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ABSTRACT

CETEIT R CWANIGE Mycobacterium tuberculosis is a health problem in countries. Despite the global prevalence of
tuberculosis and the lack of appropriate drugs, further progress is still needed with the help of modern methods of preparing
epitope-based vaccines for tuberculosis.

In this study, specific T and B cell epitopes required for producing chimeric vaccines with the help
of servers such as IEDB were determined. The antigenicity, allergenicity, and toxicity of the selected epitopes by various
other servers such as Vaxilenv2.0, AllerTOP, and Toxinpred were determined, and the vaccine of the epitope was then
configured with the help of special linkers. Then, analyze the structure vaccine by some other bioinformatics servers such
as PRABI, SWISS-MODEL, PROCHECK, and PEPCALC, was investigated and finally detected using docking techniques to
evaluate the interaction with the epitope through MVD software.

m The results showed that the vaccine, in terms of in silico evaluations of two-dimensional and three-dimensional
structures, has a good condition. Also, the percentage of optimal placement of amino acids and bonds by PROCHECK server,
% 99 percent of optimal placement of amino acids in the chimer structure was established. Also, it was non-toxic and
nonallergenic and had the desired antigenicity.

In general, the vaccine that was able to have a favorable interaction with some components of the immune
system (HLA) in the docking process, which indicates the optimal identification of this structure by the humoral and cellular
immune system, of course, more reliable proof of it requires clinical phase processes.
Immunoinformatics, Mycobacterium tuberculosis, Molecular docking, Multi-epitope vaccine
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1. Introduction

Tuberculosis is caused by the bacterium tuberculosis is the tenth most common disease in the

Mycobacterium tuberculosis, an immobile, spore-free,
acidic bacillus. This disease is a major global health
problem in underdeveloped and developing countries.
This bacterium produces a unique compound in its
wall called mycolic acid, which plays an important role
in the function of the wall. This Wax wall has unique
properties such as hydrophobicity, acid fasting, acid
resistance, base, dryness, and many antibiotics Give
(1). Around one-third of the population has TB germ
or is at risk for TB. According to the DALY standard,

Year 16, Issue 6 (November-December 2022)

world and is expected to maintain its current position
or reach the seventh place by 2020. The bacterium
infects about 1.5 billion people and kills 1.3 million
annually.

According to the World Health Organization (WHO),
in 2018, about 10.0 million people with tuberculosis
suffered from this disease. In Iran, according to the
Ministry of Health, 14.4 cases of tuberculosis occur
annually. Since 1923, the attenuated form of
Mpycobacterium bovis has become the only
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established tuberculosis vaccine used worldwide for
prevention. This live attenuated vaccine, BCG, has low
immunity due to the risks associated with its use in
immunocompromised individuals and the possibility
of the pathogen returning to malignancy. Various
studies have shown this vaccine to have a protective
immunity of up to 80% (2). In addition, WHO survey
data from around the world show that 0.6 million
cases of multidrug-resistant tuberculosis have been
reported, of which approximately 0.24 million have
occurred (3, 4).

On the other hand, the growth of MDR-TB strains
leads to limitations in common tuberculosis
treatments. Anti-tuberculosis drugs are expensive and
have serious side effects and drug resistance (5).
However, it is impossible to cure the disease without
creating the right, dominant immunity in the human
population against tuberculosis, so safer treatment
processes such as vaccine design can greatly help the
disease process. Therefore various methods have
been used today to develop new and more effective
vaccines for tuberculosis, and among these methods,
subunit vaccines have shown great promise for
treating this disease due to their higher diversity (6).
Many researchers worldwide study bioinformatics on
immunogenic antigens to design new vaccines (7). An
ideal vaccine should detect antigens related to
different stages of tuberculosis, including antigens
that enter the system in the early stages of infection
and enter the latent stage of infection (delay) (8).
Therefore, in this research process, we intend to use a
new immunoinformatics method to identify peptide
fragments obtained in tuberculosis clinical trials in the
IEDB server, to create a new chimeric peptide
construct of the vaccine that has the desired ability to
activate and create immunity in the host so that we
can use it in clinical evaluations.

2. Materials and Methods
Preparation of Suitable Epitopes

We used the experimental epitope method based
on peptide epitopes to perform the vaccine design
process. This method's error rate is greatly reduced
compared to other methods because we use
screening for peptides that have already been
laboratory-approved and are in the IEDB database
(IEDB; http://www.iedb.org/). In this database, by
identifying the relevant elements, selecting the
desired microorganism, and submitting them, we
access many epitopes based on cell B and, MHCI,
MHCII. We will pay more ASSAY, reference them, and
select some of them as examples.

Then, during screening, each of the selected
epitopes was examined for antigenicity with the help
of the VAXIJEN server. Also, in the continuation, they
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were checked by the ALLERTOP server for allergens in
the host body. In the next step, we have to examine
the studied epitopes for the degree of toxicity. For
this, we used the TOXINPRED server. Now, we select
the epitopes related to T and B, which have no
problem in all three cases.

Construction of a Multiepitope Vaccine

In the next step, we have to create the chimer
protein P from the epitopes we screened. To do this,
we put the B and T epitopes together and connect
them with compounds known as linkers and called
KKs. KKs are flexible linkers. After completing the
sequences, we add a cholera B subunit adjuvant
(CTxB) to the two ends of the chimeric sequence
generated from the selected epitopes using the PAPAP
linker to increase the efficiency of the immune
structure in creating immunity in the host body. The
NCBI database was used to prepare the desired
adjuvant sequence.

2D and 3D Structure Investigation of Chimer
Vaccine

We should examine our vaccine for alpha-helix,
beta-sheets, and random coil for the second protein
structure in the first step. In these cases, we must
examine the secondary structure of the protein
through the PRABI server and the GORIV method. In
the next step, we examine its three-dimensional
structure because a peptide vaccine must have a
stable three-dimensional structure to function well.
We used two Swiss models and I-Tasser servers at this
stage.

Model Validation and Refinement

If our selected model needs to be refined from
another server called 3Drefine, we will perform the
refining process on it to obtain refined models that are
closer to the natural structure than their previous
structure. Now, the obtained model should be
examined in terms of bands and amino acids, which
have been spatially examined in our proteins, using
the PROCHECK server and the Ramachandran
diagram.

Physicochemical and instability evaluation of
model vaccines

Next, the obtained protein model should be
examined in terms of physicochemical properties to
create a better-quality model. Therefore, for this type
of study, PEPCALC, and protParam servers to evaluate
the percentage and load of amino acids, molecular
weight and polarity, extinction coefficient, half-life,
water instability, and solubility index, aliphatic index
and other indicators to evaluate the efficiency,
durability and power, Favorable bonds with receptors
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and the ability of the vaccine to move in body fluids
were used.

B cell Epitope Prediction

At this stage, epitopes related to B cells were
predicted using BIPRED-2.0 and LBTOPE, IEDB servers

T cell Epitopes Prediction.

Using two different online tools, ProPred-1 and
MHCH2PRED, CTL epitopes of MHC class | and MHC
class Il target protein, respectively, were predicted. The
results of these tools are very important because they
use a large number of HLA alleles (human-leukocyte
antigens) during the calculation. The sequence was
presented in a simple format and all alleles were
selected for prediction. For proteasome and
immunoproteasome filters, ProPred-1 was kept with a
threshold value of 5%.

Molecular Docking

The molecular binding process was performed by
special software such as the Molegro Virtual Docker to
predict the affinity between the vaccine structure and
some MHCls, human MHClIIs with access codes to the
HLA-DRB1-0101 (PDB=5ni9) and A0201 (PDB = 4uq3)
databases. Molecular to predict affinity between
vaccine structure and some human MHCI, MHCII was
performed with access code from RCSB database and
after minimizing energy and recipient and vaccine
structural modifications

Normal State Analysis for Structural Stability
Analysis of Vaccine/receptor Complex

Normal analysis was performed to analyze the
structural stability of the selected docking complex via
the iMODS web server. The server shows NMA mobility
with arrows indicating motion dynamics. Eigenvalues
indicate the strength of structures and deformation
diagrams of non-reinforced sections of the structure.
The server also provides factor B, variance, covariance
map and link matrix of the desired structure.

Immunological Simulation

In silico safety, simulation was performed using a C-
ImmSim server to confirm immunization and immune
response against the selected vaccine. This server uses
a machine learning base to predict epitopes and
related security interactions. The server automatically
simulates three anatomical sections: (1) bone, where
hematopoietic stem cells are stimulated, and myeloid
cells are produced (2) lymphatic organs, and (3)

PAPAP RIGID

LINKER

Thymus, in which simple T cells are selected to prevent
autoimmunity

Codon optimization

The candidate vaccine codon was optimized for
maximum vaccine expression in the host. In this
process, reverse translation and codon optimization
were performed to predict the expression of the
vaccinated model in an expression vector using the Java
Codon Compatibility Tool (JCat) to increase the vaccine
translation rate in the prokaryotic E. coli K12 system.
The server provides a codon matching index (CAl) that
indicates codon usage bias and GC content. CAl values
between 0.8 and 1 are adaptable, and GC content
between 30% to 70% is useful for translation activities.

3. Results

Results of antigenicity, Allergenicity and Toxicity
of Selected Epitopes

In the first step, after using the IEDB server to obtain
the antigens obtained in experimental and laboratory
processes for the pathogen Mycobacterium tuberculosis,
each of these peptide epitopes was examined by
VAXIJEN server to determine the antigenicity. We gave
and isolated fifteen of them that had more desirable
antigenicity (9). After examining the allergenicity of the
selected epitopes, it is time to examine their antigenicity,
which we have isolated as having no allergenic properties
for further studies (10, 11). At this stage, we have to
evaluate each epitope in terms of toxicity in the two
previous stages of antigenicity and allergy. Also, with the
Toxinpred server, three stages of evaluation of a large
number of epitopes have resulted. Fifteen produced
chimeric proteins, the primary composition of our
vaccine, were isolated (12).

Results of Configuration and Design of the Initial
Structure of the Chimer Vaccine Protein

In this study, we obtained several peptide
sequences of different sizes from the IEDB database as
candidates for producing chimeric vaccine proteins.
End of N Peptide Sequences Using the Hard PAPAP
Linker. Rigid linkers function to prohibit unwanted
interactions between the discrete domains. We added
the cholera B-subunit adjuvant sequence (CTxB)
obtained from the NCBI database to form the initial
protein structure of our Chimer vaccine. We tried to
put the peptides related to B and T cells together and
bind them together (Figure 1).

PAPAP RIGID
LINKER

Figure 1. Structure of chimeric structure vaccine (red=adjuant, Purple=rigid linker,blue=flexible linker,green=epitopes)
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At this stage of the vaccine design, we need to bind
the peptide epitopes that we isolated in the previous
steps of the analysis to form the sequence of the
original structure of our complete protein. Therefore,
in this step, we first put together the epitopes
associated with B and then the epitopes associated
with T, and between them, we used lysine/lysine
linkers to connect. Through the NCBI database, the
required adjuvant sequence (cholera toxin B subunit)
and with the help of the PAPAP hard linker, we
connected to the N end and C end of our chimeric
protein sequence (of course, in obtaining the adjuvant
sequence, care must be taken that it is not partial
samples), thus doing the basic structure of protein
sequences. Our chimer was created for further
vaccine design studies.

Result Codon optimization.

Nucleotide sequences for VACCINE were obtained
after reverse translation and codon optimization on

the JCat server. The CAIl values of the optimized
sequences were 1, and the content CG was 48.247%,
which indicated the proper state of the vaccine
sequence after optimization in the prokaryotic host E.
coli for the cloning process.

Results of Evaluation of the 2D and 3D Structure
of the Chimer Vaccine

At this stage of evaluating the composition of the
produced chimera in terms of two-dimensional and
three-dimensional structure, we examined that if
undesirable folds are created in its structure, we
should remove the disruptive epitope parts of the
chimera structure from its original structure at the
very beginning. With the help of Prabi server and using
the GORIV method, we examined the second structure
of the chimera, and the results of this study were as
follows (Tabale 1).

Table 1. Evaluation of two-dimensional structure of the primary chimeric protein of vaccine by prabi server by GORIV method

Alpha helix(Hh)
310 helix(Gg)
Pi helix(li)

Beta bridge(Bb)
Extended strand(Ee)
Beta turn(Tt)
Bend region(Ss)
Random coil(Cc)
Ambiguous states(?)

Other states

208is 39.77%
0is 0.00%
0is 0.00%
0is 0.00%

95is 18.16%
0is 0.00%
0is 0.00%

220is 42.07%
0is 0.00%
0is 0.00%

Then we have to get the 3D structure, and because
there is no structure from our chimer composition, we
used the modeling homology method using I-TASSER
servers and entered the chimer protein sequence in
this server as a template. Moreover, we found a
combination with a peptide sequence similar to our
chimeric protein. By examining several indicators in
these models, such as sequence identity, Local Quality
Estimate, z-score, and comparison, the similarity of
the model to the natural compounds in this server
Gives the seq comparison index with the number
83.33% gives us an acceptable.

Year 16, Issue 6 (November-December 2022)

Also in the image below, Local Quality Estimate, z-
score, comparison indicators show the similarity of the
three-dimensional model combination (model_02)
provided by the SWISS-MODEL server based on the
chimeric protein sequence pattern of our designed
vaccine (13, 14). If during the review of the desired 3D
model, it is determined that the relevant model is not
of good quality in terms of the mentioned indicators,
we must modify it to get (Figure 2).
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Figure 2. A: Image obtained from evaluating Local Quality Estimate, z-score, and comparison indicators. The third structure of
the model vaccine with the help of SWISS-MODEL server B; The image is the result of evaluating the three-dimensional structure
of the vaccine modeled by the Prosa server, which shows a Z score of -5.65.C: Three-dimensional shape of the SWISS model
vaccine. D: Three-dimensional shape of the I-TASSER model vaccine.

In the continuation of the examination process, we
should examine the model we obtained during the
modeling homology process in terms of placing amino
acids in the desired and high-risk position of our
vaccine model, which we do with the Procheck web

Ramachandran Plot
84774306

server or |-TASSER by examining the diagram. We
performed Ramachandran and found that about 96%
of the amino acids in the vaccine model we studied are
in the desired regions (Figure 3) (15).

Figure 3. The image obtained from Ramachandran data shows the number of amino acid residues in the desired and almost
desirable region with the help of PROcheck server, which includes 96- 99%. (A=I-TASSE, B=SWISS MODEL)
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Results of Physical and Chemical Properties

At this stage of the evaluation of the vaccine, we
evaluated many physical and chemical properties in it
by servers such as Protparam and Pepcalc, which
resulted in a combination of the vaccine with a
stability coefficient of 39.88 was a stable combination
in the host body and half It has a suitable life and 30

hours in the body of mammals. Also, the composition
of the case has a molecular weight of 56100.14, and
gravity of -0.278, and an aliphatic coefficient of 80.67.
It is also in good condition in terms of hydrophobicity
and extinction coefficient. PHI =9.75 and, according to
the results of the Pepcalc server, had good solubility in
water, which allows us to enter it in the laboratory
phase processes (Table 2) (16, 17).

Table 2. Table from evaluation of physicochemical results of vaccines modeled by Pepcalc server

Physiochemical properties

Number of residues
Molecular weight
Extinction coefficient
Iso-electric point
Net charge at pH7

Estimated solubility

513
56100.14g/mol
33710m1cm-1
9.75
16.6

Good water solubility

Results of Predicting Interaction with B cells

The interaction of epitopes with immune B cells was
done with the help of BIPRED-2.0 server, which is one
of the best methods for predicting B cell epitopes
because it shows significant results based on the IEDB

database and crystallography-derived epitopes (18,
19). However, the other server is LBTOPE, which is
obtained based on experimentally synthesized epitopes
in laboratories in the IEDB database and has selective
parameters such as 15 amino acid length and specific
scoring threshold in this server in Table 3 (6, 20).

Table 3. Results from the evaluation of predicting the interaction of epitopes with immune B cells using the LBTOPE server

Original peptide

%

Peptide probability
ADEEQQQALSSQMGF 57.36 -0.21
EKASVPGGGDMGGMDF 83.34 -0.05
LDVAEGDTVIYSKYG 83.32 -0.04
MFSGFDPWLPSLGNP 47.57 -0.08
DNIGNANIGFGN 33.12 -0.04
AERAPVEADAGGGQKVLVRN 63.32 -0.22
AGADVVGSDDLIE 33.23 0.01
AEMKTDAATL 27.23 -0.13
AEMKTDAATLA 21.91 -0.09
RADEEQQQAL 35.63 -0.48
DQVHFQPLPPAVVKLSDALI 90.55 0.01
VTGSVVCTTAAGNVNIAIGG 66.02 0.15
LFAALPSFAGLRPTFDTRLM 50.32 0.01
DDIKATYDKGILTVSVAVSE 32.43 -0.08
LQVPSPSMGRDIKVQFQSGG 69.00 -.14

Hydrophobicity Hydropathicity Hydrophilicity charge Mol wt

-0.96 0.25 -3.00 1668.97
-0.39 0.33 -2.00 1554.94
-0.05 0.01 -2.00 1630.00
-0.00 -0.63 -1.00 1665.11
-0.43 -0.23 -1.00 1205.43
-0.48 0.50 0.00 2037.55
-0.36 0.36 -4.00 1260.50
-0.12 0.36 -1.00 1050.32
-0.05 0.28 -1.00 1121.41
-0.81 0.98 -2.00 1187.37
0.41 -0.30 -0.50 2187.87
1.11 -0.63 0.00 1804.35
0.58 -0.49 1.00 2258.94
0.12 0.23 -2.00 2124.66
-0.39 0.00 1.00 2131.74
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At this stage, amino acid-based methods were used
to identify potential predictive B cell epitopes.
Predicting the interaction of epitopes with immune B
cells was done with the help of IEDB server, which is
one of the best methods for predicting B cell epitopes
(21, 22). During this stage, different methods of IEDB
server analysis were used to predict the B-cell epitope.
In Kolaskar and Tongaonkar32 antigen prediction
methods, antigens were examined based on
physiological characteristics of amino acids and
abundance in known experimental epitopes. The

100 120 M0 160 180 200 220 240 260
Position

0 0 40 L] L]

A

average protein antigen orientation is 1.10, maximum
1.20, and minimum 1.05. The antigen threshold for
protein was also 1.02. All values greater than 1.00
determined their antigenic potential. Therefore, it was
concluded that some of them have a predetermined
threshold value and can express the B cell response.
For an epitope to be a powerful stimulus for B cells, it
must have a good level of access. The prediction of
access to the level of Emini was used to detect these
features. It is shown in Figure 4.

095

090

08s

0 0 4 6 % 100 120 40 160 180 00 20 60 260
Position

Figure 4. A: Prediction of Kolashkar and Tongaonkar antigens from immunogenic constructs (Notes: X-axis and Y-axis show
antigen sequence position and orientation, respectively. Threshold value is 1.02. Areas are higher than antigen threshold. Shown
in yellow.). B: Predicting the access to the Emini surface of the immunogenic structure (Notes: The X-axis and the Y-axis indicate
the sequence position and the surface probability, respectively. The threshold value is 1,000. The regions above the antigen

threshold are shown in yellow.

Areas containing beta-screws are usually available
and naturally hydrophobic. These two properties are
antigenic regions of a protein that can be investigated
based on the Chou and Fasman evaluation model and
by examining beta-screws (23). Areas 10-25, 60-70,
80-85, 90-97, 140-160 and 245-265 were considered
as a beta-rotation region compared to other sections.
Empirical evidence has also shown that the flexibility

0 2 & @ 8 100 20 M0 160 180 200 20 M0 20
Position

A

Score

of a peptide is related to its antigenicity. Therefore,
the Karplus and Schulz flexibility prediction method
was formed on this basis and used to study the
flexibility of immunogenic structural epitopes. This
forecasting method found that areas 20-33, 45-83, 90-
95, 105-120, and 205-215 are the most flexible parts
of the immunogenic structure under study (Figure 5).

T
|
! 1] T

A,

0975

0950

0925

0 X ® @ @ 10 10 W0 180 180 M0 20 20 %0
Position

B

Figure 5. A: Prediction of flexibility by the Karplus and Schulz method of immunogenic antigenic structures (flexible regions are
yellow. The X-axis and the Y-axis indicate position and score, respectively. The threshold is 21.0). B: Chou and Fasman's method
predict the beta screw of safety structure (X-axis and Y-axis show position and score, respectively. The threshold is 0.95. Areas

with beta screw are yellow, above the threshold value shown.
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Finally, the Bepipred linear epitope prediction tool
was used, based on a Hidden Markov model, the only
method for predicting linear B-cell epitopes. Based on
all the data, it was predicted that the immunogenic

Score
=

054

1.0+

Figure 6. Bepipred

0 20 40 6 8 100 120 140 160 180 200 220 240 260
Position

Results of predicting interaction prediction with
MHCI, MHCII

At this stage of the work, Propred-l and MCH2PRED
servers were used to predict epitopes by T cells.
ProPred-l used a basic matrix method to scan and
predict peptides against the library of MHCI class
alleles and MCH2PRED for MHCII class alleles. The
sequence of peptides in FASTA format was performed
on these servers. At the same time, all alleles were
selected with a higher score peptide with a threshold

peptide sequences of amino acids 0-30, 60-100, 120-
155, and 245-255 could induce the desired immune
response as B cell epitopes (Figure 6).

linear epitope prediction in the
immunogenic structure (Notes: x-axis and y-axis show
position and score, respectively. The threshold is 0.50. Areas
with beta screws are shown in yellow. The highest peak
region represents the most powerful B cell epitope.

of 5% and proteasome filtration and the immune
proteasome (21, 23, 24). In addition, screening for
immunogenicity, toxicity, and antigenicity of epitopes
was performed, and a number of selected epitopes
were selected for subsequent processing based on
their antigen score. Then we selected some of them
that had a good interaction with MHCI, MHCII, and B
and classified them in a separate table because they
were the epitopes that play the most important role
in stimulating and creating immunity in the body. The
hosts played a role due to their vaccine (Table 4).

Table 4. Results of prediction on the interaction of epitopes used in vaccine production with MHCII, MHCI, B cells using Propred-

I, MHC2pred, and bcpred server

VAXUEN .
SCORE ALLERGENICITY  TOXICITY B cell epitopes
0.8533 NON ALLERGIC NON 1AGADVVGSDDLIE13
: TOXIC
NON
1.4873 NON ALLERGIC TOXIC LQVPSPSMGRDIKVQFQSGG20
NON
0.6500 NON ALLERGIC 1LDVAEGDTVIYSKYG15
TOXIC
NON
0.4903 NON ALLERGIC TOXIC 1DDIKATYDKGILTVSVAVSE20

MHCII HLAS

HLA-B*2702, HLA-B*2705 HLA-B*3501,HLA-
B*3701,HLA-B*3902,HLA-B40,HLA-
B*4403,HLA-B*5201,HLA-B*5801,HLA-
B60,HLA-B61,HLA-B62,HLA-Cw*0301

HLA-A*1101,HLA-A3, HLA-A*3101,HLA-
A*3302,HLA-A68.1, HLA-A20 Cattle,HLA-
B*2702,HLA-B*3501, HLA-B*3701,HLA-B40,
HLA-B*4403,HLA-B*5301,HLA-B*51, HLA-
B*5801,HLA-B62,HLA-B*0702,

HLA-A1,HLA-A*3302, HLA-A68.1,HLA-
B*2702, HLA-B*3501,HLA-B*3701,HLA-B40,
HLA-B*4403,HLA-B*5101, HLA-B*5103,HLA-

B*5201,HLA-B*51,HLA-B*5801,HLA-B61,

HLA-A2, HLA-A*0201, HLA-A*0205,HLA-A24,
HLA-A20 Cattle,HLA-A2.1,HLA-B*2705,HLA-
B*3501,HLA-B*3701,HLA-B*3902, HLA-
B40,HLA-B*4403, HLA-B*5101,HLA-
B*5102,HLA-B*5103, HLA-B*5201,HLA-
B*5301,HLA-B*5401, HLA-B*51,HLA-B*5801,
HLA-B60,HLA-B61,HLA-B7,HLA-B*0702, HLA-
Cw*0401,

MHCI HLAS

HLA-DR9, HLA-DR13, HLA-DR53, HLA-DQ4,
HLA-DQ7, HLA-DQ8,HLA-DQA1*0501, HLA-
DQB1*02, HLA-DRB4*0101, HLA-
DRB1*0405, HLA-DRB1*0802 , HLA-
DRB1*0901, HLA-DRB1*1101,HLA-
DRB1*1302, RT1.B

HLA-DR9, HLA-DR2, HLA-DR3,
I-Ag7,HLA-DR13, HLA-DR15,HLA-DR51, HLA-
DR52,HLA-DR53, HLA-DQ4, HLA-DQ6,HLA-
DQ7, HLA-DQS, HLA-DQB1*0301,HLA-
DRB1*0101,HLA-DRB4*0101,HLA-
DRB1*0404, HLA-DRB1*0405,HLA-
DRB1*0901, HLA-DRB1*1101, HLA-
DRB1*1302 , HLA-DRB1*1501,

HLA-DR4, HLA-DR9, HLA-DR2, HLA-DR15,

HLA-DR52 sHLA-DQ4, HLA-DQ7, HLA-DQ8,

HLA-DQB1*0301 s HLA-DRB1* 0405, HLA-
DRB1*0901

HLA-DR4, HLA-DR9, HLA-DR2, HLA-
DR13, HLA-DR52,HLA-DQ4, HLA-DQS, HLA-
DQ7, HLA-DQ8, HLA-DQB1*0301, HLA-
DRB1*0101,HLA-DRB5*0101, HLA-
DRB1*0301, HLA-DRB1*0401,HLA-
DRB1*0405, HLA-DRB1*0802, HLA-
DRB1*0901, ,HLA-DRB1*1101, HLA-
DRB1*1302,
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VAXIUEN .
SCORE ALLERGENICITY  TOXICITY B cell epitopes
NON
0.9820 NON ALLERGIC TOXIC VTGSVVCTTAAGNVNIAIGG
DQVHFQPLPPAVVKLSDALI
NON
0.7500 NON ALLERGIC TOXIC
NON
1.3524 NON ALLERGIC ToXIC AERAPVEADAGGGQKVLVRN20
NON
1.2080 NON ALLERGIC TOXIC 1AGADVVGSDDLIE13

MHCII HLAS

HLA-B*3701,HLA-B40, HLA-B*5101,HLA-
B*5102,HLA-B*5103, HLA-B*5301,HLA-B*51,
HLA-B*5801,HLA-B61,

HLA-A1, HLA-A2, HLA-A*0201, HLA-A*0205,
HLA-A*1101, HLA-A24, HLA-A3, HLA-A68.1,
HLA-A2.1, HLA-B*2702, HLA-B*2705, HLA-
B*3501, HLA-B*3701, HLA-B*3801, HLA-
B*3901, HLA-B*3902, HLA-B*5101, HLA-
B*5201, HLA-B*5301, HLA-B*5401, HLA-
B*51, sHLA-B62, HLA-B7, HLA-B*0702, HLA-
B8, HLA-Cw*0301, HLA-Cw*0401, HLA-
Cw*0602, HLA-Cw*0702,

HLA-A1, HLA-A*3302, HLA-A68.1, HLA-
B*2702, HLA-B*3501, HLA-B*3701, HLA-
B*3801, HLA-B*3902, HLA-BA0, HLA-B*4403,
HLA-B*5101, HLA-B*5102, HLA-B*5103,
HLA-B60, HLA-B61, HLA-B7, HLA-BS,

HLA-A*3302 HLA-A68.1 ,HLA-B*3701 ,HLA-
B40 ,HLA-B*4403 HLA-B*5101 ,HLA-
B*5102,HLA-B60 ,HLA-B61 ,HLA-Cw*0301 ,

MHCI HLAS

HLA-DR9, HLA-DR2, HLA-DR3, HLA-DR13,
HLA-DQ4,HLA-DQ7, HLA-DQ8, HLA-
DQB1*03, HLA-DQB1*0301,HLA-DRB1*0101,
HLA-DRB5*0101, HLA-DRB1*0401, HLA-
DRB1*0405,HLA-DRB1*0901, HLA-
DRB1*1101, HLA-DRB1*1302, I-Ad, I-Ag7

HLA-DR4, HLA-DR, HLA-DR7, HLA-DR13,
HLA-DR15,HLA-DR52, HLA-DR53, HLA-
DQ4, HLA-DQ6,HLA-DQ7, HLA-DQS, HLA-
DQB1*03,HLA-DQB1*0301, HLA-DRB1*0101,
HLA-DRB4*0101 sHLA-DRB5*0101, HLA-
DRB1*0401, HLA-DRB1*0404, HLA-
DRB1*0405, HLA-DRB1*0802, HLA-
DRB1*0901 sHLA-DRB1*1302, HLA-
DRB1*1501

HLA-DR9, HLA-DR2, HLA-DR13, HLA-DR15,
HLA-DR52, HLA-DQ7, HLA-DQ8, HLA-
DRB1*0101, HLA-DRB4*0101, HLA-
DRB1*0401, HLA-DRB1*0405,HLA-
DRB1*0901,

HLA-DR9, HLA-DR2, HLA-DQ4, HLA-DQS,
HLA-DQ7, HLA-DQ8, HLA-DQB1*0301, HLA-
DRB1*0405, HLA-DRB1*0901,

Molecular Docking Results

At this stage, after examining the connectivity of the
model vaccine designed with MHCI, MHCII, and B, we
must now show the interaction of the epitopes in the
structure of the vaccine produced by performing the
molecular docking process using Molegro virtual
docker software. Imagine this Identification of
epitopes with MHCI and MHCIlI molecules after
evaluation and optimization. The docking process's
main goal was to create a stable complex by creating
the correct orientations between the vaccine in
qguestion and the MHCI and MHCII compounds. We
prepare PDB data. After reviewing some articles, we
found two combinations of HLA as the best type of
HLA, which were named HLA-A-0201 and HLA-DRB1-
01: 01 for MHCI, and MHCII, respectively, then the PDB
file. We prepared them for docking. While docking the
PBD file of MHCI protein, MHCII is separately entered
into MOLEGRO VIRTUAL DOCKER software and used.
We remove its ligands. Then we enter the vaccine
ligands we designed in the previous step into the
software. Now, before the docking process on the
protein, we have made the necessary preparations by
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correcting the MHCI

and MHCII

protein errors

separately for each of them so that in the molecular
preparation stage, we first select a state from which
the bands and orientations of hydrogen bonds and
charges Flexible bonds are also identified in the ligand.
Then, in the protein preparation step, we identify and
eliminate the errors of its residues and optimize that
their replacement residues are in the best orientation
with the surrounding residues in the protein structure.
Next, we need to find the holes in the protein
structure to determine which parts of the protein are
most likely to interact between the ligand and the
protein, and by doing so, we make pre-docking
preparations. Then select the ligands, then set the
SCORING mode to MolDock scoring (GRID) mode, and
select the connection location based on the holes.
Then select the algorithm based on Mol Dock SE,
select the number of thighs and the POSES storage
format, and start the docking process. From the
designed vaccine ligands, the ligands that had the
highest negative energy were selected and used to
investigate the interaction with MHCI and MHCII
proteins, and the amino acids involved in this
interaction were identified (Figure 7).
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Figure 7. Results of molecular docking between vaccines modeled with MHCI (A) and MHCII (B) proteins

Results of Normal State Analysis for Structural
Stability of Vaccine/receptor Complex

Then, to analyze the biophysical stability and changes
of the vaccine-receptor complex, molecular dynamic
simulations were performed through the iMODs server.
The resulting iMOD original chain deformation is shown
in Figure 8A. The area where the hinges are located has
a strong tendency to deform. The values of factor B
calculated by normal state analysis are proportional to
the square root of the mean. Factor B shows the atomic
position fluctuations and measures each atom's
unpredictability, as shown in Figure 8B.

Figure 8C shows the eigenvalues closely correlated
with the energy required to smooth the structure, and
in general, this figure reflects the stability of the dock
complex by the eigenvalue shown. The eigenvalue of
the vaccine-receptor complex is 2.569466e-05, which
indicates less energy required for the deformation of
the structure and the complex's stability.

Activates immune cascades to remove antigens. The
variance is inversely related to the eigenvalue. In Figure
8D, the individual variance with red and green
represents cumulative variance. The covariance map
shows the relationship between the pairs of residues
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because the colors red, blue, and white indicate the
correlated, anti-correlated, and unrelated pairs of
residues shown in Figure 8E. The elastic lattice diagram
shows the pair of atoms attached to the spring
(springs), and each point on the diagram represents a
spring's spring between the corresponding pair of
atoms. In the diagram, the darker gray color indicates
the stiffer springs shown in Figure 8F

Immunological Simulation Results

The results provided by the C-ImmSim server were
consistent with the actual safety responses, as
evidenced by the increased production of secondary
responses. The initial response to the vaccine was
demonstrated by increasing high 1gM levels. In the
secondary and tertiary responses, the increase in the
B cell population as an increase in IgG1+IgG2, IgM, and
IgG+IgM levels is shown in Figure 7. In addition, we
found an increase in helper T cell populations and
cytotoxic T cell populations with memory cell
proliferation (Figure 7D). We also noticed higher levels
of cytokines such as IFN-y, IL-10, TGF-B, and IL-12, as
shown. These observations showed that the designed
vaccine elicited promising anti-Quid-19 immunogenic
reactions (Figure 9).
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Figure 8. Molecular dynamics simulation of the VACCEN complex. The stability of the protein-protein complex was investigated
through deformation (A), factor B (B), eigenvalue (C), variance (D), covariance matrix (E) and elastic lattice (F).
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4, Discussion

Tuberculosis (tuberculosis) is a serious disease that
varies in mortality and various variables in infected
people and is estimated at two million people a year.
If left untreated, the mortality rate can increase by
60% (22, 25, 26). This process mainly endangers Third
World people due to poverty, low health standards,
and inadequate medical care (27-29). The most
important vaccine used in most human societies is the
BCG vaccine, which is a live and weakened structure
that has weaknesses against this disease in children
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and adults (30). Therefore, new vaccine structures
obtained with the help of new methods are very much
needed today to deal with this disease. Vaccine design
has become more accurate and efficient, based on
new technologies and access to data and genetic and
protein databases. In addition, the use of
bioinformatics tools is much more beneficial than the
old methods of vaccine production and design, both in
terms of efficiency, time, and economy (31).
Therefore, today the development of new specific
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vaccines to prevent tuberculosis is becoming a top
priority for researchers in the field of tuberculosis.
Preparing the sequence of antigens capable of
stimulating the immune system is an important step in
vaccine design, and this process can be easily done by
insilico processes (32). n this work, a series of linear
epitopes of B and T cells were predicted with the help
of bioinformatics servers, which can stimulate
different parts of cellular and humoral immunity (33).
Prediction and preparation of recognizable epitopes
by B cells is an important factor in the design of
vaccines, which determines the location of antigen-
antibody interactions (19, 34, 35). In this article, these
epitopes were predicted through different servers.
Also, T cell epitopes are essential for stimulating
adaptive immunity through the presentation by MHC
molecules (36). Therefore, selecting epitopes that can
interact with MHCs is an essential aspect of T cell
stimulation (37), and detecting vaccines designed by
CD4+ and CD8+ T cells is vital in creating a more
favorable immunity in the host body (38, 39). After
predicting every epitope of B and T cells through the
sequence of antigens, we connected them with the
help of kk and PAPAP linkers to create the main and
overall structure of the intended vaccine. Further
investigations should be prepared (40). PAPAP linkers
were used as interfaces between adjuvant sequences
and vaccine epitopes to better express vaccine
efficacy.

Also, the lack of allergenic properties, the lack of
toxicity, and the favorable antigenicity score in the
epitopes of the designed vaccine have increased its
efficiency as a desirable vaccine (40). The mentioned
vaccine needs a suitable host for proper expression
and the most suitable host for expressing such
recombinant proteins in E. coli expression systems (41,
42). Next, codon optimization was carried out to
prepare and obtain a high expression level of the
recombinant vaccine in the E.coli system (K12 strain).
That is, having a good GC content (48.277%) and CAl
score (1.0) of the investigated vaccine sequences was
desirable for this work. After this process,
immunological simulation analyses were performed
on it to confirm these cloning results, and favorable
results of the role in stimulating various
immunological parts were observed, which was done
by some immunoinformatics servers. In general, in
this study, various software tools were used to
evaluate the different properties of the vaccine. In
addition, the evaluation of the epitope-based subunit
vaccine predicted by the immunological simulation
process and biophysical stability analysis by the iMODs
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