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Abstract

Background & Aims: There is inadequate information available about the genomics and proteomics characterization of SARS-CoV-2

isolates reported from India and other part of the globe. This characterization is important for the in-silico drug designing, as there are
no approved medications available to treat SARS-CoV-2 infection. The present study based on the characterization of SARS-CoV-2
(MZ558159) isolate reported from India using homology modeling, validation, and in silico drug designing methods.

Materials & Methods: Genome sequence of SARS-CoV-2 (MZ558159) was retrieved from NCBI, and four protein sequences e.g.,
QXN18496, QXN18498, QXN18504, and QXN 18497 were selected for the homology modeling, validation, and in silico drug
designing. SWISS-MODEL and UCLA-DOE server were used for homology modeling. Validation for structure model performed
using PROCHECK and molecular docking using MCULE-1-Click server.

Results: The surface glycoprotein (QXN18496) model corresponding to probability conformation with 93.6%, envelope protein
(QXN18498) with 88.9%, nucleocapsid phosphoprotein (QXN18504) with 93.6%, and ORF3a protein (QXN18497) with 91.8%
residues in core section of -y plot that specifies accuracy of prediction models. The corresponding ProSA Z-score score -12.67, -0.01,
-4.4, and -2.87 indicates the good quality of the models. Molecular dynamic simulation and docking studies revealed that inhibitor
binds effectively at the SARS-CoV-2 (MZ558159) proteins. Predicted inhibitor 2-acetamido-2-deoxy-beta-D-glucopyranose exhibited
effective binding affinity against surface glycoprotein (QXN18496).

Conclusion: The results of this study established inhibitor 2-Acetamido-2-deoxy-beta-D-glucopyranose as valuable lead molecule with
great potential for surface glycoprotein (QXN18496).
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December 2019, that causes severe acute respiratory

Introduction syndrome and a global health pandemic (2). The disease

The respiratory infection = SARS-associated associated with the infection of SARS-CoV-2 is termed
coronavirus (SARS-CoV) is caused by the most viruses as Coronavirus Disease 2019 (COVID-19) (3). The
of Coronaviridae family (1). The first case of SARS- COVID-19 reported from 221 countries around the
CoV-2 infection was reported from Wuhan, China in world and territories. Globally, more than 5.42 billion
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people worldwide have received a Covid-19 vaccine yet,
equal to about 70.6 percent of the world population.
Estimated mortality risk is ~2% but more in the people
with underlying disease, as is ~5.6% in diabetics (4).
Coronaviruses (CoVs) are family of RNA virus that
divided into o, B, & and y genera. The genome
sequencing result of SARS-CoV has polyadenylated
RNA of 29.7 kb (4). The RNA genome of SARS-CoV-
2 encodes 29 proteins and phylogenetic analysis
suggests bat origin (4). The virus has four structural
proteins, known as S (spike), E (envelope), M
An
envelope-anchored SARS-CoV-2 spike (S) glycoprotein

(membrane), and N (nucleocapsid) proteins.

facilitates coronavirus entry into host cells (5).
During clinical trial and after treatment with

lopinavir/ ritonavir, little or no coronavirus titters were

detected in infected patient (6). Chloroquine phosphate

could be apparent efficacy against COVID-19
associated pneumonia in clinical trials (7).
The surface glycoprotein, envelope protein,

nucleocapsid phosphoprotein, and ORF3a proteins of
SARS-CoV-2 play an important role in its infection (1).
The
biological data management are possible using in-silico
methods (8-11).

The aim of this study was to characterization of
genome and proteome of SARS-CoV-2 (MZ558159)
isolates reported from Lucknow, Uttar Pradesh, India.
The RNA genome sequence size of SARS-CoV
(MZ558159) is 29836 bp. The four protein CDS
sequences of SARS-CoV-2 (MZ558159) e.g., surface
(QXN18496),

nucleocapsid

sequence analysis, structure modeling, and

glycoprotein
(QXN18498),
(QXN18504), and ORF3a protein (QXN18497) were

selected for homology modeling based structural

envelope  protein

phosphoprotein

analysis validation, and as a target for in silico drug

designing.

Materials & Methods

Retrieval of Genome Sequence:

The genome sequence of SARS-CoV-2 (MZ558159)
received from NCBI database. The four CDS protein
sequences of SARS-CoV-2 (MZ558159) e.g., surface
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glycoprotein
(QXN18498),
(QXN18504), and ORF3a protein (QXN18497) were

selected for homology modeling based structural

(QXN18496),

nucleocapsid

envelope  protein

phosphoprotein

analysis and validation.

Homology Modeling:

FASTA sequence of SARS-CoV-2 (MZ558159)
CDS align separately with PDB database using NCBI-
BLASTp. The significant alignments with maximum
identity selected for homology modeling. All the
homologous protein structures were downloaded from
Protein Data Bank (PDB). The SWISS-MODEL server
was used for homology-modeling. The pdb files of CDS
were retrieved from SWISS-MODEL server and
homologous from PDB were used for 3D structure

designing, modeling, and validation.

Model Reputation:

The UCLA-DOE server used for the quality analysis
of protein crystal structure (12), and PROCHECK server
used for validation of structure model (13, 14). The
results of analysis suggesting reliability of the model
(15). The overall G-factor, residue positions in ¢-y plot
regions analysis, was used for the selection of suitable
model (16, 17). The protein stability was analyzed using
QMEAN (version 3.1.0) (18, 19) and ProSA (20) Z-

score.

Molecular Docking:

Molecular docking is used to dock the binding of a
peptide or ligand at the preferred site and orientation on
a macromolecule. Docking programs sample, the
conformations of the ligand and then rank these
conformations using a scoring function (21, 35).
Molecular docking techniques dock small molecules
into the protein binding site (31). The MCULE-1-Click
docking (https://mcule.com) and InterEvDock 2.0
(https://bioserv.rpbs.univ-paris-diderot.ft/)  programs

1-Click
docking is an online server for drug discovery platforms
that performs docking (33).

were used for docking calculations (32).
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Results
Protein Model Building:

The alignment between target and template was

performed by using homology modeling (22). The 3D
surface glycoprotein (QXN18496),

ribbon model

envelope  protein  (QXN18498),  nucleocapsid
phosphoprotein  (QXN18504), and ORF3a protein
(QXN18497) generated using 3D structure server

(https://swissmodel.expasy.org/assess) (Figure 1).

Fig. 1. 3D ribbon structure model of SARS-CoV-2 (MZ558159) proteins: [a] Surface glycoprotein (QXN18496), [b]
envelope protein (QXN18498), [c] nucleocapsid phosphoprotein (QXN18504), and [d] ORF3a protein (QXN18497)

generated using 3D assessment server.

Model Reputation:

SARS-CoV-2 surface glycoprotein (QXN18496)
model corresponded to probability conformation with
2705 (90.4%) in favored, 252 (8.4%) in allowed and, 9
(0.3%) in generously allowed regions of ¢-y plot. The
envelope protein (QXN18498) model corresponding to
probability conformation with 50 (92.6%) residue of
core section, 4 (7.4%) of allowed section, and 0 (0.0%)
residue of outer section in @-y plot (23) (Fig. 2a and 2b;
Table 1). These results indicate the reliability of protein
models (24, 25).
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The o-y statistics ~ of
phosphoprotein  (QXN18504) and ORF3a protein
(QXN18497) are explained in table 1.

Significant alignments using p-BLAST of surface
glycoprotein  (QXN18496)
similarity with 7KRQ (99.05% identity) and QXN 18498
and showed significant alignment with 2MM4 (91.38%
identity). The pdb file of 7KRQ (SARS-CoV-2 spike
protein) and 2MM4 (Envelope small membrane protein
— SARS-CoV-2) were retrieved from PDB for
homology modeling-based
validation (Figure 3a and 3b; Table 2).

plot nucleocapsid

displayed ~ maximum

structure analysis and
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Fig. 2. (a) ¢-y plot of SARS-CoV-2 surface glycoprotein (QXN18496): Total number of residues were 2705
(90.4%) in favored [A, B, L], 252 (8.4%) in allowed [a,b,1,p] and, 9 (0.3%) in generously allowed regions. (b) ¢-y plot
of envelope protein (QXN18498): Total number of residues were 50 (92.6%) in favored [A, B, L], 4 (7.4%) in allowed

[a,b,1,p] and, 0 (0.0%) in generously allowed regions.
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Fig. 3. (a) ¢-y plot of SARS-CoV-2 7TKRQ (SARS-CoV-2 spike protein): Total number of residues were 2566
(86.5%) in favored [A, B, L], 383 (12.9%) in allowed [a,b,],p] and, 10 (0.3%) in generously allowed regions. (b) @-y
plot of 2MM4 (Envelope small membrane protein — SARS-CoV-2): Total number of residues were 50 (92.6%) in
favored [A, B, L], 4 (7.4%) in allowed [a,b,1,p] and, 0 (0.0%) in generously allowed regions.

SARS-CoV-2 nucleocapsid phosphoprotein corresponding to probability conformation with 334
(QXN18504) model corresponding to probability (91.8%) residue of core section, 28 (7.7%) of allowed
conformation with 88 (93.6%) in favored, 5 (5.3%) in section and 0.0 % residue of outer section in @-y plot
allowed and, 1 (1.1%) in generously allowed regions of (23) (Figure 4a and 4b; Table 1). The above results
¢-y plot. The ORF3a protein (QXN18497) model indicate the reliability of the protein model (24).
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Fig. 4: (a) ¢-y plot of SARS-CoV-2 nucleocapsid phosphoprotein (QXN18504): Total number of residues were 88
(93.6%) in favored [A, B, L], 5 (5.3%) in allowed [a,b,],p], and 1 (1.1%) in generously allowed regions. (b) ¢-y plot of
ORF3a protein (QXN18497): Total number of residues were 334 (91.8%) in favored [A, B, L], 28 (7.7%) in allowed
[a,b,1,p], and 2 (0.5%) in generously allowed regions.

Significant alignments using p-BLAST of
QXN18504 against PDB displayed maximum similarity
with 7CR5 (99.25% identity) and QXN18497 show
significant alignment with 6XDC (99.64% identity).

The pdb file of 7CRS5 (SARS-CoV-2 nucleocapsid
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protein) and 6XDC (SARS-CoV-2 ORF3a) were
retrieved from PDB for homology modeling-based

structure analysis and validation (Figure 5a and 5b;
Table 2).

Phi (degrees)

Fig. 5: (a) -y plot of SARS-CoV-2 7CRS5 (SARS-CoV-2 nucleocapsid protein): Total number of residues were 422
(91.5%) in favored [A, B, L], 38 (8.2%) in allowed [a,b,l,p], and 0 (0.0%) in generously allowed regions. (b) ¢-y plot of
6XDC (SARS-CoV-2 ORF3a): Total number of residues were 314 (89.2%) in favored [A, B, L], 36 (10.2%) in allowed

[a,b,1,p], and 2 (0.6%) in generously allowed regions.
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Based on the analysis of 118 structures of resolution
of at least 2.0 A and R-factor no greater than 20%, a
good quality model would be expected to have over 90%

in the most favored regions. All selected sequences had

more than 90% residues in Favored regions [A, B, L] of
¢-y plot, which indicated good quality of models (Table
1).

Table 1. The ¢-y plot regions of surface glycoprotein (QXN18496), envelope protein (QXN18498), nucleocapsid
phosphoprotein (QXN18504), and ORF3a protein (QXN18497).

QXN18496 QXN18498 QXN18504 QXN18497
¢-y Plot regions Residues % Residues % Residues % Residues %
Favored regions [A, B, L] 2705 90.4 50 92.6 38 93.6 334 91.8
Allowed regions [a, b, 1, p] 252 8.4 4 7.4 553 28 7.7
Generously allowed regions
25 0.8 0 0.0 1 1.1 2 0.5
[~a, ~b, ~I, ~p]
Disallowed regions 9 0.3 0 0.0 0 0.0 0 0.0
No. of end residues (excl.
9 - 2 - 1 - 4 -
Gly and Pro)
Glycine residues 219 - 1 - 9 - 20 -
Proline residues 159 - 1 - 7 - 10 -

Table 2. The @-y plot regions of 7KRQ (SARS-CoV-2 spike protein), 2MM4 (Envelope small membrane protein —
SARS-CoV-2), 7CR5 (SARS-CoV-2 nucleocapsid protein), and 6XDC (SARS-CoV-2 ORF3a).

7KRQ 2MM4 7CRS 6XDC

¢-y Plot regions Residues % Residues % Residues % Residues %
Favored regions [A, B, L] 2566 86.5 50 92.6 422 91.5 314 89.2
Allowed regions [a, b, 1, p] 383 12.9 4 7.4 38 8.2 36 10.2
Generously allowed regions [~a, ~b, ~, ~p] 10 0.3 0 0.0 0 0.0 2 0.6
Disallowed regions 8 0.3 0 0.0 1 0.2 0 0.0

No. of end residues (excl. Gly and Pro) 21 - 2 - 6 - 6 -

Glycine residues 216 - 1 - 53 - 20 -

Proline residues 159 - 1 - 34 - 8 -

(QXN18504), and ORF3a protein (QXN18497)

Validation of Model:

ProSA was used to Figure out potential errors in 3D
of SARS-CoV-2 (MZ558159) CDS. The
archived ProSA Z-score score -12.67, -0.01, -0.01 and -
4.4 for surface glycoprotein (QXN18496), envelope

model

protein (QXN18498), nucleocapsid phosphoprotein

180

respectively indicates two aspects: overall model quality
and energy deviation (Fig. 6 to 9). The predicted values
of Z-score indicated less erroneous structures (20, 25).
Reliability of projected model based on scoring function
of QMEAN that stated as ‘Z-score’ (Figure 6-9) (10,
26).
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Fig. 6. ProSA service examination of surface glycoprotein (QXN18496) chain A (1125 aa) overall model quality (a)

Number of residues

Sequence position

and local model quality (b) Z-Score -12.67
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Fig. 7. ProSA service examination of envelope protein (QXN18498) chain A (58 aa) overall model quality (a) and
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Fig. 9. ProSA service examination of ORF3a protein (QXN18497) chain A (199 aa) overall model quality (a) and
local model quality (b) Z-Score -2.87.

The QMEAN scores -2.48, -3.40, 0.06 and -2.84 for
biological unit reference set of for surface glycoprotein
(QXN18496), (QXN18498),
nucleocapsid phosphoprotein (QXN18504), and ORF3a
protein (QXN18497) respectively, which was very close

envelope  protein

to 0 and its illustrations acceptable value (28). Assessed
validity of model was predictable among 0 and 1, which
could be concluded from the density plot locus set for
QMEAN score (Figure 10-13).

Figures 10 to 13 illustrated QMEAN scores for
biological unit references set that were used as a tool for
oligomeric protein assessment. We have applied
QMEAN Z-scores to experimental structures from the

PDB database (27). Table 3 shows the Z-scores analysis

of two experimental structures solved by X-ray
diffraction of SARS-CoV-2 (MZ558159) CDS. The
QMEAN Z-score of the QXN18504 was -0.06, i.e., the
score of the structure was clearly within the expected
quality range as it deviates less than 1 standard deviation
from the mean score in similar sized high-quality
proteins from the reference dataset. The structure of the
QXN18496, QXN18498, and the QXNI18497 had
QMEAN scores deviating by more than 3 standard
deviations, indicating that there was clearly something
wrong with this structure. Both the composite QMEAN
score as well as all individual terms deviated strongly
from expected values. Indeed, these structures, had been

identified as fabricated and have been retracted.

15
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|
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Fig. 10. QMEAN scores (-2.48) for biological unit reference set of surface glycoprotein (QXN18496). (a) Plot

showing Z-score.
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Higher QMEAN Z-scores in a pairwise comparison with their homologous underline the significance of the QMEAN

Z-score as an estimate of protein stability (28).

Table 3. Z-score analysis of the QXN18496, QXN18498, QXN 18504 and the QXN18497.

PDB QMEAN C-B All-atom Solvation Torsion
QXN18496 -2.48 -0.71 -0.98 -0.92 -1.99
QXN18498 -3.40 -2.20 -2.36 -1.94 -2.28
QXN18504 -0.06 -0.18 -0.68 -1.31 -0.62
QXN18497 -2.84 -3.97 -0.73 -1.05 -1.97

The QMEAN Z-scores as well as the Z-scores of
individual statistical potential terms were reported. The
structure had been retracted from the PDB. The
QMEAN Z-score of -2.48 for QXN18496, -3.40 for

QXN18498 and -2.84 for QXN18497 in isolation were

unfavorable, especially the solvation and the C-B
interaction terms exhibit large differences between the
Z-score of the isolates (Table 3) (28).

Higher QMEAN Z-scores in a pairwise comparison
with their homologous underline the significance of the
QMEAN Z-score as an estimate of protein stability (28).
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Fig. 11. QMEAN scores (-3.40) for biological unit reference set of envelope protein (QXN18498). Plot shows Z-

score (a).
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Fig. 12: QMEAN scores (0.06) for biological unit reference set of nucleocapsid phosphoprotein (QXN18504). Plot

shows Z-score (a).
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Fig. 13. QMEAN scores (-2.84) for biological unit reference set of ORF3a protein (QXN18497). Plot shows Z-score

The QMEAN value comparison with the non-
redundant protein collection revealed different set of Z-
values for different parameters. The diversion of total
energy of protein was measured by using Z-score (29).
Molecular Docking:

The in-silico approaches utilized for the prediction
of binding pockets using in-silico docking study.
MCULE-1-Click docking (https://mcule.com) and
InterEvDock-2.0 server were employed to explore the
binding of ligands to the respective protein. The top five
docking models of binding pockets of SARS-CoV-2
(MZ558159) CDS were identified and ranked based on
the energy. More negative docking scores indicate
higher binding affinity.

The binding pocket and interacting residues of the
selected  inhibitor  (2-Acetamido-2-deoxy-beta-D-
glucopyranose) were analyzed in 3D using both servers
(Figure 14, 15). The binding residues of the cavities
were explored for the fruitful binding of novel ligands.
The energy range of predicted cavities also elaborates
on the efficacy of pockets. The mutational study of
binding residues suggested that these residues could be
used as a clinical prospectus against the effective
treatment of COVID-19. The predicted binding residues
lead to the drug designing of lead compounds against
SARS-CoV-2 surface glycoprotein (QXN18496).

(a).

Lead Compounds Target Proteins

2-Acetamido-2-deoxy-beta-  Surface glycoprotein

D-glucopyranose (QXN18496)

2-Acetamido-2-deoxy-beta-
D-glucopyranose

Fig. 14: Binding pocket and interacting residues of
inhibitor 2-Acetamido-2-deoxy-beta-D-glucopyranose
with surface glycoprotein (QXN18496) using 1-click

docking server.

The 2-Acetamido-2-deoxy-beta-D-
glucopyranose [PubChem CID: 828139] (Table 4)
retrieved for
(QXN18496). The docking results revealed the ASN 61

of residue exhibit good binding interactions with

ligand

docking with surface glycoprotein

inhibitors and mutational studies of these residues could
be highly effective in further studies.
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Fig. 15. Structures of inhibitor 2-Acetamido-2-
deoxy-beta-D-glucopyranose.

The simulated 'H spectrum with explicit hydrogens

and the list of peaks modules were linked. The results
highlighted the chemical shifts, scalar couplings and
peak multiplicity, and corresponding atom in the
structure and the relevant peak in the spectrum (Figure
16) (30).

ra i
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Fig. 16. 'HNMR Spectra of 2-Acetamido-2-deoxy-beta-D-glucopyranose. List of 'H NMR Signals: 'H NMR: &
1.91 (3H, s), 3.11 (1H, t, J = 10.2 Hz), 3.32-3.55 (2H, 3.40 (dt, J = 10.3, 6.4 Hz), 3.48 (t, ] = 10.2 Hz)), 3.72 (1H, t,
J=10.2 Hz), 3.80-3.91 (2H, 3.85 (d, J = 6.4 Hz), 3.85 (d, J = 6.4 Hz)), 4.76 (1H, d, ] = 10.3 Hz).

Table 4. Inhibitor 2-Acetamido-2-deoxy-beta-D-glucopyranose (PubChem CID: 24139) properties and binding

residue
Ligand Properties 24139
Molecular Weight (g/mol) 221.21
Component type Non-polymer
Hydrogen Bond Donor Count 05
Hydrogen Bond Donor Count 06
Rotatable Bonds Count 02
Topological Polar Surface Area 119 A2
Heavy Atom Count 15
Formal Charge 0
Boiling Point 595.35°C
Melting Point 205 °C
Binding residue ASN 61

It was observed that the inhibitor binds at the binding
residues ASN 16 (Table 4). The predicted structural and
docking model described in this study may be further
used for finding interactions with other SARS-CoV-2

proteins to identify new anti-coronavirus targets.

Discussion

Till now, there is no approved therapies available for

treatment of coronavirus infection. In the present study,

the four CDS protein sequences of SARS-CoV-2
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(MZ558159) were selected for homology modeling
based structural analysis and in silico drug designing.

SARS-CoV-2 surface glycoprotein (QXN18496)
model correspond to probability conformation with
2705 (90.4%) in favored, 252 (8.4%) in allowed, and 9
(0.3%) in generously allowed regions of -y plot. The
envelope protein (QXN18498) model correspond to
probability conformation with 50 (92.6%) residue of
core section, 4 (7.4%) of allowed section, and 0 (0.0%)
residue of outer section in @-y plot. The above results
indicated the reliability of protein models.

ProSA was used to Fig.ure out potential errors in 3D
of SARS-CoV-2 (MZ558159) CDS. The
archived ProSA Z-score score -12.67, -0.01, -0.01, and
-4.4 for selected CDS protein sequences of SARS-CoV-
2 (MZ558159) indicated two aspects: overall model

model

quality and energy deviation. The predicted values of Z-
score indicated less erroneous structures. Reliability of
projected model based on scoring function of QMEAN,
stated as ‘Z-score’.

Molecular dynamic simulation and docking studies
revealed that the inhibitors 2-Acetamido-2-deoxy-beta-
D-glucopyranose binds effectively at the binding site
ASN 61 of surface glycoprotein (QXN18496). The
docking results revealed the ASN 61 of residue exhibit
good binding interactions with inhibitors. Hence, the
proposed inhibitors could potently inhibit SARS-CoV-2
fusion and entry by using a pseudo-typed-virus system.
These results lay the groundwork for future inhibitory
peptide drug design and future clinical trials.

Conclusion

The functional characteristics of CDS protein
sequences of SARS-CoV-2 (MZ558159) could be
predicted by the generated modes for structure analysis
and validation, and a designed inhibitor could potently
inhibit SARS-CoV-2 fusion and entry by using a
pseudo-typed-virus system using in silico modeling
approach. Methods ProSA, QMEAN, and PROCHECK
build model reliability. The 1-click docking server used
for template-based and template-free protein—protein
docking. Molecular dynamic simulation and docking
studies revealed that the inhibitors 2-Acetamido-2-
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deoxy-beta-D-glucopyranose binds effectively at the
site  ASN 61 of glycoprotein
(QXN18496). These findings lay the groundwork for
future inhibitory peptide drug design and clinical trials.

binding surface
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