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INTRODUCTION 

Recently, the world facing a pandemic outbreak of new 

coronavirus, initiated in China and spread all over the 

world, the viral disease causing a sever and even fatal 

respiratory infections. The virus is highly contagious and 

transmitted via airborne droplets, in addition to other 

routes.
[1] 

 

The virus and the disease were given more or less similar 

names by the authorities. In this work COVID-19 will be 

used. The virus belongs to corona viruses which are 

common human pathogens, causing in general mild 

respiratory illness. The zoonotic virus belongs to 

Coronaviridae family. The virus is enveloped with 

positive ssRNA genome and few structural and non- 

structural proteins.
[2]

 It has been found to be with high 

similarity with SARS-CoV form different points of 

view.
[3,4]

 The life cycle of COVID-19 virus starts by 

binding to its receptor Angiotensin-Converting Enzyme 

(ACE2)
[5,6,7]

, which expressed on different types of cells 

of respiratory system and other susceptible cells in 

different parts of the body.
[8]

 The attachment via S1 

protein, then fusion of the virus membrane with 

endosomal membrane probably mediated by S2, 

followed by releasing the viral genome into the cell 

cytoplasm. The virus starts replication and assembly of 

the proteins and releases new infective particles to infect 

new target cells. These events accompanying by 

production and activation of proinflammatory 

chemokines and cytokines causing significant damage to 

lung tissues resulting in atypical pneumonia with rapid 

abnormalities and failure.
[9,10,11]

 

 

As COVID-19 is a RNA virus, it tends to mutate more 

frequently than other viruses, in general corona virus 

mutate at highly rates e.g. Infectious bronchitis virus 

(IBV) which belongs to Gammacoronavirus, its spike 

protein mutate at rate recorded to be 2*10
-2

 to 4*10
-4 

substitute/site/year, or 10
-4 

to 10
-5

 substitute/ 

nucleotide/round of replication compared to 10
-9

 to 10
-11

 

substitute /nucleotide/round of replication in Escherichia 

coli.
[12,13]

 Some proteins of the virus mutate more 

frequently than others especially the outer membrane 

proteins such as S protein. This high mutation rate 

happens due to more than one reason, first of all ; RNA 

molecule is unstable in comparison with DNA molecule, 

the other reason is responding to altered selective 

pressures, and infidelity of RNA polymerase due to the 

absence of proof-reading activity.
[4]

 These changes help 

the viruses to escape the cell-mediated and humoral 

immunity and might enable the virus to cross species 

barriers, so it is likely that COVID-19 emerged from the 

accumulation of mutations.
[14,15]

 All these make 

traditional vaccines for viral diseases with limited 

success and put additional strains on developmental 

efforts, The spike (S) protein is the main molecule 

present at the surface of the virion and could represent 

the most effective virulence factor in all corona virus 
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groups due to its function and location. It is a 

multifunctional protein, contributes to host receptor 

binding, cell tropism and pathogenesis, as it binds to the 

receptor it induces endocytosis of virion particle, the 

fusion between host and viral membranes allowing 

penetration of the virus genome into the host cytoplasm, 

S2 participates in the latter activities.
[16,17,18]

 

 

The known receptor for SARS-CoV which is highly 

related to COVID-19 at multiple levels is the ACE2, but 

it has been found that COVID-19 has some changes 

which resulted in increasing the receptors range such as 

integrins and may enhances animal-to-human and 

human-to-human transmission.
[19,20,21]

 

 

Vaccines are the appropriate method to deal with viral 

infections, epitope/peptides vaccines might be the best, 

since the peptide vaccines are intended to present 

appropriate B- and T-cell epitopes to stimulate the 

adaptative and specific immune response and 

subsequently induce immune protection and long -lasting 

response.
[22]

 Such approached opened a new field in 

immunology called immunoinformatics and more 

specifically Vaccinomics, which thanks to advance in 

computer science and its related field 

Bioinformatics.
[23,24,25,26]

 

 

In silico epitope vaccine design was used to find epitope 

vaccine for both B- and T-cell epitopes using different 

approaches were reported, especially from S protein.
[27,28]

 

 

The aim of this study (Part I) is to find the evolution and 

charges of surface proteins of COVID-19 new strains, 

and to design B epitopes for vaccine developing 

depending on S protein.  

 

MATERIALS AND METHODS  

Number of databases and software were used in this 

study 

NCBI  

Used for sequences retrieved of surface proteins, and 

protein alignment using BLASTp when required. 

 

IEDB database  

Used for design B epitopes, (BepiPred2) used to predict 

linear epitopes with default threshold values, and study 

of some its characters according to database 

recommendations. 

  

VaxiJen server  

Used for prediction the antigenicity of proteins and 

epitopes using 0.4 as threshold value for virus group. 

 

EMBOSS Explorer  

Used to get consensus sequence for proteins.  

 

MEGA software  

Used for alignment and constructing Neighbor joining 

trees. 

 

AllerCatPro and AllerTop software 

Used to estimate the allergenicity of selected appropriate 

epitopes.  

 

ToxinPred 

Used to find the toxicity of the epitopes.  

Swiss-pdb viewer 4.1.0. 

Used for Ramachandran plot estimation  

 

RESULTS AND DISCUSSION  
Surface and secreted proteins of pathogens are mostly 

antigenic
[29,30]

 and responsible for pathogenicity, it has 

been identified that spike and membrane proteins as 

targets for the COVID-19 vaccine.
[15]

 The precursor S 

protein consisting of about 1273 amino acids, it is 

cleaved by proteases into surface subunit S1(position 17-

680) and the transmembrane subunit S2 (681-1095).
[31]

 

The first part (S1) recognizes and binds to host receptors. 

The spike glycoprotein structure and sequence become 

available.
[32]

 

 

Sequence retrieve surface  

Surface protein Sequences for COVID-19 were retrieved 

from NCBI, the release interval extended from 11 Feb 

till 06 April /2020, using FASTA format, sequences 

having abnormal character were eliminated. Table 1 

shows the information about sequences. 

 

Table 1: Surface protein (Spike) of COVID-19 strains 

from all over the world. 

Date Country Acc No 

FEB-11 Australia QHR84449 

FEB-11 China QHZ00358 

FEB-11 China QHU36864 

FEB-11 China QHU36854 

FEB-11 China QHU36844 

FEB-11 China QHU36834 

FEB-11 China QHU36824 

FEB-11 China QHO62112 

FEB-11 China QHO62107 

FEB-11 China QHN73810 

FEB-11 China QHN73795 

FEB-11 Korea QHZ00379 

FEB-11 USA QHZ00399 

FEB-11 USA QHZ00389 

FEB-11 USA QHW06059 

FEB-11 USA QHW06049 

FEB-11 USA QHW06039 

FEB-11 USA QHU79204 

FEB-11 USA QHU79194 

FEB-11 USA QHQ82464 

FEB-11 USA QHQ71973 

FEB-11 USA QHQ71963 

FEB-11 USA QHO62877 

FEB-12 USA QHZ87592 

FEB-12 USA QHZ87582 

FEB-24 USA QID21068 

FEB-24 USA QID21058 

FEB-24 USA QID21048 
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FEB-27 USA QID98794 

FEB-29 Japan BCA87371 

FEB-29 Japan BCA87361 

MAR-07 Japan BCB15090 

MAR-09 USA QII57338 

MAR-09 USA QII57328 

MAR-09 USA QII57318 

MAR-09 USA QII57308 

MAR-09 USA QII57298 

MAR-09 USA QII57288 

MAR-09 USA QII57278 

MAR-09 USA QII57268 

MAR-09 USA QII57258 

MAR-09 USA QII57248 

MAR-09 USA QII57238 

MAR-09 USA QII57228 

MAR-09 USA QII57218 

MAR-09 USA QII57208 

MAR-09 USA QII57198 

MAR-09 USA QII57188 

MAR-09 USA QII57178 

MAR-09 USA QII57168 

MAR-12 USA QIJ96523 

MAR-12 USA QIJ96513 

MAR-12 USA QIJ96503 

MAR-12 USA QIJ96493 

MAR-12 USA QIJ96483 

MAR-12 USA QIJ96473 

MAR-12 USA QIJ96463 

MAR-13 USA QIK02964 

MAR-13 USA QIK02954 

MAR-13 USA QIK02944 

MAR-17 Finland QHU79173 

MAR-18 China QHD43416 

MAR-27 USA QHO60594 

MAR-30 China YP_009724390 

APR-06 Brazil QIG55994 

APR-06 China QIE07481 

APR-06 China QIE07471 

APR-06 China QIE07461 

APR-06 China QIE07451 

APR-06 China QIA20044 

APR-06 India QIA98583 

APR-06 India QHS34546 

APR-06 Italy QIA98554 

APR-06 Nepal QIB84673 

APR-06 Sweden QIC53204 

APR-06 Taiwan QIK50417 

APR-06 Taiwan QIA98606 

APR-06 Taiwan QIA98596 

APR-06 USA QIK50427 

APR-06 USA QII87840 

APR-06 USA QII87830 

APR-06 USA QII87818 

APR-06 USA QII87806 

APR-06 USA QII87794 

APR-06 USA QII87782 

APR-06 USA QIH55221 

APR-06 Viet Nam QIK50448 

APR-06 Viet Nam QIK50438 

 

Eighty eight sequences were retrieved, 53 from USA 

(60.23%), followed by Chinese strains 17(19.3%), the 

rest from all over the world countries. 

 

The sequences were subjected to VaxiJen to estimate 

their antigenicity at 0.4 threshold value. The value 

ranged from 0.4614 as lowest antigenicity value for 

Sweden strain (Acc # : QIC53204), to highest value 

0.4687 for the Indian strain (QHS34546), while most of 

the rest (85.23%) having the value of 0.4646. 

 

Then the sequences were subjected to multiple 

alignments using ClastW in order to construct phylogeny 

relationship using MEGA software, in general they 

aligned except those with changed antigenicity due to 

amino acids substitution as shown in Fig 1. 
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Fig 1: Relationship among all spike protein sequences. 

 

The relation of Chinese strains is shown in Fig 2, as China was the origin of the virus 
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Fig 2: Relationship among spike protein sequences from China. 

* The first Wuhan Strain  

 

Fig 3 shows the phylogeny of the USA strains represented the largest number of deposited sequences 

 
Fig 3: Relationship among spike protein sequences from USA 

Strains with altered antigenicity 
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In order to find the evolution of virus, the sequences 

were aligned with one IBV virus protein since the IBV 

belongs to corona virus / Gammacoronavirus as 

outgroup, results in Fig 4.  
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Fig 4: Evolution of spike proteins. 

 

The results above show changes 10% of residues, These 

results in addition to above results clarify that there is 

changing in virus spike protein, although it is very slight 

(as in the Figure), this may be due to limited used 

sequences and short period of collection, this is with 

general trends about instability of COVID-19 genome, 

and most mutations occur in the outer membrane 

proteins such as spike protein.
[33]

 

 

These mutations increase the sustainability and ability of 

the viruses to escape from immune system responses.
[34]

 

This virus i.e. COVID-19 diverse from other corona 

viruses by 75% at nucleotide sequences, and found that it 

has short insertions in the terminal domain and has 4 out 

of 5 key residues changes in the receptor binding motif 

in comparison with SARS-CoV.
[21]

  

 

At this situation, the sequences were aligned to get 

consensus sequences to be used to derive different 

epitopes in an attempt to use bulk estimation. The 

consensus sequences obtained using EMBOSS Explorer, 

aligned with other sequences and subjected for 

phylogeny estimation to find its position among other 

sequences, the results shown in Fig 5.  
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Fig 5: Position of Cons sequence among other strains. 
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The antigenicity of this sequence is 0.4631 (Cons 

sequence), the resulted sequence was subjected to 

different studies, such as estimation of general properties 

using ExPASy ProtParam as shown in Table 2. 

 

Table 2: Parameters of Cons sequence protein using ExPASy protParam server. 

 
 

The isoelectric point (PI) was 6.24 suggests its negative 

existence, since value less than 7 means that the protein 

with negative charge, the protein is stable (instability 

index 33.01). The conserved domains/NCBI showed that 

the protein composed of two domains : Spike receptor 

binding domain (17-680) and S2 domain (681-1273), 

shown in Fig 6. 

 

 
Fig 6: Domains of selected spike protein (Cons sequemce). 

 

The resulted Cons sequence subjected to modelling using 

SwissModel, the best Template is 6vsb.1A (pdb ID) 

since sequence identity was 99.26%, followed by 

6acc.1A (pdb ID), and 6acd.1A (pdb ID) at sequence 

identity 76.47%. Model 2 (6acc, pdb ID) was used for 

further studies depending on its correlation to the target 

protein (Spike protein), sequence similarity and model 

quality.
[35] 

Secondary structure was estimated using 

PISPRED
[36]

 shown in Fig 7. 

 

 
Fig 7: Secondary structure of Cons Sequence. 

 

And 3D structure is shown in Fig 8 
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Fig 8: Tertiary (3D) structure of used protein (Cons sequence). 

 

Ramachandran plot was estimated using Swiss-pdb viewer 4.1.0., the results shown in Fig 9 

 

 
Fig 9: Ramachandran plot for residues distribution of Cons sequence. 

 

Prediction of B-Epitopes  

Peptide or epitope-based vaccines are specific and induce 

immunity against selected epitopes. Full-length S protein 

might considered as a good vaccine antigen as it could 

induce neutralizing antibodies preventing host cell 

attachment and infection, in addition, antiviral peptides 

against S2 may be considered as therapeutic candidates, 

the latter subunit of COVID-19 was found highly 

conserved and has 99% sequence similarity with other 

human coronaviruses.
[37]

 Besides that B- and T-cell 

epitopes were found in viral nucleocapsid (N) protein as 

well.
[3,38]

 

 

The aim of prediction of B cell epitopes was to find the 

potential antigens that would interact with B cells and 

initiate an immune response
[39]

, linear B cell epitopes 

were predicted using Bepipred 2.0
[40]

 tool from IEDB, 

the residues scoring above 0.5 were considered epitope, 

the results shown in Fig 10 
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Fig 10: Predicted B epitopes using Cons sequence in IEDB database. 

 

The most important criteria for B epitopes are the 

hydrophilicity
[16]

 and is usually in β turns regions
[41]

, 

these were estimated using IEDB facilities at default 

parameters as shown in Fig 11A and 11B. 

 

 
Fig 11 A: Hydrophilicity of predicted epitopes. 
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Fig 11 B: Chou and Fasman β – turns of predicted epitopes. 

 

Several epitopes were resulted, each epitope was 

BLASTed with BLASTp using nr and RefSeq databases 

and expected value 0.05, those had similarity with 

human proteins were excluded to avoid autoimmune 

threats.
[14]

 Toxicity was checked using ToxinPred 

Software, since certain peptides may induce toxic 

reactions when administrated by inhibiting certain 

biological process.
[42]

 In addition, allergenicity was 

checked for epitopes and they found non-allergen using 

AllerCap, AllerTop.
[43,44]

 The final accepted epitopes 

shown in Table 3, the epitopes were selected upon their 

length in addition to other criteria to avoid folding of 

long peptides which might exhibit reducing immune 

activity.
[14]

 

 

Table 3: Selected B epitopes. 

Toxicity Allergenicity Antigenicity 
Epitope 

Amino acid Sequence End Start 

Non-Toxin Non -Allergen 7.12.1 MDLEGKQGNFKNL 189 177 

Non-Toxin Non -Allergen 7.9.21 SNKKFLPF 562 555 

Non-Toxin Non -Allergen 4.1710 VNNSYECDIPI 666 656 

Non-Toxin Non -Allergen 4.11.1 GQSKRVDFC 1043 1035 

 

The modeled structure of the selected epitopes was estimated using PEP-FOLD3 as in Fig 12 

 
Fig 12: 3D structure of selected epitopes. 
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Fig 13 indicates the position of B epitopes on the protein surface to facilitates its accessibility.  

 
Fig 13: Position of selected epitopes on the surface of the protein. 

 

Another important feature for the epitopes to be used for 

vaccination is their conservancy. IEDB was used for this 

task, the conservancy analysis was found to be 98.88-

100% across all the sequences from different parts of the 

world in addition to the built cons sequence, the results 

in Table 4. 

 

Table 4: Conservancy of selected epitopes across the all retrived protein sequences. 

 
 

Generally speaking, epitope -based vaccine design is 

now become more popular and already has been 

established for some viruses and bacteria and tumors
[45.46]

 

with desired results. So it would be practical to identify 

the vaccine candidates through in silico approaches 

before being subjected to in vitro and in vivo 

confirmatory studies
[47]

, i.e. the aspects of preclinical, 

clinical and post licensure vaccine enterprises.
[3]

 It would 

be considered to be more effective than vaccines based 

on inactivated or live-attenuated viruses.
[48]

 This 

simplified by vaccine informatics which is an emerging 

research area focusing on development and applications 

of Bioinformatics methods, this will ensure using only 

the parts of a protein that can elicit an immune response 

and unnecessary components that are potentially 

antigenic can be eliminated, thereby preventing 

complications.
[49]

 

 

In addition the peptide - based vaccines have more 

advantages such as easy production and 

transportation
[50]

, with high selectivity and can be used in 

multiple manner, this significantly reduce time, efforts 
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and is cost –effective.
[16,35]

 IEDB offers multiple 

facilities in this aspect and offers selection of 

methods.
[35]

 

 

In general there is a continuous emerging of new viruses 

which might attack human host with higher frequency, 

and this rapidly render existing drugs and vaccines 

ineffective. 

 

Vaccine design strategies used to design vaccine against 

COVID-19 using conserved regions could generate 

immunity that perform cross protection to 

Betacoronaviruses and might be effective for ongoing 

virus evolution. 

 

CONCLUSION  

COVID-19 is changing and it will do in the future due to 

reasons explained previously, spike protein is the main 

part of the virus undergoes continuous changing in order 

to find appropriate hosts, and blocking this part i.e. 

(spike protein) using epitope vaccine could be one of the 

solutions. In this work, the whole protein sequence (S1 

and S2)were used to derive epitopes depending on the 

fact that inactivation of one part or both of them could 

lead to inactivation of the virus, this could be safer and 

more effective than other types of vaccines, the idea 

beyond using full-length of spike protein, is the latter 

contains large number of antigenic epitopes, so it is the 

most potential target for vaccine design, since it has the 

ability to induce a faster and longer term mucosal 

immune response than other proteins.
[51,52,53]

 There is a 

possibility to use multiepitope to cover arising problems. 

These results can be transferred from theoretical aspects 

into practical field, it might need some modifications 

such as using adjuvants to enhance the immune response, 

and using innovative methods for applications. 
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