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The viral nucleocapsid (N) protein plays a vital role in the replication and
transcription of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
genome. In the current study pharmacophore-based database screening, molecular
docking analysis, toxicity prediction and molecular dynamics simulation were used to
identify potential novel Nucleocapsid (N) protein inhibitors. Pharmacophore screening
performed using Zinc database resulted in the identification of four prospective
compounds viz., ZINC55083699, ZINC12487932, ZINC81013764, and ZINC68104820
as potential N-capsid inhibitor candidates with desired pharmacokinetic properties.
All the 4 compounds when subjected to molecular dynamics simulation at a 100ns
time scale exhibited a stable configuration in the complete solvent system. The result
indicates that all the four potential compounds are worth exploring as inhibitors of
SARS-CoV-2 Nucleocapsid (N) protein.

Keywords: SARS-CoV-2; Covid-19, Nucleocapsid (N) Protein; Zinc Database;
Pharmacophore Modelling; Virtual Screening; Molecular Docking; Molecular Dynamics
Simulation; Nucleocapsid Protein Inhibitors; Drug Identification

Abbreviations: HTVS: High-Throughput Virtual Screening; SP: Standard Precision;
XP: Extra Precision; MD: Molecular Dynamics; RMSF: Root-Mean-Square Fluctuations;
CADD: Computer-Aided Drug Design

Introduction

The current severe acute respiratory syndrome pandemic
caused by SARS-COV-2 infection is a serious global health concern
due to its rapid spread over with high mortality [1]. According to
WHO, globally COVID-19 has spread to more than 224 countries

persons. The main symptoms are typical acute respiratory infection,
cough, fever, myalgia, pharyngeal erythema, sneezing, acute kidney
injury, fatigue, acute liver injury, diarrhea, sore throat, breathing
impairment, acute renal failure, encephalopathy, irregular
coagulation, and vomiting [3,4]. Based on serology and heritability,

with 273,538,415 million confirmed cases and 5,356,949 million

deaths till 17th December, 2021 [2]. COVID-19 spreads through

corona viruses are classified into four types: o, 3, v, and 6 [5]. While

a and 8 corona viruses predominantly infect mammals whereas, y

droplets, aerosols, feces, and oral mucus membranes of infected
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and § corona viruses primarily infect birds. So far, seven different
varieties of human corona viruses were documented including
HCoV-NL63 and HCoV-229E that belongs to o corona virus, and
HCoV-0C43, HCoVHKU1, SARS-CoV, MERS-CoV, SARS-CoV-2 to the

{3 corona virus [1].

SARS-CoV-2 belongs to the [ coronavirus type, with a single-
stranded RNA genome similar to MERS-CoV and SARS-CoV. The new
BCoV exhibits 88% sequence similarity with two bat-derived SARS-
like coronaviruses. The first open reading frame (ORF) represents
roughly 67% of the entire genome encoding 16 non-structural
proteins. Coronaviruses have numerous structural proteins that are
highlyidentical acrosstheirhostspeciesincludingthe smallenvelope
proteins (E), the trimeric spike protein (S), matrix glycoprotein (M)
and Nucleocapsid (N) protein in the interior of the virus [6]. A few
coronaviruses contain a third membrane-bound glycoprotein, HE
(hemagglutinin-esterase). The Nucleocapsid (N) protein comprises
a copious part of structural proteins in corona viruses. During
replication and transcription, it provides vital information for
helical ribonucleoproteins in the infected cells during viral RNA
synthesis. Furthermore, the Nucleocapsid (N) protein contains
three domains: an RNA-binding domain at the N-terminal region,
an essentially tangled central SER/ARG-rich linker that might have
the protein’s primary sites of phosphorylation, and a C-terminal
dimerization domain. Disruption of the communication between
RNA and viral Nucleocapsid (N) protein can block the replication of
the viral genome [7,8]. Therefore, Nucleocapsid (N) protein seems
to be a good drug target. At present, several vaccines are at various
stages of development to combat the spread of COVID-19 viz., NVX-
CoV2373, PittCoVacc,

Triple Antigen Vaccine, Ad5-nCoV, Coroflu, LV-SMENP-DC,
ChAdOx1, mRNA-1273, BNT162bl and INO-4800 [9-15]. In
view of rapid mutations occurring in SARS-CoV-2 genome and
development of several new potent variants (Alpha, Beta, Gamma,
Delta, and Omicron) there is an urgent need to find effective drugs/
vaccines that can stop the SARS-CoV-2 viral multiplication. Using
computational tools, several research groups have attempted
to find potential drugs for the inhibition of COVID-19 virus. In
the current study, computer-aided drug design (CADD) and
pharmacophore-based virtual screening was used to screen novel
inhibitors targeting Nucleocapsid(N)protein of SARS-CoV-2 from
the Zinc database.

Materials & Methods
E-Pharmacophore Modeling and Molecular Docking

The 3D coordinates of Nucleocapsid (N) protein from SARS-
CoV-2 (PDB ID: 6M3M) was retrieved [16] from PDB and pre-
processed using Protein Preparation-wizard of Schrodinger

version 5.5. During pre-processing, bond orders were assigned,
unwanted water molecules were eliminated, formal charges and
hydrogen atoms were added and all atom force field charges
(OPLS3) were assigned to Nucleocapsid (N) protein. Receptor
energy minimization was terminated when the energy converged
or when the root mean square deviation reached a maximum cut-
off of 0.30 A [17,18]. In the structure based docking, crucial binding
pocket residues of the Nucleocapsid (N) protein viz,, THR 55, ALA
56, ARG 89, TYR 110, TYR 112 were utilized for grid box generation
[16]. In the ligand preparation (i) OPLS-2005 force field was used,
all conceivable ionization states at pH 7.0+2.0 were added, the
desalt preference were created, tautomers were generated for all
conformers. E-Pharmacophore mapping was performed using the
scoring function against atom centers. The Glide XP conformers
were specified as input to construct pharmacophore sites. The
robust hypothesis remained subsequently utilized as a query for the
database survey to identify potential inhibitors. A set of six innate
chemical features, namely hydrogen bond acceptor (A), hydrogen
bond donor (D), hydrophobic group (H), negative ionizable region
(N), positive ionizable region (P), and aromatic ring (R) were used

for pharmacophore construction.
E-Pharmacophore Generation

For E-pharmacophore modelling, Nucleocapsid (N) protein
inhibitors were selected based on the 3D structure of target protein
(PDB ID: 6M3M) from protein databank. The prepared ligand and
protein files were imported into Glide XP of Schrodinger software
for docking analysis and the best conformer was subsequently used
for E-pharmacophore construction. Schrédinger E-pharmacophore
module was used to construct pharmacophore hypothesis.
The constructed pharmacophore model comprises three-point
pharmacophore hypotheses covering two hydrogen bond donors D3
& D4 and one hydrogen bond acceptor Al. The distances between
pharmacophore sites A1 and D3, A1 and D4, and D3 and D4 were
2.452, 8.016, and 6.734, respectively. The pharmacophore site D3
was found in the cyclic amine NH group, acceptor Al was found in
the cyclic keto carbonyl CO group, and donor D4 was found in the
side chain amine NH group of pj34. The overall screening flowchart
(Figure 1), 2D structure of the reference ligand pj34 (Figure 2) and
the distances and angles between the pharmacophore and their
sites (Figures 3 & 4) were depicted below.

ChemicalWarehouseScreeningBasedonPharmacophore
Features

Pharmacophore-based database screening is a rapid, accurate
computational technique used in drug discovery to predict hit
[19].
Lipinski rules were applied to eliminate non-drug-like compounds;

compounds with desirable pharmacokinetic properties

therefore, drugs with a molecular weight below 500 Da, a partition
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coefficient logP < 5, less than 5 hydrogen bond donors, less than
10 hydrogen bond acceptors were excluded. The ligands with
suitable pharmacokinetic properties [20] were utilized to identify
potential inhibitors of SARS-CoV-2 Nucleocapsid (N) protein. All
the docking studies were carried out using Glide module. The Glide
docking procedure involves three significant filtering phases: high-
throughput virtual screening (HTVS), standard precision (SP),
and extra precision (XP). Each docking mode, from HTVS to SP
and SP to XP involves a Glide score, which represents the binding

Sereening of 2,63,320

compounds from Zinc database

affinity used for ranking the ligands. A total of 4000 compounds
screened from Zinc libraries based on the pharmacophore features
were docked into the active site of SARS-CoV-2 Nucleocapsid (N)
protein. Validated 3D pharmacophore models (ADD) of SARS-CoV-2
Nucleocapsid (N) protein inhibitors were used for the identification
of competent molecules as well as coveted trait from large chemical
warehouse i.e., Zinc database accompanied by fitness grade ranges
>1 and 1000 hits were obtained based on the fitness score and

pharmacophore matches.

'
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v
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Figure 1: Flowchart of methodology employed during insilico screening for identification of novel SARS CoVID-19 Nucleocapsid

(N) protein inhibitors.
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Figure 2: The 2D structures of the SARA-CoV-2 Nucleocapsid (N) protein inhibitor.
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Figure 3: Three-point pharmacophore hypothesis of known Nucleocapsid (N) protein inhibitor with distance.

Figure 4: Three-point pharmacophore hypothesis of known Nucleocapsid (N) protein inhibitor with angles.
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Prediction of ADME Properties

QikProp is a popular, fast, inexpensive, computational package
that makes it easier to infer the pharmacokinetic properties of
candidate drugs based on their molecular structures. The program
predicts both physical significant descriptors and pharmaceutical
pertinent traits. All the chemical entities were neutralized using
QikProp application [21,22]. The default settings in the application
were employed to determine the ADME properties of candidate

molecules with desired pharmacokinetic properties.
Molecular Dynamics Simulation

Desmond simulation package was used to study the stability
of docked SARS-CoV-2 Nucleocapsid (N) protein-ligand complex at
a timescale of 100 ns [23]. Orthorhombic box was used to create
a 10A buffer region between the protein atoms and the box sides
and the system was neutralized with Na and Cl ions. The OPLS3
force filed was used for energy minimization. The temperature was
maintained constant at 300K, and a 2.0 fs values were obtained in
the integration step [24-30]. Finally, molecular dynamics simulation
was carried out at 100ns time scale for all four SARSCOV-2

m)wdg

Nucleocapsid (N) protein-hit compound complexes. The RMSD,
RMSF and protein-ligand interactions were analyzed through

simulation event analysis panel.
Results and Discussion

To evaluate the screening results, the reference ligand was
downloaded from PubChem and docked it into the active site of
Nucleocapsid (N) protein. During the docking interactions, it was
observed that the amino acid residues GLN 189, THR 26 exhibited
hydrogen bond interactions while LEU 27, CYS 145, MET 165
and MET 49 residues showed hydrophophic interaction with the
reference compound PJ34. The Glide score and Glide energy of
Nucleocapsid (N) protein-Reference ligand was -5.33 kcal/mol,
-47.32kcal/mol respectively. The docking analysis initially resulted
in screening of 500 compounds with HTVS. These compounds
were further docked with the binding pocket of SARS-CoV-2
Nucleocapsid (N) protein in the SP mode. This led to identification
of four potential ligands based on the Glide score. The four potential
drug-like molecules had desirable pharmacokinetic properties and
their structural representation was given below (Figures 5a-5d)
(Table 1).
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Figure 5a-d: 2D diagram of virtual screening hits a) ZINC55083699; b) ZINC12487932; c¢) ZINC81013764; d) ZINC68104820.
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Table 1: Docking results of the four molecules.

Compound Id Glide score Glide energy Numbe;zlflgzdrogen Interacting residues Distance ()
PHE 54
ZINC55083699 -7.377 -51.264 4 ARG 89 (2) 2.084 ;.;gg,l.‘MA
SER 52
LYS 66
ZINC12487932 -6.239 -45.803 3 2.254
SER52 (2)
LYS 66 2.194
SER 52 2.234
ZINC81013764 -6.153 -53.469 4
THR 50 2.114
TRP 133 1.994
ASN 154 .
1.78A
ZINC68104820 -5.902 -64.9 4 THR 50 (2) R . .
1.994, 2.03A 2.04A
SER 52

Note: The IDs are of the ZINC database; Glide score (Kcal/mol); Glide energy (Kcal/mol); No of hydrogen bond interaction;

Interacting residues; Distance between the protein and ligand (A).

Docking Study

a. Binding Mode of ZINC55083699: The binding mode of
ZINC55083699 indicates four hydrogen bond interactions within
the active site of the SARS-CoV-2 Nucleocapsid (N) protein. The
key amino acid residues of Nucleocapsid (N) protein involved
in generating hydrogen bond network with ZINC55083699
compound includes PHE 54 (2.084), ARG 89 (2.34A, 1.944), and
SER 52 (2.20A). The Glide score and Glide energy of the docked
complex were -7.377kcal/mol and -51.264 kcal/mol respectively.
Similarly, amino acids in the binding pocket such as ALA 157,
VAL 159, ALA 91, TYR 112, PRO 169, and PRO 118 accounted for
hydrophobic interactions. The crucial residues ARG 150, ARG 89
and LYS 66 were involved in the formation of pi-pi stacking and
pi-cation interactions and all these interactions were responsible
for increase in the binding stability of Nucleocapsid (N) protein-
ZINC55083699 docked complex.

b. Binding Mode of ZINC12487932: The binding mode
of ZINC12487932 in the active site of Nucleocapsid (N) protein
indicates generation of hydrogen bonds with LYS 66 (2.254) and
SER 52 (2.104, 2.134). The Glide score and Glide energy of the
docked complex was found to be -6.239 kcal/mol and -45.803 kcal/
mol respectively. Similarly, PRO 68, ALA 51, VAL 159, TYR 110 and
PRO 118 amino acids located in the binding pocket of Nucleocapsid

(N) protein accounted for hydrophobic interactions.

c. Binding Mode of ZINC81013764: ZINC81013764 on
binding in the active site of Nucleocapsid (N) protein exhibits three
hydrogen bond interactions. The key amino acid residues involved
in hydrogen bond includes LYS 66 (2.194), SER 52 (2.23A), THR 50
(2.114) and TRP 133 (1.994) were involved in generating hydrogen
bond network. The Glide scores and Glide energy of the docked
complex were -6.153 kcal/mol and -53.469 kcal/mol respectively.
The amino acids residues present at the binding pocket PRO 68,
ALA 51, VAL 159, TYR 110, ILE 132 and TYR 112 were responsible
for hydrophobic interactions in the docked Protein-ligand complex.

d. Binding Mode of ZINC68104820: The binding
interaction of ZINC68104820 at the active site of Nucleocapsid (N)
protein indicates generation of four hydrogen bonds due to the
participation of Nucleocapsid (N) protein key amino acid residues
ASN 154 (1.78A), THR 50 (1.994, 2.034) and SER 52 (2.044). The
Glide scores and Glide energy of the docked complex were -5.902
kcal/mol and -64.900 kcal/mol respectively. The hydrophobic
interactions in the complex were due to ALA 51, PHE 54, ALA 56,
TYR 112 and ALA 157 amino acid residues present at the binding
pocket. Furthermore, interestingly only one pi-cation, pi-pi stacking
interactions were observed with LYS 66 and ARG 150 amino acid
residues (Figure 6).
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ZINC55083699

ZINC12487932

ZINC81013764

ZINC68104820

Figure 6: 3-D interaction representation of the top four hit compounds a) ZINC55083699 b) ZINC12487932 c) ZINC81013764 d)
ZINC68104820 in the active site of the Nucleocapsid (N) protein.
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Prediction of ADME Properties

ADME describes the destiny of druglike compounds withinliving
organisms especially in the human system. The pharmacokinetics
traits of four ligands were tested using Qikprop module. All the
four molecules satisfied drug-like traits based on Rule of Five. Their
molecular mass was smaller than 500kDa, with H-bond donor
below 5, H-bond acceptor below 10 and LogP value less than 5 and
follows Lipinski rule for drug-like molecules. Concurrently, these
four molecules were further tested for their drug-like behaviour
through investigation of PK factors mandatory for absorption,
biotransformation,

dispersal, elimination and toxicity. The

aqueous solubility (QPLogS) vital for appraisal of absorption and

distribution of drug molecule inside the body ranged for the four
molecules ranged between -6.258 to -2.823 respectively. The drug
metabolism and penetration of biological membrane were assessed
using cell permeability method (QPPcaco2) shows a range from~
122 to ~652. The predicted value of QPPMDCK ranged from to 162
to 1126. The predicted values of binding to human serum albumin
(QPlogksha) were within the acceptable ranges from -0.058 to
0.358. The predicted Brain/Blood barriers were under tolerable
range from ~ -1.536 to -0.981, the predicted hydrophobic SASA
were under acceptable range of 372.631 to 186.067. The predicted
rotatable bonds were well with acceptable range 5.000 to 8.000.
The % range of human oral absorption in GI was from 73 to 100. The
predicted ADME properties results were displayed in the (Table 2).

Table 2: Drug-like properties of the new chemical entities determined by Qikprop.

CompoundID | MW | HBD | HBA | QPLogPo/w | Caco-2 | MDCK | QPLogS | QPLogKhsa | QPLogB/B Hyd;:‘;l:bic NRB ab(;/‘:)?;;lon
ZINC55083699 | 319.403 | 3 5.75 1.496 122 | 162 | -2.823 -0.523 -1.536 372.631 8 73
ZINC12487932 | 324341 | 2 7 2.146 291 | 130 | -4384 | -0.058 -1.398 186.067 5 84
ZINC81013764 | 330.34 | 3 7 1.018 181 | 127 | -2.934 | -0.496 -1.307 231.182 5 73
ZINC68104820 | 397.903 | 3 7 4242 652 | 1126 | -6.258 0.358 -0.981 282.621 8 100
Remdesivir | 602583 | 5 | 16.65 1.224 18194 | 6.525 | -5.52 -0.615 -3.77 366.002 14 30

Note: Molecular weight (under 500 Da); Hydrogen bond donors (lee then 5); Hydrogen bond acceptors (not more then 10); QP log P
for octanol/water (-2.0 / 6.5); Apparent Caco-2 Permeability (nm/sec) (<25 poor, >500 great); Apparent MDCK Permeability (nm/
sec) (<25 poor, >500 great); QP log S for aqueous solubility (-6.5 / 0.5); QP log K hsa Serum Protein Binding (acceptable range; -1.5 to
1.5); QP log BB for brain/blood (-3.0 / 1.2); Solute Hydrophobic SASA (acceptable range; 0.0 to 750.0); Solute No. of Rotatable Bonds

(acceptable range; 0.0 to 15.0); % Human Oral Absorption in GI (+-20%) (<25% is poor).

Molecular Dynamics (MD) Simulation

a) MD Analysis of Sars-Cov-2 Nucleocapsid (N) Protein
- Zinc55083699 Complex: The binding stability of SARS-CoV-2
Nucleocapsid (N) protein-ZINC55083699 complex was examined
using molecular dynamics simulations. The RMSD of protein-ligand
complex was reported in figure 7a. At 15ns, a slight deviation was
observed in c-alpha with an RMSD of 6.38A and became stable
till entire simulation with an observed RMSD value of 5.97A.
The root-mean-square fluctuations (RMSF) of the SARS-CoV-2
Nucleocapsid (N) protein were represented in figure 7b. The Ca,
backbone and side chains displayed high RMSF values at GLY 98,
ASP 99 with observed RMSF values as 10.864, 10.144 and 10.504,
respectively. The key residues THR 50, ASN 49 and ASP 99 in Ca

backbone and side chains of SARS-CoV-2 Nucleocapsid (N) protein
exhibited lower degree of fluctuations with RMSF values 2.544,
4.68A and 9.98A respectively. The bar diagram of 7c represents
SARS-CoV-2 Nucleocapsid (N) protein-ZINC55083699 interactions.
Hydrogen bond interactions were observed with ASN 70, TYR 124
amino acid residues and the occupancy was noted 11.8%, and
33.7% respectively. The overall Nucleocapsid (N) protein-ligand
interactions observed during the simulation presented in (Figure
7d). This indicates that key amino acid residues were involved in
the formation of hydrogen bond (ASN 78, ALA 156 and ASN 76
for 13%, 13% and 20%,) and water bridge contact (TYR 124 for
15%) with Nucleocapsid (N) protein leading to increased binding
stability of the Nucleocapsid (N) protein-ligand complex during the
simulation time (Figure 7).
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Figure 7: a). The RMSD plot of SARSCOV-2 Nucleocapsid (N) protein-ZINC55083699 complex during 100-ns simulations.
b). The RMSF plot of SARSCOV-2 Nucleocapsid (N) protein during the 100ns simulations. ¢) The RMSF map of SARSCOV-2
Nucleocapsid (N) protein - ZINC55083699 complex over the 100ns simulations. d). The bar diagrams of SARSCOV-2
Nucleocapsid (N) protein - ZINC55083699 contacts during 100ns simulations.
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b) MD analysis of SARS-CoV- Nucleocapsid (N) protein
- ZINC12487932 complex: The RMSD of protein-ligand complex
was reported in Figure 8a. There was no deviation observed in the
protein RMSD but, a slight deviation was observed in ligand RMSD
at 61.40 ns (5.044), 75ns (6.86A) and 99.90ns (6.594). The root-
mean-square fluctuations (RMSF) of the SARSCOV-2 Nucleocapsid
(N) protein were represented in figure 8b. The Ca, backbone and
side chain displayed high RMSF values in the position of GLY 98
(10.494), GLY 98 (10.184) and ASP 99 (10.17A) respectively. The
bar diagram of 8c represents SARSCOV-2 Nucleocapsid (N) protein-
ZINC12487932 interactions. The hydrogen bond interactions were

observed with SER 52, TYR 112 and the occupancy was noted as
56% and 61.4% respectively. The key amino acid residues SER 52,
PHE 54 and TYR 112 were involved in the formation of hydrogen
bond to the extent of 46%, 37% and 31% respectively. A water
bridge contact with LYS 66 of target protein was observed as 42%
and also ligand formed only one pi-pi stacking interaction with TYR
110. These molecular interactions at the binding site region of the
SARSCOV-2 Nucleocapsid (N) protein lead to the improved binding
stability of the Nucleocapsid (N) protein-ZINC12487932 complex
during simulation time. (Figure 8).
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Figure 8: a). The RMSD plot of SARSCOV-2 Nucleocapsid (N) protein-ZINC12487932 complex during 100-26 ns simulations.
b). The RMSF plot of SARSCOV-2 Nucleocapsid (N) protein during the 100ns simulations. ¢) The RMSF map of SARSCOV-2
Nucleocapsid (N) protein - ZINC12487932 complex over the 100ns simulations. d). The bar diagrams of SARSCOV-2
Nucleocapsid (N) protein - ZINC12487932 contacts during 100ns simulations.

c)  MD Analysis of Sars-Cov-2 Nucleocapsid (N) Protein -
Zinc81013764 Complex: The RMSD of Nucleocapsid (N) protein
-ligand complex was reported in figure 9a. A slight RMSD deviation
was observed in c-alpha at 37.20ns followed by a more stable RMSD
value of 5.79A till the end of entire simulation. The root-mean-
square fluctuations (RMSF) of the SARSCOV-2 Nucleocapsid (N)
protein was represented in (Figure 9b). The Ca, backbone and side

chain displayed high RMSF values in the amino acid residues of GLY
100, ASP 99, GLY 98 with RMSF values 10.544, 10.204 and 11.544,
respectively. The key residues GLY 98, THR 50 and MET 102 in the
Ca atoms, backbone and side chain SARSCOV-2 Nucleocapsid (N)
protein exhibited lower degree of fluctuations with RMSF values
8.584A, 2.274 and 6.20A respectively. The bar diagram of 9¢ were
represent the SARSCOV-2 Nucleocapsid (N) protein-ZINC81013764
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interactions. A hydrogen bond interaction was observed with SER  (80%) with Nucleocapsid (N) protein and one pi-cation interaction
32, TYR 110 and the occupancy was noted 75.9% and 76.6%  with LYS (66 44%). The molecular interactions contributed to the
respectively. In addition, figure 9d indicates key amino acid residues  enhanced binding stability of the protein-ligand complex during
SER 52 and ASN 154 involved in the formation of hydrogen bond the simulation time (Figure 9).

(52% and 54%) and water bridge contact ARG 89(82%), TYR 112
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Figure 9: a). The RMSD plot of SARSCOV-2 Nucleocapsid (N) protein - ZINC81013764 complex during 100-ns simulations.
b). The RMSF plot of SARSCOV-2 Nucleocapsid (N) protein during the 100ns simulations. ¢) The RMSF map of SARSCOV-2
Nucleocapsid (N) protein-ZINC81013764 complex over the 100ns simulations. d). The bar diagrams of SARSCOV-2
Nucleocapsid (N) protein - ZINC81013764 contacts during 100ns simulations.

d) MD Analysis of Sars-Cov-2 Nucleocapsid (N) Protein-
Zinc68104820 Complex: The RMSD of protein-ligand complex
was given in Figure 10a. The RMSD of the c-alpha was more stable
during the entire simulation period and the RMSD observed was
7.73A. Ligand RMSD exhibited slight deviation at 25ns- 31.20ns
and the RMSD values observed were 8.14 to 8.28A respectively
and was stable during the remaining simulation period was with
RMSD reaching 4.08A. The root-mean-square fluctuations (RMSF)
of the SARSCOV-2 Nucleocapsid (N) protein-ZINC68104820 were

presented in figure 10b. The Ca, backbone and side chain displayed
high RMSF values in the position of GLY 98 (8.654). Hydrogen bond
interactions were observed with ARG 150 and the occupancy 74.9%
occupancy value. In addition, the key amino acid residue ARG 150
was involved in the formation of pi-pi stacking (38% and 42%) and
water bridge contact (43%) with target protein. These molecular
interactions contributed to the stability of the Nucleocapsid (N)
protein-Ligand complex during the simulation period (Figure 10).
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Figure 9: a). The RMSD plot of SARSCOV-2 Nucleocapsid (N) protein - ZINC81013764 complex during 100-ns simulations.
b). The RMSF plot of SARSCOV-2 Nucleocapsid (N) protein during the 100ns simulations. ¢) The RMSF map of SARSCOV-2
Nucleocapsid (N) protein-ZINC81013764 complex over the 100ns simulations. d). The bar diagrams of SARSCOV-2
Nucleocapsid (N) protein - ZINC81013764 contacts during 100ns simulations.

Conclusion

Nucleocapsid (N) protein is an essential structural protein
mainly responsible for the interaction, transcription, and invasion
of the SARS-CoV-2 viral genome and is considered as an attractive
drug target for the treatment of COVID-19. In the current study, four
potential Nucleocapsid (N) protein inhibitors viz., ZINC55083699,
ZINC12487932, ZINC81013764 and ZINC68104820 were

identified through E-pharmacophore from the zinc database. All the
Pharmacokinetic properties of these 4 compounds met the required
criteria. Molecular Dynamics simulation for 100 ns revealed all the
4 compounds to be stable in the solvent environment with respect
to distance and fluctuation dynamics. These 4 compounds on
further studies could be used as novel leads for the inhibition of
Nucleocapsid (N) protein.
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