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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 Ty21la
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
PO9WIP9) 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 AA068071.1, 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 DRB1-
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
design and evaluation of physicochemical
properties of the recombinant construct: In
this study, two recombinant constructs consisting
of an epitope domain and an adjuvant domain
were successfully designed and evaluated. In the
epitope domain, the strongest specific epitopes of
MHCI and MHCII molecules of each peptide were
linked to each other using a KP inflexible peptide
linker, and upstream of this domain, the amino

A

acid sequence of the HBHA molecular adjuvant
was placed by the EAAAK peptide linker. Also, to
study the weight gain of the construct and other
comparative immunological studies, another
construct was designed with two repetitions of
each of the epitopes, the KP inflexible linker, and
the HBHA molecular adjuvant connected to the
epitope domain by the EAAAK peptide linker
(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
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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 IFN-v,

IL-2, and TGF-B 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).

am

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

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

through intracellular colonization and replication.
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 1 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 playakeyroleinthebiological 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 thekidney 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 amolecular weight of 22.59 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 0f41.50 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'JoA  ANIDIAIN 3D170d 40 TYNINOr ©


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11]

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

& y3iuo) T cell (glagi ol daly y Sedfgivas] aSyigd o5l 93 dunlio

5 (5 lous e (i Wigadlus (6538l giig pa JS' (6,82 5l ot
Sediloygailgias] delllae S tda>

PADY asls ylow PP Laddas (W8 PP g yaale el PP e ceasd MS° gl dabld

U')—" ‘ol.'i.....')J ‘oLL.J)J b&ﬁ'.} ‘L,Su.').wb IXVEAIN &U,ﬂ.‘).é .)‘90 w‘.}.e; 9 6)9‘]9“"9)S"“° 09; !
ol by oLy o&adls (ppols 0aSidly il |a9].: og)f '

eJﬁS.g

02 b ablie sl oly oyidinimeS o Ll | cul e (g 5lon dole 3 Gite 0 ioily G «a Wigall 13lanl

351 g gl NCBI jg5m jl oty FYWY L (i Mgl (6551 pgigyn cdallbae ol 53 :lagshs) 5 slse
colais! glogicy Gt gl esb Bl glagibsn walp > Sud Ju Gyl 5 ]
sjlw) 3 >hb JeSUge wilazal 5 lagin! I JSicte Sifjgian] oSyis ojlw 93 5 ud aid)S HIG T sla sl
(RlerdsSid olyr Rl (el Qgil o 1SS 93 Jold cegs il 5 il o 5l LSS Sa Jelis s
loygpw bawgi ojl yo (J9Sse SS9 Glanl piucis Sy colild ceae (Gl s 5 093 sl
LKV YR IOV L VE E98

MHCII 3 MHCI (slagiinl Gapion 12l o5 sile (Bl iy e «oilan FYYY byl sles! ys slaaidly
9o gl canlie 3925 b 0l >hb Jhise glacils dagsh (3l saxe Lyl I G 9 pladl wadidge b oy
55 033 5 Jsl oiler T liae) a1y lid ST 5 510l | 355 es il «Sufsianl il gaym 55 L]
LJ,}gS‘o.\l) 9 ob)ll.wf wil=deo sle,lisl &398 Iy divg wg.\JT o)".w 93y ASU.”?)b (391 0/8VF0 g o/FY o) Cudiyicy
Jsb Sileo 55 9 SuSTs (638l b b pgd sjls caalsl 45 39y Jgl il 4 o (5539 2iyd (ShIS g sil 4o
o] s 5ulyl 5l 93 50 Bk 51 .39 Juate 393 Jslo axbas 0135, a candlys ieS g e (sla s
S gl ( SpuSgighle T g 0uiSSeS T liae iy Glalidl s ook Goal Spp=d o @)

3315 sl Cgiigl s 51 S5 93 Lol 4 55 sylads sjles oS dusyse A5 d onds @l gl Gl 2 16 S dans
cwl duas> (%] ade L’LAJ' Ow.f‘g el LS')? 6)4&_»\/.)‘.»0

‘_S.uLo)gnJ'g.u &UJS,L«A U_LAJ AbgAJLw &.AS)JBJ U.U.SIB T Cell ‘uyw| “agfusy La:o)lg.p.lf

allio dmd,li F o oSty lio 4 sbuwl eg=s

VEo¥/oV /oA 1edlyys oKty iyl oalz O yieghS LT @ cyliaay) 1(yuyaT Beyranv.and F, Sharps N, ]aydalti A, Nazifi I\{,
VWL F/VY iy SNDIFFFNS 2ty S eyl Khademi P. Comparison of two immunogenic

Lizeas! Sh 1 . 0 Sl recombinant constructs based on T cell epitopes
RN ams N@Iu.acr ;5455 i (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



http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11 ]

<6 A oo 0 oy e o) W) o e

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

Sileysilyiog] aslae Sy tana> 5 (s5lons arle (a5 Wisallo (6,351 psiisys IS (580t 1 s g p3iane) T cell slossil 4l Sasisiod! caSiss sl 53 duglio

ey | igdipe Bl ol (sa=lg ) slap—wSTy
At (o] @lisc 035 Syt i a5 Lo jsily
Gaa Ly dslas oyl ool [A] ol sa b oslatul
©3=l5505 5 caSigd ol S Byme 5 bl (—=hb
slowsic lwlid g poay IS Glasy Gb jl o350
Al sy oS Wigallow (6,8 5l ig—genl 9 4elysd
=k (lasbhogss wyge ) Sauileysailgisenl wlellho

ey 9 Sl
poasy JS 4o Gyt Ba Ly gy dallhae ol 5o
i gyl Ly o8 Wigadlw (655 4y bgp0
5 SL o) . osliiol NCBI 45, 5 AE014613.1
53 iS85 Aol BPYY (hls jLocds FYAAS) 5aglls Lo
13 45 ol yiis g oA LSS 4 é il PYY g oy gy
oLl (iiigy ls3 FHYY 4 cgame 5l wsllas ol
(o

5 CrwgicHl g9 mdiblxe
Ol s e 4 dallboe ol )3 1esig s 3s0iT
0395 Lo 03920501 5 Grwnieil plime (3sibitlxe
4y (NCBI g, 1 oadszlyzinl slasiiy Lo Lagaidsn
¢ VaxiJen Vaxign-ML og co=i slagyw I oy
39— wleahid wecwl 13 4y oY i esliwl AllerTop
333 By S iy wyg o 4y Vaxign-ML g, w oslai_wl
o3l ol (glyy oyt Aliwl &> 505 g 35 58l
odg—hslxe o Jol o8 55 35 V/0 4l Vaxifen g, I
5 b =yl Vaxigen ML 5, bwgs Lol ¢35 Lo
A Bl A3e (- iiblne 45 g Ly Lacpuiig
=Lyl VaxiJen jg,w bwgi oaile 8L glasiiy (pupw
S Ll a3l glime 45 oy 5 Sad
sacilyé claasiy Lad Bi> cdidge Ly 39 1/0 5l
S8 o355 L 039031 il Mg clzse 93 ol
s Bl 5 ag ol 45 aleasiy g i3S

sledslw oSSy slagsinl =i
L csdlie ol s :Lgil o byl ¢ MHCII g MHCI
GRllids J2B sloogin! i 4 Gy Sio
S ise 595w 93 5l MHCII 3 MHCI sLaJsSgo bawgs
oslasiwl Propred g IEDB ol 4 YU sl ! 5Ll Ly
slewsig! —wobn ghm ol S5 4 oY i
A-0101 .A-0201 .B-2705 L T ;1 MHCI (ln Jol .
sledslw sleogsicl —wokn ghm w—izer 5
sslit_wl DRB1-0401 3 DRB1-0101 ¢La T 5 MHCII
I 03— Lo pasia—w planiw gl aslsl 3 i
ToxinPred g wosi gy w 3l sl wsds sLacgisl
A ealaiwl

S—siloysailgiganl Slw byl 9 waiee
ol —=hb Saa Loy weled s el e

doddo
oLt o Sujslns Jalse 5l oliil o u5l Lmos ;3
loaiS S5 sl diico oz LS Z¥ew SO glgie
bgs a Ll (o )lan Jole (g Ll 390 slais
9 A slayg a8 Ly Sz PNs 53 (undSIl (sLmg
S o) ol (55lem ol (6,5 I oalis ol ca il
009023 E3ad « S 43S 53 So hVehil g s
e i 3 03 s S S ool 5 LS 5 s
dolge 5l eslaiwl 5 (aladlic «lie sy iy g ol
39560 sladd doy pmtyg g s 5> Siglon SLhs
Syiie 9 —ishe lag)lon alazil G jsbisallw ]
il ot 5 (g3liadl 415 5 4 ol ls 5 gl s
0S5 damils S Gslisalluw (g e Jsle el cponl
o3lgls 1 glwiS (il g Syxio GSHLI (bie
3508l ol Y] el Wigallaw ol dy auwly S lg T
68U ady (8L el g5 oly 9 0adizds gsdue b
ot o3 bl b 3 Algisn (6 piSly el
Oyl olwlyy [¥] 458 3959 lasre i 4 o (SlBgs
e ol p 53 Wigallaw (6,85 =l edlags plojlw
2345 3950 i akee WV IV 53 (55l o
39850 Sya 4y y ko 330 3 Foo (I Do (lre il
S glsie 4 Sk ol Sl esliiwl w1 0g¥e [F]
0] el 035 2 5he sl 9351 S Sislon 2w
Syl e Bdle 5 il o2 gladlow )
oy p—iaesS 5 oiise gwlunSly Gk
= She el Hgae slag)len gl Ly alilio gl
Lopd Ao 3ga 53 (il el plejluw G5 (el
e 4 aidws =l gslen ddez I Hgke glagslen
el ead glaz ) pld] pgdee Yo 5l Gl Syo 4y
b= =l ot olg—e 4 plgSie ) STy il
e slaisylon j iU s 9 Syo plie pEalS
9 S 55 et I Ll 4 4z el plaz 5o
SollS gy S 4l eyl (Highe (slanslews I (s Sy
M el syl (Slss 9 solasl slaply pials gl
3Ll i oSy o Ty21a Slhes sty [F
o Wgallw (5,i8L dle ) STy 93 Vi g
ol iiumd 83 Sy (Lo yilS pwlwl y o s
09wl 0590 iz 4o g B oS (el TyYa
3Bl by i guSTy oizman 3ls L Tl
Ghls wmaoolisS wiigan 093 y ogde Vi (JsuaS
5L olplio A V] ccwl Jlabl s esldsiwl caudgixe
39¢—ie Yool LaT (ol 3 LTy iz Jud dsiogs

el
Oz Bl Bae Ly dizmo gsl> Jls
o Ay oSty il a8 sen Ly o)le
G=bb 53 Iy rlaid) caSyisi 9 el GlapusTy 3y
Ols—e 4 4 s glaguSly jles 5 gl el g


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11 ]

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

6‘—"’3‘597."3 Jo—b g sla=i celyd j3 0 S o (grud s
Sl pizen g LaiiSeayn ol jl J—ol> 5,50
LigPlot+ 5816y bhawsi oLyl gl 55 3555 (sladiw]
N esalio 9 wyy» PyMol 1.3 15 816,39 2.2.8

dollhe Sy ils aJlio (BYS] wlbasVe
e STy 5l aazr Joud olb Bae Ly (Seileygdilan
o ol U‘jwy ewl das i el dS (g5lew
il cewd ol Aol 0 45 als e edel dhiwg g
pafiians Ly palite s9-b 4y o Hlga> Lo pldl g 5|
el said eslaiwl

a2 ol Glegiy )3 ilmesls Jpladi g agjad
el said eslaiwl LS)LAT Jino d._Jgf

laaisly
kil 5 =5 Wisallw (5,5 polgyy IS (5s51@—ez
clss Ll 3505l 5 G ily asiitlxe
=95 IS 53 35290 Swiny 9 gy FYYY 4 by e
NCBI joy—w jl csdibge Ly (iud Wigallw (5,250
Sile 8L s Wadzye ol gl 5yl sl
AAOGB071.1 (uoyirs sylais Ly almisigg Joliis 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 AAO70695.1
UniProt jg,w bwgs bwgi Sad salo3l slaain
cgplidio gline 45 (gt 95 o jl 9 Sl az ey
il A iy e 3ops Ae (YL LT Igs
oS alosi el 53 4 @Y aih Bl wecils (5
Bl San (el sl Fo 5l 4aS) aings oligS us
L lepaiisn Jolod eailo 8l lappidsy - aiads
Q8Z4Q7 (syiass sylois) AAO6S071.1 (o uryiaws syl
yiwrs oles) AA069049.1 (UniProt g, w ,»
sla_s) AA069399.1 (UniProt ,5, w ,» Q93MH4
s,las) A070162.1 (UniProt ,g e ,3 POATEG (_uwyiws
s,las) A070695.1 (UniProt ,5,. ,5 Q93IS5 (uwyiuws
sylas) AAO71551 (UniProt ,,w ;5 Q8XG14 (uwyiws
AA069743.1 5 (UniProt ,5, w > P66074 (i
239 (UniProt gy, ;5 Q8ZBCT ooyt syleit)
sladsslse —olail glevsin! —wuien
ol dslllae ;3 ety carams olssyl s MHCIT g MHCI
9 MHCI slo]ssse —olats! slovyi! ol
ool oyles Ly oales sailyé sLassiy ;1 MHCII
AA069399.1 .AA069049.1 .AAO68071.1 uidigy
s AAO071551.1 .AAO070695.1 (AA070162.1
sy gt (i Wigallus 5,550 5| AAO69743.1

ohKer 9 Lgilyy

Sl osice! ot = e Sy Sileysailaigan
clgzsl S ehwen 4 LS Jole I eas by
(POWIP9 (—uwyiwws ojle—is Ly HBHA J5Sg0) (550
S8l 3l wathmingnd gty leySiad picwlio
53 4 oY . eslasiwl CLC Mainworkbench 5.5
9 o5l 0jg Sl jotaio dmy dslllhe il 55 45 el
e STy o5l 93 glaunlio giodgienl wlsellas
sledsslse bwsi (alwld JoB slogsig —
S oS byl &l 5 0 ool MHCI g MHCI
93 Bl Gl 3 5 Wi )-S5 S Laggis!
ol bl 8 S5 5 98 Lagisigl jl S s
29— gt wad>hb sleglw oleh Gl
ol pgw g pgs sl jd eles 3 5 Vaxijen
9 SOPMA 5 s (slnygyuw bawgs cmlyi 4y g3-Sie
IsSse nejlas (linel suusl (g3 ol o 4 J-TASSER
O cmpe i8Sl B o3liiwl 350 a2k
5l eslatwl Ly J-TASSAR 5, bawgi o dslpiiing Ja
sobie d wealyd )y 9 4 LAYL GalaxyRefine g, w
;o_)_.uuuuq}]b P—w byl lw 51 Jao oyt (lwlis
eadslpidey sladse 5l Sope gl phailzlely iy
A& sy VADAR 5, baugs

5 e (bS58 sLaiShy —bs)
e S35 8l el i Sy e slls
sab>hb H9Sse (slaojluw (buarigSons LaShs
«§ )kl pas i (SyiSlgsal adadi «(JsSUge (g ko)
Wl oo (izen 5 (Siladl jasla 5 GRAVY jasls
ProtParam g coxi g yuise glaygyw bwgi codyi 4
S_ymi sl caalsl 43 . ey PEPTIDE 2.0 4
bowgi s b 2hb o Syigl glacilaw el pila
sleyg w3l eslasizwl gl .0 Lzl C-ImmSim g,
e coSyish lmejlaw slaoel sl IS eaiyS3
A assS

oy slatisg psi 5 (HsSIse SSTs
iy Jlail pae Ly Jlat! i cdesdlae ol
A s dmlib Syiss slaojluw oy ca i Jate HBHA
SLooisy plyie wond 45 o 8458 5 458 plse
coi g 3%y w bwgi (g b0 asli TLR4
S 45 Piper jl g, gl . ai olxilClusPro 2.0 g
155 o o3l ol FFT 1y (o ttie s JLiail daliyy
Pl ol B aleye e 6305 sl wlads j3 [y K s
(grid) aSeess S0 (59, 83555 0 caud Z g Y X j90 duo
LB Jlanl by (650l s o 0=l 3l 9 4 JLa
5 355 e ozl (53l oo ppieS Ly |y 0ainS ()
Sl YL Jlast g5,51 Jds ag o5 (laylis L) lesT
O3S =8l Ly gl )3 aiS e Sia |y Wi
glaidy Ly 018 a0 eamio asitygle (sl wusdse
Iy JoSdg0 SiSTy aiglys (Lall S 051wl & rmsd

=

¥20¢ 'L @nss| ‘€L'JoA  INIDIAIN 3D170d 40 TYNINOr


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11]

=

C6% A @ 0 degl

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

Silopsiilgiogl dallle S taran 5 (5 len dule (a3 Wgall (5351 psiiay S (6,80t 5l ends zyiine) T cell (slacssic! a3l Sudfsiad] caSyigh ol 93 dunlie

0950 93 = il 3 4 el iVl Ly e gl o=l 53 oizmed 4 eladl euidge L Propred 4 IEDB
cidls L’JLMJSM 9 439 ead S| Syt o wygo 4 LSI)—.’ B-2705 9 A-0101 A-0201 le_.mdﬁ (i
L ol cSyigh slaeilw —=hb 55 eslaiwl (gl DRB1- ¢ DRB1-0101 le_mdﬂ 9 MHCI sloadssdse
(O Jsaz) weoles s 5 81 sl MHCH slaJsSso slps0401
MHCII g MHCI (slaJsSJse (b slagsiy! Jlss (1 Jss

sy lelid oled MHCI ¢yl Slgs o MHCIl ogil g s

AA068071.1 FSHTVGLTY oo i MRFFFILMVLPGADR s i

AA069049.1 KMKKVLALV N SAAFAAETATPAKTA s il

AA069399.1 NSDITVGQY I QNGFRNNATIDQWNA s il

AA069743.1 MVDPGAVVQQY I VQQYNRQQDQQASAR a i

AA070162.1 VTNLDFDHY e i TDLIVAVVSPSGSHD s ik

AA070695.1 NRFGPDPKR aw il TIAFNCQNGTPGDNR s ik

AAO071551.1 RRLPKFGFTSR a il VVDLNTLKAANIIG s ik

HBHA (JsSJse cslyzsl (slinal sl g5 atols (il 5 Sailoysilyisad] coaSyiss sl obbs

A i b S EAMAK (oa sty S by callie ol 53 o sSiss Sl rliorsSisd ools 5
lallbe s 5w s Qa3 g5 aallin sy e Sy il dtals S 5l JS e Sz Hlow 53
5 S5 )L 5 L 3 5K il g eshintlie gisdpiad] kel 3 iyl 5 bl pine Ly (olszsl 4l
wlszsl g KP alasio jd » il ooyl jl S o slodslge —olats! slovsic! p—rssd (9
a4 EAAAK (oo iy S bwgi « S HBHA (J9SUse iy Sl eslasiwl Uy iy o 5l MHCIT g MHCI
() JS) 4 b gdie J—os il aiels o=l eV 53 g Sad Jate ;50u50 4 KP Gibsiope

A

HBHA Adjuvant

MAENSNIDDIKAPLLAALGAADLALATVNELITNLRERAEETRTDTRSRVEESRARLTKLQEDLPEQLTELREKFTAEELRKAAEGYLEAATSR

HBHA Adjuvant

YNELVERGEAALERLRSQQSFEEVSARAEGYVDQAVELTQEALGTVASQTRAVGERAAKLVG I ELPKKAAPAKKAAPAKKAAPAKKAAAKKAPA

JEpitopes of MHCT \Linker Linker Linker

¥
Linker |Epitopes of MHCT Linker | pitopes of MHCT
Epitopes of MHCI Linker | pitopes of MHCT | Epitopes of MHCT | pltopes of MHCT
f i L, m— " .Hla -
KKAAAKKY TQKEAAAKFSHTVGLTYKPKMKKVLALVKPNSDITVGQYKPMVDPGAY VQQYKPV INLDFDHYKPNRFGPDPKRKPRRLPKFGFTS
(Linker

Epitopes of MHCT

Linker \Epitopes of MHCTI

Linker
Lluum Epitopes of MECIL | Epitopes of MHCTI l |Eplo,e\ol AHCI I ;plo.ﬂ of MHCTI ll.hhr .:Lqﬂr;\ﬂ

REAAAKMRFFFILMVLPGADRKPSAAFAAETATPAKTAKPQNG FRNNAT IDQWNAKPYQQYNRQQDQQASARKPTDLIVAVVSPSGSHDKPIIA

Linker

Epitopes of MHCTI I Epitopes of MHCTI

FNCANGTPGDNRKPVVDLNTLKAANIIG

B

HIBHA Adjuvant

AMAENSNIDDIKAPLLAALCAADLALATVNELITNLRERAEETRIDIRSRVEES RARLTKLQEDLPEQLTELREKFTALELRKAAECYLEAATSRYNE

HBHA Adjuvant

LVERGEAALERLRSQQS FEEVSARAEGY VDQAVELTQEALGTVASQTRAVGERAAKLVG IELPKKAAPAKKAAP AKKAAPAKKAAAKKAPAKKAAAK

Limkcer
beo

v
¥ pitops of MICT

Limker

Linker Limicer Limber Limker Limbcer

o | \ [l Limker
HBHA Adjuvant | Epitops of \mu‘ Epitops of MHCT  Epitops of NHCT F.'-o'!ll.\l'll(; Epitops of NMIHCT Pltops of NIICT |rpm-i.\n|u
KVTQKEAAAKFSHIVGLTYKPFSHTIVGLTYKPEMKKY LALVKPEMKKVLALVEPNSDITVGQYKPNSDI TVGQYKPMYDPGAVYQQYKPAMVDPGAVY

Linkoer

¥
[r——pe

I ) | Linker Linker Linker
Ephtops of MHCT Epitops of MHCT  Epitops of MICT  Epitops of MHCT  Epltops of NHCT Epitops of MHCT Epitops of MHCTT Epitops of NIHCTE
QOVKPVINLDFDHYKPVINLDFDHYKPNRICPDPKRKPNRFGCPDPKRKPRRLPRKFCF ISRKPRRLPKFGCFTSRKPMRYFFILMVLPCADRKPMREY ¥

Limkoer
Ephops of MHCTI|  Epitops of MHCTI

Limkcer

Lbmber Linker Limbkes l

Linker Il.blu- |u-hv

Linkes
Epitops of MICTI Epitops of MHCTI Epitops of MHCTI I Epitops of MHCTI g_
LAMVLPGADRKP S AAFAAL 'A!’PAI‘!AKFQAA’AAI‘IA' PAN!AKPQ.\'G! RNNATIDQWNAKPONGIRNNATIDQWNAKPVQQYNRQQDQQASARKYP

AL

Epitops of NHCTI

h

VQQYNKQQDQQAS AR
JLimkor

Epitops of MICTI
U T pitops of MHCTI

sl L& I

Limicer Linker
E pitops of NOICTI I Epitops of NHCII [ Epitops of MICIX

Linker
Epitops of NMHCII Ir;,--'ut amcn l !
xrnn.n’A\'\’»rn(;nan:vun. l\‘A\'\‘hY!\LDI!DKPI IAFNCQNGTPGDNRKP I IAFNCQNG TPGDNRKPVYDLNTLRKAANT

ICKPVVDLNTLKAANTIG

[EDB yizo y3ys 93 bwgi oo salwliuss MHCII g MHCI (slaJsSUg0 (smaasd slaggial gyigs 5l JSivie waialhb slaojlaw jlislaw (V JS<i
Goie! s 3l hS gy Jols B Ui 53 s8] pmed 45 Il 55 yls jemas gl o 5l LSS Sy (msie] aswls j A IS 4 (ProPred g
b g ea il sLacigi sl HBHA (JsSUse cilgzal Jlgi Saimdglid couldyd dy juw g 3 ool )8 sl e s o=l 5 el

el MHCH gL JS0s0 baawgs alawlids Jl slasgin] s 5 s (g »Sid MHCT Lo JsSIse


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11 ]

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

5L X TR STV ooyl ces_dosmlive a_JL;.J ol
«Jal ojlw adgl (gaspais Jume 5> aiidils 9SGl 4o
2t 3 e i 4l )3 33290 sladiel dwl (lise
OBS UiVl 5l amy 45 39 10)3 ) 915 Ao iy a4 e
Y US) asasl L) ao)s y b0 g W AF a yslie ¢y
APy Ayl Jao 3y90 yd izen () ceud
ol )3 39 290 sladiel sl gliwe 35 093 85lw
45 39 303 ) 9 WAF iy an jlaegd 5 Sl iws
Lyl aoyd ydio g O AV dy yuslde ool (3,5 il 5l asy

(Y comwd ¥ JSi) sl

ohKer 9 Lgilyy

Y glrsilw §l S po—w 9 ey LSl

095, 53 i lise gylis L @¥ls byl sl
wziidge Ly SOPMA jg5u basogi cosisusioe sboojlu
6hls Jsl gl o bl aali ulowl j g 3iad (L))
o35S wlimio doys YA (puSale Lall aoys OW/FY
o=l 829 45 > 53 9 dsS oy deps YA/VE g
Lall o 457 39 eyg0 ol 4 093 Jas 3 baplisluw
9Ny 9 doyd Vo/ e o3yiuwd wilxdo wasys FY/FY (uSida
s dyee (soejluw pgw Lsluw 390 3oys FE/AY JagS
9 3 =ity [F-TASSER 95w bawgi cnidgo Ly 50
850 =yl olhaslzlely (gslel (LUl bwgs (g

Mvun e

U= 9 FTASSR jg5u baiogli spgm i s 0a il Jie A st 093 o5l 5 Jsl ol pguw Jlis b oy 4o bgpe iy d Vg ) (V S
(S »Sod HBHA (58050 coilyzsl by bgyye codyi 4w g (o o335 8 (sLaKy Jue (il 53 .cuwl Galaxy Refine 2 ygyww biuogs oo yiaVh
s bsype hiilzloly gLl 3 JUT B s MHCH gL JoSUse 03 iiS Sy (sLivsgiissl s MHCI gL JoSUse 03 iiS Sy (sLmvesgiossl EAAAK
O @S g i 5 ey 4l ea b iVl 5 G Gl (g3 4w Jae i 40 sz lely @ty 1€ ea b iVl gasy A Jie i

0L ojug coenl Jods 4 el yS3 4 @Y sl lis
iy g Liaz 1 iz cdle ais weadddl)l g lanbl
le_m)bi'j (O—ixeR g MHCII 9 MHCI LsLmug.J(_,J]
slaJso g 0 d_.e)f)_lm)) (g sl 1 eglatie
Lodse g—yided J=b 5 payioslw glatise |y oabasl)l
i Gulw! s gl o 0gde ud)f)_lm).) asllbe gl
Gl e Vaxijen jo,w hwgi ex syl
g ofEYFo g of/FVe) liyi 4 939 dg' E)'L_MJ
looslw t:*—'-"BbUT/LS)‘)fUI- s=talyly mwyp 3
(il iosbg,um (Ladiel sl e oJsl Elw 1
YE/VE g \WW/YO QV/EW FR/OO cdyi 4 s g (55l
iy A g silw 3 0aySY 3lg0 A5 Jl>ys g o)
UlS G s (3155 asyd YA g WW/EY /A FF/O
3oy YO 5 i g9l cewwga T sy ggymw ol
0o 69L_> )_J)iJT a9 3sg Hlylo LsLmoJuLo.uab
oS 939,00 Ly 50, ST (sLaosile Bl aeys YO Ls
J— =T clodglse 35 o> L k88 Ly Jgtoeali 39

A jlse yul g Jg8 JoBB Gl itme >lg5 4 bgye coiyi

5 Vo (oSl (rlieaioSpd ols5

a2 hb slaojlw Pl picuwo (gl Sy liee
sloluw (lea—dsSund (ols> 4 bype alo
el ol BoF Jgbo U Jg! o5l 45 sl Lt sacissolyb
SyiSlg ) adaii cpe s FRVW/EY (o JsSse ojg (sl
Ly yolys GRAVY (as L VO/VA S_alal jasli &/eA
55 S oy 35y FO/PY (6ol jaslis 5 -o/0AD
SOAVE/SY (sSlsa 3 (sl el sl Foo Jb L o5
YYVEA Saladl aslis /o) SeyyiSlg il dlasi cpgils
Ye/FA (6ol aslis g -o/5e8 Ly by GRAVY sl
ojlow g3 o A Sl Ly i a basNo a5y blan 39
) b as)S B3 s el Sl SO glse 4
ProtParam jg, w b wsi sa_dcayes o iyysSI ulwl
Fo 5l yidan y 51 (g,labl asla lys o il sla el
oy (a8 e Vel el ]y j3Sdo g (il
Oizer 39— ol Sl I yidan eg3 il (gylaly glie
03925955 Jlei>l (GRAVY (ol dio 5 05 03540
(3=S9) e sle 4 |y Laguidyy (wysl)

=

¥20¢ 'L @nss| ‘€L'JoA  INIDIAIN 3D170d 40 TYNINOr


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11]

—
154

C6% A @ 0 degl

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

Silopsiilgiogl dallle S taran 5 (5 len dule (a3 Wgall (5351 psiiay S (6,80t 5l ends zyiine) T cell (slacssic! a3l Sudfsiad] caSyigh ol 93 dunlie

4 by e IgM (gLl adgs palidl e 8l Galisl
il S Iy 39 Lol 51 gy dple wayl ol
IgG + IgM dgGl + IgG2 IgM slassbil b w
wly sams s B gladsla iS5 Liylidl Ly oy an
(o=l ogVe g lylislaw 3l Sy Jolie j3 augili
e 3 0y bl B (gla ol s s¥ baimslis o
39 SuuSgigiw T g oassSSeS T gy 20Ky
O8] 5 0l LailS Gulwl j iz
oot Jlsd 5SS T gladslow g Jlsd B Jslow cossan
b am Blbas wgi slap—uSly poyse 5 8518

(YF g ¥ S i) 4 camlice (558 oz

wi i >hb 85lw 93y i adisNe S jgbylen (g
5oy B 3l y S ATy ad 48)S B ps cewga]
10yd ggaza g 139y (9-89,08) 5,0l Lavdinel ap sl
a8 gjlus 53 4il> (65l 5 gael) 1Ly (sladipel sl
el Al (gilwdnds ol alsl j> ag a0y VO
o didlide wgi GwSly slaojluw 31 Sy 4 S sly gl
G381 1y agil g adgl el Gwly ezei o8y b
caddbiote aali pwlwl jo 45 cowl ;53 a4 o5Y asls
idbias wyi (GewSly glaoilw hiwgi Sy 4y é_wb B
e Ls‘_m)S)Lo UI9—“° a TGF-B 9 IL-2 JIFN-¥ Gh_w
5otz 33-b 4y b e (sl sl el 53

0 &0 - - 2%

o112

. 19G1 200 o~

o s 2% i
X 10000 g
5 - g
§ wo §h
£ -
wo 2

8
oy (ol

b
Weerraired fresentrg ane g

B0 2%
% %00 e
: 200
; g g 200 - &
H § 8 -
3 3 i w0 ’ §
! : 2T o §
4 g 200
H i
E 100 /‘
0 ° 6 ) o
018 K o s 10 s - .
ann ans

STy e Cilizeo laeall 1 1A i 053 9 Jsl ojlu bwgi el (slagwly sjluwtnd glaylsgai 4o beye i an ¥ g ) (¥ S
85l ey Jlo8 B sl oz Gilidl D oy bls ladslw adsi 5 B gladslw iS5 :C . Jled B gladslw cpmazr (il B aidliazwss
Gl F asslidssd Ty il (Bpso 53 iyl Guey e Jlzd SKeS T sladslos cosmaz Ay F aidldsss sy (dr2e 53 (id)S

Jled SewSgisile T gladslu copmas


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11 ]

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

7 5 ddigs guae slaed oyl L ybe Jiw (o o
o)'Lw 9 A9 gac WO d9’ ojLM)) A ol b)'Lw 93
L_Jl_/aJl 6))..3‘ U_J)—LAS “_J9| D)Lw 3 (4_“:99 g—ac AA ©9°
o5l 53 9 Jo—o ;o (5, IEGLS VWW/V ou_oSTs Jao o
Y JBA_? 3 v} MLZA Js_n o] 6)..]‘.{9145 -AFY/A “09.5
Job 5 g sLasign 53 15 il (slasswl e

RCTR YN u»)l)_f Laigy

A ")

C

b0 g a0
o -
- - | %

/ 3.01 2

/
84 \ i
[ L ek nank &

o ¥ 1) {
v ¥ o Y ‘!‘
* Ly Y.

TyrdS4(A)
Thed31(A) &

~

vy v ¥4 GInd39A)
<5 I,\J(-w\!.. e
v v

oblSen 5 Sigily
Sty Jlws! (o IeSUge SouSTs byl
o)‘ng.) - ).)) HBHA u_:|9>.)| O—2R9d (—n L;—JSSJSA
ClusPro 39— b_wy ‘(TLR4‘) OT o.)._i).:.xf 9 (b_k_wyl)b
aS sy ylid cadosmlive malt A () cddge Ly
ely 93 g 2 =B g g il o 5
0 53 (HeSge oSy aigls (P USd) el sad sl
Shas s pladl o litee Juo vz 450 L wojlw 9o

A (Y)

YWY YA

-

T & 3% \ / / «
- / £ 1n U . / ’
[ ¥ | \ 1 o L |.

ey » e iy . : 1
s | " (34 L ¥ Ay
) L 5y

y (2] % L) (2] ¥

v 3 727 T PR v
] .y P o . ¥

ArgdSNA) C28A)  HisddSA) 4

.
Hissiy)  Gli2in)

08 (o2l gLy (JSb gl )3 A e TLR4 035,5 Ly 093 5 Jsl csSyigh o5l (o I5S0g0 SiSTs ol i 4 ¥ g ) g (F JS
5 MHCI (sLa JsSlge 0. iiS Spya sLanusiinl (EAAAK (s iy y Siwd (HBHA (JsSg0 oilymsl (TLRA 01538 4y bg i iy ds g 5 ol o335
sl o sSge JLail sl B el oai (g5 Lucaisy PyMol 58 oy bwwgi 45 L MHCH sl JsSge 0 i S S sLasgiil
o (sLasign sximagLis jo)8 sLakd cowl sad osly iosled PyMol l58leyi bhuwgs 45 (Sjgaun Laign b 5| TLR4 013yS 5 CSyigh

Sl yagliad il 53 TLR4 005,85 g uSyigh (sbmojluw o (595090 SouSTs amilyd 53 diiols 93 51 ,uS)s (slavdivel sl Gialed 1€ ol diwls 93 oy

59 (sLasign aiload eals Gluitd jw Ky 4 cuSyig slaojluw 40 byye sladinel sl g (ol STy 4 TLR4 0058 4 by yye (sLadiuwl

ilosds Lateine SOy jw e bt ey 40 530

TLR4 15,55 g HBHA (s slasion Jsb 5 (5o Sign sl 53 50558 (sladiael suml e (¥ Joa

(A) wiss Jsb TLR4 J5SU50 (sladicel sl HBHA J5SUse (slovdipel suuel
Y/AF WY gy .
7 oilw]

¥/o\ FYV o ’
Y/A0 FOF (3595 Y T
7/~ Vol sawl Saolisls
Y/00 _

P Voo sl Seliglt’
V/o¥ PrA aoliglt
e AV Syl sl VAo o)l
Y/VY OVA 3y FYA oyaaliglh
Y/Ao FYQ pedatucs
Y/VY QoY (puighys VYO (15955
Y/AA 0o ¥ S bwel aaol

z Fo) pusivcs
Y/AY FYV aeligh

<

¥20¢ 'L @nss| ‘€L'JoA  INIDIAIN 3D170d 40 TYNINOr


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11]

=

<6 A oo 0 oy e o) W) o e

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

Ssiloygiilyiagl aslllae S tamas 5 (leny aule (A Wigallo (655l poiis g JS (6,80t jl oads zyiviune) T cell slagicnl by Sudfsrasl aSyigh sjlo 35 dunlio

Vgoso 45 siwd i 9 dw slasigy s KP g
Bdn (gl diels i 5 JSCdite (priig Sy ,lisls 4
oo 5l oslitwl 1] s b Jioel of 3y Slac
(o] wsliie laylySS 5l JSiiie (FnSTy iSyid
loasl aSlz wwowl gdixe d2gi 5 4le 350 b
CSyig Speals slapaiigy 45 adlesls glis (=
SlaoyliSS g0 4 (oSS T slogsi! 5l eaidsis
g0 oy Algise g Myl ot o cdy
S Gl ) el pisnn (3dy S gula e
ohlSen 5 ddiiaallhe 4 glsioe (Jlte plgie 4 Vo]
Sy gl Gy dm 45 el oLl Yol Jlow o
ol S0 650 L Mg (6,551 dle (el iiucuun
=T el I et sy i ST i ) JSdiie
ol A58y araiiale Yug s (5,35l | OMP31
wglato slmylass g 55 45 1l byliS (udiie
£ i i 15 ol Ly i bS]y o9, S
ol s os¥e aiyls |, [gG2a g IL-2 JFN-y a_isys
s dygw Lo oo dainSTly laylod opalapals 5l o=y
Gl 59550 4L gl cpmitinle Mgy (5,8
S5 51 JSedite iy 1ilS o5l sliiSedly,s 45
ok ld e y3b 4 9 Qe il Sl Hlgie
Slie @S 53 (50988 (6 dd9as Sl M) a yl5S
Hsse 0js L slepeiisn ol JsSdse joluws 5 0js |l
isdie »ils sl Ll (oals s LS Foomw) ol
<mw) Yy HsSg0 is L lopaidsn »ikd eSSl
Y] S 3gae Sl job dy Lyis (pgtls 9hS Voo
50 g FE i Loy L sjlaw 95 callas oyl 55 [V¥
el ;3 45 593 oy ol o smlb iy o LS
p9—gy o3yiuS Glgy Lo YeVF Jlow )3 4 goregd a S
ojlaw Sl 03y oLzl iy WS 85 (535 ()
oS OUYY (s Ly (Hsse wlyzal 5 il 1SSt
4 (glasllas ;3 vzen [VF] cowl 03,5 =k el
sloesi Hwobn L Yove Jlw 53 w5 uad
wailoals oLl i Wisalw (5,5 g Lol
3 VO] 455 (8y2e (pg-idlaghS ¥V s L (iueSTy o5l
Ay ¥o¥e Yl LiciliSen 5 gl 45 Ko (glaalllas
=L slegieil pipee LGl ooy dawls
100 35 L icSTy 5l alosls elonil (oisy0 WouuS 58
amto 45 g builan (V5] 1lon,S Liyl5S 1y oygilsglsS
wlsllho ;s ead>hb aSyig ool ojs se—ie
oo 55 o el YU lacus yols dsllas ssilan aisisS
Sim YU 0jy - o 9=l gl wicwno I jo-e
OO
o=l 53 eael s gy (55lall pasld olise
Fo/FA 3 MO/VY i as 053 5 Js! ol (sl ssilas
ProtParam 5, olais! aiysSl (ol s g el
3o a3l Fo pj (gl pasld &S e s

Olsin sl 9,3 Lo Sh pte (sLadisS 4 lox
9 LSy gy diwed Mgellw glaguwz 4
285 gl oo Wigadlow (6,351 s oyl Woigay)
sloaisil s ol 9 4S50 s Lajlég Sle 4y
Ll S jghilan W] 35—iioe oo ol (g9
&b 5l pleoss; Lagisily ol el S 9,
Sy il -l Lagl Glolw ¢gp0 3855 9 paipSle
sl Ldlaio g (Jslwogys OBl o «lobaoyss
4093 IS MHC (slassse bawwgi (lyiSly w¥same
sl gl 45 39-B50 CD4+ ,S)le L T glacowgail
52l Th2 § Th1 loca wsid 4y gailes 5l pu
GleglSsnle 1Jgs L Thl glacawsad D] subise
2y Gloel Gt YogSs Syl 5 LolS (g 83 il ki
legwly) Jslaw dbawly 4 (el slagwly S
LoiligSle 5 So—uSgigaw T sladslw dawly 4y as
Lajlig,Sle IF] 3yls Lanjlig,Sle (5l los g (Smn
bwgi (558 gl wS] (g Lzl e dled g e i ]led
1455 ili3l gl HINADPH (Nox2) lasT cuuwsS1s
S H202 s Jgs Udlaie g (02-)i—wsST oI5 YIS,
(NO) Sy ST Ly (3sSTy L Lngygign Syiae Ly
el el bgye(ONOO-) woyyid Sy sl sl
boxe Soslal 5 LSl (iS4 pxie 45 iS50
9 el enl Sz ol D5 V0] 39-B0 (L8
@l g dlilio Ly ahul) 53 w0y bl (slo ol sl
3l sl Migallw asile Jolww gy glapissly Sis
ewl corenl

STy losjlw snlb (s wallbe ol
e s MHCT gloaogiinl il ool = e
Ghic—eal omitsn cdn 4y glate MHCII laggis
e 3l eslaiwl Ly ey IS Glasy I eadJlye
=93] ls gl (e N Jate , S0uSs 4 KP
o9y 4o "EAAAK" (ca ot S5l eslaiwl Ly
oSy oy N s (HsSdge eyl plgie 4oy HBHA
SV HBHA s oIS jo-b 4y .ol Juaite aidlidzigs
pte > Joole S uislSpss po—yShsSale (5,5k
ol duy L5 0S50 SaS (68h ol 4 45 el
DV ss— Jmaio 355 glojae Jslw 25l puSijilo s
olse 4y HBHA gy 45 silols ol el sllhs
(S oo 994 TLRA 615,58 s sim counioST
9 IFN-% iy (Sopais gladslw foby wJlgie
Sz [ T gladsluw dawly Ly el S siginle
woilgzsl S gleie an by of lste ezt y3 [A] s
38 s IsSUse

Sigdan 3Slae 53 alS (i joo LaySid
pp 4 oadfiate (slappidyn 5l S )izl S
(313 gy lelall iz L Sy 45) EAAAK (gl as)ls


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11 ]

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

MHCI sLaJsSlse 845 Sy —olais! glagyis!
JS 03 se2ge lapisil gy | J—el> MHCII 4
520 9 =kl (o= hb (i Wgalluw (6,351 9 5
45 053 ol 33iie 4bimNe S j5 hilan el sii
T olais! glocsic! | e 1w ey glayhSs ghls
@bl ezl pe 9 550 JsSUse )y i 39 cell
S 53 il ol pizen w3 gl |y (5 ieS
slaylislo 1oys ggazme oYL dwyiil 552 olise
Jsl 85l 40 i (g g5 a9 e3yiS wilio
sl iS5 ghyls 85lw 45 3950 samliie 3 5T 3 .3ls
0=S3le 53 9 ST (65,51 dLagil Sl e o iy
I3 5SS g gl I pteS gy slasisy Jo-b
AailS ol S plge ag esliiwl (gl Slsie ol
Al Gl del e o (gylen ade 15 STy

(5314655 baalys o5 Lol 11l (sl (5300018 oy S5
L2 o slap—uSTy Ly dunlio 53 waSyigs slop—usSTs
o3-S jl STy g9 ol el 13) aidlicss aiss
53 oy el ytieel) (39 esliwl (jgsly JS
sl @l g glsj 45 gl g Sofiliiwl bl b
cSyigs lag—aSly (=SS WS e Iy cenl
slogsSly l esliwl ulosde el 3 sEne
idhioas e Ly oadj slap—uSly SV Sy cnSyigd
o 3ile il (yloe Se L g (solen Sopm A pie
Ll 55 crglaliy S Bad B g 545 13y Ay a3y
cSigh glpSly I esldiwl aselz 53 esily S o
el ySigie

9 452 5 srgla—e 1l 4abld B s gl g
aallae o ohb g odal 45l uads coass tlaosls Julxi
) sl S5 Lmosls (551 gz 1533l el
Loesls 6)9’ ot :U_AJL’> Ul_‘o..u dolle L;—")b 9 o_)_;.l
e o (6550 5 adlie adgl ()5 53 B aiungi 4on
5 B3 colyiume ol> e (led 3l L den 5 aisg
Aplse 1y ol 53 2y cdlbs ceo

Zyai adlio syl dbwgopy adle yoylss
dallhe JL& 55 =8l (iyled 4SS 45 s ileie
lai vy =g Sl

3525 e ool 4sSam allie ol 5 . oJle s>

ROV 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 Lgilyy

AVFIYoYE Jlaw 53 spopg)d siiws jlanly G5l 513 5
U')LS_A.D: 9 ULJM) 9 [“Q] YoYo de PRl W‘)m 9 L)AAA—(&’
e Saileygiilgigan (slaojlouw ¥5] Yo¥o Jlw 53 i
1le3,S G55 g alenS s 9 —2hb il =
slepasls Ly j5Sie cSyish slaejluw jl Sy 4 S
og}l—: u_wl)l_ub HY/VA 9 Y/o¥ WV/A iy Al Ls)l_x_sbb
cewdlgi dsllae ol 53 e i mhb ojlw 93 o (o lp
J—aio 335 TLR4 013,,8 dy 39aum g & slaul b
slasigy slaei (glasilhe ;3 a5 cwl Iy Gl 39
i >hb ojlw SSuSTs ‘oLf_Lm 53 sdbodmlie (59,0l
‘_:bu’b)ljf o= omlplio YF] el sai U“’)')j 3 \®
Js—SIge 4y gl diels Jluasl aS ailesls ol
oo TLR4 015,58 s ¢ysiia oyl JUiail gile HBHA
in (glaad )3 oailige s §)=S)s wjg,—ol
35 skaisyy) 5 JsS0se el Sy dy aliws glys wsilico
i8S )8 a9l 390 )l «(Siadom alite sLasjs>
i (glaasd 55 s9250 byl oyiny) By 5l =0 el
RlrendsSaid (ols> lol G raadd glaygyw
oLl Uy s Lol 55 Sa2g0 ilite slaylisL o
=k 03 G sLadsSse I aiws ol =5 9
2 sz L glsSe wunSyish GiuSly laylisluw
in vitro gluas ;> calize wliioleil |1, S5 vy g ¢ylej
ol 5 9 2698 (5r=SHS0 Lo g 8l ials |
L)“’)IB—C 9 NN A2 _wgi |) Lmu_.w.ﬂs ©9° J_‘wq sLm‘o.a.J)sijl
V] 5,5 G YalS |y gyl 51 gl S 51 o3l
—eg3as Colw Ay (313 cedl (i 53 ojg,—el YA
4298 9o )l cSyigh slapuSTly (6,5 @sls>
s 3Ly elallbe Sl .l 4585 )y 8 ¢y e
o=z g 00 eladl INVitro ywizen g inssilico wyg0
e |y Bsge Giwsly slaojle blaise 45 Lilesls yLis
ol 5T Guslioly Migallw s sile lagyjeily glol
A8 43l g byl o=k oynd 9 Sesmwgind SuSeS
IFe 5 YA Y0 &

5 U5 tte wgliie ceuSyigs s5lw 93 sllae oyl 5

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'JoA  INIDIAIN 3D170d 40 TYNINOr


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11]

ra

<60 AL 70 1 el

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

Ssiloygiilyiagl aslllae S tamas 5 (leny aule (A Wigallo (655l poiis g JS (6,80t jl oads zyiviune) T cell slagicnl by Sudfsrasl aSyigh sjlo 35 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):5S141-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.2013.1142?-
text=fulltext#

Enany S. Structural and functional analysis of hy-
pothetical and conserved proteins of Clostridium
tetani. ] 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.ncbinlm.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


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html

[ Downloaded from jpmed.ir on 2025-12-14 ]

[ DOI: 10.30505/13.1.11]

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
against leptospirosis. 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 Lgilyy

—
B

¥20¢ 'L @nss| ‘€L'JoA  INIDIAIN 3D170d 40 TYNINOr


http://dx.doi.org/10.30505/13.1.11
http://jpmed.ir/article-1-1276-en.html
http://www.tcpdf.org

