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Abstract
The Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has turned into a pandemic with
about a million con�rmed cases worldwide. Being an airborne infection, it can be highly fatal to populous
countries like India. This study sets to identify potential cytotoxic T lymphocyte (CTL) epitopes in the
SARS-CoV-2 Indian isolate which can acts act as an effective vaccine candidate for the majority of the
Indian population. The immunogenicity and the foreignness of the epitopes towards the human body
have to studies to further con�rm their candidacy. The top-scoring epitopes were subjected to molecular
docking studies to study their interactions with the corresponding human leukocyte antigen (HLA)
system. The CTL epitopes were observed to bind at the peptide-binding groove of the corresponding HLA
system, indicating their potency as a vaccine candidate. The identi�ed epitopes can be subjected to
further studies for the development of SARS-CoV-2 vaccine.

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a virus of genus Betacoronavirus and
family Coronaviridae with ranging from a runny nose to severe acute respiratory syndrome and kidney
failure [1]. Now that it has infected more than 100 countries worldwide, the World Health Organization
has declared it as a pandemic. An airborne infection like SARS-CoV-2 in populous countries such as India
can escalate very rapidly. Thus, �nding a vaccine candidate for this deadly disease is of �rst priority to
the researchers worldwide.

As it is known that cytotoxic T lymphocytes (CTL) with the help of specialised proteins known as T cell
receptors (TCR) on their surface help �ght virally-infected cells, using this natural mechanism of the
immune system can be of great help in �ghting this dreadful virus. Each TCR that is present on the
surface of the TCL can speci�cally identify antigenic peptides bound to the major histocompatibility
complex (MHC). whenever the TCR detects a viral antigen, the CTL releases cytotoxins to kill the virus-
infected cell thus helping in an immune response.[2]

This study aimed to identify cytotoxic T cell (CTL) epitopes of SARS-CoV-2 Indian isolate for designing
potential vaccine candidates which are effective on Indian population using an in-silico approach. We
predicted the CTL epitopes for all those human leukocyte antigen supertypes (HLA) which have high
allelic frequently in Indian population. We further studied the immunogenicity, foreignness, and
interactions between the epitopes and the HLA molecules by the means of molecular docking studies.

Materials And Methods
Retrieving the complete genome and the coding sequence from an Indian isolate

The amino acid sequence of the complete genome of Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) isolate of India (MT050493.1) with 9950 AA was retrieved from NCBI. All the coding
regions of the genome was retrieved from the features section containing the coding sequences of orf1ab



Page 3/9

polyprotein, surface glycoprotein, orf3a protein, envelope protein, membrane glycoprotein, orf6 protein,
orf7a protein, orf8 protein, nucleocapsid phosphoprotein andorf10 protein.

Prediction of cytotoxic T cell epitopes for the Indian population

NetCTLpan version 1.1 [3] was used to predict the CTL epitopes across the proteins coded by the SARS-
CoV-2 Indian isolate. NetCTLpan uses a neural network to predict TAP-transporter binding and C terminal
cleavage predictions in addition to HLA binding prediction. Considering the HLA supertype variation
across populations, we predicted the epitopes only for those HLA supertypes which constitute for the
majority of human leukocyte antigen (HLA) distribution in the Indian population. The study on the
evolution of HLA-A and HLA-B polymorphisms reveals that HLA A3, B7 and B44 are the major HLA’s
present in Indian population [4].

Prediction of epitope immunogenicity

Although the binding a�nities of the peptides towards HLA help in predicting the epitopes, the
immunogenicity plays an important role in the immune response. All the predicted epitopes were
subjected to the Immune Epitope Database (IEDB) immunogenicity tool [5,6] to predict their
immunogenicity score. IEDB immunogenicity tool relays on physicochemical properties such as side
chains composition, amino acid position to predict the immunogenicity of the peptide sequence.

Identi�cation of unique epitopes

As the human body shows immune response only towards foreign antigens, it is of great importance to
consider only those epitopes which are foreign to the human body as a potential vaccine candidate. To
�lter out the vaccine candidates which are foreign to the human body, all the epitopes that show positive
immunogenicity are subjected to Multiple Peptide Match tool [7] against human reference proteome.

Docking studies

To further con�rm the candidacy of the foreign epitopes as a vaccine, the top three foreign epitopes
based on immunogenicity scores were subjected to molecular docking studies to con�rm their
interactions with the speci�ed HLA at the peptide-binding groove. The molecular docking of the peptide
epitope with the HLA structure was performed using HPEPDOCK Server [8]. The docking was performed
without specifying the binding site residues to investigate if the studied epitopes would bind at the
peptide-binding groove without any lead. The interaction diagrams are generated using LigPlot+ [9].

Results And Discussion
253 CTL epitopes are predicted by NetCTLpan across the proteins coded by SARS-CoV-2 Indian isolate
towards HLA A3, B7 and B44. The epitopes as predicted by NetCTLpan are shown in Supplementary
Table S1 online. The scores of the peptides constitute of combined scores of HLA binding, TAP-
transporter binding and C terminal cleavage prediction scores.
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The IEDB immunogenicity tool was used to calculate the immunogenicity of the epitopes as it plays an
important role in examining the immune response. IEDB immunogenicity tool returned 139 epitopes with
positive scores. The data showing the immunogenicity score of the epitopes are shown in Supplementary
Table S2 online.

All the epitopes with positive immunogenicity scores are subjected to Multiple Peptide Match tool to �lter
out the epitopes that are foreign to the human body. It was observed that all the epitopes that showed
positive score for immunogenicity calculation were foreign to the human proteome. The peptide
matching step was performed on sequence dataset ‘UniProtKB release 2020_01 plus isoforms |
SwissProt | Isoform’ with target organism set as ‘Homo sapiens [9606]’. The output log had stated that 0
out of 139 unique peptides had matches in 0 protein(s) found in 0 organism(s) con�rming
their foreignness to the human body. The top �ve vaccine candidates as predicted by the above steps
along with their epitope prediction score by NetCTLpan and immunogenicity score are given in Table 1.

Table 1. The epitope prediction score and immunogenicity score of top five vaccine
candidates.

Epitope Protein HLA NetCTLpan
score

Immunogenicity
score

LVAEWFLAY orf1ab polyprotein HLA-
A03

0.70209 0.45285

WPWYIWLGF surface glycoprotein HLA-
B07

0.68398 0.41673

REHEHEIAW orf1ab polyprotein HLA-
B44

0.82399 0.37218

HVTFFIYNK orf3a protein HLA-
A03

0.78979 0.36278

SPRWYFYYL nucleocapsid
phosphoprotein

HLA-
B07

1.00321 0.34101

As stated earlier, the top three vaccine candidates based on the above investigation are subjected to
molecular docking studies using HPEPDOCK Server. The interaction diagrams revealed that the peptide
epitopes bind to the peptide-binding groove even though they were subjected to blind docking. Thus,
con�rming their vaccine candidacy. The interaction diagrams of the docked epitopes are shown in Fig 1-
3. The common interactions between the reference peptide available in the PDB �le and the studied
epitope are circled to facilitate easier identi�cation.

Conclusion
Designing a vaccine is of top priority in time of a pandemic. In this study, we attempted to identify
potential CTL epitopes from the SARS-CoV-2 Indian isolate for Indian population using a bioinformatics
approach.

The list of CTL epitopes was predicted using NetCTLPan server which considers HLA binding a�nity, TAP
transport e�ciency and C-terminal cleavage to identify the epitopes. Further, Immunogenicity scores were
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calculated using the IEDB immunogenicity tool to identify the potential vaccine candidates. As the human
body shows immune response only towards a foreign antigen, all the epitopes with positive immunogenic
score are subjected to peptide matching against the human proteome. The results of the peptide
matching tool reveal that all the predicted immunogenic epitopes are foreign to the human body. These
unique immunogenic epitopes were further docking with their respective HLA molecule to study their
interactions with the HLA molecule. The docking studies revealed that all the studied epitopes bind at the
peptide-binding site of the HLA con�rming their vaccine candidacy. The epitopes identi�ed in this study
can be further subjected to in vitro and in vivo studies design a vaccine against the dreadful SARS-CoV-2.
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Figure 1

The interactions between HLA-A3 (PDB ID: 6O9C) and the epitope LVAEWFLAY from the SARS-CoV- 2
proteome.
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Figure 2

The interactions between HLA-B7 (PDB ID: 6AT5) and the epitope WPWYIWLGF from the SARS- CoV-2
proteome.
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Figure 3

The interactions between HLA-B44 (PDB ID: 3KPS) and the epitope REHEHEIAW from the SARS-CoV- 2
proteome.
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