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Abstract

Brucellosis is an infectious zoonotic disease caused by the Brucella bacteria. The three most
pathogenic Brucella species are Brucella abortus, Brucella melitensis, Brucella suis. The most
efficient approach to control the disease is to vaccinate domestic animals to prevent the spread
to human. Several live attenuated strains are used as vaccines to control animal Brucellosis.
However, as well as their pathogenicity to humans, these vaccines have a number of
limitations, such as abortion, orchitis, and infertility in animals. Therefore, safer and universal

vaccine is needed to control Brucella infection.

Reverse vaccinology (RV) has been far and wide applied for identifying potential antigens of
pathogens of interest. In this study, a new RV strategy has provided, that combines pan-
genome analysis with homemade meta-SCL pipeline, followed by determination of adhesion,
antigenicity, and immunogenicity. A total of 90 complete Brucella genomes corresponding to
the three most important zoonotic species, 55 B. melitensis, 17 B. abortus, and 18 B. suis, were
subjected to the developed RV antigen selection steps (mentioned above). Using this approach
enables the identification of 34 potential cross protective candidates. These candidates found
to be associated to few biological functions that are highly referred to virulence such as cell
adhesion and ion transport. The resulted antigens represent the most comprehensive set of
antigens that can be used to develop a universal vaccine against zoonotic Brucella species.
Further experiments are needed to clarify the mechanisms, attachment, immunogenicity and

the protection level of these proteins.
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CHAPTER 1: Introduction

1.1 Brucellae

Brucella is a genus of Gram-negative facultative intracellular bacteria that belongs to the
Brucellaceae family of the order Rhizobiales in the class alpha-proteobacteria. This bacteria
causes sever and persistent inflammatory disease in mammals that is known as Brucellosis. The
genus Brucella was named after David Bruce in the late 19" century, a Scottish pathologist and
microbiologist, who investigated a Mediterranean Fever that affected British soldiers during
their military service in Malta island (Bruce, 1889). Currently, the genus consists of 10 species
that are classified based on their host preferences (Ficht, 2010, Olsen and Palmer, 2014). These
10 species are Brucella abortus, Brucella melitensis, Brucella suis, Brucella canis, Brucella ceti,
Brucella inopinata, Brucella microti, Brucella neotomae, Brucella ovis, and Brucella pinnipedialis

(Figure 1) (Moreno, 2014, Ficht, 2010).

B. melitensis ! !(

B. abortus

. |

B. suis

S

5.

B. canis Zoonotic

<)

Non-zoonotic

B. inopinata

Brucella species

—

B. ceti

B. microti

B. neotomae
B. ovis

B. pinnipedialis

rago)@-iij

Figure 1 Brucella species with their preferred hosts, and zoonotic potential (Moreno, 2014).



Although several Brucella species are potentially zoonotic agents, Brucella melitensis (B.
melitensis), Brucella abortus (B. abortus), and Brucella suis (B. suis), that primarily infect goats
and sheep, cattle and swine respectively, are considered the most pathogenic Brucella species
that have a serious impact on public health and the livestock industry (Smits, 2013, Seleem et

al., 2010).

1.2 Brucella Genome

The genome of most Brucella species consists of two circular chromosomes with an average
total size ~3.29 Mb. Comparative genomics studies revealed a high homology between the
different species of Brucella and this is reflected in similar CG contents, genome sizes, and gene
synteny (Ficht, 2010, Olsen and Palmer, 2014). On the other hand, the genetic phylogeny of
Brucella genus does not reveal the Brucella preferred hosts phylogeny. The average total
number of genes per genome is 3460 with 3180 protein coding genes. The number of
pseudogenes within Brucella genomes is considered high compared to other bacterial genomes
(Liu et al., 2004). It was observed that chromosome Il has more pseudogenes than chromosome
I, suggesting that chromosome Il is more susceptible for gene transfer and rearrangements
(Wattam et al., 2009). However, analysis of Brucella genomes reveals that pseudogene versus
functional genes and horizontal gene transfer was proposed to be associated with the variation
of the virulence and adaptation to the intracellular lifestyle in Brucella spp. (Wattam et al.,
2009, Chain et al.,, 2005). Among the genes that were suggested to be associated with the
intracellular adaptation of Brucella, and is important for its biogenesis, are the genes involved
in VirB Type IV secretion system (T4SS) (Smith et al., 2016). Other genes include LPS
biosynthesis, polysaccharide synthesis, ABC transporter, and outer membrane encoding genes

(Jenner et al., 2010, O'callaghan and Whatmore, 2011).

1.3 Brucellosis

Brucellosis is a global zoonotic infectious disease that is caused by Brucella genus. Brucellosis is

known by many other names such as Malta fever, undulant fever, Mediterranean fever, and
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Bang disease (Smith and Bhimji, 2017). The incidence rate of this disease is continuously
changing worldwide with an average rate of more than 500,000 human cases reported annually
(Robinson, 2014). Although it is a worldwide disease, its predominantly found in developing
countries of Central Asia, Africa, South America and the Mediterranean region which are
currently listed as high risk areas by the Centers for Disease Control and Prevention (CDC)
(Musallam et al., 2016, Dean et al., 2012). Several factors can affect the distribution of
brucellosis such as socioeconomic, demographic, and occupational factors. However, the
reported epidemiological data are likely underestimating the true burden of brucellosis (Dean
et al., 2012). This infectious disease was mapped globally in 2006 (Pappas et al., 2006) and no
further global mapping were exists. As it is shown in the map (Figure 2), the mediterranean
region shows several countries with highest annual incidence and considered as an endemic

area.
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Figure 2 The Annual incidence of human brucellosis worldwide (Pappas et al., 2006).



In small ruminants, brucellosis have several clinical signs and symptoms including reproductive
problems such as abortions, stillbirth, and infertility causing a significant economic loses and
public health impact. As the reproductive system is the primary target of Brucella, the bacteria
could be shed in the milk. Thus, infection commonly transmitted to humans by contact with the
contaminated animal and/or animal products such as ingestion of unpasteurized milk or dairy
products. Aerosol exposure to infected animal fluids is an additional way of transmission so that
people who work with animals are at higher risk of exposure to Brucella such as veterinarians,

livestock producers, laboratory personnel, and slaughterhouse workers (Corbel, 2006).

In humans, brucellosis can cause a severe febrile disease with various clinical complications
ranging from mild to severe symptoms including undulant fever, flu-like signs, joint pain
arthritis, endocarditis, meningitis and neurological complications (Pal et al., 2017, Gortazar et
al., 2007, Franco et al., 2007). The incubation period vary from few days to several weeks, and
the symptoms can last for several months or for years as in chronic cases. Treatment of human
brucellosis includes a combination of several antibiotics for a minimum of 6—-8 weeks. These
antibiotics include Doxycycline with either streptomycin, rifampin, gentamicin, or
sulfamethoxazole/trimethoprim (loannou et al., 2011). Although brucellosis can be treated with
antibiotics, prolonged treatment is inconvenient for patients beside the relatively high relapse

rate.

Prevention is most effective strategy to fight human brucellosis. Prevention actions include
vaccination of domestic animals to reduce brucellosis in human. Increasing society awareness
to the hygiene, pasteurize the dairy products, adequate cooking of meat products is an
important prevention measure. The strategy employed by the WHO to control brucellosis
depends mainly on the massive vaccination of domestic animals so as to prevent disease spread
to healthy animals and to humans (Heymann, 2005). Typically, after achieving a very low
prevalence rate in domestic animals (below 1%), a strict surveillance strategy can be applied to
get rid of infected animals (Blasco, 2010, Pérez-Sancho et al., 2015, Olsen and Stoffregen,
2005).



1.4 Brucellosis vaccines

Currently, all the used vaccines to control Brucellosis in animals were obtained during the mid
of 20" century through blind screening and several in vitro passages of the bacteria to obtain a
spontaneously attenuated strain that can serve as a good vaccine. The following are the live
attenuated vaccines that are used to control brucellosis in animals: B. abortus strains S19 and

RB51, B. melitensis strains Rev.1 and M5, and B. suis strain S2 (Avila-Calderén et al., 2013).

In 1923, Dr. John Buck has isolated Brucella abortus from the milk of American cattle and
discovered the S19 vaccine strain which is a spontaneously attenuated smooth strain (Buck,
1930). At the beginning of the 1930s, S19 has been used worldwide to prevent brucellosis in
cattle until the discovery of strain RB51 (McDiarmid, 1957, Schurig et al., 1991). However, its
protection efficacy is not stable and still it has several drawbacks (Confer et al., 1985). A major
drawback of S19 is that it has intact extracellular O-antigen lipopolysaccharide that gives it the
smooth phenotype. This phenotype hampers the serological discrimination between naturally
infected cattle from those immunized (Koh and Morley, 1981). Other drawbacks of S19 are that
it can cause abortion when given to the animal during pregnancy, and it is virulent for human

(Beckett and MacDiarmid, 1985, Nicoletti, 1981, Corner and Alton, 1981).

In contrast, B. abortus RB51 discovered in 1982 is a rough mutant strain derived from smooth
wild-type B. abortus 2308 (Schurig et al., 1991). Hence, RB51 strain is safer than the previous
vaccine strain and it does not confuse the diagnosis and it enables distinguishing between
infected and vaccinated cattle. Subsequently, it has replaced S19 strain for cattle vaccination.
However, S19 showed higher efficiency (Cheville et al., 1996). Furthermore, RB51 suffers from
several drawbacks: the major drawback is its resistance to rifampicin, an antibiotic used for
treating brucellosis, and as S19 strain, RB51 is virulent for human (Ashford et al., 2004, Schurig
etal.,, 1991).

Rev-1 is a live attenuated vaccine strain derived from several passages of B.melitensis 6056
discovered in 1957 (Elberg and Faunce Jr, 1957). This strain is used for goats immunization and
produce strong immunity lasting for more than two years (Entessar et al., 1967, Alton, 1966).

However, this strong immunity produces strong anti-O antigen antibody titer going back to the



problem of distinguishing between vaccinated animals and naturally infected ones (Marin et al.,
1999). Another drawback of Rev-1 is that it is more virulent than S19 for human, and it is not
safe enough for pregnant goats as it can be excreted in milk (Blasco and Diaz, 1993, Banai,
2002). In addition, Rev-1 vaccine strain is subjected to morphological and immunological

changes affecting its impact as a stable vaccine (Bosseray, 1991, Issa and Ashhab, 2016).

B.suis strain 2 (S2) in an attenuated strain used animal mainly pigs vaccination orally via adding
it to the animal’s drinking water. It was discovered in 1953 after revising it from serial passages.
S2 has a smooth phenotype but with a lesser virulent of the wild-type strain (Xin, 1986).
Nevertheless, the route of immunization affects the dose reproducibility of the S2 vaccine. In
addition, this strain is not effective against B. melitensis infection (Bosseray and Plommet, 1990,

Verger et al., 1995).

Despite their extensive global use, these live attenuated vaccines suffer from various
drawbacks, such as their pathogenicity to humans and residual virulence in animals, which can
cause abortion, orchitis, and infertility (Adone et al., 2005, Goodwin and Pascual, 2016).
Moreover, these vaccines do not enable differentiation of infected animals from vaccinated
animals by serological detection methods. These drawbacks have prompted several research

groups to attempt the development of safer subunit vaccines.

1.5 Sub-unit vaccine

The subunit vaccine uses part/s of the pathogen instead of the whole microorganism. The used
parts can be protein/s, polysaccharide/s, or both to provoke the immune system. Unlike the
live-attenuated vaccines, subunit vaccines have a superior safety as there is no risk for

multiplication or harmful changes to revert the attenuated microbe to its virulent nature.

Two conditions are essential to design a good subunit vaccine; first, the selection of appropriate
protective antigens, and second, the selection of a safe and efficient vehicle to deliver these

antigens to the immune system in a way that can evoke a protective immune response.



During the last two decades, a number of Brucella antigens have been identified, such as
Omp16, Omp19, Omp25, Omp31, SurA, Dnak; trigger factor (TF), ribosomal protein L7L12,
bacterioferritin (BFR) P39, and lumazine synthase BLS (Oliveira and Splitter, 1996, Velikovsky et
al., 2003, Al-Mariri et al., 2001, Ghasemi et al., 2015, Goel and Bhatnagar, 2012, Delpino et al.,
2007, Cassataro et al., 2005, Pasquevich et al., 2009). Despite their ability to induce immune
response they did not produce a significant level of protection. These antigens were selected
based on empirical screening approaches that are typically laborious, expensive, and require
strict safety precautions and particular lab facilities, because Brucella is classified as biosafety
level (BSL) 3 microorganism. This insufficiency of the empirical methods represents a great need
for a rational and comprehensive approach to discover potential antigen candidates that can be

used to develop a safe and effective anti-Brucella vaccine.

1.6 Reverse vaccinology

In contrast to the conventional vaccine development approaches that require cultivation and
extensive empirical screening, the reverse vaccinology (RV) approach is an interesting in silico
approach to identify protective antigens of a given pathogen starting with its genomic data. The
method was first developed by Rino Rappuoli and his co-workers to discover protective
antigens of Serogroup B meningococcus (Rappuoli, 2000, Pizza et al., 2000). Since then, RV has
been implemneted to identify protective antigens for a large number of pathogens (Seib et al.,
2012, Delany et al., 2013). General RV steps for vaccine development are summarized in Figure

3.

The RV criteria for selecting antigens is the most challenging step and it varies according to the
pathogen and its properties such as the lifestyle, entry, invasion, attachment, survival,
replication, and pathogenesis (Seib et al., 2012, Ong et al., 2017, Donati and Rappuoli, 2013).1t
has been shown that subcellular localization of the antigen plays a critical role in providing a
protective antigen. In case of Gram negative bacteria, the surface exposed proteins are the
most potential to be good vaccine candidate; while, in Gram positive the extracellular proteins
are the most potential antigens (Ong et al., 2017). Furthermore, the proteins that enable

pathogens to attach and invade host cells are considered very critical for a successful infection
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(Ribet and Cossart, 2015). In addition, the infected host/s and the nature of the immune
response involved in the eradication of the pathogen are other criteria that must be taken in

consideration in antigen selection.

Genomic Data

In Silico Tools Examples of RV
features :

,to narrow down _ Induce immune response

- Transmembrane helices
- Sub-cellular Location
- Attach and invade

-Homology to host

In vitro testing of resulted
potential candidates

Figure 3 Overview of RV steps for vaccine development.

Limited number of studies have applied RV to identify Brucella antigens (Vishnu et al., 2015,
Gomez et al., 2013). A major limitation of these studies is that they rely only on one strain,
namely B. melitensis 16M to perform RV analysis. Moreover, they employed inadequate set of

antigen selection criteria.



The concept of pan and core genome was first proposed in 2005 by Tettelin et al, dividing the
pan genome of a collection of genomes of a given species into three sets of genes: core,
dispensable, and special. Genes that are common in all selected genomes are called core
genome; genes that are absent in one or more genomes are called dispensable; and genes that
are unique to each genome are special (Tettelin et al., 2005). This analysis has been used for
several purposes like studying the genetic diversity and relatedness across species, genera and
even at bacterial family level. Due to the inter-strain gene content diversity, it has become
crucial to perform a pan-genome analysis of several strains of a given bacterial species or genus
to identify the core genome that contains the desired universal protective antigens (Donati and
Rappuoli, 2013). Pan genome analysis has been widely used to identify the common genes
between several genomes (core genome) that are attractive for the development of cross

protective vaccine (Moriel et al., 2016, Zeng et al., 2017).



CHAPTER 2: Problem Statement and Objectives

Brucellosis is a major public health threat causing significant economic losses. Despite the fact
that animal vaccination is the main strategy for reducing the disease and controlling it in
animals and humans, current licensed vaccines suffer from several limitations. These limitations
include abortion, orchitis, pathogenic to human and cannot differentiate between the infected
and vaccinated animals. Therefore, there is a great need for developing a safer, more effective,

and cross-protective vaccine.

Reverse vaccinology offers a powerful approach for discovering vaccine candidates especially
for the pathogens that require special lab facilities. The availability of both free complete
genomes of the pathogens and the advanced in silico tools, have made the RV approach more
efficient. Moreover, as Brucella classified as BSL3, applying RV approach can reduce the time
needed to develop a new vaccine against Brucella. Especially with the publishing of fully

sequenced for many Brucella genomes.

In this study, the aim was to discover potential antigen candidates that are conserved among B.
melitensis, B. abortus, and B. suis, which are the Brucella species frequently associated with
human and domestic animal disease. The provided reverse vaccinology approach is an
improved version based on determining the core genes of an extensive number of genomes
from the three aforementioned Brucella species, followed by a rational antigen selection
strategy. To our knowledge, this is the first study to combine pan-genome and reverse
vaccinology approaches to identify potential protective antigen that can be used to develop a

universal vaccine against the three most pathogenic Brucella spp.
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CHAPTER 3: Materials and Methods

The in silico antigen prediction protocol is depicted
in Figure 4. In the first phase, the retrieved
proteomes were analyzed to extract the core
proteome (the set of homologous proteins that are
present in all analyzed strains of the three Brucella
species). The identified core proteome is
subsequently analyzed using a subcellular
localization prediction pipeline to identify outer
membrane and periplasmic proteins. In the last
stage, various rigorous filters were employed to
prioritize proteins based on features that are
strongly associated with protective antigens,
including adhesion, overall protein antigenicity, and
density of B cell and T cell epitopes. Unless
otherwise specified, the default parameters were

used for all prediction tools.

3.1 Data retrieval

The full multi-Fasta format protein sequences of 55
B. melitensis, 17 B. abortus, and 18 B. suis genomes
were downloaded from the Microbial Genomes
Resources - NCBI (as of March 2018). Strain names,
and number of proteins are shown in Tables 1, 2, 3

(for accession numbers see Appendix 1).
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Table 1 Brucella melitensis proteomes selected for the study, their strain name and number of proteins.

Organism/Name Strain Proteins
1. Brucella melitensis bv. 1 str. 16M  16M 3099
2. Brucella melitensis ATCC 23457 ATCC 23457 3152
3. Brucella melitensis M28 M28 3144
4. Brucella melitensis M5-90 M5-90 3124
5. Brucella melitensis NI NI 3115
6. Brucella melitensis bv. 3 str. ether 3130
Ether
7. Brucella melitensis bv. 1 str. 16M  16M 3134
8. Brucella melitensis C-573 3099
9. Brucella melitensis 20236 3140
10. Brucella melitensis 2008724259 3125
11. Brucella melitensis BwIM_AFG_63 3148
12. Brucella melitensis BwIM_IRN_37 3149
13. Brucella melitensis BwIM_IRQ_32 3145
14. Brucella melitensis BwIM_ITA_45 3131
15. Brucella melitensis BwIM_ITA_55 3126
16. Brucella melitensis BwIM_SYR_04 3149
17. Brucella melitensis BwIM_TKM_56 3148
18. Brucella melitensis BwIM_TUR_03 3145
19. Brucella melitensis BwIM_TUR_17 3146
20. Brucella melitensis BwIM_TUR_19 3149
21. Brucella melitensis BwIM_TUR_59 3147
22. Brucella melitensis BwIM_SAU_09 3146
23. Brucella melitensis BwIM_SYR_26 3145
24. Brucella melitensis BwIM_TUR_39 3144
25. Brucella melitensis Qyl 3058
26. Brucella melitensis BY38 3141
27. Brucella melitensis BL 3146
28. Brucella melitensis QH61 3131
29. Brucella melitensis CIIMS-BH-2 3130
30. Brucella melitensis B3 3117
31. Brucella melitensis Rev.1 (passage 101) 3111
32. Brucella melitensis 1 3120
33. Brucella melitensis 1 3112
34. Brucella melitensis 1 3120
35. Brucella melitensis 1 3117
36. Brucella melitensis 1 3104
37. Brucella melitensis 1 3124
38. Brucella melitensis 1 3119
39. Brucella melitensis 1 3123
40. Brucella melitensis 1 3122
41. Brucella melitensis 1 3103
42. Brucella melitensis 1 3123
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43,
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

Table 2 Brucella abortus proteomes selected for the study, their strain name and number of proteins.

Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis
Brucella melitensis

R R R R R R R R R R R R R

3121
3125
3116
3106
3108
3115
3120
3103
3126
3117
3121
3109
3100

P OIS F

el =
N = O

13.
14.
15.
16.
17.

Table 3 Brucella suis proteomes selected for the study, their strain name and number of proteins.

Organism/Name

Brucella abortus bv. 1 str. 9-941

Brucella abortus S19

Brucella abortus 2308
Brucella abortus A13334
Brucella abortus

Brucella abortus

Brucella abortus

Brucella abortus bv. 9 str. C68
Brucella abortus bv. 6 str. 870

. Brucella abortus
. Brucella abortus
. Brucella abortus bv. 2 str.

86/8/59

Brucella abortus
Brucella abortus 104M
Brucella abortus
Brucella abortus
Brucella abortus

Strain
9-941
S19
2308
Al13334
BDW
BER
NCTC 10505
Cc68

870

63 75
BFY
86/8/59

BAB8416
104M

BD

MC

B4

Proteins
3153
3151
3153
3168
3171
3130
3140
3150
3142
3147
3127
3159

3121
3152
3115
3109
3123

e PR EP

Organism/Name
Brucella suis 1330
Brucella suis ATCC 23445
Brucella suis 1330
Brucella suis VBI22
Brucella suis bv. 1 str. S2

13

Strain

1330

ATCC 23445
1330

VBI22

S2

Proteins
3161
3158
3164
3167
3167



6. Brucella suis bv. 2 PT09143 3162
7. Brucella suis bv. 2 PT09172 3162
8. Brucella suis bv. 2 Bs364CITA 3163
9. Brucella suis bv. 2 Bs396CITA 3164
10. Brucella suis bv. 2 Bs143CITA 3162
11. Brucella suis 513UK 3165
12. Brucella suis bv. 3 str. 686 686 3121
13. Brucella suis BSP 3153
14. Brucella suis Human/AR/US/1981 3164
15. Brucella suis 2004000577 3154
16. Brucella suis QHO5 3151
17. Brucella suis ZW046 3124
18. Brucella suis ZW043 3090

3.2 Pan genome analysis
In order to identify the core proteins, the 90 proteomes were analyzed by the Bacterial Pan

Genome Analysis (BPGA) tool using the default parameters (Chaudhari et al., 2016). In the input
preparation for clustering step, option number 4 (use any protein Fasta files) was chosen. To
ensure fast and accurate clustering, BPGA uses USEARCH as a default protein clustering tool

with an identity cut off = 50%.

OPTIONS:

1. INPUT PREPARATION FOR CLUSTERING

2. DEFAUL PAN GENOME ANALYSIS

ONE CLICK ANALYSIS (1 + 2)

Figure 5: Screen shot of the BPGA selected steps.
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3.3 Subcellular localization (SCL)

Next, the core proteome was analyzed to predict outer membrane and periplasmic proteins. In
this step, a previously developed homemade pipeline for SCL prediction was performed (Y.
Ashhab, unpublished data). The pipeline employs different SCL prediction tools in three phases
of positive and negative selections (Figure 6). Positive selection was performed for outer
membrane (OM) and/or periplasmic (P) proteins. Negative selection was performed for inner
membrane (IM), cytoplasmic (CYT), and extracellular (EX) proteins.

The tools used in the first phase were: 1. PSORTb v3.0.2, 2. CELLOv.2.5, and 3. SosuiGramN (Yu
et al.,, 2010, Yu et al.,, 2006, Imai et al., 2008). In this stage, the positive selection was
implemented for proteins that were predicted as OM or P by at least two of the three tools and
were therefore included. A negative selection was implemented for proteins that were
predicted as IM, EX, or CYT by at least two of the three tools and these proteins were therefore
excluded. Proteins that were predicted with "unknown" subcellular location by at least one of
the three tools, and OM and/or P by one of the three tools were considered uncertain proteins
and were subjected to the second phase of selection.

The tools used in the second phase of selection were: 1. ClubSub-P, and 2. nglLoc (Paramasivam
and Linke, 2011, King and Guda, 2007). Again, resulting proteins were divided into three
categories. Positive selection was implemented for proteins that were predicted as OM or P by
at least one of the two tools and were therefore included. Negative selection was implemented
for proteins that were predicted as IM, EX, or CYT by at least one of the two tools and these
proteins were therefore excluded. Proteins predicted with "unknown" subcellular location by
one of the two tools were defined as uncertain. These uncertain proteins were subjected to a
third phase of selection with the meta prediction tool; MetaLoc (Magnus et al., 2012). Proteins
in this final step were divided into two categories; included for OM and P or excluded for the

other sites. Included proteins from the three phases were collected for further analysis.
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3.4 Adhesion probability

Adhesion probability of the surface associated proteins that summed up from the SCL
prediction was predicted by Vaxign tool (He et al., 2010). Proteins with adhesion score higher

than 0.5 were selected for further analysis.

3.5 Protein Antigenicity

Antigenicity of surface associated proteins was predicted using two tools: AntigenPro which
computed antigenicity based on amino acid sequence features (Cheng et al., 2005), and Vaxilen
which computed antigenicity based on physicochemical properties of amino acid sequence

(Doytchinova and Flower, 2007).
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Figure 6: General workflow of the subcellular localization-voting strategy. A total 6 tools were applied to the
core proteins (1939 proteins) that resulted from pan genome analyses to select surface- association proteins as
novel vaccine candidates. The process starts with first group of tools consist of Psortb, Cello, and Sosui. The
resulting proteins were classified to excluded, uncertain, and included. Proteins that predicted as cytosolic,
inner membrane, and extracellular, by at least 2 of the 3 tools, were excluded. Proteins that predicted as
periplasmic and outer membrane, by at least 2 of the 3 tools, were included. Proteins that predicted as
unknown by at least 2 of the 3 tools or, not matched by any of the 3 tools, both types were considered as
uncertain. The suspicious proteins were subjected to the second group of prediction tools that consist of
ClubSub-P and ngLoc. The resulting proteins were also classified to excluded, uncertain, and included. Proteins
that predicted as cytosolic, inner membrane, and extracellular, by at least 1 of the 2 tools, were excluded.
Proteins that predicted as periplasmic and outer membrane by at least 1 of the 2 tools were included. Proteins
that predicted as unknown by at least 1 of the 2 tools were considered as uncertain. The uncertain proteins
were subjected to the final prediction tool; Metaloc. Resulting proteins were classified in to 2 classes; included
or excluded. Proteins predicted as cytosolic, inner membrane and extracellular were excluded. Proteins that
predicted as periplasmic and outer membrane were included.
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3.6 T-cell Epitope prediction

Surface associated proteins were also subjected to sequential epitope mapping in order to
indicate their ability to bind to immune cells. T-cell epitopes were predicted for Major
Histocompatibility Complex (MHC) class | and class Il, and the number of potential binding
alleles for each protein was determined. Propred1, and Propred were used for MHC class | and
MHC class Il epitopes, respectively (Singh and Raghava, 2003, Singh and Raghava, 2001). The
epitope density in a given protein was calculated for each class of MHC by dividing the number
of predicted epitopes over the length of that given protein. In addition, epitope coverage was
calculated by dividing the number of alleles with positive predictions over the total number of

analyzed alleles.

3.7 B-cell Epitope prediction

BCPred and AAPred were used for B-cell epitope prediction (Chen et al., 2007, EL-Manzalawy et
al., 2008). Using the default parameters, epitopes with a score of 0.8 and greater were
accepted. The density of the B-cell epitope for a given protein was calculated by dividing the

number of predicted B-cell epitopes over the protein length.

3.8 Prioritization of protective antigens

In this step, a cumulative score for the proteins with adhesion score > 0.5 was calculated using
the prediction scores of protein antigenicity, MHC-I and MHC-II epitope densities, allele
coverage for both classes of MHC, B-cell epitope density. The score for each feature was
normalized to "1" as the highest possible value and "0" as the lowest possible value. The
protein antigenicity score was the average of the two tools: Vaxilen score and AntigenPro
score. The B-cell epitope density score was the average density of the two tools: AAP and

BCPred.
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3.9 Exclusion of dubious proteins

Proteins that show significant homology to host proteins, or proteins that have low molecular
weight were excluded from the final list. To remove proteins with significant homology to host
protein sequences, the selected antigens were subjected to homology search against
proteomes using protein Blast (BLASTp tool at NCBI) with the following parameters: Database:
reference proteins (refseq_protein); Organisms: human, sheep, goat, cattle, and pig; E-value
cutoff: 0.001. Antigens that show > 35% identity to any host protein were excluded. Molecular
weight of small proteins was estimated using Expasy tool (Gasteiger et al., 2005). Proteins

having a molecular weight of < 10 KDa were excluded.

3.10 Protein annotation and domain search

In addition to the "one line annotation description" provided by NCBI, a thorough manual
annotation was performed to determine the most likely biological function assigned to the
selected antigens. For this purpose, the following protein annotation servers were used:
Blannotator, Panzzer, and EggNog (Kankainen et al., 2012, Koskinen et al., 2015, Huerta-Cepas
et al., 2015). Furthermore, the conserved domain search was predicted using Blast CD-search
tool. BOCTOPUS 2 was used to predict the topology of transmembrane beta-barrel proteins
(Hayat et al., 2016).
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CHAPTER 4: Results

Results of the established reverse vaccinology analysis to identify potential antigen candidates
that can be used to develop a universal vaccine against Brucella are summarized in Figure 7.
Starting with 282051 proteins, by the pan genome analysis the resulted core proteins are 1939
proteins. Next, they become 177 proteins after SCL-step. Then, number of proteins becomes 87
proteins that were evaluated for their antigenicity and immunogenicity properties. Top 34

proteins are submitted for further analysis.

B.melitensis (55) II

—
~

—

S—

— =
& S
~— t
) o
K]

2 ;
-+ (=4}

282051 proteins
Pan genome

1939 core proteins Sub-cellular

localization
177 surface- Adhesion
associated Antigenicity &
Epitope prediction
8. Proteins Potential

candidates

Top scored proteins

Figure 7: Summary of the resulted proteins in each step of the selection vaccine candidates’ criteria.
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4.1 Pan-genome analysis

Core proteins were identified first for each species alone, then for the three species together.
The number of core proteins for 17 strains of B. abortus was 2840 proteins. The number of core
proteins for 55 strains of B.melitensis was 2578 proteins. As for B.suis, for 18 strains there were
2484 proteins. The number of core proteins for all 90 proteomes of the three species was 1939

proteins. Figure 8 contains a Venn diagram of core proteins for the three species.

B.melitensis
(# 55 proteomes)

B.abortus
(# 17 proteomes)

B.suis
(# 18 proteomes)

Figure 8: Venn diagram shows the core proteins of the three selected Brucella spp. (inter and intra). Core
proteins within the 17 proteomes of B. abortus are 2840 proteins. While, core proteins within the 18 proteomes
of B. suis are 2484 proteins. And, core proteins within the 55 proteomes of B. melitensis are 2578 proteins.
Overall core proteins across three spp. are 1939 proteins.

The curves of gene accumulation for pan and core genes are shown in Figure 9. The number of
gene families in both core (red curve) and pan (blue) genomes is plotted alongside the number
of included genomes. The higher number of genomes shows the lower number of gene families

within the core genome.
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Figure 9: Core - Pan Plot present the distribution of the core and pan proteins.

4.2 Subcellular localization (SCL)

From the 1939 core proteins, the surface associated proteins were selected by this pipeline as
shown in Figure 2. In the first phase, 151 proteins were included, 1639 were excluded, and 149
were labeled uncertain. These 149 proteins were subjected to the second phase of analysis in
the pipeline, which excluded 104 proteins and included 16 proteins. The rest 29 uncertain
proteins were subjected to the final phase of analysis. Of these 29 proteins, 19 were excluded,
and 10 were included. Thus, the total number of proteins included from the three phases was

177 proteins, making up the final list of surface associated proteins (see Appendix 2).
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4.3 Prioritization of protective antigens

As adhesion probability was shown to be a key feature common to many experimentally
verified protective antigens (Ong et al.,, 2017), it was decide to use the adhesion scores,
produced by Vaxign, to scale the 177 surface associated proteins in a descending order. The
proteins with adhesion score > 0.5 (38 proteins) were considered antigens with "high
potential"; while those with adhesion score between 0.4 and 0.5 are considered antigens with
"intermediate potential" (see Appendix 3). The 38 proteins with high potential were ranked
based on a cumulative score that was derived from protein antigenicity, density of MHC-I and
MHC-II epitopes, MHC allele coverage, and B-cell epitope density scores (Table 4) (For the
detailed score calculation see Appendix 4). Of these 38 high potential proteins, Cytochrome c
was excluded to avoid autoimmune response because of its homology to host proteins. In
addition, 3 proteins with low molecular weight (6.7 KDa, 7.9 KDa, and 9.4 KDa) have been
excluded as it is generally known that proteins with a molecular weight < 10 KDa are poorly

immunogenic (Mohanty et al., 2013).

Among the 34 proteins classified as antigens with "high potential", 15 were annotated as
hypothetical or unknown function. To gain more insight into the biological function of these
proteins, the 34 proteins were manually annotated. The number of proteins with unknown
function decreased to 4 (Table 4). The domain analysis showed that LomR is a frequently found
domain among the antigens with high potential. This domain is a classical domain associated
with many outer membrane proteins with transmembrane B-barrel scaffold that belong to

Gram-negative porin superfamily.

The results of protein annotation were analyzed to identify any biological pattern that may be
associated to predicted antigens (Table 4). Although there are little resources to investigate
gene ontology of Brucella proteins, the 34 high potential antigens tend to be associated to just
a few biological processes; including transmembrane transport (especially ions, iron, and small

organic nutrients), membrane assembly, cell adhesion, and pathogenesis.
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Table 4: High potential protein list - with their adhesion score, cumulative results, and consensus annotation resulting from Blannotator, Pannzer, and

EggNOG tools.
. . No. of
Length Single line Adhesion Score Annotation Note (by Blannotator, Pannzer, and Domains transmembrane
Protein ID (NCBI) € annotation v ! ! . Biological functions Ref
(aa) (NCBI) score of 5 EggNOG) (CD-search) domains
(Mancini
Porin opacity type (Pannzer), heat resistant small solutes transport, etal,
WP _004684144.1 274 porin family protein 0.59 4.56 . p v typ ! LomR 8 colonization, and 2011,
agglutinin 1 (EggNOG). .
adhesion McClean
,2012)
(Wu et
. ) al., 2013,
OmoW famil OmpW family outer membrane protein (Pannzer, Stress response, small Hong et
WP_002964666.1 227 rotpein ¥ 0.55 4.52 EggNOG), Uncharacterized outer-membrane OmpW 8 solutes transport, al ZgOOG
P protein y4mB (Blannotator). bacterial colonization " !
McClean
,2012)
WP 002969562.1 155 hypothetical protein  0.54 45 Not determined. :i‘ESDoma'” ND
. ATP/GTP-binding site domain-containing protein .
WP_002966849.1 280 DUF1849 domain- 0.6 45 A (Pannzer), DUF1849 domain-containing protein  DUF1849 Uptake of organic
- containing protein nutrient
(EggNOG).
WP_002964611.1 351 DUF1.17.6 doma|r41- 0.54 4.44 DUF1176 domain-containing protein (EggNOG). DUF1176 ND
- containing protein
(Mancini
Heat resistant agglutinin 1 (Pannzer, EggNOG), small solutes transport, etal,
WP _004690357.1 284 porin family protein 0.55 4.42 Uncharacterized protein BRA0921/BS1330_110913 LomR 8 colonization, and 2011,
(Blannotator). adhesion McClean
,2012)
(Comerci
etal.,
. . o lysozyme_li adaptation to 2001,
WP 004681227.1 238 type IV secret_lon. 0.66 4.38 Type IV secretion _system protein V|r3 1 (Pannzer, ke intracellular Den
- system protein virB1 Blannotator), Conjugal transfer protein (EggNOG). . . .
superfamily environment Hartigh
etal.,
2004)
Tpd . i (Elhassa
. . . . iron acquisition,
WP _002966226.1 182 hypothetical protein 0.54 4.38 UPF0423 protein BAB2_0840 (Blannotator), iron virulence nny et
Pathogen-specific membrane antigen (Pannzer), transport al., 2013,
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https://www.ncbi.nlm.nih.gov/protein/490822053?report=genbank&log$=protalign&blast_rank=1&RID=SW2PPSPC01R
https://www.ncbi.nlm.nih.gov/protein/490822053?report=genbank&log$=protalign&blast_rank=1&RID=SW2PPSPC01R
https://www.ncbi.nlm.nih.gov/protein/489054495?report=genbank&log$=prottop&blast_rank=1&RID=YEF7WMJP013
https://www.ncbi.nlm.nih.gov/protein/489054495?report=genbank&log$=prottop&blast_rank=1&RID=YEF7WMJP013
https://www.ncbi.nlm.nih.gov/protein/489059496?report=genbank&log$=protalign&blast_rank=1&RID=SVZ9XT5V014
https://www.ncbi.nlm.nih.gov/protein/489059496?report=genbank&log$=protalign&blast_rank=1&RID=SVZ9XT5V014
https://www.ncbi.nlm.nih.gov/protein/WP_002966849.1?report=genbank&log$=prottop&blast_rank=3&RID=8GVDJ2AE01R
https://www.ncbi.nlm.nih.gov/protein/WP_002966849.1?report=genbank&log$=prottop&blast_rank=3&RID=8GVDJ2AE01R
https://www.ncbi.nlm.nih.gov/protein/489054439?report=genbank&log$=prottop&blast_rank=1&RID=YE67HYT7013
https://www.ncbi.nlm.nih.gov/protein/489054439?report=genbank&log$=prottop&blast_rank=1&RID=YE67HYT7013
https://www.ncbi.nlm.nih.gov/protein/490828267?report=genbank&log$=protalign&blast_rank=1&RID=SW21MY94014
https://www.ncbi.nlm.nih.gov/protein/490828267?report=genbank&log$=protalign&blast_rank=1&RID=SW21MY94014
https://www.ncbi.nlm.nih.gov/protein/490819129?report=genbank&log$=prottop&blast_rank=1&RID=1NBCRMK9015
https://www.ncbi.nlm.nih.gov/protein/490819129?report=genbank&log$=prottop&blast_rank=1&RID=1NBCRMK9015
https://www.ncbi.nlm.nih.gov/protein/WP_002966226.1?report=genbank&log$=prottop&blast_rank=4&RID=8MWTSTAA01R
https://www.ncbi.nlm.nih.gov/protein/WP_002966226.1?report=genbank&log$=prottop&blast_rank=4&RID=8MWTSTAA01R

Periplasmic Protein (EggNOG). Roset et
al., 2017)
(Callewa
Membrane-bound lysozyme inhibitor of C-type Immune evasion, ertetal.,
WP 002963597.1 121 hypothetical protein 0.5 4.37 lysozyme (by Blannotator, Pannzer, and MliC colonization/ virulence 2008)
EggNOG). factor
WP_004688070.1 192 hypothetical protein  0.59 432 Not determined. EI‘: Domain ND
Outer membrane lipoprotein omp10 (by No Domain (Tibor et
WP _002966502.1 126 hypothetical protein 0.62 4.32 Blannotator, Pannzer, and EggNOG) hit virulence al., 2002)
(Rosa et
31KDa transporter (Blannotator), Alkanesulfonate . al., 2018)
. . transporter substrate-binding subunit (Pannzer) nutrient tra‘nsport,
WP_002964322.1 329 hypothetical protein 0.59 4.23 . . ! TRAP_TAXI pathogenicity and
- trap transporter solute receptor taxi family o
(EggNOG). colonization
(Fairman
Outer membrane beta-barrel domain protein OM_chann etal,
WP_002971090.1 267 hypothetical protein 0.54 4.22 (Pannzer). els 10 Adhesion 2011,
superfamily McClean
,2012)
(Elhassa
Iron compound TonB-dependent receptor nny et
(Pannzer), Involved in the active translocation of al., 2013,
TonB-dependent vitamin B12 (cyanocobalamin) across the outer iron acquisition and Roset et
WP_004691650.1 620 0.53 421 membrane to the periplasmic space. It derives its ~ BtuB . . al., 2017,
- receptor . . . vitamin B12 transport .
energy for transport by interacting with the trans- Liao et
periplasmic membrane protein TonB (By al., 2015)
similarity) (EggNOG).
outer membrane Outer membrane protein assembly factor BamE cell envelop biogenesis (Sikora
WP_002971481.1 168 protein assembly 0.69 4.21 (Pannzer), smpa omla domain-containing protein ~ BamE OMP assembly ! etal,
factor BamE (EggNOG). 2018)
(Mancini
Autotransporter outer membrane beta-barrel etal.,
WP 004683739.1 236 porin family protein 0.56 421 domain-containing protein-Fragment (Pannzer), LomR 8 iron acquisition 2011,
hemin binding protein (EggNOG). McClean
,2012)
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https://www.ncbi.nlm.nih.gov/protein/489053408?report=genbank&log$=protalign&blast_rank=1&RID=SVZ2DZ4K014
https://www.ncbi.nlm.nih.gov/protein/489053408?report=genbank&log$=protalign&blast_rank=1&RID=SVZ2DZ4K014
https://www.ncbi.nlm.nih.gov/protein/490827423?report=genbank&log$=protalign&blast_rank=1&RID=SW26PU4G014
https://www.ncbi.nlm.nih.gov/protein/490827423?report=genbank&log$=protalign&blast_rank=1&RID=SW26PU4G014
https://www.ncbi.nlm.nih.gov/protein/489056364?report=genbank&log$=protalign&blast_rank=2&RID=SW0KDR5H015
https://www.ncbi.nlm.nih.gov/protein/489056364?report=genbank&log$=protalign&blast_rank=2&RID=SW0KDR5H015
https://www.ncbi.nlm.nih.gov/protein/WP_002964322.1?report=genbank&log$=prottop&blast_rank=2&RID=8GUJ8X4F015
https://www.ncbi.nlm.nih.gov/protein/WP_002964322.1?report=genbank&log$=prottop&blast_rank=2&RID=8GUJ8X4F015
https://www.ncbi.nlm.nih.gov/protein/489061045?report=genbank&log$=prottop&blast_rank=7&RID=YEE46W91013
https://www.ncbi.nlm.nih.gov/protein/489061045?report=genbank&log$=prottop&blast_rank=7&RID=YEE46W91013
https://www.ncbi.nlm.nih.gov/protein/490829560?report=genbank&log$=protalign&blast_rank=3&RID=SW1D8V9V01R
https://www.ncbi.nlm.nih.gov/protein/490829560?report=genbank&log$=protalign&blast_rank=3&RID=SW1D8V9V01R
https://www.ncbi.nlm.nih.gov/protein/489061449?report=genbank&log$=prottop&blast_rank=1&RID=1NFKRUFE014
https://www.ncbi.nlm.nih.gov/protein/489061449?report=genbank&log$=prottop&blast_rank=1&RID=1NFKRUFE014
https://www.ncbi.nlm.nih.gov/protein/490821644?report=genbank&log$=prottop&blast_rank=1&RID=1NCJC6B5015
https://www.ncbi.nlm.nih.gov/protein/490821644?report=genbank&log$=prottop&blast_rank=1&RID=1NCJC6B5015

Putative L,D-transpeptidase YafK (Blannotator),

Envelop biogenesis,

(Sanders
and

WP _004691134.1 403 hypothetical protein 0.62 4.15 Pollen allergen Poa pIX/Phl pVI (Pannzer), ErfK Yafk
. . . stress response Pavelka,
ybiS ycfS ynhG family protein (EggNOG).
2013)
::Jag:sr ﬁ?t(;r ABC-type sugar transport system periplasmic PBP2 TMB Uptake of organic gzc;slmha
WP_002965482.1 439 i o 0.55 411 component (Pannzer), extracellular solute- W nutrient, "
substrate-binding . . . P_like . . . 2002)
. binding protein family 1 (EggNOG). invasion/virulence
protein
. L cell envelop biogenesis, (Confer
Probable lipoprotein YiaD (Blannotator), Cell adhesion, invasion/ and
WP _002964333.1 220 OmpA family protein  0.56 4.09 envelope biogenesis protein OmpA (Pannzer), OmpA . ' .
Ompa motb domain protein (EggNOG) intracellular survival, and  Ayalew,
P P g8 ’ evasion of host defense 2013)
(Elhassa
nny et
iron acquisition al., 2013,
WP 0230807931 661 heme transporter 051 4.05 Heme transporter BhuA (Blannotator, Pannzer), CirA . virulence, association for Roset et
- BhuA receptor (EggNOG). superfamily . . al., 2017,
bacterial persistence
Paulley
etal.,
2007)
(Delpino
etal.,
31 kDa outer-membrane immunogenic protein haemin-binding proteins 2006,
WP_002964719.1 261 porin family protein 0.57 4.04 (Omp31) (by Blannotator, Pannzer, and LomR . ep " Carroll et
- virulence
EggNOG). al., 2000,
McClean
,2012)
DUF2271 domain- Tat pathway signal protein (Pannzer), Predicted
WP 002966352.1 156 containing protein 0.7 4.02 periplasmic protein (DUF2271) (EggNOG). bUF2271 ND
. . (Nair et
WP _004690579.1 429 cell wall hydrolase 0.51 4 Cell wall hydrolase (Pannzer, EggNOG). Cwl) cell envelop biogenesis al,, 2015)
(Cloecka
ertetal.,
2002,
. . . . . Fairman
WP_004683944.1 212 porin family protein 0.62 3.98 Omp 25 (Pannzer), Membrane (EggNOG). LomR Virulence, adhesion ot al
2011,
McClean
,2012)
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https://www.ncbi.nlm.nih.gov/protein/490829044?report=genbank&log$=prottop&blast_rank=1&RID=YEZ0ER7N015
https://www.ncbi.nlm.nih.gov/protein/490829044?report=genbank&log$=prottop&blast_rank=1&RID=YEZ0ER7N015
https://www.ncbi.nlm.nih.gov/protein/489055324?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489055324?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489054157?report=genbank&log$=prottop&blast_rank=3&RID=YEW27KKE01R
https://www.ncbi.nlm.nih.gov/protein/489054157?report=genbank&log$=prottop&blast_rank=3&RID=YEW27KKE01R
https://www.ncbi.nlm.nih.gov/protein/490830581?report=genbank&log$=protalign&blast_rank=1&RID=SW1JV4N8015
https://www.ncbi.nlm.nih.gov/protein/490830581?report=genbank&log$=protalign&blast_rank=1&RID=SW1JV4N8015
https://www.ncbi.nlm.nih.gov/protein/489054549?report=genbank&log$=protalign&blast_rank=1&RID=SW29WHFJ014
https://www.ncbi.nlm.nih.gov/protein/489054549?report=genbank&log$=protalign&blast_rank=1&RID=SW29WHFJ014
https://www.ncbi.nlm.nih.gov/protein/489056213?report=genbank&log$=prottop&blast_rank=1&RID=1NAMTH32015
https://www.ncbi.nlm.nih.gov/protein/489056213?report=genbank&log$=prottop&blast_rank=1&RID=1NAMTH32015
https://www.ncbi.nlm.nih.gov/protein/490828489?report=genbank&log$=prottop&blast_rank=1&RID=YEYAFPBT015
https://www.ncbi.nlm.nih.gov/protein/490828489?report=genbank&log$=prottop&blast_rank=1&RID=YEYAFPBT015
https://www.ncbi.nlm.nih.gov/protein/490821851?report=genbank&log$=protalign&blast_rank=1&RID=SW084450015
https://www.ncbi.nlm.nih.gov/protein/490821851?report=genbank&log$=protalign&blast_rank=1&RID=SW084450015

(Chng et

LPS-assembly protein LptD (Pannzer), involved in al., 2010)
the assembly of LPS in the outer leaflet of the
WP 011068938.1 792 LPS-assembly protein o 3.93 outer membrane. Determines N-hexane LptD cell envelop biogenesis
LptD tolerance and is involved in outer membrane
permeability. Essential for envelope biogenesis
(By similarity) (EggNOG).
(Vemula
palli et
lectin-like activity al., 2006,
WP _002967296.1 166 BA14K family protein 0.6 3.92 Immunoreactive BA14K (Pannzer, EggNOG). BA14K virulence ! Chirhart-
Gilleland
etal.,
1998)
(Vemula
palli et
lectin-like activity al., 2006,
WP _002964622.1 170 BA14K family protein  0.58 3.92 Glutelin (Pannzer), BA14K (EggNOG). BA14K virulence ! Chirhart-
Gilleland
etal.,
1998)
(Cloecka
ertetal.,
25 kDa outer-membrane immunogenic protein igiorfr;an
WP_004683466.1 213 membrane protein 0.55 3.9 Omp 25 (Blannotator, Pannzer), membrane LomR Virulence, adhesion etal,
(EggNOG). 2011,
McClean
,2012)
sn-glycerol-3-phosphate ABC transporter ATP- (Rosinha
binding protein (Pannzer), Uncharacterized nutrient transport, etal.,,
WP _002563776.1 115 DUF2147 0.6 3.89 protein conserved in bacteria (DUF2147) €0G4731 invasion/virulence 2002)
(EggNOG).
iron ABC transporter . e . i (Rosinha
WP _004681306.1 367 substrate-binding  0.51 3.88 spslru.:ftlea—:;:ji:Igns:zfeiAnB;:Etg:‘l:;é)ch;rter (Pannzer). — afua :Lc\’/r;sa:g?;\'lsl'r:?e”nce etal,
protein ’ 2002)
Outer membrane lipoprotein omp19 (by protease inhibitor, nglbg(;(;e;
WP_002964998.1 177 hypothetical protein ~ 0.67 3.72 Blannotator, Pannzer, and EggNOG) Inh alters the outer . Coria et
membrane properties al., 2016)
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https://www.ncbi.nlm.nih.gov/protein/499381367?report=genbank&log$=protalign&blast_rank=2&RID=SW0U4R7Z014
https://www.ncbi.nlm.nih.gov/protein/499381367?report=genbank&log$=protalign&blast_rank=2&RID=SW0U4R7Z014
https://www.ncbi.nlm.nih.gov/protein/489057175?report=genbank&log$=protalign&blast_rank=5&RID=SW169CKC014
https://www.ncbi.nlm.nih.gov/protein/489057175?report=genbank&log$=protalign&blast_rank=5&RID=SW169CKC014
https://www.ncbi.nlm.nih.gov/protein/489054450?report=genbank&log$=protalign&blast_rank=1&RID=SVZU4HXC01R
https://www.ncbi.nlm.nih.gov/protein/489054450?report=genbank&log$=protalign&blast_rank=1&RID=SVZU4HXC01R
https://www.ncbi.nlm.nih.gov/protein/490821369?report=genbank&log$=prottop&blast_rank=4&RID=YEUTFNY001R
https://www.ncbi.nlm.nih.gov/protein/490821369?report=genbank&log$=prottop&blast_rank=4&RID=YEUTFNY001R
https://www.ncbi.nlm.nih.gov/protein/489053589?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489053589?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/WP_004681306.1?report=genbank&log$=prottop&blast_rank=2&RID=8JJT1J7V01R
https://www.ncbi.nlm.nih.gov/protein/WP_004681306.1?report=genbank&log$=prottop&blast_rank=2&RID=8JJT1J7V01R
https://www.ncbi.nlm.nih.gov/protein/489054833?report=genbank&log$=protalign&blast_rank=3&RID=SVZD7R49014
https://www.ncbi.nlm.nih.gov/protein/489054833?report=genbank&log$=protalign&blast_rank=3&RID=SVZD7R49014

outer membrane

Outer membrane protein assembly factor BamD
(Blannotator, Pannzer), Part of the outer

(Sikora
etal.,

cell envelop biogenesis,
2018)

OMPs assembly,

WP 002964530.1 287 protein assembly 0.52 3.69 membrane protein assembly complex, which is BamD . .
. . ) ; required for bacterial
factor BamD involved in assembly and insertion of beta-barrel iabilit
proteins into the outer membrane (EggNOG). viability
Proline-rich region:Proline-rich extensin DNA_pol3_
WP _006278325.1 261 hypothetical protein 0.5 3.69 glon: gamma3 ND
(Pannzer). .
superfamily
WP 002963780.1 216 hypothetical protein 0.7 358 Not determined :Ict’ Domain ND
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https://www.ncbi.nlm.nih.gov/protein/WP_002964530.1?report=genbank&log$=prottop&blast_rank=3&RID=8K8AVEW1014
https://www.ncbi.nlm.nih.gov/protein/WP_002964530.1?report=genbank&log$=prottop&blast_rank=3&RID=8K8AVEW1014
https://www.ncbi.nlm.nih.gov/protein/493321004?report=genbank&log$=protalign&blast_rank=1&RID=SXAD31ZP01R
https://www.ncbi.nlm.nih.gov/protein/493321004?report=genbank&log$=protalign&blast_rank=1&RID=SXAD31ZP01R
https://www.ncbi.nlm.nih.gov/protein/489053593?report=genbank&log$=protalign&blast_rank=1&RID=SW1XUM3X014
https://www.ncbi.nlm.nih.gov/protein/489053593?report=genbank&log$=protalign&blast_rank=1&RID=SW1XUM3X014

CHAPTER 5: Discussion

Brucellosis is a global zoonotic infection with a devastating economic impact on livestock sector
and public health in many developing countries (McDermott et al., 2013). There is an unmet
need to develop safe and efficient vaccine to fight brucellosis. This need was addressed in 2017
by launching a global prize competition of $30 million US for developing a safe and efficient
vaccine against brucellosis (2018). The first step in developing such a vaccine would be to
determine the protective antigens of these bacteria. Therefore, the aim of this study was to
determine a set of universal and protective antigens that can be used to develop a vaccine
against the three most pathogenic species of Brucella (B. melitensis, B. abortus, and B. suis) that
are responsible for most cases of brucellosis among domestic animals and humans. A combined
pan genome analysis with rational selection steps of reverse vaccinology to determine a
manageable shortlist of Brucella antigens was performed. As a result 34 potential cross-

protective antigens were identified from 90 complete proteomes covering the three species.

Although two recent studies have published their pan genome analysis results of Brucella spp.
(Sankarasubramanian et al., 2015, Yang et al., 2016), it was decided to perform a new pan
genome analysis because these two studies were performed with a relatively limited number of
genomes to study the variation and relatedness among almost all species of Brucella, while the

objective was to identify the core genome for B. melitensis, B. abortus, and B. suis.

A critical factor in applying a successful RV approach is to have a good understanding of the
natural immune response to the pathogen of interest. In the case of Brucella infection,
immunity is achieved by triggering both cellular and humoral mechanisms. Cell mediated
immunity plays a critical role in protection against this intracellular bacteria and it is mainly
mediated by Th1l response (Vitry et al.,, 2014). On the other hand, passive immunization of
animals with antibodies from immunized animals provides protection against Brucella infection
(Araya and Winter, 1990, Adone et al., 2012, Jain et al., 2017). Several studies have shown that
surface associated antigens of Gram negative bacteria are not only essential to confer

protective humoral immunity but also cell-mediated immunity against intracellular bacteria
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(Barat et al., 2012, Bumann, 2014, Bras-Gongalves et al., 2014). Therefore, the first RV filter was
to identify outer membrane and periplasmic proteins of Brucella. Instead of using a single tool
to identify these surface-associated proteins, a home-made pipeline was used which
outperforms the currently available SCL prediction tools (Y. Ashhab, unpublished data). The
established pipeline minimizes the possibility of excluding proteins that are assigned with

unknown SCL, a scenario common in all SCL prediction tools.

In addition to surface-associated localization, it was suggested to use a feature that is strongly
associated to protective immune response. Ong et al. investigated a large group of protective
bacterial antigens to reveal the most prominent biological features shared among these
proteins. They found that the two most important features among protective antigens of Gram-
negative bacteria are adhesion and association with cell surface (Ong et al.,, 2017).
Consequently, after predicting the list of surface-associated proteins (177 proteins), adhesion

capability was predicted and used to rank these proteins.

It has been proven that proteins with high epitope density have significantly greater
immunogenicity (Liu and Chen, 2005, Sette et al., 1994). Accordingly, proteins with high density
of predicted epitopes are more potential vaccine candidates. Despite the growing numbers of
immunobioinformatic tools that can predict MHC class | and Class Il binding peptides; these
tools are almost exclusive to human and mouse MHC alleles. Unfortunately, domestic animals,
such as sheep, goats, and cows have limited MHC epitope data and prediction tools. However, a
good agreement was noticed between the epitope prediction results of human and cow MHC
alleles using the Propred server (See Appendix 3). This similar binding behavior would support
the validity of the MHC scoring and its contribution to enhance the selection of universal

antigens.

To examined the virulence and pathogenicity of the resulted proteins, Virulentpred, a virulence
prediction tool (Garg and Gupta, 2008), and MP3, a meta pathogenicity prediction tool (Gupta
et al., 2014) were used, respectively (data not shown). However, the results of these two tools

were not informative or useful in ranking the antigens; the majority of the 177 surface
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associated proteins gave a positive prediction. Therefore, it was decided to exclude these two

tools.

In this study, a rational reverse vaccinology approach was provided against the three most
clinically important Brucella species. Two previous studies have employed reverse vaccinology
to identify antigens of B. melitensis 16M (Vishnu et al., 2015, Gomez et al., 2013). However,
these studies suffered from a number of limitations. The major limitation is that they were
restricted to one genome and therefore their results cannot be extrapolated either to different
strains of B. melitensis or to the different pathogenic species of Brucella. Although the two
studies were performed on the same strain of B. melitensis, they have no overlapping in the

final list of selected antigens.

In this study 34 proteins were identified as potential protective antigens that can serve to
develop a novel universal vaccine against brucellosis. As 15 of these proteins have been
deposited in GenBank without assigned function (11 hypothetical proteins and 4 proteins
containing domains of unknown function “DUF”), it was decided to perform a thorough in silico

analysis to gain more insight on the function of all the 34 proteins.

As shown in Table 2, the potential antigens tend to fall into a few categories of biological
functions. An interesting protein family under these categories is the outer membrane proteins
(OMPs) that possess 8-10 stands of B sheet. Of the 34 proteins, 8 belong to this subfamily of
OMPs. Despite their involvement in transport of small solutes, it was found that small size
OMPs (8-10 B sheet strands) tend to have a key role in adhesion, invasion and evasion to
contribute to the tissue damage and bacterial spread across tissue barriers (McClean, 2012).
Indeed, most of the shortlisted OMPs such as Omp10, Omp19, Omp25, Omp31, OmpA, and
OmpW are associated with Brucella virulence and some of them showed a significant level of
immune response when used as subunit vaccines (Tibor et al., 2002, Tadepalli et al., 2016,
Confer and Ayalew, 2013, Simborio et al., 2016, Wu et al., 2013, Hur et al., 2011, Martin-Martin
et al., 2009).

A second interesting group are proteins related to iron acquisition including the hypothetical
protein "WP_002966226.1", TonB-dependent receptor "WP_004691650.1", heme transporter
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BhuA "WP_023080793.1", and the iron ABC transporter substrate-binding protein
"WP_004681306.1". The importance of iron for survival and virulence of Brucella is well
documented and targeting proteins essential for iron acquisition is a promising strategy to

develop effective bacterial vaccines (Cassat and Skaar, 2013).

A third group of proteins is the ABC transporters. This family of transporters is essential to
secure uptake of various vital nutrients that cannot be produced by Brucella. It is believed that
the ABC transporter proteins play a role in Brucella survival within the host cell during its
infectious life cycle (Rosinha et al.,, 2002). Furthermore, it has been reported that the ABC
proteins are able to induce immunity, making them potential vaccine targets (Riquelme-Neira

et al., 2013, Issa and Ashhab, 2016).

An interesting identified candidate is VirB1, which is a component of the type IV secretion
system (T4SS) of Brucella spp. This secretion system in Brucella is a well-known virulence factor,
which is responsible for the survival, intracellular trafficking, and replication of Brucella inside

the infected host cells (Comerci et al., 2001, Boschiroli et al., 2002, Dozot et al., 2006).

In the resulted list, some potential antigens were identified, that are periplasmic proteins with
critical roles in outer membrane biogenesis and integrity. Among these proteins are BamD, and
BamE, which are critical components of the B-barrel assembly machinery (BAM) (Konovalova et

al., 2017).

Another interesting protein is the LPS-assembly protein LptD that is an essential component of
the lipopolysaccharide transport (Lpt) machinery (Sperandeo et al., 2017). It is plausible that
targeting one of these essential outer membrane biogenesis machineries would have a severe

effect on bacterial survival.

Among the list of potential antigens, two proteins belong to a known immunoreactive protein
family, BA14K. It has been mentioned that this family can strongly induce both cellular and
humoral immune responses (Chirhart-Gilleland et al., 1998, Vemulapalli et al., 2006). Further
investigation is needed to understand the functions of these two factors and their potential as

protective antigens.
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As the aim was to identify universal antigens that are conserved among the three pathogenic
species (B. melitensis, B. abortus, and B. suis), it is possible that this approach could miss some

interesting species specific antigens.

Although, the 177 surface associated proteins were ranked using adhesion as it is a crucial
biological property strongly associated with a significant number of experimentally verified
protective antigens, the possibility that some potential antigens are missed from the "high
potential" 34 antigens cannot be exclude. In fact, a few interesting candidates were ranked in

the "intermediate potential" antigens (see Appendix 3).

Among these interesting candidates are 26 kDa periplasmic immunogenic protein (Bp26) and
Superoxide dismutase (SOD). Bp26, or immunoreactive Omp28, an antigen protein that is
widely described as a potential vaccine candidate (Gomez et al., 2013, Cannella et al., 2012,
Liang et al., 2010, Hur et al., 2011). In addition, it has been found to be immunogenic in both
goats and humans and it provides a significant protection rate in BALB/c mice (Liang et al.,
2010, Yang et al., 2005). SOD proteins have been reported in Brucella abortus and found to be
responsible for host macrophage bursts. Thus, it is considered a promising antigen (Gee et al.,
2005). This antigen has also been found in Brucella melitensis as an immunodominant protein
(Yang et al., 2011). Moreover, SOD is considered a potential antigen with promising protective
properties (Hur et al., 2011, He, 2012, Saez et al., 2008). Here, two of superoxide dismutases,
SOD_Cu-Zn, and SOD_Mn, were identified and found within the long list of universal vaccine

targets.

It is worth to mention that the extended list of antigens, either with high and/or intermediate
potential, does not contain various proteins that were previously suggested as possible
antigens. The major reason for this is that most of these suggested antigens were not selected
on rational basis that can differentiate simple antigens from antigens that can confer protective
immunity. For example, the cytoplasmic proteins trigger factor (TF), bacterioferritin (BFR), and
Brucella lumazine synthase (BLS), did not confer protective immunity when tested in mice
(Velikovsky et al., 2003, Ghasemi et al., 2015, Al-Mariri et al., 2001). It is important to recall that

these antigens are not surface-associated proteins.
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CHAPTER 6: Conclusion

Bioinformatics is a very strong approach for vaccine candidate discovery as it offers a faster,
cheaper and safer method to identify potential vaccine targets when compared with traditional
laboratory identification methods, particularly when dealing with risk group 3 microorganisms
such as Brucella. Here, a RV strategy that combines pan-genome analysis with a meta-SCL
pipeline, followed by a rational based selection was provided that can rank surface-associated

antigens according to their potential protective immunogenicity.

Using the established approach enables the identification of several potential cross protective
candidates. The majority of the top ranked antigens are strongly associated to bacterial
virulence and, therefore, it is plausible to assume that some of these antigens can form a solid
base to design an efficient and safe vaccine against animal and human brucellosis. Further

experiments are needed to test immunogenicity and protection level of these proteins.
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Appendix

Appendix1: (Table of Proteome file selected for the study, strain name, their accession number, and number of

proteins).

Organism/Name

Brucella melitensis bv. 1 str. 16M

Brucella melitensis ATCC 23457

Brucella melitensis M28

Brucella melitensis M5-90

Brucella melitensis NI

Brucella melitensis bv. 3 str. Ether

Brucella melitensis bv. 1 str. 16M

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Strain

16M

ATCC 23457
M28

M5-90

NI

ether

16M

C-573

20236
2008724259
BwIM_AFG_63
BwIM_IRN_37
BwIM_IRQ_32
BwIM_ITA_45
BwIM_ITA_55
BwIM_SYR_04
BwIM_TKM_56
BwIM_TUR_03
BwIM_TUR_17
BwIM_TUR_19
BwIM_TUR_59
BwIM_SAU_09
BwIM_SYR_26
BwIM_TUR_39

Qyl

Replicons

chromosome I:NC_003317.1/AE008917.1; chromosome
11:NC_003318.1/AE008918.1

chromosome I:NC_012441.1/CP001488.1; chromosome
11:NC_012442.1/CP001489.1

chromosome 1:NC_017244.1/CP002459.1; chromosome
2:NC_017245.1/CP002460.1

chromosome I:NC_017246.1/CP001851.1; chromosome
1I:NC_017247.1/CP001852.1

chromosome I:NC_017248.1/CP002931.1; chromosome
11:NC_017283.1/CP002932.1

chromosome 1:NZ_CP007760.1/CP007760.1; chromosome
2:NZ_CP007761.1/CP007761.1

chromosome 1:NZ_CP007763.1/CP007763.1; chromosome
2:NZ_CP007762.1/CP007762.1

chromosome I:NZ_CP019679.1/CP019679.1; chromosome
11:NZ_CP019680.1/CP019680.1

chromosome 1:NZ_CP008750.1/CP008750.1; chromosome
2:NZ_CP008751.1/CP008751.1

chromosome 1:NZ_CP016983.1/CP016983.1; chromosome
2:NZ_CP016984.1/CP016984.1

chromosome 1:NZ_CP018478.1/CP018478.1; chromosome
2:NZ_CP018479.1/CP018479.1

chromosome 1:NZ_CP018486.1/CP018486.1; chromosome
2:NZ_CP018487.1/CP018487.1

chromosome 1:NZ_CP018490.1/CP018490.1; chromosome
2:NZ_CP018491.1/CP018491.1

chromosome 1:NZ_CP018494.1/CP018494.1; chromosome
2:NZ_CP018495.1/CP018495.1

chromosome 1:NZ_CP018496.1/CP018496.1; chromosome
2:NZ_CP018497.1/CP018497.1

chromosome 1:NZ_CP018512.1/CP018512.1; chromosome
2:NZ_CP018513.1/CP018513.1

chromosome 1:NZ_CP018536.1/CP018536.1; chromosome
2:NZ_CP018537.1/CP018537.1

chromosome 1:NZ_CP018540.1/CP018540.1; chromosome
2:NZ_CP018541.1/CP018541.1

chromosome 1:NZ_CP018544.1/CP018544.1; chromosome
2:NZ_CP018545.1/CP018545.1

chromosome 1:NZ_CP018546.1/CP018546.1; chromosome
2:NZ_CP018547.1/CP018547.1

chromosome 1:NZ_CP018560.1/CP018560.1; chromosome
2:NZ_CP018561.1/CP018561.1

chromosome 1:NZ_CP018504.1/CP018504.1; chromosome
2:NZ_CP018505.1/CP018505.1

chromosome 1:NZ_CP018526.1/CP018526.1; chromosome
2:NZ_CP018527.1/CP018527.1

chromosome 1:NZ_CP018554.1/CP018554.1; chromosome
2:NZ_CP018555.1/CP018555.1

chromosome 1:NZ_CP022204.1/CP022204.1; chromosome
11:NZ_CP022205.1/CP022205.1
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Proteins

3099

3152

3144

3124

3115

3130

3134

3099

3140

3125

3148

3149

3145

3131

3126

3149

3148

3145

3146

3149

3147

3146

3145

3144

3058



Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

Brucella melitensis

BY38

BL

QH61

CIIMS-BH-2

B3

Rev.1 (passage 101)

1

chromosome 1:NZ_CP022827.1/CP022827.1; chromosome
2:NZ_CP022828.1/CP022828.1
chromosome 1:NZ_CP022875.1/CP022875.1; chromosome
2:NZ_CP022876.1/CP022876.1
chromosome 1:NZ_CP024653.1/CP024653.1; chromosome
2:NZ_CP024654.1/CP024654.1
chromosome I:NZ_CP025680.1/CP025680.1; chromosome
11:NZ_CP025681.1/CP025681.1
chromosome 1:NZ_CP026005.1/CP026005.1; chromosome
2:NZ_CP026006.1/CP026006.1
chromosome I:NZ_CP024715.1/CP024715.1; chromosome
11:NZ_CP024716.1/CP024716.1
chromosome 1:NZ_LT962928.1/L.T962928.1; chromosome
2:NZ_LT962929.1/LT962929.1
chromosome 1:NZ_LT963350.1/LT963350.1; chromosome
2:NZ_LT963351.1/LT963351.1
chromosome 1:NZ_LT962945.1/LT962945.1; chromosome
2:NZ_LT962946.1/L.T962946.1
chromosome 1:NZ_LT962940.1/LT962940.1; chromosome
2:NZ_LT962941.1/L.T962941.1
chromosome 1:NZ_LT962947.1/LT962947.1; chromosome
2:NZ_LT962948.1/L.T962948.1
chromosome 1:NZ_LT962910.1/LT962910.1; chromosome
2:NZ_LT962911.1/LT962911.1
chromosome 1:NZ_LT962943.1/LT962943.1; chromosome
2:NZ_LT962944.1/LT962944.1
chromosome 1:NZ_LT962914.1/LT962914.1; chromosome
2:NZ_LT962915.1/L.T962915.1
chromosome 1:NZ_LT962926.1/LT962926.1; chromosome
2:NZ_LT962927.1/LT962927.1
chromosome 1:NZ_LT962922.1/LT962922.1; chromosome
2:NZ_LT962923.1/LT962923.1
chromosome 1:NZ_LT962916.1/LT962916.1; chromosome
2:NZ_LT962917.1/LT962917.1
chromosome 1:NZ_LT962924.1/L.T962924.1; chromosome
2:NZ_LT962925.1/LT962925.1
chromosome 1:NZ_LT962912.1/LT962912.1; chromosome
2:NZ_LT962913.1/LT962913.1
chromosome 1:NZ_LT962920.1/LT962920.1; chromosome
2:NZ_LT962921.1/LT962921.1
chromosome 1:NZ_LT962918.1/LT962918.1; chromosome
2:NZ_LT962919.1/LT962919.1
chromosome 1:NZ_LT963348.1/L.T963348.1; chromosome
2:NZ_LT963349.1/LT963349.1
chromosome 1:NZ_LT962930.1/LT962930.1; chromosome
2:NZ_LT962931.1/LT962931.1
chromosome 1:NZ_LT962932.1/LT962932.1; chromosome
2:NZ_LT962933.1/LT962933.1
chromosome 1:NZ_LT962938.1/L.T962938.1; chromosome
2:NZ_LT962939.1/LT962939.1
chromosome 1:NZ_LT962934.1/LT962934.1; chromosome
2:NZ_LT962935.1/LT962935.1
chromosome 1:NZ_LT962936.1/L.T962936.1; chromosome
2:NZ_LT962937.1/LT962937.1
chromosome 1:NZ_LT962953.1/LT962953.1; chromosome
2:NZ_LT962954.1/L.T962954.1
chromosome 1:NZ_LT962951.1/LT962951.1; chromosome
2:NZ_LT962952.1/LT962952.1
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3141

3146

3131

3130

3117

3111

3120

3112

3120

3117

3104

3124

3119

3123

3122

3103

3123

3121

3125

3116

3106

3108

3115

3120

3103

3126

3117

3121

3109



Brucella melitensis

Brucella abortus bv. 1 str. 9-941
Brucella abortus S19

Brucella abortus 2308
Brucella abortus A13334
Brucella abortus

Brucella abortus

Brucella abortus

Brucella abortus bv. 9 str. C68
Brucella abortus bv. 6 str. 870
Brucella abortus

Brucella abortus

Brucella abortus bv. 2 str. 86/8/59
Brucella abortus

Brucella abortus 104M
Brucella abortus

Brucella abortus

Brucella abortus

Brucella suis 1330

Brucella suis ATCC 23445
Brucella suis 1330

Brucella suis VBI22

Brucella suis bv. 1 str. S2
Brucella suis bv. 2

Brucella suis bv. 2

Brucella suis bv. 2

Brucella suis bv. 2

Brucella suis bv. 2

Brucella suis

9-941

S19

2308
A13334
BDW

BER

NCTC 10505
C68

870

63 75

BFY
86/8/59
BAB8416
104M

BD

MC

B4

1330
ATCC 23445
1330
VBI22

S2
PT09143
PT09172
Bs364CITA
Bs396CITA
Bs143CITA

513UK

chromosome 1:NZ_LT962949.1/LT962949.1; chromosome
2:NZ_LT962950.1/L.T962950.1

chromosome I1:NC_006932.1/AE017223.1; chromosome
11:NC_006933.1/AE017224.1

chromosome 1:NC_010742.1/CP000887.1; chromosome
2:NC_010740.1/CP000888.1

chromosome I:NC_007618.1/AM040264.1; chromosome
11:NC_007624.1/AM040265.1

chromosome 1:NC_016795.1/CP003176.1; chromosome
2:NC_016777.1/CP003177.1

chromosome 1:NZ_CP007681.1/CP007681.1; chromosome
2:NZ_CP007680.1/CP007680.1

chromosome 1:NZ_CP007682.1/CP007682.1; chromosome
2:NZ_CP007683.1/CP007683.1

chromosome 1:NZ_CP007700.1/CP007700.1; chromosome
2:NZ_CP007701.1/CP007701.1

chromosome 1:NZ_CP007705.1/CP007705.1; chromosome
2:NZ_CP007706.1/CP007706.1

chromosome 1:NZ_CP007709.1/CP007709.1; chromosome
2:NZ_CP007710.1/CP007710.1

chromosome 1:NZ_CP007663.1/CP007663.1; chromosome
2:NZ_CP007662.1/CP007662.1

chromosome 1:NZ_CP007738.1/CP007738.1; chromosome
2:NZ_CP007737.1/CP007737.1

chromosome 1:NZ_CP007765.1/CP007765.1; chromosome
2:NZ_CP007764.1/CP007764.1

chromosome 1:NZ_CP008774.1/CP008774.1; chromosome
2:NZ_CP008775.1/CP008775.1

chromosome 1:NZ_CP009625.1/CP009625.1; chromosome
2:NZ_CP009626.1/CP009626.1

chromosome 1:NZ_CP022877.1/CP022877.1; chromosome
2:NZ_CP022878.1/CP022878.1

chromosome 1:NZ_CP022879.1/CP022879.1; chromosome
2:NZ_CP022880.1/CP022880.1

chromosome I:NZ_CP025743.1/CP025743.1; chromosome
11:NZ_CP025744.1/CP025744.1

chromosome 1:NC_004310.3/AE014291.4; chromosome
II:NC_004311.2/AE014292.2

chromosome I:NC_010169.1/CP000911.1; chromosome
1I:NC_010167.1/CP000912.1

chromosome I:NC_017251.1/CP002997.1; chromosome
11:NC_017250.1/CP002998.1

chromosome I:NC_016797.1/CP003128.1; chromosome
1I:NC_016775.1/CP003129.1

chromosome I:NZ_CP006961.1/CP006961.1; chromosome
11:NZ_CP006962.1/CP006962.1

chromosome 1:NZ_CP007691.1/CP007691.1; chromosome
11:NZ_CP007692.1/CP007692.1

chromosome 1:NZ_CP007693.1/CP007693.1; chromosome
11:NZ_CP007694.1/CP007694.1

chromosome 1:NZ_CP007697.1/CP007697.1; chromosome
11:NZ_CP007698.1/CP007698.1

chromosome 1:NZ_CP007720.1/CP007720.1; chromosome
11:NZ_CP007721.1/CP007721.1

chromosome 1:NZ_CP007695.1/CP007695.1; chromosome
11:NZ_CP007696.1/CP007696.1

chromosome 1:NZ_CP007717.1/CP007717.1; chromosome
2:NZ_CP007716.1/CP007716.1
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3100

3153

3151

3153

3168

3171

3130

3140

3150

3142

3147

3127

3159

3121

3152

3115

3109

3123

3161

3158

3164

3167

3167

3162

3162

3163

3164

3162

3165



chromosome 1:NZ_CP007719.1/CP007719.1; chromosome

Brucella suis bv. 3 str. 686 686 2:NZ_CP007718.1/CPO07718.1 3121
) chromosome 1:NZ_CP008757.1/CP008757.1; chromosome

RS BSP 2:NZ_CP008756.1/CP008756.1 3153
X chromosome 1:NZ_CP010850.1/CP010850.1; chromosome

Brucella suis Human/AR/US/1981 II:NZ_CP010851.1/CPO10851.1 3164
. chromosome 1:NZ_CP016981.1/CP016981.1; chromosome

Brucella suis 2004000577 2:NZ_CP016982.1/CP016982.1 3154
. chromosome 1:NZ_CP024420.1/CP024420.1; chromosome

CICTILIER QHOS 2:NZ_CP024421.1/CP024421.1 3151

Brucella suis ZW046 chromosome 1:CP009096.1; chromosome 2:CP009097.1 3124

Brucella suis ZW043 chromosome 1:CP009094.1; chromosome 2:CP009095.1 3090

Appendix 2: (Table contains the 177 proteins resulted from SCL).

Protein Info

NCBI ID Length | Description ngloc ?;UbSub —
K;)Oﬂ 57 type IV secretion system lipoprotein virB7 unKnown unKnown P Cyt/IM ;nKnow 402“."92%'
glooﬂ 60 hypothetical protein unknown | OM Cyt Cyt/IM oM
ZWLTJOM 62 hypothetical protein unKnown P P

yﬂ 71 DNA gyrase inhibitor YacG unKnown P P

yﬂ 78 hypothetical protein unKnown P P

glooﬂ 82 hypothetical protein unKnown P P

W 90 hypothetical protein unKnown P P

W 93 hypothetical protein M P P

wﬁ 94 pentapeptide MXKDX repeat protein unKnown P [

W 98 hypothetical protein unKnown P P

W 105 hypothetical protein unKnown P [

W 107 DUF2293 domain-containing protein unKnown P P

gloow 108 hypothetical protein unKnown oM P

\1/‘/7_'.’100& 111 hypothetical protein unKnown P P

W 114 hypothetical protein unKnown P P

W 114 acid stress chaperone HdeA unknown P P

%_ioow 115 DUF2147 unKnown P P

;\le_l.i’lo()ﬂ 115 hypothetical protein p p P

gvl_lf’lf)()w 115 hypothetical protein unKnown P P

1\/5;/—9*"10% 118 septal ring lytic transglycosylase RIpA family protein unkKnown P P
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https://www.ncbi.nlm.nih.gov/protein/489056379?report=genbank&log$=prottop&blast_rank=2&RID=1NB5NBMN014
https://www.ncbi.nlm.nih.gov/protein/489056379?report=genbank&log$=prottop&blast_rank=2&RID=1NB5NBMN014
https://www.ncbi.nlm.nih.gov/protein/WP_002971893.1?report=genbank&log$=prottop&blast_rank=1&RID=8GU4D5C5014
https://www.ncbi.nlm.nih.gov/protein/WP_002971893.1?report=genbank&log$=prottop&blast_rank=1&RID=8GU4D5C5014
https://www.ncbi.nlm.nih.gov/protein/489060156?report=genbank&log$=protalign&blast_rank=1&RID=SW10UWPG01R
https://www.ncbi.nlm.nih.gov/protein/489060156?report=genbank&log$=protalign&blast_rank=1&RID=SW10UWPG01R
https://www.ncbi.nlm.nih.gov/protein/WP_006135036.1?report=genbank&log$=prottop&blast_rank=1&RID=8JMPTUSE015
https://www.ncbi.nlm.nih.gov/protein/WP_006135036.1?report=genbank&log$=prottop&blast_rank=1&RID=8JMPTUSE015
https://www.ncbi.nlm.nih.gov/protein/493201087?report=genbank&log$=protalign&blast_rank=1&RID=SW2GJNT001R
https://www.ncbi.nlm.nih.gov/protein/493201087?report=genbank&log$=protalign&blast_rank=1&RID=SW2GJNT001R
https://www.ncbi.nlm.nih.gov/protein/WP_002963878.1?report=genbank&log$=prottop&blast_rank=2&RID=8MVJ35YK015
https://www.ncbi.nlm.nih.gov/protein/WP_002963878.1?report=genbank&log$=prottop&blast_rank=2&RID=8MVJ35YK015
https://www.ncbi.nlm.nih.gov/protein/489053944?report=genbank&log$=protalign&blast_rank=1&RID=SVZHUP2V014
https://www.ncbi.nlm.nih.gov/protein/489053944?report=genbank&log$=protalign&blast_rank=1&RID=SVZHUP2V014
https://www.ncbi.nlm.nih.gov/protein/WP_002968043.1?report=genbank&log$=prottop&blast_rank=3&RID=8KE6S7ZY015
https://www.ncbi.nlm.nih.gov/protein/WP_002968043.1?report=genbank&log$=prottop&blast_rank=3&RID=8KE6S7ZY015
https://www.ncbi.nlm.nih.gov/protein/490824737?report=genbank&log$=prottop&blast_rank=4&RID=YEW980D401R
https://www.ncbi.nlm.nih.gov/protein/490824737?report=genbank&log$=prottop&blast_rank=4&RID=YEW980D401R
https://www.ncbi.nlm.nih.gov/protein/489061494?report=genbank&log$=prottop&blast_rank=3&RID=1NDPSKZE014
https://www.ncbi.nlm.nih.gov/protein/489061494?report=genbank&log$=prottop&blast_rank=3&RID=1NDPSKZE014
https://www.ncbi.nlm.nih.gov/protein/WP_002964730.1?report=genbank&log$=prottop&blast_rank=1&RID=8UC65S8V015
https://www.ncbi.nlm.nih.gov/protein/WP_002964730.1?report=genbank&log$=prottop&blast_rank=1&RID=8UC65S8V015
https://www.ncbi.nlm.nih.gov/protein/WP_002964559.1?report=genbank&log$=prottop&blast_rank=3&RID=8JGBAJWB014
https://www.ncbi.nlm.nih.gov/protein/WP_002964559.1?report=genbank&log$=prottop&blast_rank=3&RID=8JGBAJWB014
https://www.ncbi.nlm.nih.gov/protein/490819776?report=genbank&log$=prottop&blast_rank=1&RID=YEAEMN6S016
https://www.ncbi.nlm.nih.gov/protein/490819776?report=genbank&log$=prottop&blast_rank=1&RID=YEAEMN6S016
https://www.ncbi.nlm.nih.gov/protein/489053530?report=genbank&log$=prottop&blast_rank=1&RID=YE56ZNAK016
https://www.ncbi.nlm.nih.gov/protein/489053530?report=genbank&log$=prottop&blast_rank=1&RID=YE56ZNAK016
https://www.ncbi.nlm.nih.gov/protein/WP_002964582.1?report=genbank&log$=prottop&blast_rank=1&RID=8GTFBV1V014
https://www.ncbi.nlm.nih.gov/protein/WP_002964582.1?report=genbank&log$=prottop&blast_rank=1&RID=8GTFBV1V014
https://www.ncbi.nlm.nih.gov/protein/WP_002966248.1?report=genbank&log$=prottop&blast_rank=2&RID=8URZVCHT01R
https://www.ncbi.nlm.nih.gov/protein/WP_002966248.1?report=genbank&log$=prottop&blast_rank=2&RID=8URZVCHT01R
https://www.ncbi.nlm.nih.gov/protein/489053589?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489053589?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489054220?report=genbank&log$=prottop&blast_rank=1&RID=YE9PV980016
https://www.ncbi.nlm.nih.gov/protein/489054220?report=genbank&log$=prottop&blast_rank=1&RID=YE9PV980016
https://www.ncbi.nlm.nih.gov/protein/WP_002966091.1?report=genbank&log$=prottop&blast_rank=1&RID=8MW6UJKD015
https://www.ncbi.nlm.nih.gov/protein/WP_002966091.1?report=genbank&log$=prottop&blast_rank=1&RID=8MW6UJKD015
https://www.ncbi.nlm.nih.gov/protein/489055037?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489055037?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015

WP 002963

597.1 121 hypothetical protein oM P P
glooﬂ 123 30S ribosomal protein S12 Cyto P P
;g’_;loﬂ 126 hypothetical protein oM oM Ex
W 127 TIGR02301 family protein unKnown P P
&100& 131 DUF4354 domain-containing protein unKnown P P
glt)()ﬂ 131 hypothetical protein unkKnown P P
glmﬂ 131 hypothetical protein M P P
W 131 cytochrome c family protein P P P
KIOO& 133 hypothetical protein unKnown P P
glooﬂ 134 hypothetical protein unkKnown P P
gloow 135 hypothetical protein unKnown P P
gloow 137 hypothetical protein unKnown P [
gloow 138 DUF2195 domain-containing protein unKnown P P
&100& 146 pseudoazurin [Brucella] P unKnown P
gloow 151 hypothetical protein unKnown P P .
W 154 hypothetical protein unKnown P [
5W6_:‘10ﬂ 155 hypothetical protein M P P
gloow 156 DUF2271 domain-containing protein unKnown oM P
gloow 160 CAP domain-containing protein unKnown P P
W 165 DUF995 domain-containing protein unKnown P P
W 166 BA14K family protein unKnown P P
W 166 hypothetical protein unKnown P [
&100& 168 outer membrane protein assembly factor BamE unKnown P P
glooﬂ 168 hypothetical protein oM oM oM
W 170 BA14K family protein unKnown P [
\é\(lflww 172 type IV secretion system protein [Brucella] VirB12 unKnown P P .
glooﬂ 173 superoxide dismutase [Cu-Zn] P p P
gwg_g:l()% 177 hypothetical protein oM P Ex
W 177 hypothetical protein unKnown P P
w)ﬂ 179 hypothetical protein unKnown P P
gloow 180 hypothetical protein unKnown P P
\SNS_'.DIOOﬂ 181 hypothetical protein unKnown P P
wﬂ 182 hypothetical protein unKnown P P
%Elwﬂ 184 hypothetical protein unKnown om P Cyto
Eﬁmﬁ 187 ::Lilji:ol-cytochrome c reductase iron-sulfur ™ P o
gwo_imﬂ 190 lytic transglycosylase domain-containing protein unkKnown P P
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https://www.ncbi.nlm.nih.gov/protein/489053408?report=genbank&log$=protalign&blast_rank=1&RID=SVZ2DZ4K014
https://www.ncbi.nlm.nih.gov/protein/489053408?report=genbank&log$=protalign&blast_rank=1&RID=SVZ2DZ4K014
https://www.ncbi.nlm.nih.gov/protein/WP_006168377.1?report=genbank&log$=prottop&blast_rank=4&RID=8GT6AA2J014
https://www.ncbi.nlm.nih.gov/protein/WP_006168377.1?report=genbank&log$=prottop&blast_rank=4&RID=8GT6AA2J014
https://www.ncbi.nlm.nih.gov/protein/489056364?report=genbank&log$=protalign&blast_rank=2&RID=SW0KDR5H015
https://www.ncbi.nlm.nih.gov/protein/489056364?report=genbank&log$=protalign&blast_rank=2&RID=SW0KDR5H015
https://www.ncbi.nlm.nih.gov/protein/490824431?report=genbank&log$=prottop&blast_rank=1&RID=YE6PVD6Z013
https://www.ncbi.nlm.nih.gov/protein/490824431?report=genbank&log$=prottop&blast_rank=1&RID=YE6PVD6Z013
https://www.ncbi.nlm.nih.gov/protein/489054941?report=genbank&log$=prottop&blast_rank=1&RID=1ND37RGE014
https://www.ncbi.nlm.nih.gov/protein/489054941?report=genbank&log$=prottop&blast_rank=1&RID=1ND37RGE014
https://www.ncbi.nlm.nih.gov/protein/WP_002966353.1?report=genbank&log$=prottop&blast_rank=1&RID=8K9ZGHD401R
https://www.ncbi.nlm.nih.gov/protein/WP_002966353.1?report=genbank&log$=prottop&blast_rank=1&RID=8K9ZGHD401R
https://www.ncbi.nlm.nih.gov/protein/WP_002968479.1?report=genbank&log$=prottop&blast_rank=2&RID=8S7NVNZB015
https://www.ncbi.nlm.nih.gov/protein/WP_002968479.1?report=genbank&log$=prottop&blast_rank=2&RID=8S7NVNZB015
https://www.ncbi.nlm.nih.gov/protein/WP_002966407.1?report=genbank&log$=prottop&blast_rank=1&RID=8S9MNJ4T014
https://www.ncbi.nlm.nih.gov/protein/WP_002966407.1?report=genbank&log$=prottop&blast_rank=1&RID=8S9MNJ4T014
https://www.ncbi.nlm.nih.gov/protein/489053787?report=genbank&log$=prottop&blast_rank=1&RID=YEU32UY1014
https://www.ncbi.nlm.nih.gov/protein/489053787?report=genbank&log$=prottop&blast_rank=1&RID=YEU32UY1014
https://www.ncbi.nlm.nih.gov/protein/490824272?report=genbank&log$=prottop&blast_rank=1&RID=YEVNUFP8015
https://www.ncbi.nlm.nih.gov/protein/490824272?report=genbank&log$=prottop&blast_rank=1&RID=YEVNUFP8015
https://www.ncbi.nlm.nih.gov/protein/490828302?report=genbank&log$=prottop&blast_rank=1&RID=1NA3EU12015
https://www.ncbi.nlm.nih.gov/protein/490828302?report=genbank&log$=prottop&blast_rank=1&RID=1NA3EU12015
https://www.ncbi.nlm.nih.gov/protein/WP_002963960.1?report=genbank&log$=prottop&blast_rank=1&RID=8K5WMMZT014
https://www.ncbi.nlm.nih.gov/protein/WP_002963960.1?report=genbank&log$=prottop&blast_rank=1&RID=8K5WMMZT014
https://www.ncbi.nlm.nih.gov/protein/WP_004681387.1?report=genbank&log$=prottop&blast_rank=1&RID=8JX4VAHH014
https://www.ncbi.nlm.nih.gov/protein/WP_004681387.1?report=genbank&log$=prottop&blast_rank=1&RID=8JX4VAHH014
https://www.ncbi.nlm.nih.gov/protein/WP_002966303.1?report=genbank&log$=prottop&blast_rank=3&RID=8S6UV057014
https://www.ncbi.nlm.nih.gov/protein/WP_002966303.1?report=genbank&log$=prottop&blast_rank=3&RID=8S6UV057014
https://www.ncbi.nlm.nih.gov/protein/489056548?report=genbank&log$=prottop&blast_rank=1&RID=YEX08TWT014
https://www.ncbi.nlm.nih.gov/protein/489056548?report=genbank&log$=prottop&blast_rank=1&RID=YEX08TWT014
https://www.ncbi.nlm.nih.gov/protein/490821183?report=genbank&log$=prottop&blast_rank=1&RID=YEAA6CK301N
https://www.ncbi.nlm.nih.gov/protein/490821183?report=genbank&log$=prottop&blast_rank=1&RID=YEAA6CK301N
https://www.ncbi.nlm.nih.gov/protein/489059496?report=genbank&log$=protalign&blast_rank=1&RID=SVZ9XT5V014
https://www.ncbi.nlm.nih.gov/protein/489059496?report=genbank&log$=protalign&blast_rank=1&RID=SVZ9XT5V014
https://www.ncbi.nlm.nih.gov/protein/489056213?report=genbank&log$=prottop&blast_rank=1&RID=1NAMTH32015
https://www.ncbi.nlm.nih.gov/protein/489056213?report=genbank&log$=prottop&blast_rank=1&RID=1NAMTH32015
https://www.ncbi.nlm.nih.gov/protein/WP_002963473.1?report=genbank&log$=prottop&blast_rank=1&RID=8UBMTBUF014
https://www.ncbi.nlm.nih.gov/protein/WP_002963473.1?report=genbank&log$=prottop&blast_rank=1&RID=8UBMTBUF014
https://www.ncbi.nlm.nih.gov/protein/WP_002972060.1?report=genbank&log$=prottop&blast_rank=2&RID=8K93RVU2015
https://www.ncbi.nlm.nih.gov/protein/WP_002972060.1?report=genbank&log$=prottop&blast_rank=2&RID=8K93RVU2015
https://www.ncbi.nlm.nih.gov/protein/489057175?report=genbank&log$=protalign&blast_rank=5&RID=SW169CKC014
https://www.ncbi.nlm.nih.gov/protein/489057175?report=genbank&log$=protalign&blast_rank=5&RID=SW169CKC014
https://www.ncbi.nlm.nih.gov/protein/489061449?report=genbank&log$=prottop&blast_rank=1&RID=1NFKRUFE014
https://www.ncbi.nlm.nih.gov/protein/489061449?report=genbank&log$=prottop&blast_rank=1&RID=1NFKRUFE014
https://www.ncbi.nlm.nih.gov/protein/WP_002966947.1?report=genbank&log$=prottop&blast_rank=1&RID=8JWR94PE014
https://www.ncbi.nlm.nih.gov/protein/WP_002966947.1?report=genbank&log$=prottop&blast_rank=1&RID=8JWR94PE014
https://www.ncbi.nlm.nih.gov/protein/489054450?report=genbank&log$=protalign&blast_rank=1&RID=SVZU4HXC01R
https://www.ncbi.nlm.nih.gov/protein/489054450?report=genbank&log$=protalign&blast_rank=1&RID=SVZU4HXC01R
https://www.ncbi.nlm.nih.gov/protein/490827870?report=genbank&log$=protalign&blast_rank=1&RID=SUS7N8N7014
https://www.ncbi.nlm.nih.gov/protein/490827870?report=genbank&log$=protalign&blast_rank=1&RID=SUS7N8N7014
https://www.ncbi.nlm.nih.gov/protein/489062065?report=genbank&log$=prottop&blast_rank=1&RID=YE5UF83V016
https://www.ncbi.nlm.nih.gov/protein/489062065?report=genbank&log$=prottop&blast_rank=1&RID=YE5UF83V016
https://www.ncbi.nlm.nih.gov/protein/489054833?report=genbank&log$=protalign&blast_rank=3&RID=SVZD7R49014
https://www.ncbi.nlm.nih.gov/protein/489054833?report=genbank&log$=protalign&blast_rank=3&RID=SVZD7R49014
https://www.ncbi.nlm.nih.gov/protein/489061412?report=genbank&log$=prottop&blast_rank=2&RID=YE6FJH3D013
https://www.ncbi.nlm.nih.gov/protein/489061412?report=genbank&log$=prottop&blast_rank=2&RID=YE6FJH3D013
https://www.ncbi.nlm.nih.gov/protein/WP_002966306.1?report=genbank&log$=prottop&blast_rank=1&RID=8UN6D6E4015
https://www.ncbi.nlm.nih.gov/protein/WP_002966306.1?report=genbank&log$=prottop&blast_rank=1&RID=8UN6D6E4015
https://www.ncbi.nlm.nih.gov/protein/WP_002964988.1?report=genbank&log$=prottop&blast_rank=2&RID=8UP98GMW014
https://www.ncbi.nlm.nih.gov/protein/WP_002964988.1?report=genbank&log$=prottop&blast_rank=2&RID=8UP98GMW014
https://www.ncbi.nlm.nih.gov/protein/WP_004689355.1?report=genbank&log$=prottop&blast_rank=2&RID=8URRWESE015
https://www.ncbi.nlm.nih.gov/protein/WP_004689355.1?report=genbank&log$=prottop&blast_rank=2&RID=8URRWESE015
https://www.ncbi.nlm.nih.gov/protein/WP_002966226.1?report=genbank&log$=prottop&blast_rank=4&RID=8MWTSTAA01R
https://www.ncbi.nlm.nih.gov/protein/WP_002966226.1?report=genbank&log$=prottop&blast_rank=4&RID=8MWTSTAA01R
https://www.ncbi.nlm.nih.gov/protein/WP_006154070.1?report=genbank&log$=prottop&blast_rank=1&RID=8SA02UN3014
https://www.ncbi.nlm.nih.gov/protein/WP_006154070.1?report=genbank&log$=prottop&blast_rank=1&RID=8SA02UN3014
https://www.ncbi.nlm.nih.gov/protein/WP_002964648.1?report=genbank&log$=prottop&blast_rank=1&RID=8SC3N1SP014
https://www.ncbi.nlm.nih.gov/protein/WP_002964648.1?report=genbank&log$=prottop&blast_rank=1&RID=8SC3N1SP014
https://www.ncbi.nlm.nih.gov/protein/WP_004685190.1?report=genbank&log$=prottop&blast_rank=1&RID=8KBNHU50014
https://www.ncbi.nlm.nih.gov/protein/WP_004685190.1?report=genbank&log$=prottop&blast_rank=1&RID=8KBNHU50014

WP 0046880

701 192 hypothetical protein unKnown Ex oM IM oM
glooﬂ 193 NADH-quinone oxidoreductase subunit B M P P

glooﬂ 193 hypothetical protein unKnown P oM Cyto om
wﬂ 195 polysaccharide export protein unKnown P oM - -
W 196 peptidyl-prolyl cis-trans isomerase P P P

W 196 SCO family protein unKnown P P

W 199 superoxide dismutase P Cyto P

W 202 cytochrome c family protein IM P P

glooﬂ 203 DUF1214 domain-containing protein unkKnown P P

W 203 pyridoxine/pyridoxamine 5'-phosphate oxidase P unkKnown P

WM 203 DsbE family thiol:disulfide interchange protein P P P

w’w 204 DsbA family protein unkKnown P P

Elooﬂ 205 invasion associated locus B family protein unkKnown P P

gloow 206 L,D-transpeptidase unKnown P P

gloow 207 hypothetical protein P P P

w)ﬂ 207 lipase unknown [ P

glooﬂ 208 invasion associated locus B family protein unkKnown P P

W 209 ABC transporter unKnown P oM -
ﬁw 212 porin family protein om oM Ex

W 213 membrane protein oM oM om - -
wﬂ 216 hypothetical protein unKnown P P

glooﬂ 216 organic solvent tolerance protein OstA unKnown oM P Cyto P
W 217 DsbA family protein unkKnown P P

&100& 218 peptide-methionine (S)-S-oxide reductase unkKnown P P

W 220 OmpA family protein IM oM oM

W 223 hypothetical protein unKnown P P

W 227 OmpW family protein oM oM P

W 229 ribonuclease T(2) P P P

W 234 DUF1007 domain-containing protein unKnown Cyto P M P
\;\;.F’lo()ﬂ 236 porin family protein oM oM oM

2100& 238 type IV secretion system protein virB1 unkKnown P P

W 238 type IV secretion system protein virB5 unkKnown oM P - -
\{\;.Plot)ﬂ 239 type IV secretion system protein virB8 unKnown oM oM

glooﬂ 241 L,D-transpeptidase unKnown P P

\3/\/3_"’1()()& 241 arylesterase P P P

\5/\/3_'.)100& 244 DUF1223 domain-containing protein unKnown Cyto P oM P
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https://www.ncbi.nlm.nih.gov/protein/490827423?report=genbank&log$=protalign&blast_rank=1&RID=SW26PU4G014
https://www.ncbi.nlm.nih.gov/protein/490827423?report=genbank&log$=protalign&blast_rank=1&RID=SW26PU4G014
https://www.ncbi.nlm.nih.gov/protein/WP_002967573.1?report=genbank&log$=prottop&blast_rank=1&RID=8JXJTND1015
https://www.ncbi.nlm.nih.gov/protein/WP_002967573.1?report=genbank&log$=prottop&blast_rank=1&RID=8JXJTND1015
https://www.ncbi.nlm.nih.gov/protein/WP_002964883.1?report=genbank&log$=prottop&blast_rank=1&RID=8JV68UFJ015
https://www.ncbi.nlm.nih.gov/protein/WP_002964883.1?report=genbank&log$=prottop&blast_rank=1&RID=8JV68UFJ015
https://www.ncbi.nlm.nih.gov/protein/489053735?report=genbank&log$=prottop&blast_rank=2&RID=1NFECC20014
https://www.ncbi.nlm.nih.gov/protein/489053735?report=genbank&log$=prottop&blast_rank=2&RID=1NFECC20014
https://www.ncbi.nlm.nih.gov/protein/WP_002964222.1?report=genbank&log$=prottop&blast_rank=1&RID=8UK7DCD0014
https://www.ncbi.nlm.nih.gov/protein/WP_002964222.1?report=genbank&log$=prottop&blast_rank=1&RID=8UK7DCD0014
https://www.ncbi.nlm.nih.gov/protein/WP_004684011.1?report=genbank&log$=prottop&blast_rank=1&RID=8UEF8WDU014
https://www.ncbi.nlm.nih.gov/protein/WP_004684011.1?report=genbank&log$=prottop&blast_rank=1&RID=8UEF8WDU014
https://www.ncbi.nlm.nih.gov/protein/WP_004690660.1?report=genbank&log$=prottop&blast_rank=2&RID=8MTNW9K0015
https://www.ncbi.nlm.nih.gov/protein/WP_004690660.1?report=genbank&log$=prottop&blast_rank=2&RID=8MTNW9K0015
https://www.ncbi.nlm.nih.gov/protein/490822524?report=genbank&log$=prottop&blast_rank=1&RID=YEVF46V5015
https://www.ncbi.nlm.nih.gov/protein/490822524?report=genbank&log$=prottop&blast_rank=1&RID=YEVF46V5015
https://www.ncbi.nlm.nih.gov/protein/WP_002963732.1?report=genbank&log$=prottop&blast_rank=1&RID=8JW89KGX015
https://www.ncbi.nlm.nih.gov/protein/WP_002963732.1?report=genbank&log$=prottop&blast_rank=1&RID=8JW89KGX015
https://www.ncbi.nlm.nih.gov/protein/WP_002971565.1?report=genbank&log$=prottop&blast_rank=1&RID=8SBZXBNH014
https://www.ncbi.nlm.nih.gov/protein/WP_002971565.1?report=genbank&log$=prottop&blast_rank=1&RID=8SBZXBNH014
https://www.ncbi.nlm.nih.gov/protein/WP_002967079.1?report=genbank&log$=prottop&blast_rank=1&RID=8SCBZRKW014
https://www.ncbi.nlm.nih.gov/protein/WP_002967079.1?report=genbank&log$=prottop&blast_rank=1&RID=8SCBZRKW014
https://www.ncbi.nlm.nih.gov/protein/WP_004686596.1?report=genbank&log$=prottop&blast_rank=1&RID=8UAW2JV001R
https://www.ncbi.nlm.nih.gov/protein/WP_004686596.1?report=genbank&log$=prottop&blast_rank=1&RID=8UAW2JV001R
https://www.ncbi.nlm.nih.gov/protein/489061204?report=genbank&log$=prottop&blast_rank=2&RID=YE6WKETR013
https://www.ncbi.nlm.nih.gov/protein/489061204?report=genbank&log$=prottop&blast_rank=2&RID=YE6WKETR013
https://www.ncbi.nlm.nih.gov/protein/WP_004686655.1?report=genbank&log$=prottop&blast_rank=1&RID=8JMEX8KH01R
https://www.ncbi.nlm.nih.gov/protein/WP_004686655.1?report=genbank&log$=prottop&blast_rank=1&RID=8JMEX8KH01R
https://www.ncbi.nlm.nih.gov/protein/WP_004683722.1?report=genbank&log$=prottop&blast_rank=1&RID=8K6YJ3HB015
https://www.ncbi.nlm.nih.gov/protein/WP_004683722.1?report=genbank&log$=prottop&blast_rank=1&RID=8K6YJ3HB015
https://www.ncbi.nlm.nih.gov/protein/WP_002968302.1?report=genbank&log$=prottop&blast_rank=2&RID=8UBWU9R3014
https://www.ncbi.nlm.nih.gov/protein/WP_002968302.1?report=genbank&log$=prottop&blast_rank=2&RID=8UBWU9R3014
https://www.ncbi.nlm.nih.gov/protein/WP_002963624.1?report=genbank&log$=prottop&blast_rank=1&RID=8S8T615W015
https://www.ncbi.nlm.nih.gov/protein/WP_002963624.1?report=genbank&log$=prottop&blast_rank=1&RID=8S8T615W015
https://www.ncbi.nlm.nih.gov/protein/489053960?report=genbank&log$=prottop&blast_rank=1&RID=YE73YK2Y013
https://www.ncbi.nlm.nih.gov/protein/489053960?report=genbank&log$=prottop&blast_rank=1&RID=YE73YK2Y013
https://www.ncbi.nlm.nih.gov/protein/490821851?report=genbank&log$=protalign&blast_rank=1&RID=SW084450015
https://www.ncbi.nlm.nih.gov/protein/490821851?report=genbank&log$=protalign&blast_rank=1&RID=SW084450015
https://www.ncbi.nlm.nih.gov/protein/490821369?report=genbank&log$=prottop&blast_rank=4&RID=YEUTFNY001R
https://www.ncbi.nlm.nih.gov/protein/490821369?report=genbank&log$=prottop&blast_rank=4&RID=YEUTFNY001R
https://www.ncbi.nlm.nih.gov/protein/489053593?report=genbank&log$=protalign&blast_rank=1&RID=SW1XUM3X014
https://www.ncbi.nlm.nih.gov/protein/489053593?report=genbank&log$=protalign&blast_rank=1&RID=SW1XUM3X014
https://www.ncbi.nlm.nih.gov/protein/WP_004691352.1?report=genbank&log$=prottop&blast_rank=1&RID=8KJT33W6014
https://www.ncbi.nlm.nih.gov/protein/WP_004691352.1?report=genbank&log$=prottop&blast_rank=1&RID=8KJT33W6014
https://www.ncbi.nlm.nih.gov/protein/WP_002971551.1?report=genbank&log$=prottop&blast_rank=4&RID=8S85NA3S014
https://www.ncbi.nlm.nih.gov/protein/WP_002971551.1?report=genbank&log$=prottop&blast_rank=4&RID=8S85NA3S014
https://www.ncbi.nlm.nih.gov/protein/WP_004682501.1?report=genbank&log$=prottop&blast_rank=1&RID=8S9B4H9Z01R
https://www.ncbi.nlm.nih.gov/protein/WP_004682501.1?report=genbank&log$=prottop&blast_rank=1&RID=8S9B4H9Z01R
https://www.ncbi.nlm.nih.gov/protein/489054157?report=genbank&log$=prottop&blast_rank=3&RID=YEW27KKE01R
https://www.ncbi.nlm.nih.gov/protein/489054157?report=genbank&log$=prottop&blast_rank=3&RID=YEW27KKE01R
https://www.ncbi.nlm.nih.gov/protein/264663537?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/264663537?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489054495?report=genbank&log$=prottop&blast_rank=1&RID=YEF7WMJP013
https://www.ncbi.nlm.nih.gov/protein/489054495?report=genbank&log$=prottop&blast_rank=1&RID=YEF7WMJP013
https://www.ncbi.nlm.nih.gov/protein/489057418?report=genbank&log$=prottop&blast_rank=1&RID=1NEPW8W9015
https://www.ncbi.nlm.nih.gov/protein/489057418?report=genbank&log$=prottop&blast_rank=1&RID=1NEPW8W9015
https://www.ncbi.nlm.nih.gov/protein/WP_002966482.1?report=genbank&log$=prottop&blast_rank=1&RID=8UKSE7HU014
https://www.ncbi.nlm.nih.gov/protein/WP_002966482.1?report=genbank&log$=prottop&blast_rank=1&RID=8UKSE7HU014
https://www.ncbi.nlm.nih.gov/protein/490821644?report=genbank&log$=prottop&blast_rank=1&RID=1NCJC6B5015
https://www.ncbi.nlm.nih.gov/protein/490821644?report=genbank&log$=prottop&blast_rank=1&RID=1NCJC6B5015
https://www.ncbi.nlm.nih.gov/protein/490819129?report=genbank&log$=prottop&blast_rank=1&RID=1NBCRMK9015
https://www.ncbi.nlm.nih.gov/protein/490819129?report=genbank&log$=prottop&blast_rank=1&RID=1NBCRMK9015
https://www.ncbi.nlm.nih.gov/protein/489056377?report=genbank&log$=prottop&blast_rank=1&RID=YE9XFE7P016
https://www.ncbi.nlm.nih.gov/protein/489056377?report=genbank&log$=prottop&blast_rank=1&RID=YE9XFE7P016
https://www.ncbi.nlm.nih.gov/protein/489056380?report=genbank&log$=prottop&blast_rank=1&RID=YEDEE8NT016
https://www.ncbi.nlm.nih.gov/protein/489056380?report=genbank&log$=prottop&blast_rank=1&RID=YEDEE8NT016
https://www.ncbi.nlm.nih.gov/protein/489055137?report=genbank&log$=prottop&blast_rank=1&RID=YE5EPHH4013
https://www.ncbi.nlm.nih.gov/protein/489055137?report=genbank&log$=prottop&blast_rank=1&RID=YE5EPHH4013
https://www.ncbi.nlm.nih.gov/protein/WP_002965333.1?report=genbank&log$=prottop&blast_rank=1&RID=8KCCJW93015
https://www.ncbi.nlm.nih.gov/protein/WP_002965333.1?report=genbank&log$=prottop&blast_rank=1&RID=8KCCJW93015
https://www.ncbi.nlm.nih.gov/protein/WP_002971753.1?report=genbank&log$=prottop&blast_rank=1&RID=8GNXAJ20014
https://www.ncbi.nlm.nih.gov/protein/WP_002971753.1?report=genbank&log$=prottop&blast_rank=1&RID=8GNXAJ20014

WP 0029645

811 250 SIMPL domain-containing protein P oM P
WP_0046899 molybdate ABC transporter substrate-binding
o 251 . p P p
74.1 protein
;"éplooﬂ 252 DUF4198 domain-containing protein unkKnown P P
W 254 hypothetical protein unKnown oM P
WP 0046819 257 amlnq acid ABC transporter substrate-binding p p p
57.1 protein
\gplooﬂ 261 porin family protein oM oM oM
_\Zl\épl 0062783 261 hypothetical protein unkKnown P P
\;mw 266 hypothetical protein unKnown P P
X(I)PIOO& 267 hypothetical protein unKnown oM oM
rflooﬂ 274 porin family protein unKnown oM oM
7\6/\;')1 0046828 280 amino acid ABC transporter P P P
Mw 280 DUF1849 domain-containing protein unkKnown P P
—3\’;’: 1004690 284 hypothetical protein oM oM oM
W 284 3-mercaptopyruvate sulfurtransferase P Cyto P
\Mw 287 outer membrane protein assembly factor BamD oM P Cyto Cyto oM $M 54.64
. b.
WP_0046860 288 glycm'e/betame ABC transporter substrate-binding unKnown P P
20.1 protein
;{‘mﬂ 295 cytochrome cl family protein P P P
WP 0046857 . oM
311 303 extensin unkKnown Cyt P unKnown oM 39.37%.
wﬂ 306 formylglycine-generating enzyme family protein P P P
_:épl 0029716 309 ABC transporter substrate-binding protein IM P P
W 314 hemolysin secretion protein D IM oM P Cyto oM
Ww 314 penicillin-insensitive murein endopeptidase P P P
wﬂ 315 iron ABC transporter substrate-binding protein P unKnown P
_\Zl\ipl 0046919 318 molecular chaperone SurA unKnown P P
W 319 mononuclear molybdenum enzyme YedY unKnown P P
_\Zl\épl 0025643 329 hypothetical protein unKnown P P
WP 2967
_78 1 0029679 331 peptidylprolyl isomerase IM P P
0\/\{4!100& 334 thiamine-binding periplasmic protein P P P
OWflooﬂ 334 DUF1775 domain-containing protein unkKnown P P
7\7/\‘/1')1 0061310 340 cell wall hydrolase unKnown P P R R
WP 0029638 343 amlnc_) acid ABC transporter substrate-binding p Ex oM
81.1 protein
WP 0029652 348 phosphonate ABC transporter substrate-binding M p p
02.1 protein
W 350 sell repeat family protein unKnown P P
2964
W 351 DUF1176 domain-containing protein unkKnown oM P _ _
WP_0046860 355 BMP fam|ly ABC transporter substrate-binding unKnown P P
75.1 protein
\MM 355 glycoside hydrolase family 43 IM oM oM
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https://www.ncbi.nlm.nih.gov/protein/489054409?report=genbank&log$=prottop&blast_rank=1&RID=1NAYECJ0014
https://www.ncbi.nlm.nih.gov/protein/489054409?report=genbank&log$=prottop&blast_rank=1&RID=1NAYECJ0014
https://www.ncbi.nlm.nih.gov/protein/WP_004689974.1?report=genbank&log$=prottop&blast_rank=1&RID=8UMZH15A014
https://www.ncbi.nlm.nih.gov/protein/WP_004689974.1?report=genbank&log$=prottop&blast_rank=1&RID=8UMZH15A014
https://www.ncbi.nlm.nih.gov/protein/WP_002964476.1?report=genbank&log$=prottop&blast_rank=1&RID=8URADCU6015
https://www.ncbi.nlm.nih.gov/protein/WP_002964476.1?report=genbank&log$=prottop&blast_rank=1&RID=8URADCU6015
https://www.ncbi.nlm.nih.gov/protein/WP_002963812.1?report=genbank&log$=prottop&blast_rank=1&RID=8JVHBN28015
https://www.ncbi.nlm.nih.gov/protein/WP_002963812.1?report=genbank&log$=prottop&blast_rank=1&RID=8JVHBN28015
https://www.ncbi.nlm.nih.gov/protein/WP_004681957.1?report=genbank&log$=prottop&blast_rank=1&RID=8UAK22SK014
https://www.ncbi.nlm.nih.gov/protein/WP_004681957.1?report=genbank&log$=prottop&blast_rank=1&RID=8UAK22SK014
https://www.ncbi.nlm.nih.gov/protein/489054549?report=genbank&log$=protalign&blast_rank=1&RID=SW29WHFJ014
https://www.ncbi.nlm.nih.gov/protein/489054549?report=genbank&log$=protalign&blast_rank=1&RID=SW29WHFJ014
https://www.ncbi.nlm.nih.gov/protein/493321004?report=genbank&log$=protalign&blast_rank=1&RID=SXAD31ZP01R
https://www.ncbi.nlm.nih.gov/protein/493321004?report=genbank&log$=protalign&blast_rank=1&RID=SXAD31ZP01R
https://www.ncbi.nlm.nih.gov/protein/WP_004690620.1?report=genbank&log$=prottop&blast_rank=1&RID=8UKC0T4C015
https://www.ncbi.nlm.nih.gov/protein/WP_004690620.1?report=genbank&log$=prottop&blast_rank=1&RID=8UKC0T4C015
https://www.ncbi.nlm.nih.gov/protein/489061045?report=genbank&log$=prottop&blast_rank=7&RID=YEE46W91013
https://www.ncbi.nlm.nih.gov/protein/489061045?report=genbank&log$=prottop&blast_rank=7&RID=YEE46W91013
https://www.ncbi.nlm.nih.gov/protein/490822053?report=genbank&log$=protalign&blast_rank=1&RID=SW2PPSPC01R
https://www.ncbi.nlm.nih.gov/protein/490822053?report=genbank&log$=protalign&blast_rank=1&RID=SW2PPSPC01R
https://www.ncbi.nlm.nih.gov/protein/WP_004682863.1?report=genbank&log$=prottop&blast_rank=1&RID=8GTUXT4W015
https://www.ncbi.nlm.nih.gov/protein/WP_004682863.1?report=genbank&log$=prottop&blast_rank=1&RID=8GTUXT4W015
https://www.ncbi.nlm.nih.gov/protein/WP_002966849.1?report=genbank&log$=prottop&blast_rank=3&RID=8GVDJ2AE01R
https://www.ncbi.nlm.nih.gov/protein/WP_002966849.1?report=genbank&log$=prottop&blast_rank=3&RID=8GVDJ2AE01R
https://www.ncbi.nlm.nih.gov/protein/490828267?report=genbank&log$=protalign&blast_rank=1&RID=SW21MY94014
https://www.ncbi.nlm.nih.gov/protein/490828267?report=genbank&log$=protalign&blast_rank=1&RID=SW21MY94014
https://www.ncbi.nlm.nih.gov/protein/WP_002964174.1?report=genbank&log$=prottop&blast_rank=1&RID=8UPPCWCR014
https://www.ncbi.nlm.nih.gov/protein/WP_002964174.1?report=genbank&log$=prottop&blast_rank=1&RID=8UPPCWCR014
https://www.ncbi.nlm.nih.gov/protein/WP_002964530.1?report=genbank&log$=prottop&blast_rank=3&RID=8K8AVEW1014
https://www.ncbi.nlm.nih.gov/protein/WP_002964530.1?report=genbank&log$=prottop&blast_rank=3&RID=8K8AVEW1014
https://www.ncbi.nlm.nih.gov/protein/WP_004686020.1?report=genbank&log$=prottop&blast_rank=3&RID=8S9ET3W401R
https://www.ncbi.nlm.nih.gov/protein/WP_004686020.1?report=genbank&log$=prottop&blast_rank=3&RID=8S9ET3W401R
https://www.ncbi.nlm.nih.gov/protein/WP_004686339.1?report=genbank&log$=prottop&blast_rank=1&RID=8UNESVXV01R
https://www.ncbi.nlm.nih.gov/protein/WP_004686339.1?report=genbank&log$=prottop&blast_rank=1&RID=8UNESVXV01R
https://www.ncbi.nlm.nih.gov/protein/490823691?report=genbank&log$=prottop&blast_rank=1&RID=YEA4TS6F013
https://www.ncbi.nlm.nih.gov/protein/490823691?report=genbank&log$=prottop&blast_rank=1&RID=YEA4TS6F013
https://www.ncbi.nlm.nih.gov/protein/WP_004681548.1?report=genbank&log$=prottop&blast_rank=1&RID=8JS0A5ET015
https://www.ncbi.nlm.nih.gov/protein/WP_004681548.1?report=genbank&log$=prottop&blast_rank=1&RID=8JS0A5ET015
https://www.ncbi.nlm.nih.gov/protein/WP_002971682.1?report=genbank&log$=prottop&blast_rank=5&RID=8KGACX7701R
https://www.ncbi.nlm.nih.gov/protein/WP_002971682.1?report=genbank&log$=prottop&blast_rank=5&RID=8KGACX7701R
https://www.ncbi.nlm.nih.gov/protein/WP_002966164.1?report=genbank&log$=prottop&blast_rank=2&RID=8JKA041P014
https://www.ncbi.nlm.nih.gov/protein/WP_002966164.1?report=genbank&log$=prottop&blast_rank=2&RID=8JKA041P014
https://www.ncbi.nlm.nih.gov/protein/WP_002969381.1?report=genbank&log$=prottop&blast_rank=3&RID=8RU6VWWA014
https://www.ncbi.nlm.nih.gov/protein/WP_002969381.1?report=genbank&log$=prottop&blast_rank=3&RID=8RU6VWWA014
https://www.ncbi.nlm.nih.gov/protein/WP_002965965.1?report=genbank&log$=prottop&blast_rank=1&RID=8RTUW17E015
https://www.ncbi.nlm.nih.gov/protein/WP_002965965.1?report=genbank&log$=prottop&blast_rank=1&RID=8RTUW17E015
https://www.ncbi.nlm.nih.gov/protein/WP_004691921.1?report=genbank&log$=prottop&blast_rank=1&RID=8KMBBKC8014
https://www.ncbi.nlm.nih.gov/protein/WP_004691921.1?report=genbank&log$=prottop&blast_rank=1&RID=8KMBBKC8014
https://www.ncbi.nlm.nih.gov/protein/WP_002965661.1?report=genbank&log$=prottop&blast_rank=1&RID=8MWDXMPG014
https://www.ncbi.nlm.nih.gov/protein/WP_002965661.1?report=genbank&log$=prottop&blast_rank=1&RID=8MWDXMPG014
https://www.ncbi.nlm.nih.gov/protein/WP_002964322.1?report=genbank&log$=prottop&blast_rank=2&RID=8GUJ8X4F015
https://www.ncbi.nlm.nih.gov/protein/WP_002964322.1?report=genbank&log$=prottop&blast_rank=2&RID=8GUJ8X4F015
https://www.ncbi.nlm.nih.gov/protein/WP_002967978.1?report=genbank&log$=prottop&blast_rank=2&RID=8SADY6AN01R
https://www.ncbi.nlm.nih.gov/protein/WP_002967978.1?report=genbank&log$=prottop&blast_rank=2&RID=8SADY6AN01R
https://www.ncbi.nlm.nih.gov/protein/WP_004684204.1?report=genbank&log$=prottop&blast_rank=3&RID=8JM5U8DG015
https://www.ncbi.nlm.nih.gov/protein/WP_004684204.1?report=genbank&log$=prottop&blast_rank=3&RID=8JM5U8DG015
https://www.ncbi.nlm.nih.gov/protein/WP_002965301.1?report=genbank&log$=prottop&blast_rank=1&RID=8UR2VDMA014
https://www.ncbi.nlm.nih.gov/protein/WP_002965301.1?report=genbank&log$=prottop&blast_rank=1&RID=8UR2VDMA014
https://www.ncbi.nlm.nih.gov/protein/493202910?report=genbank&log$=prottop&blast_rank=1&RID=YEZKYWKU014
https://www.ncbi.nlm.nih.gov/protein/493202910?report=genbank&log$=prottop&blast_rank=1&RID=YEZKYWKU014
https://www.ncbi.nlm.nih.gov/protein/WP_002963881.1?report=genbank&log$=prottop&blast_rank=1&RID=8JKWBN0U014
https://www.ncbi.nlm.nih.gov/protein/WP_002963881.1?report=genbank&log$=prottop&blast_rank=1&RID=8JKWBN0U014
https://www.ncbi.nlm.nih.gov/protein/WP_002965202.1?report=genbank&log$=prottop&blast_rank=1&RID=8UBEZU4T014
https://www.ncbi.nlm.nih.gov/protein/WP_002965202.1?report=genbank&log$=prottop&blast_rank=1&RID=8UBEZU4T014
https://www.ncbi.nlm.nih.gov/protein/WP_004684153.1?report=genbank&log$=prottop&blast_rank=1&RID=8K7KM4KS014
https://www.ncbi.nlm.nih.gov/protein/WP_004684153.1?report=genbank&log$=prottop&blast_rank=1&RID=8K7KM4KS014
https://www.ncbi.nlm.nih.gov/protein/489054439?report=genbank&log$=prottop&blast_rank=1&RID=YE67HYT7013
https://www.ncbi.nlm.nih.gov/protein/489054439?report=genbank&log$=prottop&blast_rank=1&RID=YE67HYT7013
https://www.ncbi.nlm.nih.gov/protein/WP_004686075.1?report=genbank&log$=prottop&blast_rank=1&RID=8UEUKVPV014
https://www.ncbi.nlm.nih.gov/protein/WP_004686075.1?report=genbank&log$=prottop&blast_rank=1&RID=8UEUKVPV014
https://www.ncbi.nlm.nih.gov/protein/WP_006132773.1?report=genbank&log$=prottop&blast_rank=1&RID=8KKRTAWV014
https://www.ncbi.nlm.nih.gov/protein/WP_006132773.1?report=genbank&log$=prottop&blast_rank=1&RID=8KKRTAWV014

WP 0046892

111 356 hypothetical protein P P P

\;\mﬂ 363 ABC transporter substrate-binding protein P P Cyto

géplooﬂ 367 iron ABC transporter substrate-binding protein unKnown P P

7?51 0029683 368 peptidase S58 family protein P unkKnown P

WP 0029657 . . . oM

321 368 efflux RND transporter periplasmic adaptor subunit unKnown P Cyto Cyto oM 39.53%

wﬂ 372 cystathionine gamma-synthase unKnown P P

\Zl\éplooﬂ 376 nitrite reductase, copper-containing P P P

gg’loow 396 D-alanyl-D-alanine carboxypeptidase IM P P

;’g:lmﬂ 398 hypothetical protein unKnown P P R R R

\é\m& 403 hypothetical protein unKnown P P

WP 0046889 branched-chain amino acid ABC transporter

21.1 403 substrate-binding protein P P oM

W 411 sugar ABC transporter substrate-binding protein P P P

\;;Plooﬂ 415 sugar ABC transporter substrate-binding protein unKnown unKnown oM Cyt P $M 39.06

. 0

\7/\16')1()0& 421 ABC transporter substrate-binding protein P P P

W 427 lytic murein transglycosylase IM P P

\;\;F’I(K)ﬂ 429 cell wall hydrolase P unKnown P

WP_0046864 433 amidase unKnown P P

94.1

ngploow 439 sugar ABC transporter substrate-binding protein unKnown P P

\Mw 442 S41 family peptidase IM P P

WP_0029647 443 protein TolB P oM oM

85.1

WP 0029663 464 nitrous oxide reductase family maturation protein P P P

09.1 NosD - - -

Owsloow 471 M48 family peptidase unKnown P P

:;PlooM 488 tol-pal system protein YbgF oM P P

WP 46847

8210¢ 492 ABC transporter substrate-binding protein P P P

9\/\{4!’100& 493 metalloprotease unKnown P oM

\Zl\éplooﬂ 494 GMC family oxidoreductase IM P P

WP_0029662

341 499 catalase P P P

;ﬁiooﬁ 512 hypothetical protein oM Cyt oM R B B

\é\g)lmw 513 DegP-like serine endoprotease P P P

\Zl\g’lww 518 ABC transporter substrate-binding protein P unKnown Cyto Cyto P P 41.94%
4

XWJ 524 DegQ family serine endoprotease P unKnown Cyto P P

;\floow 525 peptide ABC transporter substrate-binding protein P Ex P

X\grloow 527 peptide ABC transporter substrate-binding protein P P P
2

wﬂ 537 ABC transporter substrate-binding protein P Cyto P

wﬂ 539 ABC transporter substrate-binding protein P unKnown P

WP 0029637 563 ele.ctron transfer flavoprotein-ubiquinone unKnown p p

70.1 oxidoreductase
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https://www.ncbi.nlm.nih.gov/protein/WP_004689211.1?report=genbank&log$=prottop&blast_rank=1&RID=8KK41S2B014
https://www.ncbi.nlm.nih.gov/protein/WP_004689211.1?report=genbank&log$=prottop&blast_rank=1&RID=8KK41S2B014
https://www.ncbi.nlm.nih.gov/protein/WP_004691678.1?report=genbank&log$=prottop&blast_rank=1&RID=8KKB8U3E014
https://www.ncbi.nlm.nih.gov/protein/WP_004691678.1?report=genbank&log$=prottop&blast_rank=1&RID=8KKB8U3E014
https://www.ncbi.nlm.nih.gov/protein/WP_004681306.1?report=genbank&log$=prottop&blast_rank=2&RID=8JJT1J7V01R
https://www.ncbi.nlm.nih.gov/protein/WP_004681306.1?report=genbank&log$=prottop&blast_rank=2&RID=8JJT1J7V01R
https://www.ncbi.nlm.nih.gov/protein/WP_002968345.1?report=genbank&log$=prottop&blast_rank=1&RID=8S3FH1XN015
https://www.ncbi.nlm.nih.gov/protein/WP_002968345.1?report=genbank&log$=prottop&blast_rank=1&RID=8S3FH1XN015
https://www.ncbi.nlm.nih.gov/protein/WP_002965732.1?report=genbank&log$=prottop&blast_rank=1&RID=8UKH1D8T01R
https://www.ncbi.nlm.nih.gov/protein/WP_002965732.1?report=genbank&log$=prottop&blast_rank=1&RID=8UKH1D8T01R
https://www.ncbi.nlm.nih.gov/protein/WP_004685038.1?report=genbank&log$=prottop&blast_rank=1&RID=8S52XD78015
https://www.ncbi.nlm.nih.gov/protein/WP_004685038.1?report=genbank&log$=prottop&blast_rank=1&RID=8S52XD78015
https://www.ncbi.nlm.nih.gov/protein/WP_002966326.1?report=genbank&log$=prottop&blast_rank=2&RID=8UJVWJB2014
https://www.ncbi.nlm.nih.gov/protein/WP_002966326.1?report=genbank&log$=prottop&blast_rank=2&RID=8UJVWJB2014
https://www.ncbi.nlm.nih.gov/protein/WP_002964109.1?report=genbank&log$=prottop&blast_rank=1&RID=8MVZSVVZ01R
https://www.ncbi.nlm.nih.gov/protein/WP_002964109.1?report=genbank&log$=prottop&blast_rank=1&RID=8MVZSVVZ01R
https://www.ncbi.nlm.nih.gov/protein/490828643?report=genbank&log$=prottop&blast_rank=1&RID=1NC7J85U015
https://www.ncbi.nlm.nih.gov/protein/490828643?report=genbank&log$=prottop&blast_rank=1&RID=1NC7J85U015
https://www.ncbi.nlm.nih.gov/protein/490829044?report=genbank&log$=prottop&blast_rank=1&RID=YEZ0ER7N015
https://www.ncbi.nlm.nih.gov/protein/490829044?report=genbank&log$=prottop&blast_rank=1&RID=YEZ0ER7N015
https://www.ncbi.nlm.nih.gov/protein/WP_004688921.1?report=genbank&log$=prottop&blast_rank=3&RID=8UNNSCJS015
https://www.ncbi.nlm.nih.gov/protein/WP_004688921.1?report=genbank&log$=prottop&blast_rank=3&RID=8UNNSCJS015
https://www.ncbi.nlm.nih.gov/protein/WP_004682068.1?report=genbank&log$=prottop&blast_rank=1&RID=8UFRF55A015
https://www.ncbi.nlm.nih.gov/protein/WP_004682068.1?report=genbank&log$=prottop&blast_rank=1&RID=8UFRF55A015
https://www.ncbi.nlm.nih.gov/protein/490828047?report=genbank&log$=prottop&blast_rank=1&RID=YEX9PEFG01R
https://www.ncbi.nlm.nih.gov/protein/490828047?report=genbank&log$=prottop&blast_rank=1&RID=YEX9PEFG01R
https://www.ncbi.nlm.nih.gov/protein/WP_004681076.1?report=genbank&log$=prottop&blast_rank=1&RID=8KAHNGKK01R
https://www.ncbi.nlm.nih.gov/protein/WP_004681076.1?report=genbank&log$=prottop&blast_rank=1&RID=8KAHNGKK01R
https://www.ncbi.nlm.nih.gov/protein/WP_002968069.1?report=genbank&log$=prottop&blast_rank=1&RID=8USJ615A014
https://www.ncbi.nlm.nih.gov/protein/WP_002968069.1?report=genbank&log$=prottop&blast_rank=1&RID=8USJ615A014
https://www.ncbi.nlm.nih.gov/protein/490828489?report=genbank&log$=prottop&blast_rank=1&RID=YEYAFPBT015
https://www.ncbi.nlm.nih.gov/protein/490828489?report=genbank&log$=prottop&blast_rank=1&RID=YEYAFPBT015
https://www.ncbi.nlm.nih.gov/protein/WP_004686494.1?report=genbank&log$=prottop&blast_rank=1&RID=8K7WY07M014
https://www.ncbi.nlm.nih.gov/protein/WP_004686494.1?report=genbank&log$=prottop&blast_rank=1&RID=8K7WY07M014
https://www.ncbi.nlm.nih.gov/protein/489055324?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/489055324?report=genbank&log$=protalign&blast_rank=1&RID=SPBV19KK015
https://www.ncbi.nlm.nih.gov/protein/WP_002964915.1?report=genbank&log$=prottop&blast_rank=1&RID=8UBAESWW01R
https://www.ncbi.nlm.nih.gov/protein/WP_002964915.1?report=genbank&log$=prottop&blast_rank=1&RID=8UBAESWW01R
https://www.ncbi.nlm.nih.gov/protein/489054618?report=genbank&log$=prottop&blast_rank=1&RID=YEFHKVSB01N
https://www.ncbi.nlm.nih.gov/protein/489054618?report=genbank&log$=prottop&blast_rank=1&RID=YEFHKVSB01N
https://www.ncbi.nlm.nih.gov/protein/492971429?report=genbank&log$=prottop&blast_rank=1&RID=1NBWZX1P014
https://www.ncbi.nlm.nih.gov/protein/492971429?report=genbank&log$=prottop&blast_rank=1&RID=1NBWZX1P014
https://www.ncbi.nlm.nih.gov/protein/WP_002969408.1?report=genbank&log$=prottop&blast_rank=2&RID=8RTNJAYC015
https://www.ncbi.nlm.nih.gov/protein/WP_002969408.1?report=genbank&log$=prottop&blast_rank=2&RID=8RTNJAYC015
https://www.ncbi.nlm.nih.gov/protein/489054615?report=genbank&log$=prottop&blast_rank=1&RID=YE4JUPXD016
https://www.ncbi.nlm.nih.gov/protein/489054615?report=genbank&log$=prottop&blast_rank=1&RID=YE4JUPXD016
https://www.ncbi.nlm.nih.gov/protein/WP_004684782.1?report=genbank&log$=prottop&blast_rank=2&RID=8UMCKHYR014
https://www.ncbi.nlm.nih.gov/protein/WP_004684782.1?report=genbank&log$=prottop&blast_rank=2&RID=8UMCKHYR014
https://www.ncbi.nlm.nih.gov/protein/WP_004686294.1?report=genbank&log$=prottop&blast_rank=1&RID=8K9HKSS1015
https://www.ncbi.nlm.nih.gov/protein/WP_004686294.1?report=genbank&log$=prottop&blast_rank=1&RID=8K9HKSS1015
https://www.ncbi.nlm.nih.gov/protein/WP_004686222.1?report=genbank&log$=prottop&blast_rank=1&RID=8UB5YDVZ015
https://www.ncbi.nlm.nih.gov/protein/WP_004686222.1?report=genbank&log$=prottop&blast_rank=1&RID=8UB5YDVZ015
https://www.ncbi.nlm.nih.gov/protein/WP_002966234.1?report=genbank&log$=prottop&blast_rank=3&RID=8GV3UM19014
https://www.ncbi.nlm.nih.gov/protein/WP_002966234.1?report=genbank&log$=prottop&blast_rank=3&RID=8GV3UM19014
https://www.ncbi.nlm.nih.gov/protein/489058132?report=genbank&log$=prottop&blast_rank=2&RID=YEVWKDKF01R
https://www.ncbi.nlm.nih.gov/protein/489058132?report=genbank&log$=prottop&blast_rank=2&RID=YEVWKDKF01R
https://www.ncbi.nlm.nih.gov/protein/WP_002963760.1?report=genbank&log$=prottop&blast_rank=1&RID=8UM18109014
https://www.ncbi.nlm.nih.gov/protein/WP_002963760.1?report=genbank&log$=prottop&blast_rank=1&RID=8UM18109014
https://www.ncbi.nlm.nih.gov/protein/WP_004685925.1?report=genbank&log$=prottop&blast_rank=1&RID=8S8F6KRN015
https://www.ncbi.nlm.nih.gov/protein/WP_004685925.1?report=genbank&log$=prottop&blast_rank=1&RID=8S8F6KRN015
https://www.ncbi.nlm.nih.gov/protein/WP_004688535.1?report=genbank&log$=prottop&blast_rank=1&RID=8UM6U5ND014
https://www.ncbi.nlm.nih.gov/protein/WP_004688535.1?report=genbank&log$=prottop&blast_rank=1&RID=8UM6U5ND014
https://www.ncbi.nlm.nih.gov/protein/WP_002966094.1?report=genbank&log$=prottop&blast_rank=1&RID=8GSH9RHM014
https://www.ncbi.nlm.nih.gov/protein/WP_002966094.1?report=genbank&log$=prottop&blast_rank=1&RID=8GSH9RHM014
https://www.ncbi.nlm.nih.gov/protein/WP_004681740.1?report=genbank&log$=prottop&blast_rank=1&RID=8JVTY77Z014
https://www.ncbi.nlm.nih.gov/protein/WP_004681740.1?report=genbank&log$=prottop&blast_rank=1&RID=8JVTY77Z014
https://www.ncbi.nlm.nih.gov/protein/WP_002965856.1?report=genbank&log$=prottop&blast_rank=1&RID=8S9HPKRZ014
https://www.ncbi.nlm.nih.gov/protein/WP_002965856.1?report=genbank&log$=prottop&blast_rank=1&RID=8S9HPKRZ014
https://www.ncbi.nlm.nih.gov/protein/WP_006133510.1?report=genbank&log$=prottop&blast_rank=1&RID=8KMJDCPF015
https://www.ncbi.nlm.nih.gov/protein/WP_006133510.1?report=genbank&log$=prottop&blast_rank=1&RID=8KMJDCPF015
https://www.ncbi.nlm.nih.gov/protein/WP_002963770.1?report=genbank&log$=prottop&blast_rank=1&RID=8SC7SAH6015
https://www.ncbi.nlm.nih.gov/protein/WP_002963770.1?report=genbank&log$=prottop&blast_rank=1&RID=8SC7SAH6015

WP 0029638

231 577 M23 family peptidase unKnown P P

\Zl\éplooﬂ 586 hypothetical protein oM oM oM

\;\mﬁ 615 ABC transporter substrate-binding protein P unKnown P

W 620 TonB-dependent receptor oM oM oM

X;Ploow 622 ABC transporter substrate-binding protein P oM P

\;\;F’I(K)ﬂ 639 outer membrane protein assembly factor oM oM oM

\S{\éPlt)Oﬂ 651 M23 family peptidase Cyto oM oM

\;\éf’lm}ﬂ 653 DUF882 domain-containing protein unkKnown P P _ _

WP 0230807 661 heme transporter BhuA oM oM oM

93.1

WP_0029711 761 penicillin amidase P P Cyto

80.1

\;éplmﬂ 792 LPS-assembly protein LptD oM oM oM

wﬂ 1579 translocation/assembly module TamB unKnown IM oM Cyto :nKnow $M 52.36
. b

wﬁ 1582 kinesin unKnown oM oM

Appendix 3: (containing the 87 proteins with their adhesion, antigenicity, and immunogenicity results).
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https://www.ncbi.nlm.nih.gov/protein/WP_002963823.1?report=genbank&log$=prottop&blast_rank=3&RID=8KKZNFXJ015
https://www.ncbi.nlm.nih.gov/protein/WP_002963823.1?report=genbank&log$=prottop&blast_rank=3&RID=8KKZNFXJ015
https://www.ncbi.nlm.nih.gov/protein/490824236?report=genbank&log$=prottop&blast_rank=1&RID=YEEYZRR4013
https://www.ncbi.nlm.nih.gov/protein/490824236?report=genbank&log$=prottop&blast_rank=1&RID=YEEYZRR4013
https://www.ncbi.nlm.nih.gov/protein/WP_002965256.1?report=genbank&log$=prottop&blast_rank=1&RID=8RTCKJWY015
https://www.ncbi.nlm.nih.gov/protein/WP_002965256.1?report=genbank&log$=prottop&blast_rank=1&RID=8RTCKJWY015
https://www.ncbi.nlm.nih.gov/protein/490829560?report=genbank&log$=protalign&blast_rank=3&RID=SW1D8V9V01R
https://www.ncbi.nlm.nih.gov/protein/490829560?report=genbank&log$=protalign&blast_rank=3&RID=SW1D8V9V01R
https://www.ncbi.nlm.nih.gov/protein/WP_004684597.1?report=genbank&log$=prottop&blast_rank=1&RID=8GUANGCG014
https://www.ncbi.nlm.nih.gov/protein/WP_004684597.1?report=genbank&log$=prottop&blast_rank=1&RID=8GUANGCG014
https://www.ncbi.nlm.nih.gov/protein/WP_002971772.1?report=genbank&log$=prottop&blast_rank=1&RID=8JUVX8UG015
https://www.ncbi.nlm.nih.gov/protein/WP_002971772.1?report=genbank&log$=prottop&blast_rank=1&RID=8JUVX8UG015
https://www.ncbi.nlm.nih.gov/protein/WP_002964936.1?report=genbank&log$=prottop&blast_rank=1&RID=8MTWEWUV014
https://www.ncbi.nlm.nih.gov/protein/WP_002964936.1?report=genbank&log$=prottop&blast_rank=1&RID=8MTWEWUV014
https://www.ncbi.nlm.nih.gov/protein/492817102?report=genbank&log$=prottop&blast_rank=9&RID=YEWM8X7901R
https://www.ncbi.nlm.nih.gov/protein/492817102?report=genbank&log$=prottop&blast_rank=9&RID=YEWM8X7901R
https://www.ncbi.nlm.nih.gov/protein/490830581?report=genbank&log$=protalign&blast_rank=1&RID=SW1JV4N8015
https://www.ncbi.nlm.nih.gov/protein/490830581?report=genbank&log$=protalign&blast_rank=1&RID=SW1JV4N8015
https://www.ncbi.nlm.nih.gov/protein/490830581?report=genbank&log$=protalign&blast_rank=1&RID=SW1JV4N8015
https://www.ncbi.nlm.nih.gov/protein/WP_002971180.1?report=genbank&log$=prottop&blast_rank=1&RID=8GSXXN4T014
https://www.ncbi.nlm.nih.gov/protein/WP_002971180.1?report=genbank&log$=prottop&blast_rank=1&RID=8GSXXN4T014
https://www.ncbi.nlm.nih.gov/protein/499381367?report=genbank&log$=protalign&blast_rank=2&RID=SW0U4R7Z014
https://www.ncbi.nlm.nih.gov/protein/499381367?report=genbank&log$=protalign&blast_rank=2&RID=SW0U4R7Z014
https://www.ncbi.nlm.nih.gov/protein/WP_006133056.1?report=genbank&log$=prottop&blast_rank=6&RID=8MU2XB2B014
https://www.ncbi.nlm.nih.gov/protein/WP_006133056.1?report=genbank&log$=prottop&blast_rank=6&RID=8MU2XB2B014
https://www.ncbi.nlm.nih.gov/protein/493106904?report=genbank&log$=prottop&blast_rank=1&RID=YEDRFJ7X01N
https://www.ncbi.nlm.nih.gov/protein/493106904?report=genbank&log$=prottop&blast_rank=1&RID=YEDRFJ7X01N

Propred | (MHCI) Propred I ( MHCII) — _
ANTIGENpro Vaxilen No. of Density (Sum No.of | pensity (sum
Protein Prediction Result Allelesin epitopes/47 Alleles epitopes/51 N length aa| Density:N/length N [length aa[Density :N/length
Antigenicity query (Alleles)/length) in query | (Alleles)/length)
0.902746  |0.6967 ( Probable ANTIGEN ). 47/47 0.028467297 44/51 |0.008442266 5 216 0.023148148 6 216 0.027777778
0.882738 ]0.8005 ( Probable ANTIGEN ). 47/47 0.032051282 47/51 |0.012317748 4 156 0.025641026 4 156 0.025641026
0.916867 |0.7013 ( Probable ANTIGEN ). 47/47 0.03064843 49/51 |0.016339869 4 168 0.023809524 4 168 0.023809524
0.931412 ]0.6298 ( Probable ANTIGEN ). 46/47 0.029210242 48/51 |0.009859311 5 177 0.028248588 5 177 0.028248588
0.776825 ]0.4183 ( Probable ANTIGEN ). 46/47 0.030931522 51/51 |0.022326578 7 238 0.029411765 6 238 0.025210084
0.958819  10.4441 ( Probable ANTIGEN ). 47/47 0.029888551 51/51 |0.019763461 2 126 0.015873016 3 126 0.023809524
0.95578 0.5920 ( Probable ANTIGEN ). 47/47 0.028615173 51/51 |0.016299324 10 403 0.024813896 9 403 0.022332506
0.941443 ]0.7910 ( Probable ANTIGEN ). 47/47 0.029104777 50/51 |0.011931188 5 212 0.023584906 5 212 0.023584906
0.934726  |0.5498 ( Probable ANTIGEN ). 47/47 0.032336212 51/51 |0.016598719 4 202 0.01980198 7 202 0.034653465
0.89195 0.6621 ( Probable ANTIGEN ). 45/47 0.029047179 45/51 |0.013810742 2 115 0.017391304 3 115 0.026086957
0.532994 ]0.4659 ( Probable ANTIGEN ). 47/47 0.022814663 51/51 |0.020198441 4 166 0.024096386 4 166 0.024096386
0.902471 ]0.4221 ( Probable ANTIGEN ). 47/47 0.031306991 51/51 |0.022689076 4 280 0.014285714 7 280 0.025
0.896893 |0.5546 ( Probable ANTIGEN ). 47/47 0.030141844 51/51 |0.019301471 4 192 0.020833333 6 192 0.03125
0.5 0.7078 ( Probable ANTIGEN ). 47/47 0.033305309 51/51 |0.01829668 5 329 0.015197568 8 329 0.024316109
0.695898 0.6353 ( Probable ANTIGEN ). 47/47 0.032225501 51/51 |0.023185917 9 274 0.032846715 7 274 0.025547445
0.814179 |0.6525 ( Probable ANTIGEN ). 47/47 0.024780976 50/51 |0.015340254 3 170 0.017647059 4 170 0.023529412
0.643178 |0.6844 ( Probable ANTIGEN ). 47/47 0.030977419 51/51 |0.015250545 4 261 0.01532567 3 261 0.011494253
0.909901 ]0.7150 ( Probable ANTIGEN ). 47/47 0.033075435 50/51 |0.012745098 4 220 0.018181818 5 220 0.022727273
0.758413 ]0.5458 ( Probable ANTIGEN ). 47/47 0.031283808 51/51 [0.01811233 4 236 0.016949153 6 236 0.025423729
0.964208 |0.5768 ( Probable ANTIGEN ). 47/47 0.03355516 51/51 |0.020039734 3 227 0.013215859 3 227 0.013215859
0.800794 0.4671 ( Probable ANTIGEN ). 47/47 0.031599864 50/51 |0.016838626 9 439 0.020501139 10 439 0.022779043
0.928539  0.4565 ( Probable ANTIGEN ). 46/47 0.028841608 44/51 ]0.01372549 1 90 0.011111111 2 90 0.022222222
0.669913 |0.7673 ( Probable ANTIGEN ). 47/47 0.031465388 51/51 |0.02029826 9 284 0.031690141 5 284 0.017605634
0.860866  |0.9522 ( Probable ANTIGEN ). 43/47 0.028826356 47/51 |0.019924099 1 62 0.016129032 0 62 0
0.240098 0.8212 ( Probable ANTIGEN ). 47/47 0.031665168 51/51 |0.014913007 3 213 0.014084507 6 213 0.028169014
0.671545 |0.6612 ( Probable ANTIGEN ). 47/47 0.032592238 51/51 |0.017404715 6 267 0.02247191 6 267 0.02247191
0.793744 0.5366 ( Probable ANTIGEN ). 47/47 0.034369885 51/51 |0.020110608 7 351 0.01994302 8 351 0.022792023
0.809882 ]0.6365 ( Probable ANTIGEN ). 47/47 0.030885381 51/51 |0.021884883 2 155 0.012903226 3 155 0.019354839
0.335187 ]0.4879 ( Probable ANTIGEN ). 47/47 0.031914894 51/51 |0.024671407 5 182 0.027472527 5 182 0.027472527
0.905643  ]0.6549 ( Probable ANTIGEN ). 47/47 0.032292382 51/51 |0.015528147 13 620 0.020967742 13 620 0.020967742
0.650735 |0.7504 ( Probable ANTIGEN ). 47/47 0.030988213 51/51 |0.008881601 4 287 0.013937282 6 287 0.020905923
0.773868 10.4910 ( Probable ANTIGEN ). 41/47 0.024822695 43/51 |0.015082956 2 78 0.025641026 2 78 0.025641026
0.811642 ]0.6011 ( Probable ANTIGEN ). 47/47 0.030128432 51/51 |0.015187921 18 661 0.027231467 14 661 0.02118003
0.923882 ]0.4799 ( Probable ANTIGEN ). 47/47 0.030958316 51/51 |0.012074585 7 367 0.019073569 10 367 0.027247956
0.672117 ]0.4026 ( Probable ANTIGEN ). 47/47 0.030005456 51/51 |0.017322547 10 429 0.023310023 9 429 0.020979021
0.756992  0.3146 ( Probable NON-ANTIGEN ). 47/47 0.026703202 51/51 |0.017726282 14 792 0.017676768 13 792 0.016414141
0.88846 0.5064 ( Probable ANTIGEN ). 47/47 0.033937049 50/51 [0.01895965 1 121 0.008264463 3 121 0.024793388
0.785869 |0.5356 ( Probable ANTIGEN ). 46/47 0.026493845 50/51 |0.012245511 7 261 0.026819923 7 261 0.026819923
NA (too big) |0.4449 ( Probable ANTIGEN ). 47/47 0.030630075 50/51 |0.016576679 5 207 0.024154589 5 207 0.024154589
0.574888 ]0.6721 ( Probable ANTIGEN ). 47/47 0.031364637 51/51 |0.013860717 4 348 0.011494253 7 348 0.020114943
0.907002 |0.5756 ( Probable ANTIGEN ). 47/47 0.030746526 51/51 [0.01700102 5 173 0.028901734 4 173 0.023121387
0.190419  ]0.5930 ( Probable ANTIGEN ). 46/47 0.03140289 50/51 |0.016042781 4 187 0.021390374 4 187 0.021390374
0.080124 ]0.4561 ( Probable ANTIGEN ). 47/47 0.030371934 51/51 |0.018859452 3 131 0.022900763 2 131 0.015267176
0.477155 ]0.8020 ( Probable ANTIGEN ). 47/47 0.019142051 51/51 |0.018211815 4 309 0.012944984 6 309 0.019417476
0.614675 0.4591 ( Probable ANTIGEN ). 47/47 0.0224339 51/51 |0.024366232 6 239 0.025104603 5 239 0.020920502
0.793408 |0.7103 ( Probable ANTIGEN ). 47/47 0.017647059 51/51 |0.015282584 4 340 0.011764706 7 340 0.020588235
0.95874 0.5769 ( Probable ANTIGEN ). 46/47 0.030209518 51/51 |0.029187247 1 131 0.007633588 1 131 0.007633588
0.887067  |0.9210 ( Probable ANTIGEN ). 47/47 0.033106383 51/51 |0.017568627 4 250 0.016 6 250 0.024
0.704516 |0.5615 ( Probable ANTIGEN ). 47/47 0.034110098 51/51 |0.016308746 5 315 0.015873016 7 315 0.022222222
0.907579  |0.4899 ( Probable ANTIGEN ). 47/47 0.033066811 51/51 |0.019732734 6 471 0.012738854 6 471 0.012738854
0.929297 ]0.7312 ( Probable ANTIGEN ). 46/47 0.02901354 51/51 [0.02150921 4 165 0.024242424 2 165 0.012121212
0.821862 |0.4732 ( Probable ANTIGEN ). 47/47 0.033000434 51/51 |0.021608643 3 196 0.015306122 3 196 0.015306122
0.304549  0.5542 ( Probable ANTIGEN ). 47/47 0.03318568 51/51 |0.016496018 10 586 0.017064846 8 586 0.013651877
0.892487 ]0.5397 ( Probable ANTIGEN ). 47/47 0.031134101 49/51 |0.013311747 6 218 0.027522936 5 218 0.02293578
0.950173 ]0.4525 ( Probable ANTIGEN ). 47/47 0.028775724 49/50 |0.009964642 10 488 0.020491803 12 488 0.024590164
0.949494 10.6481 ( Probable ANTIGEN ). 47/47 0.030322334 50/51 |0.016613831 6 334 0.017964072 9 334 0.026946108
0.890226 |0.2502 ( Probable NON-ANTIGEN ). 47/47 0.028171789 51/51 |0.014070443 5 216 0.023148148 5 216 0.023148148
0.80023 0.4254 ( Probable ANTIGEN ). 47/47 0.031648936 47/51 |0.015808824 2 160 0.0125 3 160 0.01875
0.682792 |0.3816 ( Probable NON-ANTIGEN ). 47/47 0.032239452 51/51 |0.018079096 6 295 0.020338983 5 295 0.016949153
0.920054 |0.5437 ( Probable ANTIGEN ). 47/47 0.034115225 51/51 |0.016259255 10 527 0.018975332 11 527 0.020872865
0.904344  10.7246 ( Probable ANTIGEN ). 47/47 0.031859773 51/51 |0.020217413 5 193 0.025906736 5 193 0.025906736
0.784612 10.9127 ( Probable ANTIGEN ). 46/47 0.025555042 50/51 |0.023337596 3 184 0.016304348 2 184 0.010869565
0.940451 |0.4962 ( Probable ANTIGEN ). 47/47 0.033054711 51/51 |0.016316527 6 280 0.021428571 4 280 0.014285714
0.791845 ]0.6115 ( Probable ANTIGEN ). 47/47 0.032891611 51/51 |0.020726901 7 403 0.017369727 5 403 0.012406948
0.831711 |0.5512 ( Probable ANTIGEN ). 46/47 0.030750116 45/51 |0.012594819 3 137 0.02189781 2 137 0.01459854
0.925761 |0.5793 ( Probable ANTIGEN ). 47/47 0.03021148 44/51 [0.027249571 7 331 0.021148036 6 331 0.018126888
0.850223 0.6279 ( Probable ANTIGEN ). 46/47 0.028307123 19/51 |0.004092072 3 115 0.026086957 3 115 0.026086957
0.937913 |0.6904 ( Probable ANTIGEN ). 47/47 0.032089292 51/51 |0.015750563 7 244 0.028688525 7 244 0.028688525
0.704674 10.4800 ( Probable ANTIGEN ). 47/47 0.030925981 51/51 |0.012537973 7 355 0.01971831 7 355 0.01971831
0.319204 0.5790 ( Probable ANTIGEN ). 47/47 0.033856189 51/51 |0.016697677 8 411 0.01946472 8 411 0.01946472
0.72435 0.5146 ( Probable ANTIGEN ). 47/47 0.030649244 51/51 |0.016297837 12 622 0.019292605 16 622 0.025723473
0.529446  10.3299 ( Probable NON-ANTIGEN ). 47/47 0.03114228 51/51 |0.011392266 4 179 0.022346369 5 179 0.027932961
0.538797 |0.5232 ( Probable ANTIGEN ). 47/47 0.032396023 50/51 |0.014090058 4 199 0.020100503 3 199 0.015075377
0.855834 ]0.6663 ( Probable ANTIGEN ). 47/47 0.034641292 51/51 |0.017390876 7 398 0.01758794 6 398 0.015075377
0.938587  10.4415 ( Probable ANTIGEN ). 47/47 0.029589968 51/51 |0.015842098 3 151 0.01986755 3 151 0.01986755
0.784243 10.5847 ( Probable ANTIGEN ). 47/47 0.035598973 50/51 |0.017547875 3 275 0.010909091 2 275 0.007272727
0.845601  0.6269 ( Probable ANTIGEN ). 47/47 0.030235162 36/51 |0.010663915 3 114 0.026315789 3 114 0.026315789
0.722375 |0.6082 ( Probable ANTIGEN ). 46/47 0.032996754 48/51 |0.016616816 0 118 0 1 118 0.008474576
0.812169 |0.6132 ( Probable ANTIGEN ). 47/47 0.035460993 51/51 |1.529411765 2 138 0.014492754 2 138 0.014492754
0.636442 0.4531 ( Probable ANTIGEN ). 47/47 0.031550152 51/51 |0.013781513 4 350 0.011428571 3 350 0.008571429
0.831638 ]0.6871 ( Probable ANTIGEN ). 47/47 0.031614377 50/51 |0.029577933 4 177 0.02259887 5 177 0.028248588
0.739556 |0.5079 ( Probable ANTIGEN ). 47/47 0.030669986 51/51 |0.017991239 6 376 0.015957447 9 376 0.02393617
0.873975 0.4828 ( Probable ANTIGEN ). 47/47 0.032386542 51/51 |0.020187385 5 203 0.024630542 5 203 0.024630542
0.868607 |0.5571 ( Probable ANTIGEN ). 47/47 0.031344058 49/51 |0.016738403 5 205 0.024390244 4 205 0.019512195
0.384736 |0.4855 ( Probable ANTIGEN ). 47/47 0.034943853 51/51 |0.015182462 3 288 0.010416667 6 288 0.020833333
0.903362  ]0.5020 ( Probable ANTIGEN ). 47/47 0.03269028 51/51 |0.019150517 4 343 0.011661808 7 343 0.020408163
0.820348 ]0.6526 ( Probable ANTIGEN ). 45/47 0.026675135 51/51 |0.013169447 1 134 0.007462687 2 134 0.014925373
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Appendix 4 : (contains the detailed cumulative calculations for the antigenicity, MHC-I density, MHC-II density,

allele coverage, and B-cell density. And the results of conserved domain search, and annotation from the three

tools, Blannotator, Pannzer, and EggNOG of the top 34 proteins).

Appendix 4.1

. Adhe5|.o.n Overall MHC-1 | MHC-lII | Allele Overall Score of

NCBI ID Length NCBI-Description Probability . ) 3 Bcell
X Antigenicity | Density | Density |coverage ) 5
(vaxign) Density

WP_004684144.1 |274 porin family protein 0.59 0.694460966 |0.960374 |0.939789 |1 0.969894 | 4.564518
WP_002964666.1 |227 OmpW family protein 0.558 |0.802877547 |1 0.812266 |1 0.906133 | 4.521276
WP_002969562.1 |155 hypothetical protein 0.544  ]0.754198664 |0.920436 |0.887055 |1 0.943527 | 4.505217
WP_002966849.1 |280 DUF1849 domain-containing protein 0.6 0.689630255 |0.933001 [0.919651 |1 0.959825 | 4.502107
WP_002964611.1 |351 DUF1176 domain-containing protein 0.546 |0.693372671 |1.02428 |0.815138 |1 0.907569 | 4.44036
WP_004690357.1 |284 porin family protein 0.553 |0.750299346 |0.937721 |0.822744 |1 0.911372 | 4.422137
WP_004681227.1 |238 type IV secretion system protein virB1 0.666 0.622479847 ]0.921811 [0.904958 |0.989796 [0.947377 | 4.386421
WP_002966226.1 |182 hypothetical protein 0.54 0.430010852 |0.951117 |1 1 1 4.381128
WP_002963597.1 |121 hypothetical protein 0.502 ]0.726630617 |1.011381 |0.768487 |0.989796 |0.879141 | 4.375436
WP_004688070.1 |192 hypothetical protein 0.596  |0.756313445 |0.898277 |0.782342 |1 0.891171 | 4.328103
WP_002966502.1 |126 hypothetical protein 0.627 |0.730402286 |0.890729 |0.801067 |1 0.900534 | 4.322732
WP_002964322.1 |329 hypothetical protein 0.592 |0.630945772 |0.992554 |0.741615 |1 0.870807 | 4.235922
WP_002971090.1 |267 hypothetical protein 0.547 ]0.695432551 |0.971303 |0.705461 |1 0.85273 | 4.224927
WP_004691650.1 |620 TonB-dependent receptor 0.537 ]0.813518354 |0.962367 |0.629399 |1 0.814699 | 4.219983
WP_002971481.1 |168 outer membrane protein assembly factor BamE 0.693 0.843703304 ]0.913375 [0.6623 0.979592 |0.820946 | 4.219915
WP_004683739.1 |236 porin family protein 0.562 |0.679882335 |0.93231 |0.734143 |1 0.867071 | 4.213406
WP_004691134.1 403 hypothetical protein 0.623  |0.806488637 |0.85278 |0.660656 |1 0.830328 | 4.150253
WP_002965482.1 |439 sugar ABC transporter substrate-binding protein 0.557 ]0.660534087 |0.941729 |0.682516 [0.989796 |0.836156 | 4.110731
WP_002964333.1 |220 OmpA family protein 0.562 ]0.84728488 |0.985703 [0.516594 |0.989796 |0.753195 | 4.092573
WP_023080793.1 |661 heme transporter BhuA 0.518 ]0.736522799 |0.897878 |0.615608 |1 0.807804 | 4.057813
WP_002964719.1 |261 porin family protein 0.57 0.692904865 |0.923179 |0.618147 |1 0.809073 | 4.043304
WP_002966352.1 |156 DUF2271 domain-containing protein 0.701 ]0.878095257 |0.955182 [0.499272 |0.959184 |0.729228 | 4.020961
WP_004690579.1 |429 cell wall hydrolase 0.514 ]0.559938367 |0.894213 |0.70213 |1 0.851065 | 4.007347
WP_004683944.1 |212 porin family protein 0.62 0.903548892 |0.867371 |0.483604 |0.989796 |0.7367 3.98102
WP_011068938.1 |792 LPS-assembly protein LptD 0.509 ]|0.557742394 |0.7958 |0.718495 |1 0.859247 | 3.931285
WP_002967296.1 |166 BA14K family protein 0.602 ]0.521033517 |0.679915 |0.818698 |1 0.909349 | 3.928996
WP_002964622.1 |170 BA14K family protein 0.588 ]0.764828514 |0.738515 [0.621783 |0.989796 |0.805789 | 3.920711
WP_004683466.1 |213 membrane protein 0.55 0.555717224 |0.943675 |0.604465 |1 0.802233 | 3.90609
WP_002963776.1 |115 DUF2147 0.609 ]0.810198426 |0.865655 [0.559787 |0.918367 |0.739077 | 3.893085
WP_004681306.1 |367 iron ABC transporter substrate-binding protein 0.516 |0.731083916 |0.92261 |0.489416 (1 0.744708 | 3.887818
WP_002964998.1 |177 hypothetical protein 0.679 ]0.813701131 |0.870514 |0.399625 |0.959184 |0.679404 | 3.722428
WP_002964530.1 |287 outer membrane protein assembly factor BamD 0.526 |0.73148021 0.923501 |0.359996 |1 0.679998 | 3.694974
WP_006278325.1 |261 hypothetical protein 0.502 ]0.688763909 |0.789561 [0.496344 |0.979592 |0.737968 | 3.692229
WP_002963780.1 |216 hypothetical protein 0.706  ]0.833965255 |0.848373 |0.342188 |0.928571 |0.63538 | 3.588478
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Appendix 4.2

MHC-Il

» Adhesil({n Protei.nA Protein' (onx:ﬂ) T MHC{;E:HSIW (Propred I1) MHC—(QUD':nslty B-Cell Density B-Cell Density
NCBI ID Length NCBI-Description Proba!)lllty Antigenicity Antlge.nlclty of Alleles in epitopes/47 No. Of. epitopes/47 (?CPred) .(AAP)
(vaxign) | (ANTIGENpro) | (Vaxilen) Ty (Alleles)/length) Alleles in (Alleles)/length) Density:N/length | Density:N/length
query

WP_002963780.1 |216 hypothetical protein 0.706 0.902746 0.6967 47/47 0.028467297 44/51 0.008442266 5 10.023148148 6 [0.02777778
WP_002966352.1 |156 DUF2271 domain-containing protein 0.701 0.882738 0.8005 47/47 0.032051282 47/51 0.012317748 4 10.025641026 4 ]0.02564103
WP_002971481.1 |168 outer membrane protein assembly factor BamE 0.693 0.916867 0.7013 47/47 0.03064843 49/51 0.016339869 4 10.023809524 4 [0.02380952
WP_002964998.1 |177 hypothetical protein 0.679 ]0.931412 0.6298 46/47 0.029210242 48/51 0.009859311 5 [0.028248588 | 5 [0.02824859
WP_004681227.1 |238 type IV secretion system protein virB1l 0.666 0.776825 0.4183 46/47 0.030931522 51/51 0.022326578 7 10.029411765 6 [0.02521008
WP_002966502.1 |126 hypothetical protein 0.627 ]0.958819 0.4441 47/47 0.029888551 51/51 0.019763461 2 [0.015873016 | 3 |0.02380952
WP_004691134.1 |403 hypothetical protein 0.623 0.95578 0.592 47/47 0.028615173 51/51 0.016299324 10 0.024813896 9 [0.02233251
WP_004683944.1 [212 porin family protein 0.62 0.941443 0.791 47/47 0.029104777 50/51 0.011931188 5 [0.023584906 | 5 [0.02358491
WP_002963776.1 |115 DUF2147 0.609 0.89195 0.6621 45/47 0.029047179 45/51 0.013810742 2 (0.017391304 3 [0.02608696
WP_002967296.1 [166 BA14K family protein 0.602  ]0.532994 0.4659 47/47 0.022814663 51/51 0.020198441 4 [0.024096386 | 4 [0.02409639
WP_002966849.1 |280 DUF1849 domain-containing protein 0.6 0.902471 0.4221 47/47 0.031306991 51/51 0.022689076 4 10.014285714 7 [0.025
WP_004688070.1 |192 hypothetical protein 0.596 |0.896893 0.5546 47/47 0.030141844 51/51 0.019301471 4 [0.020833333 | 6 [0.03125
WP_002964322.1 |329 hypothetical protein 0.592 0.5 0.7078 47/47 0.033305309 51/51 0.01829668 5 ]0.015197568 8 [0.02431611
WP_004684144.1 |274 porin family protein 0.59 0.695898 0.6353 47/47 0.032225501 51/51 0.023185917 9 10.032846715 7 [0.02554745
WP_002964622.1 |170 BA14K family protein 0.588 0.814179 0.6525 47/47 0.024780976 50/51 0.015340254 3 10.017647059 4 ]0.02352941
WP_002964719.1 |261 porin family protein 0.57 0.643178 0.6844 47/47 0.030977419 51/51 0.015250545 4 10.01532567 3 [0.01149425
WP_002964333.1 |220 OmpA family protein 0.562  ]0.909901 0.715 47/47 0.033075435 50/51 0.012745098 4 [0.018181818 | 5 [0.02272727
WP_004683739. 236 porin family protein 0.562 0.758413 0.5458 47/47 0.031283808 51/51 0.01811233 4 10.016949153 6 [0.02542373
WP_002964666.1 |227 OmpW family protein 0.558  ]0.964208 0.5768 47/47 0.03355516 51/51 0.020039734 3 10.013215859 | 3 [0.01321586
WP_002965482.1 |439 sugar ABC transporter substrate-binding proteir 0.557 0.800794 0.4671 47/47 0.031599864 50/51 0.016838626 9 ]0.020501139 | 10 |0.02277904
WP_004690357.1 [284 porin family protein 0.553  ]0.669913 0.7673 47/47 0.031465388 51/51 0.02029826 9 [0.031690141 | 5 [0.01760563
WP_004683466.1 |213 membrane protein 0.55 0.240098 0.8212 47/47 0.031665168 51/51 0.014913007 3 [0.014084507 | 6 [0.02816901
WP_002971090.1 |267 hypothetical protein 0.547 0.671545 0.6612 47/47 0.032592238 51/51 0.017404715 6 |0.02247191 6 [0.02247191
WP_002964611.1 |351 DUF1176 domain-containing protein 0.546 0.793744 0.5366 47/47 0.034369885 51/51 0.020110608 7 10.01994302 8 [0.02279202
WP_002969562.1 |155 hypothetical protein 0.544 0.809882 0.6365 47/47 0.030885381 51/51 0.021884883 2 10.012903226 3 [0.01935484
WP_002966226. 182 hypothetical protein 0.54 0.335187 0.4879 47/47 0.031914894 51/51 0.024671407 5 10.027472527 5 [0.02747253
WP_004691650.1 [620 TonB-dependent receptor 0.537  ]0.905643 0.6549 47/47 0.032292382 51/51 0.015528147 13 0.020967742 | 13 |0.02096774
WP_002964530.1 |287 outer membrane protein assembly factor BamD 0.526 0.650735 0.7504 47/47 0.030988213 51/51 0.008881601 4 10.013937282 6 0.02090592
WP_023080793.1 [661 heme transporter BhuA 0.518 0.811642 0.6011 47/47 0.030128432 51/51 0.015187921 180.027231467 | 14 (0.02118003
WP_004681306.1 |367 iron ABC transporter substrate-binding protein 0.516 0.923882 0.4799 47/47 0.030958316 51/51 0.012074585 7 10.019073569 | 10 |0.02724796
WP_004690579.1 [429 cell wall hydrolase 0514 ]0.672117 0.4026 47/47 0.030005456 51/51 0.017322547 10 0.023310023 | 9 |0.02097902
WP_011068938.1 |792 LPS-assembly protein LptD 0.509 0.756992 0.3146 47/47 0.026703202 51/51 0.017726282 1410.017676768 | 13 (0.01641414
WP_002963597.1 [121 hypothetical protein 0.502  |0.88846 0.5064 47/47 0.033937049 50/51 0.01895965 1 10.008264463 | 3 [0.02479339
WP_006278325.1 |261 hypothetical protein 0.502  |0.785869 0.5356 46/47 0.026493845 50/51 0.012245511 7 [0.026819923 | 7 [0.02681992
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Appendix 4.3

. AdheS[qn P-rote{n‘ Prote{n‘ ANTIGENpro Vaxilen overall
NCBI ID Length NCBI-Description Probability | Antigenicity |Antigenicity - - Lo
) ) normalization |normalization| antigenicity
(vaxign) |(ANTIGENpro)| (Vaxilen)

WP_002963780.1]216 hypothetical protein 0.706 0.902746 0.6967 0.936256492 [0.731674018 ]|0.833965255
WP_002966352.1]156 DUF2271 domain-containing protein 0.701 0.882738 0.8005 0.915505783 [0.84068473 ]0.878095257
WP_002971481.1|168 outer membrane protein assembly factor BamE 0.693 0.916867 0.7013 0.950901673 [0.736504936 |0.843703304
WP_002964998.1|177 hypothetical protein 0.679 0.931412 0.6298 0.965986592 [0.661415669 |0.813701131
WP_004681227.1]238 type |V secretion system protein virB1 0.666 0.776825 0.4183 0.805661227 [0.439298467 |0.622479847
WP_002966502.1]126 hypothetical protein 0.627 0.958819 0.4441 0.994410957 [0.466393615 |0.730402286
WP_004691134.1]403 hypothetical protein 0.623 0.95578 0.592 0.991259147 10.621718126 |0.806488637
WP_004683944.1]212 porin family protein 0.62 0.941443 0.791 0.976389949 [0.830707834 ]0.903548892
WP_002963776.1]115 DUF2147 0.609 0.89195 0.6621 0.925059738 10.695337114 |0.810198426
WP_002967296.1]166 BA14K family protein 0.602 0.532994 0.4659 0.552779068 [0.489287965 |0.521033517
WP_002966849.11280 DUF1849 domain-containing protein 0.6 0.902471 0.4221 0.935971284 [0.443289225 ]|0.689630255
WP_004688070.1]192 hypothetical protein 0.596 0.896893 0.5546 0.930186225 [0.582440664 |0.756313445
WP_002964322.1]329 hypothetical protein 0.592 0.5 0.7078 0.518560311 [0.743331233 ]|0.630945772
WP_004684144.11274 porin family protein 0.59 0.695898 0.6353 0.721730166 [0.667191766 |0.694460966
WP_002964622.1]170 BA14K family protein 0.588 0.814179 0.6525 0.84440183 0.685255198 ]0.764828514
WP_002964719.1]261 porin family protein 0.57 0.643178 0.6844 0.667053167 [0.718756564 |0.692904865
WP_002964333.1]220 OmpA family protein 0.562 0.909901 0.715 0.94367709 0.75089267 ]0.84728488
WP_004683739.1|236 porin family protein 0.562 0.758413 0.5458 0.786565762  |0.573198908 |0.679882335
WP_002964666.1]227 OmpW family protein 0.558 0.964208 0.5768 1 0.605755093 ]0.802877547
WP_002965482.1]439 sugar ABC transporter substrate-binding protein 0.557 0.800794 0.4671 0.830519971 |0.490548204 |0.660534087
WP_004690357.1]284 porin family protein 0.553 0.669913 0.7673 0.694780587 [0.805818105 ]|0.750299346
WP_004683466.1]213 membrane protein 0.55 0.240098 0.8212 0.249010587 [0.862423861 |0.555717224
WP_002971090.1]267 hypothetical protein 0.547 0.671545 0.6612 0.696473168 [0.694391934 ]|0.695432551
WP_002964611.1|351 DUF1176 domain-containing protein 0.546 0.793744 0.5366 0.82320827 0.563537072 |0.693372671
WP_002969562.1]155 hypothetical protein 0.544 0.809882 0.6365 0.839945323 [0.668452006 |0.754198664
WP_002966226.1]182 hypothetical protein 0.54 0.335187 0.4879 0.34762935 0.512392355 ]0.430010852
WP_004691650.11620 TonB-dependent receptor 0.537 0.905643 0.6549 0.939261031 [0.687775677 |0.813518354
WP_002964530.1|287 outer membrane protein assembly factor BamD 0.526 0.650735 0.7504 0.674890687 |0.788069733 |0.73148021
WP_023080793.1]661 heme transporter BhuA 0.518 0.811642 0.6011 0.841770655 [0.631274942 ]0.736522799
WP_004681306.1|367 iron ABC transporter substrate-binding protein 0.516 0.923882 0.4799 0.958177074 [0.503990758 |0.731083916
WP_004690579.11429 cell wall hydrolase 0.514 0.672117 0.4026 0.697066401 [0.422810334 |0.559938367
WP_011068938.1]792 LPS-assembly protein LptD 0.509 0.756992 0.3146 0.785092013 [0.330392775 |0.557742394
WP_002963597.1]121 hypothetical protein 0.502 0.88846 0.5064 0.921440187 |0.531821046 |0.726630617
WP_006278325.1]261 hypothetical protein 0.502 0.785869 0.5356 0.815040946 [0.562486873 ]|0.688763909
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Appendix 4.4

q MHC-I MHC-I Density MHC-II MHC-II Density Allele
GElET (Propred 1) (Sum (Propred 11) (Sum counts for Allele
RCED ISREt WISl SR AT Pr&:i?;::;y No. of Alleles epitopes/47  [No.of Alleles | epitopes/51 MHC-| MHC-1I both MHC | coverage
in query (Alleles)/length) [ in query [(Alleles)/length) (98)

WP_002963780.1{216 _|hypothetical protein 0.706 47 0.028467297 44 0.008442266 0.848373164 |0.342188258 91 0.9285714
WP_002966352.1{156  |DUF2271 domain-containing protein 0.701 47 0.032051282 47 0.012317748 0.955181922 10.499272198 94 0.9591837
WP_002971481.1{168 _|outer membrane protein assembly factor BamE 0.693 47 0.03064843 49 0.016339869 0.913374568 |0.662299854 96 0.9795918
WP_002964998.1(177 _ |hypothetical protein 0.679 46 0.029210242 48 0.009859311 0.870514156 |0.399624997 94 0.9591837
WP_004681227.1|1238 |type IV secretion system protein virB1 0.666 46 0.030931522 51 0.022326578 0.921811183 |0.904957616 97 0.9897959
WP_002966502.1[{126 _ |hypothetical protein 0.627 47 0.029888551 51 0.019763461 0.890728917 |0.801067443 98 1
WP_004691134.1(403 _ |hypothetical protein 0.623 47 0.028615173 51 0.016299324 0.852780127 |0.66065643 98 1
WP_004683944.1(212 |porin family protein 0.62 47 0.029104777 50 0.011931188 0.867371139 |0.483603856 97 0.9897959
WP_002963776.1|115 [DUF2147 0.609 45 0.029047179 45 0.013810742 0.865654603 |0.559787355 90 0.9183673
WP_002967296.1[{166 _ |BA14K family protein 0.602 47 0.022814663 51 0.020198441 0.679915191 |0.818698374 98 1
WP_002966849.1(280 |DUF1849 domain-containing protein 0.6 47 0.031306991 51 0.022689076 0.933000798 10.919650655 98 1
WP_004688070.1[{192  |hypothetical protein 0.596 47 0.030141844 51 0.019301471 0.898277467 |0.782341703 98 1
WP_002964322.1{329 _ |hypothetical protein 0.592 47 0 51 0.01829668 0.992554041 |0.741614791 98 1
WP_004684144.1(274 |porin family protein 0.59 47 0.032225501 51 0.023185917 0.960373935 |0.939788991 98 1
WP_002964622.1|170 _ |BA14K family protein 0.588 47 0.024780976 50 0.015340254 0.738514624 0.621782687 97 0.9897959
WP_002964719.1[261 |porin family protein 0.57 47 0.030977419 51 0.015250545 0.923179006 |0.618146531 98 1
WP_002964333.1{220 _|OmpA family protein 0.562 47 0.033075435 50 0.012745098 0.985703403 |0.516593886 97 0.9897959
WP_004683739.1[236 _|porin family protein 0.562 47 0.031283808 51 0.01811233 0.932309914 |0.734142551 98 1
WP_002964666.1|227 |OmpW family protein 0.558 47 0.03355516 51 0.020039734 1 0.812265548 98 1
WP_002965482.1[439  |sugar ABC transporter substrate-binding protein 0.557 47 0.031599864 50 0.016838626 0.941728917 |0.682515841 97 0.9897959
WP_004690357.1{284 |porin family protein 0.553 47 0.031465388 51 0.02029826 0.9377213 0.822744326 98 1
WP_004683466.1(213 |membrane protein 0.55 47 0.031665168 51 0.014913007 0.943675086 |0.604465219 98 1
WP_002971090.1(267 _|hypothetical protein 0.547 47 0.032592238 51 0.017404715 0.971303329 |0.705460969 98 1
WP_002964611.1{351 |DUF1176 domain-containing protein 0.546 47 0.034369885 51 0.020110608 1.024280189 |0.815138282 98 1
WP_002969562.1[155 |hypothetical protein 0.544 47 0.030885381 51 0.021884883 0.920436115 |0.887054515 98 1
WP_002966226.1[{182  |hypothetical protein 0.54 47 0.031914894 51 0.024671407 0.951117318 |1 98 1
WP_004691650.1(620 |TonB-dependent receptor 0.537 47 0.032292382 51 0.015528147 0.962367093 |0.629398507 98 1
WP_002964530.1|287  |outer membrane protein assembly factor BamD 0.526 47 0.030988213 51 0.008881601 0.923500672 [0.35999574 98 1
WP_023080793.1[661 _|heme transporter BhuA 0.518 47 0.030128432 51 0.015187921 0.897877771 |0.615608216 98 1
WP_004681306.1|367  |iron ABC transporter substrate-binding protein 0.516 47 0.030958316 51 0.012074585 0.922609715 [0.489416132 98 1
WP_004690579.1({429 |cell wall hydrolase 0.514 47 0.030005456 51 0.017322547 0.894212863 |0.702130475 98 1
WP_011068938.1|792 _ |LPS-assembly protein LptD 0.509 47 0.026703202 51 0.017726282 0.795800181 |0.718494994 98 1
WP_002963597.1{121 _|hypothetical protein 0.502 47 0.033937049 50 0.01895965 1.01138095 |0.768486773 97 0.9897959
WP_006278325.1{261 _|hypothetical protein 0.502 46 0.026493845 50 0.012245511 0.789560992 |0.496344259 96 0.9795918
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Appendix 4.5

Adhesion B-Cell Density . overall
NCBI ID Length NCBI-Description Probability (BCPred) B';:L'S?;’_’;}er;f) norri?l)i';dﬁon norm’:ﬁ;ﬁon B cell

(vaxign) Density:N/length . density
WP_002963780.1 [216 hypothetical protein 0.706 5 ]0.023148148 (6 |0.027777778 |0.70473251 |0.801587302 |0.753159906
WP_002966352.1 |156 DUF2271 domain-containing protein 0.701 4 10.025641026 |4 |0.025641026 |0.780626781 (0.73992674 |0.76027676
WP_002971481.1 |168 outer membrane protein assembly factor BamE 0.693 4 [0.023809524 |4 0.023809524 |0.724867725 |0.68707483 0.705971277
WP_002964998.1 |177 hypothetical protein 0.679 5 ]0.028248588 |5 |0.028248588 |0.860012555 |[0.815173527 |0.837593041
WP_004681227.1 |238 type IV secretion system protein virB1 0.666 7 10.029411765 (6 |0.025210084 |0.895424837 |0.727490996 |0.811457916
WP_002966502.1 [126 hypothetical protein 0.627 2 |0.015873016 |3 |0.023809524 |0.48324515 (0.68707483 |0.58515999
WP_004691134.1 [403 hypothetical protein 0.623 10 (0.024813896 |9 ]0.022332506 |0.755445272 |0.644452322 |0.699948797
WP_004683944.1 [212 porin family protein 0.62 5 ]0.023584906 |5 |0.023584906 [0.71802935 |0.680592992 |0.699311171
WP_002963776.1 [115 DUF2147 0.609 2 |0.017391304 (3 |0.026086957 |0.529468599 |[0.752795031 |0.641131815
WP_002967296.1 |166 BA14K family protein 0.602 4 10.024096386 (4 0.024096386 [0.733601071 |0.69535284 |0.714476955
WP_002966849.1 |280 DUF1849 domain-containing protein 0.6 4 10.014285714 |7 0.025 0.434920635 |0.721428571 |0.578174603
WP_004688070.1 [192 hypothetical protein 0.596 4 10.020833333 (6 |0.03125 0.634259259 |0.901785714 |0.768022487
WP_002964322.1 [329 hypothetical protein 0.592 5 ]0.015197568 (8 0.024316109 |0.462681527 |0.701693443 |0.582187485
WP_004684144.1 |274 porin family protein 0.59 9 ]0.032846715 |7 |0.025547445 |1 0.737226277 |0.868613139
WP_002964622.1 |170 BA14K family protein 0.588 3 |0.017647059 (4 |0.023529412 |0.537254902 |0.678991597 |0.608123249
WP_002964719.1 [261 porin family protein 0.57 4 10.01532567 3 [0.011494253 |0.466581524 |0.331691297 |0.399136411
WP_002964333.1 |220 OmpA family protein 0.562 4 10.018181818 [5 0.022727273 |0.553535354 |0.655844156 |0.604689755
WP_004683739.1 [236 porin family protein 0.562 4 10.016949153 (6 |0.025423729 |0.516007533 |0.733656174 |0.624831854
WP_002964666.1 [227 OmpW family protein 0.558 3 ]0.013215859 (3 |0.013215859 |0.402349486 |0.381371932 |0.391860709
WP_002965482.1 |439 sugar ABC transporter substrate-binding protein 0.557 9 ]0.020501139 (10 |0.022779043 |0.624145786 |0.657338106 |0.640741946
WP_004690357.1 |284 porin family protein 0.553 9 ]0.031690141 |5 |0.017605634 |0.964788732 |0.50804829 |0.736418511
WP_004683466.1 |213 membrane protein 0.55 3 ]0.014084507 (6 |0.028169014 |0.428794992 |0.812877264 |0.620836128
WP_002971090.1 [267 hypothetical protein 0.547 6 [0.02247191 6 [0.02247191 0.684144819 (0.64847512 |0.66630997
WP_002964611.1 [351 DUF1176 domain-containing protein 0.546 7 10.01994302 8 10.022792023 |0.607154163 |0.657712658 |0.63243341
WP_002969562.1 [155 hypothetical protein 0.544 2 ]0.012903226 (3 |0.019354839 [0.392831541 |0.558525346 |0.475678443
WP_002966226.1 [182 hypothetical protein 0.54 5 ]0.027472527 |5 |0.027472527 |0.836385836 |(0.79277865 |0.814582243
WP_004691650.1 |620 TonB-dependent receptor 0.537 13 (0.020967742 |13 |0.020967742 |0.638351254 |0.605069124 ]0.621710189
WP_002964530.1 |287 outer membrane protein assembly factor BamD 0.526 4 10.013937282 (6 |0.020905923 |0.424312815 |0.603285217 |0.513799016
WP_023080793.1 |661 heme transporter BhuA 0.518 18 [0.027231467 |14 |0.02118003 0.829046899 |0.611195159 |0.720121029
WP_004681306.1 |367 iron ABC transporter substrate-binding protein 0.516 7 10.019073569 |10 |0.027247956 |0.580684226 |0.78629817 |0.683491198
WP_004690579.1 [429 cell wall hydrolase 0.514 10 (0.023310023 |9 ]0.020979021 |0.70966071 ]0.605394605 |0.657527658
WP_011068938.1 |792 LPS-assembly protein LptD 0.509 14 (0.017676768 |13 |0.016414141 |0.538159371 |0.473665224 |0.505912298
WP_002963597.1 [121 hypothetical protein 0.502 1 |[0.008264463 |3 |0.024793388 |0.251606979 |0.715466352 |0.483536665
WP_006278325.1 |261 hypothetical protein 0.502 7 10.026819923 (7 ]0.026819923 |0.816517667 |0.77394636 |0.795232014
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Appendix 4.6

Query Hit type FI:) To | E-Value B't:cor Accession Short name Incomplete | Superfamily

Q#2 - WP_002966352.1 [specific 24 140|3.11E-41 |136.942 [pfam10029 |DUF2271 - cl21544
Q#3 - WP_002971481.1 |specific 8 154|1.93E-56 (177.212 [COG2913 BamE - 119285
Q#4 - WP_002964998.1 |[specific 86 175[1.33E-22 (88.5378 [pfam02974 [Inh - cl03811
Q#5 - WP_004681227.1 |superfamily |7 165|4.00E-21 |89.1483 ([cl00222 lysozyme_like superfamily C -

Q#7 - WP_004691134.1 |specific 2 299|3.56E-135[392.951 |COG3034 |YafK - cl21614
Q#7 - WP_004691134.1 |superfamily [238 | 396|0.005997 [38.6772 |[cl26386 DNA_pol3_gamma3 superfamily [NC -

Q#8 - WP_004683944.1 |[specific 40 212(1.14E-25 |100.534 |COG3637 LomR - cl21487
Q#10 - WP_002963776.1|specific 1 115|6.73E-22 (86.3671 [COGA4731 COG4731 N cl01951
Q#11 - WP_002967296.1|specific 134 [ 163[9.05E-13 |60.1561 |pfam07886 |BA14K - cl06774
Q#12 - WP_002966849.1(specific 31 270|7.58E-116|336.919 |pfam08904 |DUF1849 - cl07482
Q#14 - WP_002964322.1(specific 28 326(1.13E-129|377.056 |TIGR02122 |TRAP_TAXI - 126668
Q#15 - WP_004684144.1(specific 11 256(2.68E-31 |117.098 |COG3637 LomR - cl21487
Q#16 - WP_002964622.1|specific 139 168(2.72E-10 [53.2225 [pfam07886 [BA14K - cl06774
Q#17 - WP_002964719.1(specific 9 261(1.77E-35 |127.884 |COG3637 LomR - cl21487
Q#18 - WP_002964333.1|specific 77 216(4.36E-59 |187.749 |COG2885 OmpA N cl28145
Q#19 - WP_004683739.1|specific 31 236|6.49E-41 [141.366 |COG3637 |LomR - cl21487
Q#20 - WP_002964666.1|specific 43 227(4.49E-83 |249.966 |COG3047 OmpW - cl21487
Q#21 - WP_002965482.1|specific 42 429|4.18E-56 |193.005 |cd13585 PBP2_TMBP_like - cl21456
Q#23 - WP_004690357.1specific 1 283(9.46E-34 |124.032 |COG3637 LomR - cl21487
Q#25 - WP_004683466.1|specific 5 213|1.74E-41 [142.136 |COG3637 |LomR - cl21487
Q#26 - WP_002971090.1|superfamily [189 | 267|5.82E-05 [43.0689 [cl21487 OM_channels superfamily N -

Q#27 - WP_002964611.1|specific 32 349(6.04E-91 |278.874 |pfam06674 |DUF1176 - cl05951
Q#29 - WP_002966226.1|specific 1 178|3.78E-104(300.562 [COG3470 Tpd - cl01377
Q#30 - WP_004691650.1|specific 21 620|0 757.343 |COG4206  |BtuB - cl26861
Q#31 - WP_002964530.1specific 17 267(3.97E-117|340.83 |COG4105 BamD - cl26155
Q#33 - WP_023080793.1|superfamily |38 655|7.15E-67 [234.209 |cl26861 CirA superfamily - -

Q#34 - WP_004681306.1|specific 56 365|1.06E-59 [197.658 |COG1840 |AfuA - cl25412
Q#35 - WP_004690579.1|specific 180 | 429|2.06E-109(326.317 |COG3773 |CwlJ - cl26889
Q#36 - WP_011068938.1|specific 7 7910 725.363 [COG1452 LptD - cl27152
Q#37 - WP_002963597.1|specific 27 121|3.71E-40 [132.625 [COG3895 MIiC - cl01604
Q#38 - WP_006278325.1[superfamily |78 164(4.80E-06 [47.0164 |[cl26386 DNA_pol3_gamma3 superfamily [NC -
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Appendix 4.7

NCBI ID Lengtl NCBI D i Blannotator PANNZER EggNoc

WP 0029637764 [115  |pUF2147 putative protein without homology S:rft‘:f:""a'ph“m"“e ABC transporter ATP-binding |, . cterized protein conserved in bacteria (DUF2147)

WP 0029635971 [121  |hypothetical protein 'g"fy’:z’;::::‘:d Iysozyme inhibitor of Membrane-bound lysozyme inhibitor of C-type lysozyme [Membrane-bound lysozyme-inhibitor of c-type lysozyme

WP 002966502.1 [126 _|hypothetical protein Outer membrane lipoprotein omp10 Outer membrane protein 10 Outer membrane lipoprotein

WP 002969562.1 [155 |hypothetical protein putative protein without homol ogy Uncharacterized protein B

WP 002966352.1 [156 | DUF2271 domain-containing protein putative protein without homology Tat pathway signal protein Predicted periplasmic protein (DUF2271)

WP 002967296.1 |166__|BAL4K family protein putative protein without homol ogy |mmunoreactive protein BAL4k BAL4K family

WP 002971481.1 |168__|outer membrane protein assembly factor BamE |putative protein without homology Outer membrane protein assembly factor BamE smpa omla domain-containing protein

WP 002964622.1 [170 _|BALAK family protein putative protein without homology Glutelin BAL4K-like protein

WP 002964998.1 [177 _|hypothetical protein Outer membrane lipoprotein omp19 Outer membrane lipoprotein omp19 Outer membrane lipoprotein

WP 002966226.1 [182_|hypothetical protein UPF0423 protein BAB2_0840 Pathogen-specific membrane antigen Periplasmic Protein

WP 004688070.1 [192 _|hypothetical protein putative protein without homology Uncharacterized protein NA

WP 0046839441 [212_|porin family protein putative protein without homol ogy Outer-membrane protein Omp25 membrAne

WP 004683466.1 [213 _|membrane protein 25 kDa outer-membrane immunogenic protein | Outer membrane protein 25 membrAne

WP 002963780.1 [216 _|hypothetical protein putative protein without homology Uncharacterized protein NA

WP 0029643331 [220 _|OmpA family protein Probable lipoprotein YiaD Cell envelope biogenesis protein OmpA Ompa moth domain protein

WP_002964666.1 |227 OmpW family protein Uncharacterized outer-membrane protein yAmB |OmpW family outer membrane protein outer membrane protein W

WP _004683739.1 [236  |porin family protein putative protein without homology 2:::::"7‘::::;9:\;:\“te::':i:‘l;;f:er::s)'barre' hemin binding protein

WP 004681227.1 [238 _|type IV secretion system protein virB1 Type IV secretion system protein virBL Type IV secretion system protein virBl Conjugal transfer protein

WP 002964719.1 [261 _|porin family protein 31 kDa outer-membrane immunogenic protein | Outer membrane protein Omp31 Outer membrane protein Omp31

WP 006278325.1 [261 _|hypothetical protein putative protein without homology Proline-rich region:Proline-rich extensin

WP 0029710901 [267 _[hypothetical protein putative protein without homol ogy Outer membrane beta-barrel domain protein NA

WP 004684144.1 [274 _|porin family protein putative protein without homology Porin opacity type heat resistant agglutinin 1

WP 002966849.1 |280 | DUF1849 domain-containing protein putative protein without homol ogy ATP/GTP-binding site domain-containing protein A Domain of unknown function (DUF1849)

WP_004690357.1 [284 |porin family protein Uncharacterized protein BRA0921/B51330_110913|Heat resistant agglutinin 1 heat resistant agglutinin 1
Partof the outer membrane protein assembly complex,

WP 002964530.1 [287  |outer membrane protein assembly factor BamD [Outer membrane protein assembly factor BamD |Outer membrane protein assembly factor BamD which is involved in assembly and insertion of beta-
barrel proteins into the outer membrane

WP 0029643221 [329 _|hypothetical protein 31 kDa immunogenic protein ‘Alkanesulfonate transporter substrate-binding subunit_|trap transporter solute receptor taxi family

WP 0029646111 [351 | DUF1176 domain-containing protein putative protein without homol ogy Uncharacterized protein Protein of unknown function (DUF1176)

WP 004681306.1 [367 _[iron ABC transporter substrate-binding protein |putative protein without homology Periplasmic binding ABC transporter solute-binding protein

WP 004691134.1 [403 _|hypothetical protein Putative LD-transpeptidase Yafk Pollen allergen Poa plX/Phl pVI ErfK ybiS ycfS ynhG family protein

WP 0046905791 [429 _|cell wall hydrolase putative protein without homol ogy Cell wall hydrolyses involved in spore germination | Cell wall hydrolase

WP 0029654821 [439 _|sugar ABC transporter substrate-binding proteiputative protein without homology ABC-type sugar transport system periplasmic component|extracellular sol ute-binding protein family 1
Involved in the active translocation of vitamin B12
(cyanocobalamin) across the outer membrane to the

WP 004691650.1 [620  |TonB-dependent receptor putative protein without homology Iron compound TonB-dependent receptor periplasmic space. It derives its energy for transport by
interacting with the trans-periplasmic membrane protein
TonB (By similarity)

WP 023080793.1 [661 |heme transporter BhuA Heme transporter BhuA Heme transporter bhuA receptor
involved in the assembly of LPS in the outer leaflet of the

WP_011068938.1 [792  [LPs-assembly protein Lptd putative protein without homology LPS-assembly protein LptD outer membrane. Determines N-hexane tolerance and is

involved in outer membrane permeability. Essential for
envelope biogenesis (By similarity)
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