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Backgrounds: Although conventional therapies have played an essential role in the 
treatment of many diseases, emerging diseases require new treatment methods with less 
complications. Therefore, it is important to develop an effective vaccine for infections caused 
by the coronavirus to prevent mortality and create immunity the community. 
Materials & Methods: In this research bioinformatics tools were used to design a vaccine 
against the M membrane protein of SARS-CoV-2.  A total of 27 epitopes confined to B cells 
and MHC I and II alleles were structurally constructed in M protein for immune stimulation 
and antibody recognition which were used in the construction of a chimeric peptide vaccine.
Findings: The vaccine was predicted to be a stable, antigenic, and non-allergenic compound. 
TRL5/vaccine complex analysis and docking simulation indicated a sufficiently stable 
binding with appropriated receptor activation. The immune response simulation following 
hypothetical immunization indicated the potential of this vaccine to stimulate the production 
of active and memory B cells, CD8 + T and, CD4 + T cells, and effective immunological 
responses induced by Th2 and Th1. 
Conclusion:  The analysis of in-silico processes showed that the vaccine structure induced 
high antigenicity and good cellular immunity in the host body and stimulates various 
immune receptors such as TLR5, MHC I, and MHC II. Vaccine function was also associated 
with an increase in IgM and IgG antibodies and a set of Th1 and Th2 cytokines. But the final 
confirmation of the effectiveness of the designed vaccine requires clinical processes.

Copyright@ 2022, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build 
upon the material) under the Attribution-NonCommercial terms.

10.52547/iem.8.4.365

Keywords: Vaccine, Immunoinformatics, Protein M, Coronavirus.

[1] Vennema H, Godeke GJ, Rossen JW, Voorhout WF, Horzinek MC,  ... [2] Fehr AR, Perlman S. 
Coronaviruses: An ... [3] Hui DS, Azhar EI, Madani TA, Ntoumi F, Kock R, Dar O, et al. The ... [4] 
Simmons G, Zmora P, Gierer S, Heurich A, Pöhlmann S. Proteolytic ... [5] Sexton NR, Smith EC, 
Blanc H, Vignuzzi M, Peersen OB, Denison MR. Homology-based identification of a mutation 
in. ... [6] Chukwudozie OS, Chukwuanukwu RC, Iroanya OO,  ... [7] Bárcena M, Oostergetel GT, 
Bartelink W, Faas FG, Verkleij A, Rottier PJ, et al.  ... [8] Hogue BG, Machamer CE. Coronavirus 
structural proteins and virus assembly. Nidoviruses. 2007:179-200. ... [9] Khan MK, Zaman 
S, Chakraborty S,  ... [10] Patronov A, Doytchinova I. T-cell epitope vaccine design by 
immunoinformatics. Open Biol. 2013;3(1):120139. ... [11] Peters B, Sidney J, Bourne P, Bui 
HH, Buus S,  ... [12] Khalil I, Omer I, Farh IZ,  ... [13] Sormanni P, Aprile FA, Vendruscolo M. 
The ... [14] Maupetit J, Derreumaux P, Tuffery P. PEP-FOLD: An ... [15] Robinson J, Guethlein 
LA, Cereb N, Yang SY, Norman PJ, Marsh SG, et al. Distinguishing ... [16] Kozakov D, Hall DR, 
Xia B, Porter KA, Padhorny D, Yueh C, et al. The ... [17] Dimitrov I, Naneva L, Doytchinova I, 
Bangov I. AllergenFP: Allergenicity prediction ... [18] Gupta S, Kapoor P, Chaudhary K, Gautam 
A, Kumar R, Open Source Drug Discovery ... [19] Ikai A. Thermostability ... [20] Ali M, Pandey 
RK, Khatoon N, Narula A, Mishra A, Prajapati VK.  ... [21] Thévenet P, Shen Y, Maupetit J, Guyon 
F,  ... [22] Shen Y, Maupetit J, Derreumaux P,  ... [23] Liu W, Chen M, Li X, Zhao B, Hou J, Zheng 
H, et al. Interaction of toll-like ... [24] Ansari HR, Raghava GP. Identification of ... [25] Sun P, Ju 
H, Liu Z, Ning Q, Zhang J, Zhao X, et al. Bioinformatics resources and tools for conformational 
B-cell epitope prediction. ... [26] Sant’Angelo DB, Robinson E, Janeway Jr CA,  ... [27] Koretzky 
GA. Multiple roles of CD4 and ... [28] Sanchez-Trincado JL, Gomez-Perosanz M, Reche PA. 
Fundamentals and methods for T-and B-cell epitope prediction. J Immunol Res. 2017;2017. 
... [29] Naz A, Awan FM, Obaid A, Muhammad SA, ... [30] Cao WC, Liu W, Zhang PH, Zhang F, 
Richardus JH. Disappearance of antibodies to SARS-associated coronavirus ... [31] Choe PG, 
Perera RA, Park WB, Song KH, Bang JH, Kim ES, et al. MERS-CoV antibody responses 1 year 
after symptom onset,  ... [32] Ni L, Ye F, Cheng ML, Feng Y, Deng YQ, Zhao H, et al. Detection 
of SARS-CoV-2-specific humoral and. ... [33] Dar HA, Zaheer T, Shehroz M, Ullah N, Naz K, 
Muhammad SA, et al. Immunoinformatics-aided ... [34] López-Blanco JR, Aliaga JI, Quintana-
Ortí� ES, Chacón P. iMODS: Internal coordinates ....

CITATION LINKS

 [
 D

O
I:

 1
0.

52
54

7/
ie

m
.8

.4
.3

65
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ie
m

.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
13

 ]
 

                             1 / 14

http://www.modares.ac.ir
https://pubmed.ncbi.nlm.nih.gov/8617249/
https://link.springer.com/protocol/10.1007/978-1-4939-2438-7_1
https://www.ijidonline.com/article/S1201-9712\(20\)30011-4/fulltext
https://www.sciencedirect.com/science/article/pii/S016635421300288X
https://pubmed.ncbi.nlm.nih.gov/27279608/
https://pubmed.ncbi.nlm.nih.gov/32964056/
https://pubmed.ncbi.nlm.nih.gov/19124777/
https://www.semanticscholar.org/paper/Coronavirus-Structural-Proteins-and-Virus-Assembly-Hogue-Machamer/b1c876d4295563f37716629a3865c3090f82ed5e
https://pubmed.ncbi.nlm.nih.gov/24853589/
https://pubmed.ncbi.nlm.nih.gov/23303307/
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0030091
https://www.biorxiv.org/content/10.1101/434779.abstract
https://pubmed.ncbi.nlm.nih.gov/25451785/
https://pubmed.ncbi.nlm.nih.gov/19433514/
https://pubmed.ncbi.nlm.nih.gov/28650991/
https://pubmed.ncbi.nlm.nih.gov/28079879/
https://pubmed.ncbi.nlm.nih.gov/24167156/
https://pubmed.ncbi.nlm.nih.gov/24058508/
https://pubmed.ncbi.nlm.nih.gov/7462208/
https://www.nature.com/articles/s41598-017-09199-w
https://pubmed.ncbi.nlm.nih.gov/22581768/
https://pubmed.ncbi.nlm.nih.gov/26588162/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4868323/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974664/
https://pubmed.ncbi.nlm.nih.gov/23970944/
https://pubmed.ncbi.nlm.nih.gov/12207335/
https://pubmed.ncbi.nlm.nih.gov/20724729/
https://pubmed.ncbi.nlm.nih.gov/29445754/
https://www.sciencedirect.com/science/article/abs/pii/S1567134815001124
https://pubmed.ncbi.nlm.nih.gov/17855683/
https://pubmed.ncbi.nlm.nih.gov/28585916/
https://pubmed.ncbi.nlm.nih.gov/32413330/
https://pubmed.ncbi.nlm.nih.gov/31409021/
https://pubmed.ncbi.nlm.nih.gov/24771341/
http://dx.doi.org/10.52547/iem.8.4.365
https://iem.modares.ac.ir/article-4-60988-en.html


Development of a New Epitope Immunogenic ...

Infection Epidemiology and Microbiology  Fall 2022, Volume 8, Issue 4

366

Introduction
The unprecedented rapid spread of 
COVID-19 in December 2019 from Wuhan, 
China to many countries affected thousands 
of people, many of whom died within a few 
months after the initial spread of the disease 
[1, 2]. SARS-CoV-2 as the causative agent of 
COVID-19 was identified as a new strain of 
the genus Beta-coronavirus, with approxi-
mately 70% genetic similarity to SARS-CoV 
[3]. The virus is very similar to the bat corona 
virus; thus, it is thought to have originated 
in bats [4, 5]. The viral genome sequence is 
available in several online biological data-
bases, and this important information for 
the development of vaccines is available to 
all researchers. Coronaviruses are involved 
in causing diseases in mammals and birds. 
Some of these diseases, such as SARS, MERS, 
and COVID-19, cause a wide range of respi-
ratory problems, from the common cold and 
fever to death [6].Positive single-stranded 
RNA viruses with a single nucleocapsid are 
helically symmetric and covered by spike 
proteins with genome sizes (compared to 
many coronaviruses) between 27 and 34 kb, 
which are the largest known viruses among 
retroviruses [5]. Transmission of the disease 
along with respiratory problems could lead 
to death in some people. On the other hand, 
there is still no effective vaccine to prevent 
this pathogen in humans [7, 8]. Examination of 
the structure of the virus has revealed that 
the M membrane protein plays a key role in 
virus synthesis by transforming cell mem-
branes into workshops to provide conditions 
for the formation and production of new vi-
ruses. S protein, N protein, and genomic RNA 
also help regulate the size and diversity of 
virions by interacting with M protein [10]. Vi-
rus particles contain some genetic materials 
and proteins that affect the structure of the 
virus to attack host cells. When viral RNA 
enters the information cell, it is used during 
the translation process to produce some of 

the structural and non-structural proteins 
required by the virus for replication in the 
host. The most important structural pro-
teins in these viruses include envelope pro-
tein (E), surface glycoprotein (S), membrane 
protein (M), and nucleocapsid (N). Protein 
M is the most abundant glycoprotein in vi-
rus particles, which is usually considered as 
an antiviral drug target. There are current-
ly many vaccine candidates for SARS-CoV-2 
[9], and the design of epitope-based vaccines 
may provide a useful complementary ap-
proach that directs immunity to immuno-
genic epitopes in the M protein. Using immu-
noinformatics, the immunogenic properties 
of proteins could now be evaluated through 
high-performance computational methods 
(INSILICO) [9, 10]. Therefore, a control point 
and in-silico design methods were used to 
construct a peptide vaccine against mem-
brane glycoprotein M, as well as to mimic the 
amplitude of responses in the initial amplifi-
cation scenario.

Materials and Methods
Preparation of the desired protein se-
quence from NCBI: Membrane glycoprotein 
M nucleotide sequences were obtained from 
the NCBI database via its accession number.
Prediction of linear B-cell epitopes: FASTA 
format protein sequencing was required to pre-
dict B cell epitopes. Here, three different serv-
ers FBCPred, ABCPred, and IEDB were used, 
and the peptide structures resulting from these 
servers were considered as final epitopes [11].
Prediction of MHC-I and MHC-II epitopes 
and their analysis: Epitopes of MHC-I and 
MHC-II receptors were retrieved and select-
ed through ProPred-1, MHC2pred, and IEDB 
servers and considered as final epitopes [12].
Design of vaccine structure: Selected 
MHC-I, MHC-II, and B-cell epitopes with 
some linker compounds were used to design 
the multi-epitope vaccine structure. Adju-
vants were added to the end of the vaccine 
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sequence to increase the vaccine efficacy. 
Various adjuvants were used to identify hu-
man extracellular receptors (TLRs) such as 
TLR1, TLR2, TLR4, TLR5, and TLR6. One of 
the adjuvants used was Pam3CSK4 (acces-
sion number =2 Z7X_C). The vaccine was 
then developed by joining adjuvants, MHC-I 
and MHC-II epitopes, and B-cell epitopes us-
ing linker compounds, namely EAAAK, GPG-
PG, and AAY. Various studies have shown 
that administration of adjuvant in vaccine 
candidate constructs elicits strong T-cell and 
antibody responses. Therefore, adding adju-
vants to vaccines could lead to more effective 
and longer-lasting immune responses. [13, 14].
Prediction of the vaccine secondary struc-
ture: In the process of examining and ana-
lyzing the secondary structure of the vaccine 
construct, Prabi and PsiPred servers were 
used. At this stage, the secondary structure 
of the designed vaccine was examined in 
terms of having alpha-helix, beta-sheet, and 
random coil structures.
Investigation of allergenic and antigen-
ic properties of the vaccine: VaxiJen v2.0 
server and then AntigenPro server were 
used to evaluate the vaccine antigenicity for 
validation. Vaccine susceptibility was also 
assessed through ALLerTPv.2.0 and Aller-
TOP v.2.0 servers.
Investigation of physicochemical prop-
erties and solubility of the vaccine: The 
physicochemical properties of the candidate 
vaccine were analyzed via ExPASy-Prot-
Param server. Also, the solubility of the can-
didate vaccine was evaluated and predicted 
through PepCalc and ProteinSol servers, and 
the surface availability of amino acids was 
assessed through IEDB server in Kolaskar 
and Tongaonkar antigenicity section.
Investigation of the third structure of the 
vaccine and its modification and valida-
tion: The tertiary vaccine structure was se-
lected as the superior model among the five 
models generated by the I-TASSER server 

based on the higher negative energy level. 
Then 3Drefine and GalaxyWEB servers were 
used to increase the quality of the selected 
model and modify the structure of the vac-
cine.
Docking: The docking process was per-
formed to investigate the affinity between the 
vaccine structure and some human receptors 
(TLR5, MHC I, and MHC II).The structure of 
these receptors was retrieved from the RCSB 
protein database. Then the studied struc-
ture was fixed and evaluated by SPDBV, Dis-
covery Studio, and MVD software and used 
in the docking process. The protein-protein 
molecular docking process was performed 
by ClusPro 2.0 server [15]. As a result, several 
docking complexes with corresponding ener-
gy/weight points were obtained, and the best 
complexes were selected in terms of energy 
level. The binding process helps select the 
most suitable vaccine-receptor interaction 
among several vaccine-receptor complexes. 
The interactions of the selected final complex-
es were visualized by PyMOL software, and 
then the type of links and residues involved 
in the vaccine-receptor complexes were de-
termined by PDBsum server.
Normal state analysis for structural sta-
bility analysis of vaccine-receptor com-
plex: Normal state analysis was performed 
to evaluate the structural stability of the se-
lected docking complex via the iMODS web 
server. The server shows NMA mobility with 
arrows indicating motion direction. Eigen-
values indicate the strength of structures 
and deformation diagrams of non-reinforced 
sections in the structure. The server also 
provides factor B, variance, covariance map, 
and link matrix of the desired structure.
Immunological simulation: In silico im-
mune simulation was performed using the 
C-ImmSim server to confirm immunization 
and immune response induction against the 
selected vaccine. This server uses a machine 
learning-based approach to predict epitopes 
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and related immune interactions. The serv-
er automatically simulates three anatomi-
cal sections: 1) bone, where stem cells pro-
ducing blood are stimulated, and myeloid 
cells are produced; 2) lymphatic organs; 
and 3) thymus, in which simple T cells are 
selected to prevent autoimmunity. In this 
process, three injections containing the de-
signed peptide vaccine were simulated at 
four-week intervals (i.e., days 0, 28, and 56). 
Therefore, three injections were performed 
at intervals of four weeks. However, several 
injections were performed four weeks apart 
for repeated exposure to the antigen. In this 
process, memory T cells as antigen-specif-
ic T cells were checked repeatedly, and the 
indicators obtained from the analysis of this 
process were analyzed graphically [16].
Codon optimization and preparation and 
cloning process: Codon optimization was 
performed to evaluate the expression of the 
designed vaccine using the codon optimiza-
tion tool (JCat). Here, Escherichia coli (strain 
K12) was used to optimize the codon. This 
server provides a codon adaptation index 
(CAI) that indicates the bias of codon usage 
and GC content. CAI values between 0.8 and 
1 are adaptable, and GC content between 30 
to 70% is useful for translation activities. 

The pET28a (+) expression vector was also 
used to simulate in-silico gene sequencing 
using SnapGene software.

Findings
Results of the desired protein sequence 
from NCBI: Membrane glycoprotein M nu-
cleotide sequence was obtained from the 
NCBI database with accession number 
MT520466.
Prediction of linear B-cell, MHC-I, and 
MHC-II epitopes and their analysis: At 
this stage of the work, ProPred-I, MH-
C2pred, and IEDB servers were used to 
predict potable epitopes by B and T cells. 
ProPred-I was used as a basic matrix meth-
od for scanning and predicting peptides 
recognizable by the library of MHC class I 
alleles, and MHC2pred was used for pre-
dicting peptides recognizable by MHC class 
II alleles, among which the best ones were 
then selected and prepared for use in vac-
cine design, the results are presented in the 
table below, along with their sequences and 
antigenicity scores (Table 1).
Vaccine design results: At this stage, the 
chimeric protein of the vaccine was gener-
ated from the epitopes screened in the pre-
vious steps. To do this, the B cell epitopes 

Table 1) Sequence and antigenicity score of the selected epitopes for use in vaccine construct

MHC I Epitopes Antigenic 
Score MHCII Epitopes Antigenic 

Score B Cell Epitopes Antigenic 
Score

FLPGVYSV 0.8074 FEKMVSLLSVLLSMQ 0.4583 QYGRSGE 1.3962

YLITPVHV 0.5932 FVMMSAPPAQYELKH 0.9205 ERSEKSYELQ 0.8651

ITSKETLY 0.9644 CLFLLPSLATVAYFN 0.6117 VPGFNEK 1.4732

YLYLTFYL 0.9995 MVSLLSVLLSMQGAV 0.5025 PGFNEKT 1.7546

SLDTYPSL 0.6746 KSAFYILPSIISNEK 0.7169 IKDTEK 1.9949

GLDSLDTY 0.6623 LFFFLYENAFLPFAM 0.6202 ELDERI 0.6324

FLMSFTVL 0.5616 WSLFFFLYENAFLPF 0.5727 EKTHVQL 1.0571

YLFQHANL 0.5355 QWSLFFFLYENAFLP 0.4372 THVQLSL 1.6509

LLPSLATV 0.6300 SPFVMMSAPPAQYEL 0.5833 HVQLSLPVLQVRDVLVR 0.6734
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were first put together and linked by linker 
structures called EAAAK and KK. Then with 
the help of GPGPG linker, they were connect-
ed to MHCI-based epitopes, which were also 
connected together with KK linker; finally, a 
connection was established between the sec-
tions containing MHCI and MHCII epitopes 
using AAY linker. After connecting the struc-
tural sequences, an adjuvant compound was 
added to the end of the generated chimeric 
sequence (Figure 1).
Results of the vaccine secondary structure 
prediction: At this stage, the two-dimension-
al and three-dimensional structure of the pro-
duced chimeric composition was examined, 
and if undesirable folds were created in its 
structure, the disruptive epitope parts of the 
chimeric composition were removed from its 
original structure at the very beginning of the 
work. With the help of Psipred and Prabi soft-
ware, the secondary structure of the chimera 
was investigated. According to the results, the 
secondary structure of the chimeric compo-
sition with 57.40% alpha helix, 36.69% ran-

dom screw, and 5.92% wide string had favor-
able conditions (Figure 2).
Results of allergenicity and antigenici-
ty: The antigenicity of epitopes selected by 
IEDB server in Kolaskar and Tongaonkar an-
tigenicity section (Figure 3) was examined. 
The antigenicity score of epitopes selected 
for use in vaccine structure was determined 
by VaxiJen server, it was ensured that all se-
lected epitopes were antigenic in use. Then 
their allergenicity was evaluated with the 
help of ALLerTPv.2.0 and AllerTOP software, 
and those with allergic risk were removed, 
and those that did not have allergenic prop-
erties were isolated and used to make the 
vaccine structure [17, 18].
Results of physicochemical properties and 
solubility: The evaluation of the physical 
and chemical properties of the vaccine was 
performed by software such as ProtParam, 
PepCalc, and ProteinSol, which showed an 
isoelectric pH of 9.94 and a stability of 32.91 
for the vaccine construct in the body. It had 
a suitable half-life of one hour in mammals. 

Figure 1) Overview of the structure of the designed vaccine

Figure 2) An overview of the condition of the main parts of the secondary structure of the designed vaccine
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Also, the vaccine composition had a molecu-
lar weight of 39602.20 Da, a gravity score of 
-0.312, and an aliphatic coefficient of 85.65, 
it was also in good condition in terms of hy-
drophobicity and extinction coefficient. Ac-
cording to the results obtained from PepCalc 
and ProteinSol servers with a score of 0.544, 
it had good solubility in water, which allows 
its introduction in laboratory phase process-
es [19, 20].
Results of the third structure of the vaccine 
and its modification and validation: To ob-
tain the vaccine three-dimensional structure, 
modeling methods were used by employing 
SWISS-MODEL and I-TASSER servers. RMSD 
was selected as the best model in terms of 
higher negative energy level among the mod-
els provided by the I-TASSER server consid-
ering the three desired indicators [21, 22]. The 
structure of the vaccine on the ProSA server re-
ceived a score of -2.89, which indicates that the 
obtained model is in the range of compounds 
obtained by NMR technology. After modifica-
tion by the 3Drefine server, the obtained mod-
el was placed in a favorable structural position 
in terms of its amino acids. According to the 
results of Procheck server and Ramachandran 
diagram, about 99% of the model structure 
was in an acceptable and desirable position, 
which indicates the appropriateness of the ob-
tained vaccine structure model (Figure 4).

Figure 3) The first 100 nucleotides of the vaccine 
construct are related to B-cell epitopes. In the dia-
gram above, the antigenicity of the initial sequence 
of the vaccine structure indicates the high potency of 
B cell epitopes selected by Kolaskar and Tongaonkar 
section of IEDB server.

Figure 4) Results of the vaccine model designed by 
I-TASSER server and validated by ProSA and Pro-
check servers

Docking results: In this study, receptors 
used in the docking process, such as TLR4, 
HLA-A0201, and DRB1.0401, were chosen be-
cause of their ability to modulate the immune 
system, stimulate IFN-g, as well as activate 
IFN type I responses [23]. Epitopes selected as 
CD4+T cell epitopes were able to stimulate 
both Th1 and Th2 cytokines. The docking pro-
cess was performed between the vaccine con-
struct and TLR4, HLA-A0201, and DRB1.0401 
using the ClusPro server. The server created 
about 25 to 30 possible docking structures 
with corresponding energy values, from which 
complexes with the lowest energy scores were 
selected. The docking between the vaccine 
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and TLR4 receptor and two human HLA re-
ceptors belonging to MHC I and MHC II class-
es (HLA-A0201 and DRB1.0401, respectively) 
was analyzed in terms of energy level. TLR4 
with an energy level equivalent to 1649.8 
kcal/mol established a vaccine. The docking 

structures were then visualized using PyMOL 
software, and the interactions between the 
designed vaccine and different receptors and 
residues and the type of links involved in these 
interactions were analyzed and obtained by 
the PDBsum server (Figure 5).

Figure 5: Interactions between the vaccine designed and receptors (TLR4, HLA-A0201, and DRB1.0401)
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Results of normal state analysis for structur-
al stability of vaccine-receptor complex: To 
analyze the biophysical stability and changes of 
the vaccine-TLR4 complex, molecular dynamics 
simulations were performed through the iMODs 
server [24]. The resulting iMOD original chain de-
formation is shown in Figure 6A. In this figure, the 
area where the hinges are located has a strong 
tendency to deform. In Figure 6B, the values   of 
factor B calculated by normal state analysis are 
proportional to the square root of the mean, and 
factor B shows the fluctuations of the atomic po-
sition and measures the unpredictability of each 
atom. Figure 6C shows the eigenvalues   that are 
closely correlated with some energies required 
to flatten the structure, and in general this figure 
reflects the structural stability of the vaccine-re-
ceptor complex, which is shown by eigenvalues. 

The eigenvalue of the vaccine-TLR4 complex in-
dicates that less energy is required for deforma-
tion of the structure and expression, causing the 
continuity and stability of the complex to activate 
immune cascades to remove antigens. The vari-
ance was inversely correlated to the eigenvalue. 
In Figure 6D, the individual variance with red 
and green represents cumulative variance. The 
covariance map shows the relationship between 
the pairs of residues, because the colors red, blue, 
and white indicate the correlated, anti-correlat-
ed, and unrelated pairs of residues (Figure 6E). 
The elastic lattice diagram shows the pair of at-
oms attached to the spring (springs), and each 
point on the diagram represents a connecting 
spring between a pair of corresponding atoms. In 
this diagram shown in Figure 6F, the darker gray 
color indicates the stiffer springs (Figure 6).

                                                       A                                                                                       B          

                                                     C                                                                                         D  

                                                           E                                                                                                 F 
Figure 6) Molecular dynamics simulation of the vaccine-TLR4 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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Immunological simulation results: The 
results obtained from the C-ImmSim server 
were in line with the results of actual immune 
responses and showed an increase in the pro-
duction of secondary immune responses. The 
initial response to the vaccine was demonstrat-
ed by increasing IgM levels. In all responses, 
the increase in B cell population was shown 
as an increase in IgG1+IgG2, IgM, and IgG+IgM 

levels as shown in Figure 7. In addition, the re-
sults showed that the process of increasing the 
proliferation of memory cells occurred in both 
helper T cells and cytotoxic T cells population 
(Figure 7D). The results also showed a signifi-
cant increase in cytokines such as IFN-γ, IL-10, 
TGF-B, and IL-12. These observations showed 
that the designed vaccine elicited promising an-
ti-COVID-19 immunogenic reactions (Figure 7).

Figure 7) Immunological simulation results provided by C-ImmSim server
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Figure 7) Immunological simulation results provided by C-ImmSim server

Results of codon optimization and vac-
cine cloning: Vaccine sequences were ob-
tained after codon optimization on the JCat 
server. The CAI value   of the optimized se-
quences was 1.00, and the GC content was 
44.285714285714285%, demonstrating 
good expression of the vaccine in prokary-
otic hosts. Then by inserting the vaccine se-
quence into the pET28a (+) vector after add-
ing two restriction sites of EcoRI and BamHI 
restriction enzymes at N and C terminals of 

the nucleotide sequence,  the vaccine clon-
ing process was carried out using SnapGene 
software. Also, the accuracy of the cloning 
process was investigated using SnapGene 
software based on the gene sequence of the 
designed vaccine, the vector, and the recom-
binant structure of the clone resulting from 
the vector and the gene sequence of the de-
signed vaccine after digestion by two en-
zymes EcoRI and BamHI in electrophoresis 
(Figure 8).
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Figure 8) The resulting image and the path of the vaccine cloning and electrophoresis process
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Discussion
Today, the epidemic of new viral diseas-
es such as corona is a serious threat that is 
responsible for the deaths of many people 
around the world. Thus, there is a serious 
need for treatment and control measures 
that could protect people against this type 
of diseases. Therefore, this study focused 
on the design of peptide-based vaccines us-
ing different epitopes against M membrane 
protein. We succeeded in creating a peptide 
vaccine through various steps and in-silico 
analyses. Epitopes were considered using 
a set of immunoinformatics tools based on 
criteria such as stimulation and activation of 
immune responses without causing toxicity 
and allergy in the host body. Both groups of 
B and T cell epitopes were predicted and re-
trieved in this study to design and construct 
immunogenic vaccine structures. B cells rec-
ognize antigens through antigen receptors, 
called B-cell receptors (BCRs), which are 
membrane-bound immunoglobulins [25]. B 
cell-based epitopes were selected based on 
surface accessibility through the Kolaskar 
and Tongaonk antigenicity determination 
methods via the IEDB server. These peptides 
were also non-toxic, which makes them a 
safe vaccine. T cell epitopes that could be 
recognized and presented by MHC I and MHC 
II were predicted and selected using differ-
ent tools. T cell-based epitopes presented 
by MHC class I molecules are compounds of 
approximately 8-11 amino acids in length, 
while MHC class II molecules are capable of 
delivering longer peptides of 13-17 amino 
acids in length [26, 6]. CD8 + T cells detect the 
antigens of a pathogen after binding to MHC 
I molecules, thus generating a cytotoxic re-
sponse against the pathogen based on their 
antigenic properties [27, 12]. Various studies 
have shown that during this process, spe-
cific immunoglobulins are produced against 
COVID-19, and these compounds have a rel-
atively stable status in patients who have re-

covered from COVID-19 infection [28, 29]. The 
causative agent of COVID-19, like the caus-
ative agents of SARS and MERS, belongs to 
the genus Betacoronavirus of the Coronavi-
ridae family. In a study conducted by Ni et 
al. (2020), it was observed that the immu-
noglobulins produced against SARS-CoV-2 
disappeared in recovered patients after 
three months [32]. This suggests that immu-
noglobulins produced against SARS-CoV-2 
provide short-term immunity in COVID-19 
patients. The results of docking between the 
immunogenic vaccine construct and MHC II 
molecules and other immune system recep-
tors demonstrated their ability to stimulate 
the response of some CD4+ T cell subsets. 
However, it has been shown that some CD4+ 
T cell epitopes stimulate subsets of Th cells 
[26, 30]. Detection of epitopes that are able to 
induce distinct immune responses through 
different interactions and residues between 
the vaccine and receptor is essential in vac-
cine development. The results of immune 
simulations showed that both Th1 and Th2 
responses could be stimulated by the vac-
cine through inducing different cytokine re-
sponses in vivo. However, it is obvious that 
the design of this vaccine as a multi-epitope 
structure has several advantages, and it is 
possible to achieve both types of immuni-
ty in the long run (up to 360 days) if three 
doses of the vaccine are injected. The results 
of the docking energy level score between 
the predicted vaccine construct and MHC II, 
MHC I, and TLR receptor molecules, which 
were evaluated comparatively, indicated 
the formation and establishment of various 
connections and interactions between them 
[31, 32]. It was found that the identification of 
epitopes used in vaccine structures by HLA 
class II allele molecules is important in elic-
iting both types of immune responses [23, 26]. 
This vaccine is predicted to be a stable and 
soluble compound due to the specific molec-
ular weight, the high pI value of the vaccine 
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efficacy, as well as the durability of the vac-
cine structure because proteins with a mo-
lecular weight of less than 110 kDa are good 
candidates for the vaccine [6, 33]. Size and 
surface properties such as surface charge 
and hydrophobicity could affect the perfor-
mance of the designed vaccine candidate 
because these properties affect the balance 
between hydrophobicity and hydrophilici-
ty of the vaccine and are therefore very im-
portant [34]. The results also showed that the 
indices obtained from the designed vaccine 
(such as CAI and GC content) after optimi-
zation to achieve high-level protein expres-
sion in E. coli host had appropriate values   for 
cloning, and these indices mentioned above 
showed that our designed chimeric struc-
ture could be well cloned and expressed in 
E. coli. Finally, based on immunoinformatics 
evaluations of the designed vaccine, it was 
determined that this chimeric structure is 
a safe, soluble, hydrophilic, and stable com-
pound at different temperatures. Therefore, 
this peptide compound could be considered 
as a new candidate for inducing immunity 
against COVID-19 disease. However, the fi-
nal confirmation of the efficacy of the above 
vaccine requires in vitro and in vivo studies.

Conclusion
A new approach to predicting vaccines 
based on epitopes of coronavirus M mem-
brane protein using bioinformatics tools 
could target the host's immune system. 
These antigen-predicting approaches could 
accelerate the development of a structurally 
protective vaccine for immunocompromised 
individuals worldwide. In this research, the 
designed vaccine was able to stimulate the 
production of neutralizing antibodies as 
well as cellular responses after the last dose. 
The selected epitopes in the form of a vac-
cine were able to be properly identified by 
B and T cells and elicit a favorable response 
against SARC-CoV-2 M membrane protein. 

Other compounds that may facilitate the 
body's immune response to antigens will 
also be explored in future research.
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