
Epitope-Based Vaccine Design against Novel Coronavirus 
SARS-CoV-2 Envelope Protein

The SARS-CoV-2 has recently emerged as a human
pathogen infected 23.59.346 confirmed cases globally 

and 161.975 deaths by April 19, 2020.[1] SARS-CoV-2 is an 
enveloped, 29811 bp positive-sense RNA genome virus 
that belongs to the genus betacoronavirus and contains 
both structural and nonstructural proteins. It is transmit-
ted through airborne droplets and spreads rapidly through 
person-to-person, as well as from contact with infected 
surfaces and objects.[2–6] Structural proteins play a crucial 
role in fusion, virion assembly, morphogenesis and entry 
into the host cell. Becausee of these properties structural 
proteins are important targets for vaccine and antiviral 
drug development.[7] The E protein is a structural protein 

which acts as a viroporin and self-assembles in host mem-
branes forming pentameric protein-lipid pores that allow 
ion transport and plays a role in the induction of apoptosis. 
The critical function of the E protein can be a breakthrough 
in vaccine design and development.[8, 9] 

Pandemic SARS-CoV-2 vaccines are not currently avail-
able for treatment, developing an effective treatment for 
SARS-CoV-2 is therefore a research priority. The design of 
novel vaccines against viruses are time-consuming and 
expensive processes using kits and antibodies.[10] Thus, 
we chose immune-informatics methods, which are much 
efficient and more applicable for deep analysis of viral 
antigens, prediction of B- and T- cell linear epitope and 
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evaluation of immunogenicity and virulence of patho-
gens. B-cell can recognize and activate defense responses 
against viral infection, while T-cell and antibody reactions 
may recover severe respiratory infection. In this article, 
we applied an Immuno-informatics approach to identify 
potential B- and T-cell epitopes based on the E protein 
of SARS-CoV-2. The antigenicity of the selected epitopes 
was estimated and their interactions with the human 
leukocyte antigen (HLA) alleles were evaluated for MHC 
class-I epitopes. Allergenicity, toxicity, stability and physi-
cochemical properties were also investigated for explor-
ing the antigenicity, stability and safety of the identified 
epitopes. Some of these identified epitopes can be used 
as promising vaccine candidates. 

Methods

Data Retrieval and Structural Analysis
The amino acid sequence of SARS-CoV-2 envelope protein 
was taken from the NCBI database using accession number 
NC_045512.[11] The 3D structure of E protein was obtained 
by applying the homology swiss-model available at online.
[12] The E protein sequence was examined by Protparam 
for physicochemical properties, including grand average 
of hydropathicity (GRAVY), half-life, stability index, mo-
lecular weight and amino acid atomic composition.[13] The 
transmembrane topology of E protein was examined using 
TMHMM v2.0 (http://www.cbs.dtu.dk/services/TMHMM/) 
and the secondary structure was analyzed by PSIPRED.[14] 
An online tool DIANNA v1.1 using a trained neural system 
to predict was used to examine the presence of disulfide-
bonds.[15] The antigenicity of full-length E protein was eval-
uated by Vaxijen v2.0.[16]

B-Cell Epitope Prediction
IEDB (Immune-Epitope-Database And Analysis-Resource)
[17] with default parameter settings was used to predict 
‘B-cell epitopes’. Epitopes predicted by linear epitope pre-
diction of Bepipred and Bepipred 2.0, Kolaskar and Tonga-
onkar antigenicity, Parker hydrophilicity, Chou and Fasman 
beta turn, and Karplus and Schulz flexibility. BcePred[18] 
was also used to predict B-cell epitopes using accessibility, 
antigenic propensity, exposed surface, flexibility, hydrophi-
licity, polarity and turns.

B-cell epitopes predicted by IEDB and BcePred were com-
bined to the B-cell epitope candidate list. Based on trans-
membrane topology of E protein predicted by TMHMM 
v2.0, only epitopes on the outer surface were left, and oth-
er intracellular epitopes were eliminated VaxiJen 2.0[16] was 
applied to evaluate the antigenicity of the remaining epi-
topes. A stringent criteria was used to have an antigenic-

ity score of 0.4946 and 7 residue-length epitopes deemed 
adequate to Initiate a defensive immune reaction.

T-Cell Epitope Prediction
Cytotoxic T-lymphocyte epitopes are important in vaccine 
development. The Peptide_binding_to_MHC_class_I_
molecules tool of IEDB and HLA class I set[19] was em-
ployed to predict MHC class I binding T-cell epitopes for 
E protein. The Peptide_binding_to_MHC_class_II_mol-
ecules tool of IEDB and HLA class II set[20] was used to pre-
dict T-cell epitopes for E protein. Percentile rank with a 
threshold of 1% for MHC class I binding epitopes and 10% 
for MHC class II binding epitopes were used to filter out 
peptide-allele with weak binding affinity. The antigenicity 
score of each epitope was calculated by VaxiJen v2.0. A 
high stringent standard was used to filter peptides with 
an antigenicity score equal to or greater than 0.6, with the 
number of binding alleles greater than or equal to 3 for 
MHC class I binding epitopes and equal to 5 for MHC class 
II binding epitopes.

Characterization of Selected B-Cell and T-Cell 
Epitopes
All selected B-cell and MHC class I and II binding T cell 
epitopes were examined for allergenicity, hydrochemical 
and physicochemical features, toxicity and digestion. The 
allergenicity of B-cell and T-cell epitopes was assessed by 
Allergen FP 1.0 (http://ddg-pharmfac.net/AllergenFP/). 
The toxicity of B-cell and T-cell epitopes along with hydro-
phobicity, hydropathicity, hydrophilicity, molecular weight, 
steric hindrance, and charge were evaluated by ToxinPred 
(https://webs.iiitd.edu.in/raghava/toxinpred/index.html). 
The peptides digested by fewer enzymes are more stable 
and favorable vaccine candidates. The protein digest serv-
er (‘http://db.systemsbiology.net:8080/proteomicsToolkit/
proteinDigest.html’) was used for the digestion of B- and T-
cell epitopes by 13 enzymes including Trypsin, Chymotryp-
sin, Clostripain, Cyanogen Bromide, IodosoBenzoate, Pro-
line Endopept, Staph Protease, Trypsin K, Trypsin R, AspN, 
Chymotrypsin (modified), Elastase, and Elastase/Trypsin/
Chymotrypsin.

Protein-Epitope Interaction Evaluation
The 3D structure of human HLA-B35:01(PDB ID: 1A9E) at a 
resolution of 2.5 Å, HLA-B*51:01 (PDB ID: 1E27) at a resolu-
tion of 2.2 Å and HLA-B*53:01 (PDB ID: 1A1O) at a resolu-
tion of 2.3 Å were downloaded from the protein data bank 
(RCSB PDB) and used to evaluate their interactions with 
selected epitopes. Protein-peptide interactions were per-
formed by PepSite[21] with the top prediction selected from 
a total of 10 epitope-protein interaction reports.
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Conservation Analysis of Selected B- and T-Cell 
Epitopes
The E protein sequences were taken from an open-access 
database http://covdb.popgenetics.net/v2/ and NCBI. 
Multiple sequence alignment was performed by online 
clustal omega [ref ] against the E protein collected from 
different locations. The selected epitopes were examined 
for their variability and conservation using an online PSV 
web server.[22]

Results

Structural Analysis of Envelope Protein of  
SARS-CoV-2
The Protparam software demonstrates that E protein con-
tains 75 amino acids (AA) with a molecular weight of 8.36 
kDa. Of the 75 residues, 3 (AA) were negatively charged and 
5 (AA) were positively charged. The theoretical isoelectric 
point (PI) of the E protein was 8.57, representing its positive 
nature. The instability-index (II) was calculated as 38.68, 
which classified the E protein as stable. Aliphatic-index was 
144.00 with a grand average of hydropathicity (GRAVY) 
value of 1.128, indicating high hydrophobic nature inside 
the chain. The half-life of the S protein was estimated as 30 
hours for mammalian reticulocytes (in vitro), 20 hours for 
yeast (in vivo), 10 hours for Escherichia coli (in vivo), which 
determine the total time taken for its disappear after it has 
been synthesized in the cell. The Carbon, Hydrogen, Nitro-
gen, Oxygen and Sulfur numbers of a total of 1213 atoms 
were formulated as C390H625N91O103S4. The Second-
ary structure of the E protein was generated by PSIPRED[14] 
which showed that Helixes (77.33%) and coil (22.66%) are 
present in structure (Fig. 1). Disulfide (S-S) bonds were iden-
tified by DiANNA (Fig. 2). The antigenicity of the full-length 
E protein was measured by Vaxijen, which confirmed that 
the E protein (0.6025) had an antigenicity score greater 
than the S protein antigenicity (0.4646).[16] The transmem-
brane protein topology predicted by TMHMM showed that 
residues 1 to 11 were inside the transmembrane region, 
and residues 12 to 34 were within the core-region, and resi-

dues 35 to 75 were exposed on the surface of the E protein 
(Fig. 3).

Identification of B-Cell Epitopes
B-cell epitopes can direct B-cell to recognize and operate 
defense mechanisms against viral infection. Recognition of 
B-cell epitopes depended on predictions of linear epitopes, 
antigenicity, hydrophilicity, surface accessibility, beta-turn 
and flexibility.[23] B-cell epitopes of E protein were pre-
dicted using IEDB.[17] A total of 4 linear epitopes (two epi-
topes each) were identified by Bepipred and Bepipred2.0. 
Kolaskar and Tongaonkar antigenicity of E protein was 

Figure 1. Secondary structure of E protein obtained by PSIPRED.

Figure 2. Identified disulfide bonds by DiANNA.

Figure 3. Envelope protein transmembrane topology predicted by 
TMHMM.
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analyzed with default parameter settings to assess the 
physicochemical properties. The antigenic affinity value of 
E protein was 1.119 (average), 0.947 (minimum) and 1.262 
(maximum) (Fig. 4a). Hydrophilic regions play a fundamen-
tal role in initiating an immune response, which is generally 
uncovered on the surface of a protein. The Parker hydrophi-
licity of E protein was estimated as -0.911 (average), -6.843 
(minimum) and 4.929 (maximum) (Fig. 4b). To find the sur-
face availability of B-cell epitopes, Emini surface accessibil-
ity was predicted for E protein with an average of 1.00, a 
minimum of 0.088, and a maximum of 4.316 (Fig. 4c). The 
surface exposure and hydrophilic nature of beta constitute 
a vital structure in the initial defense response. Therefore, 
we predicted that the Chou and Fasman beta-turn would 
result In 0.883 (average), 0.554 (minimum) and 1.264 (maxi-
mum) in E protein (Fig. 4d). We estimated the Karplus and 
Schulz flexibility of E protein and the result was 0.965 (av-
erage), 0.894 (minimum), and 1.081 (maximum) (Fig. 4e). 
B-cell epitopes were selected based on the combination 
of results. BcePred[18] was used to predict B-cell epitopes 
using accessibility, antigenic propensity, exposed surface, 
flexibility, hydrophilicity, polarity and turns. Overall, we ob-
tained a totally 11 B-cell epitopes (Table 1).

The antigenicity of predicted B-cell epitopes was further 
evaluated by VaxiJen v2.0 with a high stringent thresh-
old of 0.4649. Based on the transmembrane topology of E 
protein predicted by TMHMM v2.0, intracellular epitopes 

were eliminated. B-cell epitopes with residue length from 
7 to 16 were obtained, including “NSSRVPD”, “SRVPDLLV”, 
“LCAYCCNIV” and “SRVKNLNSSRV” (Table 1).

Allergenicity, Toxicity and Stability Analysis of 
B-Cell Epitopes
The allergenicity of B-cell epitopes was determined by Al-
lergen FP 1.0, indicating that all four B-cell epitopes were 
predicted to be non-allergenic. Toxicity, steric hindrance, 
hydrophobicity, hydropathicity, hydrophilicity, amphipa-
thicity, molecular weight, net hydrogen, isoelectric point 
and charge of B-cell epitopes were evaluated by ToxinPred, 
a support vector machine (SVM) based method (Fig. 5). The 
result Indicates that three of the four B-cell epitopes were 
non-toxic. The stability of B-cell epitopes was evaluated 
through the number of peptides digesting enzymes by the 
protein digest server. All B-cell epitopes were found to have 
multiple non-digesting enzymes. 

Identification of T-Cell Epitopes
The peptide binding to MHC class I molecules tool of IEDB 
and HLA class I set[19] was used to predict T-cell epitopes 
for E protein. A threshold percentile of 1% was applied to 
filter the peptide-allele with weak binding affinity. The an-
tigenicity score of each peptide was determined by VaxiJen 
v2.0 to calculate its antigenicity. A peptide having both a 
high antigenicity score and capacity to bind with a larger 

Figure 4. Linear epitope identification of IEDB resource analysis. (a) Antigenicitybased prediction by Kolaskar and Tongaonkar scale. (b) Hy-
drophilicity based prediction by Parkar Hydrophilicity software. (c) Surface accessibility based by Emini surface accessibility software. (d) Beta 
turn based prediction using Chou & Fasman beta turn program. (e) Flexibility based prediction by Karplus & Schulz scale.
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number of alleles is considered to have high potential to 
initiate a strong defensive response. A high stringent cri-
teria were used to filter peptides with antigenicity scores 
greater than or equal to 0.7 and the number of binding 
alleles greater than or equal to 6. Using the evaluation 
method on the peptide ‘FLLVTLAIL’, the highest antigenicity 
score Is 0.9694 and binds with more than six alleles includ-
ing A*68:01, B*35:01, A*57:01, B*58:01, B*40:01, B*44:02 
and A*33:01. The peptide ‘VSLVKPSFY’ has the highest 
number of binding MHC class-I alleles (25 alleles), including 
B*35:01, B*53:01, A*23:01, B*58:01, A*24:02, and B*08:01 
with an antigenicity score of 0.7476. The peptide bind-
ing to MHC class II molecules tool of IEDB and HLA class II 
set[20] was used to identify T-cell epitopes for E protein. A 

threshold percentile of 10% was applied to filter peptide-
allele with weak binding affinity. The antigenicity score of 
each peptide was determined by VaxiJen v2.0 to calculate 
its antigenicity. A high stringent standard was applied to 
filter peptides with antigenicity score greater than or equal 
to 0.7 and the number of binding alleles greater than or 
equal to 5. The peptide ‘LLFLAFVVFLLVTLA’ has the highest 
antigenicity score of 0.8122. 

Allergenicity, Toxicity and Stability Analysis of 
T-Cell Epitopes
The allergenicity of T-cell epitopes was determined by Al-
lergen FP 1.0, indicating that five of the six T-cell epitopes 
were predicted to be non-allergenic. The toxicity, steric hin-
drance, hydrophobicity, hydropathicity, hydrophilicity, am-

Figure 5. Epitopes toxicity results obtained by ToxinPred.

Table 1. Predicted epitopes with their sequence, length, antigenicity, allergenicity, toxicity, stability and type of epitope

Epitope Sequence  Length  Antigenicity  Allergenicity  Toxicity Stability (Yes/No) Type of Epitope

NSSRVPD 7 0.4934 Non-Allergen Non-Toxic Y B-cell
SRVKNLNSSRV 11 0.6816 Non-Allergen Non-Toxic Y B-cell
YVYSRVKNLNSSRVPD 16 0.5457 Allergen  Non-Toxic Y B-cell
YCCNIVNVSLVKPSFYVYSRVK 22 0.8817 Non-Allergen Non-Toxic N B-cell
SRVPDLLV 8 0.5064 Non-Allergen Non-Toxic Y B-cell
LCAYCCNIV 9 0.7349 Non-Allergen Toxic Y B-cell
PSFYVYSRVKNLNSSRVP 18 0.5796 Non-Allergen Non-Toxic Y B-cell 
NIVNVSLVKPSFYVYSRVKNLNSSRVPD 28 0.7457 Non-Allergen Non-Toxic N B-cell
LAFVVFLLV 9 0.7976 Non-Allergen Non-Toxic Y MHC I T-cell
FLLVTLAIL 9 0.9694 Non-Allergen Non-Toxic Y MHC I T-cell
FVVFLLVTL 9 0.7403 Allergen Non-Toxic N MHC I T-cell
VSLVKPSFY 9 0.7476 Non-Allergen Non-Toxic Y MHC I T-cell
LLFLAFVVFLLVTLA 15 0.8122 Non-Allergen Non-Toxic Y MHC II T-cell
TLAILTALRLCAYCC 15 0.7304 Non-Allergen Toxic Y MHC II T-cell
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phipathicity, molecular weight, net hydrogen, isoelectric 
point and charge of the T-cell epitopes were evaluated by 
a ToxinPred, support vector machine (SVM) based method. 
(Fig. 5). The result Indicates that four out of the five B-cell 
epitopes were non-toxic, while ‘TLAILTALRLCAYCC’ was a 
toxic epitope. The stability of T-cell epitopes was evaluated 
through the number of peptides digesting enzymes by the 
protein digest server. All T-cell epitopes were found to have 
multiple non-digesting enzymes.

Interaction of T-Cell Epitopes with HLA Alleles
Protein-peptide interactions are critical in cellular sig-
naling pathways. The two MHC class-I binding epitopes, 
‘FLLVTLAIL’ and ‘VSLVKPSFY’, were considered to be non-
allergic and non-toxic. Both epitopes were predicted to 
bind to HLA-B35:01, HLA-B*51:01, and HLA-B*53:01. The 
3D structure of human HLA- B35:01(PDB ID: 1A9E),[24] HLA-
B*51:01 (PDB ID: 1E27)[25] and HLA-B*53:01 (PDB ID: 1A1O)
[26] proteins were accessible with co-crystallized peptides in 
the PDB database. Protein-peptide interactions were per-
formed by PepSite,[21] 10 epitope-protein interactions were 
reported. 

The epitope ‘FLLVTLAIL’ was predicted to bind signifi-
cantly on the surface of HLA-B35:01(PDB ID: 1A9E) via 
six hydrogen bonds with Phe-1, Thr-5, Leu-6, Ala-7, Ile-8. 
Epitope ‘FLLVTLAIL’ bond moderately significantly to HLA-
B35:01(PDB ID: 1A9E) via six hydrogen bonds with Phe-1, 
Leu-3, Ala-7. Similarly, both epitope ‘FLLVTLAIL’ and ‘VSLVK-
PSFY’ show strong and stable binding with HLA-B*51:01 
(1E27) residues and HLA-B*53:01 (PDB ID: 1A1O) residues, 
respectively (Fig. 6).

Conservation of B- and T-Cell Epitopes 
The amino acid sequences of E protein were obtained and 
MSA (https://www.ebi.ac.uk/Tools/msa/muscle/) was per-
formed on sequences combined with predicted B-cell and 
T-cell epitopes. No mutations were observed in all selected 
epitopes confirming that all selected epitopes were con-
served in all sequences used in the analysis (Fig. 7). 

Discussion
The emergence of SARS-CoV-2 is a daunting situation for 
the whole society, so there is a vital need for medications 
and preventive measures. The SARS-CoV-2 survives in the 

Figure 6. Results obtained by PepSite showing interaction between human leucocyte antigen and E protein linear epitope. (a) 1A1O and 
“FLLVTLAIL” (b) 1A9E and “FLLVTLAIL” (c) 1E27 and “FLLVTLAIL” (d) 1A1O and “VSLVKPSFY” (e) 1A9E and “VSLVKPSFY” (f) 1E27 and “VSLVKPSFY”.

a d

b e

c f



207EJMO

lungs and causes symptoms such as fever, cough, and dys-
pnea. According to the WHO (World Health Organization), 
symptoms of SARS-CoV-2 can occur within 2 to 24 days 
which can be transmitted through human to human or 
through contact with infected surfaces and objects.[5-7] It is 
essential to quickly identify immune epitopes. The E pro-
tein is crucial in the virion assembly and Inward spread of 
the virus,[8] as a result it is a primary target for neutralizing 
antibodies. 

The specificity of ‘epitope-based vaccines’ can be enhanced 
by selecting the E protein fragments exposed on the sur-
face of the membrane.[27] Medical biotechnology is consis-
tently working to develop vaccines against SARS-CoV-2. 
Nonetheless, in-silico immune-informatics can improve 
time and economic efficiency, therefore, it is also an essen-
tial method in immunogenic analysis and vaccine develop-
ment.

In this study, we characterized the physicochemical char-
acteristics of the Covid-19 viral genome for epitopes and 
adopted an ‘In-silico’ method with highly stringent criteria 
to identify E protein targeted B- and T-cell epitopes which 
may potentially advance immune response inside the host 
cell. The antigenicity, flexibility, solvent accessibility, disul-
fide bonds of predicted candidates were evaluated, yield-
ing three potential B-cell epitope and vaccine candidates. 
Allergenicity and toxicity analysis confirmed that the three 
B-cell epitopes were non-allergen and non-toxic. Stability 
analysis revealed that they cannot be digested by multiple 
enzymes. In addition, two MHC class-I and one MHC class-
II binding T-cell epitopes were predicted to interact with 
various HLA alleles and to be highly antigenic in nature. 
Allergenicity, toxicity, and physicochemical properties of T-
cell epitopes were determined to enhance specificity and 
selectivity. The stability and safety were verified by diges-

tion analysis. The B- and T-cell epitopes identified (Table 1) 
here may help the development of potent peptide-based 
vaccines to address the pandemic challenges. However, 
antiviral vaccines are essential to be developed before the 
predicted epitopes become potentially outdated. In addi-
tion, our immune-informatics-based methods also provide 
a framework to identify B- and T- cell epitopes having ther-
apeutic potential with magnificent scope for SARS-CoV-2, 
but not limited to specific viruses.
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