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Abstract
Coronavirus (Wuhan Coronavirus) is a type of virus which has RNA and determined by club like spikes of its surface. The virus is a

pathogen virus and it can be infected humans and other animals. This study was aimed to design and analysis of multi epitope vaccine
against Wuhan Coronavirus by different bioinformatics analysis and software’s.

The vaxiJen score of these sequences were 0.4052, 0.4201, and 0.4371. The result of Allg Pred and Toxinpred showed that the vac-

cine does not have allergenic or toxic effect for human cells. The result obtained from Protparam showed that the molecular weight
of vaccine is 48.68 kDa. The estimated half-life of multi epitope based vaccine was found to be greater than 20 hours in mammalian

cells, greater than 30 hours in yeast cells, and greater than 10 hours in E.coli and the candidate vaccine is stable and soluble in water.

The membrane helices value of vaccine was 17.73%. Ramachandran plot analysis supported the high quality structure of the refined
model. The result of protein protein docking showed the maximum affinity of candidate vaccine to HLA-A0201, HLA - B2705, HLA-

B5704, and HLA - B57037 with the score of -686.54,-709.05, - 633.53, and 642.61 respectively. The result of this research showed
that our designed vaccine maybe stimulate B-Cells and different types of T-cells. However, the vaccine could be produced (in lab
scale) and tested in laboratory animals.
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Introduction
Coronavirus (Wuhan Coronavirus) is a type of virus which has

RNA and determined by club like spikes of its surface. The virus
is a pathogen virus and it can be infected humans and other ani-

mals [1]. The CDC (Centers for Disease Control and Prevention)
is tightly monitoring the epidemic disease provoked by a novel
coronavirus that was discovered in Wuhan city of China, currently
affecting Mainland China along with 27 other countries and territories (CDC, 2020).

The interactions of humans with animals reveal same types of

zoonotic infections [2,3]. The incubation time of the Wuhan Coro-

navirus vary from 2 to 14 days [4]. It is ambiguous how extensively,
the Wuhan Coronavirus can be spread afore symptoms appear [5].

The important symptoms of the virus including coughing, fever,

and breathing [6]. As of February fifth, 2020 around 24,553 person
have been determained in China [7]. There are a lot of people that

are infected but not detected [8,9]. The first spread of the virus out-

side China happened in Vietnam and the first death outside China
was reported in the Philippines [10].

Now, there is only one complete Wuhan Coronavirus genome

in NCBI GenBank (with the accession number of MN908947). Five
typical ORFs on the similar coding strand were recognized, com-
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prising of ORF1ab polyprotein with 7096 amino acids, membrane

was checked by Papcolc and Paratparam [17]. In this research for

protein with 419- amino acids.

3D structure of Wuhan Coronavirus vaccine was drawn by SWISS-

protein with 222 amino acids, envelope protein with 75 amino ac-

idss, spike glycoprotein with 1273 amino acid, and nucleocapsid

This study was aimed to design and analysis of multi epitope

vaccine against Wuhan Coronavirus by different bioinformatics
analysis and software’s. Finally, molecular docking analysis was

used to identify the binding affinity of designed vaccine to HLAA0201, HLA-B2705, HLA-B5704, and HLA-B57037.

Material and Methods

Prediction of B-cell and T-cell epitopes
In this study different part of ORF1ab polyprotein (with 7096

amino acids) was obtained from NCBI (NCBI Reference Sequence:

NC_045512.2). Before of prediction of epitopes selected fragments
sequences were checked by vaxijen. Allertop, and toxinpred server.
B-cell epitopes were designed by IEDB online. In our study the

epitopes higher than 0.35 threshold was selected to B-cell [11].

prediction of secondary structure of vaccine and prediction of po-

tential transmembrane helices we used from Parabi webserver.The
MODEL and the structure of vaccine was taken in pdb format. The
3D structure of vaccine was refined by 3D refine webserver. We
took five different refined model from the server and refined models were checked for 3D refine score, GDT-HA score, GTD-TS, RMSD

score, and Mol Probity, and the best structure was selected to docking analysis [18].

The chosen model was analyzed by Ramachandran plot analysis

with Procheck [19]. Finally, the binding affinity of epitopes to different types of MHC class I (HLA-A0201, HLA-B2705, HLA-B5704, and

HLA-B57037) evaluated by HEX protein protein docking software.

The molecular structure of HLA-A0201, HLA-B2705, HLA-B5704,
and HLA-B57037 in pdb format was obtained from PDB database.

In this study we used pdb format of human serum albumin (protein structure) as negative control and analyzed the affinity of that
protein as ligand to HLA-B57037 as receptor in Hex software [20].

The epitopes were estimated for their binding affinity with pre-

Result and Discussion

for prediction of MHC class I epitopes.

sequence was taken from National Center for Biotechnology In-

dominant HLA-1 alleles (P-values < 0.05 were considered signifi-

cant). Also the oldest vesion of IEDB (2013) webserver was used
Structure of Wuhan Coronavirus vaccine
The binding affinity of MHC-I and B cell epitopes were taken

into selection of suitable epitopes. The predicted B and MHC-I epitopes were linked together by KK (Lysine-Lysine) amino acid linker.
The antigenicity of candidate vaccine was tested by vaxijen

webserver [12]. The allergenicity of vaccine was checked by AlgPred online software [13,14]. Toxicity analysis of vaccine was done
by Toxinpred. Toxinpred analysis software allows to identify the
toxic or nontoxic peptides with different length [15].

Analysis of different property of candidate vaccine
The tendency of peptide vaccine to be soluble in E.coli as over-

expression bacterial system, Yeast as eukaryotic host cells, and human cells was analyzed by Protparam [16]. Additionally, molecular

weight of designed vaccine, half-life, aliphatic index, isoelectric
pointinstability index, and the stability of multi epitope vaccine

Different part of ORF1ab polyprotein of Wuhan Coronavirus

formation (NCBI). The antigenic property of these sequences was
checked by VaxiJen webserver. The antigenic score above the 0.4

were suitable for our study. The vaxiJen score of these sequences
were 0.4052, 0.4201, and 0.4371 respectively (Figure 1).

The B cell epitopes having a score higher than 0.35 were select-

ed to constriction of recombinant vaccine. The MHC class I epitopes

were predicted by IEDB. The epitopes were assessed for their binding affinity with predominant MHC class I alleles. The selected epitopes were analyzed by Vaxijen, AlgPred, and Toxinpred software’s.
The predicted MHC-I epitopes and B-cell epitopes.

These selected T cell epitopes have the affinity to different MHC

Class I. The amino acid sequence of our designed vaccine with 423
amino acid is shown in figure 2. The result of Allg Pred and Toxinpred showed that the vaccine does not have allergenic or toxic
effect for human (Figure 3 and Figure 4).
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Figure 1: The antigenicity of three fragment of ORF1ab polyprotein.

Figure 2: The allergenecity analysis of candidate vaccine.
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Figure 3: The toxicity analysis of candidate vaccine.
and probably interact with molecules of water. The chemical formula of vaccine is C2180H3374N574O677S7.

The results of Protparam and Pepcalc showed that the vaccine

has good water solubility and does not have transmembrane helix.

This result revealed that the protein could be cloned and expressed
in E.coli or in different host cells. The membrane helices value of
vaccine was 17.73% (Figure 5).

Figure 4: The amino acid sequence of candidate vaccine.
We used from Protparam analysis software for determination

of Physicochemical analysis of vaccine. The result obtained from

Protparam showed that the molecular weight of vaccine is 48.68
kDa with 66 total number of negatively charged residues and 77
total number of positively charged residues. The estimated halflife of multi epitope based vaccine was found to be greater than 20

hours in mammalian cells, greater than 30 hours in yeast cells, and

greater than 10 hours in E.coli. The vaccine has good instability in-

Figure 5: The Secondary structure of candidate vaccine.

designed vaccine is 46.78 and the grand average of hydropathicity

The tertiary structure of Coronavirus vaccine was drawn us-

dex because the instability index (II) is computed to 33.03, for this

reason the candidate vaccine a stable. The aliphalitic index of our

(GRAVY) is -1.237. So, the designed vaccine is a hydrophilic protein

ing SWISS-MODEL webserver (Figure 6). The 3rd model was taken
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from SWISS MODEL and refined with 3d Refine software (Figure

7). The best model of 3d refine score of vaccine was 5348, GDT-HA

score was 1.000, GTD-TS score was 1.000, RMSD score was 0.13,
RWPlus score was -9031, and MolProbity score was 1.804. The refined model of vaccine was examined by Procheck software and
the Ramachandran plot was drawn (Figure 8).

The result obtained from Ramachandran analysis of candidate

vaccine showed that the 92.6% of residues are in most favored re-

gions, 7.4% of residues are additional allowed regions and 0% of
residues is in disallowed regions. The result of Ramachandran plot

analysis supported the high quality structure of the refined model.

Figure 6: The 3D structure of candidate vaccine.

Figure 7: 3D refine models of candidate vaccine.
The binding affinity of vaccine to Different HLA of MCH Class I

(HLA-A0201, HLA-B2705, HLA-B5704, and HLA-B57037) was investigated by HEX protein docking software. The PDB structure of human

serum albumin was used as negative control and the binding affinity

of this protein to HLA-B57037 was investigated by the software. The

result of protein protein dochong showed that maximum affinity of
candidate vaccine to HLA-A0201, HLA-B2705, HLA-B5704, and HLA-

B57037 with the score of - 686.54, -709.05, - 633.53, and - 642.61 respectively. The affinity of human serum albumin to HLA-B57037 was

-94.49. The result of this research showed that our designed vaccine
maybe stimulate B-Cells and different types of T-cells (Figure 9 and
Figure 10).

In this in silico study immunoinformatical analysis and software’s

Figure 8: The Ramachandran plot candidate vaccine.

were used to design and checked the vaccine against Wuhan Coro-

navirus. A physicochemical analysis of vaccine revealed that the vac-

cine had a molecular weight of 48.6 kDa. Dar., et al. reported that the
proteins having < 110 kD molecular weight are suitable vaccine [21].
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Figure 9: The affinity of candidate vaccine to: A: HLA-A0201 with the energy of -686.54, B: HLA-B2705 with the energy of -709.05,
C: HLA-B5704 with the energy of-633.53, and D: HLA-B57037 with the energy of -642.61.

candidate vaccine is a stable protein. This vaccine does not have

toxic and allergenic property, thus the vaccine is not estimated to
drop harmful allergic responses in humans. The result of this study

showed that the vaccine having the affinity to HLA-A0201, HLAB2705, HLA-B5704, and HLA-B57037.

Conclusion

The result of our research revealed that the designed vaccine

can be suitable against Coronavirus and the vaccine may activate
humoral and cellular immune responses. However, the vaccine
could be produced (in lab scale) and tested in laboratory animals.
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