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Abstract

Plesiomonas shigelloides is an anaerobic, facultative, gram-negative rod shaped
bacteria that was recently recognized as the only oxidase-positive member of the
Enterobacteriaceae family. P. shigelloides, like many other Enterobacteriaceae
species, can be found in a variety of hosts, including dogs, pigs, cats, cows, and
primates. Although P. shigelloides is normally considered as freshwater bacteria,
it has been correlated to diseases. P. shigelloides is spread mostly by environ-
mental media, particularly freshwaters. Ingestion of contaminated water, infected
aquatic foods, and contaminated vegetables has been linked to faecal-oral trans-
mission. Furthermore, P. shigelloides disease(diarrhea) has been linked to inter-
action with reptiles, amphibians, and recreational or occupational activities that
enhance contact with freshwaters. In the framework of this study, the entire pro-
teome of P. shigelloides strains was extracted, revealing a total of 3354 proteins.
Six target proteins were isolated from 3354 proteins using a subtractive proteomics
approach. A reversed vaccinology-based immunoinformatics technique was utilized
to assess the toxicity, antigenicity, and allergenicity of four target proteins used
to produce the MEV (multi epitope vaccination) construct. Several techniques
employed molecular docking analysis to better understand vaccine binding energy,
binding affinities, and interactions. The fact that MEV forms binding contacts
with TLR4, MHCI, and MHCII demonstrated that all of these candidate vaccines
fit nicely into the MEV’s associated protein. Furthermore, MEV construct had
higher binding energies of —51.5 + / — 10.3,—60.5 + / — 9.2, —-70.4 + / — 23.7,
and —79.7+ / — 11.2 kcal/mol against TLR4, TLR2, MHCII, and MHCI. Simula-
tions were done on docked complexes, validating previous findings. The respective
codon of the vaccine design was optimized and then in silico cloned into an F.
coli expression host to achieve maximum vaccination protein expression. Despite
the fact that the in silico analysis utilized in this study produced reliable results,
more research is required to confirm the efficacy and performance of the proposed

vaccine candidate.
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Chapter 1

Introduction

1.1 Background

Plesiomonas shigelloides is a facultative, anaerobic, gram-negative rod shaped
bacteria that has been recently identified as the Enterobacteriaceae’s first oxidase-
positive member of Enterobacteriaceae family. P. shigelloides, like many other
Enterobacteriaceae species, can be found in a variety of hosts, such as dogs, pigs,
cows, cats and primates [1]. Although P. shigelloides is normally considered as
freshwater bacteria, it has been correlated with diseases. P. Shigelloides is spread
mostly by environmental media, particularly freshwaters. Faecal-oral transmission
has been associated to drinking polluted water, eating infected aquatic foods, and
eating contaminated vegetables. Furthermore, Plesiomonas shigelloides disease
and infections have been linked to interaction with reptiles, amphibians, and oc-
cupational or recreational activities which increase relation with fresh water [2-4].

P. shigelloides phylogenetic status has been long a point of contention.

It was previously considered as part of C27 group, along with the main antigen
of P. shigelloides Shigellasonner phase 1 was later discovered to share a set of
characteristics with other one bacterial taxa, leading to it being misidentified into
the genus the Vibrionaceae or Aeromonas family. Phylogenetic study using 16S

and 5S data, as well as information from MLST (multilocus sequence typing),

1



Introduction 2

has shown this genus belongs to the family of FEnterobacteriaceae, rather than
the Proteus clade [5, 6]. Plesiomonas shigelloides, a novel Enterobacteriaceae
family member, is considered an emerging intestinal pathogen. In humans, it has
been linked to both intestinal and extra intestinal illnesses. There have also been
instances of Plesiomonas involvement in animal episodes of diarrhea. In most
aquatic habitats, these microbes can be found [7]. Although these studies were
carried out in locations where mixed infections are widespread, none of them looked
into coinfections to our knowledge. P. shigelloides pathogenicity was evaluated in
a province in northwestern Ecuador in the setting of across all age groups and

co-infections [8].

Plesiomonas has been blamed for a lot of infections for many years. Gastroenteritis
and other forms of diarrhea are among them. Infant meningoencephalitis, sepsis,
septic shock and eningitis are examples of extra intestinal diseases that affect the
central nervous system, and are of particular concern. Peritonitis, cellulitis, wound

and foot infections, endophthalmitis, and keratitis are examples of other infections.

Plesiomonas has been linked to pneumonia, peritonitis, cholangitis, pyosalpinx,
pseudo-appendicitis, migratory polyarthritis, cholecystitis and pancreatitis. On
the other hand, determining the pathogenic strains and associated virulence mark-
ers has been difficult and frustrating. While most standard methods produced
equivocal results in terms of the pathogenicity of bacteria, in place found this the
microorganism’s and its potential for pathogenicity is minimal [9]. Plesiomonas
shigelloides also belongs to the Vibrionaceae family, which has received little at-
tention from the medical world until lately due to its occasional link to human
disease. The development of this bacterium as a pathogen of potential enteric of
humans and as the infections substances a variety of extra intestinal illnesses is
partly responsible for the current spike of scientific interest in it [9-12]. In the En-
terobacteriaceae family, P. shigelloides is a genus with just one specie. It has long
been recognized to cause diseases including travelers’ diarrhea, gastroenteritis, and
serious extra intestinal infections. P. shigelloides has also been solely blamed for
some foodborne and waterborne outbreaks, based on good microbiological and

epidemiological evidence [13]. P. shigelloides was first discovered by Henderson
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and Ferguson in 1947 and P. shigelloides is a genus with just one species. In-
gesting contaminated drinking water or foods, as well as coming into contact with
infected animals, are all ways for humans to become affected from P. shigelloides.
P. shigelloides is an only source of outer intestinal disorders like as sepsis, septic
arthritis, cellulites, osteomyelitis and meningitis. Immunodeficiency, cirrhosis and
sickle cell disease are the underlying disorders associated with extra intestinal in-
fections [9].

In China, P. shigellosis genotypes were detected in the faeces of a captive YFP
kept in semi-natural settings. Whole genome sequencings were performed on strain
EE2. Ten separate P. shigellosis’s samples from human sources, animals and en-
vironmental were then matched d to the draught genome. With the Using of
Pathosystems Commodity Integration Center (PATRIC) channel, which can pro-
vide analytical tools that support biomedical study of infectious bacteria diseases
and incorporated data, the goal of this study is to further characterize known
pathogenicity as well as find new virulence - associated factors [14].

Although P. shigelloides could be determined by a range of available commercially
biochemical experiments (Vitex 2 system and Phoenix 100 ID/AST NID card),
its low incidence in feces samples and small colony size may cause its presence
to be neglected. Only one other P. shigelloides draught genome sequence, strain
302 — 73, is currently available. However, this sequence is made up of 13 scaffolds

that contain 389 contigs.

The entire genome sequence of P. shigelloides from the type strain NCTC10360
has been published for the first time [3]. P. shigelloides infections have been stud-
ied prospectively in Hong Kong and China, and examples of P. shigelloides co-
infection with viral diarrheal pathogens and bacteria have been recorded. P. shigel-
loides gastroenteritis is widespread in various areas of the world, North America

and Europe have lower rates, while Africa and Southeast Asia have higher rates.

Even this, P. shigelloides infection is commonly under estimated, in part because
it has several clinical symptoms with other infections. Because, P. shigelloides
is not commonly tested in medical settings, hence knowledge of this pathogen

is limited [3, 15-21]. Because of the possibility for disease transmission, bacterial
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pollution of surface waterways (including rivers) has remained a serious problem in
quality of water [22]. Several bacteria found in surface water are well-known highly
infectious that exhibit the difficult trait of drug resistance. P. shigelloides, Vibrio
spp., and Aeromonas spp. are examples of pathogens that have been identified as
the cause of a variety of opportunistic diseases. But while antibiotic resistance is
a well-known nosocomial problem, the environment’s role in the replication and
dispersion of antibiotics, as well as the resistance factor, is becoming more widely
recognized [23]. Releases from municipal wastewater systems, pharmacological
sewage, and agricultural waste material are known to contain a high numbers
of bacteria which have been revealed to some drug concentrations, resulting in
resistant bacteria and their affiliated resistance genes being loaded into the external
field [24, 25]. The development of organisms with numerous antibiotic resistances
poses a serious public health danger, resulting in longer hospital stays, longer

treatment times, and even failure in viral disease treatment.

As a result, Plesiomonas pathogenicity should be characterized using rapid spe-
cific culture-independent techniques. A large number of bacteria that have been
exposed to some drug concentrations are found in municipal wastewater system
releases, pharmacological effluent, and agricultural waste material, and these bac-

teria and their associated resistance genes are then released into the external field.

The development of organisms with numerous a severe threat to public health is
posed by antibiotic resistance, resulting in longer hospital stays, longer treatment
times, and even failure in viral disease treatment. It wouldn’t only make clear
previously unknown virulence characteristics related with certain strains, but it
would also reveal previously unrecognized virulence characteristics connected with
specific strains, but it would also contribute in the construction of quick and mod-
erate methods for strain screening and diagnostic Plesiomonas characterization
[26-29]. Immunodeficiency, cirrhosis, sickle cell disease and are the disorders that
underlie extra pulmonary infections. To date, 10 examples of P. shigelloides sep-
sis and meningitis in newly born have been recorded, with 70% of these cases
resulting in the patient’s death. A child has been diagnosed with P. shigelloides

meningoencephalitis and sepsis; this is the 2nd report in Europe, however the first
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to survive [30]. To get a greater understanding of P. shigelloides genetic diver-
sity and pathogenic ability, we produced complete sequences of genome with 12 of
strains represent distinct serogroups which O-antigen genes clusters have already
published. P. shigelloides phylogenetic position and species-specific genetic fea-
tures were investigated utilizing phylogeny for a wider group of Enterobacterales
organisms. P. shigelloides evolutionary and genetic diversity dynamics were stud-
ied using a pan-genome approach [13, 31].

Vaccination is now the most effective method of boosting the immune system and
combating infectious diseases. Vaccine subunits could support fragments of anti-
genic proteins which can emulate current pathogen effects and lead to an immuno-
logical response to the infection [32]. The vaccine’s components contain antigenic
protein particles that can replicate the presence of a natural infection and trigger

an immune response against with the infection being targeted.

Multi-epitope vaccines reduce undesirable parts of pathological immune reactions
or adverse reactions when compared to traditional vaccine [33]. Epitope-based
vaccines can be cost-effective, can focus immune responses on conserved epitopes,
increase safety, and rationally develop epitopes for increased breadth and potency.
Scientists have worked over many years to reduce the vaccine development side
effects, time and costs. Currently, various immunoinformatic-based strategies for
developing and designing competent and efficient new generation epitope-based

vaccines are readily available [34].

Our first aim was to create a vaccine which would trigger a powerful immune re-
sponse following immunisation because we were aware of all the advantages of a
multi-epitope vaccine. In studies, a proteome of P. shigelloides was examined to
identify the highest antigenic proteins and to predict the various T-cell and B-cell
epitopes with their corresponding important histocompatibility complexes (MHC)
alleles. Finally, using the most potent epitopes, a multi-epitope-based subunit vac-
cine (MEBSV) with appropriate adjuvants and linkers was designed. The MEBSV
sequence was used for the physiochemical and immunological profiling followed by
tertiary structure prediction. Disulfide engineering was employed in order to in-

crease stability of the three-dimensional (3D) structure. Simulation and Molecular
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docking were used to examine the vaccine-receptor complex’s binding interaction
and stability. Furthermore, immunological responses caused by the MEBSV anti-
gen were simulated to see how effective it is in real life. Finally, the MEBSV
codon was optimized for the E. coli system, followed by in silico cloning [3]. Re-
verse vaccinology approach was applied to proteome to identify three essential and
antigenic proteins: LPS-assembly protein LptD, outer-membrane lipoprotein car-
rier protein, and lipopolysaccharide export system protein. The epitope mapping
and prioritizing of these proteins resulted in selecting nine T cells and five B cell

epitopes, which were attached together with the use of suitable linkers.

An adjuvant (Cholera Toxin B) was added to the vaccine construct’s N-terminus
to increase immunogenicity, and a stable MEBSV protein structure was generated.
The designed MEBSV exhibited strong bonding and long-lasting interactions with
Toll-like receptor4d and MHC molecules. Its high expression in the E. coli K12
strain was also confirmed by codon optimization and in-silico reverse translation.
The multi-epitope vaccine suggested in this research can stimulate specific immune
responses towards P. shigelloides, according to computer-aided tests done in this
research. To assess this putative vaccine candidate’s safety, wet lab verification is

necessary.

Carbapenem were used as the last option for the treatment of infections caused by
multidrug-resistant bacteria. These also showed strong activity against AmPC' [3-
lactamass. Serious issues were faced by clinical management, so the Carbapenems
were introduced for the treatment of gram-negative [35]. As the world health
organization started its efforts to produce novel drugs, CRE was listed as the
most critical pathogen. No research work was done specifically for P. shigelloides,
therefore the resistance against drugs could not be measured exactly. Carbapenem
resistance in P. shigelloides has previously been linked to over expression of AMPC
or ESBLs enzymes, furthermore alterations which influence membrane permeabil-
ity from isolates of multiple countries, Carbapenems such as NDM, KPC, and
OXA-48 were predicted [36]. Factors and clinical outcomes of CRKA infection,
as well as to describe the mechanism of Carbapenem- resistance, different works

were performed. As there is no vaccine reported against P. shigelloides, the first
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method that suggests an in-silico-evaluated completely functioning multi-peptide-
based subunit vaccine (MEBSV). This study’s MEBSV has advantages over stan-
dard vaccines. It has CTL, HTL, and B-cell epitopes, and may induce cellular
and humoral host resistance. It consists of these epitopes which target distinct
HLAs and identifies new, efficient T cell receptors [37]. Single vaccine can protect
numbers of different proteins because it comprises immunogenic protein sequences
that fuse into peptides. Vaccine effectiveness improves. This is a likely candidate
for a P. shigelloides vaccination.

The latest research analyses the whole proteome of Mycobacterium tuberculo-
sis F11 to look for new therapeutic and vaccine treatments against tuberculosis
using subtractive genomics, alternative pathway analysis, a database of essen-
tial genes (DEG), and sub-cellular localization predictions. Tuberculosis (TB) is a
widespread and often fatal infectious illness infectious disease Caused by mycobac-
terium (MTB) and other Mycobacterium strains. M. tuberculosis is believed to
affect one-third of the worldwide people, with new infections occurring at a pace
of one every second. Around 1.45 million individuals died in 2010, the majority of

whom were from underdeveloped countries (WHO, 2011).

Furthermore, a couple of low - and - middle nations account for almost 80% of the
world’s active tuberculosis infection [38]. In the last decade, numerous microor-
ganisms’ entire genome sequencing has been discovered. The relative genomes and
subtractive genomics methodologies can provide important knowledge on discov-

ering treatments for various diseases caused by bacteria [39].

The subtractive genomics approach can be used to search out essential genes that
are essential for pathogen survival but are lacking in the host. By discovering
non-homologous proteins which are absent in humans, the risks of cross-reactivity
and negative impacts can be reduced. By examining these genes with the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway database, it is possible to
find genes and their products that could be exploited as prospective therapeutic
targets [40]. The genomes data is being used to find new medication targets. Non-
homologous genes coding for proteins that are expressed in the pathogen but not

in the recipient can be identified using a comparative genomics technique. Basic
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Local Alignment Search Tool (BLAST) to against human utilizing the BLASTP
tool can be used to find these genes. This would get rid of any homologous genes
that exist in humans. The important genes needed for the pathogen’s existence are
then identified using the Database of Essential Genes (DEG) [41]. This method
ensures that the drug target is exclusively found in the pathogen and not in people.

New targets for variety of diseases have been successfully found using this method

[42].

High throughput screening, excretion-toxicity screening, Combinatorial Chem-
istry, in silico absorption, distribution, metabolism, virtual screening, and de novo
and structure-based drug design all contribute to speeding up and reducing the
cost of current drug discovery. Structure-based computational drug design ap-
proaches primarily concentrate on molecules with known 3D structures for target
sites, followed by a measurement of their attraction for the target, from which
hits are acquired. Knowing about these targets and the medications that go with
them, especially those in clinical trials and use, is extremely helpful in accelerating

drug development [43].

Immuno-informatics-based strategies for identifying and designing vaccines based
on essential components of immunity found in the genome sequence database.
This data underscores the necessity for experimental, computational biology, and
computation-driven experimental techniques for understanding host—pathogen con-
nections and vaccine development. This research will also highlight the need for
innovative treatments or vaccines to tackle antigenic variation [44]. Computational
methods can be used to generate and develop new vaccine elements using an in
silico approach. Bioinformatics and immunoinformatics are two excellent in silico

technologies that have greatly aided vaccine development.

Bioinformatics is the interdisciplinary study of how to organize and preserve mas-
sive numbers of biological data generated by experiments in genetics, biotechnol-
ogy, and molecular biology. Proteomics, genomes, and vaccinomics are among the
investigations included. The identification and characterization of novel antigens

has been speed considerably because to the information gained from these fields
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[45]. Immunoinformatics is a branch of biology that uses bioinformatics software

and apps to assist develop substantial immunological data.

The identification of a range of unique epitopes for B cell and T cell recognition
using MHC class I and II molecules is among the most important applications
of immunoinformatics. Immunoinformatics looks to be an effective method for
identifying new antigenic epitopes which can be utilized in the development of new
vaccines for a range of infectious diseases bacteria that causes viruses, fungi, and
parasites. The main immunoinformatics software tools used in the last few years
for presenting discrete and continual bacterial, viral, and tumor-specific epitopes

for B and T cells are discussed [46].

1.2 Problem Statement

P. shigelloides is a newly discovered gram-negative rod-shaped, facultative and
anaerobic bacteria which is only oxidase-positive member of the Enterobacteri-
aceae family, as well as the cause of very serious infections disease such as diarrhea.
There is no immune-informatics or vaccine design study for P. shigelloides using

subtractive genomics.

1.2.1 Aim

The purpose of this research is to find the targets for P. shigelloides by employing
subtractive genomics. As a result of this work, we were able to identify T and
B cell epitopes, which allowed us to create a P. shigelloides multi-epitope-based

subunit vaccine.

1.2.2 Objectives

e To construct multiepitope subunit vaccines against Plesiomonas shigelloides

infections.
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e To build a MEBSV (Multiepitopes based subunit vaccine) is to control the
humoral and cellular immune responses using immuno-informatics and sub-

tractive genomics methods.

e To check humoral response of vaccine by cloning in different hosts.



Chapter 2

Literature Review

2.1 General Overview

Multiplication of bacterial strain within or on the causing harmful effects called as
bacterial infection. Decompensation, organ failures, and death may occur due to
bacterial infection. For public health, bacterial infections have a crucial impact.
So prevention of these infections is very important. The main cause of bacterial in-
fections is intestinal bacteria. About 10 million of the world’s population is facing
a bacterial infection. Infectious conditions become more critical, due to bacte-
rial resistance against different drugs. Pathogenic bacteria are known for causing
serious disease and infection. The bacterial infection develops when bacteria en-
ter and increase their population in the body and defeat the good bacteria and
healthy tissues that are predominantly sterile. Any part of the body is susceptible
to infection or sickness, which may be brought on either by the organism itself or

by the host’s defenses.

Humans can be exposed to bacteria through the environment, via food or water,
or by biological vectors. Basic modes for the transmission of bacteria to humans
are factors, airborne, contact, vehicular, and droplet. For morbidity and mortal-
ity, prevention has dramatic effects [47]. For the last three decades, Enterobacter

aerogenes have been considered as important opportunistic and multi resistant

11
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bacterial pathogens for humans. Gram-negative bacteria were extensively studied
and documented all throughout the various epidemics of hospital-acquired illnesses
that occurred in Europe and France. The permeability of the membrane is con-
trolled by redundant regulatory cascades, which also ensures that bacteria are
protected and that antibiotics are broken down properly with the assistance of
detoxifying enzymes. Strong antibiotic resistance of this bacterial species is due
to its ability to adopt numerous genetic mobile elements. Furthermore, their fit-
ness allows them to colonize the numbers of hosts and environments with efficient
adaptability of their metabolism and physiology for environmental stress and ex-
ternal conditions. In colonized patients, it is able to resist promptly to antibiotic

treatment.

Enterobacter aerogenes and E. cloacae are two important species of Enterobacter,
that have clinical importance as opportunistic bacteria [48]. It belongs to En-
terobacteriaceae family and genus of Gram-negative, facultative anaerobic, non-
spore-forming, and rod-shaped bacteria. Before 1960 Enterobacter aerogenes was
named Agrobacteria aerogenes, but after that, it was added to the genus Enter-
obacter. 'This species was renamed Plesiomonas Shigelloides in 1971 due to its

mobility and genetic relatedness to P. shigelloides genus.

Enterobacteriaceae family lies within the Gamma protea bacteria according to phy-
logenetic analysis. These are distributed worldwide. They are found everywhere
and in animals from insects to man. They are considered to be very important
due to their quick generation time, facility to grow on specific media, economic
importance, and pathogenicity for man and animals [49]. Enterobacter aerogenes
is widely found in the gastrointestinal tract and environment. This opportunistic
pathogen is considered to be very important, as it is resistant to multiple an-
tibiotics that are used for its treatment [50]. Meningitis, surgical site infection,
urinary tract infection, bacteremia, and pneumonia are the hospital-acquired in-
fections caused by FEnterobacter aerogenes, for antibacterial therapy phages are
considered to be very essential. Despite the fact therapeutic reasons have gener-
ated, concerns about immunogenicity, restriction/ modification, fast toxin release

via lytic action, the development of the bacterium resistance, and other issues,
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phage therapy is still being studied for pneumonia, siphoviridae phage showed
great results against P. shigelloides [51].

Plesiomonas was previously distributed like an element of the Vibrionaceae family,
but it is now a member of the Enterobacteriaceae family. Plesiomonas shigelloides
is a facultative anaerobic, rod-shaped, Gram-negative, flagellated, bacterium in
the genus Plesiomonas. Humans, sheep, fish, cows, dogs, pigs and turkey vultures
are some of the hosts, and it can also be found in aquatic areas. A serotyping
approach based on antigenic variation in the lipopolysaccharide (O-antigen), of
which there are currently 102 flagella and 51H-antigen was used for categorization,

epidemiological investigation, and identification of P. shigelloides [52, 53].

Diarrheal disorders affected a large numbers of individuals in worldwide or are
create severe medical issues. such as Enterobacteriaceae, Gram-negative bacteria
and Vibrionaceae are commonly responsible for this disease [54, 55]. Plesiomonas
shigelloides, a member of the Enterobacteriaceae family, has been identified as a

major source of gastrointestinal illnesses.

It was 3rd in ranked Japan as a cause of diarrhea in tourists [56]. Human feces,
several domestic and wild animals, and the environment, especially water, have
all been found to have these germs. Drinking unfiltered water, eating uncooked
shellfish, and travelling to underdeveloped countries have all been linked to P.
shigelloides infections. 2 and 3 Different virulence factors, including a lipopolysac-
charide, have been reported in an attempt to discover the harmful process of P.

shigelloides [26, 57, 58].

2.2 Cellular structure

Microscopic representation of Pl shigelloides, a facultative, anaerobic, gram -
ve rod-shaped bacterium that was recently identified as the first oxidase-positive
member of the Enterobacteriaceae family. Pl. shigelloides was found to be the

first oxidase +ve member of the Enterobacteriaceae family as in Figure 2.1 [54].
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FIGURE 2.1: Microscopic representation of P. Shigelloides.

LPS is a pathogen-associated molecular sequence and innate immune stimulant.
It’s Gram-negative bacteria’s main virulence factor, especially Plesiomonas shigel-
loides. Smooth bacteria’s LPS molecules have a core oligosaccharide, O-specific
polysaccharide, and hydrophobic lipid A(LA). By modulating LPS’s interaction
with TLR4, the LA area affects endotoxin biological activity in macrophages and
monocytes [59-61]. Signaling pathways are engaged, regulating transcriptional
elements (e.g., NF-B) and creating proinflammatory cytokines (e.g., 11-6, IL-1,
TNF) which influence the patient’s immunological reaction to the infection. When
Gram-negative bacteria produce bacteremia, a hypersensitivity to LPS can result
in septic shock and sepsis [62]. The majority of bacteria are mono chromosome
bacteria, meaning that their core genome is carried on a single bacterial chromo-
some. A subset of bacteria (known as multi chromosome bacteria) has a synthetic
genome with the fundamental broken into two or even more replicons. The replica-
tion starting setting (replication origin and initiator protein) in the bigger replicon
is similar to that found in mono chromosome bacteria, but the other (typically

smaller) replicons are plasmid-derived. They’re known as chromids. The fact that
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plasmids are irregularly dispersed across bacteria, while chromids are consistently
represented in all variants of a particular group, which could be a species, a genus,
or an order, such as the Vibrionales, distinguishes chromids from plasmids. Other
criteria for determining whether a replicon is a chromid have been suggested, in-
cluding the transfer of core-genome genes onto the chromid, some of which may
be critical [63].

LA has examined P. shigelloides LPS structures extensively. P. shigelloides LA
molecules have varied acyl chain lengths, saturations, and PEtn replacement.
Three P. shigelloides O-serotypes have defined with reference to LA, and struc-
tural examinations show that this area is largely conserved across all O-serotypes
(64, 65]. P. shigelloides LA has a -GlecpN4P-(1 6)—GlcpN1P backbone with these
fatty acids: 12 : 0(3-OH) at O-3 and O-3', 14 : 0[3-(R)-OH] at N-2 and N-2’. In P.
shigelloides LA, the acyl groups at N-2" and O-3' are replaced by secondary acyls:
(1) cis-9-hexadecenoic acid (9¢ — 16 : 1) or hezadodecanoic acid (16 : 0) at N-2’
and 12 : 0 at O-3' (strain dependent); (2)14 : 0 at N-2" and 12 : 0 at O-3';(3)12: 0
at N-2" and PEtn P. shigelloides’ fatty acid chain and concentration differ from
E.coli’s. [66].

2.3 Ecology

Plesiomonas is a genus with such an only one homogenous specie (P. shigelloides).
This bacterium first has been reported in 1947, it was established to share some
traits among shigella. First strain had S. sonnei’s major somatic antigen but was
physiologically distinct. This organism, designated C27, and related individuals
were used to show how Pseudomonas, Vibrio and Aeromonas evolved in chrono-
logical order. Plesiomonas was first recognized as a genus in the Vibrionaceae
family by Schubert and Habs in 1962, based on a number of distinguishing charac-
teristics, its resemblance to the genus of Aeromonas (“plesio,” neighbor, “monas,”
Aeromonas). It is portly flagellated, cytochrome oxidase positive and facultative
anaerobic, just like the other species of the Vibrionaceae genus. Furthermore,

isolates share a sensitivity to O/129 with species of the genus Vibrio. 5S rDNA
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sequencing are found that the bacteria is very closely linked to the genus Pro-
teus [67-69]. Plesiomonas present categorization is based on Schubert and Habs
premise that the bacteria had a number of distinct characteristics that necessitated
the creation of a new genus. Recent DNA genetic similarity and phenotypic anal-
ysis research have showed that within the species (independent of isolate source),
a single hybridization group exists, indicating a very similar number of bacteria

59, 61].

P. shigelloides is typically transmitted and through environment, particularly
freshwaters. Ingestion of polluted water, infected aquatic foods, or poisoned veg-
etables has been documented as a source of faecal-oral transmission. Additionally,
Plesiomonas infections and illnesses have been linked to interaction with reptiles
[2], amphibians, and recreational or occupational activities that enhance exposure
to freshwaters [4]. Despite the fact that, P. shigelloides has been identified from
streams, rivers, and lakes, no conclusive research on its occurrence in freshwater,
particularly in South Africa, has been reported. The link among pathogen popu-
lations and physicochemical factors is usually a high priority for epidemiologists.
Environmental conditions have an important role in pathogen survival and spread-
ing in the environment (disease ecology). These variables are required for fore-
casting and preventing infectious disease outbreaks caused by aquatic pathogens
[70, 71]. While ecological determinants can affect bacterial ecology, dispersion,
and density, their effects on freshwater microorganisms are mainly examined at
the community level. These microbial communities have been molded by environ-

mental circumstances and spreading procedures [72] at regional and local levels

73).

In addition, environmental factors that encourage species-specific alterations in
the bacterial population are typically ignored while attempting to comprehend
the destinies of pathogens, the transmission of diseases, and outbreaks that occur
in freshwater environments. In addition, the immune-regulatory power of climate
change, particularly on weather variables (flooding, precipitation, temperature,
and environmental deterioration), physical and chemical factors in aquatic envi-

ronments, and its consequent effect on the time series of waterborne diseases, is
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poorly observed in a few species. This is due to the fact that climate change
is primarily affecting weather variables (flooding, precipitation, temperature, and
environmental deterioration) [74]. Because infectious diseases are rapidly being
linked to changes in lifestyle, climate change, and global warming, studies relating
to above aspects are critical to understanding microbial destiny and transmission
[75].

P. shigelloides’ presence and distribution in freshwaters has gotten little study.
However, at both municipal and industrial levels, freshwaters are continually and
environmentally abused, and most of them act as actual destination for inade-
quately treated wastewater effluents. P. shigelloides is a bacterium that causes
gastroenteritis and extra intestinal infections. P. shigelloides is a bacterium that
causes gastroenteritis and extra intestinal infections. It is a well-known and grow-

ing waterborne and foodborne pathogen [76, 77].

2.4 Pathogenesis

Various bacterial diseases, in combination with environmental conditions, produce
large mortality rates and poor growth, reducing yield and commercial viability
of this fish. This bacterium, which is usually found in tropical and subtropical
countries, has its principal habitat in fresh and estuary waters. This bacterium
can be found in a variety of ability to stay and homeotherms, aquatic creatures,

moisture reptiles, and birds.

P. shigelloides has been linked to high fatality in trout, both alone and in combi-
nation with other bacteria such as Flavobacterium spp, and aeromonas hydrophilla
have both been linked to high death in trout. This pathogen has been discovered
as a major pathogen in Beijing-area cultured sturgeons. P. shigelloides has just
been identified from clinical studies of fish with mass mortality of Ctenopharyngodo
nidellus and Orechromis nilotica, and has proven to be extremely harmful for such

cultured fishes [76]. The drastic reductions in E. aerogenes pathogenicity were
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reported among the resistant strains with drug-resistant membrane permeability
changes. This variation is apparent even though this species is only moderately
virulent in this model, even though the tested strains harbored the HPI pathogenic
factor-encoding genes. Changes in the permeability of outer membrane (OM), such
as a deficiency of porins that are a major nutrient entry channel and have a sig-
nificant effect on bacterial fitness. Antibiotic stress promotes the establishment of
resistant bacteria that lack porin and have lipopolysaccharide (LPS) alterations
that result in an abnormal membrane state. This results in an adverse fitness cost,

which changes the capacity for bacterium colonization.

P. shigelloides’ taxonomic placement has been debated for quite some time. The
primary antigen, Shigella sonnei phase I, and this bacterium were first placed in
the family C27. Misidentification of P. shigelloides into genus of Aeromonas or
the group of Vibrionaceae occurred because of its similarities to other bacterial
taxa [5, 6]. Phylogenetic analysis using 5S or 16S data, in addition to data col-
lected from the multilocus sequence typing (MLST), has shown been this branch
is more closely related to the Enterobacteriaceae clade than it is to the Proteus
taxon [78]. Verification of the bacterium’s genetic variety has been accomplished
by the use of pulsed-field gel electrophoresis (PFGE), randomly amplified poly-
morphic DNA (RAPD), and multilocus sequence typing (MLST), among other
methodologies [79]. On the other hand, researchers that used approaches that
were previously accessible found that it was impossible to collect taxonomy with
greater resolution. Bacterial evolution, ecology, and toxicity can all be better un-
derstood with correct taxonomy. From a whole-genome viewpoint, therefore, P.
shigelloides evolutionary position and genetic variation are yet to be fully charac-
terized. Furthermore, P. shigelloides pervasive living condition and the population
concentration of cohabiting bacteria in the human niche make genetic transmission
between donor and recipient strains possible. HGT is a method of DNA trans-
mission that results in unique traits such as niche adaptability and pathogenicity.
Furthermore, the function of HGT in P. shigelloides pan-genome is likewise un-
clear [80]. Human vomiting and diarrhea, including severe secretory dysentery,

aggressive shigellosis-like disorders, and cholera-like diseases, have all been linked
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to P. shigelloides. The ingestion of seafood or fish, as well as polluted water, are
commonly linked to outbreaks. It has also been linked to bacteremia, pneumonia,
peritonitis, meningitis, hepatobiliary illness, septicemia, and pseudo appendicitis,
among other extra intestinal conditions [81]. In vitro, P. shigelloides may attach
to and penetrate host cells, and it has cytotoxicity or enters toxicity. This bac-
terium is sensitive to a number of antibiotic, with the exception of ampicillin ;
although, multidrug-resistant characteristics have been described [82]. However
epidemiological and clinical evidence suggests that P. shigelloides plays an impor-
tant function in human infections, the actual mechanism of pathogenicity and the

bacterium’s genomic history have yet to be fully explored.

We created draught genome sequences for 12 of strains that represent diverse
serogroups whose O-antigen gene clusters have already been published. This was
done so that we could acquire a better knowledge of the genetic diversity of P.
shigelloides’ as well as its potential for causing harm [13]. P. shigelloides’ phy-
logeny and genetic characteristics were explored using enterobacterales phylogeny.
Pan-genome analysis revealed P. shigelloides’ genetic diversity and evolution pat-
terns. We found horizontally transmitted genes, donor taxa, gene of expansions
and mobile genetic elements (MGEs), and quantity. Functional genomics was
used to determine virulence-related genes. Genes of resistance were discovered for
18 of antibiotics, including aminoglycosides, beta-lactams, fluoroquinolones, tetra

cyclines, polymyxin, and sulfonamides.

Furthermore, relevant models for researching Plesiomonas pathogenesis are still to
be developed, and standard models have proven to be ineffective. Plesiomonas VFs
must be detected using rapid low-cost and other polymerase chain reaction tech-
niques, which have already been developed for the study of other, enter pathogens.
There are currently no particular primer- and molecular-based methods to detect-
ing for the majority, if not all, anticipated Plesiomonas VFs. Furthermore, there
are no strain-specific or quick procedures for distinguishing between pathogenic
and non-pathogenic Plesiomonas strains [83]. Tt is not completely out of the ques-
tion that numerous occurrences of this kind took place in Plesiomonas due to

the fact that the emergence of new diseases (including Plesiomonas) is connected
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to a complex network of interconnected mechanisms. Among these mechanisms,
horizontal and mutation gene transfer the primary forces at play. For most cir-
cumstances, gene transfer or loss will have an impact on genome evolution, turning
a non-pathogenic strain pathogenic [84]. Despite the fact that these occurrences
may have aided in the establishment of toxicity in Plesiomonas, no studies on the
subject have been published. PAls, resistant islands, IS elements, tRNA genes
metabolic islands, phage-related genes, mobility genes, and directly repeated were
all be studied in order to characterize Plesiomonas pathogenicity and genome

evolution.

Plesiomonas pathogenicity should be characterised utilising culture-independent
methods. Before wet-lab research to identify virulence marker candidates in Ple-
siomonas, a comparison of the accessible genomes could provide information and
address concerns about the organism’s rising pathogenicity. It would help provide
quick and low-cost methods for strain testing and Plesiomonas diagnostic clas-
sification. In this study, we used in silico screening to discover the Plesiomonas
full genome sequence components that were publically available with the type III,
IV, VI, and VII secretion systems (T3SS, T4SS, T6SS, and T7SS); ICE elements;
prophages; VFs; and T3SS, T4SS, T6SS, and T7SS.

P. shigelloides was found in the faces of a semi-wild YFP in China. Strain EE2’s
genome was sequenced. The whole genome was compared to eleven animal, hu-
man, and environmental P. shigelloides strains. This work uses the Path systems
Resource Connection Center (PATRIC) pipeline to types known virulence genes

and uncover new possible causal factors [14].

2.5 Genome Organization

Plesiomonas shigelloides is a facultative and Gram negative anaerobic bacteria
which has been reported in surface water, freshwater and a range of domestic
animals and wild [9, 85, 86]. Lipopolysaccharide (LPS) is an immunodominant

and structural component found on the outer surface of Gram negative bacteria.
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The three elements that make up this protein are core oligosaccharide, lipid A
and O side chain or O-specific antigen. The outer constituent of LPS is the O-
antigen, which is a polymer of oligosaccharide protein subunits. Another intriguing
feature is the enormous chemical diversity of O-antigen LPS, which corresponds to
genetically identical variance in the genes involved in their production, described
as wb cluster. The genomics of O-antigen production in Enterobacteriaceae has
been extensively researched, revealing that wb clusters comprise genes involved in
beginning sugar biosynthesis, O-antigen polymerases, glycosyl transferases, and O

antigen export [87].

The O antigen is a component of the facultative bacterial outer surface LPS
(lipopolysaccharide). It consists of several of an oligosaccharide unit (O unit).
It provides O-serotype specificity and delivers significant antigen diversity to the
surface of the cell. In the E. coli classification system, 166 known O antigens, and

Shigella strains have 34 of them [88].

Shigella strains and Traditional E. coli of E. coli have a lot of similarities in O
antigens, and 190 distinct O antigens present in E. coli. The host immune sys-
tem selectively targets the surface O antigen, which could explain why FE. coli
maintains a variety of O-antigen types. Sonnei contains an O antigen that is sim-
ilar that of Plesiomonas shigelloides serotype 17 and is not seen in other E. coli
strains. Sonnei’s O-antigen genes are unique in that they are present on the Pin
v (invasion plasmid), this is over 180 kb in size or necessary for recipient epithe-
lial cell penetration. P. shigelloides serotype O17 chromosomal O-antigen genes
have been shown to produce offspring with this O-antigen gene cluster. According
with majority of the plasmid-borne O-antigen gene clusters, the Sonnei O-antigen
gene cluster is equivalent to that of P. shigelloides O-antigen for just a few hun-
dred base pairs [89-91]. We acquired the whole P. shigelloides O17 O-antigen
genome cluster, as well as a part of the Sonnei plasmid borne O-gene cluster, to
obtain the complete genome. With exception of wbgZ and wzz genes, comparison
between both sequences revealed that they are extremely similar. The close re-
semblance indicates that the O-antigen gene cluster was just passed through one

species to the next. I believe the O-antigen genes of Sonnei were transported by
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P. shigelloides to E. coli since they are on a plasmid; the significant concentration
of homology for the most genes indicates that Sonnei very recently obtained. The
difference between the two wbgZ and wzz genes is greater than the difference in
the middle of the further gene in the two genes clusters, and there’s indications

that the plasmid’s wzz gene has been selected for alteration in the new host [29, 92].

2.6 Metabolism

In the gamma family of Proteobacteria, the genus Plesiomonas seems to be situated
between the Vibrionaceae and Enterobacteriaceae families [55]. P. shigelloides is
an anaerobic facultative and gram-negative bacterium which is and chemoorgan-
otrophic. The specialized PTS (phosphoenolpyruvate-dependent phosphotrans-
ferase system) in Gram-negative bacteria facilitates active transport of hezitols
and concomitant phosphorylation of sugars [93, 94]. P. shigelloides is a very com-
mon pathogen that causes sepsis, newborn meningoencephalitis, and meningitis.
Twelve infants have so far been reported to have the virus, and seven (58.3%) of
them have perished. The very first case of P. shigelloides meningoencephalitis and
sepsis in China is described in our example study of a newborn. For articles pub-
lished between January 1970 and June 2014, we searched MEDLINE [95]. Menin-
goencephalitis, meningitis, and Plesiomonas shigelloides or Aeromonas shigelloides
were the search phrases utilized. Plesiomonas shigelloides/Aeromonas shigelloides
were implicated in 13 studies describing neonates with meningitis/meningoen-
cephalitis, and two of those papers documented the same case. Plesiomonas shigel-
loides infections in newborn child can result in meningitis or meningoencephalitis
and have an effect on the circulatory, gastrointestinal, respiratory, coagulation,
hematologic, and other systems. Initial Plesiomonas shigelloides-induced sepsis
and meningoencephalitis symptoms are comparable to those associated with a
typical infection. Furthermore, this illness spreads quickly and kills a number of
organs. If a physician waits too long to make a diagnosis or administers the incor-

rect antibiotic therapy, fatality rates will be high. Despite early use of sensitive



Literature Review 23

antibiotics, it could be challenging to stop the substantial central nervous system
damage. The PTS uses phosphoenolpyruvate as a phosphoryl resource in a data
management that involves Enzyme I, Enzyme II, and HPr. P. shigelloides’ sugar
metabolism helped us understand Gram-negative bacteria’s diversity. Mannose
is carried into cells via a PTS that creates mannose 6-phosphate. P. shigelloides
grew less when cultured in broth culture with added mannose. In vivo, 13C-NMR
was employed in resting cells, and in vitro, 31P-NMR was used in cell-free samples
to assess mannose and glucose metabolism [96]. P. shigelloides has the ability to
develop in both anaerobic and aerobic environments [97]. Because the enzymes
needed for metabolic processes under aerobic and anaerobic conditions differ sig-
nificantly, it is necessary to control the impression of target gene associated with
cell responsibility like as excretion system biosynthetic pathways, macromolecule
synthesis and nutrient absorption at same time to reply to the access to oxygen

129].

The Arc 2 different signal transduction system, which comprises of the kinase
detector ArcB and its associated response regulator ArcA, is one of the system
that allows. FE. coli is able to adapt to changes in oxygen availability. In the
existence of hypoxia and the energy supplied by ATP, ArcB is activated as a
simple electron carrier. It has three cytoplasmic domains, and one of its tasks is
to phosphorylate ArcA [95], the phosphate group is transported from His292 in
the H1 domain to His717 in the H2 domain, Asp576 in the D1 domain, and lastly
Aspb4 in ArcA after auto phosphorylation of His292 in the H1 domain [98].

2.7 Clinical Manifestation

Plesiomonas shigelloides is a new bacterium that can cause extra intestinal and
gastroenteritis infections in humans. We conducted a bibliometric survey to look
at publishing trends in Plesiomonas-related research throughout place and time,
international collaborative identify gaps, collaborations, and suggest future re-

search options. The search phrase ” Plesiomonas shigelloides” has been used to
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find publications published in the Web of Science database between 1990 and 2017
[99]. The Plesiomonas group still has only one species, P. shigelloides. P. shigel-
loides is currently better recognized as a human intestinal infection than species of
the Aeromonas group, thanks to oyster- as well as other water-related epidemics of
human diarrheal disorders in humans. For all of these newcomers among increasing
range of entero-pathogens, no human volunteer experiments with A. hydrophilia
or P. shigelloides have been effectively carried out to fulfil Koch’s postulate [100].
Along with Plesiomonas shigelloides (n = 82,52.9 percent), nuclear magnetic
resonance (n = 13,8.4 percent) and lipopolysaccharide were among the top Au-
thors Keywords and research concentration. Diarrhea (n = 43,27.7%), infections
(n = 31,20.0%) and Aeromonas species (n = 41,26.5%) were all heavily repre-
sented. Two mega-clusters of author cooperation and collaboration and bonding
networks were established, with nodes discussed exclusively by writers from greater
countries [99]. Limited data about the rate of P. shigelloides infection in China
was included in a recent comprehensive assessment of diseases caused by P. shigel-
loides. P. shigelloides has been linked to infections that cause gastroenteritis and
extra-intestinal diseases, according to new research. We present a local viewpoint
on P. shigelloides-related disorders in southeast China [101]. Bibliometric method
is a measurement way of evaluating the quantitative and qualitative coverage and
efficiency of scientific research in a certain field [102]. It can be used to predict
development research goals, sources of funding, and multidisciplinary collabora-
tions, as well as to define international and national research concentration and

analyze research quality [103].

2.8 Antibiotic resistance

Antimicrobial resistance is one of the biggest challenges in medicine and veteri-
nary medicine today. More concerning is the fact that despite their inherent
antibiotic sensitivity, freshwater bacteria have developed considerable antibiotic

resistance. Nowadays, it is believed that bacteria with antibiotic resistance and
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the genes underlying that resistance can be found in marine ecosystem. Basically,
manmade pollutants can enter aquatic habitats. from a variety of sources, such
as storm water, wastewater treatment plants, agricultural wastes, hospital efflu-
ents, or surface runoffs, industrial wastes, landfill efluents, agricultural runoffs
from slaughterhouses, flooding, and recreational areas [104]. Most of these are ex-
tensively contaminated with antibiotic residues, herbicides, pesticides, medicines,
biocides, textile dyes and massive xenogenetic elements, organic compounds, genes

and antibiotic-resistant bacteria [105].

The use of antibiotics is still a key component of infection treatment and preven-
tion. Antibiotic resistance, therefore, is known to have a negative effect on the
efficiency of treating Plesiomonas infections. Due to antibiotic medication error
and tolerance, Plesiomonas infections have resulted in antimicrobial therapy and
a number of fatalities. According to studies, treatment with at most one or a
mixture of antibiotics from the aminoglycoside, cephalosporin, carbapenem, and
quinolone antibiotic classes was necessary to ensure survival in neonates with extra

intestinal infections caused by shigelloides [106].

E. aerogenes strains exhibit a wide range of antibiotic resistance [107]. They have
a low level of naturally occurring AmpC' chromosomal cephalosporins (Bush group
1), which confers resistance to cephalosporins (first-generation antibiotics). Hyper
production of chromosomal AmpC' in diagnostic and therapeutic strains results in
resistance to all f-lactam antibiotics except cefpirome, cefepime and carbapenems
following induction with the third-generation cephalosporins associated mutation.
The AmpC cephalosporinase gene (blaCMY-10) carried on a plasmid exhibits
similar phenotypes, by Extended - Spectrum Beta strains were identified in 1993.
Pitout et al. separated strains capable of generating ESBLs that were immune to

gentamicin and co-trimoxazole [108].

Numerous ESBLs have been listed as belonging to the TEM, SHV, and CTX
[f-lactamases families, but TEM-24 continues to be correlated with this species
favorable conjugative plasmid. The response to carbapenems is retained in these

producer strains. Simultaneously, several strains conferring resistance to imipenem
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have been characterized. The paucity of antibiotic absorption in these isolated
strains is primarily due to a change in the expression of porin: a modification in
the Omp35/0OmpS36 ratio is identified, preceded by an absence of porins in strains
collected during the diagnosis [109].

Intriguingly, an entirely novel mechanism of impermeability has been described,
involving the occurrence of a mutation in Omp36 that significantly changes the
permeability of the channel. Finally, carbapenemases of the NDM, IPM, or KPC
types have been implicated in carbapenem resistance since 2008. Additionally,
roughly 40% of multidrug-resistant (MDR)) pathogenic isolates possess membrane
transport mechanisms. The resistance against Quinolone occurs as a result of
target alterations or as a result of resistance conferred by other species via plasmids
(gepA, or gnrS codes for an efflux pump). Eventually, the complete resistance is
not an uncommon phenotype in E. aerogenes, because a strain conferring resistance
against all antibiotics, such as colistin, has been separated and investigated due

to a mutation in pmrA [110].

2.9 Treatment and preventions

Antibiotic resistance is becoming an increasing issue when it comes to treating
Enterobacter infections. [-lactams, carbapenems, S-lactamase inhibitors, amino-

glycosides, fluoroquinolones, and trimethoprim are all possible therapies.

Cephalosporins of the 1st and 2nd generations are often ineffective against Enter-
obacter infections. While treatment with a 3rd- generation cephalosporin could
be beneficial against some Fnterobacter strains, but the treatment with the 3rd
generation cephalosporins may result in multidrug resistance illness. The 3rd gen-
eration cephalosporins are essential to promote de-repressed Enterobacter AmpCS-
lactamase variations, resulting in the enzyme’s overproduction that causes the de-
velopment of resistance. The 3rd generation cephalosporins are not advised for
severe infections due to an escalated risk of resistance, notably among Enterobacter

aerogenes and Enterobacter cloacae the two most clinically significant.
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Other resistance strategies also exist like the insertion of a plasmid transferable
AmpC gene and the occurrence of a mutation in the AmpR repressor. The 4th
generation cephalosporins are stable against AmpCp-lactamases and are thus re-
garded as an appropriate therapeutic choice in the absence of enzyme i.e., ESBL
(Extended-Spectrum f-lactamase).This enzyme is capable of hydrolyzing oxy-
imino cephalosporins, rendering them ineffective against both 3rd and 4th gen-

eration cephalosporins [111].

Carbapenems have been found to be the most effective treatment for Enterobacter
aerogenes that are multidrug-resistant. Impanel and has been demonstrated to
be proficient against FEnterobacter aerogenes. Historically, carbapenems were not
frequently affected by ESBL but the resistance against them, on the other hand,
has been growing in past few years. Enterobacter develops resistance to carbapen-
ems via several plasmid-encoding enzymes, allowing for horizontal transfer and the
propagation of resistance. Polymyxins, Fosfomycin, tigecycline, and carbapenems
are all possible treatments for carbapenem-resistant Enterobacter (CRE) [112], A
double carbapenem regimen can seem contradictory because one carbapenem drug
(a “sacrificial” prescription) works best with a carbapenemase enzyme, allowing
the less-favored concomitant carbapenem to stay at a higher concentration. In the
cases of CRE that have more severe clinical symptoms, such as heart failure and
quickly advancing disease, a mixture of antimicrobial drugs has been demonstrated

to be more beneficial [111-113].

Using a combination of colistin with a backbone of ceftazidime has been found
to be successful. Carbapenems, Fosfomycin and tigecycline are other antibiotics
that can be taken with colistin. Colistin resistance has, however, been on the
rise. There is an ongoing debate on whether Carbapenem-resistant strains of CRE
should be treated with tigecycline or a mixture of two distinct carbapenems. Other
antibiotics such as Fosfomycin, colistin, and aminoglycosides may be administered
in combination with tigecycline. People with the renal disease must take care while
taking drugs such as aminoglycosides, and colistin as these medications might
cause more kidney damage [114]. Fosfomycin and aminoglycosides are commonly

used as monotherapy in CRE UTIs when the patient is not critically ill. For
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pyelonephritis, Fosfomycin should not be used due to limited oral absorption. CRE
UTTI patients should not take tigecycline or colistin due to the short half-life of
these antibiotics in the urine. The use of additional therapy with a carbapenem,
in conjunction with aminoglycoside or colistin, may be an effective therapeutic

option for a patient with a CRE UTTI if they are in a vulnerable situation [115].

There is a wide degree of diversity in the treatment for CRE, with many different
combinations of drugs required. While the resistance remains, new medications

are continuously being investigated as a possible solution.

2.10 Subtractive genomics

Modern advances in bioinformatics and computational biology have resulted in
the development of numerous in-silico analyses and drug design methodologies,
thereby avoiding the time and cost associated with trial-and-error testing dur-
ing drug development [40]. These strategies are used to narrow down the list of

prospective drug targets that will be subjected to lab testing.

Subtractive genomics is an in-silico approach that is utilized to identify therapeu-
tic targets by identifying both the essential and non-homologous proteins of the
respective pathogen [116]. The Database of Essential Genes (DEG) service can
be used to identify proteins implicated in critical metabolic pathways necessary
for the pathogen’s persistence. Additionally, the identification of proteins that
are identical to human proteins can be used to screen for potential adverse drug

reactions during the computer-assisted drug discovery process.

The subtractive genomics technique identifies the novel therapeutic targets within
the pathogen by identifying critical proteins required for pathogen proliferation
and survival. The workflow opted during the subtractive genomics to develop the

drug against any economically significant pathogen is shown in Figure 2.2.

The different steps were retrieval of whole genome, exclusion of paralogous se-

quences, identification by blast, draggability and conservancy analysis.
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FIGURE 2.2: The steps followed during subtractive genomics in designing drug
against pathogen.

2.11 Immuno-informatics

The desired immune response can be engineered by adjusting the various com-
ponents of the immune system, which can be classed as cellular or humoral. An
antigen can be recognized by the MHC molecules found in T lymphocytes if a vac-
cination that causes a cellular response is used for example, a tuberculosis vaccine
, or a parasite vaccine against leishmaniosis [117]. The database used during the
analysis is, IEDB. For locating MHC molecules, one can predict T-cell epitopes
using numerous options, such as for a certain species, Type I or II, or even the
alleles. On the other hand, a humoral response is also necessary for effective im-
mune response, therefore the program must recognize B cell antigens, as is the case
with influenza or HIV [40]. ABCpred is online server that search for sequential
epitopes for B lymphocytes. Additionally, using several online tools a protein’s
three-dimensional structure can be used to anticipate conformational epitopes for

B lymphocytes, such as the, Disco Tope. This online software programs is based on
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computer programming on previously known epitopes and non-epitopes in order
to assign values to new peptides and to forecast whether they are epitopes or not.
Support Vector Machines (SVMs), Position-Specific Scoring Matrices (PSSMs),
Artificial Neural Networks (ANNs), and Hidden Markov Models are just some of
the methods that can be used to achieve this goal (HMMs). Many benefits and

varying degrees of accuracy can be gained by using each technique [118].

To conduct an analysis, an individual’s ”immunome” must be accessed; it consists
of all the genes and proteins expressed by the cells that participate in the indi-
vidual’s immune system. “Immunomics” is the study of all the various immune
reactions that take place in the response, and each is unique to a particular organ-
ism. That is why it is vital to conduct studies using relevant information about the
host organism. The exploration of immunomics, employing molecular biology and
other molecular techniques, has led to significant advancements in understanding

how the immune system functions [119].

Immunoinformatics is the application of computational methods to the study and
design of algorithms to map B- and T-cell epitopes, which shortens the time and
expense for testing pathogen gene products in a laboratory. By learning more
about these areas, an immunologist will be able to examine possible novel vaccine
targets. The whole approach is termed as “reverse vaccinology” which analyses the
pathogen genome in order to find possible antigenic proteins [120], the best rea-
son for favoring this approach is that the traditional procedures need cultivating
of pathogens and then extracting their pathogenic proteins. Although infections
develop quickly, it is difficult and time-consuming to extract their proteins, which
are subsequently tested on a wide scale. The capability of detecting virulence and
membrane-bound proteins via an immunoinformatic approach is not disputed.
After identifying an antigen that elicits the desired reaction, through immunoin-
formatics it can be predicted either a portion of antigenic protein can create the
optimal stimulus on its own or not. If a protein contains only one epitope, it can
be used in a subunit vaccine and coupled with other epitopes from different or-
ganisms to create a multivalent vaccine, which considerably reduces the cost of its

formulation. Epitopes can be generated synthetically or identified using molecular
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biology methods. It makes a vaccine safer during the manufacturing process, as

there is no possibility of passaging and escaping of infectious organisms [121].

To determine epitopes, proteins are examined for hydrophilic areas. The protein’s
three-dimensional structure is determined by the interactions of the amino acids
with the media, and with the region exposed outside the membrane containing
hydrophilic amino acids. The hydrophobic amino acids, on the other hand, are
positioned in the structure’s center. Hydrophobic amino acids are found in the
middle of a structure. It is more likely that if this protein interfaces with immune
cells, it will communicate with the hydrophilic area of the epitope. The stability
of peptide complex bound with MHC can also be predicted using various tools like
SOPMA and PSIPRED workbench, because some epitopes can relate to greater
force and affinity, increasing the likelihood of immune activation. For instance, in
case of vaccination against cancer the antigens found in B cells have been produced

to aidin the eradication of cancerous cells.
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Moreover, antibodies directed against regulatory T cells have been observed to
promote the tumor’s shrinkage [122]. The latter paves the door for the identi-
fication of epitopes that could be employed in vaccinations, allowing for more
effective and rapid disease elimination. Other online servers, such as ToxicPred,
and AllergenFP can be used to identify the potential allergenicity and toxicity
of the proteins in an allergy vaccine. The workflow followed during the study of

immunoinformatic is illustrated in Figure 2.3.

2.12 Structural analyses

Proteins are macromolecules that consist of amino acid chains. A functional do-
main is a group of amino acid residues that execute a specific biological function.
In multi-functional proteins, the size ranges from a few hundred to several thou-
sand residues. Proteins are made up of thousands of amino acids arranged in a
particular. The 3D structure is unique to each protein. A protein folds into a
complex 3-dimensional shape during formation. Each protein has a specific con-
formation and folds itself into that specific orientation within a second. There are
four levels of protein organization: the primary structure is simply the amino acid
sequence of the protein. Each protein has its own distinct amino acid sequence.
Secondary structure: the spatial arrangement of a protein’s structure in the ab-
sence of its side chains. The tertiary structure of a protein is a 3D structure.
Quaternary structure is a term that refers to the three-dimensional structures of
proteins that are made up of two or more polypeptide chains referred as subunits.
The proteins’ primary structure is analyzed to determine the amino acid num-
bers, composition, half-life, molecular weight, polarity, thermal stability, isoelec-
tric point (pl), hydrophobicity, hydrophobicity. For identifying these, Prot Param
tool is an online available server that is mostly used by the researchers [123]. If the
protein sequence is available, its phylodynamic analysis is easy to conduct after
doing multiple sequence alignment (MSA) through different online software like
clustalW [124], the alignment of the sequences provides us the data about the sim-

ilarities and dissimilarities present at the specific sites of the sequences while the
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conserved sequences among the multiple sequences can also be determined. After
MSA, the phylogenetic tree can also be constructed to identify the phylogeny of
the protein. The secondary structure information of the protein can be exam-
ined using the protein primary sequence through different softwares: SOPMA and
PSIPRED etc. It describes the presence of alpha helices, beta turns, coils, sheets

ete.

When it comes to figuring out what the protein does in the body, its three-
dimensional structure is of the utmost importance. Several methodologies, in-
cluding homology modelling, threading or fold recognition, and ab initio structure
prediction, have been used in the process of structure prediction. I-TASSER was
applied in order to perform structure prediction [125]. Following 3D structure

prediction, it is necessary to evaluate the structure using various analyses tools.

Ramachandran plot analysis using PROCHECK is the most favorite analysis for
verifying 3D structure. The Ramachandran plot depicts the summary statistics
of the backbone dihedral angle pairings and. In theory, the Ramachandran plot’s
allowed regions indicate the range of feasible Phi/Psi angles for an amino acid, X,
in an ala-X-alatripeptide [126]. In practice, the distribution of observed Phi/Psi
values in a protein structure can be used to validate the structure. The Ramachan-
dran plot depicts the dihedral angles’ energetically permitted and prohibited areas.
Numerous dihedral angles are discovered in the Ramachandran plot’s banned zones

for low-quality homology models. Such variations typically imply structural issues.

2.13 Molecular Docking and Simulation

Molecular docking is an appealing scaffold in designing drugs that interact with
DNA and proteins, as well as for research into the mechanisms of pharmacokinetics
by immobilizing a ligand molecule in the binding domain of the receptor so that
a stable complex is formed that offers the potential for both efficacy and greater
specificity [127]. By docking, we can determine the free energy, binding affinity,

and stability of complexes. To predict the possible binding parameters in advance,
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molecular docking is currently being used. Its major goal is to create a complex
with the desired shape and a smaller free binding energy. Other parameters are
also identified through it like, electrostatic (AGeec), hydrogen bond (AGhriond),
desolvation energy (AGgesov ), and torsional free energy (AGy,,). Since an aware-
ness of professional rules that regulate predicted free binding energy (AGy;ng) and
can provide additional clues about the nature of numerous types of interaction
that results in molecular docking. It indicates that a thorough understanding of

this ethical framework should be relevant to AGp,q knowledge [128].

2.14 Types of Molecular Docking

Numerous applications utilize docking technologies, all of which use search tech-
niques such as genetic algorithms, Monte Carlo algorithms, fragment-based algo-
rithms, and molecular dynamics algorithms. HADDOCK is among the primary
applications for docking with high efficiency. The different docking approaches
used during the analysis according to the objectives of the study are: Between
the ligand and the target molecule either will be kept rigid or flexible, for exam-
ple, if the ligand is kept flexible then the target will be treated as rigid. During
rigid body interaction, both the molecules are kept rigid whereas during flexible
interaction, both the molecules (ligand as well as target) are treated as flexible

molecules [129].
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Material and Methods

Complete flow chart of whole procedure of research project is given in Figure 3.1.
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3.1 Retrieval of Proteome Analysis

The full proteome of the strain was extracted in FASTA format using UniProt
[130]. UniProt is a vast collection of databases that helps the researchers/scien-
tists by providing functional information and sequences of proteins. Over 550, 000
sequences are available in this database. Protein information is very easily accessi-
ble for researchers due to organized information, collected through literatures and
experiments. The Geptop 2.0 server was used to find essential proteins. Identifi-
cation off essential genes for prokaryotes are identified through Geptop. Based on
orthology and phylogeny, it estimates the essential of any specie. It is available in
both online and downloadable application. Human proteins were not being seen as
vaccine candidates to prevent causing an autoimmune response. Non-homologous

proteins were predicted using BLASTp [131].

PSORTD 3.0.3 was used to choose cellular membranes proteins for cellular local-
ization. To understand the function of protein, genome annotation, detection of
possible pharmaceutical targets, vaccine ingredients, or cell surface diagnostic in-
dicators, protein subcellular localization is very important, and PSORTD is used
for this purpose. Antigenicity relates to a person’s able to respond quickly to
an antigen and be immune to it, a protein high antigenicity was used for peptide
based vaccine creation. The antigenicity of all proteins from the VaxiJen 2.0 server
was also used to test P. shigellodies with a 0.5 threshold [132]. Based on physio-
chemical properties of proteins, VaxiJen allows entire classification of antigens. It
is an easily available online server. VaxiJen has a 70 — 89 percent accuracy when
employing the autocross covariance transformation algorithm [132]. Because of
their propensity to create difficulties during the purifying process, proteins that
include transmembrane helixes were not required for the selection of the target

protein.

Transmembrane helices are predicted with 97/98% accuracy with the help of
TMHMM. With this server, proteins are evaluated by 99% of sensitivity and
specificity, and differentiation between membrane and soluble proteins is done

To predict transmembrane helix, the TMHMM v-2.0 server was performed [133].
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3.2 CTL Epitope Selection and Evaluation

k Cytotoxic T-cells are important in the selection of specific antigens and the cor-
rect outline of CTL epitopes, which are essential to development of vaccine, more
specifically, it saves money and time when compared to laboratory experiments. A
method known (http://tools.immuneepitope.org/mhci) MHC-I binding were
predicted using this method, and 40 MHC-I epitopes were predicted. After sub-
mitting a protein sequence in FASTA format, the consensus approach was used to
predict CTL epitopes. Human species were chosen an origin, and all cast epitopes
were picked. Because of their potential to bind, epitopes with a consensus score of
2 were chosen [134]. The immunogenicity tool was employed by an online database
(IEDB MHC-I) to determine immunogenicity of CTL epitopes [134]. The immune
epitope database is free, publicly available online database, which has over 1.6
million experiments; which represent the adaptive immune response to epitopes.
The results of this method are quite significant due to the large number of HLA
alleles included in the computation. All alleles were picked for prediction after
the sequence was submitted in FASTA format. The antigenicity of epitopes was
calculated using the VaxiJen-v-2.0 server to see if they may activate an immune
response [135]. During the development of the vaccine, allergic or toxic reactions
were avoided. To do so, Aller-TOP 2.0 an online server was used to assess the al-
lergenicity of epitopes. Non-toxic CTL epitopes were found using the Toxin-Pred
server. Toxin-Pred is a unique in-silco approach to predict toxicity of a protein. It
helps in peptide-based drug discovery by predicting the toxic regions in proteins.

It is an online freely available server [136].

3.3 Analysis and Selection of HTL Epitopes

Helper T-cells play a vital role in the immune system’s cellular and humoral im-
munological responses to antigens from the outside world. As a result, HTL epi-
topes related to MHC-IT alleles are critical in the creation of vaccines [137]. T-cells

are important for activating B cells to produce antibodies towards effective viruses,
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as well as for cells to react to cytotoxic T-cells and infections [138]. On selected pro-
teins, the 27 HTL (Human Leukocyte Antigen) epitopes were predicted by server
the IEDB (Immune Epitope Database) MHC-II binding tool5 with identical bind-
ing alleles and a 2 percentile threshold [139]. IL-4, IL-10, and FN-gamma help
activate cytotoxic T-cells and other immune cells. Vaccine design relies primarily
on HTL-producing cytokines. IFN-Gamma epitopes will be analysed using the
IFN epitope server, SVM, hybrid motif, and IFN-Gamma vs. Non-IFN-Gamma
model [140]. IL-4Pred and IL-10Pred were utilised so that the inducing qualities
of IL-4 and IL-10, respectively, could be compared and contrasted [141]. We used
SVM cutoffs of —0.3 for IL10Pred and 0.2 for IL4Pred. Responses from helper
T lymphocytes (HTLs) improve both humoral and cellular immune responses.
Vaccines used for both prophylaxis and treatment were thus likely to have HTL
epitopes.

3.4 LBL Epitopes Identification and Evaluation

Because of their role in the immune system for increasing the adaptive immune
response, B-cell epitopes are considered important basic components of a vaccine
[142]. ABCPred will be used to anticipate B-cell epitopes [143]. For linear epi-
topes, the minimum predicting value was set at 0.5. For antigenicity, toxicity,
and allergenicity profiling, online servers including Toxin Pred, VaxiJen v-2.0, and
AllergenFP-v.1.0 will be employed [135, 136, 143]. Epitopes that are preserved
and able of unique properties B-cell and T-cell (CD8 and CD4) reactions should

be included in a vaccine [144].

3.5 Population Coverage Analysis

MHC (Major histocompatibility complex) there is not one uniform pattern of al-
lelic distribution across the globe because it depends on factors such as ethnic

groups and geographic locations. Therefore, when it comes to the creation of an
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efficient vaccination, population coverage needs to be taken into consideration as a
crucial aspect [145]. The IEDB (Immune Epitope Database) population coverage
tool was used to pick MHC-I and MHC-II epitopes along with their accompanying
HLA (Human Leukocyte Antigen)-binding alleles in order to calculate population
coverage [146]. This tool calculated population coverage of each epitope for differ-
ent regions of the world based on the distribution of human MHC binding alleles.
This software predicts the proportion of persons who will react to a given set of
epitopes based on the limits imposed by MHC. Allele and genotype frequencies for
HLA genes are used in this calculation, with the latter based on the presumption
that these loci are not subject to linkage disequilibrium. By comparing the epi-
tope’s sequence to itself at varied degrees of sequence identity, this tool assesses the
extent to which the epitope is conserved within a given protein sequence collection.

This is a handy tool that may be used either online or off.

3.6 Vaccine’s Mapping

To create the multi-epitope vaccination, suitable linkers was mixed with B-cell, T-
cell epitopes, and adjuvant [146, 147]. Adjuvant is used with caution to enhance
vaccination immunogenicity. If peptides are chosen on their own, they may be
insufficiently immunogenic [148]. As an adjuvant, cholera enterotoxin subunit B
(Accessionno:P01556) will be used) [149]. The EAAAK linkers were employed to
join the CTL epitope with adjuvant and remove the domains of a bi-functional
fusion protein [150]. A linker was utilized to tie two epitopes together for effective
epitope functioning [151]. GPGPG and AAY-linkers were utilized to combine CTL

and HTL-epitopes as well as detect epitopes [150].

3.7 Structural Analysis

Blastp analysis was employed to corroborate the MEBSV sequence, which was

created in a non-homologous fashion [152]. Physiochemical properties such as
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theoretical pI, MW (molecular weight), instability index (II), GRAVY (Grand
Average of Hydropathicity) Al (aliphatic index), in-vivo and in-vitro half-life was
analyzed using the ProtParam server. It is a piece of software that can compute
a number of different physical and chemical properties for a protein that has been
stored in Swiss-Prot or for a protein sequence that the user has provided [152, 153].
The antigenic and immunogenic profiles were assessed using the IEDB immuno-
genicity tools and the VaxiJen-v 2.0 server. The Aller-TOP server was used to
examine the allergic reactions to the vaccination [135]. Utilizing the PSIPRED
workbench, we were able to determine the secondary structure of the vaccine.
This test was used to estimate other properties such as random-coil, alpha-helices
degree of beta-turns, and extended-chain. The Self Optimized Prediction method
with alignment, also known as SOPMA, is a software program that can be accessed

online and is used to predict the secondary structure of proteins [135].

3.8 Refinement, Confirmation and Prediction of

Tertiary Structure

The lower energy structure of a protein is its three-dimensional structure, in which
bends and twists exactly to provide maximum stability. I-TASSER server was used
to develop our protein, which employed connection information to improve pro-
tein structural accuracy. Structure based annotation and structure prediction for
protein is done through I-TASSER. After locating suitable PDB structural tem-
plates with the help of the LOMETS multithreaded technique, it then employs a
template-based fragment assembly simulation to construct complete atomic mod-
els [154]. The Galaxy Refine server was used to refine and optimize 3D structured
proteins. It uses molecular dynamic simulation to achieve recurrent structure
perturbation and overall structural relaxation [155]. General systemic relaxation
destroyed the structure in the dynamic simulation. The RAMPAGE server, which
uses the Ramachandran plot, was used to validate our improved structure. For

the conformation of a protein it shows simple view. Sci, Phi angles of a protein
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backbone are plotted in 2d form [156]. The ProSA-webserver was used for struc-
tural verifications in later stages. A non-bonded relationship in vaccine structural
data was analyzed using the ERRAT server. In this program crystallography is
carried out to confirm protein structure. In given structure errors may occur on

basics of interaction between non bonded atoms [82, 157].

3.9 B-cell Epitopes Screening

Using an online service like IEDB-AR v.2.22, linear B cell epitopes and confor-
mational were discovered. The vaccine sequence was utilized as an input for the
ABCPred server, with a value of 14 and a threshold of 0. All Ellipro tool values
were set to standard, and the vaccine structure was given as input. For visual-
ization of discontinuities in the final construction of vaccine, PYMOL-v.1.3,was

employed [157].

3.10 MEBSV Stability through Disulfide Engi-

neering

The MEBSV (Multi Epitope-based Subunit Vaccine) refined model’s stability
should be improved before the next step. Covalent disulfide bonds were used
to ensure that the protein construct will properly stabilized, simulating the stabil-
ity of a molecular interaction by verifying accurate geometric conformations. On
the target protein’s structure, covalently linkages were constructed by using the
disulfide engineering method. With design 2.0, disulfide engineering will be done

for an improved vaccine model.

An improved protein model was transferred for residue pair concealing, and the
pairs were then used in disulfide engineering. For modification with cysteines
residues, the mutated server function were utilized, and three pairs were chosen

[158]. It is a tool that allows the users to create new disulfide connections protein.
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When the appropriate amino acids are changed to cysteines, proteins structure
files in PDB format are evaluated to find residue pairs that are likely to form
a disulfide bond. Initially, the MEBSV refined model was uploaded and residue
pairs were screened. The pair of residues were chosen for mutation with cysteines

residues using the mutated function of the server [159].

3.11 Docking of MHC Molecules and TLR4 Re-

ceptor with Constructed Vaccine Disulphide

After the vaccination reacts with the host’s immune system, an efficient immune
system response is generated. The ability of vaccines to bind to receptors in the
human immune system was investigated using molecular docking. The MHC-I,
MHC-IT and TLR4 receptors were used to study the stimulating and antimicro-
bial immune responses. Structures of TLR4 (ID: 4G8A), MHC-I receptor (ID:
111Y ), and MHC-II receptor (ID: 1KGO) were retrieved from protein data bank.
For the protein-protein interaction, the HADDOCK-v-2.4 server was used [160].
HADDOCK was performed to build model the bimolecular complexes. High Am-
biguity Driven Protein-Protein Docking. That uses mutagenesis data or chemical

shift perturbation data related to biochemical or biophysical interaction data.

Docking process is done on basis of Ambiguous Interaction Restraints (AIRs). AIR
is an ambiguous distance that is found in all residues that are involved in interac-
tion. The structures are selected on lowest intermolecular energies [161]. PyMOL-
v.1.3 was used for visualizing of docked complexes [160]. For three-dimensional
(3D) visualization of proteins, small molecules, nucleic acids, and surface, a molec-
ular graphics tool is used called as PyMOL. There are many other plug-in tools
available in this python-based software. Ray tracing and molecular editing is also
done with this tool [162]. For evaluating interactions between docked complexes,
PDB sum, an online server was used [163]. A macromolecule with 3D structure,
molecular components, sequence and with many other features is available freely

in this database. It is freely available database. The database helps in many ways.
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3.12 Molecular Dynamic Simulation

Molecular dynamics plays a very basic role in determining the solidity of proteins
and complexes in every in-silico study. By compared primary protein movements
to traditional nodes, protein stability might be established [164, 165]. The Internal
coordinates normal mode analysis service (iMOD was used to describe collective

protein mobility in internal coordinates [166].

Even with huge macromolecules, iMODS permits the exploration of such modes
and produces feasible transition routes between two homologous structures. This
server, which describes the deformability, eigenvalues, covariance, and B-factors,
were used to calculate the internal motions of the complexes. The value of standard
mode was determined by the stiffness of motion. When the eigenvalue is low, it

aids in the deformation of structures that have a certain energy.

3.13 Immune Simulation

An in-silico immunological simulation was performed using the internet server C-
Imm Sim-10.1 to evaluate the immune reaction of the simulated vaccine. The thy-
mus lymph nodes, and bone marrow three fundamental components of a working
mammalian system, were reconstructed on the C-Imm Sim11 server. In presence of
antigens in mammalian immune system, both humoral and cellular responses are
determined at cellular scale through C-Imm-sim model. It is an online approach

which is easily available for researchers [167].

The MEBSV was tested for its capacity to mimic a variety of immune cells and
molecules, including cytotoxic T lymphocytes (CTLs), natural killer (NK) cells, B
cytokines, and immunoglobulin. Two vaccine doses should be spaced by at least
four weeks in clinical practice. Therefore, the simulation was running for 1000
steps, and two doses were given four weeks apart. Random-seed (12345), number
of injection sets (1), volume (10), B-0702, B-0702, and HLA are all inputs used in
the immunological simulation (A-0101, A-0101, D-RB1 0101, and DRB1 0101).
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3.14 In-silico cloning and Optimization of Codons

Codon usage varies by species, and non - adapted codons might lead to low ex-
pression levels in the receptor. As conclusion, it should be created in line with the
translational machinery of the host in order to boost expression of genes. This
study was use the Java Codon Adaptation Tool (JCAT) to modify codon vaccine
to E.coli strain K12, a common prokaryotic model [168]. To avoid the ribosome
binding site in prokaryotes, restriction enzyme cleavage sites, rho-independent
transcription termination and three more options were chosen at the bottom. The
stability of CAI and GC (Guanine and Cytosine) will be investigated. At C and
N terminal of optimal nucleotides sequences, restriction sites Xhol and Ncol have
been introduced. Finally, the modified DNA sequence of the intended vaccination

was cloned using Snap Gene 4.3. Complete graphical abstract is shown in Figure

3.2.
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Chapter 4

Results and Discussion

4.1 Protein’s Selection

Complete proteome of P. shigelloides (strain ATCC 13048 / DSM 30053) was
retrieved from UniProt (Accession no: UP000008881). It is important to identify
essential proteins because such proteins are continuously expressed by the surface
cell and perform a very basic role in the environment in cellular crosstalk. Essential
proteome has a broader treatment potential because it contains proteins that are
required for the pathogen’s cellular survival. Essential proteins play an important

role in pathogen adhesion, infection, host persistence, growth, and survival.

TABLE 4.1: Top proteins with maximum antigenicity nature and extracellular
locations.

Protein name  Accession No Antigenicity Helices Location

Auto transporter

domain-

>trREARBS8 0.6154 0 Extracellular
containing
protein
Prophage tail

>trR8APAS 0.7706 0 Extracellular

fiber protein

45
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Table 4.1 continued from previous page
Protein name  Accession No Antigenicity Helices Location

Tail fiber

>trR8AQHO 0.8350 0 Extracellular
Protein
Flagellin >trR8AS43 0.6989 0 Extracellular
Uncharacterized

>trRIAPDI 0.8919 0 Extracellular
Protein
Superoxide

>trRIAPRI1 0.5574 0 Extracellular
dismutase

Plesiomonas complete proteome is made up of 3354 proteins. Geptop-0.5, an in-
ternet server, was used to determine 396 important proteins from all of these.
By excluding human homologs from online BLASTp analysis, a total of 42 non-
homologous proteins were discovered. These have been analysed using antigenicity
values. Extracellular proteins were selected as the top six proteins with the max-

imum antigenicity values shows in Table 4.1.

4.2 Epitope CTL Evaluation and Selection

From the target protein of Plesiomonas Shigelloides, a total of 92 CTL epitopes
consisting of 12 amino acids were generated. After being put through a series of
tests to determine their immunogenicity, antigenicity, toxicity, and allergenicity,
the top three antigenic, non-allergenic, immunogenic, and non-toxic epitopes were
selected for the production of a vaccine. This was done by using a variety of

procedures (Table 4.2).

There was a sum of ten basic HTL epitopes created. Using cytokines, the top only
one epitope was selected for vaccine development (IL-10, IL-4, and IFN-Gamma)

Table 4.3. Accordingly, 50 LBL, epitopes were chosen, with a total of two epitopes
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being approved for vaccine manufacturing after being assessed for immunogenicity,

allergenicity, and toxicity which were shown in the Table 4.4.

TABLE 4.2: Epitopes were chosen by CTL for vaccine development against
Plesiomonas Shigelloides.

) . . Anti- Immuno-
Epitope Protein Alleles Position
genicity genicity
HLA-B*
Auto
15:02
NRQVR transporter
HLA-A* 501-
GGYTF domain- 1.4726 0.1844
9 24:02 512
P containing
HLA-A*
protein
23:01
HLA-A*
GSALG  Unchara-
30:02 133-
ATYRI  cterized 1.2093 0.28084
HLA-A* 144
DY protein
01:01
HLA-C*
06:02
HLA-C*
07:01
HLA-C*
YIDYR
Superoxide  08:02 164-
NVRPN 1.5493 0.12012
dismutase ~ HLA-C* 175
YL
07:02
HLA-A*
01:01
HLA-C*

05:01
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TABLE 4.3: HTL epitopes used in the development of a vaccination against
Plesiomonas Shigellodies

. . . Anti- IFY
Epitope Protein Alleles Position 1L-4 IL-10
genicity -N
QPNS Auto
RYQ transporter HLA-
511- Ind- Non-
VTP domain- DRBI1* 0.7055 +ve
526 ucer inducer
FVA containing  07:03
LNY protein

TABLE 4.4: Final selected B-Cell epitopes for vaccine construction against Ple-
siomonas Shigelloides

Anti-

Epitope Protein Score Position Immunogenicity
genicity
Auto
GFGA
transporter
GEVN
domain- 0.65 719 1.6757 0.36723
GGIS
containing
YRIN
protein
KGGT Pronls
rophage
VGGV
tail fiber 0.89 433 1.6406 0.36096
DYGV
protein
GDTL

4.3 Population Coverage Analysis

Coverage of the population is an essential component in the research and develop-
ment of vaccines due to the fact that the HLA alleles that are present in different
racial and ethnic groups as well as geographic locations of the world are not evenly

distributed. In this particular piece of research, the overall population coverage of
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specific T cell epitopes together with their associated HLA alleles was computed.
It was determined that 95.91% of the world’s population is protected by the se-
lected epitopes, according to the overall coverage. The population was covered the
best in North America at 91.29 percent, while South America had the lowest cov-
erage at 60.24%. According to the findings of our research, the selected epitopes,

which are depicted in Figure 4.1, would make outstanding candidates for vaccines.
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FIGURE 4.1: Population coverage

4.4 Construction of Vaccine

All of the epitopes which were selected were used to construct the vaccine. All LBL,
MHC-I, and MHC-II epitopes were attached using KK, AAY and GPGPG Linkers
Figure 4.2 . Such linkers were selected because they aid in immunization and

epitope distribution and inhibiting junction epitope development [169, 170]. The
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N-terminal of the final build vaccine was adjuvant with cholera enterotoxin subunit
B (124 residues) in addition to the EAAAK linker. With efficient separation, the
EAAAK-linker was also used to increase structural strength and diminish the

interaction with the other protein regions are shown in Figure 4.3 [149].

| H\HHH AFKEMILLELODEVARFEE[FEVIAAAF VAVA
AAPAGAAVEAALEQSEEDVILEAAGDKKIGVIKVVREIVS
J H\l \Hl DAPKPLLEKVAKEAADEAKAKLEAAGATY
VKEAAAKNYQVRGGYTROPAAT GSALGATYRIDYAAYYTDYRNVR
PYLGPGPGQPNSRYQVTPFVALNYGPGPGGQKFTVATGSQULLIDGPG
PGVDVWEHAYY I DYRNVREA GFGAGEVNGGI SYRINKAKGGTVGGY
DYGVGDTLAKTLATDATTONSEGVEP

FIGURE 4.2: Primary sequence of the MEBSV

The below figure 4.3 represent the schematic representation of MEBSV.

CTL Epitopes
> B | ——
- s 1 &0=1s |3 O | AAY Linker
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© 5 EQecfle €
ECH BN N BN B E
S| 2 N g gl: ® |GPGPG Linkers
) g < = e
< 122 |¢ —
w z o f> | [C] .
% ) KK Linkers
HTL Epitopes

B Cell Epitopes

FIGURE 4.3: Schematic representation of the final MEBSV construct vaccine.
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4.5 Physiochemical and Immunogenic Profiling

We dig deeper into the physiochemical and immunogenic features of the manufac-
tured vaccine. When the homology of the generated vaccine was matched to the
human proteome, the results revealed that no two human proteomes are identical.
Afterwards, we conducted tests to determine the vaccine’s antigenicity, allergenic-
ity, and toxicity, and found that it is highly non-allergenic, antigenic, and safe.
ProtParam was used to analyses physiochemical characteristics. The molecular
weight of the vaccine was 30937.91 kDa, whereas the theoretical PI was 5.23 kDa.
Our vaccine has a half-life in vitro of 30 hours, in vivo of ; 20 hours (Yeast), and in
vivo of §, 10 hours (E.coli). GRAVY (grand average hydropathicity) was measured
at -0.216. All of these characteristics pointed to Plesiomonas Shigelloides as a

promising vaccine candidate.

4.6 Structural Evaluation

In order to investigate the secondary structure of the vaccine, the PSIPRED and
SOPMA servers were utilized. There are 123 residues in the alpha-helix, which
makes up 34.55 percent of the sequence. There are 102 residues in extended chains,
which make up 28.65 percent of the structure, and there are 103 amino acids in

coils, which make up 28.93 percent of the structure.

4.7 Prediction of tertiary Structure, Validation,

and Refinement

The tertiary structure of the Plesiomonas shigelloides was constructed using I-
TASSER, an internet server. In this server, the C-score was determined to be
—1.66. To fine-tune the anticipated structure, the Galaxy-Refine server has been

used. Galaxy Refine refined the structure. In the modified model study, 85.5% of
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amino acids were in favored regions, 33% in tolerated regions and 38% in outlier
regions in Figure 4.4. The Z-score was found to be —1.01. In ERRAT’s quality
check study, the optimized model received a score of 60. Figure 4.4 shows the

results, which showed that the improved model was of good quality.

w3_70

- ==

Psi (degrees)

Phi (degrees)

FIGURE 4.4: Schematic representation of the final MEBSV construct vaccine.

4.8 Selection of B-cell Epitopes

B-lymphocytes generate antibodies, which result in humoral immunity [171]. As
an outcome, optimal domains of B-cell epitopes should be present in the vaccina-
tion. ABCPred 2.0 has been used to predict 3 conformational-discontinuous and
24 linear-continuous from the vaccine construct using default values. The con-
formation B cell epitopes were visualized in the vaccine construct using PyMOL

v.1.3, selected B-cell for screening of vaccine are given in Table 4.5.
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TABLE 4.5: Selected B cell for screening of vaccine

Immuno-
Epitope Protein Score Position Antigenicity
genicity
Auto
GFGA
transporter
GEVN
domain- 0.65 719 1.6757 0.36723
GGIS
containing
YRIN
protein
KGGT
Prophage
VGGV
tail fiber 0.89 433 1.6406 0.36096
DYGV
protein
GDTL

4.9 Disulfide Engineering

The vaccine was improved using Disulfide by Design v-2.0, and disulfide manufac-
turing was employed to increase the vaccine’s stability. For the disulfide synthesis,
a total of 33 residues were employed. Three pairs of residues were chosen for disul-
fide synthesis because their energy and Chi3 scores were within the normal range.
As a result, genetic variations in the residue pair emerged, involving PRO222-
PRO251 with 1.67 kcal/mol of energy and —80.06 kcal/mol, and PRO222-PRO251
with —80.06 and 1.67 kcal/mol of energy, respectively Figure 4.5.

FIGURE 4.5: The green and red colors for two mutated pairs are chosen based
on energy X3 and B-factor value.
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4.10 Molecular Docking

A strong interaction among antigen and immune specific receptors is required for
an active immune response. The docking of vaccination with TLR4, MHC-1, and
MHC-IT was done using HADDOCK v.2.4. (Immune receptor of human). TLR4
activates an efficient immune response in reaction to the bacterial identification.
Vaccines and TLR4 have a substantial interaction, according to docking studies.
TLR4 and vaccination had a binding score of 55.2 kcal /mol, which was computed.
On the map, TLR4 was depicted as red, while Multi Epitopes Based Subunit
Vaccine (MEBSV) was depicted as green (Figure 4.6). It was discovered both
TLR4 and vaccination had ten hydrogen bond interaction within a 3.34 range.
In addition, HADDOCK V.2.4 was used to dock the vaccine structure with the
MHC1 and MHC II receptors. HADDOCK scores of —23.9 + / — 10.6 was found,
with Desolvaion Energy of —26.9 4+ / — 17.8 (kcal/mol) respectively. Table (4.6)
contains the docking results of TLRA4.

Chain A ChainB

His103 @D @D Tyr270
S @D Gy
Gin9y U : Prod9
™y
sl @D .
Pro78 @0 @D Asp269
Ser102 @D @D Alad4
Ser100 €@ Glyds

Phe7s @0 @D Alad3
> @ @A

Ser76 @G Vald2
. . \
Interacting Residues Teds @I\ @ AlaS0

»M‘ Lys14
Pros3 D - @D Alads
Lys47 D — @ Glu20
Phed5 (1), @D Len18
Tyrdb - ' Metld
At @D
. TLR-4 structure Cys20 X
Leud3 QD @D Asp?
Vaccine structure Leus2 @D @ Asp23
G @D
Pro2s @0 @D Glul5

Asn51 ! ! Phefi3

FIGURE 4.6: Docked complex of TLR4 receptor with the vaccine receptor in-
dicating the interacting part along with the interacting residue.
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TABLE 4.6: Docking table indicating the docking scores along different energy
values of TIR-4 with vaccine construct

TLR4 (Parameters) Values
HADDOCK-v.2.2 score -23.9 +/-10.6
Cluster Size 38

RMSD from the overall lowest energy structure 4.9 +/ -0.5
Van-der-Waals energy -84.6 +/ -4.0
Electrostatic Energy -305.9 +/-49.3
Desolvaion Energy -26.9 +/ -17.8

Restraints Violation Energy
Buried Surface Area

Z-Score

1488.4 +/ -173.07
2620.7 +/ -57.4
0.9

In Figure 4.7 the docked complex of MHC-I with vaccine formation, seven hydrogen

bond interactions were found with the HADDOCK scores of —41.6 + / —25.9 with

Desolvaion Energy of 29.7 + / — 11.7.

<>

Interacting Residues

. MHC-I structure

Vaccine structure

1 A Chain B

FIGURE 4.7: Intermolecular binding mode and residue level chemical interac-
tions of MEBSV-MHCI complex. The MEBSV is shown green color while MHC
I receptor is represented in cyan color.
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Table 4.7 contains all results of docked complex of MHC-I. Even though the MHC-
IT complex has eleven connecting regions, as shown in Figures 4.8. With —86.9 +
/—6.7 of HADDOCK scores or Desolvaion Energy is —73.0+4 / — 14.6 respectively.
Table 4.8 shown all results of docked complex of MHC-II.

TABLE 4.7: Docking table indicating the docking scores along different energy
values of MHC-I with vaccine construct

MHC1 (Parameters) Values
HADDOCK-v.2.2 score -41.6 +/ -25.9
Cluster Size 4

RMSD from the overall lowest energy structure 3.3 +/ -0.3

Van-der-Waals energy -114.0 +/ -7.1
Electrostatic Energy -467.0 +/ -74.2
Desolvaion Energy -29.7 +/ -11.7
Restraints Violation Energy 1955.5 +/ -200.96
Buried Surface Area 4125.1 +/ -121.1
Z-Score 0.5

Chain A Chain B

® wHC structure

Vaccine structure

FIGURE 4.8: Intermolecular binding mode and residue level chemical interac-
tions of MEBSV-MHCI complex. The MEBSV is shown in green color while
the MHC II receptor is represented in grey color.
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TABLE 4.8: Docking table indicating the docking scores along different energy
values of MHC-II with vaccine construct

MHC2 (Parameters) Values
HADDOCK-v.2.2 score -86.9+/-6.7
Cluster Size 30

RMSD from the overall lowest energy structure 9.1+ /-0.3

Van-der-Waals energy -118+/-3.7
Electrostatic Energy -325.5+/-32.8
Desolvaion Energy -73.0 +/-14.6
Restraints Violation Energy 1697.7 +/ -217.49
Buried Surface Area 3807.7 +/ -77.8
Z-Score -1.5

4.11 Molecular Dynamic Simulation

A large-scale normal mode analysis was used to study protein mobility and stability
(NMA). I-MODS-server was employed for this analysis, which depends on inner

coordinates of docked complexes.
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FIGURE 4.9: (a, b, ¢) Simulation of the vaccine-TLR4 complex, showing (a)
eigenvalue, (b) deformability, (c) B-factor
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Individual residue deformation influenced the complex’s compressibility, as demon-
strated by the chain’s hinges (Figure 4.9). 2.788520e-05 was found to be the num-
ber for the complicated. By reversing the corresponding variance, the frequency
of each standard operation was found (Figure 4.9) [172]. As a consequence of the
normal mode analysis, the B-factor value was proportionate to the RMS (Figure
4.9). In a covariance matrix, which depicts the pairings of the residue pairs, several
various sets of connected, disassociated, or randomly motions are depicted in var-
ious colors as reddish, blue, and white. These colors show the connectivity of the
motions (Figure 4.10). The elastic map showed joint atoms connected by springs,
with each point indicating one spring and grey colors denoting stiffer places, with

intensity proportional to stiffness (Figure 4.10)

L e - F

L ]
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d Rigidug ndai e Alominds

FIGURE 4.10: (d, e) Simulation of the vaccine-TLR4 complex, showing (d)
covariance matrix, and (e) elastic network analysis.
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4.12 Immune-Simulation

Secondary and primary immune response plays a major role in particular immune
responses against with a disease. In a computer simulation, the immune system of
the patient reacts to the antigen Figure 4.11. The primary response was generated
as high IgG1 + IgG2 and IgM concentrations, followed by IgM, [gG1 + IgG2, and
IgG1 in secondary and primary phases with synchronous antigen decrease. The
effectiveness of interleukin and cytokine reactions has been discovered. Figure
4.11 shows a successful immune response to the vaccine, and also clearance after

consecutive experiences.
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FIGURE 4.11: (a & b) C Imm Sim presentation of immune simulation: (a)
Immunoglobulin production in different states and B-cell isotypes according to
the Simpson index to the antigen. (b) Cytokine level.
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4.13 In-Silico Cloning

The vaccine protein was produced successfully in the E. coli target host thanks
to codon optimization and in-silco cloning. The vaccine’s P. Shigelloides was
modified based on the codon use of the E.coli K12 strain. In enhanced DNA, the
GC content was 48.87%, and the CAI score was 0.9. As a reasonable compromise,
CAI with a ratio of 1.0 was suggested. In the E. coli vector pET 30a (+, the
synthesised codon was placed between the Xhol and Ncol conserved regions, as

illustrated (Figure 4.12). The clone measured 5983bp in size.

Styl BlpI
PaeR7I - PspXI - Xhol

Eagl - Notl

Psil _ HindIII
) Sall
Eco53kI
Sacl
EcoRI
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Acc651
KpnI
BglIl
BstBI
Ndel
.. Xbal

SgrAl
Sphi
BstAPI

AsiSI - Pvul
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TspMI - Xmal
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Pet-30a cloning
5983 bp
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— NmeAIII
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BspQI - Sapl
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PFIFI - Tth1111
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PshAI

Bgll
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FIGURE 4.12: Cloned sequence of MEBSV (colored as red) into pET-30a (+)
expression vector.

Plesiomonas was previously determined as a major element of the Vibrionaceae
family, but it is now a member of the Enterobacteriaceae family. Plesiomonas
shigelloides is a facultative anaerobic, rod-shaped, Gram-negative, flagellated, bac-
terium in the genus Plesiomonas. Humans, sheep, fish, cows, dogs, pigs and turkey
vultures are some of the hosts, and it can also be found in aquatic areas. A serotyp-

ing approach based on antigenic variation in the lipopolysaccharide (O-antigen), of
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which there are currently 102 flagella and 51H-antigen was used for categorization,

epidemiological investigation, and identification of P. shigelloides [52, 53].

Diarrheal disorder affected a large number of individuals in worldwide and creates
severe medical issues. such as FEnterobacteriaceae, Gram-negative bacteria, and
Vibrionaceae are commonly responsible for this disease [54, 55]. Plesiomonas
shigelloides, a member of the Enterobacteriaceae family, has been identified as a
major source of gastrointestinal illnesses. It was 3rd in ranked Japan as a cause

of diarrhea in tourists [56].

Human faeces, several domestic and wild animals, and the environment, especially
water, have all been found to have these germs. Drinking unfiltered water, eat-
ing uncooked shellfish, and travelling to underdeveloped countries have all been
linked to P. shigelloides infections 2 and 3 Different virulence factors, including
a lipopolysaccharide, have been reported in an attempt to discover the harmful
process of P. shigelloides [26, 57, 58]. Plesiomonas shigelloides is a facultatively
and gramme negative anaerobic bacteria which has been reported in-surface wa-
ter, freshwater and a range of domestic animals and wild [9, 85, 86]. The cre-
ation and production of an effective live and attenuated vaccination is both costly
and time-consuming [173]. Aside from that, typical attenuated vaccines’ usage
is restricted due to a number of difficulties, including their poor ability to elicit
immune responses and a variety of side effects. Various methods for creating and
generating effective epitope-based vaccines are already available [174]. In order
to uncover semi-virulent, non-homologous, antigen, and non-allergenic vaccina-
tion candidates, a subtractive proteomics technique was applied to the primary
proteome. Another essential need for excluding proteins is the demonstration of
the presence of transmembrane helices. To be good targets, the chosen proteins
have to be cutting-edge and capable of being detected by the immune system. Six
proteins Auto transporter domain-containing protein, Prophage tail fiber protein,
Tail fiber protein, Flagellin, Uncharacterized protein and Superoxide dismutase
were elected as vaccine targets after extracting extracellular proteins. After the
analysis was completed, the antigenicity of those proteins was evaluated using the

VaxiJen server. Although Allertop was used to determine the allergenicity of those
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proteins. If a long-lasting, substantial immune response is necessary, all B and T
cell epitopes must join to establish either humoral or cell-mediated immunity. As
a result, T and B cell epitopes from vaccine candidates have been predicted and
thoroughly examined. The epitopes chosen accounted for 95.91 percent of the
global population coverage. To make the vaccine, HTL, CTL, and B cell epitopes
were bound to GPGPG, AAY, and KK linkers, respectively. The output, stabi-
lization, and fold of MEBV can all be improved by incorporating linkers into the
evolution process. The EAAAK linker is a stiff linker that has been employed
in numerous vaccine development studies, including bacterial and viral illnesses,
especially when different epitopes and adjuvants are required. In structural and
biochemical studies, the availability of abundantly produced protein within an E.
coli host is crucial [17]. A MEV protein’s solubility was identified, as well as its
ease of access to the host. The GRAVY score and the aliphatic index were em-
ployed to express thermos ability and hydrophobicity, respectively. To ensure a
new vaccine’s basic character, the theoretical pl estimate was used. Furthermore,
the total stability index derived in this study confirms the protein’s lifespan after

expression, showing that its utility has grown.

The 3D structure not only helps researchers better understand protein behavior
and function as well as protein-protein interactions by providing information about
the spatial assembly of essential protein components. FE. coli expression systems
were created to generate recombinant proteins. In F. coli K12, codon optimization
was used to achieve a high degree of synthetic vaccine protein production. Such
vaccines may elicit mucosal immunological responses when administered intranasal
or sublingually, inhibiting pathogen entry into the host’s body by encouraging the
production of host-defensive T and B lymphocytes in the mucosal and systemic
regions. As a result, multi-epitope immunizations may become an important tool
in the future fight against diseases. Additional laboratory testing is required to
demonstrate the vaccine’s efficacy and safety, as the current study was based only
on an integrated computation process. As there is no vaccine reported against P.
Shigelloides, this is the first technique that recommends a full functional multi-

peptide-based subunit vaccine (MEBSV) that has been evaluated using in silico
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approaches. MEBSV designed in this study has very important properties that
give it an advantage of traditional vaccines. It contains B-cell, CTL, and HTL
epitopes, and thus it may be capable of inducing cellular and humoral resistance
in the host. It consists of epitopes that target different HLAs and allows the iden-
tification of new T cell receptors which have proved effective in a large population.
As it contains many immunogenic protein regions, which seem to fuse into a frag-
ment of peptide, a single vaccine can have many targeted proteins. This increases
the vaccine’s efficacy. Hence, it is an outstanding element for vaccine development

against P. Shigelloides infection.
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FIGURE 4.13: Adaptive Immune system

Figure 4.13 explain toll like receptors (TLRs) helps vaccine to attach with dendritic
cells (DC) and macrophages (MP), to enhance immune response when it enters in
the body. Vaccine’s epitopes were processed by (APC) antigen presenting cells and
presented to T-cell which enhances the immune response. T-cells can either kill
infected cells on their own or assist other immune cells in doing so. On the other
hand, plasma B-cells (PLBC) manufacture antibodies to deactivate viruses, and

memory B-cells (MBCs) retain information in order to activate a robust immune



Results and Discussion 64

response in the event of re-infection. Cluster of Differentiation abbreviated as
CD. The acronym MHC stands for the major histocompatibility complex. T-cell
receptors, or TCR for short. Cytotoxic T cells are abbreviated as CTL. IFN stands

for 7interferons.” NK: natural killer cells.
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Conclusion and Future Aspects

Bacterial infections can cause dangerous illnesses, organ failure, decomposition,
and death. Bacterial infections afflict 10 million people worldwide. Foreign bac-
teria that enter the body and cause diseases and infections kill healthy bacteria
and tissues. P. Shigelloides causes skin, tissue, respiratory, and urinary tract in-
fections in people. P. Shigelloides causes high ICU mortality. P. Shigelloides is a
rod-shaped, Gram-negative, motile enterbacteriaceae. Misuse of medications and
healthcare equipment disseminated this microorganism. This pathogen is drug-
and antibiotic-resistant. P. Shigelloides needs medications or a vaccination.

This work aimed to design a P. Shigelloides multi-epitope vaccine. Subtractive
genomics was utilised to uncover bacterial therapeutic proteins lacking from the
host. UniProt found 3354 proteins in P. Shigelloides’ proteome. Geptop 2.0 iden-
tified 396 of 3354 proteins as essential. Essential proteins were submitted to BlastP
to prevent drug interactions with human proteins. Out of 398 proteins, only 193
were non-homologous to humans. BlastP analysis was carried out to choose best
proteins. Only three proteins were found to be extracellular that were selected for
further process. Cytotoxic T-cells were predicted through IEDB database as these
play essential role in selection for particular antigens for vaccine designing. MHC-I
and MHC-II epitopes were also predicted through this database. Integrity of the-
ses epitopes was calculated through different tools like, VaxiJen, Aller-TOP and
Toxin-Pred. Selection for HTL epitopes was done through IL4Prd and IL10Pred.

65
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B-cell epitopes play a fundamental role as building blocks of vaccine. ABCPred
tool was utilized to predict the B-cell epitopes, and validated through VaxiJen;
Aller-TOP and Toxin-Pred.

Population coverage is very important part to construct effective vaccine. Popu-
lation coverage was calculated through IEDB population coverage tool. Vaccine
was constructed by combining of epitopes with adjuvants and linkers. In order to
fuse the selected epitopes in a rationally immunogenic fashion suitable adjuvants
and linkers were used. Structural analysis was done by using different tools like
ProtParam and Blastp. Tertiary structure was predicted by I-TASSER, evaluated
and refined through RAMPAGE and Galaxy Refine server. Screening for B-cell
epitopes was done through IEDB-AR. To stabilize the protein construct, disulfide
engineering was done through design 2.0 tool. Binding ability of vaccine was ver-
ified by using HADDOCK and visualized through PyMOL. Molecular dynamics
and integrity was measured by molecular dynamic simulation by using iMODS
server. Immune response was validated by in-silico approach for simulation by
using C-Imm Sim server. At the end in-silico cloning was performed through
JCAT server to check the expression of vaccine in the host. P. Shigelloides in-
fection is considered a major epidemic and a global health issue as well. Medical
authorities are failed to control this infection with different medicines as well as
vaccines. Different antibiotics were tested, but none of them showed to be effective
against this infection. Different techniques related to immunoinformatics as well
as subtractive genomics are concentrated to synthesize the vaccine subunit. The
proposed vaccine could contribute towards the development of the P. Shigelloides
infection vaccine in combination with computational analysis and immune data.
Our proposed vaccine model will have a positive effect on P. Shigelloides infec-
tion treatment study. Although, the additional laboratory research is needed to
confirm the MEBS efficacy and safety.
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