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Abstract. – OBJECTIVE: Recent pandem-
ic virus SARS-CoV-2 is a global warning for the 
healthcare system. The spike protein of virus 
SARS-CoV-2 is significant because of two rea-
sons. Firstly, the spike protein of this virus binds 
with the human ACE2 (hACE2) receptor. Second-
ly, it has several antigenic regions that might be 
targeted for vaccine development. However, the 
structural analytical data for the spike protein of 
this virus is not available.

MATERIALS AND METHODS: Here, we per-
formed an analysis to understand the structural 
two subunits of S glycoprotein (S gp) of SARS-
CoV-2. Further, an analysis of secondary struc-
ture components and the tertiary structure anal-
ysis of RBD was carried out. We also performed 
molecular interaction analysis between S gp of 
this virus and hACE2 as well as between SARS-
CoV S gp and hACE2 to compare the binding 
properties of these two viruses. 

RESULTS: We noted that the molecular in-
teraction of SARS-CoV-2 S gp and hACE2 form 
eleven hydrogen bonds, while the molecular in-
teraction of SARS-CoV S gp and hACE2 receptor 
form seven hydrogen bonds, indicating that the 
molecular interaction of SARS-CoV-2 S gp and 
hACE2 receptor is more stable than SARS-CoV S 
gp and hACE2 receptor. The pairwise sequence 
alignment of S gp SARS-CoV and SARS-CoV-2 
shows several conserved residues of these two 
proteins. Besides, conserved pattern analysis 
of SARS-CoV-2 S gp and hACE2 revealed the 

presence of several highly conserved regions 
for these two proteins. The molecular dynam-
ics simulation shows a stable interplay between 
SARS-CoV-2 S gp with the hACE2 receptor. 

CONCLUSIONS: The present study might help 
determine the SARS-CoV-2 virus entrance mech-
anism into the human cell. Moreover, the under-
standing of the conserved regions may help in 
the process of therapeutic development from 
the infection of the deadly virus.

Key Words:
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lecular interaction, Structural analysis.

Introduction

The present coronavirus causes Coronavirus 
disease (COVID-19), which originated in China1,2. 
On January 9, 2020, the SARS-CoV-2 was af-
firmed as the causative agent for COVID-19. WHO 
announced the COVID-19 as an epidemic, requir-
ing a health emergency, on January 30, 2020. On 
12th March 2020, WHO confirmed COVID-19 as a 
pandemic as it mushrooms worldwide3. Presently, 
it has continued to spread over 200 countries, and 
this ongoing outbreak has accounted for more than 
1,536,482 human lives till now.
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SARS-CoV-2 is distantly linked with the 
MERS-CoV and SARS-CoV4,5. Earlier, the 
SARS-CoV caused respiratory outbreaks in Chi-
na in 2002 and 20036,7. Later MERS-CoV caused 
a deadly outbreak in the Middle East in 20128. The 
SARS-CoV-2 belongings to the genus betacoro-
navirus, order Nidovirales9. 

SARS-CoV-2 S glycoprotein (S gp) is a struc-
tural protein. It is a transmembrane glycoprotein 
that forms overhanging homotrimers on the viral 
surface10. The spike protein of coronavirus is ap-
proximately 150 kDa in size and forms a typical 
spike-like appearance on the virus’s outer portion. 
It is a trimeric glycoprotein that helps in spike pro-
tein-mediated amalgamation to the host receptor. 
The S gp has two subunits, S1 and S2 subunit. 
In the S1 subunit, the loop structure may change 
structurally in size between CoV species of the 
betacoronavirus genus11,12. There are two function-
al domains in the S1 subunit: NTD (N-terminal 
domain) and C-domain. C-domain acts as RBD 
(receptor-binding domain)13. Both of these do-
mains are accountable for the interaction between 
the virion and the receptor part of the host14. This 
part contains several epitopes that might serve as a 
potent target for designing the vaccines and devel-
oping the antibodies15. Conversely, there are three 
types of functional domains in the S2 subunit, such 
as FP (fusion peptide), HR1 (heptad repeat 1), and 
HR2 (heptad repeat 2). The binding phenomenon 
of the virion to the host cell’s receptor occurs in 
two steps. First, the S1 subunit of the RBD domain 
interacts with the receptor. Second, immediate-
ly after binding, the S2 subunit modifies its con-
figuration by introducing the FP domain into the 
host cell membrane. Subsequently, it can lead to 
combining two domains, such as HR1 and HR2, 
in generating 6-HB (six-helical bundle). Finally, 
virion fuses with the cellular membranes, resulting 
in the entry of the viral genetic elements inside the 
host cell along the fusion pore. The cell of the host 
acts as machinery for viral replication16,17.

Due to several epitopic sites, spike protein has a 
distinct role in the human body. Spike protein can 
generate neutralizing antibodies in the host and can 
develop protective immunity18. Thus, spike protein 
can be a target protein for vaccine development16. 
Utilizing spike protein antigenic epitopes, Bhat-
tacharya et al19 suggested an epitope-based vaccine 
model against this virus. Therefore, the structural 
study of all the spike protein domains is necessary 
for further vaccine developments. 

ACE2, a cellular receptor, is expressed in di-
verse epithelial cells, such as the nasal, lung, in-

testine, heart, kidney, immune cells, and blood 
vessels20,21. To enter the human body, both SARS-
CoV-2 and SARS-CoV interacts with the ACE2 
with the help of spike protein22-24. However, it is 
necessary to understand more about the interplay 
between the S gp of SARS-CoV-2 and the human-
ized form of ACE2 (hACE2).

Here, we performed structural analysis and 
depiction of the SARS-CoV-2 S gp and hACE2 
protein interaction via in silico tools. Further, we 
also examined the binding part of S gp of both 
SARS-CoV and SARS-CoV-2 with hACE2 recep-
tor and compared the receptor-binding properties 
of these two viruses. Subsequently, we also stud-
ied various physicochemical properties [i.e., gly-
cosylation site, hydrophobicity prediction, grand 
average of hydropathicity (GRAVY)] of SARS-
CoV-2 S gp and hACE2 interaction to understand 
the key factors that are involved during the mo-
lecular interactions of both proteins. Finally, we 
performed the molecular dynamics simulation of 
SARS-CoV-2 S gp with hACE2 complex to under-
stand the interaction properties. 

Materials and Methods

Collection of Target Protein Sequences
The sequences of the S gp of SARS-CoV-2 

and hACE2 were collected from the NCBI25. The 
FASTA format of the sequence was collected for 
additional analysis. The accession number of the 
S gp of SARS-CoV-2 protein sequence was 6VY-
B_A, and the accession number of the ACE2 pro-
tein sequence was NP_068576.1.

Collection of the PDB Files 
and Assortment of Its Information for 3D 
Structure Analysis 

The PDB files of the S gp of SARS-CoV-2 with 
hACE2 complex (PDB ID: 6M0J), S gp of SARS-
CoV with hACE2 protein (6ACG), only spike pro-
tein SARS-CoV-2 (PDB ID: 6VYB) and ACE2 
(PDB ID:1R42) were extracted from the Protein 
Data Bank for advance analysis26. 

Prediction of Domain Structure, 
Distribution of Amino Acid Residues 
in Different Domains in S1 and S2 
Subunit of SARS-CoV-2 S gp, Complete 
SARS-CoV-2 S gp and hACE2 Receptor

For analysis of the domain structure and ami-
no acid distribution in different domains of spike 
protein as well as complete SARS-CoV-2 S gp and 
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hACE2 protein, the ExPASy server27 and Statisti-
cal Analysis of Protein Sequences (SAPS) server 
were used28. These two servers are considered as 
the central servers for analyzing the details about 
protein sequence characteristics. We have used 
their data for further analysis.

Secondary Structure Architecture and 
Motif Architecture Interface of S-Protein 
and hACE2 Receptor

For the prediction of the secondary structure 
of S-protein and ACE2, we retrieved the PDBsum 
database. It is a significant database of graphi-
cal summaries of the secondary structure archi-
tecture and motif architecture of proteins linked 
with the Protein Data Bank29,30. Finally, second-
ary structure architecture such as α helices, β 
sheets, and motif architecture such as β hairpins, 
β turns, and g turns from the graphical figures 
were calculated.

Analysis of Tertiary Structure 
Conformation of SARS-CoV-2 S gp and 
Its Architecture

For analysis of tertiary structure conforma-
tion of S gp of SARS-CoV-2 and its architecture, 
the UCSF Chimera software package was used. 
It also helps to understand the molecular struc-
ture31,32 and the molecular interaction of tertiary 
structure conformation.

Analysis of the Tertiary Structure 
Conformation of RBD 

For this study, again, the UCSF Chimera soft-
ware package was used31,32.

Analysis of Tertiary Structure Interface 
of S gp of SARS-CoV-2 with hACE2 
Receptor Interaction and S gp of 
SARS-CoV with hACE2 Receptor Interaction

To understand the tertiary structure interface 
of S gp of SARS-CoV-2 with hACE2 receptor 
and S gp of SARS-CoV with hACE2, we used 
UCSF Chimera software package31,32. It shows 
molecular structures of the interactions and an 
interactive platform for visualization of tertiary 
structures.

Sequence Alignment (SA) of S gp of Two 
Viruses (SARS-CoV-2 and SARS-CoV)

The SA of S gp proteins of SARS-CoV-2 and 
SARS-CoV was performed using Clustal Omega 
software33. This server uses the mBed10 algo-
rithm, which can calculate the distance matrix.

Analysis of Conservation Pattern with 
Highly Conserved Amino Acids of the 
Tertiary Structure of SARS-CoV-2 S gp 
and hACE2 Receptor

The conservation prototype of the shape of S 
gp of SARS-CoV-2 was developed using the Con-
Surf server34,35. The conservation scores were cal-
culated at each location of the aa residue of S gp 
of SARS-CoV-2 and hACE2 receptor using this 
server. For calculation of conservation prototype, 
the server used an empirical Bayesian inference 
from protein sequence to protein structure. The 
results were used for additional analysis.

Prediction of Physicochemical 
Parameters Such as Glycosylation Site, 
Hydrophobicity Prediction, Grand Average 
of Hydropathicity (GRAVY) Analysis 
of SARS-CoV-2 S gp and hACE2 Protein

Glycosylation of protein is a post-translational 
modification necessary for its folding, transport, 
and interactions with several receptor proteins. 
We have analyzed O-glycosylation as well as 
N-glycosylation sites of the S-protein and hACE2 
receptor using the NetOglyc 4.0 and NetNGlyc 
1.0 server36,37.

It has been observed that the hydrophobicity 
of protein has a vital role in biomolecular inter-
actions38. The hydrophobicity of S-protein (each 
domain of S-protein, complete S-protein) and 
hACE2 receptor was analyzed according to the 
Kyte-Doolittle algorithm used by ProtScale serv-
er39 to produce a diagram of percent accessible 
amino acid residues for every S gp and hACE2 
receptor in linear weight variation model. GRA-
VY analysis of complete S-protein, each S-pro-
tein domain, and hACE2 receptor residues was 
performed using ExPASy server39,40.

Molecular Dynamics Simulation (MDS) 
Analysis

In order to validate the conformational stabili-
ty of the docking complex of two proteins, i.e., S 
gp of SARS-CoV-2 with hACE2 complex (PDB 
ID:6M0J), we performed MDS analysis using 
GROMACS v. 2020.2 software, selecting GRO-
MOS54A7 force-field as a parameter41. After the 
topology building, the complex solvate module 
was applied to make the system solvated with a 
simple point charge water model (SPC216). Later, 
we added Na+ counter ions and stepped to energy 
minimization of the system using the steepest de-
scent minimization algorithm with 50000n steps. 
The machine was then calibrated in two steps; 
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NVT ensemble with fixed particle number, tem-
perature, volume, and NPT ensemble with fixed 
particle number, temperature, and pressure, set 
for 100 picoseconds. Finally, MD simulation 
was performed for 1 nanosecond run. The re-
sult was further used to measure Root Mean 
Square Deviation (RMSD) for the Cα backbone 
atoms of the protein and Root Mean Square 
Fluctuation (RMSF) of the ligand. The radius 
of gyration along with the number of hydrogen 
bonds of the interacting molecules, later the 
solvent-accessible surface was analyzed, and 
finally, we used Xmgrace to plot and visualize 
all the analysis reports.

Results

Prediction of Domain Structure, 
Distribution of Amino Acid Residues
in Different Domains in S1 and S2 
Subunits of SARS-CoV-2 S gp Complete 
SARS-CoV-2 S gp and hACE2 

Thematic map of the spike protein with different 
regions regarding S1 and S2 subunit is recorded in 
Figure 1A. The three-dimensional arrangement of 
the S gp and its subunits, such as S1 and S2, are 
illustrated in Figure 1B. The sequence length of 
the different functional domains of spike proteins 
observed was of the signal peptide (SP, 1-22 aa), 
N-terminal domain (22-314 aa), receptor-binding 
domain (327-600 aa), fusion peptide (797-815 
aa), heptad repeat 1(919-1040 aa), heptad repeat 
2 (1172-1222 aa), transmembrane domain (1222-
1246 aa) and a cytoplasmic domain (1246-1281aa) 
(Figure 1, Supplementary Table I). From the 

amino acid distribution analysis of different func-
tional domains of the S1 subunit, we found that 
the amino acid distribution is more scattered in 
RBD (Figure 2A[A1-A3]). Conversely, the amino 
acid distribution is less in SP. On the other hand, 
from the amino acid distribution of HR1 as well 
as HR2 functional domains of the S2 subunit, 
we found more scattered amino acid distribution 
(Figure 2B[B1-B5]). Similarly, the distribution of 
amino acid residues of complete SARS-CoV-2 S 
gp and hACE2 is shown in Supplementary Fig-
ure 1 (A and B).

Secondary Structure Architecture and 
Motif Architecture Interface of SARS-
CoV-2 S gp and hACE2

Secondary structure architecture of SARS-
CoV-2 spike structural components such as α he-
lices, β sheets, and motif architecture such as β 
hairpins, β turns, and g turns was analyzed. Figure 
3 (A1, A2) shows the number of different compo-
nents such as α helices (21 numbers), β sheets (51 
numbers) of secondary structure architecture and 
the number of different components of β hairpins 
(17 numbers), β turns (71 numbers) and g turns (12 
numbers) of motif architecture of SARS-CoV-2 S 
gp. The several components of secondary struc-
ture architecture (α helices, β sheets) and different 
components of motif architecture (β hairpins, β 
turns, and g turns) are shown in Figure 3B. Simi-
larly, secondary structure architecture of hACE2 
receptor such as α helices, β sheets, and motif ar-
chitecture such as β hairpins, β turns, and g turns 
were analyzed (Figure S2). Figure S2 (A1, A2) 
shows the number of different components, such 
as α helices (31 numbers), β sheets (4 numbers) of 

Figure 1. Schematic diagram of spike protein with S1 and S2 subunit. A, A schematic diagram shows the total genome of the 
structural protein of SARS-CoV-2. It also shows spike protein with different regions with respect to S1 and S2 subunit. B, 
Spike protein and its three-dimensional arrangement in ball-shaped diagram which shows S1 and S2 subunits. It also shows 
the transmembrane (TM), anchor.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-22475.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-l-22475.pdf


C. Chakraborty, A.R. Sharma, B. Mallick, M. Bhattacharya, G. Sharma, S.-S. Lee

1712

secondary structure architecture and the number 
of different components of β hairpins (2 numbers), 
β turns (36 numbers) and g turns (6 numbers) of 
motif architecture of hACE2 receptor. The differ-
ent components of secondary structure architec-
ture (α helices, β sheets) and different components 
of motif architecture (β hairpins, β turns, and g 
turns) are shown in Figure S2B.

Analysis of Tertiary Structure 
Conformation of S gp of SARS-CoV-2 
and Its Architecture

The tertiary configuration of S gp shows the 
trimeric structure conformation of SARS-CoV-2 
(Figure 4). The structure shows the partly open 

conformation of RBD of S gp of this virus. Figure 
4 also shows the conformation of spike protein 
after 90° rotation, where we have noted the pres-
ence of RBD in different chains. These two tri-
meric structure models of the spike protein show 
two different orthogonal views. The first one is a 
side view, and the second one is a top view of the 
spike protein. 

Analysis of the Tertiary Structure 
Conformation of RBD from S gp 
of SARS-CoV-2

We documented the position of RBD in the ter-
tiary structure conformation in a single chain of 
SARS-CoV-2 S gp, and it is recorded in Figure 5A. 

Figure 2. Amino acid residue distribution of the spike protein different functional domains (A) S1 subunit (B) S1 subunit.
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Here, we have noted that two single-chain struc-
tural models of the spike protein show two differ-
ent orthogonal views. One is the side view, and 
another is the top view of the spike protein. Here 
we have also located RBD on the single chain of 
the spike protein, and the depiction is recorded. 
For this analysis, we have separated the particular 
structure of the RBD, and it was used for further 
analysis. Using this portion, we have developed a 
tertiary structure conformation of the RBD part, 
illustrated in Figure 5B. Here, all the secondary 
structures were also observed in the RBD.

Tertiary Structure Interface SARS-CoV-2 S 
gp with hACE2 Protein Interaction

The molecular interaction of SARS-CoV-2 S gp 
with hACE2 in the tertiary structure interface is 
shown in Figure 6. We observed eleven hydrogen 
bonds in the molecular interaction in this virus S gp 
and hACE2 receptor. The primary interaction resi-
dues of spike protein with ACE2 and its hydrogen 
bond length are noted in Supplementary Table II. 

The spike protein interaction residues include 
LYS417, GLY446, TYR449, ASN487, GLN493, 
GLY496, THR500, and GLY502. Similarly, inter-

Figure 3. Secondary structure architecture and motif architecture interface of SARS-CoV-2 spike protein (A) Number of 
different components of secondary structure architecture (A1) and the number of different components of motif architecture 
(A2). B, Different components of secondary structure architecture and different components of the motif architecture of RBD.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-22475.pdf
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action residues of ACE2 include ASP30, GLN42, 
ASP38, GLN24, TYR83, GLU35, LYS353, 
TYR41, and LYS353.

Tertiary Structure Interface SARS-CoV S 
gp with hACE2 Protein Interaction 

Further, we aimed to observe the difference be-
tween the molecular interactions of SARS-CoV-2 
S gp and SARS-CoV S gp with hACE2 protein. 
We have found a tertiary structure interface of 
SARS-CoV S gp with hACE2 protein interaction 
(Figure 7A). We have noted that the spike pro-
tein is a glycoprotein trimer, having three chains 
(Chain-A, Chain-B, and Chain-C). Conversely, the 
molecular interaction between spike protein and 
the ACE2 receptor has been recorded in Figure 
7B. There are several residues which have taken 
part in this interaction. The core interaction resi-
dues of spike protein with ACE2 and its hydrogen 
bond length are noted in Supplementary Table 
III. The spike protein interaction residues include 
TYR436, ASN473, GLY482, TYR484, THR486, 
and GLN492. Similarly, interaction residues of 
ACE2 include ASP38, GLN42, TYR83, LYS353, 

ASN330, TYR41, and GLN325. Seven hydrogen 
bonds were noted in this molecular interaction.

Sequence Alignment (SA) of S gp 
(SARS-CoV RBD and SARS-CoV-2 RBD)

We have performed SA between the RBD of 
S gp of SARS-CoV and SARS-CoV-2, which is 
recorded in Figure 7C. In this figure, identical and 
similar positions of amino acids are highlighted 
within RBD. In this study, we found several con-
served regions between these two proteins.

Analysis of Conservation Prototype with 
Highly Conserved Amino Acids of S gp 
of SARS-CoV-2 and hACE2 Receptor

We found highly conserved amino acids of S 
gp in trimeric form, as shown in Figure 8 (A1-
A3). We documented three types of conserved 
protein structures. The first one is a cartoon struc-
ture of the conserved regions (Figure 8A1). The 
second one is the surface conservation of the pro-
tein ranging from low to high conserved regions 
(Figure 8A2). Third one is the highly conserved 
residues on the surface of the protein (Figure 

Figure 4. The tertiary structure of spike proteins of SARS-CoV-2 in trimeric conformation. Another part of the figure also 
shows the conformation of spike proteins after 90° rotation.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-22475.pdf
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8A3). Again, we noted conserved amino acids 
of SARS-CoV-2 in one chain (B chain) (Figure 
8 [B1, B2]). In this case, we noted the conserved 
surface regions of one chain, i.e., chain B (Figure 
8B1). We also documented highly conserved ami-
no acids of one chain, i.e., chain B (Figure 8B2). 

Some highly conserved residues are: PRO139, 
CYS136, PHE133, PHE106, GLY107, PHE86, 
ASN188, LEU270, PHE55, ARG44, CYS291, 
GLU298, GLU988, GLY971, CYS538, THR1006, 
CYS617, SER596, ILE312, CYS671, ILE312, 
LYS947, PRO1057, ALA944, THR723, VAL1065, 
THR1105, PHE1095, VAL1128, CYS361, ASP398, 
TYR423 etc. We also noted highly conserved ami-
no acids of hACE2 receptor in the trimeric form 
as shown in Figure 9 (A and B). The first one is a 
cartoon structure of the conserved regions of the 
hACE2 receptor (Figure 9A). The second one is the 
surface conservation of the hACE2 receptor (Figure 

9B). The amino acid conservation of the hACE2 re-
ceptor was noted in Figure 9C. Several highly con-
served residues can be predicted from the structure.

Prediction of Physicochemical 
Parameters Such as Glycosylation Site, 
Hydrophobicity Prediction, 
Determination Of Grand Average Of 
Hydropathicity (GRAVY) of SARS-CoV-2 
S gp and hACE2 

Our result has shown 10 numbers of N-glyco-
sylation sites in SARS-CoV-2 S gp and 4 num-
bers of N-glycosylation sites in the hACE2 recep-
tor (Figure S3 A, B, C). Similarly, 4 numbers of 
O-glycosylation were detected in this virus S gp, 
and no O-glycosylation sites were detected in the 
hACE2 receptor (Supplementary Figure 4).

The hydrophobicity pattern of different do-
mains in both subunits (S1 and S2 subunit) of this 

Figure 5. The tertiary structure conformation of RBD in single-chain from spike protein of SARS-CoV-2 (A) The position of 
RBD in the tertiary structure conformation in a single chain of the spike proteins of SARS-CoV-2. The single chain is again 
is rotated at 900 rotation and shows the location of RBD. B, The figure shows the tertiary structure of the separated particular 
structure of RBD.
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virus S gp is also noted in Supplementary Fig-
ure 5. We found a higher peak in NTD and RBD, 
which shows a positive hydrophobicity score 
(Supplementary Figure 5). Similarly, hydropho-
bicity of complete hACE2 and S gp of this virus 
is recorded in Supplementary Figure 6 (A, B).

The GRAVY pattern of different domains in 
both subunits (S1 and S2) of S gp of this virus is 
depicted in Supplementary Figure 7. We found 
GRAVY positive values in the SP domain, and 
other domains showed negative GRAVY score 
(Supplementary Figure 7). Similarly, GRAVY 
of complete SARS-CoV-2 S gp and hACE2 are 
recorded in Figure S8. Both have shown negative 
GRAVY values.

MDS Analysis
The different parameters (RMSD, RMSF, hy-

drogen bonds of the interacting molecules, sol-
vent accessible surface) of MDS analysis of S gp 
of this virus with hACE2 complex are noted in 
Figure 10 (A-D.)

The result in Figure 10A is visualizing an av-
erage RMSD value ranging from 0.00 to 0.25 nm 
with more or less stability. The RMSF of the li-
gand is also depicted in the plot, and it fluctuates 
within a range of 0.05 to 0.35 nm (Figure 10B). 
While Figure 10C and Figure 10D indicate the 
compactness of the structure and the number of 
hydrogen bonds and solvent accessible surface, 
making the protein complex stable.

Discussion

The recent pandemic of SARS-CoV-2 virus is 
now a major concern in public health throughout 
the world. It has been noted that S gp of SARS-
CoV-2 is a crucial element produced as the homo-
trimers at the viral surface. There are two struc-
tural and functional subunits (S1 and S2 subunits). 
S1 subunit is necessary for interaction with the 
protein of the host cell. It has been noted that there 
is a cleavage site at the borderline between the S1 
and S2 subunit. That means that spike protein is 
split into the S1 and S2 subunits from this cleavage 
site. Recently, Walls et al42 also found one furin 
cleavage site within S gp of SARS-CoV-2, which 
is located within the border among the S1 subunit 
and S2 subunit. In this work, we have character-
ized the secondary structure architecture of S1 
and S2 subunits of S gp. Here, we also performed 
an analysis of the amino acid distribution of S1 
and S2 subunits. Protein architecture plays a vital 
role in adaptive evolution. Therefore, we need to 
understand the protein architecture to understand 
adaptive evolution43. Conversely, Patino-Galindo 
et al44 have shown that the RNA virus’s secondary 
structure plays an essential role in understanding 
the RNA virus phylogenies. 

The structure of RBD has a distinct role in in-
fluencing the binding of hACE242. Therefore, we 
analyzed the secondary structure architecture and 
amino acid distribution of S gp RBD of SARS-

Figure 6. Molecular interaction of SARS-CoV-2 spike protein with hACE2 receptor in tertiary architecture interface. It also 
shows the hydrogen bond between interaction residue between SARS-CoV-2 spike protein with hACE2.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-6-22475.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-7-22475.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-7-22475.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-8-22475.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-5-22745.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-5-22745.pdf
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Figure 7. Tertiary structure interface SARS-CoV spike protein with hACE2 receptor interaction and pairwise alignment 
between the spike proteins of SARS-CoV-2 and SARS-CoV. A, Tertiary structure interface of SARS-CoV spike protein with 
hACE2 receptor interaction. B, Molecular interaction of SARS-CoV spike protein with hACE2 receptor in tertiary architec-
ture interface. It also shows the hydrogen bond between interaction residue between SARS-CoV spike protein with hACE2. 
C, Sequence alignment between SARS-CoV-2 and SARS-CoV spike proteins.
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CoV-2. Walls et al42 described that among S gp of 
this virus, residues 473-486 affect the binding of 
RBD and hACE2. 

An understanding of the tertiary structure of 
the trimeric form of SARS-CoV-2 spike protein 
is essential. There are three shapes of the tertia-
ry structure of the trimeric structure of S gp of 
this virus: open form, partially open form, and 
closed form. These forms can help us understand 
the mechanism of interaction with hACE2 and 
the entry of SARS-CoV-2. Recently, Shang et al45 

developed a structure of mouse coronavirus S gp 
complex form with ACE2 and proposed a meth-
od for mouse coronavirus entry into the body. 
In the same way, this analysis might help future 
researchers to develop different assays and un-
derstand the process of this viral entry into the 
human body.

Actually, there is a very specific question: are 
the interaction of SARS-CoV-2 S gp with hACE2 
and the interaction of SARS-CoV S gp with 
hACE2 alike or not. To answer it, we have per-

Figure 8. Conserved regions and highly conserved amino acids of spike protein SARS-CoV-2 in trimeric form and only 
one chain (B chain). (A), (A1) cartoon structure of the conserved regions (A2) the surface conservation of the protein shows 
conserved regions (A3) highly conserved residues in the surface of the protein in a trimeric form (B) (B1) Low to high surface 
conservation in one chain (B2) highly conserved residues in the surface of the protein in one protein chain.
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formed the interaction analysis. Here, we found 
that more hydrogen bonds are formed between 
SARS-CoV-2 spike protein with hACE2 receptor. 
It also shows that this interaction is more robust 
than that of SARS-CoV S gp with hACE2.

Sequence alignment between two CoVs showed 
several identical and similar positions of amino 
acids. This analysis indicates that there are sev-
eral highly conserved regions between these two 
CoVs. Our result corroborates Walls et al42 about 

Figure 9. Conserved regions and highly conserved amino acids of hACE2 receptor in trimeric form. A, Cartoon structure 
of the conserved regions. B, The surface conservation of the protein shows conserved regions (C) Conserved in residues of 
hACE2 receptor.
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the same kind of sequence similarity and RBD 
identity among these two viruses.

Finally, we found low to high conservation 
residues of the spike protein in the trimeric pro-
tein and a single chain format. Usually, the con-
servation scores represent the evolutionary rate 
of a particular position of a protein. It has been 
noted that some parts of a particular protein 
can evolve at a rapid rate. These protein regions 
are called the “variable region”46. On the oth-
er hand, some protein parts evolve slowly and 
are called “conserved region”. We found sever-
al highly conserved residues in the surface of 
the trimeric protein and a single chain of S gp 
of SARS-CoV-2. Our result corroborates Walls 
et al42 about the same type of highly conserved 
amino acids exists in the surface of S gp of 
SARS-CoV-2. We also found highly conserved 
residues in the hACE2 receptor in surface con-
servation and cartoon structure. These con-

served regions in both proteins (SARS-CoV-2 S 
gp and hACE2) play a vital role in the interac-
tion between this virus S gp and hACE2.

We next analyzed physicochemical parameters 
such as glycosylation site, hydrophobicity predic-
tion, GRAVY of S gp SARS-CoV-2, and hACE2. 
These physicochemical parameters play an im-
portant role in binding between SARS-CoV-2 S 
gp and hACE2. We observed high hydrophobicity 
at its higher peak in RBD, and it has a vital role in 
hACE2 receptor binding.

Our MDS results showed the stability of S gp 
of SARS-CoV-2 with hACE2 receptor complex 
with respect to the time scale. Moreover, there 
is a possibility to carry out calculations on a 
prolonged time scale, on a higher molecular 
system, or with advanced physical perfection. 
Current simulations showed a time scale of 
1 ns. The entire atom molecular system was an 
RBD of S gp of this virus bound with hACE2 

Figure 10. Molecular dynamics simulation (MDS) analyses spike protein of SARS-CoV-2 with hACE2 receptor complex 
(A) RMSD of the spike protein of SARS-CoV-2 with hACE2 receptor complex (B) RMSF of S -protein of SARS-CoV-2 with 
hACE2 receptor complex (C) hydrogen bonds of the interacting molecules of S-protein of SARS-CoV-2 with hACE2 receptor 
complex (D) solvent accessible surface of S-protein of SARS-CoV-2 with hACE2 receptor complex.

A B

C D
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protein: analysis of same times scale and same 
molecular size in this field. The dynamic mo-
tion of H bonds in the plot (Figure 10C) rep-
resents the correlated motions, a block-of-time 
interval of 1000 ps. The RSMD map (nm) is 
represented in the block-of-time-interval of 0-1 
ns, which shows the results within a limit of 
0.25 ns. The arrangement between the two dif-
ferent time intervals suggests that a joined pic-
ture of the correlated motion is with respect to 
1ns. Our result shows that the RMS fluctuation 
is within a significant range (long to the middle) 
with a 500 residues limit. The studied RMSF 
highest fluctuations value was noted as 0.35 nm 
(Figure 10B). This work has an extensive con-
verged in light of MD simulation that reveal the 
RBD-hACE2 protein complex’s dynamic char-
acteristics.

Conclusions

Our research shows some interesting findings 
for the interaction of SARS-CoV-2 with hACE2. 
Firstly, increased number hydrogen bonds were 
formed between S gp of SARS-CoV-2 with 
hACE2 compared to SARS-CoV S gp with 
hACE2. Here, we can conclude that an interaction 
of S gp of SARS-CoV-2 with hACE2 is steadi-
er than SARS-CoV S gp with hACE2 receptor. 
That is why single particle of the SARS-CoV-2 
virus can attach tightly to the surface of the cells 
for entry. Secondly, our secondary and tertiary 
structure analysis of spike protein will provide 
a platform for future researchers to answer the 
virus’s critical entry mechanism into the host 
cell and ultimately into the human body. Third-
ly, our conservation prototype analysis will help 
understand the conserved and accessible epitopes 
that can help in the vaccine development process 
with the more stable antigenic part of the S gp. 
Fourthly, MD simulation of SARS-CoV-2 S gp 
with hACE2 protein shows a stable interaction 
between the two proteins. Overall, this study will 
provide important structural information to help 
develop the therapeutic molecules against this 
killer virus.
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