctctacgecggacgcatcgtggecggeatcaccggegecacaggtgeggttgctggegcectatatcgec
gacatcaccgatggggaagatcgggctcgccacttcgggctcatgagcgcettgtttcggegtgggtatggtggcaggecce
gtggccgggggactgttgggegecatctecttgcatgcaccattccttgcggeggeggtgctcaacggectcaacctactac
tgggctgcttcctaatgcaggagtcgcataagggagagegtcgaccgatgeccttgagagcecttcaacccagtcagcetectt
ccggtgggcgeggggcatgactatcgtcgecgeacttatgactgtcettetttatcatgcaactcgtaggacaggtgecggea
gcgctctgggtcattttcggcgaggaccgctttcgctggagegegacgatgatcggectgtegettgeggtattcggaatcttg
cacgccctcgctcaagccttcgtcactggtcccgecaccaaacgtitcggcgagaagcaggcecattatcgecggeatgge
ggccgacgcgctgggcetacgtettgctggegttcgcgacgcgaggcetggatggecttceecattatgattettctcgettcegg
cggcatcgggatgcccgegttgcaggecatgetgtccaggcaggtagatgacgaccatcagggacagcttcaaggateg
ctcgcggctcttaccagcectaacttcgatcactggaccgcetgatcgtcacggegatttatgccgectcggcgagcacatgga
acgggttggcatggattgtaggcgccgcecctataccttgtctgectcccegegttgegtcgeggtgcatggagecgggecac
ctcgacctgaatggaagccggcggceacctcgctaacggattcaccactccaagaattggagccaatcaattcttgcggag
aactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtccgecatctccagcagecgcacgeggegeatct
cgggcagcgttgggtcctggecacgggtgegeatgategtgetectgtegttgaggacceggetaggetggeggggttgec
ttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcgactgctgctgcaaaacgtctgcgacctgagca
acaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcggaagtcagecgecctgcaccattatgttccggatc
tgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtattaacgaagegctggcattgaccctgagtgattttt
ctctggtccecgecgceatccataccgecagttgtitaccctcacaacgttccagtaaccgggcatgttcatcatcagtaaccegt
atcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaaatcccccttacacggaggcatcagtgaccaa
acaggaaaaaaccgcccttaacatggcccgctttatcagaagccagacattaacgcttctggagaaactcaacgagctg
gacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctgatgagctttaccgcagetgectcgegcegttte
ggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcettgtctgtaagcggatgccgggagea
gacaagcccgtcagggcegegtcagegggtgttggegggtgtcggggegceagecatgacccagtcacgtagegatageg
gagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacag
atgcgtaaggagaaaataccgcatcaggcgctcttccgettcctcgetcactgactegetgegeteggtegttcggetgegg
cgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtga
gcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgctggegtttitccataggctccgeccccctgacg
agcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccecctg
gaagctccctecgtgegcetctectgttccgaccctgecgcettaccggatacctgteegecttteteecttcgggaagegtggegcet
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ttctcatagctcacgctgtaggtatctcagttcggtgtaggtegttcgetccaagetgggcetgtgtgcacgaaccccccgttcag
cccgaccgctgegcecttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgeccactggcageagec
actggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcectaactacggcetacact
agaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaac
aaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatccttt
gatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtggataacttgcagagtttattaagtatcattgc
agcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaataatgttacaatgtgtgagaagcagtctaa
attcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttagggactattcatgttgttgttatttcgtatcttcc
agaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatggcgacggcaaccgtcacgctgttgttagga
agtgtgccgcetgtatgcgcaaacggceggacgtacagcaaaaacttgccgaattagagcggceagtcgggaggceagactg
ggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgatgagegctttgcgatgtgcagcaccagtaa
agtgatggccgeggecgceggtgctgaagaaaagtgaaagcgaaccgaatctgttaaatcagcgagttgagatcaaaaa
atctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacgatgtcactggctgagcttagcgeggecgeg
ctacagtacagcgataacgtggcgatgaataagctgattgctcacgttggcggeccggcetagegtcaccgegttcgeccga
cagctgggagacgaaacgttccgtctcgaccgtaccgagecgacgttaaacaccgecattccgggegatccgegtgata
ccacttcacctcgggcaatggcgcaaactctgcggaatctgacgetgggtaaageattgggcgacagcecaacgggegea
gctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcaggctggactgectgettcctgggttgtggggg
ataaaaccggcagcggtggctatggcaccaccaacgatatcgcggtgatctggccaaaagatcgtgcgecgctgattctg
gtcacttacttcacccagcctcaacctaaggcagaaagccgtcgegatgtattagcgtcggeggctaaaatcgtcaccgac
ggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcgccttaacccttccatcgagggggacgtecta
gggctggegceccttggecgeccctcatgtcaaacgttgggcgaacccggagcctcattaattgttagecgttaaaattaage
cctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctatttttttaataattgcaaatattatctacagca
gcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactgaaggttgttttitactttacgatgcatcca
caaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcaccagattcaactttcaagatcgcattatc
acttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggataaaacccccaaaggaatggagatct
ggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgcaagaaataacccaaaaaattggatta
aataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctctggagataaagaaagaaacaacggattaa
cagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaattcctgcgtaaaattattaatcacaatct
cccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagatctggataatagtacaaaactgtatg
ggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttgaagggtttattataagcaaatcagga
cataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaagcataaaagccaagaaaaatgcgat
caccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacccttcaatcaagtcgggacggccaaa
agcaagcttttggctcccctcgetggagetcggegecccttatttcaaacgttagacggcaaagtcacagaccgcegggatct
c
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>COS- pBR322 expressing CTX-M-15, OXA-1, SHV-2
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggcegtgetgctagegctatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgcetttggccgecgceccagtcctgetcgceticgetacttggagcecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggeccgggggactgttgggegcecatctectigcatgcaccatteecttgecgge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttccccattatgattcttctcgettccggeggceatcgggatgcccgegttgcaggecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaagecggeggeacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgccagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcettcacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcettcctcgcetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegcetctectgttccgacccetgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgcetgegcecttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcatigcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggtigtaaat
aatgttacaatgtgtgagaagcagtctaaattcticgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcticcagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgceggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgacctigttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggcecgegctacagtacagcgataacgtggcgatgaataagcetgattgcetcacgttggeg
gcccggcetagegtcaccgegttcgecccgacagcetgggagacgaaacgttccgtctcgaccgtaccgagcecgacgttaaa
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caccgccattccgggcegatccgegtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgetgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggtigtgggggataaaaccggcageggtggetatggcaccaccaacgatatcgeggtgate
tggccaaaagatcgtgcgecgctgattctggtcacttacttcacccagectcaacctaaggcagaaagcecgtcgegatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcge
cttaacccttccatcgagggggacgtcctagggctggegeccttggecgeccctcatgtcaaacgttgggcgaaccecgga
gcctcattaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgct
atttttttaataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaagga
actgaaggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatg
gcaccagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatg
ggataaaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtt
tcgcaagaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctc
tggagataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaat
tcaattcctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctac
aagatctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatg
gtttgaagggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacat
caagcataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgecc
aacccttcaatcaagtcgggacggccaaaagcaagctittggctccectegetggagetcggegecccttatttcaaacgtt
agacggcaaagtcacagaccgcgggatctcttAAggcgegeggcecaccgecgggttagegttgccagtgetcgatcag
cgccgcgecgatcccggcegatttgetgatttcgetcggecatgctcgecggggtatcccgcagataaatcaccacaatgeg
ctctgcetttgttattcgggccaagcagggegacaatcccgegegeaccccgctegctagetcecggtcttatcggegataaac
cagcccgecggceagcacggagceggatcaacggtccggcgacccgatcgtccaccatccactgcageagetgecgttge
gaacgggcgctcagacgctggcetggtcagcagettgcgcagggtcgeggccatgetggecggggtagtggtgtcgeggg
cgtcgccgggaagcegcctcattcagttcegtttcccageggtcaaggegggtgacgttgtcgecgatctggcgcaaaaagg
cagtcaatcctgcggggecgecgacggtggecagtagcagattggeggegctgttatcgetcatggtaatggeggeggeg
cagagttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggegagtagtccaccagatcctgetggegatagt
ggatctttcgctccagcetgttcgtcaccggcatccaccecgegecageactgcgecgcagageactactttaaaggtgcetcat
catgggaaagcgttcatcggcgegecaggeggtcagegtgcggecgcetggecagatccatttctatcatgectacgegge
ccgacagctggctttcgcttagtttaatttgctcaagcggcetgcgggctggegtgtaccgeccageggecagggtggctaacag
ggagataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaag
cgacaaataagaataacccggcgttttgctgattcacaattcctettttttccttcatcatttttcatcttttatttcgaataatcaatat
ctagccctgcectaagcacgctattttttgactcaaggccgtgatgaactataagaaagtactaaataccgcactctgtcggge
gtcgctgtttgccgatcaccacgeccgecggtecctgeggttcgccaacgctatatgccatcecctgcaggaactgtgacgct
cagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttacgcgcac
atttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgagg
ccctttcgtcttcaagaa
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>CST- pBR322 expressing CTX-M-15, SHV-2, TEM-10
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgctgtaggcataggettggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagceatcgecagtcactatggegtgetgctagegcetatatgegttgatgcaat
ttctatgcgcacccegttctcggageactgtccgaccgctttggccgecgeccagtectgetcgettcgetacttggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggeatcaccggegec
acaggtgcggttgctggcgcectatatcgccgacatcaccgatggggaagatcgggcetcgecacttcgggcetcatgagegcet
tgtttcggcgtgggtatggtggcaggecccgtggeccgggggactgttgggegecatctecttgcatgecaccattecttgegge
ggcggtgctcaacggcectcaacctactactgggetgettcctaatgcaggagtcgecataagggagagegtcgaccgatge
ccttgagagccttcaacccagtcagctecttccggtgggecgeggggcatgactatcgtcgecgeacttatgactgtettctttat
catgcaactcgtaggacaggtgccggcagcegctctgggtcattttcggcgaggaccgctttcgctggagcgegacgatgat
cggcctgtegettgecggtattcggaatcttgcacgecctegetcaagecttegtcactggtcccgecaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggcecgacgcegetgggctacgtcttgetggegttcgcgacgegaggetggat
ggccttccecattatgattcttctcgettccggeggeatcgggatgeccgegttgcaggecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgeggctcttaccagectaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgectcggcgagceacatggaacgggttggceatggattgtaggcgecgecctataccttgtctgectceeecge
gttgcgtcgecggtgecatggagecgggecacctcgacctgaatggaagecggeggeacctcgcetaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtce
gccatctccagcagecgcacgceggcegeatctcgggeagegttgggtectggecacgggtgegeatgategtgctectgteg
ttgaggacccggctaggctggcggggttgecttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaageg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttcegtgtttcgtaaagtctggaaacgegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgetgetggetaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgeatccataccgecagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctegtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggeccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgettcacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagcetcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagceccgtcagggcegegtcagegggtgttggegggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgettcctegetcact
gactcgctgcgctcggtegttcggetgecggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecgegttgetg
gcgtttttccataggctccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegctetectgttccgaccctgecgettaccggatacctgt
ccgcctttctceccttcgggaagegtggegcttictcatagctcacgctgtaggtatctcagttcggtgtaggtegttcgctccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgcetgegecttatccggtaactategtettgagtccaaccecggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgetctgctgaagecagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagecggtggtttttttgtttgcaagcagcagattacgcgea
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggttgtaaat
aatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgeggecgeggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggecgegcetacagtacagegataacgtggegatgaataagetgattgetcacgttggeg
gcccggctagegtcaccgegttcgeccgacagetgggagacgaaacgttcecgtetcgaccgtaccgagecgacgttaaa
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caccgccattccgggcegatccgegtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgetgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggecageggtggcetatggcaccaccaacgatatcgeggtgate
tggccaaaagatcgtgcgecgctgattctggtcacttacttcacccagectcaacctaaggcagaaagcecgtcgegatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcge
cttaacccttccatcgagggggacgtccggegcecccttatttcaaacgttagacggcaaagtcacagaccgcgggatctett
aaggcgcgcggccaccgecgggttagegttgccagtgetcgatcagegecgegecgatcccggegatttgetgatttcgcet
cggccatgctcgecggggtatcccgcagataaatcaccacaatgegctetgetttgttattcgggccaagcagggegacaa
tcccgegegeaccecgctegetageteeggtettatcggegataaaccageccgecggcageacggageggatcaacg
gtccggcgacccgatcgtccaccatccactgcagcagcetgcecgttgcgaacgggegctcagacgcetggetggtcageag
cttgcgcagggtcgeggecatgctggecggggtagtggtgtcgecgggegtcgecgggaagegcecteattcagtteegtttee
cagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagtcaatcctgcggggecgecgacggtggec
agtagcagattggcggcgctgttatcgctcatggtaatggcggcggegcagagttcgccgaccgtcatgecgtcggcaag
gtgtttttcgctgaccggcgagtagtccaccagatcctgctggegatagtggatctttcgetccagcetgttcgtcaccggeatcee
acccgcegcecagcactgcgecgcagagceactactttaaaggtgctcatcatgggaaagegttcatcggcgegecaggegg
tcagcgtgcggecgctggecagatecatttctatcatgcctacgcggeccgacagcetggctttcgcettagtttaatttgctcaag
cggctgcgggctggegtgtaccgecageggcagggtggctaacagggagataatacacaggcgaatataacgcataac
cacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggcegttttgctgattc
acaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttttgactcaag
gccgtgatgaactataagaaagtactaaataccgcactctgtcgggegtcgctgtttgccgatcaccacgeccgecggtee
ctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttgg
tcatgagattatcaaaaaggatcttcacctagatcctttttaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaa
acttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactc
ccegtcgtgtagataactacgatacgggagggcttaccatctggeccccagtgctgcaatgataccgegagacccacgctta
ccggctccagatttatcagcaataaaccagccagccggaagggcecgagcgcagaagtggtectgcaactttatccgectc
catccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgetgea
ggcatcgtggtgtcacgctcgtcegtitggtatggcttcattcagctccggttcccaactatcaaggecgagttacatgatcceccca
tgttgtgcaaaaaagcggttagctccttcggtcctccgategttgtcagaagtaagttggccgeagtgttatcactcatggttat
ggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgag
aatagtgtatgcggcgaccgagttgctcttgcccggegtcaacacgggataataccgcgcecacatagcagaactttaaaa
gtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccact
cgtgcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgctcgagagcaaaaacaggaaggcaaaatg
ccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagg
gttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggtaccgcgceacatttccccgaaaa
gtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaa
gaa
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>0ST- pBR322 expressing OXA-1, SHV-2, TEM-10
ttctcatgtttgacagcttatcatcgataagctitaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagegcetatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgecgceccagtectgetcgcettcgetacttggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggeccgggggactgttgggegcecatctccttgcatgcaccattcettgegge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttcecccattatgattcttctcgettccggeggeatcgggatgecccgcegttgcaggcecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgcetgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaageccggcggeacctcgcetaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtticgtaaagtctggaaacgegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgcecagttgtitaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcettcctcgetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctegtgegctctectgttccgacccetgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgegcecttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgeca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatactccgtttttgtttatcgcecttaa
cccttccatcgagggggacgtcctagggetggegceccttggecgeccctcatgtcaaacgttgggcgaacccggagcectc
attaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagatttigattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat
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ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga
aggotttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag
cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttitggctccectegetggagctcggegecccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctcttAAggcgegeggecaccgecgggttagegttgccagtgetcgatcagegec
gcgecgatccecggegatttgctgatttcgctcggecatgctcgeccggggtatcccgcagataaatcaccacaatgegetctg
ctttgttattcgggccaagcagggcgacaatcccgegegeaccccgcetegetagetceggtcttatcggegataaaccage
ccgccggeageacggageggatcaacggtccggegacccgatcgtccaccatccactgcagecagetgecgttgcgaac
gggcgctcagacgetggetggtcageagcettgcgecagggtcgeggecatgetggeeggggtagtggtgtcgegggegte
gccgggaagcgcctcattcagttcegtttcccageggtcaaggegggtgacgttgtcgecgatctggcgcaaaaaggeag
tcaatcctgcggggecgcecgacggtggecagtagcagattggecggegctgttatcgetcatggtaatggeggeggegeag
agttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggegagtagtccaccagatcctgetggegatagtgga
tctttcgctccagetgttcgtcaccggeatccaccecgegecageactgcgecgcagageactactttaaaggtgctcatcatg
ggaaagcgttcatcggcgcgecaggeggtcagegtgcggecgctggecagatccatttctatcatgectacgeggeccga
cagctggctttcgettagtttaatttgctcaagcggetgegggetggegtgtaccgecageggecagggtggctaacagggag
ataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgac
aaataagaataacccggcgttitgctgattcacaattcctcttttitccttcatcatttttcatcttttatttcgaataatcaatatctage
cctgcctaagcacgctattttttgactcaaggcecgtgatgaactataagaaagtactaaataccgeactctgtcgggegtege
tgtttgccgatcaccacgceccgecggtcectgeggttcgccaacgctatatgccatcecctgcaggaactgtgacgetcagtg
gaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttaattaaaaatgaag
ttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatct
gtctatttcgttcatccatagttgcctgactcccegtegtgtagataactacgatacgggagggcttaccatctggecccagtge
tgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccagccagccggaagggecgageg
cagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagcetagagtaagtagttcgccagttaat
agtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgctcgtegtttggtatggcttcattcagetccggttccca
actatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagetecttcggtcctccgategttgtcagaagta
agttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtga
ctggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggegtcaacacgggataa
taccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcticggggcgaaaactctcaaggatcttaccg
ctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgceteg
agagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactctt
cctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaata
ggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaata
ggcgtatcacgaggccctttcgtcttcaagaa
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>CO- pBR322 expressing CTX-M-15, OXA-1
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagegctatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgcetttggccgecgceccagtcctgetcgceticgetacttggagcecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggeccgggggactgttgggegcecatctecttgcatgcaccattecttgecgge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttcecccattatgattcttctcgettccggeggeatcgggatgecccgegttgcaggecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaagecggeggeacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagcg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgeccgcatccataccgcecagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcetticacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcettcctcgcetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegcetctectgttccgacccetgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgegcecttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcatigcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggtigtaaat
aatgttacaatgtgtgagaagcagtctaaattcticgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcticcagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgceggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgacctigttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggcecgegctacagtacagcgataacgtggcgatgaataagcetgattgctcacgttggeg
gcccggcetagegtcaccgegttcgecccgacagcetgggagacgaaacgttccgtctcgaccgtaccgagcecgacgttaaa
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caccgccattccgggcegatccgegtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgetgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcageggtggetatggcaccaccaacgatatcgeggtgate
tggccaaaagatcgtgcgecgctgattctggtcacttacttcacccagectcaacctaaggcagaaagcecgtcgegatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcge
cttaacccttccatcgagggggacgtcctagggctggegeccttggecgeccctcatgtcaaacgttgggcgaaccecgga
gcctcattaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgct
atttttttaataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaagga
actgaaggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatg
gcaccagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatg
ggataaaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtt
tcgcaagaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctc
tggagataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaat
tcaattcctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctac
aagatctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatg
gtttgaagggtttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacat
caagcataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgecc
aacccttcaatcaagtcgggacggccaaaagcaagctittggctcecectegetggagctcggegecccttatttcaaacgtt
agacggcaaagtcacagaccgcgggatctcggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggt
catgagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccccgaaaagtgccacctgacgtctaagaaa
ccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa
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>CS- pBR322 expressing CTX-M-15, SHV-2
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagegcetatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgcetttggccgecgceccagtectgetcgceticgetacttggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggcecccgtggeccgggggactgttgggegcecatctecttgcatgcaccattccttgegge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttcecccattatgattcttctcgettccggeggceatcgggatgcccgegttgcaggecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggageccgggecacctcgacctgaatggaagcecggeggceacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaageg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgeccgcatccataccgcecagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcettcacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcettcctcgcetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegcetctectgttccgacccetgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgetgegcecttatccggtaactatcgtcttgagtccaaccecggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcatigcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggtigtaaat
aatgttacaatgtgtgagaagcagtctaaattcticgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcticcagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgcggccgceggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgacctigttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgcggcecgegctacagtacagcgataacgtggcgatgaataagcetgattgctcacgttggeg
gcccggcetagegtcaccgegttcgecccgacagcetgggagacgaaacgttccgtctcgaccgtaccgagcecgacgttaaa
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caccgccattccgggcegatccgegtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgetgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcageggtggcetatggcaccaccaacgatatcgeggtgate
tggccaaaagatcgtgcgecgctgattctggtcacttacttcacccagectcaacctaaggcagaaagcecgtcgegatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcge
cttaacccttccatcgagggggacgtccggegcecccttatttcaaacgttagacggcaaagtcacagaccgcgggatctett
aaggcgcgcggccaccgecgggttagegttgccagtgetcgatcagegecgegecgatcccggegatttgetgatttcgcet
cggccatgctcgecggggtatcccgcagataaatcaccacaatgegctetgetttgttattcgggccaagcagggegacaa
tcccgegegeaccecgctegetageteeggtettatcggegataaaccageccgecggcageacggageggatcaacg
gtccggcgacccgatcgtccaccatccactgcagcagcetgecgttgcgaacgggegctcagacgcetggetggtcageag
cttgcgcagggtcgeggecatgctggecggggtagtggtgtcgecgggegtcgecgggaagegcecteattcagtteegtttee
cagcggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagtcaatcctgcggggecgecgacggtggec
agtagcagattggcggcgctgttatcgctcatggtaatggcggcggegcagagttcgccgaccgtcatgecgtcggcaag
gtgtttttcgctgaccggcgagtagtccaccagatcctgctggegatagtggatctttcgetccagcetgttcgtcaccggeatcee
acccgcegcecagcactgcgecgcagagceactactttaaaggtgctcatcatgggaaagegttcatcggcgegecaggegg
tcagcgtgcggecgctggecagatecatttctatcatgcctacgcggeccgacagcetggctttcgcettagtttaatttgctcaag
cggctgcgggctggegtgtaccgecageggcagggtggctaacagggagataatacacaggcgaatataacgcataac
cacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggcegttttgctgattc
acaattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttttgactcaag
gccgtgatgaactataagaaagtactaaataccgcactctgtcgggegtcgctgtttgccgatcaccacgeccgecggtee
ctgcggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttgg
tcatgagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccccgaaaagtgccacctgacgtctaagaa
accattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa
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>CT- pBR322 expressing CTX-M-15, TEM-10
ttctcatgtttgacagcttatcatcgataagctitaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagegcetatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgecgceccagtcctgetcgcettcgctacttggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggeccgggggactgttgggegcecatctccttgcatgcaccattccttgeggce
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgecgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttcecccattatgattcttctcgettccggeggeatcgggatgecccgcegttgcaggcecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaageccggcggeacctcgcetaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtce
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtticgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgcecagttgtitaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtticatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcettcctcgetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctegtgegctctectgttccgaccctgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgetgegcecttatccggtaactatcgtctigagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgeca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacaattgagtgttgctctgtgg
ataacttgcagagtttattaagtatcatigcagcaaagatgaaatcaatgatttatcaaaaatgattgaaaggtggtigtaaat
aatgttacaatgtgtgagaagcagtctaaaticticgtgaaatagtgatttttgaagctaataaaaaacacacgtggaatttag
ggactattcatgttgttgttatttcgtatcttccagaataaggaatcccatggttaaaaaatcactgcgccagttcacgctgatgg
cgacggcaaccgtcacgctgttgttaggaagtgtgccgctgtatgcgcaaacggcggacgtacagcaaaaacttgccga
attagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcgcaaatactttatcgtgctgat
gagcgctttgcgatgtgcagcaccagtaaagtgatggccgecggccgcggtgctgaagaaaagtgaaagcgaaccgaat
ctgttaaatcagcgagttgagatcaaaaaatctgacctigttaactataatccgattgcggaaaagcacgtcaatgggacga
tgtcactggctgagcttagcgecggcecgegctacagtacagcgataacgtggcgatgaataagcetgattgctcacgttggeg
gcccggcetagegtcaccgcegttcgecccgacagcetgggagacgaaacgttccgtctcgaccgtaccgagcecgacgttaaa
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caccgccattccgggcegatccgegtgataccacttcacctcgggcaatggcgcaaactctgcggaatctgacgetgggta
aagcattgggcgacagccaacgggcgcagctggtgacatggatgaaaggcaataccaccggtgcagcgagcattcag
gctggactgcctgcttcctgggttgtgggggataaaaccggcageggtggcetatggcaccaccaacgatatcgeggtgate
tggccaaaagatcgtgcgecgctgattctggtcacttacttcacccagectcaacctaaggcagaaagcecgtcgegatgtat
tagcgtcggcggctaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaactagttccgtttttgtttatcge
cttaacccttccatcgagggggacgtccggegcecccttatitcaaacgttagacggcaaagtcacagaccgegggateteg
gaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatc
ctttttaattaaaaatgaagttitaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgag
gcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtegtgtagataactacgatacgggagggctt
accatctggccccagtgctgcaatgataccgcgagacccacgcttaccggetccagatttatcagcaataaaccagecag
ccggaagggccgagcgcagaagtggtectgcaactttatccgectccatccagtctattaattgttgccgggaagctagagt
aagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgcetegtegtttggtatggettc
attcagctccggttcccaactatcaaggcgagttacatgatcccccatgttgtgcaaaaaageggttagctccttcggtectee
gatcgttgtcagaagtaagttggccgeagtgttatcactcatggttatggcagceactgcataattctcttactgtcatgccatccg
taagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccgge
gtcaacacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaact
ctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcageatcttttactttcacca
gcgtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatg
ttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttag
aaaaataaacaaataggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgac
attaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa
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>0S- pBR322 expressing OXA-1, SHV-2
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtitatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagegcetatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgecgceccagtectgetcgcettcgetacttggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggecgggggactgttgggegecatcteccttgcatgcaccattccttgecgge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttccccattatgattctictcgettccggeggcatcgggatgecccgcegtigcaggcecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaagecggecggceacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgcecagttgtitaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegcetctectgttccgacccetgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgetgegcecttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtitttitgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtcctagggetggegceccttggecgeccctcatgtcaaacgttgggcgaacccggagcectc
attaattgttagccgttaaaattaagccctitaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagatttigattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat
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ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga

aggotttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag

cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttitggctccectegetggagctcggegecccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctcttAAggcgegeggecaccgecgggttagegttgccagtgetcgatcagegec

gcgecgatccecggegatttgctgatttcgctcggecatgctcgecggggtatcccgcagataaatcaccacaatgegctcetg
ctttgttattcgggccaagcagggcgacaatcccgegegeaccccgcetegetagetceggtcttatcggegataaaccage
ccgccggeageacggageggatcaacggtccggegacccgatcgtccaccatccactgcagecagetgecgttgcgaac
gggcgctcagacgctggctggtcagecagcettgcgcagggtcgeggecatgetggecggggtagtggtgtcgegggegte

gccgggaagcgcctcattcagttcegtttcccageggtcaaggegggtgacgttgtcgecgatctggcgcaaaaaggeag
tcaatcctgcggggecgcecgacggtggecagtagcagattggecggegctgttatcgetcatggtaatggeggeggegeag
agttcgccgaccgtcatgccgtcggcaaggtgtttttcgctgaccggegagtagtccaccagatcctgetggcgatagtgga
tctttcgctccagcetgttcgtcaccggeatccaccecgegecageactgcgecgcagageactactttaaaggtgctcatcatg
ggaaagcgttcatcggcgcgecaggeggtcagegtgcggecgctggecagatccatttctatcatgectacgeggeccga
cagctggctttcgettagtttaatttgctcaagcggetgegggetggegtgtaccgecageggecagggtggctaacagggag
ataatacacaggcgaatataacgcataaccacaatacatccttgagtgagggccgataaaggcgagtaaagaagcgac
aaataagaataacccggcgttitgctgattcacaattcctcttttitccttcatcatttttcatcttttatttcgaataatcaatatctage
cctgcctaagcacgctattttttgactcaaggcecgtgatgaactataagaaagtactaaataccgeactctgtcgggegtege
tgtttgccgatcaccacgcccgecggtcectgeggticgccaacgctatatgecatccctgcaggaactgtgacgctcagtg

gaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccc

cgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttc
gtcttcaagaa
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>0T- pBR322 expressing OXA-1, TEM-10
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagecgcetatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgcetttggccgecgceccagtcctgetcgceticgetacttggagcecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggcetcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggeccgggggactgttgggegcecatctecttgcatgcaccattecttgecgge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctcctticcggtgggcgcggggcatgactatcgtcgeccgcacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgecgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttcecccattatgattcttctcgettccggeggeatcgggatgecccgcegttgcaggcecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaagecggcggeacctcgcetaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgcecttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgeatccataccgcecagttgtitaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgctticacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcettcctcgcetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecgcgttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegcetctectgttccgacccetgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegcttictcatagcetcacgctgtaggtatctcagtticggtgtaggtegttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgetgegcecttatccggtaactatcgtctigagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtcctagggetggegceccttggecgeccctcatgtcaaacgttgggcgaacccggagcectc
attaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagatttigattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat

68



ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga
aggotttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag
cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttitggctccectegetggagctcggegecccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctctgcaggaactgtgacgcetcagtggaacgaaaactcacgttaagggattttggtc
atgagattatcaaaaaggatcttcacctagatcctttitaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaac
ttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccc
cgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgetgcaatgataccgcgagacccacgcttace
ggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtectgcaactttatccgecteca
tccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcagg
catcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaactatcaaggcgagttacatgatccececatgt
tgtgcaaaaaagcggttagctccttcggtcctccgategttgtcagaagtaagttggccgeagtgttatcactcatggttatgge
agcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgctcttgcccggegtcaacacgggataataccgcgecacatagcagaactttaaaagtg
ctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactegt
gcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgctcgagagcaaaaacaggaaggcaaaatgcecg
caaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtt
attgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggtaccgcgcacatttccccgaaaagtg

ccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaaga
a
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>ST- pBR322 expressing SHV-2, TEM-10
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaatigctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagegcetatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgecgceccagtcectgetcgceticgctacttggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggecgggggactgttgggcgcecatcteccttgcatgcaccattccttgecgge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgcgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgccctcgctcaagcecttcgtcactggtcccgeccaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttccccattatgattctictcgettccggeggcatcgggatgecccgcegttgcaggcecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaageccggcggeacctcgcetaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgcecagttgtitaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcticctcgetcact
gactcgctgcgctcggtcgttcggectgcggcgageggtatcagctcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegcetctectgttccgacccetgecgcttaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgegcecttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgeca
gaaaaaaaggaictcaagaagatcctttgatctttictacggggtctaagaatatcatcaatacttccgtttttgtttatcgectta
acccttccatcgagggggacgtccggegccccttatitcaaacgttagacggcaaagtcacagaccgcgggatctcttaag
gcgcgceggcecaccgcecgggttagegttgccagtgetcgatcagcgecgegecgatcccggegatttgetgatttcgetegg
ccatgctcgccggggtatcccgcagataaatcaccacaatgegctctgcetttgttattcgggccaagcagggcgacaatcc
cgcgcgcaccccgcetecgetagctccggtcttatcggecgataaaccagecccgecggcagcacggagcggatcaacggte
cggcgacccgatcgtccaccatccactgcagcagctgccgttgcgaacgggcgctcagacgctggcetggtcagcagcettg
cgcagggtcgcggccatgctggeccggggtagtggtgtcgcgggegtcgecgggaagcegcectcattcagttccgtttcccag
cggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagticaatcctgcggggecgecgacggtggecagt
agcagattggcggcgctgttatcgctcatggtaatggcggcggcegcagagttcgeccgaccgtcatgecgtcggcaaggtgt
ttttcgctgaccggcgagtagtccaccagatcctgectggcgatagtggatctticgctccagcetgttcgtcaccggceatccacc
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cgcgccagcactgcgecgcagagcactactttaaaggtgctcatcatgggaaagcegttcatcggegegecaggeggtca
gcgtgcggecgcetggecagatccatttctatcatgectacgcggeccgacagctggcetttcgettagtttaatttgctcaageg
gctgcgggctggegtgtaccgecageggecagggtggctaacagggagataatacacaggcgaatataacgcataacca
caatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggegttttgctgattcac
aattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttitgactcaaggec
gtgatgaactataagaaagtactaaataccgcactctgtcgggcegtcgctgtttgccgatcaccacgeccgecggtecctge
ggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcat
gagattatcaaaaaggatcttcacctagatcctttttaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaactt
ggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactcece
gtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgcttaceg
gctccagatttatcagcaataaaccagccagccggaagggccgagegcagaagtggtectgcaactttatccgectccat
ccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctgcagge
atcgtggtgtcacgctcgtegtttggtatggettcattcagctccggttcccaactatcaaggcegagttacatgatcceccatgtt
gtgcaaaaaagcggttagctccttcggtectccgategttgtcagaagtaagttggccgeagtgttatcactcatggttatgge
agcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgetcttgcccggegtcaacacgggataataccgecgccacatagcagaactttaaaagtg
ctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactegt
gcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccg
caaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtt
attgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggtaccgcgcacatttccccgaaaagtg
ccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaaga
a
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>C- pBR322 expressing CTX-M-15
cgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcegtat
cacgaggccctttcgtcticaagaattctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaatt
gctaacgcagtcaggcaccgtgtatgaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtagg
cataggcttggttatgccggtactgccgggcctcttgcgggatatcgtccattccgacagcatcgecagtcactatggegtgct
gctagcgctatatgcgttgatgcaattictatgcgcacccegttctcggagcactgtccgaccgctttggccgecgeccagtcect
gctcgcttcgetacttggagecactatcgactacgcgatcatggcgaccacacccgtectgtggatcctctacgeccggacgce
atcgtggccggcatcaccggcgcecacaggtgcggttgetggegcectatatcgccgacatcaccgatggggaagatcggg
ctcgccacttcgggctcatgagcegcttgtttcggegtgggtatggtggcaggecccgtggecgggggactgttgggegecat
ctccttgcatgcaccattccttgcggcggceggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcge
ataagggagagcgtcgaccgatgcccttgagagccttcaacccagtcagctcctticcggtgggcgcggggceatgactatc
gtcgccgcacttatgactgtcttctttatcatgcaactcgtaggacaggtgccggcagegcetctgggteattttcggcgaggac
cgctttcgctggagcegcegacgatgatcggcectgtcgettgeggtattcggaatcttgcacgcecctcgcetcaagecttcgtcact
ggtccecgecaccaaacgtticggcgagaagcaggccattatcgccggeatggcggecgacgcegcetgggctacgtcttget
ggcgttcgcgacgcgaggcetggatggcecttccccattatgattcttctcgettccggeggceatcgggatgeccgegttgcagg
ccatgctgtccaggcaggtagatgacgaccatcagggacagcttcaaggatcgcetcgeggctcttaccagcectaacttcga
tcactggaccgctgatcgtcacggcgatttatgccgectcggecgagcacatggaacgggttggcatggattgtaggcgecg
ccctataccttgtctgectccecegegttgegtcgeggtgcatggagecgggecacctcgacctgaatggaageccggeggea
cctcgctaacggattcaccactccaagaattggagccaatcaattctigcggagaactgtgaatgcgcaaaccaacccttg
gcagaacatatccatcgcgtccgcecatctccagcagccgcacgcggcgcatctcgggeagcegttgggtectggecacgg
gtgcgcatgatcgtgctcctgtcgtigaggacccggctaggctggeggggttgecttactggttagcagaatgaatcaccgat
acgcgagcgaacgtgaagcgactgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgt
ttcgtaaagtctggaaacgcggaagtcagcgecctgcaccattatgttccggatctgcatcgcaggatgetgetggetaccct
gtggaacacctacatctgtattaacgaagcgctggcattgaccctgagtgatttttctctggtcccgccgcatccataccgeca
gttgtttaccctcacaacgttccagtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctegtttcatcggt
atcattacccccatgaacagaaatcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatgg
cccgctttatcagaagccagacattaacgctictggagaaactcaacgagctggacgcggatgaacaggcagacatctgt
gaatcgcttcacgaccacgctgatgagctttaccgcagctgcctcgegcgtttcggtgatgacggtgaaaacctctgacaca
tgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagceccgtcagggegegtcagegg
gtgttggcgggtgtcggggcgcagcecatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggeatc
agagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcagg
cgctcttcecgcettectcgetcactgactcgetgegeteggtegttcggetgecggecgageggtatcagetcactcaaaggeggt
aatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaac
cgtaaaaaggccgcgttgcetggcegtttttccataggctccgeccccctgacgagcatcacaaaaatcgacgctcaagtcag
aggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctectgttccgacce
ctgccgcttaccggatacctgtccgcectttctcccttcgggaagegtggegcttictcatagctcacgcetgtaggtatctcagtte
ggtgtaggtcgttcgctccaagetgggcetgtgtgcacgaaccccccgtticagecccgaccgcetgegecttatccggtaactate
gtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtat
gtaggcggtgctacagagttctigaagtggtggcctaactacggctacactagaaggacagtatttggtatctgegetctgct
gaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtgatttttttgtttg
caagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaat
acaattgagtgttgctctgtggataacttgcagagtttattaagtatcattgcagcaaagatgaaatcaatgatttatcaaaaat
gattgaaaggtggttgtaaataatgttacaatgtgtgagaagcagtctaaattcttcgtgaaatagtgatttttgaagctaataa
aaaacacacgtggaatttagggactattcatgttgttgttatttcgtatcticcagaataaggaatcccatggttaaaaaatcact
gcgccagttcacgctgatggcgacggcaaccgtcacgctgttgttaggaagtgtgccgcetgtatgcgcaaacggcggacg
tacagcaaaaacttgccgaattagagcggcagtcgggaggcagactgggtgtggcattgattaacacagcagataattcg
caaatactttatcgtgctgatgagcgctttgcgatgtgcagcaccagtaaagtgatggccgecggecgeggtgctgaagaaa
agtgaaagcgaaccgaatctgttaaatcagcgagttgagatcaaaaaatctgaccttgttaactataatccgattgcggaaa
agcacgtcaatgggacgatgtcactggctgagcttagcgcggcecgcegctacagtacagcgataacgtggcgatgaataa
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gctgattgctcacgttggcggeccggcetagegtcaccgegttcgeccgacagetgggagacgaaacgttcegtctcgace
gtaccgagccgacgttaaacaccgccattccgggcgatcecgegtgataccacttcacctcgggcaatggegcaaactctg
cggaatctgacgctgggtaaagcattgggcgacagccaacgggcegcagctggtgacatggatgaaaggcaataccacc
ggtgcagcgagcattcaggctggactgectgcttcctgggttgtgggggataaaaccggcageggtggctatggcaccac
caacgatatcgcggtgatctggccaaaagatcgtgcgecgctgattctggtcacttacttcacccagectcaacctaaggea
gaaagccgtcgcegatgtattagcgtcggeggcetaaaatcgtcaccgacggtttgtaatagcggaaacggaatggggaaa
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>0- pBR322 expressing OXA-1
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgctgctagegctatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgecgceccagtectgcetcgettcgetactiggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggeatcaccggegec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegcet
tgtttcggcgtgggtatggtggcaggcecccgtggecgggggactgttgggegcecatctecttgcatgcaccattcettgecgge
ggcggtgctcaacggcectcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccticcggtgggegcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgecgacgatgat
cggcctgtcgcettgecggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgecaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtettgetggegttcgcgacgecgaggcetggat
ggccttccccattatgattcttctcgettccggeggceatcgggatgeccgegtigcaggecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaactticgatcactggaccgcetgatcgtcacgg
cgatttatgccgectcggcgagcacatggaacgggttggcatggattgtaggcgecgccctataccttgtctgectcececge
gttgcgtcgeggtgcatggagecgggcecacctcgacctgaatggaagecggeggceacctcgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtce
gccatctccagcagcecgcacgcggcegcatctcgggcagcegttgggtcctggecacgggtgegcatgatcgtgcetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaageg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtticgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgcetgctggcetaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgecagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtticatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagceccgtcagggcgegtcagegggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgetcact
gactcgctgcgctcggtecgttcggetgcggegagceggtatcagcetcactcaaaggceggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecgcegttgetg
gcgtttttccataggctccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctegtgegctctectgttccgaccctgecgcettaccggatacctgt
ccgcctttctcecttcgggaagcegtggcegcttictcatagctcacgcetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgegecttatccggtaactatcgtctigagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgcetctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatactccgtttttgtttatcgccttaa
cccttccatcgagggggacgtcctagggetggegeccttggecgeccctcatgtcaaacgttgggcgaacccggagcecte
attaattgttagccgttaaaattaagccctttaccaaaccaatacttattatgaaaaacacaatacatatcaacttcgctattttttt
aataattgcaaatattatctacagcagcgccagtgcatcaacagatatctctactgttgcatctccattatttgaaggaactga
aggttgttttttactttacgatgcatccacaaacgctgaaattgctcaattcaataaagcaaagtgtgcaacgcaaatggcac
cagattcaactttcaagatcgcattatcacttatggcatttgatgcggaaataatagatcagaaaaccatattcaaatgggata
aaacccccaaaggaatggagatctggaacagcaatcatacaccaaagacgtggatgcaattttctgttgtttgggtttcgca
agaaataacccaaaaaattggattaaataaaatcaagaattatctcaaagattttgattatggaaatcaagacttctctggag
ataaagaaagaaacaacggattaacagaagcatggctcgaaagtagcttaaaaatttcaccagaagaacaaattcaatt
cctgcgtaaaattattaatcacaatctcccagttaaaaactcagccatagaaaacaccatagagaacatgtatctacaagat
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ctggataatagtacaaaactgtatgggaaaactggtgcaggattcacagcaaatagaaccttacaaaacggatggtttga
aggotttattataagcaaatcaggacataaatatgtttttgtgtccgcacttacaggaaacttggggtcgaatttaacatcaag
cataaaagccaagaaaaatgcgatcaccattctaaacacactaaatttataaaaaacctaatggcaaaatcgcccaacc
cttcaatcaagtcgggacggccaaaagcaagcttitggctccectegetggagctcggegecccttatttcaaacgttagac
ggcaaagtcacagaccgcgggatctctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggte
atgagattatcaaaaaggatcttcacctagatcctttttagtaccgcgcacatttccccgaaaagtgccacctgacgtctaag
aaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa
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>S- pBR322 expressing SHV-2
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgctgctagegctatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgecgceccagtectgetcgettcgetactiggagecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggeatcaccggegec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegcet
tgtttcggcgtgggtatggtggcaggcecccgtggecgggggactgttgggegcecatctecttgcatgcaccattccttgegge
ggcggtgctcaacggcectcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccticcggtgggegcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgecgacgatgat
cggcctgtcgcettgecggtattcggaatcttgcacgccctcgctcaagecttcgtcactggtcccgecaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtettgetggegttcgcgacgecgaggcetggat
ggccttccccattatgattcttctcgettccggeggceatcgggatgeccgcegttgcaggecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgectcggcgagcacatggaacgggttggcatggattgtaggcgecgccctataccttgtctgectcececge
gttgcgtcgeggtgcatggagecgggcecacctcgacctgaatggaagecggeggeacctecgctaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtce
gccatctccagcagcecgcacgcggcegcatctcgggcagcegttgggtcctggecacgggtgegcatgatcgtgcetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgegg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgcetgctggcetaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgecagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagceccgtcagggcgegtcagegggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgetcact
gactcgctgcgctcggtecgticggetgcggegagceggtatcagcetcactcaaaggcggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggecgcgttgetg
gcgtttttccataggctccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctegtgegcetctectgttccgaccctgecgcettaccggatacctgt
ccgcctttctcecttcgggaagcegtggcegcttictcatagctcacgcetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgegecttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgcetctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgea
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatacttccgtttttgtttatcgectta
acccttccatcgagggggacgtccggcegcecccttatttcaaacgttagacggcaaagtcacagaccgcgggatctcttaag
gcgcgceggcecaccgecgggttagegttgccagtgctcgatcagecgecgegecgatcccggcegatttgetgatttcgetcgg
ccatgctcgccggggtatcccgcagataaatcaccacaatgcgctctgctttgttattcgggccaagcagggcegacaatcc
cgcgcgcaccccgctcgetagcetccggtcttatcggcgataaaccagecccgecggcagcacggagcggatcaacggtc
cggcgacccgatcgtccaccatccactgcagcagctgecgttgcgaacgggegctcagacgcetggcetggtcagcagcettg
cgcagggtcgcggcecatgetggecggggtagtggtgtcgcgggegtcgeccgggaagcegcctcattcagttcegtttcccag
cggtcaaggcgggtgacgttgtcgccgatctggcgcaaaaaggcagtcaatcctgcggggecgecgacggtggecagt
agcagattggcggcgctgttatcgctcatggtaatggcggeggegeagagtticgccgaccgtcatgecgtcggcaaggtgt
ttttcgctgaccggcegagtagtccaccagatcctgctggcgatagtggatctttcgetccagctgttcgtcaccggceatccacce
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cgcgccagcactgcgecgcagagcactactttaaaggtgctcatcatgggaaagcegttcatcggegegecaggeggtca
gcgtgcggecgcetggecagatccatttctatcatgectacgcggeccgacagctggcetttcgettagtttaatttgctcaageg
gctgcgggctggegtgtaccgecageggeagggtggctaacagggagataatacacaggcgaatataacgcataacca
caatacatccttgagtgagggccgataaaggcgagtaaagaagcgacaaataagaataacccggcegttttgctgattcac
aattcctcttttttccttcatcatttttcatcttttatttcgaataatcaatatctagccctgcctaagcacgctattttitgactcaaggec
gtgatgaactataagaaagtactaaataccgcactctgtcgggegtcgcetgtttgccgatcaccacgcccgecggteectge
ggttcgccaacgctatatgccatccctgcaggaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcat
gagattatcaaaaaggatcttcacctagatcctttttacgcgcacatttccccgaaaagtgccacctgacgtctaagaaacc
attattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa
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>T- pBR322 expressing TEM-10
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgctgctagegctatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgctttggccgecgeccagtectgetcgcettcgetacttggagcecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggeatcaccggegec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegcet
tgtttcggcgtgggtatggtggcaggcecccgtggecgggggactgttgggegcecatctccttgcatgcaccattccttgegge
ggcggtgctcaacggcectcaacctactactgggctgcttcctaatgcaggagtcgcataagggagagcegtcgaccgatge
ccttgagagccttcaacccagtcagctccticcggtgggegcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctticgctggagcgecgacgatgat
cggcctgtcgcettgecggtattcggaatcttgcacgccctcgctcaagccttcgtcactggtcccgecaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgctgggctacgtettgetggegttcgcgacgecgaggcetggat
ggccttccccattatgattettctcgettccggeggceatcgggatgeccgcegttgcaggecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaactticgatcactggaccgcetgatcgtcacgg
cgatttatgccgectcggcgagcacatggaacgggttggcatggattgtaggcgecgccctataccttgtctgectcececge
gttgcgtcgeggtgcatggagecgggcecacctcgacctgaatggaagecggeggeacctcgetaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtce
gccatctccagcagcecgcacgcggcegcatctcgggcagcegttgggtcctggecacgggtgegcatgatcgtgcetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtttccgtgtticgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgcetgctggcetaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgecagttgtttaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtttcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgcgcegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagceccgtcagggcgegtcagegggtgttggecgggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcttcctcgetcact
gactcgctgcgctcggtecgttcggetgcggegagceggtatcagcetcactcaaaggceggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecgcegttgetg
gcgtttttccataggctccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctccctegtgegctctectgttccgaccctgecgcettaccggatacctgt
ccgcctttctcecttcgggaagcegtggcegcttictcatagctcacgcetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgegccttatccggtaactatcgtctigagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgcetctgctgaagccagttaccttcggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgca
gaaaaaaaggatctcaagaagatcctttgatctttictacggggtctaagaatatcatcaatacttccgtttttgtttatcgectta
acccttccatcgagggggacgtccggcegccccttatttcaaacgttagacggcaaagtcacagaccgcgggatctcggaa
ctgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttt
aattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggca
cctatctcagcgatctgtctatttcgttcatccatagttgecctgactccccgtcgtgtagataactacgatacgggagggcttacc
atctggccccagtgctgcaatgataccgcgagacccacgcttaccggctccagatttatcagcaataaaccagccagcecg
gaagggccgagcgcagaagtggtcctgcaactttatccgectccatccagtctattaattgtigccgggaagctagagtaag
tagttcgccagttaatagtttgcgcaacgttgttgccattgctgcaggcatcgtggtgtcacgcetcgtegtttggtatggcttcattc
agctccggttcccaactatcaaggcgagttacatgatcccccatgttgtgcaaaaaagceggttagctccttcggtectcegat
cgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaa
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gatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgetcttgcceggegte
aacacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctc
aaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccage

gtttctgggtgctcgagagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttg
aatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaa
aaataaacaaataggggtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacatt
aacctataaaaataggcgtatcacgaggccctttcgtcttcaagaa
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>EMPTY- pBR322 expressing no ESBL genes
ttctcatgtttgacagcttatcatcgataagctttaatgcggtagtttatcacagttaaattgctaacgcagtcaggcaccgtgtat
gaaatctaacaatgcgctcatcgtcatcctcggcaccgtcaccctggatgcetgtaggcataggcttggttatgccggtactge
cgggcctcttgcgggatatcgtccattccgacagcatcgccagtcactatggegtgetgctagegcetatatgegttgatgcaat
ttctatgcgcacccgttctcggagcactgtccgaccgcetttggccgecgceccagtcctgetcgceticgetacttggagcecacta
tcgactacgcgatcatggcgaccacacccgtcctgtggatcctctacgccggacgcatcgtggecggceatcaccggcegcec
acaggtgcggttgctggcgcctatatcgccgacatcaccgatggggaagatcgggctcgecacttcgggctcatgagegct
tgtttcggcgtgggtatggtggcaggecccgtggeccgggggactgttgggegcecatctecttgcatgcaccattecttgecgge
ggcggtgctcaacggcctcaacctactactgggcetgcttcctaatgcaggagtcgcataagggagagcgtcgaccgatge
ccttgagagccttcaacccagtcagctccttccggtgggcgcggggcatgactatcgtcgeccgeacttatgactgtcttctttat
catgcaactcgtaggacaggtgccggcagcgctctgggtcattttcggcgaggaccgctttcgctggagcgecgacgatgat
cggcctgtcgcettgcggtattcggaatcttgcacgecctcgcetcaagcecttcgtcactggtcccgecaccaaacgtttcggeg
agaagcaggccattatcgccggcatggcggccgacgcgcetgggctacgtettgctggegttcgcgacgcgaggcetggat
ggccttcecccattatgattcttctcgettccggeggeatcgggatgecccgcegttgcaggcecatgetgtccaggcaggtagatg
acgaccatcagggacagcttcaaggatcgctcgcggctcttaccagcctaacttcgatcactggaccgctgatcgtcacgg
cgatttatgccgcectcggecgagcacatggaacgggttggcatggattgtaggcgcecgecctataccttgtctgectccececge
gttgcgtcgecggtgcatggagccgggecacctcgacctgaatggaageccggcggeacctcgcetaacggattcaccactc
caagaattggagccaatcaattcttgcggagaactgtgaatgcgcaaaccaacccttggcagaacatatccatcgegtcc
gccatctccagcagccgcacgcggcegcatctcgggcagcegttgggtcctggccacgggtgegeatgatcgtgetectgteg
ttgaggacccggctaggctggcggggttgccttactggttagcagaatgaatcaccgatacgcgagcgaacgtgaagceg
actgctgctgcaaaacgtctgcgacctgagcaacaacatgaatggtcttcggtticcgtgtttcgtaaagtctggaaacgcgg
aagtcagcgccctgcaccattatgttccggatctgcatcgcaggatgctgctggctaccctgtggaacacctacatctgtatta
acgaagcgctggcattgaccctgagtgatttttctctggtcccgecgcatccataccgcecagttgtitaccctcacaacgttcca
gtaaccgggcatgttcatcatcagtaacccgtatcgtgagcatcctctctcgtitcatcggtatcattacccccatgaacagaa
atcccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgctttatcagaagccagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccacgctg
atgagctttaccgcagctgcctcgegegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgegtcagegggtgttggegggtgtcggggege
agccatgacccagtcacgtagcgatagcggagtgtatactggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgctcttccgcettcctcgcetcact
gactcgctgcgctcggtcgttcggetgcggcgageggtatcagctcactcaaaggeggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetg
gcgtttttccataggcetccgeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacag
gactataaagataccaggcgtttccccctggaagctcectegtgegctctectgttccgaccctgecgcettaccggatacctgt
ccgcctttetcecttcgggaagcegtggcegctttctcatagcetcacgetgtaggtatctcagttcggtgtaggtcgttcgetccaag
ctgggctgtgtgcacgaaccccccgttcagcccgaccgctgegcecttatccggtaactatcgtcttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttc
ttgaagtggtggcctaactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagccagttaccticggaaa
aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgeca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctaagaatatcatcaatactccgttttigtttatcgccttaa
cccttccatcgagggggacgtccggegcecccttatttcaaacgttagacggcaaagtcacagaccgcgggatcetctgcag
gaactgtgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatc
ctttttagtaccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaa
taggcgtatcacgaggccctttcgtcttcaagaa

80



	Table of Contents
	List of Abbreviations
	List of Symbols
	List of Tables
	List of Figures
	Acknowledgements
	Curriculum Vita
	Abstract
	Chapter 1: Introduction
	References

	Chapter 2: Distribution of β-Lactamase Genes in Clinical Isolates from California Central Valley Hospital Deviates from the United States Nationwide Trends
	Introduction
	Results
	Regional Gene Frequencies
	U.S. Database Gene Frequencies
	Comparison of DHMMC and U.S. Populations

	Discussion
	Materials and Methods
	Hospital Isolates
	Molecular Methods
	U.S. Database
	Statistical Analysis

	References

	Chapter 3: Identifying candidate UPEC genes for rapid identification of UPEC in the environment and the clinic
	Abstract
	Introduction
	Methods
	E. coli genomic database
	Clinical UPEC database
	Correlation Analysis and PCA of UPEC genes

	Results
	UPEC gene frequencies in genomic databases
	UPEC and ESBL resistance gene frequencies in environmental samples

	Discussion
	References

	Chapter 4: Designing a plasmid vector to test the selection of common ESBL genes
	Abstract
	Introduction
	Methods
	Cost plasmid vector sequence design
	COST plasmid vector library creation
	ESBL resistance phenotype assay of COST vector construct library: Disk diffusion
	ESBL resistance phenotype assay of COST vector construct library: Minimum inhibitory concentration
	Sequencing primer design to confirm sequence of constructs

	Results
	Disk Diffusion
	Minimum inhibitory concentration

	Discussion
	Disk diffusion
	Minimum inhibitory concentration
	Differential phenotypes of COST


	Prospectus
	References

	Appendices
	List of genomes for E. coli database with accession numbers
	List of COST Vector Construct Library Sequences




