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Abstract
Spike glycoprotein of SARS-CoV-2 is mainly responsible for the recognition and membrane fusion within the host and 
this protein has an ability to mutate. Hence, T cell and B cell epitopes were derived from the spike glycoprotein sequence 
of wild SARS-CoV-2. The proposed T cell and B cell epitopes were found to be antigenic and conserved in the sequence 
of SARS-CoV-2 mutant (B.1.1.7). Thus, the proposed epitopes are effective against SARS-CoV-2 and its B.1.1.7 mutant. 
MHC-I that best interacts with the proposed T cell epitopes were found, using immune epitope database. Molecular dock-
ing and molecular dynamic simulations were done for ensuring a good binding between the proposed MHC-I and T cell 
epitopes. The finally proposed T cell epitope was found to be antigenic, non-allergenic, non-toxic and stable. Further, the 
finally proposed B cell epitopes were also found to be antigenic. The population conservation analysis has ensured the pres-
ence of MHC-I molecule (respective to the finally proposed T cell) in human population of most affected countries with 
SARS-CoV-2. Thus the proposed T and B cell epitope could be effective in designing an epitope-based vaccine, which is 
effective on SARS-CoV-2 and its B.1.1.7mutant.
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1 Introduction

Coronaviruses belong to the family Coronaviridae. This 
family is divided into 4 genera, based on genomic structure 
and phylogenetic relationship as follows: Alphacoronavirus, 
Betacoronavirus, Gammacoronavirus and Deltacoronavirus 
(Cui et al. 2019). Betacoronavirus like Severe acute respira-
tory syndrome coronavirus (SARS-CoV) and Middle East 
respiratory syndrome coronavirus (MERS-CoV) infect 
humans. Some patients in December 2019 were found with 
pneumonia-like symptoms in Wuhan, China. The reason for 
infection was found to be a beta coronavirus. This novel 
virus has never been reported before and thus world health 

organization (WHO) named it as severe acute respiratory 
syndrome coronavirus (SARS-CoV-2) (Hui et al. 2020; Zhu 
et al. 2020). World health organization (WHO) has officially 
given the name COVID19 for the infection caused by SARS-
CoV-2 and declared it as a pandemic on 11 March 2020 
(World Health Organization 2020a, b). Globally, SARS-
CoV-2 infection has caused millions of deaths and mutation 
in the virus has made the situation uncontrollable. As of 30 
July 2021, 197 million cases and 4 million deaths have been 
reported globally (Worldometer 2021).

SARS-CoV-2 is a betacoronavirus that has a positive-
stranded ribonucleic acid (RNA) (Guo et al. 2020). Its 
3′ end contains genome that codes for the following four 
structural proteins: spike (S) protein, nucleocapsid (N) 
protein, membrane (M) protein and envelope (E) protein 
(Phan 2020). N protein codes for the RNA genome of 
SARS-CoV-2. S, M and E protein is present in the viral 
envelop of SARS-CoV-2. S protein is divided into two 
subunits. S1 subunit contains receptor binding domain, 
which is important for binding with the host receptor and 
S2 subunit is important for membrane fusion (Babcock 
et  al. 2004). Coronavirus infection is initiated by the 
interaction of S protein and the host cellular membrane 

 * Pritish Varadwaj 
 pritish@iiita.ac.in

 Vidhu Agarwal 
 mail2vidhu.alld@gmail.com

 Akhilesh Tiwari 
 atiwari@iiita.ac.in

1 Applied Sciences, Indian Institute of Information 
Technology, Allahabad, Deoghat, Jhalwa, Allahabad 211015, 
Uttar Pradesh, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s13721-021-00348-w&domain=pdf


 Network Modeling Analysis in Health Informatics and Bioinformatics (2022) 11:1

1 3

1 Page 2 of 13

(Schoeman and Fielding 2019). S protein is a very impor-
tant protein, because it is responsible for receptor binding, 
membrane fusion, internalization of the virus and initiat-
ing the infection inside the host. The genomic sequence of 
SARS-CoV-2 was first released by the Chinese scientists 
(Chen et al. 2020).

In a recent study, it has been reported that patients 
with B.1.1.7 mutation of SARS-CoV-2 get more severely 
infected, as compared to patients infected with SARS-CoV-2 
(Giles et al. 2021). Higher transmission rate of SARS-CoV-2 
B.1.1.7 mutant has been reported in 94 countries (Collier 
et al. 2021). It was first identified in United Kingdom (UK). 
This mutant contains a variation in S protein, which is 
mainly responsible for host recognition and its fusion (Pla-
nas et al. 2021).

Vaccine development plays an important role in elimina-
tion of the spreading virus (Patra et al. 2020). Historically, 
vaccination has saved lives of large human population from 
many pathogenic viruses. As compared to the traditional 
vaccination methods like live, killed and attenuated vac-
cines, epitope-based vaccine provide a much more rational 
method of vaccination. The reason could be the presence of 
specific component, derived from the same pathogen that 
could elicit an immune response inside the host (Twiddy 
et al. 2003).Vaccination is the most effective way to pre-
vent this disease, but mutations in SARS-CoV-2 could make 
these currently available vaccines ineffective. Further, most 
of the vaccine against SARS-CoV-2 utilize S protein for 
developing an immunogenic response in the host, but this 
S proteins are found to be mutated in B.1.1.7 SARS-CoV-2 
mutants (Shen et al. 2021). Hence, mutation in SARS-CoV-2 
virus genome could be a challenge for available drugs and 
vaccines. So, it becomes important to design a vaccine, 
which is effective againstSARS-CoV-2 mutant. The pro-
posed T and B cell epitopes of this study could be helpful 
for designing of epitope-based vaccine against SARS-CoV-2 
and its mutant (B.1.1.7).

2  Methods

The following flowchart describes the method as seen in 
Fig. 1.

2.1  S glycoprotein sequence retrieval

S glycoprotein FASTA sequences of wild SARS-CoV-2 
(PDB ID: 6XM4 and 6VXX) and B.1.1.7 SARS-CoV-2 
mutant (PDB ID: 7LWS and 7LVS) were retrieved from 
Protein data bank Research Collaboratory for Structural 
Bioinformatics (PDB RCSB).

2.2  T cell epitope prediction

NetCTL1.2 (Larsen et  al. 2007) found T cell epitopes, 
which were derived from the S glycoprotein sequence of 
wild SARS-CoV-2. These T cell epitopes are effective in 
eliciting an immune response in the host. This prediction 
method includes Major histocompatibility complex-I (MHC-
I) binding prediction, along with transporter associated with 
antigen processing (TAP) transport efficiency and protea-
somal C-terminal (CT) cleavage prediction. This type of 
epitope prediction is done taking into consideration of 12 
MHC supertypes. MHC class I binding and proteasomal CT 
cleavage is done by using artificial neural network (ANN) 
method, whereas TAP transport efficiency is detected by 
using weight matrix. The following parameters were used 
in the analysis: threshold—0.5 (for maintain the specific-
ity—0.94 and sensitivity—0.89), Supertype A1, Weight 
on CT and TAP transport efficiencies of 0.15 and 0.05, 
respectively.

Further, the immune epitope database (IEDB) analy-
sis tool (Buus et al. 2003) predicted MHC-I, which have 
a chance to bind with the T cell epitopes. MHC-I mole-
cule binding was calculated using Stabilized matrix-based 
method (SMM). Allele selection was done and the lengths 
of the epitopes were set to be 9.0, for proceeding with the 
binding analysis. This tool finally produced scores for the 
proteosomal processing, MHC-I binding, TAP transport 
and an overall score, which indicate the peptides intrinsic 
potential of a T cell epitopes. Similarly, T cell epitopes and 
their respective MHC-II molecules were derived from the 
IEDB analysis tool.

2.3  Physiochemical analysis of T cell epitopes

T cell epitope predictions that are effective in eliciting an 
immune response and are safe for the host, can save a lot of 
wet lab efforts. The following are the physiochemical prop-
erties that must be present for an effective, safe and stable T 
cell epitope: antigenicity, non-allergenicity, non-toxicity and 
stability. Based on these properties, 4 T cell epitopes were 
selected from the 23 T cell epitopes selected from the IEDB.

2.4  Antigenicity determination of T cell epitopes

Antigenicity determination predicts the epitopes’ capabili-
tyfor eliciting an immune response inside the host. VaxiJen 
v2.0 (Doytchinova and Flower 2007) predicts the protec-
tive antigens and vaccine subunits. This tool uses a novel 
alignment-free method of antigen prediction. Most of the 
other antigen prediction software uses alignment-based 
protein sequence, but the problem with such methods is 
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two proteins with a dissimilar sequence may have same 
structure and respective function. This method of antigen 
prediction allows classification of antigen based on the 
physicochemical properties of the protein.

2.5  Allergenicity determination of T cell epitopes

Allergenicity determination predicts the epitopes capabil-
ity of producing any kind of allergic reactions or hyper-
sensitivity. AllerTOP v. 2.0 (Dimitrov et al. 2014) defines 
whether epitope can be allergen or not. This tool uses auto 
cross covariance transformation method, which is applied 
for structure–activity relationship study of peptides.

2.6  Toxicity determination of the T cell epitopes

ToxinPred online server (Gupta et al. 2013) predicts the tox-
icity of the epitope. Toxicity prediction is done in order to 
check any kind of cross-reactivity or tolerance of the epitope 
inside the host. In this Swiss-Prot based (SVM) prediction 
method was used with an E-value cut-off value of 10 for the 
motif-based method. SVM threshold was set as 0.0.

2.7  Stability prediction of the T cell epitopes

ProtParam online server (Garg et al. 2016) computes the 
physical and chemical parameters that are stored in the 
SWISS-Prot or TrEMBL, like the stability of the epitope. 

Fig. 1  Shows the flowchart of the work done
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ProtParam tool computes molecular weight, pI, amino acid 
composition, atomic composition, extinction coefficient, 
estimated half-life, instability index, aliphatic index and 
grand average of hydropathicity (GRAVY). Here, we were 
mainly interested in computing the stability, which was 
revealed by instability index generated by ProtParam tool 
(Gasteiger et al. 2005).

2.8  Population coverage analysis of T cell epitopes

Population coverage analysis was done to check the pres-
ence of the MHC-I molecule that binds to the proposed T 
cell epitopes in the human population of the SARS-CoV-2 
affected countries. Because if these MHC-I molecules are 
present in the human population of the affected countries, 
then only they will bind to the T cell epitope for eliciting an 
immune response in the host against SARS-CoV-2. IDEB 
analysis tool was used for this population coverage analysis.

2.9  3D structure modeling of MHC‑I and T cell 
epitopes

As the 3D structure of the T cell epitopes and the MHC-I 
were not present in any database, they were 3D modeled. 
The T cell epitopes and MHC-I 3D structures were predicted 
and modeled using PEP-FOLDD v3.5 (Maupetit et al. 2009) 
and SWISS-MODELonline server (Waterhouse et al. 2018), 
respectively.

2.10  Molecular docking analysis of T cell epitopes

Molecular docking analysis of T cell epitopes were done in 
order to check the binding affinities between the chosen T 
cell epitopes and their corresponding MHC-I molecules that 
were derived from the immune databases. Autodock flex-
ible receptor (ADFR) v4.2 tool (Ravindranath et al. 2015) 
was used to do molecular docking for knowing the receptor- 
ligand interactions and binding affinities.

2.11  Molecular dynamics simulation of T cell 
epitope and MHC‑I complex

To mimic the physiological state of the T cell epitope and 
MHC-I complex, which has the highest affinity for each 
other were selected on the basis of docking results. This was 
done to check the atomic stability of the complex as a whole, 
using GROMACS v 2018.1 (Abraham et al. 2015) was used 
for doing molecular dynamic simulation. The simulation was 
run for 50 ns. The whole system containing the complex was 
made electrostatistically neutral by adding counter ions. The 
complex was solvated within TIP3P water box and mini-
mized using steepest descent method. Then, the complex 
was equilibrated with constant pressure and temperature 

(NPT) and steady volume and temperature (NVT). Then, to 
evaluate the structural and binding feature of the complex, 
root mean square deviation (RMSD) and root mean square 
fluctuations (RMSF) were calculated.

2.12  Presence of T and B cell epitope in SARS‑CoV‑2 
and its B.1.1.7 mutant

Multiple sequence alignment was done using ClustalW (Lar-
kin et al. 2007) for finding the presence of proposed T and 
B cell epitopes in S glycoprotein sequence of SARS-CoV-2 
(PDB ID: 6XM4 and 6VXX) and its B.1.1.7 mutant (PDB 
ID: 7LWS and 7LVS).

2.13  B cell epitope prediction

B cell epitopes interact with the B lymphocyte for eliciting 
immune response (Nair et al. 2002). Hydrophilicity, surface 
exposed, turns, accessibility, flexibility, antigenic propensity 
and polarity are the parameters of a protein that could be 
linked with the presence of continuous epitopes. These result 
in evolution of methods that use some predefined empirical 
rules, following which some protein sequence features can 
predict continuous epitopes. These predictions are based on 
propensity scale, which assigns a value to every amino acid. 
IEDB tool was used for identifying B cell epitopes and its 
antigenicity using different predefined methods. These B 
cell epitopes were derived from the S glycoprotein of wild 
SARS-CoV-2.

3  Results

3.1  T cell epitope prediction

T cells destroy the virus-infected cells if virus has already 
infected the host (Ledford 2021).This previous infection 
could be the result of virus causing infection or vaccina-
tion (Palm and Henry 2019). T cell present inside the host 
recognizes epitope, which are a part of viral protein to fight 
infection, effectively (da Silva and Hughes 1998). Protea-
some complex cleaves the peptide bonds and converts these 
proteins into small peptides. These small peptide molecules 
get associated with class-I MHC molecules and are further 
presented to T helper cells. These helper T cells are respon-
sible for initiating the production of antibodies and killer T 
cells, which finally destroys virus infected cells (Ledford 
2021).

The binding predictions of MHC-I and processing were 
done from IDEB tool that generates proteasomal CT pro-
cessing, TAP transport, MHC-I and processing score. The 
overall score predicts the peptides potential to be a T cell 
epitope as shown in Table S1. From the S glycoprotein 
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region of wild SARS-CoV-2, potential T cell epitopes were 
predicted using NetCTL server in a preselected environ-
ment. 23 T cell epitopes were found and used for the fur-
ther analysis as shown in Table S2. MHC-I binding predic-
tions resulted in a range of MHC-I alleles that interact with 
selected T cell epitopes. The MHC-I that were having high-
est binding affinity were chosen for further analysis. Further, 
T cell epitope prediction along with the MHC-II molecules 
was done using IEDB database analysis tool. This can be 
observed from table S5.

3.2  Physiochemical analysis of T cell epitopes

For an epitope to be effective and safe for the host, it must be 
antigenic, non-allergenic, non-toxic and stable. On the basis 
of these parameters four epitopes were selected for further 
analysis (LDSKVGGNY, SKVGGNYNY, NDLCFTNVY 
and GQTGKIADY), as shown in Table S3.

3.3  Population coverage analysis of T cell epitopes

The population coverage analysis of the proposed epitopes 
is shown in Table S4. T cell recognizes a complex of MHC 
and pathogen-derived epitope. This means that the particu-
lar MHC needs to be present in the individual so that it can 
binds to a particular T cell pathogen-derived epitope for elic-
iting an immune response. This is known as MHC restriction 
of T cell response. As MHC molecules are polymorphic and 
different human leukocyte antigen (HLA) alleles are pre-
sent in human population. If peptides are selected that binds 
with HLA with a high affinity and that HLA is present in 
target human population, then epitope-based vaccine could 
be more effective. Therefore, careful considerations must 
be taken care so that the vaccine is not ethnically biased. 
For the issue discussed above, IEDB population coverage 
analysis helps in calculating the fraction of individuals that 
contains the predicted MHC.

3.4  3D structure prediction of T cell epitopes

3D structure modeling of T cell epitopes was done using 
homology modeling approach using SWISS MODEL web 
server that is fully automated and freely available. Further, 
MHC-I were modeled using a de-novo approach, which 
predicts 3D structure of protein from its linear amino acid 
sequence.

3.5  Molecular docking analysis of T cell epitopes 
with their respective MHC‑I molecules

ADFR tool was used to find the binding affinities between the 
T cell epitope and MHC-I, which are having a lower value 
of  IC50 (as predicted from NetCTL server). GQTGKIADY 

T cell epitope binds with HLA-C*03:03 most strongly as 
described in Table 1, because it is having the highest binding 
affinity. Figure 2 shows the complex of GQTGKIADY T cell 
epitope and HLA-C*03:03.

Table 1  Shows the binding affinities between the 4  T cell epitopes 
and the MHC-I that have lowest value of  IC50

S. no T cell epitope MHC-I (having 
the lowest value 
of  IC50)

Binding 
affinity (kcal/
mol)

Status

1 LDSKVGGNY HLA-C*12:03 − 0.3 Rejected
2 SKVGGNYNY HLA-B*15:02 0.7 Rejected
3 NDLCFTNVY HLA-C*12:03 3.5 Rejected
4 GQTGKIADY HLA-C*03:03 − 0.7 Accepted

Fig. 2  Representation of a hydrogen bond interaction between GQT-
GKIADT (red colour shows the interacting residues and yellow col-
our shows the non-interacting residues of the T cell epitope) and 
HLA-C*03:03. b Position of T cell epitope GQTGKIADT (forest 
green) and B cell epitope TNLCPFG (red), TFKCYGVSPT (green), 
TGCVIA (blue), CYFPLQSY (magentas), ADYNYKLPDD (cyan), 
NSNNLD (purple blue), YGFQPT (yellow) and VRQIAPGTGKID 
(chocolate red) on spike protein of SARS-CoV-2 (PDB ID: 6VXX)
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R86, R93, Q94 and R121 interact with GQTGKIADT T 
cell epitope on S protein of SARS-CoV-2. These hydrogen 
bonding (H-bonding) interactions show the reason for the 
stability of GQTGKIADT and HLA-C*03:03 complex. This 
can be observed from Fig. 2a. Further, Fig. 2b shows that 
GQTGKIADT T cell epitope is present on the surface of S 
protein and hence accessible to MHC-I molecule.

3.6  Molecular dynamic (MD) simulation of T cell 
epitope and MHC‑I complex

MD simulations were applied for the modeled structure of 
the finally selected T cell epitope (GQTGKIADT) and their 
respective MHC-I (HLA-C*03:03) complex. The selection 
was made by considering the docking score. This was done 
in order to understand the stability and dynamics of the com-
plex for 50 ns in GROMACS. The system was solvated in 
TIP3P salvation box and CHARMM36 all atom force field.

Root mean square deviation (RMSD) was done in order 
to calculate the average distance of the backbone C-alpha 
(Cα) atom of the superimposed frames. RMSD quantifies the 
structural stability of a protein complex (Khan et al. 2021). 
An initial change can be observed between 0 and 10 ns. 
After that, another change is observed between 30 and 40 ns, 
after which the system gets quite stable. As observed from 
the Fig. 3a, the complex of T cell epitope GQTGKIADT and 
HLA-C*03:03 is stable after 40 ns. Next, Root mean square 
fluctuation (RMSF) was applied to the system trajectories as 
observed in Fig. 3b. RMSF calculates the average residual 
mobility of complex residues from its mean position. Minor 
fluctuations can be observed, which mean that the complex 
is stable, except between 30 and 40 ns.

3.7  Presence of T cell epitope in SARS‑CoV‑2 mutant

Further, the presence of T cell epitope GQTGKIADT was 
also found in SARS-CoV-2 B.1.1.7 mutant, as shown in 
Fig. 4. This means that the proposed T cell epitope GQTG-
KIADT can be used in designing an epitope-based vaccine 
against SARS-CoV-2 and its mutant (B.1.1.7).

3.8  B cell epitope identification

When an antigenic molecule encounters a B cell, it prolifer-
ates into antibody-producing effector cells. Further, these 
effector cells produce antibodies, which are helpful in fight-
ing against infection (Alberts et al. 2002). The epitopes 
are the part of antigen that are responsible for evoking the 
immunogenic response in the host cell. A different analysis 
method was used from IEDB tool to identify B cell epitope. 
This tool uses amino acid scale-based method.

3.9  Prediction method of Kolaskar and Tongaonkar 
(KT) antigenicity

The determination of antigenicity was as per the physico-
chemical properties of the amino acids. The average antigenic 
propensity of the S glycoprotein from wild SARS-CoV-2 was 
1.043, with a maximum value (1.214) and minimum value 
(0.907). The antigenic determination threshold was 1.043 
(> 1.00 are potential antigenic determinants). The resultant six 
epitopes were satisfying the threshold and so they have the 
ability for expressing B cell response. Results are summarized 
and shown in Fig. 5 and Table 2.

Fig. 3  a RMSD and b RMSF plot of T cell epitope GQTGKIADT 
and HLA-C*03:03 complex
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3.10  Prediction method of Emini surface 
accessibility

For being a potential B cell epitope, it must be accessi-
ble to the surface. Therefore, this method is used to pre-
dict the peptide surface accessibility. The average value of 
peptide antigenic propensity was 1.00, with a maximum 
value (4.805) and minimum value (0.073). The antigenic 

determination threshold was 1.00. The region between 90 
and 100 amino acid residues was found to be more acces-
sible in the conserved S glycoprotein of SARS-CoV-2 as 
shown in Fig. 6 and Table 3.

3.11  Prediction method of Karplus and Schulz (KS) 
flexibility

Experimentally, the antigenicity is correlated with its pep-
tide flexibility (Rose et al. 1985). Therefore, this method was 
implemented to investigate the flexibility of the peptide. The 
average value of peptide antigenic propensity has been found 
to be 0.989, with a maximum value (1.112) and minimum 
value (0.896). The antigenic determination threshold was 
found to be 0.989. The region from 80 to 88 amino-acid was 
found to be the most flexible as shown in Fig. 7.

3.12  Prediction method of Bepipred linear epitope

This method uses hiddenmarkov model (HMM) method 
(Most suitable method for linearB cell epitope prediction). 

Fig. 4  T cell epitope conserved in spike glycoprotein of SARS-CoV-2 (PDB ID: 6VXX and 6XM4) and its mutant (PDB ID: 7LWS and 7LWV)

Fig. 5  Kolaskar and Tongaonkar antigenicity analysis of the conserved region of spike glycoprotein of SARS-CoV-2

Table 2  B cell epitopes that have the potential to elicit an immune 
response, as predicted from Kolaskar and Tongaonkar antigenicity 
analysis of the spike glycoprotein of wild SARS-CoV-2

S. no Start End Peptide Length Antigenic score

1 4 10 TNLCPFG 7 1.1812
2 47 56 TFKCYGVSPT 10 1.5059
3 101 106 TGCVIA 6 0.4716
4 159 166 CYFPLQSY 8 0.9394
5 176 198 YQPYRVVVLS-

FELLHAPAT-
VCGP

23 0.4697
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The average antigenic propensity of the peptide was 0.075, 
with a maximum value (1.896) and minimum value (0.021). 
The antigenic determination threshold was 0.350. Peptide 
sequence from 165 to 178 is capable of induction of the 
desired immune response from the B cellepitope. The result 
is shown in Fig. 8 and Table 4.

3.13  Prediction method of Chow and Fasman (CF) 
beta‑turn

Often, the beta turns are hydrophilic and accessible. These 
two properties are of the antigenic region of a protein (Mar-
shall 2004) and so this method was used. The average value 
of antigenic propensity for peptide was 1.044, with a maxi-
mum value (1.397) and minimum value (0.694). The anti-
genic determination threshold was 1.044. The region of the 
peptide from 141 to 179 was considered as a beta turn region 
as shown in Fig. 9.

3.14  Presence of B cell epitope in SARS‑CoV‑2 
mutant

TNLCPFG, TFKCYGVSPT, TGCVIA, CYFPLQSY, 
ADYNKLPDD, NSNNLD, YGFQPT, VRQIAPGQTG-
KIAD, NNLDSKVGG and YQAGSTPCNGV are B cell 
epitopes that are effective against SARS-CoV-2 and its 
mutant (B.1.1.7). Conserved B cell epitopes TNLCPFG, 
TFKCYGVSPT, TGCVIA and CYFPLQSY are shown 
in Fig. 10a, ADYNKLPDD, NSNNLD and YGFQPT are 
shown in Fig. 10b, VRQIAPGQTGKIAD, NNLDSKVGG 
and YQAGSTPCNGV are shown in Fig. 10c.

4  Discussion

Advancement in computational biology and sequence-based 
technology has led to development of huge database, which 
could be used in the treatment of infection. Therefore, an 
effort has been made in this paper to find a novel T cell 
epitope and some B cell epitopes, which show antigenic 
response against SARS-CoV-2 and its mutant B.1.1.7.This 
study is an in silico-based study and the data have been 
extracted from the various immune databases, but such a 
type of study has previously been validated with wet-lab 
results (Shrestha and Diamond 2004). So, the proposed B 
and T cell epitope could also be effective in eliciting an 
immune response against SARS-CoV-2 and its mutant 
(B.1.1.7).

Fig. 6  Emini surface accessibility prediction of the spike glycoprotein derived from wild SARS-CoV-2

Table 3  B cell epitopes that are accessible at the surface, as predicted 
from Emini surface accessibility analysis of the spike glycoprotein of 
wild SARS-CoV-2

S. no Start End Peptide Length Antigenic score

1 90 99 ADYNYKLPDD 10 0.6956
2 108 113 NSNNLD 6 1.1859
3 126 139 LFRKSNLKP FERDI 14 0.3610
4 165 171 YGFQPT 6 1.6231
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SARS-CoV-2 is a virus containing RNA as a genetic 
material and so gets mutated more frequently (Manzin et al. 
1998). The genome size is 29,700 bases. This genome con-
tains 14 open reading frames (ORFs) and 4 structural pro-
tein S, E, M and N. Interaction between SARS-CoV-2 S 

protein and ACE (angiotensin-converting enzyme) results 
in internalization and fusion within the host (Joshi et al. 
2020a, b).This initiates the multiplication of SARS-CoV-2 
within the host cells and causes respiratory damages (Joshi 
et al. 2020a, b). S protein can induce a faster and long-lived 

Fig. 7  Karplus and Schulz flexibility prediction of the spike glycoprotein derived from wild SARS-CoV-2

Fig. 8  Bepipred linear epitope prediction of the spike glycoprotein derived from wild SARS-CoV-2
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mucosal immune response, as compared to the other pro-
teins of the virus (Khan et al. 2014). Hence S glycoprotein 
could be a suitable target for combating SARS-CoV-2 infec-
tion. But mutations mostly occur at the outer membrane S 
glycoprotein and increase the sustainability of the virus by 
escaping the humoral and cell-mediated immune response 
(Ma et al. 2014).

SARS-CoV-2 infection is spreading very fast, resulting 
in deaths of millions and economic losses due to lockdown 
(Khan et al. 2021).Vaccines are one of the most suited 
ways of combating such infections. But mutation in the 
virus could make these vaccines ineffective (Akhtar et al. 
2020). So, one should proceed with designing of vaccines, 
which are effective against both wild and mutated species 
of the virus. In this direction, we have derived 23 T cell 
epitopes from the S glycoprotein of wild SARS-CoV-2. 
MHC-I that best interacts with these 23 T cell epitopes 
have been found. Further, from the 23 T cell epitopes 4 T 

cell epitopes were found to be antigenic, non-allergenic, 
non-toxic and stable. Molecular docking studies were done 
in order to ensure a good binding of the MHC-I mole-
cule with their respective T cell epitopes. Finally, it was 
revealed that T cell epitope (GQTGKIADY) binds with 
HLA-C*03:03, with a high binding affinity and is found 
to be stable in molecular dynamic simulations after 40 ns. 
The population conservation analysis has ensured the pres-
ence of HLA-C*03:03 in the human population of the most 
affected countries with SARS-CoV-2. Further, some T cell 
epitope and its antigenic scores were also calculated along 
with their respective MHC-II molecules.

Finally, a novel T cell epitope GQTGKIADY was found 
that is antigenic, non-allergenic, non-toxic and stable. It 
binds with C*03:03 with good affinity and is found in the 
human population of countries affected by SARS-CoV-2 
like China, India, Russia, United kingdom, United states 
and Italy. Further, it was found that GQTGKIADY is con-
served in S glycoprotein of wild and B.1.1.7 mutant of 
SARS-CoV-2. Hence, GQTGKIADY is a novel epitope, 
which could be utilized for development of epitope-
based vaccine for SARS-CoV-2 and its B.1.1.7 mutant. 
Further, some B cell epitopes were found to be antigenic 
and conserved in SARS-CoV-2 and its B.1.1.7 mutant 
like TNLCPFG, TFKCYGVSPT, TGCVIA, CYFPLQSY, 
ADYNKLPDD, NSNNLD, YGFQPT, VRQIAPGQT-
GKIAD, NNLDSKVGG and YQAGSTPCNGV. These 
epitopes can also help in developing immunogenic 
response against SARS-CoV-2 and its B.1.1.7 mutant. 

Table 4  B cell epitopes that are capable of producing a desired 
immune response, as predicted from Bepipred linear epitope analysis 
of the spike glycoprotein of wild SARS-CoV-2

S. no Start End Peptide Length Antigenic score

1 78 91 VRQIAPGQTGKIAD 14 1.2606
2 110 118 NNLDSKVGG 9 0.8904
3 144 154 YQAGSTPCNGV 11 0.0881
4 166 177 YGFQPTNGVGYQ 12 0.7136

Fig. 9  Chou and Fasman beta-turn prediction of the spike glycoprotein derived from wild SARS-CoV-2
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Fig. 10  B cell epitope conserved in spike glycoprotein of SARS-CoV-2 (PDB ID: 6VXX and 6XM4) and its mutant (PDB ID: 7LWS and 
7LWV) derived from a Kolaskar and Tongaonkar antigenicity analysis. b Emini surface accessibility analysis. c Bepipred linear epitope analysis
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This can lead to development of epitope-based vaccine, 
which is effective against both wild and B.1.1.7 mutated 
SARS-CoV-2.

5  Conclusion

A novel T cell epitope GQTGKIADY was found in this 
study, which is antigenic, non-allergen, non-toxic and sta-
ble. GQTGKIADY epitope binds well with HLA-C*03:03, 
as revealed by molecular docking and molecular dynamic 
studies. HLA-C*03:03 was found in the human population 
of China, India, Russia, United kingdom, United states and 
Italy, and hence its effective binding with GQTGKIADY 
epitope could result in eliciting good immunogenic response 
in human population of these countries. Further, some B 
cell epitopes were found to be antigenic. These T and B 
cell epitopes were derived from wild SARS-CoV-2 and 
found to be conserved in B.1.1.7 mutant of SARS-CoV-2. 
These novel T and B cell epitopes can be used for design-
ing of epitope-based vaccine against SARS-CoV-2 and its 
B.1.1.7 mutant. The limitation of this work is that the pro-
posed epitopes are not effective against all the SARS-CoV-2 
mutants.
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