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ABSTRACT

Another attack of coronaviruses comes again, it causes a sever and fatal disease by COVID-19.Immunity is
considered as the main way to face viral disease, it becomes more effective if it develops long-lasting activity
through cellular immunity. Different short epitopes were derived from COVID-19 spike protein. For cytotoxic cell
(CD8+), 7 epitopes were derived 240- TLLALHRSY-248, 628- QLTPTWRVY-636, 714-IPTNFTISV-722, 894-
LQIPFAMQM-902, 896- IPFAMQMAY-904, 898- FAMQMAYRF-906, 1065-VTYVPAQEK-1073. For
helper cells (CD4+) the following epitopes were derived 199-GYFKIYSKHTPINLV-213,504
GYQPYRVVVLSFELL-518, 505-YQPYRVVVLSFELLH-519, 506-QPYRVVVLSFELLHA-520, 715-
PTNFTISVTTEILPV-729, 892-AALQIPFAMQMAYRF-906, 893-ALQIPFAMQMAYRFN-907, 898-
FAMQMAYRFNGIGVT-912,895-QIPFAMQMAYRFNGI-909. These epitopes were checked for antigenicity,
toxicity, allergenicity, similarity to human proteome, they were highly conserved with the reference protein, and
with resemble population coverage. Docking studies revealed desired engagement with selected HLA alleles as
indicated by binding affinity energy and RMSD values. Theses epitopes are worth to go for real applications.
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INTRODUCTION

Another pandemic coronavirus outbreak comes, caused
by COVID-19, started in December last year, studies at
different levels revealed its similarity to SARS-CoV.*23
The virus can cause a severe and even fatal disease, it is
highly contagious and transmission occurs presumably
by airborne droplets and other routes.! Human
respiratory tract can be infected with a variety of
pulmonary viruses due to continuous exposure to the
outside environments and high susceptibility of the
respiratory mucosa, this could cause that the immune
response to be out of control, which may result in tissue
damages, functional impairment and reduce lung
capacity.®® The recent epidemic studies show that
coronaviruses impose a continuous threat to human and
economy as they emerge unexpectedly, spread easily
leading to catastrophic results.!®

Viral diseases usually manipulated immunologically, and
majority of vaccines are used specially for prophylactic
purposes, by interaction of neutralizing antibodies, but
the latter alone are often not enough to protect the body
against pathogens, and fail to provide long term efficacy
and protection against number of viruses, so immune
system uses cell-mediated immunity.”? Two types of T
cells act as second line of the adaptive immunity. It is

known that T cells immune responses often provide
long-lasting immunity™, since after resolution of the
infection, the majority (90-95%) of the effector T cells
are eliminated due to programmed cell death and only a
small diverse pool of memory cells remains!®",
therefore combining cellular immunity especially
cytotoxic (CTLs/ CD8+) arm with antibodies may
provide optimal protective immunity™, CTLs cells
generally play vital role in containment of viral and
bacterial infections and lead to pathogens clearance.
CTLs cells are MHC 1 restricted and attack infected
cells.'**2 Moreover, due to its long-lasting memory cells
could be created, so its election peptides was explored to
be an alternative vaccines besides to other favorite
characters.™¥ In addition T helper (CD4+), MHC II
restricted cells play a regulatory in immune system, as
they are mediated the growth and differentiation of both
T-effector cells and antibodies producing B
lymphocytes.™***! Both CTLs and T helper cells
practiced their role indirectly and use Major
Histocompatibility Complex (MHC) and in human this
called human leucocytes antigen (HLAS), there are large
number of MHC I and MHC 11 molecules or alleles.™®

Both class | and class Il restricted T cells carry out their
roles in response to T cell epitopes, which are small
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linear peptides derived from antigenic protein and
displayed on the surface of antigen-presenting cells
(APCs) by multiple alleles of MHCs. The diversity of
MHC molecules resulted in presence of a wide variety of
peptide epitopes to CD4+ and CD8+ T cells, the
recognized epitopes derived from boarder range of
proteins, in contrast to B cells generally recognize
epitopes on the surfaces of proteins.*

The ability of epitope-mining tools has fueled the design
and development of vaccines using Vaccinomics field
which depends on Bioinformatics analytic tools and
access to depositories of curated data related to immune
reactions, so now it is a common practice to identify the
vaccine candidates epitopes using immunoinformatic
approach before going to real or wet applications.[**"*®!

The key ingredient for immunoinformatic-driven
vaccines is the initial set of protein sequences that to be
likely targets for host immune response. In such cases
the surface proteins, secreted proteins, toxins and
virulence factors, in addition to proteins highly expressed
during growth and replication or stress proteins, all these
represented good starts, but this selection should exclude
proteins that are highly conserved across species such as
house-keeping gene products.™! The present study
aimed to identify epitopes for T cells of previously
characterized COVID-19 spike glycoprotein.™®!

MATERIALS AND METHODS

Number of databases and software were used in this
study:

NCBI

Used for protein alignment using BLASTp when
required.

IEDB database

Used for design T epitopes, (TepiTool) used to predict
epitopes with default threshold values.

PDB database

Used to download pdb files of MHC molecules.

VaxiJen server

Used for prediction the antigenicity of epitopes using 0.4
as threshold value for virus group.

AllerCatPro and AllerTop software

Used to estimate the allergenicity of selected appropriate
epitopes.

ToxinPred

Used to find the toxicity of the epitopes.

PyRx v.8

Used for docking studies.

PyMOL and Discovery Studio Visualizer used for
visualization of docked epitopes.

Chimera software

Used for format manipulation

MarvinSketch software

Used for format manipulation

RESULTS AND DISCUSSION

A cons sequence protein was derived from all the
available spike proteins of COVID-19 deposited in NCBI
from 11/ Feb to 06/April, 2020 to minimize the genetic
differences between spike proteins, this cons sequence
was characterized in other study™, spike glycoprotein
associates with greatest number of antigenic epitopest,
as the virus uses its spike protein as an adhesion factor to
facilitate host entry through special receptors. This part
of study devoid to predict CD8+ (CTLs) cell epitopes
and CD4+ (T helper) cells, and their HLAs molecules.

MHC |

The whole protein was subjected to TepiTool /IEDB
using recommended method and 9mer length for all
HLA-A and HLA-B available in the database as
conservancy over 80%%" using percentile <1 and
binding affinity <200nM, since the peptides with higher
affinity are more likely to be selected by MHC molecules
and displayed of the cell surface where they can be
recognized by T lymphocytes.* Another criteria used
was choosing the immune proteasome system, since it is
believed that this type performs an improve efficiency in
antigen presentation.® 2! The studies show that there is
a complex enzymatic process and the digestion of protein
could result in large number of peptides and only 2-2.5%
of peptides transported to ER, then to the surface by TAP
and the higher values of TAP mean the higher transport
ratel*®?*? "and then bind MHC molecules.™***®!

This resulted in a very large number of CD8+ epitopes.
The latter were subjected to estimation of their
antigenicity using VaxiJen at 0.4 threshold value as this
character means that the epitope can be recognized by T
cells, the epitopes were chosen to be away from
molecular mimicry to avoid autoimmune reactions by
BLASTing each epitope using BLASTp with nr and Ref-
Seq databases at Expected value of 0.05, toxicity and
allergenicity®2*%1 \were checked using appropriate
software, the final selected epitopes are shown in
Table 1.
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Table 1: CD8+ T cell epitopes and engaged alleles.

start | end | peptide* IC50 | Antigenicity | Proteasome score | TAP Alleles
240 248 | TLLALHRSY 24.2 0.8009 1.27 1.26 | HLA-B*15:25
240 248 | TLLALHRSY 58.9 0.8009 1.27 1.26 | HLA-B*15:02
240 248 | TLLALHRSY 78.5 0.8009 1.27 1.26 | HLA-B*15:01
240 248 | TLLALHRSY 83.4 0.8009 1.27 1.26 | HLA-A*29:02
240 248 | TLLALHRSY 174.6 0.8009 1.27 1.26 | HLA-A*30:02
628 636 | QLTPTWRVY 42.9 1.2119 1.72 1.21 | HLA-B*15:25
628 636 | QLTPTWRVY 79.2 1.2119 1.72 1.21 | HLA-B*15:02
628 636 | QLTPTWRVY 119.9 1.2119 1.72 1.21 | HLA-B*15:01
628 636 | QLTPTWRVY 186.2 1.2119 1.72 1.21 | HLA-A*30:02
714 722 | IPTNFTISV 70.8 0.8820 1.18 0.06 | HLA-B*56:01
714 722 | IPTNFTISV 135.6 0.8820 1.18 0.06 | HLA-B*53:01
714 722 | IPTNFTISV 153.6 0.8820 1.18 0.06 | HLA-B*35:01
714 722 | IPTNFTISV 167.1 0.8820 1.18 0.06 | HLA-B*07:02
714 722 | IPTNFTISV 179.2 0.8820 1.18 0.06 | HLA-B*51:01
894 902 | LQIPFAMQM 17.2 1.0680 1.42 1.4 HLA-B*15:25
894 902 | LQIPFAMQM 32.9 1.0680 1.42 1.4 HLA-B*15:01
894 902 | LQIPFAMQM 39.7 1.0680 1.16 0.26 | HLA-A*02:06
894 902 | LQIPFAMQM 119.9 1.0680 1.16 0.26 | HLA-B*13:01
894 902 | LQIPFAMQM 161.9 1.0680 1.16 0.26 | HLA-B*15:02
896 904 | IPFAMQMAY 2.8 1.4278 1.42 1.17 | HLA-B*35:01
896 904 | IPFAMQMAY 20.9 1.4278 1.42 1.17 | HLA-B*53:01
896 904 | IPFAMQMAY 32.3 1.4278 1.42 1.17 | HLA-B*15:02
896 904 | IPFAMQMAY 82.5 1.4278 1.42 1.17 | HLA-A*29:02
896 904 | IPFAMQMAY 176.8 1.4278 1.42 1.17 | HLA-B*15:25
898 906 | FAMQMAYRF 6.3 1.0278 1.45 1.05 | HLA-B*35:01
898 906 | FAMQMAYRF 115 1.0278 1.45 1.05 | HLA-B*53:01
898 906 | FAMQMAYRF 23.4 1.0278 1.45 1.05 | HLA-B*58:01
898 906 | FAMQMAYRF 40.9 1.0278 1.45 1.05 | HLA-A*23:01
898 906 | FAMQMAYRF 43.4 1.0278 1.45 1.05 | HLA-B*15:25
898 906 | FAMQMAYRF 48.9 1.0278 1.45 1.05 | HLA-B*15:02
898 906 | FAMQMAYRF 112.9 1.0278 1.45 1.05 | HLA-A*29:02
898 906 | FAMQMAYRF 123.9 1.0278 1.45 1.05 | HLA-B*15:01
898 906 | FAMQMAYRF 143 1.0278 1.45 1.05 | HLA-A*24:02
1065 | 1073 | VTYVPAQEK 18.5 0.8132 0.94 0.29 | HLA-A*11:01
1065 | 1073 | VTYVPAQEK 38 0.8132 0.94 0.29 | HLA-A*03:01
1065 | 1073 | VTYVPAQEK 110.7 0.8132 1.5 1.19 | HLA-A*30:01
1065 | 1073 | VTYVPAQEK 114.4 0.8132 1.5 1.19 | HLA-A*68:01
*Non-toxic, percentile rank <1
The conversancy of the selected epitopes across all the
retrieved proteins is shown | Table 2
Table 2: Conservancy of CD8+ T cell epitopes.
Epitope Epitope Epitope | Percent of protein | Minimum | Maximum
name: sequence length | sequence matches identity | identity
start-end at identity ==
100%
240-248 | TLLALHRSY 9 98.86% (87/88) 88.89% 100.00%
628-636 QLTPTWRVY 9 100.00% (88/88) 100.00% 100.00%
714-722 IPTNFTISV 9 100.00% (88/88) 100.00% 100.00%
894-902 | LQIPFAMQM 9 100.00% (88/88) 100.00% 100.00%
896-904 [PFAMOMAY 9 100.00% (88/88) 100.00% 100.00%
898-906 | FAMQMAYRF 9 100.00% (88/88) 100.00% 100.00%
1065-1073 | VIYVPAQEK 9 100.00% (88/88) 100.00% 100.00% |

It is known that T cells can only recognize peptide in the
context of MHCs (HLAs), so the latter is important

component in epitope driven vaccine in the selection of
epitopes that binding to MHCP, the interaction of
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epitope and the receptor (TRC) of CD8+ leading to
activation, proliferation, differentiation and effector
function. On the other hand, HLA genes are the most
polymorphic genes in human genome, this besides the
restriction phenomenon, resulted in serious problems in
vaccine design and population coveragel?®?"28:2%

Table 3: The frequency of alleles for CD8+ T cells.

because each allele binds to a particular group of
epitopes.[*”!

Table 3 shows the frequency of alleles that interact with
the selected epitopes.

start end peptide Antigenicity allele

894 902 LQIPFAMQM 1.0680 HLA-A*02:06
1065 1073 VTYVPAQEK 0.8132 HLA-A*03:01
1065 1073 VTYVPAQEK 0.8132 HLA-A*11:01
898 906 FAMQMAYRF 1.0278 HLA-A*23:01
898 906 FAMQMAYRF 1.0278 HLA-A*24:02
240 248 TLLALHRSY 0.8009 HLA-A*29:02
896 904 IPFAMQMAY 1.4278 HLA-A*29:02
898 906 FAMQMAYRF 1.0278 HLA-A*29:02
1065 1073 VTYVPAQEK 0.8132 HLA-A*30:01
240 248 TLLALHRSY 0.8009 HLA-A*30:02
628 636 QLTPTWRVY 1.2119 HLA-A*30:02
1065 1073 VTYVPAQEK 0.8132 HLA-A*68:01
714 722 IPTNFTISV 0.8820 HLA-B*07:02
894 902 LQIPFAMQM 1.0680 HLA-B*13:01
240 248 TLLALHRSY 0.8009 HLA-B*15:01
628 636 QLTPTWRVY 1.2119 HLA-B*15:01
894 902 LQIPFAMQM 1.0680 HLA-B*15:01
898 906 FAMQMAYRF 1.0278 HLA-B*15:01
240 248 TLLALHRSY 0.8009 HLA-B*15:02
628 636 QLTPTWRVY 1.2119 HLA-B*15:02
894 902 LQIPFAMQM 1.0680 HLA-B*15:02
896 904 IPFAMQMAY 1.4278 HLA-B*15:02
898 906 FAMQMAYRF 1.0278 HLA-B*15:02
240 248 TLLALHRSY 0.8009 HLA-B*15:25
628 636 QLTPTWRVY 1.2119 HLA-B*15:25
894 902 LQIPFAMQM 1.0680 HLA-B*15:25
896 904 IPFAMQMAY 1.4278 HLA-B*15:25
898 906 FAMQMAYRF 1.0278 HLA-B*15:25
714 722 IPTNFTISV 0.8820 HLA-B*35:01
896 904 IPFAMQMAY 1.4278 HLA-B*35:01
898 906 FAMQMAYRF 1.0278 HLA-B*35:01
714 722 IPTNFTISV 0.8820 HLA-B*51:01
714 722 IPTNFTISV 0.8820 HLA-B*53:01
896 904 IPFAMQMAY 1.4278 HLA-B*53:01
898 906 FAMQMAYRF 1.0278 HLA-B*53:01
714 722 IPTNFTISV 0.8820 HLA-B*56:01
898 906 FAMQMAYRF 1.0278 HLA-B*58:01

These epitopes are with promiscuous nature®’=Y, the
promiscuously binding antigenic epitopes are considered
to act against a vast range of immune systems.®? So the
inclusion of promiscuous epitopes i.e. epitopes that are
recognized in context of more than one MHC in epitope-
driven vaccine may overcome the challenge of genetic
restriction of immune system, 4333431

Population coverage analysis plays a significant role in
the epitope-based vaccine design because of the highly
polymorphic nature of MHC molecules®®*" to ensure the

effectiveness of a vaccine in the general population,
epitopes must be able to activate the desired immune
response for the majority of the target population, and
this means that the epitopes would be suitable for use in
a large population.® Table 4 indicates the population
coverage of selected MHC | epitopes.
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Table 4: Population coverage for MHC 1 alleles.
Area % of Coverage
Oceania 90.66
East Asia 88.57
Northeast Asia 86.99
Southeast Asia 85.89
West Indies 84.86
West Africa 84.29
North America 82.94
South Africa 82.33
Europe 80.66
South Asia 78.87
North Africa 77.43
Central Africa 74.68
East Africa 73.03
Southwest Asia 66.59
South America 62.17
Central America 7.76

East Asia region is considered as one of the hot spots of
COVID-19 virus infection. The greater range of
geographic areas stands as an additional useful tool for
preclinical evaluation of new vaccines.*?

MHC 11

MHC Il molecules serve to bind peptides/epitopes
encaged with CD4+ T cell receptors to initiate an
immune response. ldentification of MHC class 1l
restricted peptide epitopes is an important goal in
immunological studies, since the activation of CD4+
helper cells is essential for the development of adaptive
immunity against pathogens. 3404142

Table 5: CD4+ T cell epitopes and engaged allels.

A critical step in CD4+ T cell activation is the
recognition of epitopes by MHC I molecules.”®
Crystallographic studies revealed that MHC 1l epitope
binding site consists of a groove and several pockets
provided by a B-sheet and two a-helices™**“®], the groove
is open on both ends so it could accommodate variable
number of residues up to 25 residues."™ The binding
groove forms the major pocket which accommodate
sidechains of residues. Core region interaction
determines the binding affinity and specificity™®!, and the
immediate flanking residues have been indicated to make
contact with the MHC 11 molecule outside of the binding
groove and contribute to MHC-epitope interactions.*"!
Computational prediction of MHC Il epitopes is
theoretical with practical value, since the experimental
identification is costly and time consuming. In human,
three genes HLA-DR, HLA-DP and HLA-DQ are
present, they have large number of alleles which may
differ from each other by up to 20 amino acids.

In this study, IEDB recommended method /TepiTool was
used for specific top 15 HLA-DR and all the available
HLA-DP and HLA-DQ alleles in the database, under
percentile <10 and 1C50 <200nM. Large number of
epitopes were obtained, these were subjected to different
steps of filtration and analyses, such as estimation of
antigenicity using VaxiJen server at 0.4 threshold value
for virus group, estimation similarity with human
proteome to avoid autoimmunity problems using
BLASTp with nr and Ref-Seq databases at Expected
value of 0.05. Toxicity and Allergenicity were checked
using appropriate software. Finally 8 epitopes were being
satisfied these criteria, shown in Table 5.

Start | End | Peptide Antigenicity | IC50 | Allele

199 213 | GYFKIYSKHTPINLV 0.9278 79.68 | HLA-DRB1*09:01

199 213 | GYFKIYSKHTPINLV 0.9278 60.93 | HLA-DRB1*11:01

199 213 | GYFKIYSKHTPINLV 0.9278 107.67 | HLA-DRB1*13:02

199 213 | GYFKIYSKHTPINLV 0.9278 92.54 | HLA-DRB1*15:01

504 518 | GYQPYRVVVLSFELL 1.0740 151.07 | HLA-DPA1*01:03/DPB1*02:01
504 518 | GYQPYRVVVLSFELL 1.0740 128.38 | HLA-DPA1*02:01/DPB1*01:01
504 518 | GYQPYRVVVLSFELL 1.0740 151.07 | HLA-DPA1*03:01/DPB1*04:02
504 518 | GYQPYRVVVLSFELL 1.0740 194.52 | HLA-DRB1*04:05

504 518 | GYQPYRVVVLSFELL 1.0740 107.53 | HLA-DRB1*07:01

504 518 | GYQPYRVVVLSFELL 1.0740 189.64 | HLA-DRB1*15:01

505 519 | YQPYRVVVLSFELLH 0.9711 102.17 | HLA-DPA1*01:03/DPB1*02:01
505 519 | YQPYRVVVLSFELLH 0.9711 299.25 | HLA-DPA1*02:01/DPB1*01:01
505 519 | YQPYRVVVLSFELLH 0.9711 127.53 | HLA-DPA1*03:01/DPB1*04:02
505 519 | YQPYRVVVLSFELLH 0.9711 196.58 | HLA-DRB1*04:05

505 519 | YQPYRVVVLSFELLH 0.9711 142.47 | HLA-DRB1*07:01

506 520 | QPYRVVVLSFELLHA 0.9109 90.11 | HLA-DPA1*03:01/DPB1*04:02
506 520 | QPYRVVVLSFELLHA 0.9109 179.39 | HLA-DRB1*07:01

506 520 | QPYRVVVLSFELLHA 0.9109 138.75 | HLA-DRB1*15:01

506 520 | QPYRVVVLSFELLHA 0.9109 187.55 | HLA-DRB4*01:01

715 | 729 | PTNFTISVTTEILPV 1.1349 151.86 | HLA-DPA1*01/DPB1*04:01
715 | 729 | PTNFTISVTTEILPV 1.1349 151.86 | HLA-DRB1*04:01

715 | 729 | PTNFTISVTTEILPV 1.1349 25.32 | HLA-DRB1*07:01

715 | 729 | PTNFTISVTTEILPV 1.1349 66.91 | HLA-DRB1*09:01
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892 906 | AALQIPFAMQMAYRF 0.9108 31.62 | HLA-DRB1*01:01
892 906 | AALQIPFAMQMAYRF 0.9108 171.72 | HLA-DRB1*12:01
892 906 | AALQIPFAMQMAYRF 0.9108 63.42 | HLA-DRB1*15:01
892 906 | AALQIPFAMQMAYRF 0.9108 82.35 | HLA-DRB4*01:01
892 906 | AALQIPFAMQMAYRF 0.9108 31.62 | HLA-DRB5*01:01
893 907 | ALQIPFAMQMAYRFN 1.0112 13.18 | HLA-DRB1*01:01
893 907 | ALQIPFAMQMAYRFN 1.0112 159.54 | HLA-DRB1*12:01
893 907 | ALQIPFAMQMAYRFN 1.0112 7244 | HLA-DRB4*01:01
893 907 | ALQIPFAMQMAYRFN 1.0112 23.39 | HLA-DRB5*01.01
895 909 | QIPFAMQMAYRFNGI 0.9573 12.49 | HLA-DRB1*01:01
895 909 | QIPFAMQMAYRFNGI 0.9573 180.52 | HLA-DRB1*12:01
895 909 | QIPFAMQMAYRFNGI 0.9573 51.33 | HLA-DRB1*15:01
895 909 | QIPFAMQMAYRFNGI 0.9573 70.4 HLA-DRB4*01:01
895 909 | QIPFAMQMAYRFNGI 0.9573 2144 | HLA-DRB5*01:01

From the results, it is obvious that the frequent allele
belongs to DRB1 and this expected since DRB1 proteins
expression level is about five folds greater than those of
DRB3, DRB4, DRB5.1! Conservancy of these epitopes
across the whole number of spike protein sequences (88
sequences) from all over the world was 100% as shown
in Table 6.

The selected epitopes bind to different alleles range from
4-6 alleles (See Table 5) due to high polymorphism

Table 6: Conservancy of CD4+ T cell epitopes.

found on the exposed surfaces including the peptide
binding groove which resulted in diversity within the
population. This means that there are many promiscuous
peptides can bind multiple MHC 11 molecules!*!, these
promiscuous peptides are a prime target for vaccine and
immunotherapy, so many computational tools were
developed to facilitate scanning and finding such
peptides."!

Epitope | Epitope Epitope sequence Epitope | Identity | Minimu | Maximu
# name length | —— 100% m m
identity | identity
1 199-213 | GYFKIYSKHTPINL V 15 100.00% 100.00 100.00%
(88/88) %
2 504-518 | GYQPYRVVVLSFELL 15 100.00% 100.00 100.00%
(88/88) %
3 505-519 | YQPYRVVVLSFELLH 15 100.00% 100.00 100.00%
(88/88) %
-+ 506-520 | QPYRVVVLSFELLHA 15 100.00% 100.00 100.00%
(88/88) %
5 715-729 | PINFTISVITEILPV 15 100.00% 100.00 100.00%
(88/88) %
6 892-906 | AALQIPF AMOQMAYRF 15 100.00% 100.00 100.00%
(88/88) %
7 893-907 | ALQIPFAMQMAYRFN 15 100.00% 100.00 100.00%
(88/88) %
8 895-909 | QIPFAMQMAYRFNGI 15 100.00% 100.00 100.00%
(88/88) %
As with MHC |, population coverage is considered one East Africa 59.93
of the criteria to be looked in selection of epitopes. The Oceania 58.01
IEDB population coverage tool was used for selected West Africa 58.01
epitopes with their interacting alleles, shown in Table 7 Northeast Asia 54.54
Central Africa 54.01
Table 7: Population coverage for MHC 11 alleles. Southeast Asia 51.04
Area _ % of Coverage South America 36.83
North America 77.5 Southwest Asia 36.4
East Asia 76.59 Central America 25.6
Europe 75.81 South Africa 7.65
South Asia 65.75
West Indies 64.06 Although the coverage in this case is inferior compared
North Africa 61.56 with MHC | (See Table 4), but the promising results that
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most combinations of epitopes and alleles cover half the
different populations in distinct geographical areas
considered by IEDB, this indicates the possibility of
using multiple epitopes in one vaccine batch.

Docking Studies

The primary aim of make docking is the prediction of the
a binding site of a ligand at a protein receptor surface,
then docking and modeling the ligands into the recognize
site® some epitopes (from MHC | and MHC 11) were
further tested for binding against HLA molecules using
in silico docking technique to verify the binding cleft —
epitope interaction.®! The 3D structure of epitopes were
obtained from amino acid sequences using PEP-FOLD
online server® and the pdb structure of some HLA
molecules were obtained from pdb database. The
epitope-receptor pairs were docked by PyRx AutoDock
Vinal®¥, the epitope considered as highly flexible ligand
to produce a correct docking results™*¥ and in this
application the protein (receptor) prepared by removing
natural ligands and heteroatoms, addition of polar
hydrogen to the structure and ligand torsion are enabled
for all rotatable bonds i.e. transforming the format into
pdbqt format.®! The grid box was set to be large enough

MHC I

to accommodate the whole structure of the protein.k®
The best docking results were chosen depending on
binding affinity (-A G) value, which depicts the bindin

energy between the protein and the ligands™
considering that the box of the docking was large enough
to let the epitopes to interact with any site of the receptor
and considering that PyRx software can dock the
epitopes at the same position of crystallography
complexes.™® The results selection was confirmed by
RMSD values which were zero for all the selected results
i.e. using more stable RMSD in whole docking, since the
RMSD value < 3 A° means high accuracy and those of
>3 A° means low accuracy.” On the other hand
hydrogen bonding less than 3 AC is usually considered
biologically significant®?, and at the same time the
docking or the interaction to bind or dock in the groove
carry out via multiple contacts, with continuous
hydrogen bonds and salt bridge anchors supporting their
potential in generating immune responses.®”!

Anyway, in this study, docking was performed for
promiscuous peptides which are engaged with more
frequent allele, and sometimes using the more frequent
alleles.

Allele Epitope Binding
affinity
kcal/mol

HLA-B1502 , pdb ID 1xr9 | 240-248 -8.6

HLA-B1502, pdb ID 1xr9 | 628-636 -9.6

HLA-B1502 , pdb ID 1xr9 | 714-722 -8.4

HLA-B1502 , pdb ID 1xr9 | 894-902 -8.0

HLA-B1502 , pdb ID 1xr9 | 896-904 -8.2

HLA-B1502, pdb ID 1xr9 | 898-906 -8.9

HLA-B1502 , pdb ID 1xr9 | 1065-1073 | -8.9

HLA-B1502 , pdb ID 1xr9
+ s28-636

Energy

: -9.6 kcal/ mol
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HLA-B1502 , pdb ID 1xr9
+ s28-63s6

Emergy - -9.6 kcal/ mol

HLA-B1502 , pdb ID 1xr9
+ 714-722
Energy : -8.4 kcal/mol

HLA-B1502, pdb ID 1xr9
+ 714-722
Energy : -8.4 kcal/mol
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\‘u § HLA-B1502 , pdb ID 1xr9
1 = s + 898-906
[

Energy : -8.9 kcak/mol

HLA-B1502 , pdb ID 1xr9
+ 898-906
Energy : -8.9 kcak/mol

MHC 11
Allele Epitope | Binding
affinity
kcal/mol
HLA-B1501 pdb ID 1xr8 506-520 | -6.4
HLA-DRB10701 pdb ID 3c5j | 715-729 | -6.6
DRB1 0101 pdb ID laqd 892906 | -7.1

HLA-DRB10701 pdb ID 3c5j | 506-520 | -7.1
HLA-DRB40101 pdb ID 5jlz 892-906 | -7.5

DRB1 0101 pdbID lagd 506-520 | -7.6
HLA-DRB10405 pdb ID 4is6 | 504-518 | -7.7
HLA-B1501 pdb ID 1xr8 199-213 | -8.0

HLA-DRB40101 pdb ID 5jlz 506-520 | -9.1
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HLA-B1501 pdb ID 1xr8
+ 506-520
Energy :-6.4
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Epitope 506-520

5jlz HLA-DRB40101 506-520 Discovery Studio

It has been noted that there is across epitopes i.e. epitope PTNFTISVTTEILPV-729, such epitope can engaged
could engaged with MHC | allele and MHC 11 alleles as with MHC | of CTLs and MHC Il of CD4+ T helper
for the epitopes 714- IPTNFTISV-722 and 715- cells and represent strategic choice.
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The designed ideal vaccine for respiratory viruses should
include the cellular and humoral neutralizing antibodies,
that because classical antibody- based vaccine are often
poor inducer of T cell responses, so including small
protein fragments (epitopes) in vaccine which can be
presented by MHC molecules to CD4+ and CD8+ T
cells, this will lead to specific T cell responses®™ in that
CD8+ helping in clearing out the infection®®, while
CD4+ T cell functions as helper cells can direct the
activity of other immune cells against a viral threats by
releasing specific mediators’® and are critically
important to the development of memory B cells and
memory CTLs responses.[’*!]

To increase the population coverage, this can be done by
using a peptide cocktail composed from different
immunogenic peptides, so the immune epitope- based
vaccine must contain enough epitopes restricted by
supertype HLA to induce broad responses human
population.™ In addition, inclusion of diverse or
nonidentical epitopes will improve paracrine effect
(cooperation) away from competition found in similar
epitopes.[”!

Finally other approaches can be practiced against
COVID-19 such as finding inhibitors for most important
virulence factor (i.e. spike protein), or using
antimicrobial peptides’®, or using available knowledge
to targeting and controlling the cytokines production and
inflammatory responses.®
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