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A B S T R A C T

The outbreak of COVID-19 was originated from China, responsible for Several Acute Respiratory Syndrome
(SARS). Scientists are forced to develop vaccine and effective drugs to control COVID-19 infection. To develop
effective vaccine for SARS – COVID 19, immunoinformatics and computational approaches could helps to design
successful vaccine against this biggest danger for humanity. Here we used various in – silico approaches to
designed vaccine against COVID-19. To develop vaccine, we target S- protein, expressed on the virus surface plays
important role in COVID-19 infection. We identified 12 B-cell, 9 T-helper and 20 Cytotoxic T-cell epitope based on
criteria of selection. The predicted epitopes were link simultaneously with GPGPG & AAY linkers. The β-defensin
was used as adjuvant, linked with selected epitope by using EAAAK linker. For vaccine construct justification we
analysed its immunogenicity, allergenicity and physiochemical properties. Our study revealed that vaccine was
non toxic, immunogenic and antigenic in nature and covers 98.6% of world population, important for vaccine
effectively. In- silico cloning was used to analyse its expression in vector. Molecular docking was performed to
study the interaction of construct with TLR (TLR3, TLR4, and TLR9) molecules. The immune simulation was
conducted and conformed that our vaccine constructs can induces both acquired and humoral immunity effec-
tively against COVID-19 at very low concentration, but along with bioinformatics study we need to conduct
experiment in laboratory to validate its safety and effectiveness.
1. Introduction

In December 2019, an unspecified viral infection was recognized in
seafood market of Wuhan city, China (Lu et al., 2020a,b) named as
(2019-nCoV). On 30 January 2020 Chinese outbreak, WHO (World
Health Organisation) declared it as public health emergency for inter-
national concern because of its high transmission rate (WHO, 2020a,b,c).
On 16 Aug 2020 the total numbers of cases for COVID-19 are 21,026, 758
and 755,786 deaths globally (WHO, 2020a,b,c). The high mortality and
transmission of COVID-19 infection causes huge burden on health
organisation and economy of the countries (WHO, 2020a,b,c; Kock et al.,
2020) and condition was remains hypercritical throughout the world.
The Drugs are used for the treatment of COVID-19 infection are
Remdesivir, Choloroquinine, Lopinavir, Rotonavir and its combination,
but it become a question which drug work effectively against it (Agostini
et al., 2018; Aguiar et al., 2018; Cvetkovic and Goa, 2003). The
COVID-19 infection and its high rate of transmission challenges scientific
research and industries to develop effective vaccine and drugs, but since
Sehrawat).

2 August 2020; Accepted 12 No
evier Ltd. This is an open access a
now there is no effective vaccine or drug to fight against it. Several
medical control measures have been taken to control Corona infection,
pre-diagnosis, isolation, effective treatment. For individual WHO advises
for hygiene and to avoid crowded places. All these control measure are
just to control transmission of COVID-19 infection, not permanent
solution.

SARS-Cov 2 is member of beta corona virus, causing pneumonia.
COVID-19 is a enveloped virus with single stranded RNA, belonging
corona viridae family can cause infection in mammals, birds and
humans (Tortorici et al., 2019; Lu et al., 2020a,b). The whole genome
of SARS – CoV 2 was sequenced (Wu et al., 2020), approximately
29.9 kb. The availability of the genome had opened the opportunity
to develop vaccine against this devastating disease. The genome of
the SARS – CoV 2 encoded for total (6–11) open reading frame (Cui
et al., 2019) (orf1ab, S protein, ORF3a, envelope protein, membrane
glycoprotein, ORF6, ORF7a, RF8 protein, nucleocapsid phosphopro-
tein, ORF10). From all these protein we target the S-protein which
plays important role in virus infection in humans. It is outer
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Figure 1. Graphical presentation of scientific research. The methodology
for the vaccine formulation against SERS – CoV 2 was represented in this work
flow in sequential manner, First two step were for target protein sequence
analysis and its antigenicity. Third step for the epitope selection, remaining was
for the vaccine construct validation, its interaction with TLR's molecules and last
one is immune profiling.
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membrane spike glycoprotein which undergoes its glycosylation
(Xiong et al., 2018). S protein act as primary interacting protein with
host target e. g ACE2, CD26, and other cell receptors) all these play
important role in cell adhesion and virulence (Song et al., 2018;
Millet et al., 2012). After adhesion the genomic RNA released into
cytoplasm and virus enter into the host cell, inside the host cell
Table 1. B-cell epitope for vaccine construct showing its peptide sequence, starting p

Peptide sequence Sequence P

IHVSGTNGT 67

VYFASTEK 89

TTLDSKTQ 108

VYYHKNN 143

MDLEGKQ 177

SYLTPGDSS 247

YAWNRKRI 351

NNLDSKVG 439

RLFRKSNL 523

VITPGTNTS 599

RVYSTGS 634

QILPDPSKPSKR 804

Table 2. T–helper cell epitope for MHC II, its percentile rank and immunogenicity sc

MHC II alleles Sequence Position Peptide

HLA-DRB4*01:01 5 LVLLPLV

HLA-DRB1*07:01 87 NDGVY

HLA-DRB5*01:01 187 NLREFV

HLA-DRB3*01:01,HLA-DRB1*03:01 205 KHTPIN

HLA-DRB4*01:01, HLA-DRB5*01:01 229 PIGINIT

HLA-DRB5*01:01 342 NATRFA

HLA-DRB3*01:01 395 YADSFV

HLA-DRB1*07:01 710 IAIPTNF

HLA-DRB3*01:01 1082 HFPEGV
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genomic RNA translated into two polypeptide and structural protein
and start replication (Bergmann et al., 2006).

The spike protein composed of two domains, S1 is receptor binding
domain (RBD) supposed that SARS – CoV 2 used angiotensin-converting
enzyme 2 (ACE2) receptor to infect human host and another S2 domain
responsible for the fusion of viral membrane and host cell membrane.
Along with these ACE2 pathway SARS – CoV 2 may use some other
pathway for infection because ACE2 expressed in lungs monocytes and
macrophages (Bonavia et al., 2003; Li et al., 2003; Yan et al., 2020; Sun
et al., 2020). The importance of the S protein during infection and
virulence make it an ideal target to develop vaccine for SARS – CoV 2. An
effective potential vaccine against COVID-19 has not yet been designed,
so here we are trying to designed epitope based vaccine, to activate both
innate and acquired immunity. Epitopes are segment of protein which is
antigenic in nature and activate immunity against pathogen (Sutton and
Boag, 2018). Immediately after the pathogen entry in human host APCs
(antigen presenting cell) activates Cytotoxic T-cell to kill infected cell
(Khan et al., 2018). Spike protein is antigenic in nature; hence we were
detected large number of epitope for both B-cell and T-cell epitope.

Recently due the availability of advance immunoinformatics tool at-
tracts the researchers to develop stable and effective vaccine against
pathogenic diseases and it also reduces immunological experimental
burden on model organism (Sarkhar et al., 2015). These immu-
noinformatics tool provide reliable, accurate and rapid pathway to
designed potential multiepitope vaccine against diseases e.g enterotoxi-
genic Bacteroides fragilis (Majid and Andle., 2019), Helicobacter Pylori
(Khan et al., 2019), Onchocerca volvulus (Shey et al., 2019) and Cancer
(Nezafat et al., 2015), reliable than whole protein and attenuated path-
ogen which may causes hypersensitivity and other immunological
response such local redness, swelling and pain or raise in body temper-
ature after immunization. Based on previous immunoinformatic based
multiepitope designed vaccine for other disease we applied the same
osition in S protein and its PI score.

osition Ellipro score (PI)
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ore.

Sequence Percentile rank Immunogenicity score

SSQCVNLT 1.4 0.12

FASTESNIIRGWF 0.19 0.2

FKNIDGYFKIYS 0.21 0.41

LVRDLPQGFS 0.51 0.126

RFQTLLALHRS 1.7 0.4

SVYAWNRKRIS 0.83 0.27

IRGDEVRQIAPGQ 0.49 0.34

TISVTTEILPVS 0.47 0.35

FVSNGTHWFVTQR 1.7 0.38



Table 3. Cytotoxic T-cell epitope for MHC I, its immunogenicity score.

Peptide Sequence Position HLA supertype Immunogenicity

VTWFHAIHV 62 A2 0.39

VLPFNDGVY 83 A1, B62 0.18

WTAGAAAYY 258 A1, A26, B58, B62 0.51

LQPRTFLLK 270 A3 0.18

VRFPNITNL 327 B27 0.175

FNATRFASV 342 B8 0.15

NYLYRLFRK 450 A24 0.161

YQPYRVVVL 505 A2, A24, B8, B39, B62 0.14

VLSFELLHA 512 A2 0.16

QLTPTWRVY 628 A1, B62 0.31

TPTWRVYST 630 B7 0.224

YECDIPIGA 660 B44 0.26

KRSFIEDLL 814 B27 0.30

RSFIEDLLF 815 A1, B58, B62 0.27

QKFNGLTVL 853 B39, B62 0.110

ITSGWTFGA 882 A2 0.35

WTFGAGAAL 886 A26, B62 0.20

AALQIPFAM 892 B7, B58 0.120

FVSNGTHWFV 1095 B58, A26, A1 0.166

YEQYIKWPWTIW 1207 B62, B44, A24,B58 0.40
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approches for SARS-CoV2. Here, S protein antigenic which is antigenic in
nature was used as target to detect both B-cell and T-cell epitope to
design a potential vaccine construct was formed. In- silico cloning was
used to study its expression in expression vector; Molecular docking was
performed to validate its efficiency to activate immune response and its
stability. With the use of immunoinformatics tool validation we required,
its affirmation experimentally in animal model and humans.
Figure 2. Schematic representations of final vaccine construct. The final vac-
cine construct contain 678 amino acids, first 64 amino acid are of adjuvant (β-
defensin), remaining portion for selected epitope and different linkers. Here the
B-cell epitopes are linked together with GPGPG linker and it is useful to connect
B-cell and T-helper cell epitope. T cell epitopes are also linked together by
GPGPG linker and the same was used to linked T-helper and Cytotoxic T-cell
epitope. AAY linker was used to link Cytotoxic T-cell epitope and His tag was
used at the N-terminal of the vaccine.
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2. Methodology

2.1. Sequence retrieval of S- protein and its antigenicity

The sequence of S- protein was retrieved from NCBI. Here, the se-
lection of protein as target for vaccine development is based on its an-
tigenicity and its importance in viral infection. The VaxiJen v2.0 server
(Irini et al., 2007) was used to analyse its antigenicity, important factor to
activate immunity against SARS – CoV 2. The graphical work flow for
research was shown in Figure 1.

2.2. Conformational and linear B-cell epitope prediction

B-cell lymphocytes plays very significant role in immunity response
and produces long lasting immune response against the pathogen. To
predict the accurate B-cell linear epitope we used BCPred and IEDB tool
(Chou and Fasman, 1978; Parker et al., 1986; Emini et al., 1985; Kolaskar
and Tongaonkar, 1990). BCPred (El-Manzalawy et al., 2008; Saha and
Raghava, 2004) tool was based on SVM (Support Vector Machine) al-
gorithm to predict B- cell linear epitope. The linear epitopes are selected
based on its surface accessibility, flexibility, beta-turn and antigenicity.

To predict Conformational B-cell epitope, Ellipro online server
(Ponomarenko et al., 2008) was used. Ellipro selected the epitope based
on Residue clustering algorithm along with Thorton's techniques. The
standard used for the selection of conformational epitope was PI (Pro-
trusion index: 0.5) score.

2.3. Cytotoxic T- cell epitope (CTL) prediction

The NetCTL 1.2 (Larsen et al., 2007) online sever was used to predict
MHC 1 binding epitope. The prediction of epitope based on C- terminal
cleavage and its TAP transport efficiency. These epitopes were selected
based on threshold value (0.75). The immunogenicity of CTL epitope
were also analysed using IEDB MHC I immunogenicity prediction tool
(Calis et al., 2013).

2.4. T-helper cell epitope prediction

IEDB MHCII tool (Wang et al., 2008) was used to predict 15 - mer of
peptide from S-protein. The epitope were predicted for seven HLA



Figure 3. The world population coverage covered with selected MHC I and MHC II epitopes shown in Figure 3(a). In Figure 3(b) showing the immunogenicity and
world population coverage covered with the individually selected epitope.
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reference set molecules (DRB3 * 01:01, DRB5*01:01, DRB1 * 03:01,
DRB1 * 15:01, DRB3 * 02:02, DRB4 * 01:01, -DRB1 * 07:01.). The
peptides were predicted based on its percentile rank �2 and SMM and
ANN values �100 nM. The percentile rank, lower values define the
strong binding affinity for MHC II molecules.
2.5. Calculation of population coverage covered for selected epitope

For the vaccine designing it is very important that the vaccine
construct covered maximum world population. To calculate the popula-
tion coverage covered with selected MHC I and MHC II epitopes, we used
IEDB population coverage tool (Trott and Olson, 2010).
2.6. Strategic views for development of vaccine construct

B-cell epitope were selected based on its criteria of selection and its
allergenicity. The selection of T cell epitope (Cytotoxic T-cell epitope &
T- helper based on its binding affinity for HLA molecules and immuno-
genicity. To construct multiple epitope vaccine, B-cell and T-helper cell
epitopes were linked by GPGPG linker and CTL epitopes were linked with
AAY linker. To enhance immune response we used β-defensin (Chen
et al., 2007) as an adjuvant at C-terminal and linked with EAAAK linker.
Polyhistidine-tag was adjoining at C-terminal of the vaccine construct.
2.7. Allergenicity and antigenicity profiling for vaccine construct

To conform whether the vaccine are not eliciting allergy, we use
Allertop v 2.0 (Dimitrov et al., 2013), worked on Auto cross covariance of
protein sequence.
4

The antigenicity of the vaccine is important factor to activate immune
response. Here we used Vaxijen v 2.0, to predict the antigenicity of
vaccine construct. For antigenicity prediction are based on pathogen
specific and physiochemical properties of the proteins sequence.
2.8. Analysis of physiochemical properties of vaccine

To understand the vaccine response and its stability, the physi-
ochemical properties of the vaccine construct were analysed with the use
of online tool ProtParam (Gasteiger et al., 2005). Some of the protein
properties important for its antigenic nature, so we were focused to study
some physiochemical properties e.g the amino acid composition, theo-
retical pI, GRAVY index, its instability index etc.
2.9. Secondary structure predictions for vaccine construct

To predict the secondary structure of the vaccine used SOPMA
(Geourjon and Deleage, 1995) online software. The prediction of sec-
ondary structure based on the Homology Protein modelling.

The secondary structure analysis was used to predict its solvent
accessibility, trans-membrane helix, globular region and β- turn region
which are the important factor for protein stability and for efficiency of
vaccine.
2.10. 3-D structure prediction

The 3-D structure of the predicted vaccine was modelled by using the
online server RaptorX (Kallberg et al., 2012). The modelled structure was
refined with the use of Galaxy refine tool online server (Ko et al., 2012).



Figure 4. The secondary structure prediction analysis with the SOPMA on-
line server.

H. Singh et al. Heliyon 6 (2020) e05528
2.11. 3-D structure refinement and it validation

For Validation of refine 3-D structure, we used RAMPAGE (Lovell
et al., 2003) and PROSA (Wiederstein and Sippl, 2007) web online tool.
RAMPAGE is based on the Ramachandran plot (Hooft et al., 1997) to
analyse the amino acid in favoured and unfavoured region.
2.12. In silico validation of vaccine construct

2.12.1. Codon optimisation of vaccine
To reverse transcription and codon optimisation, we used Jcat online

tool (Grote et al., 2005) to calculate GC contain and CAI score for
maximum expression in vector. For maximum expression of query
sequence GC content should be more than 50% and CAI score near to 1.

2.12.2. In-silico expression of vaccine
For integration of query sequence in E. coli pET-28a(þ), SnapGene

software was used. The software was used to verify the maximum
expression of vaccine in expression vector at specific site.
5

2.13. Molecular docking of vaccine construct with TLR4, TLR3 &TLR9
receptor

To analyse vaccine construct interaction with TLR's (TLR2, TLR3,
TLR4 TLR5, TLR7, TLR8 and TLR9) molecules, we performed docking
with multiple TLR’S molecules. The analysis of docking result show that
the vaccine construct shows high binding affinity with the TLR3, TLR4
and TLR 9 which are toll like receptor to activate immune response. For
molecular docking Autodock vina and Patchdock was used (Forli et al.,
2016), and result was visualized in Pymol (http://www.pymol.Org) and
Discovery studio (Pal et al., 2019) was used. CASTp web server was used
to assess the binding pocket of vaccine construct with the receptors.
GROMACS was used for MD simulation to check the stability and flexi-
bility of the protein.

2.14. Immune response profiling of vaccine construct

C-immSim (http://150.146.2.1/C-IMMSIM/index.php) immune
stimulator was used for the analysis of immune response developed by
the vaccine construct. It works based on position specific scoring algo-
rithm (PSSM) for the prediction of immunogenic epitope and its inter-
action with immune system. For the immune response analysis
simulation was done with the default parameter and single injection was
used.

3. Results

3.1. SARS – CoV 2 spike protein sequence retrieval

The sequence for Spike protein (S-protein) was retrieved from NCBI,
to predict of B-cell and T- cell epitope for the construction of multi
epitope vaccine to fight against the COVID-19. The selection of S- protein
for epitope prediction was based on its importance in viral infection and
virulence.

3.2. Antigenicity of S-protein in SARS – CoV 2

The antigenicity of the protein was analysed with Vaxijen v 2.0 online
immunoinformatics tool, results its antigenicity score 0.48, indicates it is
a probable antigen to activate immunity against SARS – CoV 2.

3.3. Prediction of B-cell epitope, Cytotoxic T-cell & T helper cell epitope for
vaccine

BCpred and IEDB online tools were used for the selection of highly
efficient B-cell linear epitope. The selection was based on the antige-
nicity, its position in Beta turn, flexibility and solubility. Ellipro was used
for the selection of conformational epitope. Based on the selection
criteria there 12 B- cell epitope (Table 1), to produce antibodies against
SARS – CoV-2.

There are 9 T-helper (Table 2) and 20 Cytotoxic T-cell (Table 3) were
selected for vaccine are non allergenic and immunogenic in nature.

3.4. Formulation of multi-epitope for vaccine construct against SARS –

CoV 2

Twelve B-cell epitope and nine T-helper cell epitopes were linked
together with GPGPG linker. T-helper and Cytotoxic T-cell epitope are
linked with GPGPG and twenty Cytotoxic T-cell epitope are joined
together with AAY linker. β- defensin was used as an adjuvant at C-ter-
minal for the protection of vaccine from degradation and enhance im-
mune response. The linker EAAAKwas used to connect the adjuvant with

http://www.pymol.Org
http://150.146.2.1/C-IMMSIM/index.php


MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFR
SSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFND
GVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEF
QFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFL
MDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGF
SALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAY
YVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVE
KGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWN
RKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYAD
SFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLD
SKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGF
NCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKK
STNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTT
DAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCT
EVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYE
CDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNL
LLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKD
FGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCL
GDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSG
WTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFN
SAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGA
ISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEI
RASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGV
VFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWF
VTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSF
KEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKN
LNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCC
MTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Figure 5. Here the position of the predicted epitope was represented in target proteins (S-protein). Different colours were used to show epitope; B-cell (green), T-
helper (blue) and Cytotoxic T-cell (Red) epitope, the pink colour was used for the overlapping region between to constitutive epitope.
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B-cell epitope. His-tag was used at N-terminal of the vaccine construct
(Figure 2).
3.5. Population coverage for vaccine construct

The world population covered with the vaccine construct was
98.6% (Figure 3a, b), calculating with the IEDB population coverage
online tool. The population coverage covered with the vaccine
construct conformed that the designed vaccine was effective for most
of the population throughout the world.
3.6. Analysis of physio-chemical properties

Several physio-chemical properties were analysed for the vaccine
construct, its amino acid construct, molecular weight, pI and its insta-
bility index. The antigenicity and allergenicity of the vaccine construct
conformed to Vaxijen v2.0 server and Allertop online server, the study
confirmed that it the final construct was non-allergenic and antigenic in
nature with antigenicity score 0.46. The total length of vaccine construct
was 678 amino acid with molecular weight of 72.605 Kda. The isoelectric
6

point for the vaccine construct was 9.57, indicating it is a basic in nature.
The GRAVY index (0.065) and instability index (26.9) indicated that the
vaccine construct was stable protein.
3.7. Secondary structure prediction

The secondary structure of the protein was predicted with the use of
online server SOPMA. The analysis of secondary structure results that the
vaccine composed of Alpha helix (23.5%), Random coil (44%), extended
strand (25.2%) and beta-turn (7.2%) and epitope positions in vaccine
construct are shown (Figure 4 and 5).
3.8. 3-D structure prediction and structure refinement

RaptorX was used to model the 3-D structure of the vaccine. The PDB
templates (6VSB, 1FD3, 2LXO, 6M0J, 1BNB, 2RUN, 2DD8) were used for
modelling its 3-D structure (Figure 6a) using tread modelling method.
The structure of the Vaccine construct was refined with Galaxy refine
tool.



Figure 6. 3-D structure and its validation of vaccine construct (a) 3-D structure of the vaccine construct formed by raptorx (b) Z core plot of refined structure (c)
Ramachanran plot (d) Hydrophobocity plot.

Figure 7. In-silico cloning of vaccine construct in pET 28a (þ) expression vector in which red part represent the insert and rest part are vector genome.

H. Singh et al. Heliyon 6 (2020) e05528

7



Figure 8. CASTp web server result showing active binding pocket in vaccine
construct represented in red colour and grey for surrounding amino acids.
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3.9. 3-D structure validation of vaccine construct

The refined structure of the protein was validate with RAMPAGE,
it confirmed that 89.8% amino acid are in favourable region, 5.5%
are in allowed region and only 4.6% amino acid are in outlier region.
PROSA –web (Figure 6b) oniline server used to analyse the standard
of the structure. The Z score value of the refined structure was -5.66
and its Ramachandran plot (Figure 6c) and hydrophobicity plot
(Figure 6d) show that most of the amino acid in vaccine are in
favourable region.
3.10. Codon optimization & in-silico cloning

In this study Jcat online tool was used to understand the expression
level of the vaccine construct in the E-coli. There are about 2130 bp DNA
sequence was used to input in vector. Jcat codon optimization results, the
Codon optimization index (CI) was 1.0 and its GC contain was 58.08%
which indicating that the vaccine construct was expressed at best level of
expression in E. coli K12. The input sequence was cloned in pET-28a
expression vector as shown in figure (Figure 7).
3.11. Molecular docking of vaccine construct with TLR receptors

Here, we analyzed the docking of TLR3, TLR4 and TLR9 receptor
which are interact with vaccine construct. The CASTp web server
shows binding pocket of the vaccine construct for the receptor, the
receptor binding pocket was about 1461.7 Å formed with the amino
acid at the position; 8 Arg, 9ILE, 10ASP, 11GLU, 12GLY, 14 ARG,
18,TRY, 19LYS, 20ASP, 21 THR, 22GLU, 24,TYR, 26THR, 30GLY,
32LEU,104PHE, 106MET, 107GLY, 137ARG, 138TRP, 143PRO,
144ASN, 145ARG, 141GLN, 142THR (Figure 8). Autodock vina was
used for docking and its results shows that the vaccine construct was
Table 4. Protein-protein docking with patchdock result to validate vaccine construct

PatchDock result for TLR3, TLR4 and TLR9

TLR molecules Score

TLR3 19171

TLR4 15724

TLR9 19080
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effectively bind with the receptors, showing strong binding affinity for
TLR3 (-11.2 kcal/mol), TLR4 (-9.55 kcal/mol) and TLR9 (13.7 kcal/
mol). To validate autodock vina result further docking was performed
with PatchDock (https://bioinfo3d.cs.tau.ac.il/PatchDock/) and results
for all three TLR's was shown in the Table 4. Patchdock docking
Score value and atomic contact energy conformed that our vaccine
construct bind efficiently to TLR3, TLR4 & TLR9. Pymol and Dis-
covery studio was used for the receptor and vaccine construct visu-
alization Shown (Figure 9).

MD simulation conform the thermo stability of the vaccine construct
from RMSD (Root Mean Square Deviation) and RMSF (Root Mean Square
Fluctuation) plot. Throughout processing, during simulation the value of
RMSD value changed because of the backbone atomic movement. The
high variation in RMSF peak for the residues indicating that vaccine
construct is highly flexible (Figure 10) and compactness of the plot show
its thermo stability.
3.12. Immune simulation

Immune simulation using C-immSimm with antigen single dose was
done for HLA allels ((HLA-A*0101, HLA-A*0201, HLA-B*0702,HLA-
B*3901,HLA-DRB1*0101, andHLA-DRB1*0401). The simulation result
was shown graphically for total number of lymphocytes, antibodies and
cytokine concentration. The simulation result show that the secondary
and tertiary immune response is more prevalent than primary response.
The primary response mainly produces by B memory cell and IgM
(Figure 11A).

The concentration of T helper cell (Figure 11C), Cytokine and in-
terleukins was considerably increased (Figure 11D). The concentration of
T-cytotoxic cell varied after administration of vaccine construct.

4. Discussion

The COVID-19 is a viral disease and very difficult to control this
life threatening disease because of its evolving nature and high
transmission rate. There are number of drugs are used for the treat-
ment of the SARS-CoV 2, but none of them are very effective to
control it. The vaccines are single one effective tool to fight against
COVID-19. The classical approaches for vaccine development
involving with some problem related with its efficiency and its
expression. To overcome from all difficulties the new approaches
“epitope based vaccine” are more promising than whole protein used
a vaccine. The availability of computational tools and genome/pro-
teome of the organism make it as easy to make subunit based vac-
cine, completely antigenic in nature and capable to activate immune
response. The immunoinformatics plays important role to develop
stable, effective and safe vaccine for human consumption.

In this study we target the spike protein (S protein) of SARS-CoV
2, important for virus infection in humans and antigenic in nature.
There are various tools were used for the selection of the antigenic
region of the protein to develop vaccine. For vaccine development,
we focused on both T-cell and B-cell epitope selection from S-protein
of COVID-19.

The designed vaccine construct covered most of the world popu-
lation (~98.6%). To provide long term immunity against COVID- 19,
interaction with TLR3, TLR4 and TLR9 molecules.

Atomic contact energy Area

- 240 4003

-246 2261

-143.5 3434

https://bioinfo3d.cs.tau.ac.il/PatchDock/


Figure 9. Molecular docking stimulation of vaccine construct with the TLR3, TLR4 and TLR9 receptor was shown. The interaction of receptor and vaccine construct
was shown, the green dotted line indicate the hydrogen bonding between vaccine construct (grey) and receptor amino acid residue (pink).

Figure 10. RMSD/RMSF plot value calculated for each protein residue. In figure there is great variation in RMSF (Blue) value indicating the flexibility of the protein.
The RMSD plot (Black) conformed stability of the protein.
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Figure 11. (A) Antigen and immunoglobulins of control (B) antigen and immunoglobulin with vaccine construct showing antibodies subdivided per isotype (C) The
graph showing the total and memory T helper cell (D) plot showing the Cytotoxic T-cell count with vaccine construct(E) Dendritic cell total count for vaccine construct
(F) Cytokine and interleukin concentration with vaccine construct.
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B-cell epitope are selected based on its conformational and physi-
ochemical properties. For the selection of efficient B-cell epitope to
generate acquired immunity we target both B-cell liner and confor-
mational epitope. To develop vaccine construct various linker (EAAK,
GPGPG, and AAY) are used to adjoin selected epitope and adjuvant
was used to enhance the immune response of the vaccine construct.
There were 12 B- cell epitope, identified to produce antibodies
against SARS – CoV-2. The T- cell epitope selection was based on its
high binding affinity for MHC I and MHC II molecules. There are 9 T-
helper and 20 Cytotoxic T-cell were selected for vaccine are non
allergenic and immunogenic in nature. Twelve B-cell epitope and nine
T-helper cell epitopes were linked together with GPGPG linker. T-
helper and Cytotoxic T-cell epitope are linked with GPGPG and
twenty Cytotoxic T-cell epitope are joined together with AAY linker.
β- defensin was used as an adjuvant at C-terminal for the protection
of vaccine from degradation and enhance immune response. The
linker EAAAK was used to connect the adjuvant with B-cell epitope.
His-tag was used at N-terminal of the vaccine construct.
10
To understand the efficiency of the vaccine construct various pa-
rameters were analysed to conform its allergenicity and antigenicity. The
final construct was non-allergenic and antigenic in nature with antige-
nicity score 0.46. The total length of vaccine construct was 678 amino
acid with molecular weight of 72.605 Kda. The isoelectric point for the
vaccine construct was 9.57, indicating it is a basic in nature. The GRAVY
index (0.065) and instability index (26.9) indicated that the vaccine
construct was stable protein.

The 3-D structure was assessed using RaptoX and refined with
Galaxy refine - web server. The RAMPAGE and PROSA web server
were used for refined structure validation. Their 89.8% amino acids
are in favourable region, 5.5% are in allowed region and only 4.6%
amino acids are in outlier region. The Z score value of the refined
structure was -5.66 and its Ramachandran plot and hydrophobicity
plot shows that most of the amino acid in vaccine are in favourable
region.

The expression level of the vaccine construct in E. coli K12 analysed
with the use of In-silico cloning and Jcat online tool revealed its maximum
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expression. The molecular docking stimulation of vaccine construct with
TLRmolecules (TLR3, TLR4, and TLR9) was done to assess its interaction.
The vaccine construct was effectively bind with the receptors, showing
strong binding affinity for TLR3 (-11.2 kcal/mol), TLR4 (-9.55 kcal/mol)
and TLR9 (13.7 kcal/mol). The Immune simulation show that our vac-
cine construct is able to generate remarkable immune response just after
administration at very low concentration of antigen.

The computational and immunoinformatics tool studies conformed
that the vaccine construct is highly effective, stable and safe as a target
for progressive vaccine against SARS –CoV2 and shows high rate of
expression level in E-coli. Moreover, accurately the efficiency and validity
of the vaccine understand after in-vitro experimental studies.

5. Conclusion

Here, our immunoinformatics based vaccine designed to fight against
the SARS-CoV2. The potential novel multi-epitope designed vaccine able
to generate both humoral and acquired immunity against COVID-19
because of high binding affinity with both HLA molecules. Our vaccine
construct can generate remarkable immune response after injection of
single dose of antigen. The various tools are used for its structure analysis
and validation. The validation of vaccine construct for its safety, stability
and its expression level confirmed by the using in-silico approaches. The
results for the vaccine construct provide the deep view for vaccine
designing and provide the base for experimentally verified vaccine to
fight against the viral disease.
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