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ABSTRACT

Article Info: The human coronavirus is a member of the Coronaviridae family and causes up-
29 Nov 2020 per respiratory tract infections. Despite repeated severe epidemics and the lack of appropriate antiviral

22 Jun2021 drugs, not much progress has been made on the epitope-based vaccine designed for HCoV.
oiNov2022 ¢ N TAVETAE The method of this study was to select the spike corona virus protein sequence from

NCBI, retrieve the protein sequence and determine the T, B epitopes required to produce the chimer
vaccine, evaluate the antigenicity and allergenicity and toxicity of the selected epitopes, respectively. Dif-
ferent servers were designed to configure the primary chimer composition of the epitope vaccine. Then,
the chimer vaccine was evaluated in terms of structure and connectivity to B cells and MHCI and Il com-
pounds, and the two-dimensional structure and position of amino acids and bonds in the immunogenic
model were studied, as well as the physicochemical and stability of the model vaccine by some other serv-
ers. Finally, it was tested for binding against HLA molecules using silico docking techniques to investigate
the interaction with the epitope.

O I et All ethical principles are considered in this article. Participants were informed about
the research objective and its implementation stages. They also made sure their information was confi-
dential. The principles of the Helsinki Convention were also observed.

R The results showed that the immunogenic construct created in terms of two-dimensional and
three-dimensional structure and the position of amino acids and bonds in the model of immunogenic
structure, toxicity and allergenicity and antigenicity were in good condition. And had stability (instability
index 33.93) and favorable half-life and suitable physicochemical conditions.

In general, the immunogenic structure that was prepared in this research process could have
a favorable interaction with some components of the immune system (HLA) in the docking process,
which indicates the optimal identification of this structure by the humoral and cellular immune system
and stimulation in In order to produce immunity in the body of the host, of course, more reliable proof
of it requires clinical phase processes.
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observed in China [1]. Currently, due to multiple bio-
logical problems caused by it [3], effective preventions

1. Introduction are required; however, there remains no reliable treat-
ment or vaccine to treat HCoV infection. It is essen-
oronaviruses are among the causes of tial to develop a vaccine or medication to spread the
upper respiratory tract infections first disease caused by the virus. Immunogenetic/bioinfor-
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Figure 1. Image from the evaluation of Local Quality Estimate, Z-score, comparison indicators The third structure of the model

vaccine produced using SWISSMODEL software

matics-based approaches to vaccine development are
determined and used to create new vaccines. Despite re-
peated severe epidemics and inappropriate medication,
little progress has been made on the epitope-based vac-
cine for HCoV. Therefore, using rapid advances in the
sequencing of pathogen genomes and protein sequenc-
ing databases and the prompt and flexible approach of
insilico methods have become prevalent in the design
of vaccines, which led us to design this research.

2. Materials & methods

In this study, the sequence of protein spike corona-
virus were selected from NCBI, protein sequence re-
trieval was determined. Besides, specific T and B cell
epitopes required for producing the Chimber vaccine
were obtained using servers such as IEDB. The se-
lected epitopes’ antigenicity, allergenicity, and toxic-
ity were further investigated by other servers, such
as VaxiJenv2.0, AllerTOP, and Toxinpred [8, 9]. The
initial chimer composition of the epitope vaccine was
then configured with the help of unique linkers. Then,
to evaluate the structure of the Bimer vaccine concern-
ing structure and connectivity to B cells and MHCI, 11
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compounds; to study the two-dimensional structure and
position of amino acids and bonds in the model of the
immunogenic system; also exploring the physicochem-
ical and stability of the model vaccine by other software
bioinformatics servers, like PRABI, protParam was
paid. Finally, for binding against HLA molecules, silico
docking techniques were examined to evaluate the in-
teraction with the epitope through the Cluspro server.

3. Results

The obtained results indicated that the safety structure
created in terms of the incilico evaluations of two-dimen-
sional structures and especially in terms of having a suffi-
cient percentage of the alpha helix was in good condition.
Furthermore, its three-dimensional structure has a simi-
larity of 83.33 with the composition of structures struc-
tured in the SWISSMODEL server (Figure 1). More-
over, in checking the percentage of the optimal placement
of amino acids and bonds by PROCHECK server with
(99.6), the rate of optimal placement of amino acids in the
chimer structure was created. Besides, the created chime-
ric structure was non-toxic and allergenic and had a good
antigenicity, i.e., confirmed by bioinformatics software.
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Figure 2. A: Image of docking between HLA-A0201 alleles for MHCI class with structural safety model created by Cluspro
software B: Image of HLA-DRB1-0101 allele docking for MHCII class with structural safety model created by Cluspro software
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The immunogenic chimeric structure was formed as a
stable compound (instability index 33.93) and had a fa-
vorable half-life and suitable physicochemical conditions
respecting solubility.

4. Discussion and conclusion

Developing new and timely vaccines to protect against
the increasing global disease burden is very important
[30]. Therefore, integrated computational approaches
can predict candidates for immunogenic Structures (vac-
cines) against pathogens, including HCoV, using valid
methods previously described. The immunogenic struc-
ture prepared in this research process after confirming the
physicochemical conditions and two-dimensional and
three-dimensional structures and immunogenicity and
angiogenesis [22, 23] in the docking process could favor-
ably interact with some components of the selected im-
mune system (HLA) with high frequency (HLA-A0201
and HLA-DRBI1-0101) in populations. Accordingly, it
indicates the optimal identification of this immunogenic
structure by the two main parts of the immune system
called humoral immunity and cellular immunity and
stimulation to produce immunogenicity in the host body.
This promises good immunity in the host body. However,
further proof of these results requires clinical phase pro-
cesses [27, 28, 29].
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4. Spike protein

5. Envelope protein (E)
6. Membrane protein
VA Nucleocapsid

1. Coronaviridae
2. Alphacoronavirus

3.RNA virus -
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18. Spike protein

19. Viral Zone

20. ExPASy

21. National Center for Biotechnology Information (NCBI)
22. Signal peptide

23. Epitope
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8. Human coronavirus (HCoV)
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10. Immunogenetic
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Alpha helix (Hh) = 159 is a3.21%
3,0 helix (Gg) : @ is e.e0%
Pi helix CEa) o e is e.0e%
Beta bridge (Bb) : e is e.oa%
Extended strand (Ee) : 59 is 16.03%
Beta turn CFE) = e is o.e0%
Bend region (5s) = e is e.o0%
Random coil (G = 158 is ae.76%
Ambiguous states (2) © is e.00%
Other states = B Hs e.00%
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Global Quality Estimate Local Quality Estimate Comparison
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solvation L. . . |8l 0.70

Residug Number Protein Size (Residues)
orson [ |, . W13

Template  Seq Identity Coverage Description
SziiA 8333% | = Heat-labile enterotoxin B chain

Gl
Results for model_01.pdb, chain A (102 aa)

Overall model quality

Z-Score: -5.65
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X-ray
B NMR
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Ramachandran Plot
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Plot statistics
Residues in most favowred regions [A.BL] 425 83 T
Residues m additicnal allowed regions [a.bl.p] 28 387
Residues m genercusly allowed ragions [~a.~b.~1-~p] 3 042
Residues m disalloved regioos o Q.07
Number of non-glyvcine and non-proline residuss T‘: 1090.0%
Number of end-residues {excl. Gly and Pro) 10
Mumber of glycine residuss (shown as mimmzles) 15
Number of proline ressiduss 15
Toecal mmmber of residnes 5_15
Bavad on an analyxic of 118 coucturas of 1 of at laact 2.0 Ang
amd Be-facios oo greams than 107, 2 good gualite mods] monld be expected
t0 hare orrex 90%: in the most favouved regicns.
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5. Y0 0398 F+) oUT g 0

Number of amino acids: 357

Molecular weight: 40884.70

Theoretical pI: 9.68

Total number of negatively charged residues (Asp + Glu): 33
Total number of positively charged residues (Arg + Lys): 56
Atomic composition:

Carbon C 1857
Hydrogen H 2971
Nitrogen N 497
Ooxygen o 517
Sul fur s 11

Formula: Ci;ss7Hzs71Nas70517511
Total number of atoms: 5853

Extinction coefficients:
Extinction coefficients are in units of M1 cml, at 280 nm measured in water.

Ext. coefficient 35090
Abs 0.1% (=1 g/l1l) 0.858, assuming all pairs of Cys residues form cystines
Ext. ccefficient 34840

Abs 0.1% (=1 g/1)
Estimated half-life:
The N—-terminal of the sequence considered is M (Met) |
The estimated half-life is: 30 hours (mammalian reticulccytes, in wvitro).
>20 hours (yeast, in wvive).
>10 hours (Escherichia coli, in wvivo).

0.852, assuming all Cys residues are reduced

Instability index:

The instability index (ITI) is computed to be 33.97
This classifies the protein as stable.

Aliphatic index: 90.48

Grand average of hydreopathicity (GRAVY): -0.366

Physiochemical properties

Net charge vs pH
Number of residues: 368 @

4

Molecular weight 41961 _48 g/mol rotes ornr M7

Extinction coefficient: 31860 MTcm~1 rotes on Ext. Coefficient

Iso-electric point: pH 10.14 notes orn pl

Net charge at pH 7 23.6 notes on net charge a

Estimated solubility: Sood water solubility. rnotes ornr solubility

Hydropathy

Hopp & VWoods

Top is hydrophilic
Bottom is hydrophobic
Color codes: Basic Polar
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MHCII

MHCI

Sy

0.4710

0.5078

0.5530

0.5582

0.5300

0.7025

0.6017

0.9116

HLA-DQB1*01:01,HLA-DR4,HLA-
DR9,HLA-DR8,HLA-DR13,HLA-
DR51,HLA-DQ4,HLA-DQ7,HLA-
DQ8,HLA-DQB1*03, HLA-DQB1*0301,
HLA-DRB1*0301, HLA-DRB1*0405,
HLA-DRB1*0802, HLA-DRB1*0901, HLA-
DRB1*1101,1-Ab,I-Ag7

HLA-DQB1*01:01,HLA-DR1,HLA-
DR2,HLA-DR9,HLA-DR3,HLA-DR13,HLA-
DR15,HLA-DR51,HLA-DR52,HLA-
DR53,HLA-DQ2,HLA-DQ4,HLA-
DQ5,HLA-DQ6,HLA-DQ7,HLA-DQS,HLA-
DQB1*03,HLA-DRB4*0101,HLA-
DRB5*0101,HLA-DRB1*0301,HLA-
DBR1*0401,HLA-DBR1*0404,
HLA-DBR1*0405, HLA-DBR1*0802, HLA-
DBR1*0901, HLA-DBR1*1501,I-AB,|-Ag7

HLA-DQB1*01:01,HLADR1, HLA-
DR9,HLA-DR2,HLADR3, HLA-DR15,HLA,
DR51, HLA-DR52,HLADQ4,HLA-
DQ6,HLA-DQ7,HLA-DQ8,HLA-DRB1*03,
HLA-DRB4*0101, HLA-DRB5*0101,
HLA-DRB1*0401, HLA-DRB1*0301,
HLA-DRB1*0405, HLA-DRB1*0802, HLA-
DRB1*0901, HLA-DRB1*1501,1-Ab,I-Ag7

HLA-DQB1*01:01, HLA-DR4,HLA-
DR9,HLA-DR3,HLA-DR15,HLA-
DR52,HLA-DQ4,HLA-DQ7,HLA-DQS,
HLA-DQB1*03,HLA-DQB1*0301,HLA-
DRB1*0101, HLA-DRB1*0301,
HLA-DRB1*0401, HLA-DRB1*0404,
HLA-DRB1*0405, HLA-DRB1*0802, HLA-
DRB1*0901,I-Ab,-Ad,I-Ag7,RT1-B

HLA-DR9,HLA-DR53,HLA-DQS, HLA-
DRB1*0405,
HLA-DRB1*0901

HLA-DR4,HLA-DRS,HLA-
DQ4,HLADQS8,HLA-DRB1*0405, HLA-
DRB1*0901

HLA-DR4,HLA-DR9,HLA-DR15,HLA-
DR53, HLA-DQS, HLA-DRB1*0405, HLA-
DRB1*0901,HLA-DRB1*04051501,I-
Ab,l-Ag7
HLA-DR3,HLA-DQ4,HLA-DQ8,HLA-
DRB1*0405,HLA-DRB1*0802,HLA-
DRB1*0901, HLA-DRB1*1501,

HLA-B14,HLA-B*2702,HLA-B*2705, HLA-
B*5301, HLA-B*51

HLA-A2, HLA-A*0201, HLA-A*0205, HLA-
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28. Dengue fever

29. Chikungunya

30. Encephalitis Saint Louis

31. Food and Agriculture Organization
32. World Health Organization
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