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Abstract
Introduction: SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) is the cause of COVID-19 which is the pandemic as of
the current time. It is a global public health emergency and is still on the loose of spreading more infections and deaths. Bioinformat-

ics offer extensive visualization and analysis of combined molecular, cellular, biochemical and immunobiologic aspects of SARS-CoV-2
which is indeed vital for antibody and vaccine development.

Objectives: This paper presents the SARS-CoV-2 molecular virologic, biochemical, cellular and immunobiologic features and gives a

basic B cell linear epitope prediction of the SARS-CoV-2 spike (S) glycoprotein using bioinformatics which both can serve as a guide
for development of vaccines or antibody-based treatments.

Methods: Several bioinformatic methods were used, from sequence analysis (Uniprot), structural correlation (PDB), molecular modelling (UCSF Chimera) and illustration (Biorender), B cell linear epitope prediction tools, conservancy analysis and search of related
epitopes (IEDB) together with determination of disordered regions (GlobPlot and DisEMBL).

Results: Host enzymes such as furin, cathepsin L and TMPRSS2 enable pre-processing of SARS-CoV-2 prior to infecting cells such

as monocytes, macrophages and alveolar cells. Sialylated cells can potentially be infected with SARS-CoV-2. A 29 and an 11-residues
long B cell linear epitope candidates were predicted from the SARS-CoV-2 spike (S) glycoprotein to be the potential target of antibodies or vaccines.

Conclusion: SARS-CoV-2 binds to many host receptors and is enzymatically processed leading to infection of many human cells.
Prediction of B cell linear epitopes using bioinformatics can be vital for antibody or vaccine development. Integration of Tropical
Medicine and Bioinformatics can offer new horizons and can turn the battle against SARS-CoV-2.
Keywords: SARS-Cov-2; COVID-19; Tropical Medicine; Bioinformatics; Epitope; Vaccine

Introduction
Background
SARS-CoV-2 infected patients were initially reported in Wuhan,

Hubei province, People’s Republic of China last year (2019) and
an increase in outbreaks have been observed which escalated at a

worldwide scale [1,2]. The World Health Organization (WHO) of-

ficially named the disease COVID-19 and the International Committee on Taxonomy of Viruses named the virus SARS-CoV-2 [3].

Chan., et al. [4] noted that coronaviruses are scattered glob-

ally and are under the family Orthocoronaviridae and order Nido-

virales. The coronaviruses are composed of four types- alpha (α),

beta (β), gamma (γ) and delta (δ). Previous coronaviruses which
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caused outbreaks include SARS-CoV and MERS-CoV, altogether

ology, biochemistry and genetics. With the use of different bioin-

with a case fatality rate of 9.5% [5]. MERS-CoV (Middle East respi-

can aid scientific exploration for development of drugs or vaccine

with SARS-CoV-2 they belong to beta coronaviruses. SARS-CoV

were acquired from bat to civet and civet to human transmission
ratory syndrome coronavirus) had a case fatality rate of 30% and
were acquired from human to human transmission from contact
with camels [6].

Epidemiology
Bats are considered to be the natural hosts of SARS-CoV-2 while

pangolins and snakes are the potential intermediate hosts [7].

Homologous recombination possibly explains the transmission of
animal coronaviruses to humans [8]. Other domesticated animals

formatic tools, one can identify genetic profiles, polymorphisms,
structure determination as well as ligand binding analysis which
and in terms of the SARS-CoV-2 to understand the basic molecular

features and to generate the epitope target candidates for antibody
and vaccine development. This paper focuses in the analysis of the

molecular virologic, biochemical, cellular and immunobiologic features of SARS-CoV-2 together with B cell linear epitope prediction

of the SARS-CoV-2 spike (S) glycoprotein and determination of disordered regions.

This research paper utilized the SARS-CoV-2 spike (S) glyco-

such as dogs and cats are more affected by alpha coronaviruses

protein sequence obtained in Uniprot and associated structures

droplets (<5 um) [12] especially in closed, confined spaces [13].

other potential mechanisms (Figure 1B) using Biorender and UCSF

[9]. The most common route of transmission include respiratory
droplets [5-10um], close contact [3,10,11] and possibly aerosol
Vertical transmission of the SARS-Cov-2 can be possible in the last
weeks of pregnancy [14].

The acute viral infection of COVID-19 generally presents with

fever, cough, fatigue, diarrhea and vomiting (Wang., et al. 2020)
with the acute respiratory distress occurs about 9 days after.
Wang., et al. (2020) also noted that in general susceptible individuals such as elderly adults (especially males) with underlying dis-

eases such as heart disease, diabetes, etc. can be more affected. The
RΟ (R naught) is the measure of the average number of secondary infections that patients may cause in a completely susceptible

population without intervention (Wang., et al. 2020) [3], the Phil-

ippines had decreased the RΟ from 1.19 in July 2020 to less than 1

from Protein Data Bank (PDB) and includes visualization of an illustrative molecular modelling (Figure 1A) of the actual spike and
Chimera. The research paper also performed B cell linear epitope

predictions of the SARS-CoV-2 spike (S) glycoprotein utilizing the
multiple softwares from Immune Epitope Database (IEDB) coupled

with the determination of the disordered regions using DisEMBL
and GlobPlot2.3 (Figure 1C) and finally, locating related epitopes

using IEDB as well as epitope conservancy analysis (Figure 1D).
Figure 1 below delineates the research flow. The findings in this re-

search can serve as guide for scientists and learners with proclivity
in basic bioinformatics and also to serve as initial finding or a guide

towards antibody or vaccine development and exploration of other
molecular features.

this September 2020 [15-18]- possibly through joint intervention,
increased capacity training and mobilization. It is imperative that

sustained, consistent approaches and interventions together with
preventive measures must be applied.

In the Philippines, about 56% of affected cases were males aged

20-29 years old and among the total confirmed deaths- about 61%
are males aged 60-69 years old [15-18]. The average incubation

range [3,10,11] of COVID-19 is about 2-14 days (and can extend up
to 24 days in some cases) with a median incubation of 3 days, with
symptoms can first appear as early or more than 3 days
Bioinformatic methods (analysis softwares)

Bioinformatics is defined as the emerging field that utilizes

application of analytical or computational tools for the interpre-

tation of a biologic data [19]. It also encompasses different fields
of biology, physics, mathematics, computer science, molecular bi-

Figure 1: General scheme of the study.
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Results and Discussion
In this section, we will be identifying the basic molecular virol-

ogy of SARS-CoV-2 using bioinformatics tool or analysis softwares.

A brief description of the basic features of each bioinformatic
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called (S2’). Figure 3 below illustrates the 3D model of the SARS-

CoV-2 spike (S) glycoprotein. The details of the sequence will be
tackled in the SARS-CoV-2 spike (S) glycoprotein sequence analysis.

methods or softwares will be discussed along with correlation
with SARS-CoV-2 virology.
Structure of SARS-CoV-2

SARS-CoV-2 is a type of single-stranded RNA virus (ssRNA)

with about 30 kilobases in its genome [20]. It has a positive polarity (positive sense strand) meaning that the base sequence is in

5’-3’ orientation [21]. It has a size range of about 70-90 mm [22].

Budding of SARS-CoV-2 from host cells develops the host-derived
envelope (E) from which the SARS-CoV-2 spike (S) and membrane
glycoproteins (M) are embedded. A helical nucleocapsid (N) then

surrounds the viral RNA [20]. Figure 2 below shows the construct-

ed image from Biorender which illustrates the basic anatomy of
the SARS-CoV-2. An actual 3D model is being incorporated in Fig-

ure 2 courtesy of Eckert A. and Higgins D. of Center for Disease
Control and Prevention (CDC). Figure 2 also shows some major

types of cells infected by the SARS-CoV-2 as per binding on specific
receptors that will be discussed in the succeeding contexts.

Figure 3: 3D Model of the SARS-CoV-2 spike (S) glycoprotein.
Figure 3A shows the schematic binding of the SARS-CoV-2 spike

(S) glycoprotein on a general host receptor- there are different

types of receptors in humans by which the SARS-CoV-2 spike (S)
glycoprotein can bind that will be discussed in the succeeding contexts. The image on Figure 3A were created from Biorender. Molec-

ular modelling for Figure 3B (B.1, B.2 and B.3) were generated from
UCSF Chimera; Figure 3B.1 shows the 3D image of the SARS-CoV-2
spike (S) glycoprotein in open state from Protein Data Bank (PDB

6VYB) [108] to indicate exposure to binding on host receptors-

highlighting the homotrimeric chain composed of chains A (shaded
Figure 2: The SARS-CoV-2 and the major cells affected.
The SARS-CoV-2 spike (S) glycoprotein is important for bind-

ing (viral attachment) to host receptors and is deemed crucial

for infection [23] determined that the spike (S) glycoprotein is a
homotrimer (Figure 3B) composed of three (3) similar chains (3)

also noted that the “spike” (S) glycoprotein of the SARS-Cov-2 has
the characteristic receptor-binding domain (RBD) subunit or (S1),

a fusion domain or (S2) which are thus separated [24] by a cleav-

age site (S1/S2) and another cleavage site [25] within (S2) that is

in red), B (shaded in blue, in open state) and chain C (shaded yel-

low); Figure 3B.2 highlights the important parts- S1 (pink), S1/

S2(yellow), and S2(blue) using chain A of PDB 6ZP0 [109] (closed
state, since some models in open state have residue S2’ cleaved by

enzymes or in processing), residue 685 (serine is highlighted) for
S1/S2 since this is the available model as of the current time; Fig-

ure 3B.3 uses PDB 6VYB to indicate S2’ (shaded in violet). Figure
3C shows the general representation of the SARS-CoV-2 spike (S)

glycoprotein amino acid sequence organization which will be discussed in detail as we go along. The arrangement of the sequence
were modified from [1,25-27] and modelled using Biorender.
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Wu., et al. [28] noted that the SARS-Cov-2 genome has 14 ORFs

About one-thirds of the genome mainly encodes the structural

for about 67% of non-structural proteins such as cysteine pro-

nucleotides [29]. Just like other coronaviruses, it has 5’ and 3’ UTRs

(open reading frames) which thus encode 27 proteins. Kumar., et

al. [20] noted that the first ORFs (ORF1ab) of SARS-CoV-2 encodes
teases, papain-like protease (nsp3), chymotrypsin-like, 3C-like/

main protease (nsp5), RNA-dependent RNA polymerase (nsp12),
helicase (nsp13) with other transcription and replication factors.

proteins such as the nucleocapsid (N), spike (S) envelope (E), and
membrane (M) glycoproteins. Overall, the SARS-CoV-2 has 29,903
(untranslated regions). Figure 4 below shows the genomic organization of the SARS-CoV-2. Biorender was used to model the genomic organization, details were modified from [20,28,29].

Figure 4: Genomic organization of the SARS-CoV-2.
Xu., et al. [30] noted that genome of SARS-CoV-2 is more than

UCSF Chimera is also a bioinformatic tool which is widely used

85% similar to the genome of the bats SARS-like virus ZC45,

for intensive visualization of 3D molecular structures. It also al-

RD2, and RD3 (448 nucleotides, 55 nucleotides, and 278 nucleo-

docking or binding as well as conformational ensembles [34].

they also determined that there are about regions of difference

(RD) in the genome between SARS-CoV and SARS-CoV-2- RD1,
tides, respectively) which are partial coding sequences of the ORF

1ab gene; RD4 and RD5 (315 nucleotides and 80 nucleotides,

lows users to utilize its vast applications which includes identification and analysis of density maps, sequence alignments, molecular

It was developed by the Resource for Biocomputing, Visualiza-

respectively) which are partial coding sequences of the S gene and

tion, and Informatics (RBVI) at the University of California, San

at the genomic level, the SARS-CoV-2 shares an 87.99% sequence

and Informatics at the University of California, San Francisco. UCSF

RD6 which is 214 nucleotides and part of the coding sequence of
the ORF7b and ORF8 genes. Lu., et al. [31] also determined that

identity with the bat-SL-CoVZC45 and 87.23% sequence identity

with the bat-SL-CoVZXC2. SARS-CoV-2 is less genetically similar to
the SARS-CoV (about 79%) and MERS-CoV (about 50%) [31,32].
Kindly see Figure 4 for the SARS-CoV-2 genomic reference.

Francisco. Molecular images were produced using the UCSF Chimera package from the Resource for Biocomputing, Visualization,

Chimera was utilized in this paper to visualize 3D molecular structures as well as visualization of molecular binding.
SARS-CoV-2 host processing and binding

Furin specifically cleaves at S1/S2 site of the SARS-Cov-2 spike

Biorender is a bioinformatic tool that allows users to create

(S) glycoprotein [35], the cleavage site is determined at arginine-

John Hopkins University [33]. Biorender was utilized in this paper

furins released extracellularly by host can preactvate the virus

high-quality figures, posters, presentations, structures, pathways
and biologic modelling. It was developed by Shiz Aoki from the

to visualize molecular modelling and to generate the integrative
illustration of the molecular features of the SARS-CoV-2.

arginine-alanine-arginine (polybasic) site, while both TMPRSS2

and cathepsin (L) can cleave either S1/S2 or at S2’ site. Note that

through initial cleavage [36] and SARS-CoV-2 has more cleavage efficiency by furins compared to SARS-CoV [37].
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Experimental data by Jaimes., et al. [25] using a peptide con-

ed yellow). Figure 5B (B.1, B.2, and B.3) shows the 3D molecular

cleaved by cathepsin L at S1/S2 site, although at low pH (<6) cas-

ated using UCSF Chimera. Rensi., et al. [43] noted that TMPRSS2

taining amino acids (threonine-asparagine-serine-proline-argi-

nine-arginine-alanine-arginine-serine-valine-alanine) is the one
pases generally can further cleave at S2’ [38]. TMPRSS2 has preference for arginine or lysine at residues 682, 683 and 685 in the S1/
S2 and at residue 815 of the S2’ [39].

SARS-Cov-2 can bind to TMPRSS2 (transmembrane protease,

serine 2) which are highly expressed in nasal and goblet ciliated
cells as well as in alveolar type II epithelial cells, cornea, esophagus, ileum, colon, liver, gallbladder and common bile duct [41].

TMPRSS2 is also an extracellular surface receptor enzyme which
can activate the SARS-Cov-2 by proteolytic cleavage and promote

viral fusion, this receptor is not usually expressed in monocytes

but most commonly found in alveolar macrophages [42] which are
noted to produce furins and cathepsin L. Figure 5 below schemati-

cally illustrates the enzymatic cleavage of furins, cathepsins and
TMPRSS2 on the spike (S) glycoprotein of SARS-CoV-2.

models of the enzymes, furin (PDB 5MIM) [110], cathepsin L (PDB
3HHA) [111] and hepsin (PDB 5CE1) [112] which were also genercrystal structure isn’t available at this time, therefore another simi-

lar protease hepsin was used. The mechanisms of cleavage were

discussed in the previous texts- with furin cleaving at the polybasic
site or S1/S2 junction [35] while both cathepsin L and TMPRSS2

can cleave at S1/S2 or at the S’2 residue. The highlighted (green)

portions in furin, cathepsin L and TMPRSS2 indicate the potential
active sites and docking regions as determined by UCSF chimera.

The molecule chosen for binding in all enzymes is PDB 6ZP0 [109],

which has been processed in UCSF Chimera to indicate the corresponding amino acids for cleavage. Figure 5C (also shown in Figure

3C) shows the SARS-CoV-2 spike (S) glycoprotein sequence organization for reference in Figure 5B.

SARS-CoV-2 can also potentially bind to sialic acid expressing

tissues and cells [44,45]. Figure 6 below generally shows the schematic diagram. Some receptors and proteins in the human body
are also sialylated or with sialic-acid binding sites such as vWF,

CD33, CD34, CD43 and CD169 [46,49] and cells expressing these
proteins or receptors can potentially be affected, with this- future
exploration of the ligand binding and cellular effects of SARS-CoV-2

is imperative. Monocytes and macrophages which are key cell play-

ers during COVID-19 both express some of the receptors like CD43
[50,51], the latter also are noted to express CD169 [52].

Figure 5: SARS-CoV-2 spike (2) glycoprotein processing by furin,
cathepsin L and TMPRSS2.

Figure 5 above generally shows the enzymatic processing of

the SARS-CoV-2 spike (2) glycoprotein upon infection in the body.
Figure 5A illustrates the spike (S) glycoprotein in both schematic

representation (created using Biorender) and in 3D form (gener-

ated from UCSF Chimera) with PDB 6VYB [108], the homotrimeric
chains of SARS-CoV-2 spike (S) glycoprotein were composed of
chains A (shaded in red), B (shaded in blue, open) and C (shad-

Figure 6: Molecular binding of a sialylated protein (CD43) to
spike (S) glycoprotein of SARS-CoV-2.
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Figure 6 above shows the molecular binding of a sialylated

pose tissue, kidneys, heart, small intestine, testis and thyroid. It can

ling complexes. UCSF Chimera was used to generate the 3D mo-

nasal and bronchial epithelium. The exploration of the cellular ef-

protein CD43 to spike (S) glycoprotein of SARS-CoV-2. CD43 is a

sialylated transmembrane protein [53,54] with G-protein signal-

lecular structures. Figure 6A depicts the schematic illustration of
the SARS-CoV-2 spike (S) glycoprotein receptor binding domain of

S1 subunit to its 3D image, figures were created using Biorender;
Figure 6B shows the SARS-CoV-2 spike (S) glycoprotein sequence

organization for reference (also shown in Figures 3C and 5C); Figure 6C shows the schematic binding of SARS-Cov-2 in a CD43 ex-

pressing cell and using UCSF Chimera simulation, the highlighted
areas in pink depicts the possible binding sites of CD43 to the

receptor binding domains of the SARS-Cov-2 S1 subunit. Host receptors can possibly utilize the whole RBD residues or to bind to

specific residues only. Note that the RBD is used by the SARS-CoV-2

in binding to host receptors [55], which is composed of residues
319 to 541 which forms the 3D image seen in Figure 6A and 6C.
In the model, the open chain B (open state) of PDB 6VYB relating

also be found in adrenal gland, fetal liver and thymus, liver, gall-

bladder, colon, placenta/decidua and most especially in the lungs,
fects of SARS-CoV-2 to other ACE2 expressing cells is also imperative. Figure 7 below generally shows the molecular binding of the

SARS-CoV-2 spike (S) glycoprotein to the ACE2 receptor. Figure 7A
shows schematic representation of the SARS-CoV-2 spike (S) gly-

coprotein bound to the ACE2 receptor created in Biorender with
the 3D structure generated using UCSF Chimera of the retrieved

PDB 7A97 [114] representing the ACE2 (shaded in pink) and ho-

motrimeric chain of the spike (S) glycoprotein composed of chains
A (shaded in red, open), B (shaded in blue, open) and chain C (shad-

ed yellow, unbound/closed); Figure 7B shows the RBDs of chains A
and B shaded in white and the bound ACE2 (shaded in pink), chain
C is omitted.

to SARS-CoV-2 spike (S) glycoprotein was used and bound to the

available sequence of CD43 obtained from PDB 2EMS [113].

As of the current time, there is no available amino terminal
of CD43 available so the N-terminal sequence used in this
paper is derived from the PDB 2EMS using UCSF Chimera.

Note that SARS-Cov-2 have higher binding affinity by 2-fold to

its receptor (ACE2) as compared to the binding affinity of SARS-

CoV [56] and this high affinity binding can be mediated by higher

electrostatic interactions due to SARS-CoV-2 amino acid residues.
The higher binding can be evenly promoted by proteases such as
TMPRSS2, furins and cathepsin L- note that these enzymes do enhance binding by specific cleavage of the viral “spike” proteins re-

gions which promotes fusion and activation. Bioinformatic analysis
can also show that TMPRSS2 can also cleave ACE2 at amino acids

697-716 which can support viral attachment and infectivity [40].

However, Sungnak., et al. [41] noted that SARS-Cov-2 have been
shown to infect even those cells without expression of TMPRSS2,

making an assertion that the higher affinity of the virus even without being cleaved can further support its entry leading to fusion.

SARS-Cov-2 principally gain entry through the angiotensin-

converting enzyme 2 (ACE2) receptor present primarily in the

surface of monocytes, alveolar macrophages and type II alveolar

cells. ACE2 serves as a regulatory receptor as it promotes cleavage

of angiotensin and promotes formation of a vasodilator peptide.

Sungnak., et al. [41] noted that ACE2 can also be expressed in adi-

Figure 7: Molecular binding of SARS-CoV-2 spike (S) glycoprotein
to the ACE2 receptor.

In addition, Koyama., et al. [57] also showed that SARS-Cov-2

can have 1.12 × 10−3 mutations per site-year with several clades
(groups observed based on evolutionary aspect) identified- such as the

basal clade of L84S in China, European clades of D614G/Q57H and the
more common clade, D614G. The clades mentioned were amino acid
substitutions which can provide viral fitness for example the D614G
mutation (aspartic acid/D replaces glycine/G) in the spike protein have
the characteristic mutation in relation for proteins in SARS-CoV-2
replication [57], which can enhance replication making it more infectious and transmissible.
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Most RNA viruses have RNA dependent polymerase with no

existing proof-reading mechanisms, however this is different in

terms of coronavirus- an exonuclease with a proofreading func-

tion (ExoN) has been found [28], [58] in both SARS-CoV and
SARS-CoV-2 (similar/homologue) which increases the nucleotide

processivity and transcription fidelity of the RNA dependent RNA
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Uniprot is a database of proteins [61] and sequences as well as

their biologic or functional information. It is divided into four (4)
databases [66]- UniPROTKB which is subdivided into Swiss-Prot
and TrEMBL, UniParc and UniRef.

Swiss-Prot is a manually annotated protein sequence database

polymerase machinery. In a study by Pachetti., et al. [59], muta-

that combines information extracted from scientific literature

might have an impact in the mutation rate.

lar protein [61]. TrEMBL provides high-quality computationally

tions in position 14408 of the RNA polymerase can alter binding

of cofactors such as ExoN-affecting its proofreading function and
SARS-CoV-2 spike (S) glycoprotein amino acid sequence analysis:
Huang., et al. [60] noted that the SARS-CoV-2 spike (S) glycopro-

tein is 1273 amino acids long (See Figure 3C) that has a signal peptide (SP) of about 1-13 amino acids from the N-terminus, followed

by the S1 subunit (residues 14-685) and the S2 subunit (residues

686 to 1273). The S1 subunit has an N-terminal domain residues
14-305 which is then followed by the RBD residues 319-541. The

S2 subunit is then composed of fusion peptide (residues 788-806),
heptapeptide repeat sequence 1/HR1 (residues 912-984), HR2

(residues 1163-1213), transmembrane domain (residues 1213-

1237) followed by the cytoplasmic domain (residues 1237-1273).
The S1/S2 junction is made up of polybasic site made up of residues PRRA at the residues 682-685 [25,26]. S2’ cleavage region is
found at residue 815 [27]. For reference, kindly see Figure 3C.

Figure 8 below shows the amino acid sequence of the SARS-

CoV-2 spike (S) glycoprotein obtained from Uniprot. It has the ID:
UniProtKB - P0DTC2 (SPIKE_SARS2).

and biocurator-evaluated computational analysis. It specifically
aims to provide all known relevant information about a particuanalyzed records that are enriched with automatic annotation [63].

UniParc contains only protein sequences, with no annotation, it allows further information about the protein to be retrieved from the

source databases [64]. UniRef are composed of three (3) databases
from UniProtKB and UniParc records which then combines identical sequences and fragments into a single UniRef entry [65]. UniProt is funded by the National Human Genome Research Institute,
the National Institutes of Health (NIH), the European Commission,

the Swiss Federal Government through the Federal Office of Education and Science, National Cancer Institute and the US Department
of Defense [66].

The UniProtKB/Swiss-Prot entry name, ID or accession is

composed of up to 11 uppercase alphanumeric characters with a
naming convention that can be symbolized as X_Y, where “X” is a

mnemonic protein identification code of at most 5 alphanumeric

character; “_” is the separator and “Y” is a mnemonic species identification code of at most 5 alphanumeric characters [61].

PDB (Protein Data Bank) is a database by which the 3D struc-

ture/molecular data of biomolecules such as proteins and nucleic

acids can be found and analyzed, it is also overseen by the Worldwide Protein Data Bank [67]. Imaging methods range from X-ray

diffraction, NMR, electron microscopy or a combination of these

methods. The protein then can be viewed by open source computer
programs, in this study UCSF Chimera was used. In addition, the

PDB entry 6VYB [108] which can be accessed in the protein data

bank database can offer us the protein summary (Figure 9), a 3D
view, annotations and sequence identifier. RCSB stands for Research Collaboratory for Structural Bioinformatics [68]. PDB numFigure 8: Sequence of the SARS-CoV-2 spike (S) glycoprotein.
(Figure generated from Uniprot in FASTA format)

bers are automatically assigned and do not have meaning [68]. Fig-

ure 9 below shows the sequence identifier using the chain A of PDB
6VYB [108], through RCSB- a user can identify the Uniprot align-

ment, outliers, sequences missing, covalent interactions of amino
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In this study, the receptor binding domain (RBD) of SARS-CoV

obtained from Uniprot accession/ID: P59594 with the residues
424-494 of the SARS-CoV spike (S) glycoprotein [72] with specific sequence (NTRNIDATSTGNYNYKYRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCYWPLNDYGFYTTTGIGYQPY) was aligned

to the SARS-CoV-2 spike (S) glycoprotein receptor binding do-

main containing residues 319-541 [60] containing sequences
(RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGY-

QPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF) acquired from
the Uniprot accession ID (P0DTC2) using IEDB Epitope ConserFigure 9: Amino acid sequence of the SARS-CoV-2 spike (S)
glycoprotein.

SmartBLAST is a bioinformatic tool that processes the protein

accession inquiry (by which users can also upload a FASTA sequence) and the software provides a summary of about five best

protein matches from well-studied reference species in the database [69,70]. SARS-CoV-2 spike (S) glycoprotein has a total mass

of 141,178 daltons as provided from Uniprot P0DTC2. By using

the SmartBLAST, Figure 10 below shows the output. The sequence
obtained from Uniprot P0DTC2 (shaded in yellow) was used to

generate the sequence homologies from SmartBLAST and as of the
current time the five (5) matches were also surface glycoprotein
obtained from isolates in the Wuhan seafood market.

vancy Analysis tool.

Since the study is focused on determination of linear epitopes,

the Epitope Linear Conservancy option was selected. In the tool,

conservancy is defined as the fraction of protein sequences that

contain the epitope, and identity is the degree of correspondence

(similarity) between two sequences. The summary view shows for
each epitope, the calculated degree of conservancy (percent of pro-

tein sequence matches a specified identity level) and the matching
minimum/maximum identity levels within the protein sequence
set. IEDB is supported by a contract from the National Institute of

Allergy and Infectious Diseases, a component of the National Insti-

tutes of Health in the Department of Health and Human Services
[73].

Figure 11 below generally shows the IEDB Epitope Conservancy

Analysis. Figure 11A shows the schematic representation of the
SARS-CoV-2 and SARS-CoV-2 spike (S) glycoprotein receptor binding domains [60,72] created using Biorender, UCSF was used to

model the 3D image of the homotrimeric chains [23,74] of SARSCoV-2 [PDB 6VYB [108], chain B in open state, shaded in red] and

SARS-CoV [PDB 5XLR [115], chain B in prefusion conformation
shaded in blue]. Figure 11B shows the output from the IEDB ConFigure 10: SmartBLAST output.
To determine the degree of conservancy of between SARS-

CoV-2 and SARS-CoV receptor binding domains, the IEDB (Immune
Epitope Database) Epitope Conservancy Analysis was used. It is a

bioinformatic tool which computes the degree of conservancy of
an epitope within a given protein sequence set at a given identity

servancy Analysis tool generated from tools.iedb.org. An epitope

length composed of 71 amino acid residues with sequence (NTRNIDATSTGNYNYKYRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCY-

WPLNDYGFYTTTGIGYQPY) has a maximum identity of about 14%

possibly conserved within the SARS-CoV-2 and SARS-CoV-2 spike
(S) glycoprotein receptor binding domains (RBD), IEDB Epitope

Conservancy Analysis tool was used to predict the conserved regions within the RBDs of the two viruses which infected humans.

level.
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might be less damaged by denaturation and loss of activities [80].

Linear epitope prediction leading to antibody or vaccine development against SARS-CoV-2 is imperative.

The study is focused on the prediction of the B cell linear epit-

opes for the SARS-CoV-2 spike (S) glycoprotein. As of the current

time, many pharmaceutical companies either had developed vac-

cines or still on the process of constructing an effective vaccine

against SARS-CoV-2. The efficacy of SARS-CoV-2 vaccines still needs
to be validated and assessed. Poh., et al. [81] had determined a pool

of B cell linear peptides utilizing Mimotopes, ELISA and cell culture

from IgG immunodominant regions on SARS-CoV-2 spike (S) glycoprotein. Lin et al. [82] combined epitope predictions of both T cells

and B cells as well as characterization of interactions. Trolle., et al.
Figure 11: IEDB Epitope Conservancy Analysis tool output.
SARS-CoV-2 spike (S) glycoprotein epitope prediction:

[83] also noted that cytotoxic cells (CD8+) also recognize linear

epitopes presented by virally infected cells expressing MHC I [83]
containing processed peptides.

IEDB Epitope Prediction and Analysis tools was utilized in this

Epitope as defined by Sette., et al. [75] are the determinants or

study for the prediction of linear epitopes. The IEDB Epitope Data-

type of B cell) that can neutralize or render a target antigen [76]

can be found here, T cell, B cell and an extensive analysis for a group

parts of the molecule (e.g., amino acid sequences) recognized by
antibodies which are glycoproteins produced by plasma cells (a
inactive by recognition of the binding sites and through antibody-

dependent cell cytotoxic mechanisms. B cell can also express antibodies (IgG, IgD) on their surface which can interact with antigens

[77] by recognition of epitopes and exhibit their immune functions.

Paratopes are the sequences or determinants found in the antibodies [78] in recognizing its counterpart in antigens, epitopes.

Epitopes can either be linear or conformational/discontinuous

[79]. The former is defined by the sets of amino acids in close position to one another while the latter are residues brought about

by protein folding. Linear epitopes are the choice for antibody de-

velopment relating to the protein target which can be wholly or
partially denatured during the sample preparation prior to the im-

munoassays, such as Western blot (WB), immunohistochemistry
(IHC) or in polyclonal antibody development while conformational
epitopes is preferred for applications involving protein targets in

their native state such as for flow cytometry [79]. Linear epitopes
for vaccine development may also offer an advantage as it targets

specific regions of antigens, provide accomodation for occurrence
of antigenic mutations and most importantly, as the binding de-

pends on conformation affinities- antibody to linear epitopes

base Analysis Resource provides a collection of tools for the prediction and analysis of immune epitopes, several bioinformatics tools
of sequences. For the B cell analysis, it is divided into two parts- a

collection of methods using different principles and the ElliPro prediction method.

In the study, ElliPro prediction was utilized to generate the B

cell linear epitope predictions in combination to the following:

Bepipred Linear-1.0 Epitope Prediction; Kolaskar and Tongaonkar
Antigenicity and, Emini Surface Accessibility Prediction. The selec-

tion of methods is based on identifying potential fixed B cell linear
epitopes.

From the IEDB home [85], the general methods can be identi-

fied- parameters such as accessibility, hydrophilicity, flexibility,

turns, exposed surface, polarity and antigenic propensities/prop-

erties of polypeptides chains will be correlated with the location of
linear or continuous epitopes. A set of empirical rules would allow

the position of epitopes to be predicted from certain features of the

protein sequence. All prediction calculations are based on propen-

sity scales for each of the 20 amino acids. Each scale consists of

20 values assigned to each of the amino acid residues on the basis
of their relative propensity to possess the property described by
the scale which differs in the methods mentioned (refer to Figure
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Tongaonkar Antigenicity Scale and Bepipred-1.0 Linear Epitope
Prediction from the IEDB database [85].

were used to compute the score for residue “i”. Unless specified,
the score for residue “i” is the average of the scale values for these
amino acids. In general, a window size of 5 to 7 is appropriate for

finding regions that may potentially be antigenic. Table 1 in the

proceeding selection summarizes the three (3) selected linear predicted epitope peptides per methods.

Ellipro can predict linear and discontinuous antibody epitopes

based on a protein antigen’s 3D structure [86], generally it accepts

proteins in PDB format but can also cater protein sequences that

needs processing in the modelling and docking section. Ponomarenko., et al. [86] also mentioned that ElliPro associates each pre-

Figure 12: IEDB B cell epitope prediction scales and thresholds.
In the Emini Surface Accessibility Prediction tool, the calcula-

dicted epitope with a score which is defined as a PI (protrusion

tion was based on surface accessibility scale on a product instead

that the ellipsoid with PI = 0.9 would include within 90% of the

surface probability, dn is the fractional surface probability value,

index) value averaged over epitope residues. In the method, the

protein’s 3D shape is approximated by a number of ellipsoids, thus
protein residues with 10% of the protein residues being outside of

the ellipsoid; while the ellipsoid with PI = 0.8 would include 80%
of residues with 20% being outside the ellipsoid. For each residue,
a PI value is defined based on the residue’s center of mass lying

outside the largest possible ellipsoid; for example, all residues
that are outside the 90% ellipsoid will have score of 0.9. Residues

with larger scores are associated with greater solvent accessibil-

ity. Discontinuous epitopes are defined based on PI values and are

clustered based on the distance R (in Å between residue’s center
of mass). The larger R is associated with prediction of larger dis-

continuous epitopes. Fleri [87] noted that ElliPro computes a score
for each residue of the input sequence (PI) which is defined as the
percentage of the protein atoms enclosed in the ellipsoid at which
the residue first become lying outside the ellipsoid.

For the ElliPro prediction, the chain B of PDB 6VYB [108] was

used since it denotes the open state and accessible to host receptor
binding. Chain B from PDB 6VYB [108] has 949 residues. ElliPro

can predict both linear and discontinuous epitopes however this
paper focuses on the B cell linear epitopes. The output is arranged

in from highest to lowest scores. A 3D option is also available to
view the residues predicted in ElliPro.

Figure 12 below shows the different scales and thresholds for

the methods Emini Surface Accessibility Prediction, Kolaskar and

of an addition within the window. The accessibility profile was ob-

tained using the formula Sn = (n+4+”i” ) (0.37)-6 where Sn is the

and “i” vary from 1 to 6. A hexapeptide sequence with Sn greater
than 1.0 indicates an increased probability for being found on the

surface. (Emini., et al. 1985). The sequence of the SARS-CoV-2 spike
(S) glycoprotein obtained from Uniprot (ID: P0DTC2) was utilized
in predicting the possible linear epitopes under the method Emini

Surface Accessibility Prediction tool. Figure 16 below shows the

output of the prediction. The peptides are arranged by prediction
from the start to end of sequence. Figure in the next page shows the
score charts (P0DTC2).

Note that for the methods of Bepipred Linear-1.0 Epitope Pre-

diction, Kolaskar and Tongaonkar Antigenicity and Emini Surface

Accessibility Prediction, the SARS-CoV-2 spike (S) glycoprotein sequence obtained from Uniprot (ID: P0DTC2) was used for generat-

ing the prediction of linear epitopes since the methods mentioned
require a FASTA sequence in addition that some models have missing residues which can affect the epitope prediction. The outputs

generated indicate peptides arranged by prediction from the start
to end of sequence. Kindly refer to table 1 for the summary of the

results generated from these B cell epitope prediction tools togeth-

er with the results from determination of disordered regions of the
SARS-CoV-2 spike (S) glycoprotein.

In the Emini Surface Accessibility Prediction tool, the calcula-

tion was based on surface accessibility scale on a product instead

Citation: Joshua Angelo Hermida Mandanas. “On SARS-CoV-2, Tropical Medicine and Bioinformatics: Analysis of the SARS-Cov-2 Molecular Features and
Epitope Prediction for Antibody or Vaccine Development". Acta Scientific Microbiology 4.1 (2021): 03-20.

On SARS-CoV-2, Tropical Medicine and Bioinformatics: Analysis of the SARS-Cov-2 Molecular Features and Epitope Prediction for Antibody or
Vaccine Development
13

of an addition within the window. The accessibility profile was ob-

effectively induce an immune response, which has implications for

and “i” vary from 1 to 6. A hexapeptide sequence with Sn greater

(S) glycoprotein using Uniprot obtained sequence (ID: P0DTC2).

tained using the formula Sn = (n+4+”i” ) (0.37)-6 where Sn is the

surface probability, dn is the fractional surface probability value,

than 1.0 indicates an increased probability for being found on the
surface [88].

In the method of Kolaskar and Tongaonkar Antigenicity Predic-

tion, it utilizes the physicochemical properties of amino acid residues and their frequencies of occurrence in experimentally known

segmental epitopes to predict antigenic determinants on proteins).
It has about 75% more accuracy compared to other methods [90].

Bepipred-1.0 Linear Epitope Prediction [89], predicts the lo-

cation of linear B- cell epitopes using a combination of a hidden
Markov model and a propensity scale method. The residues with

scores above the threshold (default value is 0.35) are predicted to
be part of an epitope and is marked on the graph.

The linear epitopes of interest were analyzed and determined

from combinations of structural analysis, especially the RBD of the

S1 that is used in viral interaction to host receptors together with
the B cell linear epitopes generated by IEDB prediction tools- El-

liPro Prediction, Bepipred Linear-1.0 Epitope Prediction, Kolaskar
and Tongaonkar Antigenicity together with Emini Surface Acces-

sibility Prediction. The identification of the disordered regions

of the SARS-CoV-2 spike (S) glycoprotein which will be discussed
below was performed to compliment the process and serve as a

guide for the determination of the linear epitopes, from all of these
techniques the two (2) best linear epitope candidates are selected.

The chosen linear epitopes are then assessed in the IEDB resource
database to locate similar sequences (see figure 15 for the output).

In the succeeding contexts, Table 1 gives the summary of the linear

epitope predictions incorporating all the bioinformatics analysis
and figure 16 illustrates the bioinformatics process for the SARS-

CoV-2 spike (S) glycoprotein epitope prediction for antibody or
vaccine development.

SARS-CoV-2 spike glycoprotein predicted linear epitope and
degree of disorder:
Deng., et al. [91] noted that disordered regions in a protein are

segments or residues which do not form a stable structure and is
important for protein-DNA binding. MacRaild., et al. [92] also noted that disordered regions in proteins are smaller than the ordered

counterparts but are more efficient in terms of antibody binding.

Guy., et al. [93] also noted that disordered regions in proteins tend
to cluster with tandem repeats which can be immunodominant and

vaccine design. In this study, both DisEMBL and GlobPlot2.3 was
used to determine the disordered regions in the SARS-CoV-2 spike

DisEMBL is composed of three network algorithms that predict

the presence of disorder: COILS, HOTLOOPS, and REM465, referred

to by Disorder Atlas as DisEMBL-C, DisEMBL-H, and DisEMBL-R,
respectively [94]. Vincent., et al. [95] noted that DisEMBL-C utilizes

secondary structure prediction to assign disorder/order classifica-

tions, and classifies residues as disordered if they are present in
loops. Residues are predicted to belong to loops if they do not belong to either alpha-helices, 310-helices, or beta-strands.

Vincent., et al. [95] also discussed that DisEMBL- H classifies

residues (contained within loops) as disordered only if its alpha-

carbon has a high temperature factor (B factor). DisEMBL-R network correlated non-assigned electron densities from X-ray crys-

tallography data contained within the PDB and assumes residues
with missing XRC coordinates (defined by REMARK 465) as disor-

dered (Vincent., et al. 2019). Linding., et al. [94] also mentioned
that GlobPlot is a simple approach of identifying disordered regions based on a running sum of the propensity for amino acids
to be in an ordered or disordered state, it can also be used in the

design of constructs corresponding to globular proteins as well as
identification of new functional sites. Pillay., et al. [96], and Chan.,

et al. [97] also noted that the RBD of the S1 has a globular shape.
DisEMBL and GlobPlot can complement one another in terms of
disordered region determination [94]. Figures 13 and 14 shows the
output from DisEBML and GlobPlot (version 2.3 was used in the

study), respectively. SARS-Cov-2 spike (S) glycoprotein sequence
obtained from Uniprot (ID: P0DTC2) was used for analysis. Both

outputs generated disordered regions shaded in blue and are capitalized.

Table 1 summarizes the selected B cell linear epitopes (amino

acid sequences) as determined by the ElliPro Prediction, Bepipred
Linear-1.0 Epitope Prediction, Kolaskar and Tongaonkar Antigenic-

ity Emini Surface Accessibility Prediction together with DisEMBL
and GlobPlot2.3. For each bioinformatics method, the possible B

cell linear epitopes (shaded in black) is considered for the final selection. Structural and sequence analysis of the SARS-CoV-2 spike

(S) glycoprotein, contribution of the receptor binding domains
(RBD) to human immune cell receptors and alignment of the disordered regions are carefully weighed to arrive at the two (2) selected B cell linear epitopes (highlighted in yellow, amino acid sequences shaded in blue).
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Figure 13: Disordered regions of SARS-CoV-2 spike (S) glycopro-

Figure 14: Disordered regions of SARS-CoV-2 spike (S) glycopro-

tein as determined by DisEMBL.

IEDB Prediction tool
ElliPro

Emini Surface Accessibility
Kolaskar and Tongaonkar
Antigenicity
Bepipred Linear-1.0

GlobPlot2.3

No.

Predicted B cell Linear epitopes

Position

Residue length

1

LCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDD

390-526

100

2

FPNITNLCPFGEVFNATRFASVYAWNRKRISNC

329-381

53

1

NSNNLD

437-442

6

2

YQPYRVVVLSFELLHAPATVCGP

505-527

23

1

YNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQI

369-449

81

2

QAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPY

474-508

35

CNGVEGFNCYFPLQSYGFQPTNGVGYQPY

480-508

29

2
1
1
2

DisEMBL

Selected B cell linear epitopes

tein as determined by GlobPlot2.3.

1
2

1.
2.

FTGCVIAWNSNNLDSKVGGNYNYLYRKPFERPLQSYG
FQPTNGVGYQPYRVVVLSFATVCG
VADYSVLYNSASFSTFKCYG
YGFQPT

CYFPLQSY

YQAGSTPCNGV

YGFQPTNGVGYQ

APGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY
NNLDSKVG

AGSTPCNGVEGFNCYFPLQSYGFQPTNGV
NNLDSKVGGNY

495-500
488-495
473-483
495-506

439-446
475-503
439-449

Table 1: Summary of the selected linear epitopes for the SARS-CoV-2 spike (S) glycoprotein.

6
8

11
12

8

29
11

Polyclonal antibodies recognize multiple epitopes in an antigen

success for target and binding analysis [99]. Epitope predictions

if the objective is to bind both linear epitopes. Lipman., et al. [98]

with high specificity [100] through analysis of vast amount of data,

[89] as compared to monoclonal antibodies which recognize single
epitope. Polyclonal antibodies are hypothesized to be developed
also noted that polyclonal antibodies can do cross linking and pos-

sibly complement activation as multiple epitopes are recognized
and due to Fc receptors proximity. Bioinformatics can also serve
as a guide for monoclonal antibody development as it offers great

using bioinformatics are also utilized in terms of vaccine design
and development as well as identification of immune interactions
modelling, binding interactions, sequence investigation and deter-

mination of functional areas and immunobiologic correlations with

the use of bioinformatic methods. Cornick., et al. [101] developed
vaccine candidates against Streptococcus pneumoniae with bioin-
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Figure 16 below illustrates the overall process of predicting

ling. In a previous paper published [102], binding of a monoclonal

the B cell linear epitope of the SARS-CoV-2 spike (S) glycoprotein.

tools. Alam., et al. [103] also designed vaccine candidates against

CoV-2 spike (S) glycoprotein highlighting the selected B cell linear

antibody to Streptococcus pyogenes serotype M18 superantigen

SpeC was analyzed using bioinformatics-guided epitope prediction
Zika using predicted MHC I epitopes. Different bioinformatic researches for SARS-CoV-2 are also available- Chen., et al. [104] also

used IEDB softwares for B cell (ABCpred, Bepipred) and T cell linear and discontinuous (Discotope 2.0) epitope identification. Poran., et al. [105] identified HLA alleles using Virus Pathogen Database and Analysis Resource (ViPR) database.

SARS-CoV-2 spike (S) glycoprotein predicted linear epitope
database search
The IEDB database was utilized for the two (2) selected B cell

linear epitopes to identify similar sequences. Filters used to iden-

tify if there are similar epitopes include “organism” (SARS-CoV-2);
which infects “host“ (humans); including searches for all “assays”
(Positive assay, B cell assay, T cell assay and Major Histocompat-

ibility Ligand/MHC assay); “MHC restriction” (any restriction);
and “disease” (any disease). Figures shows the result of the IEDB

search for both (2) selected B cell linear epitopes- CNGVEGFNCYFPLQSYGFQPTNGVGYQPY and NNLDSKVGGNY. No similar se-

quences are found in humans, regardless of any assays for immune

cells such as B cells, T cells and MHC. Note that this bioinformatics
process was done in order to check cross-specificity between the
selected linear epitopes of interest to the immune cells and proteins of the human body, this can possibly indicate that by using

Biorender was used in modelling the figures while UCSF Chimera

was utilized in generating the 3D molecular structure of the SARS-

epitopes CNGVEGFNCYFPLQSYGFQPTNGVGYQPY (highlighted in
pink) and NNLDSKVGGNY (highlighted in cyan). The prediction of
the B cell linear epitopes were generated from different bioinformatics tools or software analysis- ElliPro Prediction, Bepipred Linear-1.0 Epitope Prediction, Kolaskar and Tongaonkar Antigenicity

Emini Surface Accessibility Prediction together with DisEMBL and
GlobPlot2.3. Figure 16A schematically shows the B cell-derived antibody and SARS-CoV-2 spike (S) glycoprotein interaction. Figure

16B depicts the bioinformatics tools utilized and Figure 16C illus-

trates the 3D model of the selected peptides highlighted form the
chain, for comparison the PDB 7A97 [114] chain B was used and
the ACE2 (shaded in orange) was still bound to serve as reference,

indicating that the chosen B cell linear epitopes are part of the re-

ceptor binding domains (RBD) which can potentially be neutralized

by antibodies or vaccine-induced antibody responses. Figure 16D
indicates the linear epitope search from IEDB which is important
to identify possible cross-reactivities when utilizing the epitopes
of interest. More importantly, the predicted linear epitopes adopt

a helix conformation and Kim., et al. [106] noted that antibodies
directed against helix strands binds with high affinity and can be
advantageous in relation to vaccine development.

the epitopes of interest no cross-reaction may occur. Different in
vivo and in vitro tests must be performed to compliment and to
validate the findings.

Figure 15: IEDB Related Epitope Search Database for the
predicted B cell linear epitopes.

Figure 16: SARS-CoV-2 spike (S) glycoprotein B cell linear epitope prediction.
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Conclusion
The recent pandemic is caused by the SARS-CoV-2 which re-
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infections and deaths are still reported. The spike (S) glycoprotein
of SARS-CoV-2 binds to many host receptors and is enzymatically
B cell linear epitopes using bioinformatics can be vital for antibody

or vaccine development. Bioinformatics allow an extensive visualization and analysis of combined molecular virologic, biochemical,

cellular and immunobiologic aspects of SARS-CoV-2 for antibody
or vaccine development. Further, Tropical Medicine and Bioinformatics allow us to explore new horizons and turn the tides of the
battle against SARS-CoV-2.

Recommendations

Bioinformatics output in the paper offer an analysis of the mo-

lecular features of the SARS-CoV-2 spike (S) glycoprotein in terms
of host receptor binding, amino acid sequences and host enzyme
processing as well as basic prediction linear epitopes for antibody

or vaccine development. Different in vitro, in vivo and other in silico

the developers of the bioinformatic tools utilized- Biorender, Uniprot, PDB, UCSF Chimera, Smart BLAST, IEDB softwares, GlobPlot
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