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  ABSTRACT 

The novel Coronavirus disease 2019 caused a global outbreak therefore a promising vaccine is 

needed to combat it. In this study, the Spike (S) glycoprotein, Membrane (M) protein, and 

Envelope (E) protein have been tested as putative vaccine candidates. It was demonstrated that the 

second protrusion part of M protein contains several immunogenic epitopes. On the other hand, 

the S2 domain of S protein was found to be highly conserved. Therefore, we proposed a fusion 

protein as a multiepitope-based subunit vaccine including the second protrusion part of M protein 

and S2 domain of S protein with a flexible linker. Finally, the 3D structure and physicochemical 

properties of this fusion protein were evaluated to select a stable structure. 

Keywords: SARS-CoV-2, Spike glycoprotein, membrane protein, multiepitope-based subunit 

vaccine, in silico 

 

 

INTRODUCTION 

In December 2019, unusual pneumonia 

with an unknown etiology spread to 

Wuhan, China. In December 2019, studies 

showed that the causative agent of this 

pneumonia was a new coronavirus called 

Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS-CoV-2) and had 

developed to be a public health emergency 
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of international concern [1]. This family of 

viruses is called the coronaviruses because 

of the characteristic appearance by which 

they are identified in the electron 

microscope. Glycoproteins on the surface 

of the virus enable them to survive in the 

gastrointestinal tract and spread through the 

fecal-oral route [2,3]. In humans, 

coronaviruses cause respiratory infections 

such as common colds, which are usually 

mild. However, rarer forms such as Severe 

Acute Respiratory Syndrome (SARS), 

Middle East Respiratory Syndrome 

(MERS), and SARS-CoV-2 may be fatal 

[4]. The clinical symptoms of the 

Coronavirus disease 2019 (COVID-19) are 

non-specific, and in most patients, it is 

accompanied by fever and dry cough, and 

in one-third of cases by shortness of breath. 

Moreover, some patients show other 

symptoms such as lethargy, headache, sore 

throat, and diarrhea [5]. The incubation 

period of the virus is reported 5.2 up to 14 

days and human-to-human transmission is 

confirmed [6]. 

The size of the coronavirus genome varies 

from 26,000 to 32,000 bp consisting of 6 to 

11 Open Reading Frames (ORFs). The four 

major structural proteins include the Spike 

protein (S), the Envelope protein (E), the 

Membrane protein (M), and the 

nucleocapsid protein (N) [7]. A Receptor-

Binding Domain (RBD) in SARS-CoV-2 

the Spike protein mediates the interaction 

with the host cell receptor. After 

attachment to the cell, the host protease in 

the vicinity of the S protein releases the 

fusion peptide and facilitates virus entry 

[7].  

At present, there is no effective drug or 

specific treatment available for COVID-19 

[8] so there is an urgent need to develop a 

safe and effective vaccine to prevent this 

highly infectious disease. Vaccine 

development is time-consuming, and 

considerable collaborative efforts are 

required for preclinical and clinical 

assessment of vaccine candidates [8]. The 

full-length genome phylogenetic analysis 

suggests that the genetic structure of 

SARS-CoV-2 is almost 80 % similar to that 

of SARS-CoV [9,10]. Therefore, 

previously available related studies and 

existing data about vaccine designing 

attempts against the coronavirus 

(SARS/MERS) disease may be helpful to 

design a vaccine against COVID-19. 

Three different strategies have been used to 

develop the vaccine for COVID-19 so far. 

The first generation of vaccine 

development is the whole virus vaccines 

include inactivated or live attenuated 

vaccines. This strategy is of great 
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importance because it provides the human 

body with a rapid immunogenic response 

against the COVID-19 infection due to the 

presence of natural antigenic materials. 

Numerous studies have reported 

developing live attenuated vaccines against 

coronaviruses in the past [11-13]. The 

second strategy is designing a protein 

subunit vaccine, which involves the use of 

synthetic or isolated parts of highly 

antigenic protein subunits with the short 

antigen segment which offers a safer 

approach [14]. Numerous protein subunit 

vaccines have been successfully formulated 

for various pathogens. Similarly, various 

kinds of full-length or segmented proteins 

are reported in literature against 

coronaviruses, which involves the receptor-

binding domain, membrane proteins, 

nucleo-capaside proteins, spike proteins, or 

envelop protein [15-19]; and in the case of 

SARS-CoV-2, such researches are focused 

on the S protein. Another strategy is 

producing nucleic acid vaccines 

(genetically engineered DNA or RNA 

vaccines) with stable antigenic expression 

delivered by plasmids, which stimulates 

relatively lower but constant immune 

responses [20]. Studies reported promising 

results for nucleic acid vaccines against 

coronaviruses [21]. The safety and efficacy 

of these vaccines produced by each method 

should be experimentally tested and 

evaluated [22]. Due to the importance of 

COVID-19 infections, designing a 

protective vaccine seems necessary. 

Therefore, the aim of this study was in 

silico evaluation of surface-exposed 

proteins of severe acute respiratory 

syndrome coronavirus 2 as putative vaccine 

candidates. 

 

MATERIALS AND METHODS 

Upstream in silico analysis 

Sequence retrieval 

The protein sequences of S protein 

(accession number: YP_009724390.1), M 

protein (accession number: 

YP_009724393), and E protein (accession 

number: YP_009724392) of SARS-CoV-2 

were obtained from the NCBI protein 

database [23] and saved as FASTA format 

for further investigations. 

Prediction of physicochemical properties  

The ProtParam tool, an online tool for the 

assessment of various physicochemical 

properties of a given protein, was used to 

predict the physicochemical properties of 

putative vaccine candidates [24]. The 

allergenicity of selected proteins was 

measured using the Algpred online tool.  
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Antigenicity measurement 

The whole protein antigenicity was 

investigated using the VaxiJen tool with a 

threshold of 0.4 and immunomedicine 

Group (predicting antigenic peptides) [25]. 

Adhesion probability and similarity to the 

host proteins  

The Vaxign 2 platform, a vaccine target 

prediction and analysis system based on the 

reverse vaccinology principle, was used to 

identify the adhesion probability and 

similarity to host (human, mouse, and pig) 

proteins [26].  

Predicting the subcellular localization of 

viral proteins within the host cell 

The Virus-mPLoc platform was used to 

predict the subcellular localization of 

selected proteins within the host and virus-

infected cells [27]. 

Finding the conserved domains 

The conserved domain database, Pfam and 

InterPro were used to identify the 

conserved domains of studied proteins [28-

30]. 

 

2D, 3D structures and topology prediction 

2D structure and membrane topology 

predictions of these viral proteins were 

gained from Phyre2 [31]. In the next step, 

we used structure prediction and structure-

based function annotation of the SARS-

CoV-2 genome conducted by I-TASSER 

[32]. 

The HMMTOP and CCTOP platforms 

were used to estimate the transmembrane 

helix and N-terminus location of these 

proteins [33,34]. 

Downstream in silico analyses 

Linear and conformational B-cell epitopes 

prediction 

The investigation of linear B-cell epitope 

prediction was performed by the IEBD with 

threshold ≥ 1. ElliPro and DiscoTope 2.0 

Server was used to conformational epitopes 

prediction with threshold ≥ 0.7 and -3.7 

respectively [35-37]. 

T-cell epitopes prediction 

Prediction of the Major Histocompatibility 

Complex (MHC) I and II allele binding 

performed by the IEDB analysis resource 

(TepiTool) [38]. For binding predictions of 

MHC I alleles the inclusion criteria was as 

follows: 1. The host species was human, 2. 

Alleles were selected from the list of 

representative alleles from different HLA 

supertypes, 3. The default was applied 

based on settings for a moderate number of 

peptides and duplicate peptides were 
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removed, 4. The prediction method was 

according to IEBD recommendation. 

The inclusion criteria for the MHC II 

alleles binding predictions were as follows: 

1. The host species was human, 2. The 

prediction was conducted based on the 

custom allele set, 3. The default settings 

were applied based on settings for a 

moderate number of peptides and duplicate 

peptides were removed, 4. The prediction 

method was according to IEBD 

recommendation and peptides were 

selected with a predicted consensus 

percentile rank ≤ 0.5. To compare the 

immunogenicity of proteins a ratio was 

defined. For this purpose, the number of 

obtaining alleles was divided into the 

number of amino acids of each protein. 

S protein conservation among different 

SARS-CoV-2 strains 

The NCBI virus database was used to 

capture the S protein sequences of SARS-

CoV-2 strains (published from 2020-01-12 

to 2020-04-30) [39]. In the next step, the 

redundancies of these sequences were 

omitted using Jalview software [40] and 

multiple sequences alignment was done 

using MEGA software [41] and the 

conservation of S protein amino acids was 

investigated using the Consurf online tool 

[42]. 

Designing a multi-epitope vaccine 

For designing a multi-epitope vaccine 

construct, the immunogenic epitopes of M 

protein were attached to the S2 domain of 

S protein by appropriate peptide linkers 

such as Pro-Gly-Pro-Gly. The 3D structure 

prediction of this multi-epitope vaccine 

construct was predicted using PHYRE2 

and the physicochemical parameters for 

this construct were predicted using 

ProtParam. 

 

RESULTS 

Physicochemical properties, 2D structure, 

and other characteristics prediction  

The results of antigenicity measurements, 

physicochemical properties, prediction of 

2D structure, and other characteristics of S 

protein, M protein and E protein of SARS-

CoV-2 were summarized in Table 1. 

Conserved domain search 

A conserved domain search for 3 selected 

proteins showed that E protein with only 1 

functional domain plays a central role in the 

virus morphogenesis and assembly. 

The M protein and its interactions with 

other structural proteins are necessary for 

the production and release of virus-like 

particles. This protein showed only 1 
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functional domain (residue: 5-222) and 3 

transmembrane helices.  

On the other hand, the S protein showed 3 

functional domains. The first domain is the 

N-terminal domain of the S1 subunit 

(residue: 13-304) which contributes to the 

spike trimer interface. The second domain 

is the receptor-binding domain of the S1 

subunit (residue: 319-541) and mediates 

attachment to the host cell. The last domain 

is the S2 subunit (residue: 662-1270) and 

mediates membrane fusion. 

Linear and conformational B-cell epitopes 

prediction 

Among the 3 selected proteins, E protein 

did not show linear and conformational B-

cell epitopes according to defined criteria, 

so we exclude it from our investigation and 

continued the study with two other 

proteins. 

The data from in silico investigations 

revealed that M protein consists of only 1 

surface-exposed linear B-cell epitope 

(Met1, Ala2, Asp3) according to defined 

inclusion criteria. Also, this protein 

consists of 2 surface-exposed 

conformational B-cell epitopes. The 

sequences and locations of these epitopes 

were as follows: 1. Arg72, Leu73, Asn74, 

Leu76, Thr77, and 2. Met1, Ala2, Asp3, 

Ser4, Asn5, Gly6, Thr7, Leu8, Thr9, Val10, 

Glu11, Glu12, Lys15, Gln19, Trp20. These 

2 surface-exposed conformational B-cell 

epitopes are illustrated in Figure 1 in red 

and yellow colors. 

Linear B-cell epitope prediction of S 

protein was shown in Figure 2 (A). This 

protein has 10 surface-exposed linear B-

cell epitopes with a threshold higher than 1. 

According to the IEBD results, the S 

protein consists of two conformational 

epitopes with thresholds higher than 0.7. 

These two epitopes and the location are 

depicted in Figure 2 (B). Based on the 

DiscoTope results, the S protein showed 73 

surface-exposed conformational B-cell 

epitopes. Data is shown in Figure 2 (C). 

T-cell epitopes prediction 

MHC I and II binding allele’s prediction 

was done for M protein. Among different 

introduced MHC I binding epitopes, we 

considered 5 of them because they were 

located on the second protrusion part of this 

protein and simultaneously were surface-

exposed conformational B-cell epitopes. 

There were not any MHC II binding alleles 

located on the second protrusion part of the 

M protein according to our defined criteria.  

The conservation of amino acids of S 

protein was investigated using the MEGA 

software and the Consurf online tool. The 
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results demonstrated that this protein, 

especially the S2 domain, is highly 

conserved among different strains of the 

SARS-CoV-2. 

Designing a Multiepitope-based Subunit 

Vaccine 

The sequence of the Multiepitope-based 

Subunit Vaccine was deposited in the 

GenBank database (accession number: 

MT585376). The ProtParam analyses 

showed that this construct includes 636 

amino acids, with molecular weight 

69538.58 (Da), and theoretical pI 5.51. The 

estimated half-life was >10 h in 

Escherichia coli (in vivo), >20 h in yeast 

(in vivo), and 7.2 h in mammalian 

reticulocytes (in vitro). This construct was 

stable according to the instability index 

(37.66). Based on the PHYRE2 results, this 

construct had disordered (21 %), alpha-

helix (49 %), beta-strand (15 %), and TM 

helix (10 %). The 3D structure prediction 

was shown in Figure 3. 

 

 

Table 1. Antigenicity measurement, physicochemical properties, 2D structure prediction, and 

other characteristics of 3 surface-exposed proteins of SARS-CoV-2 

              Viral Proteins 

 
Characteristics 

S protein M protein E protein 

Number of amino 

acids 

1273 222 75 

Molecular weight 

(Da) 

141178.47 25146.62 8365.04 

Theoretical pI 6.24 9.51 8.57 

Asp + Glu 110 13 3 

Arg + Lys 103 21 5 

The estimated half-

life 

>10 h (Escherichia coli, in 

vivo 

>10 h (Escherichia coli, in 

vivo) 

>10 h (Escherichia coli, in 

vivo) 

Aliphatic index 84.67 120.86 144.00 

Instability index Stable Stable Stable 

Average antigenic 

propensity 

1.0416 1.0532 1.1202 

Overall prediction 

for the protective 

antigen 

0.46 (Probable ANTIGEN) 0.51 (Probable ANTIGEN) 0.60 (Probable ANTIGEN) 

N-terminus location OUT OUT OUT 

Number of 

transmembrane 

helices 

1 3 1 

Disordered 16 % 15 % 21 % 

Alpha helix 26 % 41 % 80 % 
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Beta strand 37 % 29 % 3 % 

Transmembrane 

helices 

7 % 27 % 56 % 

Allergenicity Potential ALLERGEN NON-ALLERGEN ALLERGEN-NON 

Adhesion 

probability score 

0.635 0.282 0.234 

The similarity to 

host protein 

(human, mouse, pig) 

No No No 

Subcellular 

localization of viral 

proteins within the 

host cell 

Host endoplasmic 

reticulum 

The host cell membrane and 

host endoplasmic reticulum. 

Host cell membrane 

Surface exposed 

linear B-cell epitope  

10 1 0 

Surface exposed 

conformational 

B-cell epitope  

2 2 0 

MHC class I 
abinding alleles ratio 

0.2 0.25 Not detected  

MHC class II 
bbinding alleles ratio 

0.01 0.03 Not detected 

a,b The number of obtaining alleles was divided into the number of amino acids of each protein, and the 

results were reported as a ratio. 

 

 

 

 

Figure 1. The 3D structure of the M protein of SARS-CoV-2 (A). Two surface-exposed conformational B-

cell epitopes of M protein of SARS-CoV-2 were shown in yellow and red colors (B). 
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DISCUSSION 

SARS-CoV-2 is a new human-infecting 

Betacoronavirus divergent from SARS-

CoV. The phylogenetic analysis suggests 

that bats might act as the original hosts for 

this virus. However, the intermediate hosts 

are unknown and an animal sold at the 

seafood market in Wuhan should be the 

intermediate host. SARS-CoV-2 use 

Angiotensin-Converting Enzyme 2 

(ACE2) as a receptor to enter the target 

cells. This receptor is widely expressed in 

the heart, liver, testis, kidney, intestine 

cells, and other tissues. The RBD domain 

of S protein interacts with the ACE2 

receptor and mediates cell entry [44]. This 

virus causes severe lung pathology by 

inducing an inflammatory form of 

programmed cell death called pyroptosis. 

The exact pathogenic mechanism of this 

virus is still unclear. However, it is 

suggested that a viral protein directly 

interacts with inflammasome NLRP3 

(nucleotide-binding domain leucine-rich 

repeat (NLR) and pyrin domain-

containing receptor 3) and subsequently 

induces pro-inflammatory cytokines (IL-

1β and IL-18) production [45]. According 

to the Center for Systems Science and 

Engineering (CSSE) at Johns Hopkins 

University, in 2021, 96, 185, 360 

confirmed cases of Covid-19 and 2,057, 

743 deaths are reported worldwide [46]. 

Given the rapid spread of the disease as 

well as the high morbidity and mortality 

rate, design and manufacture a vaccine to 

prevent the disease seems necessary.  
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Figure 2. The 3D structure of the S protein of SARS-CoV-2 (A-C). Predicted linear B-cell epitopes were 

shown in red color (A). Two conformational B-cell epitopes according to IEBD results were shown in 

yellow and red colors (B). Surface-exposed conformational B-cell epitopes based on DiscoTope results 

were shown in red color (C). 

 

 

Figure 3. The 3D structure prediction of multi-epitope vaccine construct. This construct included the S2 

domain of S protein of SARS-COV2 and protrusion part of M protein. 

 

 

Act as the original hosts for this virus. 

However, the intermediate hosts are 

unknown and an animal sold at the seafood 

market in Wuhan should be the 

intermediate host [43].  
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Nowadays, numerous researchers have 

tried to design and develop an effective 

vaccine against coronavirus, and 

researchers are testing 41 vaccines in phase 

I, 22 vaccines in phase II, and 23 vaccines 

in phase III clinical trials. Moreover, 8 

vaccines are approved for limited and 2 

vaccines were approved for full use [47]. 

Several efforts have been attempted to 

design the inactivated vaccine formulations 

to get effective protection from SARS-

COV 2. Among the developed vaccines in 

phase III clinical trials, the Wuhan Institute 

of Biological Products produced an 

inactivated virus vaccine, BBIBP-CorV, 

which showed promising results in phase 

III trials and is currently approved for 

limited use in U.A.E [48]. Another 

inactivated virus vaccine launched Phase 

III trials in the U.A.E and Argentina named 

Sinopharm developed by the Beijing 

Institute of Biological Products [49]. 

Moreover, the CoronaVac by Sinovac 

Biotech and the Covaxin by Bharat Biotech 

has also inactivated virus vaccines in phase 

III trials.  

Although the inactivated vaccines are 

considered safe due to the absence of living 

pathogens and their inability to possible re-

infection, they might revert into virulent 

phases [50-52]. Also, some studies reported 

inflammation and lung lesion with 

eosinophil infiltration in the case of 

inactivated coronaviruses vaccines [52,53]. 

A few articles reported weaker immune 

response or delayed immune response in 

inactivated vaccines [54] which requires 

multiple dosages [55]. Therefore, weaker 

and unexpected immune response might be 

the major limitation associated with the use 

of inactivated vaccines. 

Another vaccine designing strategy is 

called the third generation vaccines or 

nucleic acid vaccines which use fragments 

of genetic material such as the S (Spike) 

protein as RNA vaccines. Although RNA 

vaccines can be quickly designed and easily 

manufactured, they induce a poor immune 

response. DNA vaccines could potentially 

integrate into the host genome, while there 

are concerns about the stability of RNA 

vaccines [56]. There are currently no 

approved DNA or RNA vaccines for 

medical use in humans [57]. 

Moderna in partnership with the National 

Institutes of Health (NIH) developed an 

approved mRNA vaccine to produce viral 

proteins in the body [58]. The mRNA-

1273, an mRNA vaccine that encodes a 

SARS-CoV-2 spike protein stabilized in 

the prefusion conformation, could protect 

against SARS-CoV-2 infection in the lungs 

and noses of mice without evidence of 
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immunopathology [59]. In this approach, 

the S protein residues 986 and 987 were 

mutated to produce prefusion-stabilized 

SARS-CoV-2 S (2P) protein. The efficacy 

of this vaccine is 94.5 % and needs 2 doses, 

4 weeks apart. Moderna vaccine can be 

stored with refrigeration for 30 days and at 

–4 °F (–20 °C) for 6 months. 

Another approved mRNA vaccine is 

developed by The German company 

BioNTech with collaborations of Pfizer, 

and the Fosun Pharma company named 

BNT162b1. This vaccine is a lipid-

nanoparticle-formulated, nucleoside-

modified mRNA encoding the trimerized 

Receptor-Binding Domain (RBD) of the 

spike glycoprotein of SARS-CoV-2 [60]. 

Nowadays, the injection of Pfizer-

BioNTech vaccine is approved in Canada, 

Saudi Arabia, the U.S, and other countries. 

The efficacy of this vaccine is 95 % and 

needs 2 doses 3 weeks apart. This vaccine 

must be stored only at –94 °F (–70 °C) so 

the distribution of it around the world may 

be challengeable.  

Adenovirus vector-based vaccines use the 

antigenic protein component of the 

pathogenic virus within a non-virulent 

vector and mimic the natural infection 

process with subsequent cellular and 

humoral immunogenicity [61]. It is difficult 

to rapidly design a vector-based vaccine for 

newly emerging viruses like SARS-CoV-2 

since it is necessary to know the exact 

epidemiology, genotoxicity, and virology 

of both pathogenic and vector viruses [19]. 

Also, the major disadvantage of this 

strategy is delayed immune response 

against the pathogenic virus, because the 

initial immune response is mainly due to 

the vector and not the pathogen [61]. 

Moreover, the risk of mutation and 

unexpected virulence ability of the 

engineered vector should not be overlooked 

[62]. An Adenovirus-based vaccine 

developed by Chinese company CanSino 

Biologics called Ad5, expressing the spike 

glycoprotein of a SARS-CoV-2 strain 

showed promising results and is currently 

approved for limited use in China [63]. 

Also, The Gamaleya Research Institute, 

part of Russia’s Ministry of Health, 

launched 3 phase clinical trials for a 

vaccine called Gam-Covid-Vac consisting 

of two adenoviruses, Ad5 and Ad26. A 

recombinant adenovirus type 26 (rAd26) 

vector and a recombinant adenovirus type 5 

(rAd5) vector, both carry the spike 

glycoprotein (rAd26-S and rAd5-S) gene 

for SARS-CoV-2. This is now approved for 

early use in Russia and negotiated to supply 

the vaccine to other countries as well [64]. 
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The AstraZeneca company and the 

University of Oxford developed a vaccine 

based on a chimpanzee adenovirus called 

(ChAdOx1 nCoV-19) expressing the 

SARS-CoV-2 full-length spike surface 

glycoprotein compared with a 

meningococcal conjugate vaccine 

(MenACWY) as control (19, 65). Another 

recombinant nanoparticle vaccine rSARS-

CoV-2 called NVX-CoV2373 composed of 

trimeric full-length SARS-CoV-2 Spike 

glycoproteins and Matrix-M1 adjuvant 

launched phase III clinical trials [66]. 

Recent advancements in vaccine 

development for SARS-COV suggested 

that the protein subunit vaccine designing 

is an ideal and safer option to design a 

vaccine against the SARS-CoV-2 virus. 

These vaccines include only essential 

antigenic protein subunits for stimulating 

the immunogenic responses. They are less 

likely to cause complications and adverse 

effects in vaccinated individuals because 

the antigenic components employed in 

protein subunit vaccines are purified and do 

not involve the use of pathogenic viruses 

[14]. Some studies reported the induction 

of immunogenic response, for instance 

neutralizing antibodies, IgA, IgG, Th-1, 

and Th-2 (67) [18,68,69]. The most 

important feature of these types of vaccines 

is their higher safety and a lower rate of 

adverse effects compared to the first 

generation of vaccines since actual 

naturally occurring viral components are 

not available [14]. Moreover, this approach 

provides an opportunity to design vaccines 

against multiple epitopes, for similar or 

different kinds of pathogen strains [16]. 

The lack of other viral components may 

lead to a poor or delayed immunogenic 

response, and this could be addressed by 

the use of appropriate adjuvants [17,68,70]. 

An outstanding advantage of subunit 

vaccines is their availability, rapid 

production, and potential enhancements by 

the use of effective adjuvants, particularly 

in the pandemic situation due to definite 

immunogenic components of protein 

subunits. Currently, there are many 

vaccines under pre-clinical studies using 

this platform. A notable example of a 

vaccine candidate designed based on this 

platform is developed by Novavax, which 

is currently in phase III clinical trial.  

In this study, we evaluated 3 structural 

proteins of SARS-CoV-2 to find the best 

putative vaccine candidate. In silico 

analysis demonstrated that among the 3 

studied proteins, E protein is not considered 

as the desired vaccine candidate because it 

lacks immunogenic epitopes. This result is 

consistent with the study of Nieto-Torres. 

They declared that E protein is consists of 
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76–109 amino acids in different types of 

coronaviruses and its immunogenicity is 

limited [71]. 

According to in silico results derived from 

the literature, the S protein is considered the 

most desirable vaccine candidate [72]. Not 

only the full-length protein, but also 

different parts of this protein such as NTD, 

S1 domain, and S2 domain have the 

potential to be considered as putative 

vaccine candidates.  

In this study, we evaluated the full-length S 

protein and discovered this protein is a 

promising vaccine candidate because the 

data showed the highest adhesion 

probability score and 1 transmembrane 

helix. Adhesions are important vaccine 

targets as they are critical for viruses to 

invade host cells. Moreover, the 

recombination and purification process of 

proteins containing more than 1 

transmembrane helix often leads to failure 

[73]. Although full-length protein can 

maintain the correct conformation of the 

protein and is capable of providing more 

epitopes and exhibiting higher 

immunogenicity, the S2 domain is more 

desirable because it is highly conserved 

among different strains of SARS-Cov2 and 

contains multiple immunogen epitopes. 

Therefore, we selected this part of the S 

protein to construct a Multiepitope-based 

Subunit Vaccine. Moreover, M protein is 

the most abundant protein in the virion and 

has a high antigenic propensity [74]. It was 

reported that immunization with the full 

length of M protein can induce neutralizing 

antibody production in SARS infected 

patients [75]. Due to this protein has 3 

transmembrane helices, we focused on 

protrusion parts and predicted 

conformational B-cell and MHC I binding 

epitopes and attached these epitopes to the 

S2 domain of S protein to design a multi-

epitope construct as a putative vaccine with 

the highest protection. According to the 

study of Jafari et al, we selected a Pro-Gly-

Pro-Gly linker, which demonstrated that 

this linker could be a good choice for fusion 

proteins especially subunit vaccine [76]. 

For designing a Multiepitope-based 

Subunit Vaccine, the instability index, and 

the half-life of the construct should be 

considered. For this purpose, we made two 

different constructs first including the M 

protein with the S2 domain and second 

including the S2 domain with the M 

protein. The ProtParam analyses showed 

that the first construct was stable and had 

more half-life and worthy to clone and 

express in a suitable host to evaluate its 

efficacy. Moreover, in the original form of 

S protein, the S2 domain is located on the 
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C terminal so the construct of M protein 

with the S2 domain was closer to the 

original conformation. 

In Silico Study conducted by Avinash and 

Bhuvnesh demonstrated that the spike 

protein of the SARS-CoV-2 has 65 

antigenic sites so can be considered as a 

promising vaccine candidate [77]. In 

another study designed by Singh et al., B-

cell, T-helper, and cytotoxic T-cell epitopes 

of Spike protein were selected and linked 

with GPGPG and AAY linkers as a vaccine 

candidate. Consistent with our study they 

focused on spike protein to introduce a 

promising vaccine candidate. However, 

besides the spike protein, we considered the 

importance of membrane protein for 

vaccine design [78]. In the study by 

Bhattacharya and colleagues, they 

collected 13 MHC-I and 3 MHC-II 9 mer 

epitopes of spike protein to construct a 

peptide-based vaccine against SARS-CoV-

2 [79]. Moreover, Normalina and 

colleagues supplied data regarding 

mutations in the S glycoprotein and 

proposed an epitope-based vaccine 

candidate against Indonesian SARS-CoV-2 

[80]. Then, Enayatkhani et al., have 

constructed a multi-epitope vaccine 

candidate based on three known antigenic 

proteins (Nucleocapsid, ORF3a, and 

Membrane protein) and showed that this 

chimeric protein could elicit humoral and 

cellular immune responses [81]. 

 

CONCLUSION 

Numerous vaccines against the SARS-

COV-2 virus were being developed and 

tested worldwide in early-phase studies and 

some vaccine candidates are already in 

phase III clinical trials for assessing their 

efficacy. Unfortunately, no effective 

medical interventions like vaccines have 

been provided for the treatment of this 

infection. There is an urgent need for a 

vaccine to control the existing pandemic, 

and due to the gene sequence homology of 

SARS-CoV and SARS-CoV-2, the past 

efforts of vaccine development against 

SARS and MERS will be of great value in 

the present scenario. The most commonly 

used antigen for vaccine development is the 

RDB S protein segment, and our data 

showed a highly antigenic nature to induce 

both humoral and cellular immune 

responses. In the present study, we used an 

integrated vaccinology approach to identify 

the surface-exposed peptides in lesser time 

and lower cost. Application of 

immunoinformatic tools and databases 

helped us to predict physicochemical 

characteristics, antigenicity, adhesion, 

subcellular localization, conservation, 3D 
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and 2D structures of the S protein, and then 

discover linear and conformational 

epitopes of B and T-cells. Finally, we 

designed an effective and specific vaccine 

candidate. 
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