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Industry Summary.

Post-weaning diarrhea (PWD) in pigs is a continuing problem for the swine industry. The goal of this study
was to utilize a concept known as reverse vaccinology towards the identification of novel vaccine candidates to
be used towards the future development of a vaccine providing heterologous protection against enterotoxigenic
E. coli causing (ETEC)-caused PWD in swine. The objectives used here to achieve this goal included genomic
comparisons of K88+ and F18+ E. coli strains implicated in PWD, identification of vaccine candidates using a
reverse genetics approach, and preliminary examination of a subset of proteins with the greatest antigenic
potential. We used this approach to comprehensively analyze the porcine E. coli genomes and identify more
than 50 antigenic candidates and defining loci that differentiate porcine ETEC from non-pathogenic E. coli
strains. We then screened nearly 300 pathogenic and non-pathogenic E. coli from commercial pigs for the
presence of these genes to identify the most discriminatory set of antigens/genes. Finally, we cloned and

expressed eight of these genes to demonstrate feasibility in the development of a subunit vaccine that broadly
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targets porcine ETEC. This promising antigen subset represents proteins that will be further characterized and
assessed for their ability to elicit a mucosal immune response in weaned pigs. The incorporation of multiple
antigens into a recombinant attenuated Salmonella strain will ultimately enable heterologous protection against

PWD-associated E. coli in a cost effective and reasonable manner for the swine industry.
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Scientific Abstract.

Enterotoxigenic Escherichia coli (ETEC) is the causative agent of post-weaning diarrhea (PWD) in
production pigs, which is a disease that continues to be a major cause of morbidity for the swine industry. The
primary ETEC types implicated in PWD are well known and characterized and mostly include those that harbor
K88 or F18 fimbriae. However, traditional approaches at a vaccine providing protection against PWD have not
proven effective. Here, we utilized a global approach known as reverse vaccinology towards the identification
of novel vaccine candidates. This approach utilized the first completed genome sequences of K88+ and F18+
porcine ETEC isolates, subsequent mining of their predicted proteins for suitable antigenic candidates, and
assessment of the prevalence of the gene sequences encoding for suitable antigenic candidates among porcine E.
coli collections. Using this approach, we identified approximately 50 antigenic candidates from the K88+ and
F18+ genome sequences. We screened a collection of 300 porcine E. coli isolates for the presence of these
candidates, narrowing this subset to eight genes that are significantly associated with PWD ETEC isolates and
possess antigenic potential. This subset of antigens will be used in future studies aimed at developing a
recombinant attenuated Salmonella vaccine that will elicit a mucosal immune response and protect against

ETEC strains implicated in PWD.

Introduction.
Post-weaning diarrhea (PWD) is perhaps the most regularly-occurring disease of commercial pig farms, and

is caused by enterotoxigenic Escherichia coli, or ETEC [1]. This disease most often affects pigs that are
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weaning at approximately 3-4 weeks of age, and the disease starts a few days after lacteal protection stops.
Protection of pigs and other animals from E. coli pathogens is a constant challenge, as these strains have proven
highly adaptable under environmental pressures. This is especially true for ETEC and other types harboring
transmissible plasmids encoding virulence factors [2]. In fact, there are reports of recent surges in the
occurrence of PWD in commercial farms around the world, and the ETEC implicated in these cases are often
K88* or F18" multidrug resistant strains. Because of the genome diversity of ETEC, it has been challenging to
respond to outbreaks involving these strains, and to develop strategies to prevent and treat diseases caused by
them.

Great effort has been put forth towards controlling PWD in pigs. Potential control measures sought have
included treatment with antibiotics, bacteriophage, probiotics, and vaccines. Of these, vaccination currently
holds the greatest promise for a long-term solution. Unfortunately, active immunization against PWD in pigs
has been met with very mixed results [3]. The primary reasons for this include an inability to stimulate mucosal
immunity, the complexities of PWD itself, and hypersensitivity or tolerance to antigens encountered earlier in
life. Most of the vaccines against ETEC-caused PWD have targeted the K88 and F18 fimbrial components.
This has proven ineffective towards providing comprehensive protection against PWD. Therefore, we sought to
use a global approach allowing us to identify novel vaccine candidates that are universal among PWD strains.
This approach is coined “reverse vaccinology.” Reverse vaccinology is based on the concept that secreted or
extracellular proteins are more accessible to antibodies and are therefore the best vaccine candidates [4]. With
the availability of whole genome sequences and advanced computer prediction programs that predict the
destination of proteins based upon sequence, vaccine candidates can be identified using a global, reverse
approach.

In organisms such as E. coli, it is desirable to avoid targeting proteins possessed by commensal strains
because they would invoke a response against the normal flora in the host. By screening both pathogen and
commensal populations using PCR, the subset of vaccine candidates can be further refined to include only
pathogen-specific sequences. The resulting subset of genes encodes predicted proteins are those with the

greatest potential as vaccine candidates, are pathogen-associated, and can be further evaluated [4]. Here,
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modern reverse vaccinology was applied to porcine ETEC in our initial efforts to identify alternative

approaches towards a vaccine protecting against PWD in pigs.

Project Objectives.
1. The in silico identification of ETEC-specific proteins with vaccine potential.

2. Refinement of identified antigenic candidates using population genetics and protein expression.

Materials and Methods.

Bacterial strains. The 286 E. coli strains used in this study were acquired from porcine diagnostic samples sent
to the University of Minnesota, College of Veterinary Medicine’s Veterinary Diagnostic Laboratory, and fecal
samples collected from healthy pigs in Minnesota and lowa. Diagnostic samples were obtained from sick young
pigs with diarrhea, enteritis, or edema disease and were presumed to be predominantly porcine ETEC strains.
Samples included 100 isolates classified as “neonatal diarrhea” ETEC, or ND; 100 isolates classified as “post-

weaning diarrhea” ETEC, or PWD; and 86 isolates of fecal origin from healthy animals.

Bacterial sequencing. A K88-positive and F18-positive strain were selected for whole-genome sequencing.
These strains were submitted to the University of Minnesota Veterinary Diagnostic Laboratory after collection
from farms in Minnesota in 2007 (UMNKS88) and lowa in 2006 (UMNF18), and both strains were implicated in
regional outbreaks of PWD. The K88 strain was isolated from a pig of post-weaning age (approximately 4
weeks old) whose clinical signs included enteritis. It was identified as an enterotoxigenic E. coli based on the
presence of enterotoxin genes detected via multiplex PCR by the diagnostic laboratory. In addition to the
K88ac adhesin, this strain was positive for heat labile enterotoxin and heat stable enterotoxins A and B. It
belonged to the 0149 serogroup (determined by slide agglutination test, performed at Pennsylvania State
University’s E. coli Reference Center) which is the most frequently occurring ETEC serogroup in K88-positive

cases of post-weaning diarrhea [1]. This strain was designated UMNKS88. The F18 strain, designated UMNF18,



was positive for F18, STa, STh, and Stx2e. Like the K88-positive strain, its antimicrobial susceptibility test
reflected that it is multidrug resistant. The F18-strain contained five plasmids.

The whole genomes of these strains were sequenced to a depth of 30x coverage using pyrosequencing
on Roche 454 GS-FLX with Titanium chemistry. Two libraries were generated for each genome, consisting of
a shotgun library and a 3-kb paired-end library. Sequencing was performed on a Titanium plate. Sequence
reads were assembled into contigs with Newbler Assembler (454 Life Sciences) to resolve full chromosomal
and plasmid sequences. Homopolymers were examined for sequence quality and manually edited in SegMan
(DNASTAR, Lasergene). The genome and plasmids were fully assembled and verified for accuracy using

PCR.

Gene prediction and annotation. Annotation was automated using previously annotated E. coli genomes to
orthologous genes, and then manually curated. Annotation was carried out using the genome viewers RAST
(Rapid Annotation using Subsystem Technology; http://rast.nmpdr.org/) and Artemis [5]. Coding sequences
were predicted using the gene prediction program Glimmer3 [6], then selectively checked using BLAST [7].
Plasmids were also curated manually. The annotated genome sequence of UMNK®88 has been deposited in
NCBI (accession numbers: CP002729 for the UMNKS88 complete chromosome; CP002730, CP002731,
CP002732, CP002733, and HQ023862 for the UMNKS88 plasmids pUMNKS88_ K88, pUMNKS88_Incl1,
pUMNKS88_Ent, pUMNKS88_Hly, and pUMNKS88_IncA/C). Draft sequence accession numbers for UMNF18
are also deposited in NCBI (CP002890 for the chromosome, and CP002891, CP002892, CP002893, CP002894,
and CP002895 for UMNF18 plasmids pUMNF18_Incl1, pUMNF18 87, pUMNF18_IncFV, pUMNF18_P7,

and pUMNF18_32). These genomes are described in detail in a recent publication [8].

In silico analysis. The predicted proteins in UMNK88 and UMNF18 were analyzed using the PSORTb 3.0
subcellular localization prediction program to identify putative outer membrane and exported proteins [9].
These proteins were compared to the non-pathogenic, commensal lab K-12 strain MG1655 using protein

BLAST. Proteins that matched (>90% amino acid homology) between the strains were excluded from further
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analysis, resulting in the identification of predicted outer membrane or exported proteins that were unique to
UMNKS88 and/or UMNF18.

The remaining proteins were analyzed according to predicted immunogenicity and suitability as vaccine
targets. Using SignalP 3.0 [10] and LipoP [11], proteins were identified that contained predicted signal
peptides. Predicted beta-barrel structures, which indicate an association with the bacterial outer membrane, were
identified by BOMP [12]. TMHMM (Center for Biological Sequence Analysis, Technical University of
Denmark) was used to predict transmembrane alpha-helices [13]. While the presence of alpha-helix structures
suggests association with a cell membrane, which is favorable for vaccine candidate selection, proteins with
multiple transmembrane regions have been demonstrated to pose problems in the cloning and expression steps
necessary for vaccine development [4]. For this reason, we excluded any proteins with 3 or more predicted
transmembrane alpha-helices. The criteria for antigenic candidates was as follows: the presence of beta-barrels

or predicted signal peptides, with no more than one transmembrane alpha-helix.

Gene prevalence determination. Genes of interest representing antigenic candidates or genes of interest were

Sequenced baORTE Comparative Lipof BOMP, bl Cloningand  Sought among

i PSORTb iy N expression

the porcine E.
coli collections using multiplex PCR. Initially, runs with different annealing temperatures were completed to
determine the ideal annealing time for each panel. The final PCR thermocycler protocol was as follows: 10
minutes at 95°C; 25 cycles of: 94°C for 30 seconds, 58-60°C 30 seconds, 72°C for 1 minute; then 7 minutes at
72°C and holding at 4°C. The PCR reaction contained 2 ul boiled bacterial template, 2 ul of pooled primer mix,
15.5 ul water, 2.5 pl 5x PCR buffer with MgCI2, 1 ul dNTP, and 2 ul Taq polymerase for 25 ul total volume
used per reaction. After amplification, samples were electrophoresed in 2% agarose gels run at 150V for 40
min, stained with ethidium bromide, and visualized under ultraviolet light to detect PCR amplification products.
A 100 bp size standard was used to confirm appropriate PCR product size. An example of multiplex PCR

results is seen below.
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Protein expression. Reverse vaccine candidate genes (Table 1) were cloned into pQE-70 Vector (Qiagen) and
electroporated into M15 cells. Transformation cultures were plated on LB Ampioo plates and incubated
overnight at 37C. The presence of insert was confirmed with PCR and sequencing. The 6xHis-tagged proteins
were expressed following the QIAexpressionist (QIAGEN) protocol for rapid screening of small expression
cultures. Samples were collected at T=0, (no-IPTG), T=3 hrs (IPTG and no-IPTG) and T=16hrs(IPTG). Crude
lysates of IPTG induced and non — induced cultures were analyzed on SDS-PAGE gel (PIERCE). Samples that
did not show expression of the 6xHis-tagged proteins in crude lysates were purified with MagneHis purification

kit (Promega) and analyzed by Western Blotting using SuperSignal West HisProbe Kit (Pierce).

Results.

Using the reverse vaccinology and comparative genomics approaches, 50 targets were identified that were
further screened for their presence among nearly 300 porcine-source isolates. The figure below shows the
prevalence of UMNKS88-associated antigens among PWD and fecal E. coli collections. Compared to fecal
isolates from healthy pigs, a number of antigens were identified that were significantly more prevalent among
PWD isolates than fecal isolates (Figure below). Using a cut-off of at least 50% prevalence and significant
difference between populations, the following antigenic candidates were identified: K17, K12, K4, K23, K19,
and K9. K12 is a putative outer membrane protein of unknown function; K12 is a putative effector protein of a

type VI secretion system; K4 is an AIDA-1-like adhesion with similarity to antigen 43; K23 is the HIyA
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hemolysin; K19 is a glucoside-specific outer membrane porin; and K9 is DNase. Of these K4 and K23 had the

most discrimination between PWD and fecal isolates.
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We then examined the presence of UMNF18-associated antigenic candidates among the same collection of
bacterial isolates (Figure below). Using the same criteria, the following antigenic candidates were identified:
F17, F3, F16, F8, F10, and F2. F17 is the GspD protein of a type Il secretion system; F3, F16, and F10 are
putative autotransporters with similarity to antigen 43; and F8 and F2 are outer membrane porins. Of these, F16,

F8, F10, and F2 had the most discrimination between PWD and fecal isolates.



"PWD

HFecal

F11 F17 F7 F14 F1 F3 F16 F18 F12 F8 F10 F2 F4 F15 F23 F24 F22 F6 F20 F9 F19 F5 F13 F21

We further examined the presence of UMNK®88-associated antigens relative to their presence in F18+ and K88+
PWD isolates (Figure below). Considering the previously identified antigenic candidates that were significantly
associated with PWD isolates (K17, K12, K4, K23, K19, and K9), several of these candidates were highly
prevalent among F18+ and/or K88+ isolates. Among these were K12, K4, and K23, present at >75% among
both F18+ and K88+ isolates, and K19, present among greater than 75% of K88+ isolates and >60% of F18+

isolates.
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We also examined the presence of UMNF18-associated antigenic candidates among F18+ and K88+ PWD

isolates (Figure below). Considering the previously identified antigenic candidates that were significantly

associated with PWD isolates (F17, F3, F16, F8, F10, and F2), several of these candidates were highly prevalent

among F18+ and/or K88+ isolates. F17, F3, and F16 were present in >75% of both F18+ and K88+ isolates,

while F8, F10, and F2 were present among both populations at greater than 60% prevalence.
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Hierarchical clustering was then performed to examine patterns of antigenic candidate prevalence among the
isolates examined (Figure below). Several clusters were identified that would provide enhance coverage against
most of the F18+ and K88+ isolates studied (boxed in red). One cluster (top left) contained antigenic candidates
that were present in most K88+ isolates but were absent in most non-K88+ isolates. This cluster included K11,
F15, K5, K3, K2, K14, K20, K8, K15, K1, F23, F22, F24, K17, and K16. Particularly interesting is that some of
these antigenic candidates were plasmid-associated genes. For example, F22-F24 are IncFV conjugal transfer
proteins. Also, F15 is a virulence-associated membrane protein found in the bacterial chromosome. K2 is an
invasion-like outer membrane protein found in the bacterial chromosome. A second cluster of antigenic
candidates were found in both K88+ and F18+ isolates, and included K10, K19, K4, F16, F10, K23, F8, F2, and
K18. Many of these proteins were identified above as being strongly associated with PWD isolates as compared

to fecal isolates, and several were highly prevalent among K88+ and F18+ isolates.
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As proof-of-concept for expression of antigenic candidates, eight candidates were cloned and expressed in a
His-tagged vector in E. coli (Figure below). We were able to successfully express all of the attempted proteins
in E. coli strain M15. We also examined cell fractions of these purified proteins, and all were localized to the
outer membrane fraction.

Figure below. SDS-PAGE gel analysis of crude lysates from IPTG induced and non-induced cultures. Lane 1 =
ladder; Lanes 2 and 6 = time zero; Lanes 3 and 7 = time 3 hours, no IPTG; Lanes 4 and 8 = time 3 hours, IPTG,
Lanes 5 and 9 = time 16 hours, IPTG. a) Lanes 1-5 = F21; Lanes 6-9 = F23; b) Lanes 1-5 =K21; Lanes 6-9 =
K22; ¢) Lanes 1-5 = F3; Lanes 6-9 = F10; d) Lanes 1-5 = K4; Lanes 6-9 = mouse DHFR positive control.

L8 L9

a

Discussion.

The purpose of this project was to identify novel antigenic candidates among PWD-associated ETEC in weaned
pigs. A great deal of work has already been performed towards identifying suitable vaccines targeting PWD
ETEC, and the purpose of this study was not to discount but instead to supplement those efforts to gain greater
knowledge about the distribution of potential conserved antigens among PWD ETEC. For example, numerous
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studies have identified and refined approaches targeting the K88 and F18 fimbrial antigens and ETEC
enterotoxins [14-22]. Advances are being made towards the development of an effective vaccine. However,
these efforts have largely ignored the remainder of the porcine ETEC genome. Our work here has described the
genome sequences of K88+ and F18+ porcine ETEC and performed comparative genome analyses of the shared
and unique components of these genomes [8]. We then sought to identify novel antigens that may be useful in
the development of future subunit vaccines, acknowledging that previously identified antigens would also
undoubtedly be useful. This study demonstrated that a combinatorial strategy could be used to develop a subunit
vaccine that provides broad coverage against the diverse array of porcine ETEC capable of causing PWD.

Some noteworthy antigens identified included several autotransporter-like proteins with similarity to
proteins previously described as “antigen 43.” These proteins have been shown to play roles in colony
morphology and autoaggregation [23] and cell-to-cell interactions in biofilms [24]. They are phase variable
proteins existing in multiple alleles [25]. These antigens have been demonstrated to afford protection against
human ETEC challenge, therefore they have potential as subunit candidates among PWD ETEC [26].
Additionally, several novel fimbrial-associated proteins and outer membrane proteins of unknown function
were identified here that could supplement autotransporter proteins in the development of a multiple subunit
vaccine. These, combined with previously characterized antigens, could afford broad protection against PWD
ETEC.

Because vaccines targeting the fimbrial components of common PWD-associated strains have not
provided comprehensive protection against the full repertoire of porcine ETEC causing this disease, we
hypothesize that a more effective approach is to utilize reverse genomics to identify a subset of proteins that
will elicit an immune response against most of these strains. Usually, these subsets of proteins are subsequently
used to design true protein subunit vaccines. This approach has worked well for many types of bacterial
disease. However, since a primary problem with PWD protection involves the stimulation of a mucosal
immune response, logic would suggest that a protein subunit vaccine won’t work well towards this endeavor.
Therefore, we believe a more effective approach will be the integration and expression of these proteins in a

bacterium known to effectively stimulate mucosal immunity. Certainly, one such candidate for this approach is
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S. Choleraesuis strain CS54, which is licensed for use as a live vaccine for pigs in the United States. Recently, it
has been shown that E. coli antigens can be incorporated into the chromosome of this strain and ultimately
expressed. In the future, we hope to use such an approach with our subset of proteins to ultimately protect

against the diverse collection of strains causing PWD in weaned pigs.
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Table 1. Characteristics of antigenic candidates identified in this study. Designations: “K” = K88 genome origin, “F” = F18 genome

origin.
Locus tag:

Designation F primer R primer Protein description UMNKS88 | UMNF18
CCTGACTGGACAGCA | TCCCATTCGAAACCATAA | TonB-dependent vitamin B12

K1l ACAGA GC receptor BtuB AEE59297
AGTACACAGGCCGGT | GTCTGTTTGCTTCCCGGAT | Putative outer membrane

K2 AATGC A protein/invasin AEES59544 | AEE60055
GCACGGTGACAGACC | GACTTACGGGTGCCACTG | Putative exported protein from

K3 CTTAT AT ICE AEE59513
CAACACCACTGTCGG | GAGGTTGGTGGTGGTCAG | Antigen 43 precursor, AIDA-1

K4 ACATC TT like adhesin AEE55888 | AEJ55945
GGAGCAGCCAGAAAC | CAGTTGCTGGCAAAGGTG

K5 AGAAC TA MItA-interacting protein MipA AEE59489
TGCCAAAACACTTCA | GGCGCAATAATTTGACGA

K6 CCAAA TT Fimbrial usher protein AEE54684 | AEJ54677
GGCTGGACTCAGAAA | AACTGCATTAATCCGGCAT | General secretion pathway protein

K7 TGGAA C GspD AEES58253 | AEJ58346
CCGGCTATGAGAAAA | GTGACTCCGTGGGATAAG | Bifunctional enterobactin

K8 AGCTG GA receptor/adhesin protein AEE55853
CTGAACAAGCCGGTT | GGCGAAGTTATCGGTGGT

K9 ATCGT TA Dnase TatD AEES55982 | AEJ55896
CTGATGCGTTACCACA | ATGTCCCGTAAATCCAGC | Putative hemolysin activator

K10 CTGG AG protein AEES5873
CGACGGTGATGTTGA | AGCATCACCTACAGCCCA | Putative flagellin structural

K11 TAACG AC protein AEE55068
AGGTTGCTCAACGCTT | CCGCTTTACTGGTTCGGTA | Putative type VI secretion system

K12 GATT G effector protein AEE54880 | AEJ54872
TCCGATTCTCAACAAC | GTTCCATCCAGGCAAAGA

K13 ACCA AA Putative type | fimbrial protein AEE55388
TGATGATTGCACTGGT | CAGGTTTCACTCATCTGGG | Complement resistance protein

K14 CAGC TTT TraT AEE55823

K15 AGTTCTTCGCTGAGGT | CTTCGACGGCTTAACGCTA | Putative phage tail fiber protein AEE57668
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GCAT C
TAGCAAATCTGATCG | ACACGGTCAGCGTCAACA

K16 CACCA TA Putative outer membrane protein | AEE57023

K17 Putative outer membrane protein | AEE57023
AACGCATTACAGCGA | CGTTTTCCCCTTGTTGTCA | Putative outer membrane

K18 TACCC G precursor Lom AEE56572
TGAAAGTGGCGCTCA | TCACACCCTGCTGAGTTTT | Glucoside-specific outer

K19 TAGTG G membrane porin BglH AEE57668
AGTACACAGGCCGGT | TTTGCTTCCCGGATAAACA

K20 AATGC C Putative invasin on Hly plasmid AEE59544 | AEE60055
TCAACAATTGCTGTGG | CCTTCAGGGGAAGTGAAG | Putative fimbrial protein on K88

K21 CATT GT plasmid AEE59840
GGCGGTGTTGCTAAA | ACTCGCCTGACCTTCAGAG | Putative fimbrial protein on K88

K22 AGTCT A plasmid AEE59842
CTTTTTATCTGCCGGC | CTGCTCCCCCAATCAACTT

K23 TCAG A Hemolysin HIyA on HIy plasmid | AEE60090
TAGGTTACTGGCCCG | CTTTGGGAACGCCTGTTAA | Putative fimbrial usher protein on

K24 GTATG A K88 plasmid AEE59839
TGCCAGGCGTTTTTAG | GGGGCGAAGTGGAAATGC

F1 AATGACTA TA Putative fimbrial usher protein AEE54684 | AEJ54677
ACCTGCGGCCCAAAC | CCGCGCTGAATCTCAAGG | Outer membrane porin protein

F2 TTCTG TTC NmpC AEJ55180
CCCCCGGCATTAACC | AAACCGCCTGGGGCATTT | Putative autotransporter, antigen

F3 GTAAA C 43-like AEJ55945
CCCCGGGTTTAGTTTG | CACTGACTACTGCGCTGGC

F4 GGACTTA TGTTA Putative autotransporter AEE56083 | AEJ56083
CTGCGGGAATGTCAC | ACGCCGTTATTCTCGCTGT | Conserved hypothetical protein,

F5 AAACTGAA TGA tail fiber protein AEJ56153
TTTCTGGCGATGCGAA | TCTCTGCGCTGCCATCAAA

F6 TACAGTG TAAAT Putative autotransporter AEJ56442
CTCGCGTTCGGGTTGA | CCTGCGCGTTGCTACTCCA

F7 TAACATT CT Putative autotransporter AEE56524 | AEJ56560
TGCCGGGCACTACTTC | TGCCCATACTTCAGCATTT | Outer membrane porin protein

F8 TCCTCTA TGACC NmpC AEJ56947

F9 GCCCGAAGGCTCTAA | TCAGCGGAAGCCCAGGAA | Outer membrane protein OmpN AEJ57043
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TCAGGAA TC
ATACCGGCGGGCAAT | CTCACCGCCGTTCAGAGTG | Putative autotransporter, antigen

F10 GGATA GT 43-like AEE58235 | AEJ57110
GCGCGGAATGACGGA | ATGTCGCGGGGAAAATGA | Multidrug resistance outer

F11 ACAG AAAT membrane protein MdtQ AEE57251 | AEJ57277
CTTATCCGCCCGGTTG Outer membrane usher protein,

F12 TCATACT CGCGGTCGCGTTTGATGT | PapC-like AEE57455 | AEJ57557
CTCGAAGAAGCCGGA | CTGCGGGCCGTCTGAAGT | Conserved hypothetical protein,

F13 ATAACACC C tail fiber protein AEJ57808
CAGCGGTTACGCACG

F14 GAATCT CGCCTGCATGGGCATCTG | Outer membrane protein Lom AEE56572 | AEJ57943
CGCCAGCCGCATACA | CCCCGGTTAGTATTATGGG | Virulence membrane protein

F15 GTGAC CAGTT pagC AEJ58306
CTGCCGGGGGAAGTC | CTGCGCAGGTACCAGTCTT | Putative autotransporter, antigen

F16 TGAGT CATC 43-like AEES55888 | AEJ55945
GCGCGTCCGGTGAGC | CTGGGCGGAAGAAGCCAC

F17 ATA TT Type Il secretion protein GspD AEE58253 | AEJ58346
CACTACGCGCCAGTT | ACCCCAGCGTAAAGCAAG | Putative outer membrane usher

F18 ATCAGCATA TTTGT protein YQiG AEES58333 | AEJ58430
TGCGCTCCCACTTAAT | TGCCGCCCTTGTAGATTCG | Phage tail fibre repeat family

F19 GCTGTAA TC protein AEJ59650
ACTGCCTGCCGGGCT | CTTGCGGTGGGATACGATT

F20 GTTA TTTAT Tia invasion determinant AEJ59746
AATGCGCCTTCGGGA | GAAGCCGCAAGATGGACA | IncX type IV secretion system

F21 TTACTG GAAC protein VirB5 AEJ60272
TGCCGGCGTTAAAAG IncFV conjugal transfer protein

F22 CAACTT GACCCGACCGGGCTGATG | TraV AEJ60141
AGCGCGGTTTACTCCT IncFV conjugal transfer protein

F23 GGAATAA CTCCCCGCCGCAAATCTG | TraN AEJ60147
CCGGAAAGCGCATAT IncFV conjugal transfer protein

F24 TACTGGATA CTAACGCCGCCCCCATTG | TraT AEJ60153
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