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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,

AA071551.1. 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 ITAFNCQNGTPGDNR 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,

(")

A B

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).

(Y)

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 inthe 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 amolecular weightof 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.
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