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ABSTRACT

Since the novel coronavirus appeared in January 2020, it has brought global attention to this new virus due to its high infectivity rate and
increasing fatality rate to more than 7%. For this purpose, in this study, we aimed to address the evolution and the genetic variation of
the spike region of the SARS-CoV?2 extensively, besides addressing some hypothetical binding with two cell receptors (CCR3 and ICAM-
1) using computational tools, as the spike glycoproteins mediate the viral entry. The current study performed successive computational
work, starting with multiple sequence alignment and phylogenetic tree construction, followed by alignment prediction with some cell
receptors. The alignment analysis based on the spike glycoprotein of SARS-CoV2 showed that this novel coronavirus is closer to the Bat
and Pangolin coronavirus and quite different from other human coronaviruses. Interestingly, the sequence and structural alignments
show that 23 amino acid (amino acid) residues are inserted in the S1 subunit of the five spike regions, most of which are in the receptor-
binding domain (RBD). None of these proteins has been detected in any previously identified human coronaviruses, and some of them
are not shown in the sequence of Bat and Pangolin coronaviruses. They could be considered unique for this novel coronavirus. Some of
these proteins are predicted to bind to 1IAM in the ICAM-1 receptor with a higher degree of affinity than binding to CCR3. The protein
docking heuristic algorithms analysis revealed that some of the inserted amino acids in the spike region have a high affinity for binding to
the ICAM-1 receptor through hydrophilic bonds and Beta-sheet bonding. Despite the need for more analysis, this study revealed that
the hypothetical binding between the novels inserted amino acid in the SARS-CoV2 Spike RBD might be the right candidate for
developing antiviral treatment against COVID-19. Moreover, the genomic region encoding these inserts only in the novel coronavirus
represents an ideal candidate for distinguishing SARS-CoV2 from other coronavirus family members.
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Severe infectivity and mortality are lower than other

Introduction

coronaviruses (11). However, it is divided into two categories:
t patient: E toml d oth ith mild y

The outbreak of SARS-like pneumonia that was announced by the FHOSE patienits were syMPpromiess and others with mild or severe

. o infection (12). The patients with mild disease had a high fever

Chinese authority in late December 2019 and later denoted by

the WHO (World Health Organization) as a COVID-19

(Coronavirus Infectious Disease) made an alert all over the world

(above 38 °C), dry cough, malaise, fatigue, and difficulty
breathing (13). However, in severe cases, the symptom was

as the most transmissible and infectious disease (1, 2). The SARS- raised tod a acuj[e }rlesilrato;’y syn(lirom}? and dlarrho.ea
CoV2 (Severe Acute Respiratory Syndrome-Coronavirus-2) was progressed to .scptlc S. (_)C an ) coagu opathy (11). FromA s
considered a zoonotic disease which is thought to be transmitted emergence until the writing of this article, the novel coronavirus
from Bat (3-5) and Pangolin (intermediate host) (2) has infected more than 3 million people in 210 countries, and
. . 5 . ) from this number, a rate of 5% has been recorded in a critical
Subsequently, it was carried from the wet seafood market in the

Wuhan province, China (6-8), and human-to-human situation and a death rate of 7% (14). These numbers have been
transmission was confirmed in the early days of its spread (5, 9). C'OHtinuOL.lSly. .changinlg and incre'asing 'gradua'lly daﬂy'. TOda?ﬂS
The virus is highly transmissible from infected humans through lifestyle significantly impacts one's quality of life. Quality of life
aerosol or bodily contact and contaminated objects (9, 10). is influenced by clements such as proper cating, physical
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exercise, access to healthcare, stress reduction, and poverty
alleviation (15, 16).

SARS-CoV2 is an enveloped virus with a positive- single-
stranded RNA genome belonging to a Betacoronavirus genera in
the Coronaviridae family. It is the seventh member of this family
that is known to infect humans, causing severe infection just like
previously identified strains, for example, SARS (Severe Acute
Respiratory Syndrome) and MERS (Middle East Respiratory
Syndrome), which are both members of the same genera (17). In
2003 and 2012, a high fatality rate of 10% and 35% was
recorded, respectively (18, 19). The whole genome of SARS-
CoV2, approximately 30 Kb, consists of six major open reading
frames (ORF) divided into structural and non-structural proteins
(20). One of the most crucial proteins in the structural proteins
is the spike protein, which consists of 1273 amino acids and is
responsible for viral attachment and entry (4, 21). The
coronavirus spike glycoprotein consists of S1 and S2 subunits,
which bind to the receptor and facilitate fusion to the membrane,
respectively (22, 23). This glycoprotein is a crucial part of tissue
tropism and host range; therefore, it is considered a good target
for developing a vaccine (23, 24). It has been reported that the
efficient spreading of SARS-CoV2 is related to the receptor-
binding domain in the spike region that binds to human ACE2
(25). Moreover, others suggested that some receptors also link
to the Spike of SARS-CoV2, for example, cell-surface receptor
GRP78 (Glucose Regulated Protein 78) (26).

The spike glycoprotein of SARS-CoV2 was modelled based on
the protein data and compared with different coronaviruses in
the Bat, Pangolin and SARS-CoV to detect the variation in this
region and the underlying evolutionary changes. In the current
project, molecular docking was performed using specific
software to address the hypothetical binding with CCR3
(expressed on eosinophil, mast cells, and Th2 cells) and ICAM-1
[intercellular adhesion molecule-1] (expressed on endothelial
cells and cells of the immune system) receptors. The sequence
and structural comparisons predicted different regions binding in
these receptors with a different ratio. The results suggest a
promising recognition of the SARS-CoV2 spike glycoprotein
with the cell receptors that could open a new antiviral

development concept.

Materials and Methods

Multiple sequence alignment and phylogenetic
analysis

The NCBI database (www.ncbi.nlm.nih.gov) was the source for

retrieving the human and animal coronavirus sequence. The full-
length sequences of the novel coronavirus (n=178) were
retrieved from the 11" of January 2020 until the 4™ of April
2020. Moreover, we retrieved the full-length of other
coronaviruses from both humans and different animals (n=28)
published in the NCBI gene bank. From the full-length sequences
of the SARS-CoV2, we only picked those from each country with
a high mortality rate, and we excluded the sequences that were

100% similarity detected among their sequences. Finally, the

start codon of each sequence spike was obtained from NCBI
graphics of the following selected sequence, Human SARS-
CoV2/2020 [MN985325.1 (USA-WA), MN908947.3 (Wuhan-
Hu), MN994467.1 (USA-CA), MTO066156.1 (ITA-INMII1),
MT126808.1 (BRA-SP02), MT093571.1 (SWE), MT233523.1
(ESP-  Valencia), MTO007544.1  (Australia-VICO1) and
LC528232.1  (Kng-Hu)];  Human  SARS  coronavirus
[AY278741.1 (Urbani/2016), AY463059.1 (ShanghaiQXC1)
and AY291315.1 (Frankfurt)]; Other human coronavirus
[KY684760.1 (229E-USA/2017), KF514433.1 (229E-
USA/1993), KP209312.1 (MERS-UAE/2013), KF53.0112.1
(NL63-USA/2001), DQ415914.1 (HKU1) and KF530092.1
(OC43-USA/2000); Bat coronavirus [MN996532.1
(RaTG13/2020), KY417146.1 (RS4231/2017) and
MK211376.1  (YN2018B/2019);  Pangolin  coronavirus
[MT040333.1 (GX-P4L)]; and finally Camel alphacoronavirus
[MF593473.1 (Abu Dhabi)] and Alpaca coronavirus
[JQ410000.1 (CA08-2008)].

The alignment was performed based on the amino acid using
MultAlin software (27). The genetic relationships between the
virus isolates were examined using phylogenetic analysis, which
was carried out by MEGA7 (28). The neighbour-joining method
assessed the tree to estimate the genetic evolution of the
generated datasets. The tree distance was computed under a
Poisson correction model and was in the units of the number of
amino acid substitutions per site. Statistical analysis was
estimated using the bootstrap approach via 100 replications. The
tree was generated for each replicate, the method was repeated
100 times, and a percentage score was given for the same
grouping.

Hypothetical spike binding to other receptors

This study followed some computational work using various
software to address the binding affinity of the inserted proteins
in the receptor-binding domain (RBD) of the spike region with
two suspected human receptors, CCR3 and ICAM-1, for these
purposes. The amino acid sequences were retrieved from
NCBI/GenBank, and some protein structures were parsed from
the PDB database. Secondary structure alignment was performed
by using the ESpript server. The 3D structure, alignment,
superposition and distance calculations were built using PyYMOL
software. Python 3.7 was used to script the residue interface
calculation, and molecular docking of protein pairs was
conducted utilizing HEX_Cuda 8.0 to predict the binding
affinity. Default parameters were selected in HEX_Cuda, except
for the following. The number of solutions was set to 1000, and
the receptor step size was set to 7.5. The translation substep was
set to 2. A steric scan of 20 and a final search of 30 were selected
to optimize the output.

The RBD of the spike region was split into three areas (each
region consists of the Cysteine residues in the beginning and the
end connected by a disulfide bond), and they were separately fed
to Clustal Omega for pairwise alignment with CCR3 and ICAM-
1 amino acid sequence. The SARS-CoV2 ectodomain open-state
(6VYB) and closed-state (6VXX) were used as 3D structure
templates to correctly identify the secondary structure and

annotation on the alignment using the ESpript server. These
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peptides then aligned with 2MPM (the structural basis of
receptor sulfotyrosine recognition) in the N-terminal region of
CCR3 and 11AM peptide in the ICAM-1 receptor. Moreover, the
structural superposition and distance calculation of the SARS-
CoV2 Spike with CCR3 and ICAM-1 were built using PyMOL

software.

Results and Discussion

1. Classification of the SARS-CoV2 based on the
Spike region

The phylogenetic tree analysis of the full length of SARS-CoV2

showed a close relation and high similarity with SARS-CoV, Bat

and Pangolin coronavirus (data not shown). Therefore, we
repeated the analysis by comparing different coronavirus strains
based on the spike glycoprotein genes [Fig. 1]. The tree showed
that all the novel coronavirus strains are approximately 100%
similar and closely related to the Bat coronavirus (RaTG13).
Moreover, the 2019 novel coronavirus's close genetic
relationship is observed with another strain of Bat coronavirus
and Pangolin coronavirus with 46% similarity. However, the
diversity was found among the other coronavirus strains
separated from the novel SARS-CoV2 and grouped in a different

clade.

100

MN985325.1 SARS-CoV-2/USA-WA/2020
MN908947.3 SARS-CoV-2/W uhan-Hu/2020
MN994467.1 SARS-CoV-2/USA-CA/2020
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MT126808.1 SARS-CoV-2/BRA/2020
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Fig. 1: Phylogenetic analysis based on the spike glycoprotein. The analysis is based on the Maximum Likelihood method and the Poisson

correction model. The tree with the highest log likelihood (44231.1897) is shown. Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model and then

selecting the topology superior log-likelihood value.

2. Most variation is located in the S1 subunit.

The analysis of the spike region's multiple sequence alignment
(the alignment presented in the supplementary data) between
different coronavirus strains from humans (SARS-CoV2 and
SARS-CoV strains), Bat and Pangolin showed a total of 873
amino acid variations among these strains (supplementary data).
Among this total, 78% of the variants are located in the S1 region
and 22% in the S2 subunit. There are only two amino acid
variations in the spike glycoprotein among the novel SARS-CoV2
at position 251 and 801 in both Australian and Swedish strains.
Interestingly, the lowest degree of difference between the SARS-
CoV2 spike region and Bat is less than 3%, and with Pangolin, it

is less than 10%. In contrast, the highest percentage of amino acid

variation, approximately 29%, is seen between SARS-CoV2 and
SARS-CoV strains in their spike region.

On the other hand, the alignment outputs also showed four
amino acids deleted in the former part of the N-terminal domain
and 23 amino acids inserted in five different N-terminal and
Receptor-binding positions domain (Fig. 2). Surprisingly, all the
inserted amino acids are found in all the novel coronavirus
strains. Still, none of these inserts are found in the SARS-CoV
strains. Moreover, the same amino acid inserts are detected in
the Bat and Pangolin coronavirus except for 4 and 6 amino acids,
respectively. Our analysis showed that the four deleted amino
acids and the five insertion groups of the amino acid are unique
to the novel SARS-CoV2 and could not be detected in any

previously published coronavirus strains.
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Fig. 2: A) Diagrammatic representation of the SARS-CoV2 spike glycoprotein and its genes. The scheme shows the functional domains in
the S protein. The Signal Peptide (SP) is followed by the S1 subunit, which includes the N-terminal domain (NTD) and Receptor-Binding
Domain (RBD). In contrast, the S2 subunit consists of Fusion Peptide (FP), Heptad Repeat 1 (HR1), Heptad Repeat 2 (HR2),
Transmembrane Domain (TM), Cytoplasmic Domain (CP) (8). B) Part of the spike region's multiple sequence alignment of some selected
coronavirus, including SARS-CoV2, SARS-CoV, Bat coronavirus and Pangolin coronavirus. The alignment shows the four deleted proteins

and the insertion of 23 proteins in the S1 subunit.

3. Spike glycoprotein structural modelling and
hypothetical receptors binding

The 3D structure of the spike glycoprotein showed many residue
interfaces, which can produce polar binding with the aid of the
hydrophilic bond in their surface [Fig. 3A]. For this reason, the
selected regions were located in these positions to show the
binding affinity with other receptors. In this study, we picked
two cell receptors, CCR3 and ICAM-1, to demonstrate their
ability to bind to the spike glycoproteins. The amino acid
alignment of the three selected regions in the RBD of the spike

glycoprotein to the CCR3 receptor showed a similarity of
approximately 8% in some alpha-helix and more Beta pleated
sheets. The identity and overlap amino acid ratio are different
among the regions, and according to the Smith-Waterman
Algorithm, it shows 30% identity when comparing 32 amino
acids. Moreover, the homo-trimeric SARS-CoV2 Spike and
CCR3 cartoon model's superposition showed these interactions
in 35 proteins. However, these interactions are not entirely
promising because of the weak bonding interaction between

these proteins.
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interface of CCR3 protein (the yellow highlighted sticks are the interface residues for possible interaction). D) Superposition of CCR3 on

COVID-19 spike protein (the yellow stick is CCR3 superposed on COVID-19 spike protein).

The super command alignment in PyMOL software shows a good
alignment in a different region of the spike glycoproteins with the
ICAM-1 receptor [Fig. 4]. As evident from the structural
alignment, the ligand-binding area of ICAM-1 has a degree of

affinity to bind to various regions in the S1 and S2 subunits of the

SARS-CoV2 spike protein. The similarities are all in the beta-
pleated sheets except for one alpha-helix part. Based on the
Smith-Waterman Algorithm and comparing 120 amino acids in
the spike region and ICAM-1 protein, over 50% similarity was

detected, consistent with the superimposition's 3D structure.
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Fig. 4: Hypothetical binding between spike glycoprotein with ICAM-1 receptor. A) Multiple sequence alignment of some regions showing
beta and gamma sheets of these regions. B) 3D structure superimposition showing 1- Interface 2MPM (Red) superimposed on 6VYB

(Green) open state; 2- superposition of ICAM-1 on Spike protein 6VYB

(Green) open state; 3- 2MPM (Red) superimposed on 6VXX

(Yellow) closed state and 4- Structure and surface accessibility of 6VYB (Opened state) and 1IAM.
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The RBD structure of SARS-CoV2 was extracted as an object
from the 6VW1 and 6VYB, and with the aid of PyMOL software,
the affinity of binding observed with 1IAM from ICAM-1
receptor as a 3D structure [Fig. 5A]. The ICAM-1 protein was
superimposed with the 6VW1, and their interactions are in the
Beta-sheet structure. The closest amino acids in this interaction
are Ser494 on RBD and Vall7 on ICAM-1. The distance
measurement between the two sheets is 4.3 angstroms apart.
Moreover, an extra interaction was observed outside the
interface residue of the 1lam, Cys108 (purple color). Another
possible (polar) interaction region is between Asn440 in the RBD
of the spike region and Arg116 of the ICAM-1 (red color in Fig.
5).

On the other hand, the interaction tested in the open state
(6VYB) of the spike protein (purple color) with the ICAM-1

receptor. The crystal structure showed an interaction between

the spike protein (colored white) with the 1IAM of the ICAM-1
receptor (red color) in a Proximity R of 28.6 A. This was
followed by fetching the spike protein into the software and
tweaking the position with the receptor [Fig. 5B] so that they get
into proximity. Because the HEX_ Cuda software docks proteins
best at distances no longer than 30 A, the Interface residue
calculation was first performed and adapted to the proteins using
a Python script developed by (29) including these parameters, a
complex of the first and second chain, and Cutoff value of the
different area over the residues. The docking calculation was
performed at 54.66 intermolecular separations in +/- steps of
0.75 A. The applied rotational searching was then used in several
angular increments of about 7.5 degrees in each of the two
proteins (i.e. the receptor and the spike protein). The internal
step sizes were set to fit the sample size and correspond to the
FFT grid.

A
Spike proteins’ RBD
ICAM-1
Beta-
sheet
(red stick)
B
ICAM-1
(Purple)
el Spike
= {other colors)
{ather colars)

Fig. 5: Crystal Structure Presenting the Affinity and Binding Position. A) Both 6VW1 and 6VYB of the Spike were tested for their affinity
binding against the ICAM-1 receptor. The analysis was performed by PyMOL software. B) Protein docking presented on both sites between
the Spike glycoproteins (pink, blue and green color) with the ICAM-1 proteins (purple color). The analysis was performed by HEX Cuda

software.
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The spike glycoprotein in the SARS-CoV?2 is an essential element
for the viral attachment and entry into the host cell, and any
alteration of this protein may impact the host specifity.
Therefore, we aimed to analyze this vital region using
computational methods in this study. The phylogenetic analysis
of the published sequences from NCBI showed that novel
coronavirus is derived from Bat and Pangolin coronavirus, and
they have a massive diversity with the nearest human coronavirus
relatives. Moreover, 23 new proteins inserted in five regions of
the spike S1 subunit are conserved among all the SARS-CoV2,
which may impact the degree of infectivity and increase the
number of host cells the virus can infect. The hypothetical
binding of some of these inserted proteins and others in the RBD
of the Spike to the ICAM-1 protein opens the possibility of
addressing these proteins for specific detection of SARS-CoV2
and the development of treatment against COVID-19.

The unique amino acid insertion and deletion are only found in
all the published SARS-CoV2 and are not present in other human
coronaviruses. We found the presence of 3 insertion groups [first
insert (seven amino acids), second insert (four amino acids), and
third insert (six amino acids)] and deletion of 4 amino acids in the
N-terminal domain of the RBD of the S1-subunit. Furthermore,
another two insertion groups [fourth insert (one amino acid) and
fif" insert (five amino acids)] in the C-terminal domain of the S1-
subunit. Other research groups detected some of these inserts in
the spike glycoprotein sequences of coronaviruses. A group from
China demonstrated three insertions, and a group from India
mentioned four insertions (30) due to comparing fewer
sequences (4). However, the number and amino acids are
different from these studies. The multiple sequence alignment of
the proteins is only aligned with varying coronavirus strains, in
contrast to Pradhan, Pandey (30), which showed the similarity
between these inserts of the spike glycoproteins and HIV
glycoproteins.

On cell entry, the coronavirus needs a cleavage of the spike
region's S1 and S2 subunit, which is most probably done by furin.
In all the human coronavirus, this site located in the S2 region
(31). Interestingly, the 5th insert is the new furin-like cleavage
site responsible for cleavage of S1 and S2 subunits before exiting
with no need for further cleavage on entry (32). As evident in the
multiple sequence alignment, the new cleavage site also exists in
the Bat strain RaTG13 [Fig. 2]. We thought that the upstream
inserted amino acids enhance the new furin-like cleavage site as a
potential "gain-of-function" for the new virus. This potential for
an infectivity gain seems to be an important idea because it needs
cleaving of S1/S2 on exit instead of the SARS necessity for
cleaving on entry.

On the other hand, further analysis showed the close relation of
the SARS-CoV?2 to the Bat coronavirus and Pangolin coronavirus
(33). Other human coronavirus members were also derived from
Bats as they represent a natural reservoir for this virus and others
(3). Our analysis based on the spike region also showed the same
similarity with Bat coronavirus RaTG13 [MN996532.1] and
Pangolin coronavirus GX-P4L [MT040333.1. Moreover, the
considerable diversity observed between SARS-CoV2 and SARS-
CoV is based on the spike glycoproteins.

The 3D structure of the spike glycoproteins' 3D structure
showed that the inserted amino acids provide a hydrophilic loop
for the protein structure, which gives flexibility and increases the
binding affinity of the Spike glycoprotein to different cell
receptors (34, 35). As presented from our theoretical analysis,
the inserted proteins have a crucial role in a high binding to the
ICAM-1 and, to a lesser extent, to CCR3 receptors (36, 37).
Our hypothesis may agree with Liu, Jiang (38), who mentioned
a decrease in T-lymphocytes due to COVID-19. As these
receptors can be detected in many immune and epithelial cells,
it is crucial to be addressed in more detail to enhance the

discovery of treatment against this virus.

Conclusion

In summary, this study shows approaches to utilizing data and
analyzing the spike glycoprotein of SARS-CoV2. The unique
inserts not detected in any other coronavirus may enhance the
rapid molecular detection of this virus as the primary stage to
control the infection. Moreover, more analysis of the spike
region may help understand the route of infection. Further, the
3D modelling shows the binding of the SARS-CoV2 with other
cell receptors like ICAM-1, which may be the reason for the new
coronavirus's decrease in immune cells during infection.
Altogether, our findings may have a crucial outcome for
understanding the pathogenesis, disease severity, discovery of the

treatment and vaccine development.
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