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ABSTRACT

AIMS: Salmonella typhi is a gram-negative pathogen that causes typhoid fever. Since the least expensive
way to combat this pathogen is vaccination, access to an effective vaccine is very important.

MATERIALS AND METHODS: For this purpose, the proteome of this bacterium with 4322 proteins was
extracted from the NCBI server and screened for antigenicity and allergenicity. Finally, the remaining
proteins were used to predict T-cell-specific epitopes, and two immunogenic recombinant constructs
consisting of epitopes and molecular adjuvant were designed (the first construct contains one repeat of
each epitope and the second construct contains two repeats of each epitope). Physicochemical properties,
secondary and tertiary structures, antigenicity, solubility, immune system stimulation ability, and molecular
docking of each construct were evaluated by reliable online servers.

FINDINGS: At the end of the evaluation of 4322 proteins, seven proteins remained, and the process of
predicting their MHCI and MHCII epitopes was completed, after re-evaluation of the epitopes, the desired
structures were designed. Despite the observed expected results in both immunogenic structures, the
second structure showed more stability and antigenic (the antigenicity of the first and second structures
was 0.6701 and 0.6760, respectively). While both structures were hydrophilic, the distribution of extended
sheetand random coil structures in the second structure was higher than in the first structure. Furthermore,
the second structure was able to bind to its cell surface receptor with a lower docking energy and shorter
average hydrogen bond length. Both structures were able to direct the immune system towards stimulating
cellular immunity, i.e. increasing the secretion of T helper and T cytotoxic cells.

CONCLUSION: Based on the presented results, it seems that the second construct, which includes two
repeats of each epitope, is a more suitable candidate for the development of an immune vaccine against
typhoid fever.
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INTRODUCTION

In recent decades, the use of various biological
agents as weapons of mass destruction has
been a very worrying issue. The spread of the
smallpox virus by British forces during the war
with India and France, the use of the common
anthrax bacterium, the outbreak of swine flu
virus in Belgium, the outbreak of dengue virus
in Cuba, and the use of mustard gas, tabun, and
sarin against Iran by the Iraqi Ba’ath regime are
examples of the use of dangerous biological agents
in the discussion of bioterrorism [1]. Salmonellosis
is also one of the infectious diseases common
between humans and livestock that is important in
terms of economy and health. The causative agent
of salmonellosis is a gram-negative, flagellated,
motile, and facultatively anaerobic bacillus from
the Enterobacteriaceae family called Salmonella
[2]. This bacterium is excreted through feces and
the main route of entry of the bacteria is through
ingestion. The bacteria can also enter the host
through the upper respiratory tract mucosa [3].
According to the World Health Organization,
Salmonella causes disease in 16 to 33 million
people yearly, resulting in 500,000 to 600,000
deaths [4]. In addition, the use of this bacterium
as a biological weapon has also been widely
discussed [5].

In recent years, immunization and protection
of individuals through vaccination has been the
most effective and least expensive way to combat
various infectious diseases. According to the World
Health Organization, about 80% of communicable
diseases are diseases that have led to the death
of more than 20 million people in the world.
Therefore, vaccines can be considered the best
tool to reduce the mortality rate from infectious
diseases in the world, because they not only play
an important role in the control and prevention
of infectious diseases but also are an efficient
method to reduce economic and psychological
losses to individuals [2, 6]. The oral Ty21a vaccine
and injectable capsular polysaccharide Vi vaccine
are two common vaccines against typhoid fever.
According to reports, the live attenuated Ty21a
vaccine has low immunogenicity and requires
several booster vaccination courses. Also,
injectable capsular polysaccharide Vi vaccine, in
addition to its short-term immunity period, has
limitations in use in children [7, 8]. Therefore, the
need to develop a new generation of vaccines and
evaluate them is evident.

Currently, researchers have turned to the
production of safe and recombinant vaccines
to eliminate such complications or improve the
immunogenicity of vaccines; because in the design
and manufacture of this type of new vaccine,

also known as subunit vaccines, only parts of the
pathogens that stimulate the immune system have
been used [9]. Therefore, this study was designed
to design, evaluate, and introduce an effective
recombinantand subunit construct, through whole
proteome scanning and identification of potent
and immunogenic epitopes from the bacterium
typhoid fever, based on immunoinformatics
studies.

MATERIALS & METHODS

In this research study, the NCBI server was used to
access the entire proteome of typhoid fever, with
accession number AE014613.1. (This bacterium,
with 4,791,961 base pairs, has 4,322 protein-
coding regions and 327 non-protein-coding
regions, and in this study, a set of 4,322 protein
sequences was used).

Evaluation of the protectiveness of antigenicity
and allergenicity of the proteome: In this
study, the Vaxign-ML, VaxiJen, and AllerTop web
servers were used to evaluate the protectiveness,
antigenicity, and allergenicity of proteins
or peptides extracted from the NCBI server,
respectively. It should be noted that the settings
used by the Vaxign-ML server were the default
settings of the software itself, and the threshold
set for using the VaxiJen server was 1.5. In the
first step, their protectiveness was evaluated by
the Vaxign ML server, and proteins or peptides
that were not protective were removed. Then, the
remaining peptides were evaluated by the VaxiJen
server, and peptides whose antigenicity was less
than 1.5 were successfully removed. The peptides
screened from these two stages were evaluated for
allergenicity and non-allergenicity, and allergenic
peptides were also removed.

Prediction of MHCI and MHCII cell-stimulating
epitopes and assessment of their toxicity: In
this study, to access the best epitopes that can be
recognized by MHCI and MHCII molecules, two
reliable servers with high citation scores, IEDB
and Propred, were used. It should be noted that for
predicting MHCI cell epitopes, the alleles B-2705,
A-0201, and A-0101 were used, and for predicting
MHCII cell epitopes, the alleles DRB1-0101 and
DRB1-0401 were used. Next, the ToxinPred web
server was used to assess the toxicity or not of the
obtained epitope sequences.

Engineering and evaluation of epitope-
based immunoinformatics constructs: Finally
to design a recombinant immunoinformatics
construct based on the best screened epitopes,
from the previous steps along with a molecular
adjuvant (HBHA molecule with accession number
POWIP9) and the most suitable inflexible peptide
linkers, CLC
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5.5 software was used. It should be noted that in
this study, to increase the weight of the construct
and comparative immunological studies, two
vaccine constructs based on recognizable epitopes
were designed by MHCI and MHCII molecules.
In construct number one, each of the epitopes
was repeated once, and in construct number
two, each of the epitopes was repeated twice.
The final antigenicity of the designed constructs
was evaluated by the Vaxijen server and finally,
the secondary and tertiary structures of the
aforementioned constructs were evaluated by the
SOPMA and I-TASSER web servers, respectively,
along with the amino acid sequences of the
designed molecular constructs. Then, the best
model proposed by the I[-TASSAR server was
refined using the GalaxyRefine server, and finally,
to identify the best model from the refined tertiary
structures, a Ramachandran plot was drawn for
each of the proposed models by the VADAR server.
Evaluation of physicochemical properties,
solubility, and immune system stimulation
ability of the recombinant construct: The
most important physicochemical properties
of the designed molecular constructs (such as
molecular weight, isoelectric point, instability
index, GRAVY index, and aliphatic index) as well as
their solubility were evaluated by the reliable and
web-based servers ProtParam and PEPTIDE 2.0,
respectively. Next, the immune system stimulation
evaluation of the designed recombinant constructs
was performed by the C-ImmSim server. To use
the mentioned servers, the amino acid sequences
of the recombinant constructs were used.
Molecular docking and hydrogen bond
determination: In this study, the prediction of
binding or non-binding of the HBHA domain
bound to the designed recombinant constructs,
known as ligand and its receptor, known as TLR4
proteins, was performed by the automated web
server ClusPro 2.0. This server uses Piper, an FFT-
based hard docking program, which rotates the
ligand many times to translate it in the three axes
X, Y, and Z relative to the receptor on a grid, and
among these, it selects the bestligand placement or
translation on the receptor with the lowest energy
and eliminates those (structures) that are unstable
due to high binding energy. Finally, it clusters the
molecular docking process by finding the closest
position for the correct ligand-receptor adjacency
with an rmsd value of 9 carbon alpha angstroms.
Finally, the number and length of hydrogen bonds
resulting from these interactions, as well as the
amino acids involved in this relationship, were
examined and observed using LigPlot+2.2.8 and
PyMol 1.3 software.

Ethical Permissions: This article is a
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bioinformatics study aimed at designing a new
generation of vaccines against the deadly disease
typhoid fever. The authors of this article hereby
declare that no human or animal was directly
or indirectly used in the preparation of this
manuscript.

Statistical Analysis: No statistical model was
used in the present study.

FINDINGS

Collection of the entire proteome of Salmonella
typhi bacteria and evaluation of their
protectiveness: antigenicity, and allergenicity:
The sequences of 4322 proteins and peptides
present in the entire proteome of Salmonella typhi
bacteria were successfully extracted from the
NCBI server. At the end of this step, 19 peptides
remained, including peptides with accession
numbers AA068071.1, AA068335.1, AA069049.1,

AA069076.1, AA069118.1, AA069225.1,
AA069267.1, AA069385.1, AA069399.1,
AA069422.1, AA069489.1, AA069580.1,
AA069743.1, AA069748.1, AA070162.1,
AA070192.1, AA070695.1, AA070705.1,

AAO071551.1. The remaining peptides were all
sub-aligned by the UniProt server, and between
two peptides with sequence similarity above 80%,
the peptide with lower antigenicity was removed.
It should be noted that peptides that were very
short (less than 40 amino acids) were all removed.
The remaining proteins included proteins
with accession numbers AA068071.1 (UniProt
accession number Q8Z4Q7), AA069049.1 (UniProt
accession number Q93MH4), AA069399.1
(UniProt accession number POA1E6), AO70162.1
(UniProt accession number Q93IS5), A070695.1
(UniProt accession number Q8XG14), AAO71551
(UniProt accession number P66074), and
AA069743.1 (UniProt accession number Q8Z8C1).
Prediction of specific epitopes of MHCI and
MHCII molecules and evaluation of peptide
toxicity: In the present study, prediction of specific
epitopes of MHCI and MHCII molecules from the
final screened peptides with protein identification
numbers AA0O68071.1, AA069049.1, AA069399.1,
AA070162.1, AA070695.1, AA071551.1 and
AA069743.1 from Salmonella typhi bacteria was
successfully performed by IEDB and Propred
servers. Also in this prediction, alleles A-0201,
A-0101, and B-2705 were selected for MHCI
molecules, and alleles DRB1-0101 and DRBI1-
0401 were selected for MHCII molecules. Finally,
the highest-scoring epitopes that were presented
jointly and overlapped in the results of both
servers were selected for use in the design of
recombinant constructs (Table 1).
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Table 1) Sequences of the final epitopes of MHCI and MHCII molecules

Epitope sequence

Toxicity MHCII Toxicity Epitope sequence MHCI Protein identification number

Non-toxic MRFFFILMVLPGADR Non-toxic FSHTVGLTY AA068071.1

Non-toxic SAAFAAETATPAKTA Non-toxic KMKKVLALV AA069049.1

Non-toxic QNGFRNNATIDQWNA Non-toxic NSDITVGQY AA069399.1

Non-toxic VQQYNRQQDQQASAR Non-toxic MVDPGAVVQQY AA069743.1

Non-toxic TDLIVAVVSPSGSHD Non-toxic VTNLDFDHY AA070162.1

Non-toxic IIAFNCQNGTPGDNR Non-toxic NRFGPDPKR AA070695.1

Non-toxic VVDLNTLKAANIIG Non-toxic RRLPKFGFTSR AA071551.1
Immunoinformatics recombinant construct acid sequence of the HBHA molecular adjuvant
design and evaluation of physicochemical was placed by the EAAAK peptide linker. Also, to
properties of the recombinant construct: In study the weight gain of the construct and other
this study, two recombinant constructs consisting comparative immunological studies, another
of an epitope domain and an adjuvant domain construct was designed with two repetitions of
were successfully designed and evaluated. In the each of the epitopes, the KP inflexible linker, and
epitope domain, the strongest specific epitopes of the HBHA molecular adjuvant connected to the
MHCI and MHCII molecules of each peptide were epitope domain by the EAAAK peptide linker
linked to each other using a KP inflexible peptide (Figure 1).
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Figure 1) Structure of the designed constructs, consisting of the best-specialized epitopes of MHCI and MHCII molecules identified by
two reliable servers IEDB and ProPred. In Figure A, the epitope domain contains one repeat of each epitope, while the epitope domain
in Figure B contains two repeats of each epitope. In these figures, the red, blue, yellow, and green colors indicate the sequence of the
HBHA molecular adjuvant, the epitopes recognized by MHCI molecules, the rigid peptide linker, and the sequence of epitopes recog-
nized by MHCII molecules, respectively.
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The second and third structures of each of
the studied structures: Evaluation of different
structural states in the second structure of the
engineered structures were successfully evaluated
by the SOPMA server and based on the results
presented, the first structure had 53.47% alpha
helix, 18.7% extended sheets and 39.36% random
coil, while the distribution of these structures
in the second model was as follows: the share of
alpha helix was 42.67%, extended sheets was
10.50% and random coil was 46.83%. The third
structure of the introduced structures was also
successfully predicted by the I-TASSER server

()

A

Beyranvand et al.

and then evaluated by Ramachandran statistical
analysis. Based on the observed results, the
predicted structures needed to be refined. In the
initial 3D model of the first structure, the number
of amino acids in the core region, allowed and
disallowed, was 80, 16, and 1%, respectively, which
were improved to 94, 3, and 0% after refinement
(Figure 2, Part 1). Also, in the case of the initial
predicted model, the number of amino acids in the
core region, allowed and disallowed, was 84, 13,
and 1%, respectively, which were improved to 93,
5, and 0% after refinement (Figure 2, Part 2).

Figure 2) 1 and 2 are related to the tertiary structure investigation of the first and second structures, respectively. A: The predicted
model of the tertiary structure, by the I-TASSR server and then refined by the Galaxy Refine2 server. In this model, the red, yellow, blue,
and green colors correspond to the molecular adjuvant HBHA, the peptide linker EAAAK, the stimulating epitopes of MHCI molecules,
and the stimulating epitopes of MHCII molecules, respectively. B: Ramachandran statistical analysis, corresponding to the best refined
3D model. C: Ramachandran plot, corresponding to the best predicted and refined 3D model. The red, yellow, green, and gray areas
correspond to the core, allowed, acceptable, and disallowed regions, respectively.

Physicochemical properties, antigenicity,
solubility and immune system stimulation
of the designed constructs: The results of the
physicochemical properties of the designed
constructs showed that the first construct with
a length of 404 amino acids had a molecular
weight of 44103.42 Daltons, an isoelectric point
of 9.08, an aliphatic index of 75.79, a GRAVY
index of -0.585, and an instability index of 35.37.
While the second construct with a length of 600
amino acids had a molecular weight of 65936.67
Daltons, an isoelectric point of 10.01, an aliphatic
index of 48.72, a GRAVY index of -0.609, and an
instability index of 48.30. As observed, although
both structures were considered thermally stable
structures (based on the algorithm defined by the
ProtParam server, if the numbers provided for the
instability index are greater than 40, the protein
is declared unstable), the stability of the second
structure was higher than that of the first. Also,
the low and negative range of the GRAVY index

indicated the possibility of the proteins being
spherical (hydrophilic) rather than membrane-
like (hydrophobic). It should be noted that, due
to the special importance of the instability index
provided, several different configurations of the
MHCI and MHCII epitopes, as well as different
repeats of the peptide linkers, were considered,
and the presented models can be considered the
simplest and most acceptable models for study.
In addition, based on the results reported by
the VaxiJen server, the antigenicity of the first
and second constructs was 0.6701 and 0.6760,
respectively.

In the investigation of the hydrophobicity
parameter ofthe studied structuresby the PEPTIDE
2.0 server, it was found that in the first structure,
the share of hydrophobic, acidic, basic, and neutral
amino acids was 44.55, 11.63, 17.75, and 26.24%,
respectively, while in the second structure, the
mentioned ones were reported as 44.5, 9.83,
17.67 and 28%, respectively. According to this
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server, hydrophilic peptides contained more than
25% charged residues, and hydrophobic peptides
containing 50 to 75% hydrophobic or hydrophobic
residues could be insoluble or only partially soluble
in aqueous solutions. As observed, both designed
constructs were considered hydrophilic, since less
than 50% of the amino acids were hydrophobic
and the total percentage of charged amino acids
(acidic and basic) present in the construct was
less than 25%. Furthermore, the results of the
immune response simulation showed that each
of the developed vaccine constructs significantly
increased the primary and secondary immune
responses. It should be noted that based on the
results observed in response to stimulation by the
developed vaccine constructs, the levels of [FN-,

IL-2, and TGF- as important markers in cellular
immunity increased significantly for a long time.
The increase in IgM antibody production was
related to the primary response against each of
the constructs, while the increase in the levels of
IgM, IgG1 + IgG2, and IgG + IgM antibodies along
with increased B cell proliferation indicated the
secondary response against each of the constructs.
In addition, the results showed the generation of
memory B cells as well as the induction of both
T helper and cytotoxic T cells. Also, based on
the reported graphs, a significant increase in the
population of activated B cells and activated T
helper cells was observed after exposure to the
developed vaccines (Figures 3-1 and 3-2).

Figure 3) 1 and 2 are the simulation graphs of immune responses by the first and second constructs, respectively. A: Production of
different antibodies against the developed vaccine. B: Increase in the population of activated B cells. C: Proliferation of B cells and
production of memory cells. D: Increase in the population of activated B cells after exposure to the developed vaccine. E: Growth in
the population of activated helper T cells after exposure to the developed vaccine construct. F: Increase in the population of activated

cytotoxic T cells.

Molecular docking evaluation: The molecular
docking probability between the second adjuvant
HBHA (designed in both structures) and its
receptor (TLR4) was successfully evaluated by the

ClusPro server. The observed results showed that
in each structure, a significant hydrogen bond was
formed between the two domains (Figure 4).
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Figure 4) Images 1 and 2 are the results of molecular docking of the first and second recombinant constructs with the TLR4
receptor, respectively. A: In this figure, the orange, red, yellow, blue, and green colors correspond to the TLR4 receptor, the HBHA
molecular adjuvant, the EAAAK peptide linker, the MHCI molecule-stimulating epitopes, and the MHCII molecule-stimulating epitopes,
respectively, which were visualized by the PyMol software. B: The molecular binding region between the recombinant constructs and
the TLR4 receptor, through hydrogen bonds, which was displayed by the PyMol software. The red lines indicate the hydrogen bonds
between the two domains. C: Representation of the amino acids involved from the two domains in the molecular docking process
between the recombinant constructs and the TLR4 receptor. In these images, the amino acids of the TLR4 receptor are shown in blue
and the amino acids of the recombinant constructs are shown in green. Hydrogen bonds are also indicated as green dashed lines.

The molecular docking process was performed
in both structures by presenting several different
models, out of which, the zero model with the
highest number of cluster members in both
structures was selected (the first structure had
115 cluster members and the second structure

had 98 cluster members). In the first structure,
the lowest binding energy in the docked model
was calculated to be -1013.3 kcal/mol, and in the
second structure, -942.8 kcal/mol. Table 2 lists the
amino acids involved in hydrogen bonds and the
bond lengths.

Table 2) List of amino acids involved in hydrogen bonding
and bond lengths between HBHA and the TLR4 receptor

Amino acids of the HBHA molecule Amino acids of the TLR4 molecule Unit length (A)
First structure
Asparagine 6 Threonine 431 2.84
Alanine 2 Lysine 433 3.01
Glutamic acid 103 Tyrosine 454 2.95
Glutamic acid 100 2.56
Lysine 360
Second structure 2.55
Arginine 380 Glutamine 339 3.07
Glutamine 428
Histidine 429 Aspartic Acid 517 2.69
Tyrosine 375 Lysine 518 2.72
Histidine 401 Arginine 94 2.80
Amino acids of the HBHA molecule Threonine 503 2.72
First structure Aspartic Acid 504 2.98
Glutamine 423 2.82

DISCUSSION

through intracellular colonization and replication.

Important intracellular bacterial species include
Salmonella, Listeria, Brucella, Rickettsia, and
Legionella. Salmonella typhi invades macrophages
for replication and is therefore considered an
intracellular pathogen [12]. As expected, the
main feature of these pathogens is their survival

This intracellular biology leads to intracellular
processing and subsequent presentation of
bacterial products by MHC class II molecules
to CD4+ T lymphocytes, which, after activation,
differentiate into Th1 and Th2 lymphocytes [13].
Th1 lymphocytes, by producing cytokines such as
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interferon-gamma and interleukin-2, play a major
role in inducing cell-mediated immune responses
(responses mediated by cytotoxic T cells and
macrophages) and activating macrophages [14].
Activated macrophages also initiate a strong
oxidative burst, mediated by the phagocyte
NADPH oxidase (Nox2) to increase the production
of oxygen free radicals (02-) and subsequently
the production of H202, which is associated with
the consumption of protons or the reaction with
nitric oxide (NO) to form peroxynitrite (ONOO-),
which leads to bacterial killing and the creation of
an alkaline environment [15, 16]. Therefore, the
stimulation of cellularimmunity and the generation
of memory cells are of great importance in terms
of a faster response to eliminate intracellular
pathogens such as Salmonella.

In this study, to design epitope-based vaccine
constructs, first MHC [ epitopes and then MHC
I epitopes belonging to seven immunogenic
proteins screened from whole proteome scanning
were linked together using a KP hard linker. Then,
this epitope domain was linked to HBHA protein,
as a molecular adjuvant at the N-terminal of the
developed vaccine, using a peptide linker “EAAAK”.
In general, the HBHA protein from Mycobacterium
tuberculosis is an important virulence factor that
helps this bacterium to attach to its host cells and
extracellular matrix [17]. Studies have shown
that HBHA protein, as a novel agonist of the TLR4
receptor, can stimulate dendritic cell maturation,
IFN-¥ secretion, and T cell-mediated cellular
cytotoxicity without systemic toxicity [8]. As a
result, it can be considered a molecular adjuvant.
Linkersalso playakeyrolein the biological function
of a structure consisting of linked proteins. The
EAAAK (which has an alpha-helical structure) and
KP peptides have tight linkages that are usually
applied in the structure of a protein consisting of
multiple domains to maintain its function [19]. The
use of recombinant vaccine constructs, consisting
of different epitope repeats, is of great interest and
attention to researchers, as experimental findings
have shown that recombinant chimeric proteins
consisting of T helper epitopes, in tandem repeats,
are more immunogenic and can significantly
increase the stimulation of the immune system
[20]. For example, a study by Nazifi et al. in 2019
can be cited, which investigated the degree of
stimulation of the immune system against Brucella
bacteria using a construct consisting of multiple
tandem repeats of the OMP31 antigen epitope
from Brucella melitensis. These investigators
reported that among the different treatments,
the group vaccinated with the multi-epitope
construct had the highest IFN-y, IL-2, and IgG2a
secretion rates. Furthermore, after challenging

the vaccinated treatments with an acute strain
of Brucella melitensis, the microbial load of the
treatment that received the candidate vaccine
construct consisting of consecutive repeats of a
single epitope was significantly lower [21]. Since
glomerular permeability in the kidney is affected by
the weight and size of the molecule, low molecular
weight proteins (mw < 40 kDa) are essentially
freely filtered, whereas high molecular weight
proteins (mw > 100 kDa) are almost completely
restricted [22, 23]. In this study, two constructs
with approximate weights of 44 and 65 kDa were
designed. This was while, in a study conducted by
Forouharmehr in 2024 with extensive proteome
scanning on the bacterium Coxiella burnetii, he
designed a construct consisting of an epitope and
adjuvantwith a molecular weightof22.59 kDa[24].
Also, in a study conducted by Shams et al. in 2020
by predicting the epitopes of important antigens of
the bacterium Salmonella typhi, they introduced
a vaccine construct with a weight of 41 kDa [25].
In another study conducted by Rashidian and his
colleagues in 2020, by predicting the epitopes
of the most important antigens of the bacterium
Coxiella burnetii, they reported a vaccine construct
with a weight of 41.50 kDa [26]. As can be seen, the
weight of the recombinant constructs designed
in previous studies is relatively high, as in the
present study, and they are not removed during
passage through the renal filtration system due to
their high weight. The instability index obtained
in this study is 35.37 and 30.48 for the first and
second constructs, respectively, and according to
the proprietary algorithm of the ProtParam server,
proteins that present an instability index below
40 are thermally stable. Forouharmehr in 2024
[24], Shams et al. in 2020 [25], and Rashidian et
al. in 2020 [26] have designed and investigated
epitope-based immunoinformatics constructs
and reported that each of the aforementioned
recombinant constructs is stable with instability
indices of 31.9, 7.04, and 32.39, respectively. In
addition, both structures designed in this study
were able to bind to their TLR4 receptor by
forming 6 hydrogen bonds. In a study, the number
of hydrogen bonds observed during the docking
of the designed structure was reported to be 15
[24]. Therefore, these reports have shown that
the binding of the epitope domain to the HBHA
molecule does not prevent the binding of this
protein to the TLR4 receptor on the cell surface.
Nowadays, the use of the prepared platform in
the in silico space has received much attention to
obtain valuable molecular compounds in various
fields of biology. One of the most widely used tools
available in the in silico space, which has high
accuracy and reliability, are specialized servers
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for predicting the immunogenic parts of proteins
(peptides known as epitopes) and specialized
servers for examining various physicochemical
properties and different structures present
in them. By identifying and using this class of
biomolecules in the design of recombinant vaccine
structures, it is possible to reduce the repetition
of various experiments in the in vitro environment
by saving time and money, and by using the most
powerful and most cited algorithms, the second
generation of vaccines can be developed and the
complications of using the first generation of
vaccines can be eliminated [27, 28]. Today, in the
field of giving importance to the public health of
societies, the use of recombinant vaccines has
received great attention from researchers. So far,
many studies have been conducted in silico as
well as in vitro, and researchers have shown that
successful vaccine structures can be designed,
evaluated, and presented against a variety of
pathogens such as Salmonella, Bacillus anthracis,
Coxiella, Leptospirosis, etc. [9, 25, 29 and 30].

CONCLUSION

In this study, two different recombinant
constructs, consisting of specific stimulatory
epitopes of MHCI and MHCII molecules, derived
from the best antigens present in the entire
proteome of Salmonella typhi bacteria, have been
designed, evaluated, and introduced. As can be
seen, the second construct, which had tandem
repeats of T cell-specific epitopes, showed both
a higher molecular weight and a lower instability
index. Also, this construct, in addition to a higher
partial antigenicity, had a higher total percentage
of flat-sheet and random coil structures than the
first construct. Finally, it was observed that the
construct with tandem repeats of epitopes had
lower docking energy and average hydrogen
bond length than the construct without repeats.
Therefore, it could be a promising candidate
construct for use as a superior vaccine against
typhoid fever.

Clinical & Practical Tips in POLICE MEDICINE:
Since the storage conditions of recombinant
vaccines are easier compared to live or attenuated
vaccines (these types of vaccines use the whole
pathogen). Therefore, in strategic and sensitive
situations where time and equipment are of great
importance, the use of recombinant vaccines
is more reasonable. In addition, unlike live or
attenuated vaccines, the use of recombinant
vaccines does not lead to the occurrence of disease
or the occurrence of side effects such as headaches,
body aches, nausea, and miscarriage. Therefore,
the use of recombinant vaccines is more popular

Beyranvand et al.

in the event of a pandemic in the community.
Authors’ Contribution: Fatemeh Beiranvand:
Data collection and analysis; Nemat Shams:
Conception and study design; Amin Jaydari: Data
collection; Narges Nazifi: Conception and study
design; Peyman Khademi: Data collection. All
authors participated in the initial writing and
revision of the article, and all accept responsibility
for the accuracy and completeness of the
information contained in it with the final approval
of the present article.

Conflict of interest: The authors stated that there
is no conflict of interest in the present study.
Financial Sources: There was no financial
support in this article.

¥20¢ 'L ®nss| ‘€L'[oOA  INIDIAIN 30170d 40 TYNINOr ©



ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

& y3iuo) T cell (glagi ol daly y Sedfgivns] aSyigd o5l 93 duslio

4 (sl e (a5 Yigadlus (5538 pgiig JS (5,802 jf osis
Sileygiilgio] dslllas Sy tdas

PIDY osls lowy PP ik (S PP gyl el PP e e M5 gl dabols

U')"' ‘OL'Lu.')J ‘oL'S.uJ)J aLiﬁﬁ') sk;.m).ucb IXCOAIN ‘U"'A‘ )‘99 w"\'Q‘J 9 6)9"9‘*“9)& °9)§ !
ol by Ly o&adls (ppols 0aSidly il |c9.|.c og)f )

e.\,g.ig

o2 b ablie lyy oly ayidinimeS o Ll | el duan (g 5low dole 5 it 0 ioily G (i Wigallu 13la
ol coed] Pl lun 2 STy SO a uyiund wcwol gawbiowSTg oisily

85 5l g glwl NCBI gy I gosigsy FYYY L Gaad Wigelw (653Sh psiligy waslllae ol 53 ilagyig) 5 slse
olais! ol Guoin sl eule Bl slapuiion wales 53 wisi Ju Gl s Gadis
55lo) 3 (2hb (JeSUse wilgzsl g a1 ISt Saifsiesl caSyigh sl 93 5 2 aidS I T (slasl
(lreasSiind ely> Ll (el Qi s 51 1SS 95 Jeld wegs gilu 5 eial s 5l LSS S el o
EIESTYWIEWES RISV S UVEE S { R IIE VI [PCIMNURIE FYCS. JOWN I N EAIE SUNC i PPYOMPIPP I CE A
MHCII ) MHCI L;Lmuyb.ﬂ Ve _b.ﬂ)s a5 sl L:QL’ Oy il iy Yy U.QL.J.)‘)’ L;LQA'JI 3 (lyauisly
390 gl canlie 392 b sl >hb Jhise lacils dagsi (ol same Lyl I G 9 pladl wadidge b Loy
55 093 5 Jsl o3l T liae) als lid ST 5 510l | 395 s il «Sufsianl ojluw gaym 55 L]
JusS 0y 5 03y wilxio (sla)lisbu 23595 (g 33393 cuwg sl gl 93 58 45 (> (393 o/FVSo g o/FVo) Cuiyiay
Jsb Skeo 55 9 SioSTs (6381 b b pgd sjls caalsl 45 393 Jl il 4 o (5539 2iyd (sDIS g sil 4o
o] s 35uly 5l 93 50 Bk 31 39 Jate 393 Jsl axbas 01358 4 candlys eSS (sla sy
S cghe ( SeuSgighle T g oS SeS T plise 2iys Glalidl oy (ol Gonl S oo 4y

L3 cwl uyw| 52 51 5LST gy Jolds a5 93 gjleis ojl a5 suwy oo HAT @ ouds &) aJLu ool p L;),xfw
il dpaz S e Glagl STy e le by g yicwlie

‘.S.uLo)g.a.Jg,u ‘UJ9J‘*’ ua.o.ﬂ ALJsAJL.u ‘u.a.\S).\g.v umflg T Cell ‘US-'LrJ “cgfus)a Lc:c)ls.bJS

allio sl R PL P OWETY dlie ay sbciwl og=s

VEal/oV/oq redlyys olEizils oyl oslz O yieghS LT @ cyliaay) 1 (yuyaT Beyranvand F, Shams N, Jaydari A, Nazifi N,
VEoW/oF/YY 2 Glydy FAVOVFEWIE & iy A5 cyliaay] Khademi P. Comparison of two immunogenic

L] Ssh 1 e el recombinant constructs based on T cell epitopes
VEX/EINY ams.n@lu.ac.ir :Sg s ey (extracted from whole proteome screening of

Salmonella typhi bacteria) against typhoid
fever; an immunoinformatic study. ] Police Med.
2024;13:e11.

Copyright © 2024, Journal of Police Medicine | This open access article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License




<6 A oo v o e o) Hbwr ) o e

ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

Sileysailgial aalllas S tamas 5 (g ko axle (LA Wigallo (635 o5ty S (6,802 5l sad zyiitus) T cell slagicl by Seffgiad] caSyish sile 93 dunlio

ey 5l igdipe Bl ol (ga=lg ) slap—uSTy
At (o] @ 035 Syt i a5 Lo jsily
Gaa Ly aslae ol by 8] el o oslasl
©3=la505 9 caSigd ojlw S Syme 5 =l (—=hb
slowsic lwlid g poan IS Glmsr Gb jl o350
Al sy o Wigallow (6,8 5l ig—genl 9 4nyud
=k (lsbhogss wyge ) Sauiloysailgisenl wlellhae

ey 9 Slge
poasy JS 4 Gyt Baa Ly gy dallhae ol 5o
s oplad Ly oo Wigadlww (5581 ay bgy0
(6 SL o) . osliil NCBI 45, 5 AE014613.1
03 S SS Al BPYY (clls 5L FYRRS) ¢ysglls L
2345 ol pilgn 0aiSS e Al VYV 5 g
oLl g lg3 FYVY degame 5l sllbo ¢yl
(o

5 CrwicHl g mdblxe oy
Ol s 9o 4 dallhe ol )3 1esig s 3s0i
0395 Lo 03920501 5 Grwnieil olime (asibitlxe
4y (NCBI g, 1 eadszlyzinl slasiy Lo Lagsidon
5 VaxiJen [Vaxign-ML Oy co=i glogyy w 5l ey
390 wleahid wecwl 13 4y oY i osliwl AllerTop
333 By iy wyg—o 4y Vaxign-ML g, w oslai_wl
ol (gl oadpuasd Aliwl Lo jd g 39 33l
od9—ibdlxe «Jsl o8 53 391/ il VaxiJen ygy
5 b =yl Vaxigen ML 5, bwgs Lol 35 Lo
S B 5 ibiblxe 45 (laagiy Ly Uiy
=iyl VaxiJen jo,w bawwgi oailo 8l lasuing (e
»eS Ll w3l plise 48 Galaasing g 83
oai iy slaaiig Wad Bl cddge Ly 331 1/0 3
S8 o355 L 039203 bl dg—e cdloye 93 ol ]
A Bl s wigy 3l 45 oleay g aud)S

sledslw oSSy slagsil =i
L csdlie ol 5 :Lgil o byl ¢ MHCII g MHCI
bl J2B slaogin! i 4 ey Sio
iz ygs 95 5 MHCI g MHCI (cLaJsSge b
oslasiwl Propred g IEDB ol 4 YU sbwl 5Ll Ly
slewsicl —woin b el S5 oY i
A-0101 .A-0201 .B-2705 La T ;1 MHCI (sln Jl .
sledslw slogsicl —wokn ghm w—izer 5
sslit_wl DRB1-0401 3 DRB1-0101 ¢La T 5 MHCII
Gls8 o394 L s Gl (gl cdalsl s 0l
ToxinPred g wosi g5y w 3l sl wsds sLacigisl
A osldiwl

S—iloysailgiganl Slw =Lyl 9 waiee
sl —=hb Baa Ly ey 3 il = e

dodie
U ittt o Suislon Jolse 1 osliiuwl o usl cLmos ,
oA S5yl i (maz LS Z¥w S glgie
bugs a il (g )lan Jole (g Ll 390 slais 4
5 e slayg a8 Ly Sz PNs 53 (andSIl (sLmg
a5 ol ()l ple (6,5L I osldiwl caudly
00903 E3ud « S y5dS 53 SoB hVehil g s
e gyl 5 098 o3 5B 5l eslail 5 LgS ps Sl
delse Sl oslaswl 51 b lie (glie sy ooy wogs ol
39560 slad oy putyg g s 5d Siglon SLihs
Syiie 9 G—ishe lag)lony alazil G ssbisallw ]
sl ol g 3Ll 415 5l 4S el ols g Ll o
0S5 dasols S Gslisallaw (e Jsle sl cponl
o3lgls 1 glwiS (silavs g Syxie GSILI (ke
35l ol Y] ol Wgallaw ol ay ausly S lg T
Sk gl «5SL Lol 3959 oy g oaingds £58s0 Gpb
it o553 blse §yb 5l Algion (6L el
O35 olwslyy [¥] 458 3959 lasre i 4 o (SlBgs
el 53 Wigalluw (5551 (Slez cilags plojluw
345 3500 a8 alae VY IV g 53 slen o
39850 Sya 4y y2io 30 3 Foo I Boo (Lo
S ols—ie o (Sl ol ) sl gl pmy 0gds [F]
0] el 035 2 5o jliminy 19351 S Sfson @M
Syl e bl § aljiienl oubl la w5
oy e 5 oiise gwlunSly Gk
= Sz el st glagslens glal Ly alilio gl
Soyd Ao d9az 53 (il el plojluw LiyliS el
e 45 e leglay ddex I (Sste slas)len
el oad gl 5 gl ggsbee Yo 5l pin Sy 4y
b= =l i ols=e 4 glsie 1y p—asSTs (il
e slagsslen j iU s 9 Syo plie pEalS
9 U305 )3 et i Ll 4 4Tz wedls gl 5o
Lol gy S 4l ls (Hshe (slasslons 3l (68
M el 38l il 5 g3laidl slagl; pials (sl
3Ll i oSy o Ty21a Slhes gwusly [F
5 Wgallw (5,51 dle 2y oSl 93 Vi JyusS
saiinsd 5355 STy LainliS olwl sy At
OgliansTy 095 gz a9 s oS liGen! TyMa
Bl by i STy comizmen 3yl 5L gTaly
Ghls maeolisS wbgan oyg3 y ogdse Vi (oS
5L olplio A V] ccwl Jlabl s esldsiwl caydgixe
39¢—ie Yool Lal (ol 3 LTy iz ud dsiogs

RO
Oz Bl Bae Ly dizmo yl> Jlo
o dm o guSly el a8 dg e Ly —o)lse
G=hb 53 Iy ralaid) caSiisi 9 el GlapsTy 3y
ols—ie 4 4SS sz lap—usly jl g5 gl el s



ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

le_n:.u'sﬁ Jo—b g sla=i cealyd j3 0 S o (gluddgs
Sl pizen g LaiiSean ol jl J—ol> 5,50
LigPlot+ 3816y bawgs bl ol 53 35)s (sladivel
A sdmliie g (swwyy PyMol 1.3 )|)_9|€).| 5 2.2.8
e STy 31 s s b s L o Selaysillye
Ao ol U‘fwy ewl dvas i el dS (g5lew
iy cawd ol dgd 534S Sls (s ﬁ}l_cl wg o
el said eslaiwl

2en il ingss s iLiesls -l 5 i
el said eslasiwl 6)LAT grens d_|9§

Lol
o—bnyl 5 o Wiselw (6,5 psigp JS g9l
clss Ll o305l 5 Gwdicily pasibitlxe
P99 S 53 35290 Sty g oo FYYY am oo
NCBI joy—w jI culibge Ly (otud Wigalluw (5,250
Aile Bl s Wadoye ol gl 5yl sl
AAO6B071.1 (syians oplas Ly slmssigy Jolis 45

AA069076.1 AA069049.1 AA068335.1
AA069267.1 AA069225.1 AA069118.1
AA069422.1 AA069399.1 AA069385.1
AA069743.1 AA069580.1 AA069489.1
AA070192.1 AA070162.1 AA069748.1

sy AAO71551.1 AA070705.1 AA070695.1
UniProt oy bwgi bbwgi (_,_ia.m o3 il 8L le_n:.l.u.u
cgplidio glime 45 (gt 95 0 jl 9 S az ey
Gl 4 iy e ops Ao (YL LT Igs
& laasiy ceewl )53 a0 @iV ah Bl wecdtls gy
Bis o SKan (iwel duol Fo 5l 41aS) aings oligS s Lo
o lepian Jold eailo Sl slapuidyy 3o
Q8Z4Q7 (usytaos oylocis) AAOG8071.1 (o oyicos sylois
ipiws sled) AA069049.1 (UniProt 5, w ,»
sles) AA069399.1 (UniProt ,5, w ,5 Q93MH4
sylair) AO70162.1 (UniProt yg,w ,> POATE6 (uuyiass
sylair) AO70695.1 (UniProt g, ;5 Q93IS5 (uyiass
sylair) AAO71551 (UniProt yg ,5 Q8XG14 (uyias
AA069743.1 ¢ (UniProt ,5, . y5 P66074 wyiws
sladsSlse —olais] glewsin! —wuien

9 MHCI sladssse —olats! slovyi! —woin
Gl ople—i Lo les Sa—aJUye slaasiy 5| MHCII
AA069399.1 .AA069049.1 .AA068071.1 iy
s AAO071551.1 .AA070695.1 (AA070162.1
sliyg e bgi «oini Wgaluw (5,350 5| AAO69743.1

ohKer 9 Lgiliy

Sloosic! o = e caSyig Siileysailsigan]
coilgmsl S ol 4y L8 Lol I s Uy
(POWIP9 i oylaids Lo HBHA Js—J30) T390
Si=8ley v taniopns (gauity Loy puicwlio g
53 a4 oY . eslawl CLC Mainworkbench 5.5
9 03w (39 Lilidl jo e d o il j3 A4S el
e STy g5l 93 glawnlio (555 ginnl wilsllhe
slodsslse bwsi lwld J=B slogsic —
Sy oS &ylecid §lus 43 o ol MHCIT g MHCI
ol bl - ad LSS5 98 Lagsil §l S
o i o ol slaslu (g e
leosw P3—w § ©gd slislw 0 ecalyd js ¢ Vaxijen

9 SOPMA g i (sloygyw Jawgs iy dy y5-So
IsSIg0 lnojlas (lnel sl JIgi ol e 4y J-TASSER
O o 23Sy 8 esliiwl 330 w2k
51 o3l Ly J-TASSAR 5, b aogs oabslgidiny Joe
sobie dy welyd )y 9 i LAVL GalaxyRefine g, w
0d bV pow slaylislw 5l Jao iy (Ll
sy ladse jl Spa (gl ghaslzlely ey
A& sy VADAR 5, baugs

5 e (b33 LaiShy b))
O omSyigs Gl (el i Sy e Ll
sad>lib (9Sge (sloojlw (luosibgSoid (sLaShs
(&l pas L (SyiSllghal adads ((J9Sse (vjg sile)
ol oo izen 5 (Sl jasLa 5 GRAVY et i
ProtParam g e g yiize gloygyuw bowgi coliyi au
S_ymi sl alsl 43 . oy »PEPTIDE 2.0 4
bowgi i hb wSyis gleojlw el i
sleygy—w 3l eslasiwl (gly— .4 Lzl C-ImmSim g,
L 4 cSyisl slaeslaw (glaiel sl g5 a3
A ausS

(eoraed sLatisy s 5 (HsSse S5l
il Jlal eae L Jla] i wasdlas ol s
4 w0admhb cSyigh gleojluw am exdiJaic HBHA
Slapiigy plyie w45 of 615,59 338 lye
cosd g S35 9y w bwgi g b0 atsld TLR4
S 45 Piper jl g, gl .ai oLxilClusPro 2.0 g
S e oaliial el FFT 4 ittae idn Jiail aaliy
2l of U bz e 60l sl wleds 4 1y 138 45
(grid) aes S0 (595 83505 4 cuwd Z 5 Y X j320 4
S JLassl b =50l iyt o 0l 31 g s JLa]
5 35 e 2Ll (55l plie ppieS Lol 0338 (s,
Sl YL Jlash 5,51 Jods a0 a5 (el L) (lesT
O3 S35 ol Ly gl )3 aiS e Bl ) s
A JEPTEI SR W TG JAE PP SEROWEL I
Iy sSJge SiSTs sl (Lall (S 09,0 w&ST 4 rmsd

=

¥20¢ 'L @nss| ‘€L'[oA  INIOIAIN 3D170d 40 TYNINOr



=

6% A @ 0 Loy

ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

Siloygiilgiagl daalllae S tapas 5 (5lens aule (A Mgl (655l poiis g JS (6,80t 1 oads zyiviune) T cell slagicnl by Sudfsras] caSyish sjlo 35 dunlie

2950 93 3= glid 53 45 jlaitel oyl Ly lagis! 0=l 53 oizmed 0 eladl euidge L Propred o IEDB
il Sldgaen g 1dagy oad abl)l Syiiv g0 4y &= B-2705 4 A-0101 (A-0201 Lol (i e
B ol coSyigh gaeilw —=hb 53 esldiwl (gl DRB1- 4 DRB1-0101 LS‘—"’LJJT 5 MHCI sl o JsSIse
O Jsiz) wwolgs 43 g wiasd Gzl MHCIH gla JsSIse (l,0401
MHCII 3 MHCI (slaJsSse (ld glopsin! Slss (1 Jss=

093 el oyleds MHCI Ggil s oo MHCI @i GJlss S

AA068071.1 FSHTVGLTY e yil MRFFFILMVLPGADR o i

AA069049.1 KMKKVLALV eyl SAAFAAETATPAKTA o i

AA069399.1 NSDITVGQY a pil QNGFRNNATIDQWNA s il

AA069743.1 MVDPGAVVQQY oyl VQQYNRQQDQQASAR h i

AA070162.1 VTNLDFDHY s pil TDLIVAVVSPSGSHD a i

AA070695.1 NRFGPDPKR he ik IIAFNCQNGTPGDNR ass ik

AAO71551.1 RRLPKFGFTSR oy VVDLNTLKAANIIG e i

HBHA (JsSJse cslyzsl (glinal sl (g5 atols (il 5 Sailopsilyisad] coSyiss sl obbs

O pien o3 ), 8 EAAAK (o S5 by dsllhe Gl )3 ieSyisl Glw (lea—isSujud ols—>
lallhs pl s 6l gis Giealisl 55y asllho s bite Sy 3 il diels Sy 5l St csSyigh Lo 9
5055 500 53 Ly b 58 ol Sy glianglio (s siad el 3 iyl 5 obb eoiibze Ly lszsl aials
wlszsl g KP ahasio jd il ooyl jl S o slodslye —olats! slocsic! p—yssd (9
4 EAAAK sy S5 bwgi « S HBHA ([ J5SUse iy Sl eslasiwl U iy o 5l MHCIT g MHCI
0 JS8) 3 o s b Juos il ey ol sVl o 5 b Jate 5 Sy 4 KP i bmisne

A

HBHA Adjuvant

MAENSNIDDIKAPLLAALGAADLALATVNEL ITNLRERAEETRTDTRSRVEESRARLTKLQEDLPEQLTELREKF TAEELRKAAEGYLEAATSR
HBHA Adjuvant

YNELVERGEAALERLRSQQSFEEVSARAEGCYVDQAVELTQEALGTVASQTRAVCERAAKLVGIELPKKAAPAKKAAPAKKAAPAKKAAAKKAPA

|Epitopes of MHCT \Linker Linker \Linker
Linker |Epitopes of NMIHCT Linker | pitopes of MHCT
HBHA Adjuvast rhur Epitopes of MHCT Linker I pitopes of MHCT Epitopes of MHCT | pitopes of NIHCT
p e | > o | > . '14 i i
KKAAAKKY TQKEAAAKF SHTVGLTYKPKMKKVLALVKPNSDITVGQYKPMVDPGAVVQQYKPVINLDFDHYKPNRFGPDPKRKPRRLPKFGFTS
Epitopes of NIHCT Linker Linker |Epitopes of NMHCTI (Linker
le Epitopes of MECII Epitopes of MHCTI J r:.lu,eul MHCT I ;pﬁo’n of MHCTI lu-u.r :n_qﬂrq
REAAAKMREFF ILMVLPGAD! KPWK‘PQNC FRNNATIDQWNAKPYQQYNRQQDQQASA Krmtr 1IA

Liaker

Epitopes of MHCTI I Epitopes of MHCTI

ENCOANGTPGDNRKPVVDLNTLKAANIIG

B

HBHA Adjuvant

AAENSNIDDIKAPLLAALCAADLALATVNELITNLRERAEETRIDIRSRVEESRARLIKLQEDLPEQLTELREKFTALELRKAAECYLEAATSRYNE
HBHA Adjuvant

LVERGEAALERLRSQQS FEEVSARAEGY VDQAVELTQEALGTVASQTRAVGERAAKLYVG IELPKKAAPAKKAAP AKKAAPAKKAAAKKAPAKKAAAK

JLimkcer
Linker | Epitops of MICT | Limker Limker Limbcer
¥

feo

o Limker | | Limicer i o Linker
HBHA Adjuvant | Epitops of MIICT  Epstops of MIHCT  Epitops of MHCT  Epitops of MIHCT Epitops of MHCT pitops of NIICT Itp.,ui.\mu
KVTQKEAAAKFSHTIVGLTYKPFSHTVCGLTYKPEMKKV LALVKPEMKKVLALVEPNSDITVGCOQVKPNSDI TVCOYKPMVDPGCAVVQOVKPAMVD PG AVY
Linker JLinker
| JEpitops of MICT Limber |

Limbcer | Linker R Linkcer Limker | Limbcew
Ephtops of MHCT Epitops of MHCT  \Epitops of MHCT  Epitops of MHCT | Epltops of MHCT Epitops of MHCT Epitops of MHCTT ¥ pitops of MHCTT
QOVKPVINLDIDHYKPVINLDFDHYKPNRICPDP KPNRFCPDPKRKPRRLPKFCF ISRKPRRLPKFGFTSRKPMRFFF ILMVLPCADRKPMRFF ¥

Linker Linker Linker Linker Linker
Ephtops of .\mtul Epitops of MECTI Epitops of MHCTI I Epitops of MHCTI | Epitops of MHCTI I Epitops of MHCTI gu
1 IAB’LPCAD:K‘P!AAI'AAI TATPAK !A\'F!AA'AA!IA! um!u&’rosc! RNNAT I DQWNAKPQNCFRNNAT IDQWNAKPVQQY NRQQDQQA S ARKP

Linker Linkes Linker Linker Linker
lz—-p of MHCT J Epitops of NIICTI | Epitops of MICTI I lz,--'. of MuCH I ll;,.--'. of MNHCTL [ !r,--p‘ of MICTX
VQQYNKQQDQQASARKPTDLIVAVYS rnaa’nsrrot IVAVY nru.nl’nxr TIAFNCQNGTPGDNRKP I IAFNCQNG TPGDNRKPVVDLNTLKAANT

| Ldmbcor:
Epitops of MHCTI
I Epitops of MHCTI

TGKPVVDLNTLKAANTIG

[EDB yiizo y3yw 93 bwgi oadi salwlius MHCII g MHCI Lo JsSUs0 (smaasd slaggial gy 5l JSivie waialhb slaojluw jlislaw (V JS=i
US—’U" = 5, ST gy Jolis B ISy L,_.Jyu.ﬂ O=ed 4S5 s s syls jgas ug..;u.:l =l LS S ‘L;—’SJL:"' Cialy j3 A JSis 4> ProPred g
bwgi oa i mlwlis sloawsiyl HBHA JgSdge wilgzsl lgi Saimsplid Gy dy w9 33 ‘U—?T 508 L;l_mgii) o S ol 3 el

-l MHCIT sloJoSs0 bawgi (bt Jol8 slocgin) g § e (g ,S5ud MHCT Lo JoSIse



ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

Sld b Susuing brvoilw cadosalin zli (wlwl
«Jal ojlow adgl (gasais Jume 5> aiidls S Gaa¥ly 4o
2t 5 e iwd 4ol )3 39290 sladiel awl (lise
035 GV 51 sy 45 393 33 ) 5 15 e iy 4 jLone
Y USd) asasl L) ao)ys y b g W AF a yslie
APty Ayl Jao 3y90 5> wizen () ceud
ol )3 39290 sladiel sl gliwe 35 093 85lw
45 39 303 ) 9 WAF iy an jlaegd 5 Slave iws
Ll aoyd ydio g O AV dy yuslde ol (3,5 Gl 5l asy

(Y ol Y JS) sl

ohKer 9 Lgiliy

Y sl 5l S po—w 9 ey Sl

093 sl 53 Gilize (g sl @YLs b)) iasllhe
wziidgo Ly SOPMA jg5 s basogi cosisusioe (sboojlu
6hls Jsl gl oyl 2l ulowl 1 g 3iad (L))
o3yiwS wlmio 3oyd YA (e Sada Ll soys OW/FY
o=l &gt 45 > 55 s S 9y ey YAV
Lall o 45 39 eygo ol 4 093 Jas 3 bjlis L
093 3 4oyd Vol Do 0351w wilmio oy FY/FY Sl
sad e (soejluw pgw Liluw 390 3oys FE/AY JagS
9 3 ity [FTASSER 95w bawgi cnidgo Ly 503
> 853 bl ghaslzlely gslel (slajlil hwgs (g

Wy

g 3 ITASSR 4950 baiogl cpguw JLisluw 0adGinagian Jime 1A 3w 093 ojlw 5 Jsl ojlw oo Jlislas s 4 by caiyi Vg ) (Y S
(S »Sod HBHA (5850 coilyzal b by e conlyi 4 juw 5 (oo o335 o8 (sLaKiy Jue (il 53 .cuwl Galaxy Refine 2 ygyww biuwgs oo yiaVl
s by sy eyl g )lel jdUT B st MHCIT (sLin J5SJg0 04 i35Sy (sLinsgiisl 3 MHCT (sla JsSge 03iiS Sy (sLavsgid (EAAAK
O G ruS 5w ) Goa) 4l eVl 5 e Gl (g3 A Jae i o @baslzlely @l i€ ea iRVl a4 Jie i

0L o3y caenl Jods 4 cecwl yS3 4 @Y sl lis
iy g ez 1 alize edle aiz sl g lanlbl
le_m)l)SJ (O—ixeR g MHCII 9 MHCI L5|—°U9"U"I
sledso g o u)f)_ba)) (g (sleySid 1 eglatio
Lodse p—yided J=b 5 payieslw glatise |y oabasl)l
i Gulw! s ol o 0gde u.,d)f)_ku)b asllbe gl
UMu)u.UT ol Vaxifen jgy, w b wgs c.&_aﬁuib)uf
g ofEYFo g of/FV ) liyi d 939 Jg' Ej\_w
sleoslw U.&_w9)uT/LS)J)§&_JI— s—=talyly mwyy 53
oS s yaii PEPTIDE 2.0 5y bgs aslllac 3y50
(il s bg,0m (sLadiel sl pew oJsl Bl 1
YEIVE g \WW/YO MW/EY FR/O0 iy ay 5 ¢ 53l
iy A g silw 3 0y SY 3lg0 AS (s g o)
Ul G i (i3S asys YA g WW/BY /AV FE/O
oy YO 5l e g9l cecwgao] sty gy o
0o 69‘—7 )_\)iJT a9 3sg Hly)lo LS[JDJJLNBL\
oS 939, Ly 5, ST (sLaosile Bl aeys YO Ls
J— =T sloadgl=e 35 o> L k88 Ly Jgtoeali 39

A Sl pul g Jg8 JuBB Glows itme —>lg5 4 by coiyi

5 Vo (oSl (lieaiisSpd ol

read2hb slaojlw Pl picue (g dy S liee
sleoluw (lea—dsSond pols> 4 bype alo
el ol BoF oo U Jg! e5las 45 sl Lt sacis sy
S yiSlgial abais (g tls FEVY/EY ( JgSsa 59 (shls
Ly sy GRAVY asUis YO/VA Sl jaslis /oA
55 45 oy 35y FO/MY (g,la sl jaslis 5 -o/0AD
SOAVE/SY (dsSlsa 3 (sl el susl Foo Jb L o5
YY/EA SClal aslis o) S_yyiSlgil abaii s ils
Yo/ FA g3l pasli g /508 Ly 4l GRAVY Lasls
5L 93 5, 4 Sl Ly cads 4 bimMe S jg bjlan .35
2 b s 53 s e Sl Sl SO plase 4
ProtParam 5, w bwgs eadciyyei piyysS Lol wl
Fo 3l s 51 o)l asll pas Ly (gl oaisasll slael
oy (a5 oo Vel bl ]y jeSdo g il
oized 39 Jol Gl 3l yicdon p93 ol (5laly ol
03925955 Jlei>l (GRAVY (a2l dio 5 05 03940
(53=25) i sle 4 |y Lapuiisy (Giwss)

=

¥20¢ 'L @nss| ‘€L'[oA  INIOIAIN 3D170d 40 TYNINOr



—
154

6% A @ 0 Loy

ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

Siloygiilgiagl daalllae S tapas 5 (5lens aule (A Mgl (655l poiis g JS (6,80t 1 oads zyiviune) T cell slagicnl by Sudfsras] caSyish sjlo 35 dunlie

4 by e IgM (gLl adgs (alidl e 8l palisl
il S GIloys a3 Ll 51 Sy aple wasl ol
IgG + IgM dgGl + IgG2 IgM slassb il ab w
Sl Saasylid B sl Jolw , oSG Hilisl L ol y o
ol o 0gMe ag o Lyl L 5l Sy Jolde 53 agils
mtizan g oy bls B gla sl 3 g3 Baimaplis sl
g S wS gigiw T 9 S SS T 93 U—‘-’-“i”)’
8 55 038G a0 (el 1 i
oy oJles S T glodslu 5 Jlsb B Jolow cysaz
b a aliaswgi glap—usly poy—e 55 018518

(YF g\ US i) 4 camlice (555 oz

w3ds>lhb &lw 93y (i adasNe 45 Hg blen L aigd
j' —0yd 0o j' )_'LAS 45')? PRER ) 4;:5)5)_25)5 C'A-MJS);.JT
S0y ggame g didg (Dg-39,3um) 5,5l Lanipl su sl
1S sl 33 58l (5L 5 s3el) Il gladiwel sl
el Eewly (gilwdinds ol alsl jy Lag aoyy VO
s disbide wyi GwSly slaojluw 51 Sy 4 S sly lid
Al |y dngili g adgl nl Gy 2o J8 49k
oadabsYo ol ol jo 45 ol ;53 4y ‘6)3) Aisls
bl wyi SwSly loojlw biwgi Sy 4o C—M’L' BN
—to LsLm)S)Lo Ulg_u: a TGF-B 9 IL-2 JIFN-¥ éb_w
xS iz s9b 4 (iVgb wie Gl (el el 53

@
3
20 thers DgM, IgG1. 1g2)
wrotrary s

400 & 0
3%0

] 200
0 ¥

]
%0 g 150 §

I >
200 g E

1 100

1% ¥
100 !

3

500000
E

¥ -
& 0000

g

g

§ 2000

§ 20000

f e 8 Katype 1o 200

4 B isotype igGl ——

g %0 B isctype G2

- 1% §
) §
a a

3 w |
5 2

5

£

STy e Cilizo laoall 4 A i 053 9 Jsl ojlu bwgd el slagwly sjluwtnd glaylsgai 4o beye coiyi d ¥ g ) (¥ S
85l gy Jled B Jolow cymer (ili8l D oy ble slaolw 3y o B sladsluw jiS5:C . Jled B gladslw cpmaz (ilidl B atdlidewgs
u-\|)5| :F d.él.\ds_wy U"—“‘S|9 c)Lw Ue-20 43 u_d)f )|)$ )' = (Jls=s U_iAS T LSL‘”LJ?L“’ Cses 3y E 4.&5'.!4&_«49.0 u_wflg Vo0 33 u_.s)S

Jled SwSsignle T gladslw comaz



ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

7 > ddigs gae slaed oyl L ybe Jis (o o
ojlw g ddgd gac WO Jgyl ojlw) s oLzl o5l 93
JLail 3531 pyieS (Jgl ejlaw 5> (amibgs gide WA g3
oilw 33 g Jg—o 0 (5, IS VWW/W ou_BSTs Jao 3
Y Jgds 50 0 dwlxe Joo 3t (68 LS -AFY/A (g
Job 5 g sLasisn 53 1) il (slasswl e

el i uﬁb)b’_f Laaigu

ohlSes 5 Lgily
Sl Jlaiol 1 I5S0se S8ty (b,
ojlwgs o ,3) HBHA cilgmsl o segy o —J9Sge
ClusPro ,g, w b wgi (TLR4) ol 0a3,S g (sa—ismlhb
aS sy ldd cadosmlive Zalt A wyy cddge Ly
aels 95 g G2 JB g agn il y 5

0 53 (HeSge SouSTy aigls (F JSd) el sad sl
54 s ol Gz Jame pptiz 45l L wjls 9

A (\) A

YWY

-

C te

ASH6(0) A0 § (.mn_:-g,g‘ s
4 e b / 4Gl o)
= e | % 1 \
i w 255 w V
| 301 2,95 % 7 ” 4 26 25
I.,u I 2.5 / - ek | h=f 1M \ o
\
| 3 3,07 [ ¢ | \
¢ W R L TR g ARG A b o I o
g L J / ¥ - «
L < - v Lr 0.‘ Ly Y,
v . s . . oy
* Lysd33A) 4 ry v ¥4 GIn33NA) ) "
el Tyrdsia) ¥ Lys360A) & o 7 3 gy U Y CelNA) m.\‘
Thrd31(A) & P4 .. . 2% \)

()

VMMM A D

.
4 3%
373 1 7:
147 198 \
- / / P’
¢ de ¥
[ v .
.'6 |1 « ¥
. ¥ YW Ao
A S| ¥
. v e
sy 4, S J \

.
Hisd011\) Glal2i\)

G038 bl LSy oSS ol 53 A L TLRE 035,58 Ly 093 5 Jsl cSyigh ojlw (gSge SiuSls amt coiyi an ¥ g | poguas (F U
9 MHCI sLasSse 01 i8Sy slacgicl EAAK (3w »Sie) HBHA (J5S0g0 wilgsl (TLR4 0158 4y bgpe iyl dy o 5 1 25
s o sSge JLaail sl B el oasi (g5, PyMol 58 oy awwgi 45 s MHCH sl JsSJge 0s S Sy (sLagisl
g slaign oxmaplid j o) sloks cowl oad osls Liled PyMol jli8leyi bwgi 4 Sjgaun Lasigy §=,b 5l TLR4 ouipS 5 cSyigs

Sl yagliad il 53 TLR4 005,85 g cuSyigs (slojlaw o (595050 SouSTs aslyd )5 diiels 3 51 ,Sys (slavdivel sl Gialed 1€ ol diwls 93

59l (sLasign aiload eals s jw Ky 4 ceuSyigh slaojluw 40 byye ladiuel sl g (ol STy 4 TLR4 0058 4 by yye (sladiuwl

TLR4 043ysS g HBHA o slasisn Job 5 (3553 g slawl 13 18 (sladivel sl cancd (¥ Jgaz

(A) Sgs Jsb TLR4 JsSlgo (sladinel spul HBHA 35 (slodinel sl
Js! ol
Y/A¥ WY gy .
gesi]
¥/ FYV o
Y/30 FOF (ojg,i Y T
Y/08 Vol sl Saalight
Voo (i
Y/00 _
P Voo sl Ssliglt’
Y/o¥ YA aelighh
|o9_§ a)'Lu
/54 OV S bl dao! VAo eyl
Y/VYY O iy FYA oaaligls
Y/Ae QF )] YA udsiuas
Y/vY De¥ (ishys VO criss
Y/3A Do F Sy LuwoT ol

Y/AY FYY (paalisls

Fo) odnivcs

<

¥20¢ 'L @nss| ‘€L'[oA  INIOIAIN 3D170d 40 TYNINOr



=

B it o 0 egy TR 7o) Heep) g o)

ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

Sileysailgial aalllas S tamas 5 (g ko axle (LA Wigallo (635 o5ty S (6,802 5l sad zyiitus) T cell slagicl by Seffgiad] caSyish sile 93 dunlio

s)]deWscMs\JﬁwgbbKPs
b ds gl dls ..\_u>)| JSicie OS89 S slislw
Ls‘&ejl_w )| oalai_wl V] g (50 JLA“ L'JT .))_Q.c.c
ol waldie (gl ST I JSitiio (GiSTy Sy
lodidly aSl> (el dizo dzgi g 48Ve S50 Hlius
CSyig Speals slapaiign a5 adlesls gldd (2
bS5 eyg o0 d (oSS T LSL°°U9JUJ‘ 51 ead Jusia
s Gl ) el i (634 S (g a0
olyBas g (dbidellboe du g s (Jlie olgie au [Vo]
Sy lie iy 4 S ecdls oyl Yot Jlw s
ol S (53550 L Mg (551 dde (il piucsus
3=l el I et s i JSS i ) JSdiie
o= ..L_’||d.‘L'>|.))g oaiiale Mgy (5,—iSL ;| OMP31
aegldio (slaylasd (o jd S ales,S ufb)lj_f (im0
£ ey il iz sl Ly s ddigusSTy o9, S
(ol s o< L gyls 1y IgG2a g IL-2 JFN-y x iy
M= g b a..\_wc\.u.wa Ls‘J) U)‘)C_u.b )| =
oot 95 s plie uu—w-uda Mgyt (551
sl )T 51 St STy 30338 o5l saisSedlyys a5
o=l Ul e yob a0 sl Sl G lsie
i IS 33 (s pnslf (5 pipisis S 31 ]t (355
5o wis Ly slepaiisn cocul JoSdse joluw 5 039
Ngiso yikid allall Lolwl o(gye=dls ¢ LS Fo>mw) o=l
<mw) Y Hss0 (g L loppaidsn »ted aS oy
YY) $igds0 S9amme JoolS job 4oy Lyt pgdls 9-LuS Voo
PO g FF oydi slasg L ojluw g3 cdsllas ol 4 [YV
Glasdlao ;3 a5 39 gy ol i =hb ogdls ¢ LS
po—ig s o3yiwS Glgy Ly YeVF Jlow )3 4 goregpda S
ojlw S el o3l ﬁLajl =g Y wSsS (6,5U (59,
5L BVYY yis Ly (sSlge cilymsl 5 sii 31 JSite
S glasllhas s U_u_xa.m IVF] cawol 03, S =l jgdls
lagia! mwuing L Voo Jluw jy ohlSon g (uad
dilesls ﬁl_aﬂ —id Wgalw (5,5U e—to sl
33 VO] as)S (S 8me el FY (459 L (iwSTy o5l
Ay Yoo Jluys GioihlSan g b, 45 , 5 glasllhe
=L sl il pipee Wt oo dawly
/00 j9 L (sunSTy 85l cailosls pladl ()90 YuS'sS
aasYe 45 g hilan [VF] alos,S GiliS |y o—dlagls
wlsllho )5 ead>hb aSyigh glaojluw pjs Se—bo
oo 55 5 el YU licwd yols dallas ssilan aisisS
Sim YU ojy s o 9l gl wiiwnn I joe
g s
o=l 5o odal s 4 Ls)lngu wasli ol
Yeo/FA o YOIy (S - W ©939 L.J9| a)'|_w stg. 1298
ProtParam 9y (—olais| (s._u)giﬂ ol s g el
3o a3l Fo pj (gl pasls 45 e s

Olsin sl 9,3 Lo 8L pge (sLadisS dlox |l
9 LopSey gy dbwed Mgellw glaguwiz 4
2S5 (g e Wigallow (6538 ol oLl Mgy
sloaisil si= ol 9 5o Al LajlégSle 4y
Ll S jahilan W] 35—iioe oo ol (g9
Gk 3l leosj Loty ol Lol Sk 39,6
Sy il -l Langl Glolw ¢gpd 3355 9 paiSle
aslyl Ldlaio 5 (JIslwegys OBl o ool
4093 IS MHC sladssse bauwgi (lyisly w¥same
sl gl 45 39-B50 CDA+ , S)le i T glacowgail
52le3 Th2 5 Thl slaceywsid 4y gaiJled I ey
UJL%,JLTB:ULN uss L Thl locawsad [V iubue
2y Gloel G YogSs il 5 LolS (g 850l ykii
legwly) Jslw dbawly 4o (el slagwly Sy
Loilig Sle 5 So—uSeigaw T sladslw dawly 4y as
sLmslag)Sle NF] syls LajlogSle (5lwled g (S
bwgi (558 gl wS] (g Lzl edled g e i led
sdsi Giolsl gl LNADPH (NOX2) 5laus] cowsSs
s H202 +Jgs Llaie g (02-)i—wST oI5 JSus,
(NO) Sy ST Ly (3sSTy L Lnpygign Syiae Ly
SLel el aiye(ONOO-) oy Sy szl sl
boxe Soslal 5 LSl (S 4 pxie 45 iS50
9 ok el Sy ol [P )0 s5-dipe (ll8
= P dlilio Ly kil 53 w0y b (sla ol Lzl
3l sl gl asile Joluw ggps glapissly Sis
ewl el

STy clojlas sy (glp cdalllae ol 5
e s MHCT glaogiil il ool = =i
Gl gy wde d §laite MHCTT lacgicy!
e 3o jleslaiwl Ly g IS plasy I eadJlye
sl 4ials (ryl s Nod e , $308y a4y KP
o3y 4o "EAAAK" (caoin S5l eslaiwl Ly
oSy Uiy N s (HeSlge wily=al plgie 4y HBHA
SV HBHA (Gigsy (o5 ja-b dmy ol Jaiio ditdlidzwgs
e i Jole S uislngt po—ySlsSale 6,5k
sl o L5 0S50 SaS (681 ol 4 45 el
DV s Joaio 355 glojue Jslw 25l puSujilo s
olsie 4y HBHA &gy a5 alels plis el sllae
«Sootuow Coow 930 TLR4 613,80 is cownisST
9 IFN-% & iy (Soopais gladslw foby wlgie
Sz [ T gladsluw dawly Ly ol oS siginle
woilgzsl S gletie an |y of lste ezt j3 [A] as
a3 iy o JsSUse

Sigdan 3Slae 53 alS (i oo LaySid
= 4 oadJate gl j JSdie jlislw S
(35 granleral Jlis L Sy 45) EAAAK (slassiy ol



ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

MHCI sLasSse 8465 S —olais] gloaggi
JS 03 se2ge lapisil gy | J—el> MHCII 4
520 9 =kl (o= hb (a3 Wgalluw (6,551 939
45 093 ojlow 9ibpe A limto 4 5 bailan el 0aid
T olais! glocgic! | e ey glaylSs ghls
&bl el eo g V0 (J5SUse ()9 e 9 cell
S8 58 il gl e 3o plid |y g )eS
slaylisba 1o)s g9z oIV dwiGl 552 oliee
Js! o5l 4 i (s yidon JsS a5 o3yind wlaio
sl S5 ghyls 85lw 45 3gdos0 samliie 35 5T 3 .3l
0=S3le 53 9 SSTs (65,51 dLaogil 5l e o iy
8 5hSS ggam ol I S e glasigy Jo-b
Al gl SO laie 4 eslaiwl (gl Slgie ol
Al Gl del e o (gylen ade 15 STy

(5314655 baalys o Lol 511l (sl (s2000l8 oy S5
L ooy glap—wSly L duglio )3 oSyish slap—uS]y
o3-S Jl STy g9 ol el 53) ablhicss asss
53 o=l el yee ) (seioe eslaiwl ¢jgsly JS
s @l g glsj 45 gl g Sofiliiwl bl b
cSyigh slap—uSly (SIS0 WS e Iy cyenl
slog—sly I oslaiwl wplpegde el ySdsdse
Aibhioas e Ly oadj slap—uSly SV Sy cSyig
o 3ibe il B)lse e Lo g slenm Sop 4 pmie
bl 5 (plnlis Sedied hiw g ga43 33 i
w5y gl I osliiwl 4ol 53 esily S o
el ySipgie

9 4232 3 (sxlaez 1igiln 4abld . aiugi pow
tasdllae ool 5 oal 4yl e caasi tLaosls Jodsd
A3 il e Syt Laosls (g9 aaz 15 pigly el
Loesls LS)S’ o :U_o.)l.’> ULA.u dollae U—"')b 9 a..\_.gl
ot of (63535l 5l gl (B85 )3 (B xicung dan
5 @S calyiums ol lio (ol 1l L den 5 Lisgy
Aplse y ol 53 2o cdlbs ceo

Zyai adlio syl dhwgopy adle oylss
dallhe JLB 55 =8l (iyled 45 45 s ileie
Dl vy =g 4y bl

3523 le ol> g aum alie oyl 13 oIl sl

RO RY

Reference

1. Ahmadi MH, Ahmadi A. An overview of bioterror-
ism and its association with the emerging coro-
navirus. New Cellularand Molecular Biotechnol ].
2022; 12 (46): 9-24. https://ncmbjpiau.ir/article-
1-1451-en.html

2. Su L, Chiu C. Salmonella: clinical importance and
evolution of nomenclature. Chang Gung Med ]J.
2007; 30(3):210. https://pubmed.ncbi.nlm.nih.

ohKer 9 Lgiliy

AVFIYoYE Jlaw 53 jpopeg)d siiws jlanly G5l 53 5|
ohlSeer o gl 5 [YO] Yoo Jluw 53 (idlSen 5 (o
iine Selosiilgisa (sloeilus (5] Vo¥o JLuw 53 3
ailonyS Gyl g 1l iy 5 b gl =
slopasld Ly j5-Sie cuSyish sbeojlw jl Sy oS
sgdc crwlylanl FY/YR g V/oF (VA iy al (g lalils
iyl dsllho gl )3 s mhb ol 93 y o il
J—aio 335 TLR4 035,,8 dy 39aum g & sl b
LS‘—“-'\j%i slasd glasillas )3 45 cwl I 5y ol 3gi
i s>hb ojlw SSSTs ‘oLf_l.m 53 e wodmlie (5,0l
Mu‘l})ljf o=l o—lpbo IVF] el ooy uu)bj 3 VO
JsSse 4y uginl dials Joail &S s slosls oL
oo TLR4 0.105,,5 oy (ysiis g ool JUail gile HBHA
g Jolw
in (gloas ;5 e ilie yiw (53—SH50 wjgy—l
53 dadijyl HeSse @Sy 4 il gl wsilico
i8S )1y 8 dmgi Sy9o b sisdon ilise slacjs>
In gluad )3 35250 slaylil oyinySy jl =0 el
—anais (glyygyuw 3yls YU el g w8y a5 silico
Lagsiben  ols—sel  slooid oa Sl
(Wg—dbso bl QoS! ploie w45 laawiy)
RlendsSaid (ols> lol G aadd glayg )
ool Uy i Lol )3 39250 Cilide glaylisl g
=k 03 G sLadsSse I aiuws ol =5 g
2 9z dipe L lsSe wemSyigl GiSTy glaylislw
in vitro gluas ;> ca lize wliioleil |1, S5 inie g ¢lsj
ol y 3 o—iss8 =S L g 3y pials,
Vol5—e 9 315 dmwgi |y gy @93 Jd Lopiy)oS
Y] 355 Giis YalS |y oy wSTy 51 Jsl e 51 oslisl
sas ol dy (I cradl (i Sy 43 ojgal [VA
4255 330 sl cSyigh slap—uSTly (6 )50 @lsz
s ooy wlallhe s ST .l 4585 I, 5 o Eime
o=z g 03 elail INVitro ywizen g inssilico wyg0
e 1y dge STy slmojlus ylgie 45 ilesls Lid
ol puglily Migallw s ile —lagigsly gls!
A8 43l g by o=k oyd g Semmwgind S
IFe 5 YA Y0 &

5 ISt wmgldio uSyisi ol g3 cdsllao ol 53

gov/17760271/

3. Fox ], Galus C. Salmonella-associated conjuncti-
vitis in a cat. ] Vet Med Educ. 1977;171(9):845-7.
https://pubmed.ncbi.nlm.nih.gov/336590/

4. Nosrat S, Sabokbar A, Dezfoolian M, Tabarraie
B, Fallah F. Prevalence of Salmonella enteriti-
dis, typhi and typhimurium from food products

~

¥20¢ 'L @nss| ‘€L'[oA  INIOIAIN 3D170d 40 TYNINOr



r

RAICI (R g ICHUMERTE

ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

Sileysailgial aalllas S tamas 5 (g ko axle (LA Wigallo (635 o5ty S (6,802 5l sad zyiitus) T cell slagicl by Seffgiad] caSyish sile 93 dunlio

10.

11.

12.

13.

14.

15.

16.

17.

in Mofid hospital. Res Med. 2012;36(1):43-8.
https://pejouhesh.sbmu.ac.ir/browse.php?a_
id=1009&sid=1&slc_lang=en4

Das S, Kataria VK. Bioterrorism: A public health per-
spective.Med] Armed ForcesIndia.2010;66(3):255-
60. https://www.sciencedirect.com/science/arti-
cle/abs/pii/S0377123710800516

Plotkin S. History of vaccination. Proc Natl Acad Sci.
2014;111(34):12283-7. https://pubmed.ncbi.nlm.
nih.gov/25136134/

Wong K, Feeley JC. Isolation of Vi antigen and a
simple method for its measurement. Appl Microbi-
ol. 1972;24(4):628-33. https://doi.org/10.1128/
am.24.4.628-633.1972

Syed KA, Saluja T, Cho H, Hsiao A, Shaikh H, War-
tel TA, et al. Review on the recent advances on ty-
phoid vaccine development and challenges ahead.
Clin Infect Dis. 2020;71(Supplement_2):S141-S50.
https://doi.org/10.1093/cid/ciaa504

jaydari A, Nazifi N, Forouharmehr A. Computation-
al design of a novel multi-epitope vaccine against
Coxiella burnetii. Hum Immunol. 2020 1;81(10-
11):596-605. https://pesquisa.bvsalud.org/por-
tal/resource/enamp/mdl-32718721

Li Y, Liu X, Zhu Y, Zhou X, Cao C, Hu X, et al. Bio-
informatic prediction of epitopes in the Emy162
antigen of Echinococcus multilocularis. Exp ther
med. 2013; 1;6(2):335-40. https://www.spandi-
dos-publications.com/10.3892/etm.2013.11427?-
text=fulltext#

Enany S. Structural and functional analysis of hy-
pothetical and conserved proteins of Clostridium
tetani. J infec public health. 2014;7(4):296-307.
https://pubmed.ncbi.nlm.nih.gov/24802661

Mak TW, Saunders ME. Immunity to pathogens. The
Immune Response. 2006:641. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC7150295/

Raupach B, Kaufmann SH. Immune respons-
es to intracellular bacteria. Curr Opin Immunol.
2001;13(4):417-28. https://pubmed.ncbi.nlm.nih.
gov/11498297/

Gutiérrez-Martinez E, Planes R, Anselmi G, Reyn-
olds M, Menezes S, Adiko AC, et al. Cross-presen-
tation of cell-associated antigens by MHC class [ in
dendritic cell subsets. Front immunol. 2015;6:363.
https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C4505393/

Canton ], Khezri R, Glogauer M, Grinstein S. Con-
trasting phagosome pH regulation and maturation
in human M1 and M2 macrophages. Mol Biol Cell.
2014;25(21):3330-41. https://pubmed.ncbi.nlm.
nih.gov/25165138/

El Chemaly A, Nunes P, Jimaja W, Castelbou C,
Demaurex N. Hvl proton channels differentially
regulate the pH of neutrophil and macrophage pha-
gosomes by sustaining the production of phagoso-
mal ROS that inhibit the delivery of vacuolar AT-
Pases. ] Leukoc Biol. 2014;95(5):827-39. https://
pubmed.ncbi.nlm.nih.gov/24415791/

Menozzi FD, Reddy VM, Cayet D, Raze D, Debrie A-S,

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dehouck M-P, et al. Mycobacterium tuberculosis
heparin-binding haemagglutinin adhesin (HBHA)
triggers receptor-mediated transcytosis without
altering the integrity of tight junctions. Microbes
infec. 2006;8(1):1-9. https://pubmed.ncbi.nlm.nih.
gov/15914062/

LeiY, Shao ], MaF, Lei C, Chang H, Zhang Y. Enhanced
efficacy of a multi-epitope vaccine for type A and
0 foot-and-mouth disease virus by fusing multiple
epitopes with Mycobacterium tuberculosis hepa-
rin-binding hemagglutinin (HBHA), a novel TLR4
agonist. Mol immunol. 2020;121:118-26. https://
pubmed.ncbi.nlm.nih.gov/32199211/

Chen X, Zaro JL, Shen W-C. Fusion protein linkers:
property, design and functionality. Adv Drug Deliv
Rev. 2013;65(10):1357-69. https://pubmed.ncbi.
nlm.nih.gov/23026637/

Kjerrulf M, Lowenadler B, Svanholm C, Lycke N.
Tandem repeats of T helper epitopes enhance
immunogenicity of fusion proteins by pro-
moting processing and presentation. Mol im-
munol.1997;34(8-9):599-608. https://www.
sciencedirect.com/science/article/abs/pii/
S0161589097000783

Nazifi N, Tahmoorespur M, Sekhavati MH, Hagh-
parast A, Behroozikhah AM. In vivo immunoge-
nicity assessment and vaccine efficacy evaluation
of a chimeric tandem repeat of epitopic region
of OMP31 antigen fused to interleukin 2 (IL-2)
against Brucella melitensis in BALB/c mice. BMC
vet. Res. 2019;15:1-11. https://link.springer.com/
article/10.1186/s12917-019-2074-7

Tojo A, Endou H. Intrarenal handling of proteins
in rats using fractional micropuncture technique.
Am ] Physiol Renal Physiol. 1992;263(4):F601-F6.
https://journals.physiology.org/doi/
abs/10.1152/ajprenal.1992.263.4.F601

Blouch K, Deen WM, Fauvel J-P, Bialek ], Derby G,
Myers BD. Molecular configuration and glomerular
size selectivity in healthy and nephrotic humans.
Am | Physiol Renal Physiol. 1997;273(3):F430-F7.
https://journals.physiology.org/doi/
abs/10.1152/ajprenal.1997.273.3.F430

Forouharmehr A. Whole proteome screening to
develop a potent epitope-based vaccine against
Coxiella burnetii: a reverse vaccinology approach.
] Biomol Struct Dyn. 2024; 2:1-13. https://www.
tandfonline.com/doi/abs/10.1080/07391102.202
4.2326198

Shams N, Shakarami Gandabeh Z, Nazifi N, Forou-
harmehr A, Jaydari A, Rashidian E. Computa-
tional design of different epitope-based vaccines
against Salmonella typhi. Int ] Peptide Res Ther.
2020;26:1527-39. https://link.springer.com/arti-
cle/10.1007/s10989-019-09959-4

Rashidian E, Gandabeh ZS, Forouharmehr A, Na-
zifi N, Shams N, Jaydari A. Immunoinformatics ap-
proach to engineer a potent poly-epitope fusion
protein vaccine against Coxiella burnetii. Int ] Pept
Res Ther. 2020;26:2191-201. https://link.springer.
com/article/10.1007/s10989-019-10013-6



ISSN: 2383-3483; Journal of Police Medicine. 2024;13(1):e11

27.

28.

29.

30.

Tomar N, De RK. Immunoinformatics: an integrated
scenario. Immunol. 2010;131(2):153-68. https://
pubmed.ncbi.nlm.nih.gov/20722763/

Korber B, LaBute M, Yusim K. Immunoinformatics
comes of age. PLoS Comput Biol. 2006;2(6):e71.
https://journals.plos.org/ploscompbiol/arti-
cle?id=10.1371/journal.pcbi.0020071

Nazifi N, Mousavi SM, Moradi S, Jaydari A, Jahan-
dar MH, Forouharmehr A. In Silico B Cell and T Cell
epitopes evaluation of lipL32 and OmpL1 proteins
for designing a recombinant multi-epitope vaccine
againstleptospirosis. Int] Infec. 2018;5(2). https://
brieflands.com/articles/iji-63255

Tahmoorespur M, Nazifi N, Pirkhezranian Z. In sili-
co prediction of B-cell and T-cell epitopes of protec-
tive antigen of Bacillus anthracis in development
of vaccines against anthrax. Iran ] Appl Anim Sci.
2017;7(3):429-36. https://sanad.iau.ir/Journal/
ijas/Article/102381

ohKer 9 Lgiliy

—
B

¥20¢ 'L @nss| ‘€L'[oA  INIOIAIN 3D170d 40 TYNINOr



