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Abstract  26 

Due to unavailability of therapeutic approach for the novel coronavirus disease (COVID-19), 27 

the drug repurposing approach would be the fastest and efficient way of drug development 28 

against this deadly disease. We have applied bioinformatics approach for structure-based drug 29 

repurposing to identify the potential inhibitors through drug screening, molecular docking and 30 

molecular dynamics against non-structural protein 9 (Nsp9) replicase and spike proteins of the 31 

SARS-CoV-2 from the FDA approved drugs. We have performed virtual screening of 2000 32 

FDA approved compounds including antiviral, anti-malarial, anti-parasitic, anti-fungal, anti-33 

tuberculosis and active phytochemicals against Nsp9 replicase and spike proteins of SARS-34 

CoV-2. Molecular docking was performed using Autodock-Vina. Selected hit compounds were 35 

identified based on their highest binding energy and favourable ADME profile. Notably, 36 

Conivaptan, an arginine vasopressin antagonist drug exhibited highest binding energy (-8.4 37 

Kcal/mol) and maximum stability with the amino acid residues present on the active site of 38 

Nsp9 replicase. Additionally, Tegobuvir, a non-nucleoside inhibitor of hepatitis C virus 39 

exhibited maximum stability with highest binding energy (-8.1 Kcal/mol) on the active site of 40 

spike protein. Molecular docking scores were further validated with the molecular dynamics 41 

using Schrodinger, which supported strong stability of ligands with proteins at their active site 42 

through water bridges, hydrophobic interactions, H-bond. Overall, our findings highlight the 43 

fact that Conivaptan and Tegobuvir could be used to control the infection and propagation of 44 

SARS-CoV-2 targeting Nsp9 replicase and spike protein, respectively. Moreover, in vitro and 45 

in vivo validation of these findings will be helpful in bringing these molecules at the clinical 46 

settings. 47 

 48 
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Introduction 51 

Today, coronavirus created an alarming situation across the globe causing deaths more than 52 

million people. Origin studies of COVID-19 stated that it was closely related to the bat severe 53 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Coronaviruses (CoVs) are the 54 

enveloped virus which comes under the family of coronaviridae with a positive sense single-55 

stranded RNA genome [1]. The genome size of CoVs are large in size which ranges from 56 

approximately 27 to 37 kilobases. The envelope of the virus contains the lipid bilayer with 57 

three structural proteins membrane (M), envelope (E), and spike (S) [2]. The nucleocapsid 58 

protein present in multiple copy is associated along with the positive sense single stranded 59 

RNA genome and is responsible for the formation of nucleocapsid present inside the envelope.  60 

Viral protection outside host is delivered by the lipid bilayer, nucleocapsid and the membrane 61 

proteins.  The CoV infection is attained via the S glycoprotein which attaches to the 62 

complementary host receptor. The entry of viral particles and its attachment to host membrane 63 

is mediated via direct fusion of the viral envelope or via endocytosis with the host membrane 64 

[3]. Since CoVs have single positive stranded RNA genome, CoVs are capable of producing 65 

required new genomes and proteins into the cytoplasm. Polymerase is synthesized by the virus 66 

itself and this polymerase further synthesizes the minus strand using the positive strand as 67 

template. This positive sense genomic RNA generated through replication is used its own 68 

genome in progeny viruses. The genomic RNA is attached with the N glycoprotein and further 69 

M glycoprotein integrates into the endoplasmic reticulum membrane exactly as the S and HE 70 

proteins. ER is the source for the translation of RNA and viral structural proteins. The M 71 

protein here assists the protein-protein interactions that helps in the assembly of viral particles 72 

followed by its binding to nucleocapsid. These are then released from the host cell via 73 

exocytosis [4]. Main protease domain (Mpro) has been reported to be a conserved target, in 74 

favour to design new inhibitors throughout the entire coronaviridae subfamily. The two-third 75 
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region of 5’ in the coronavirus genome consists of the of open reading frame I (ORFI) which 76 

encodes two large polypeptides involved in the replicase machinery: pp1a, and via ribosomal 77 

frameshift, pp1ab1. Two proteases encoded in the 5’ region of ORF 1: 3C-like protease (3CL 78 

or Nsp5) and papain-like protease (PLP) co-translationally cleaves the two polypeptides into 79 

mature non-structural proteins (NSPs) [5]. 3CL protease is also majorly called as Mpro as it 80 

has a dominant role in the post-translational machinery of the replicase protein. Significant 81 

homology of Mpros in primary amino acid sequence as well as in 3D architecture has been 82 

reported in different human and animal CoVs. Both of these proteins have a substrate binding 83 

pocket where at P1 glutamine is the substrate and at the P2 either leucine or methionine. This 84 

strong structural basis provides a loop hole to design a wide-spectrum anti CoV inhibitors. In 85 

general, there are few or no treatment options for viral diseases that occur suddenly and spread 86 

at a higher frequency.  87 

The spike proteins crowing the novel virus has been of major research interest as to 88 

know how they attach, fuse and gain entry to the host cell. There are mainly two subunits of 89 

the spike protein, namely S1 and S2 subunits. The S1-portion has diverged sequences even 90 

among single coronavirus species whereas, the S2 subunit is the most conserved area. The S1 91 

subunit has 2 domains N and C terminal domains. These domains mainly function as receptor 92 

binding domains and binds themselves to various proteins and sugar molecules. These spike 93 

proteins contain heptad repeats of hydrophobic domains that helps in the fusion process into 94 

host. The cell entry program is mediated by the spike proteins mainly by binding to the ACE-95 

2 receptor in the host surface and subsequently mediate the viral infection. The major role 96 

played by spike proteins in host entry and attachment displays a wide possibility to be targeted 97 

to find effective vaccines and anti-bodies to neutralize the viral infection [6].  98 

The Nsp9 replicase which is a non-structural protein is encoded by ORF1a which has 99 

no eminent function but is related with the viral RNA synthesis. This protein contains a single 100 
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folded beta-barrel which is unique unlike the single domain proteins. This fold is related to the 101 

OB-fold having a extended C-terminal in the subdomains of both SARS-CoV-2 3C-like 102 

protease that belongs to the serine protease superfamily. The crystal structure of Nsp9 replicase 103 

emphasises it as a dimeric protein. Nsp9 replicase specifically binds to the RNA further 104 

interacting with the nsp8 protein and activates the essential for its function [7]. As Nsp9 105 

replicase a major role in viral replication it provides a hope for discovering novel drugs against 106 

this protein and thus inhibiting the viral progression.  107 

As for now many of the vaccines and drugs are under clinical trials from across the 108 

globe. Drug repurposing has been the effective approach taken by the scientists across the globe 109 

to bring out an effective medicine for the eradication of the novel coronavirus.  Anti-viral drugs 110 

such as chloroquine, hydroxychloroquine, which is used to treat malaria and arthritis was 111 

approved in USA to treat COVID-19 patients [8]. Some of the other drugs including 112 

remdesivir, actemra, galidesivir etc. are currently under clinical trial, but neither a single 113 

vaccine or therapeutic drugs are being currently approved by FDA to prevent or treat COVID-114 

19 [9]. Therefore, structure-based drug repurposing through targeting Nsp9 replicase and Spike 115 

Proteins of SARS-CoV-2 would lead to the development of potential therapeutic approach 116 

against COVID-19. 117 

 118 

Material and Methods 119 

Data sources 120 

In our study, a dataset of 2000 FDA approved compounds including antiviral, anti-malarial, 121 

anti-parasitic, anti-fungal, anti-tuberculosis and active phytochemicals from FDA and Indian 122 

Medicinal Plants, Phytochemistry and Therapeutic database were obtained [10, 11].  123 

Preparation of receptor 124 
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The atomic coordinates of the protein crystal structure COVID-19, Nsp9 replicase (PDB ID-125 

6W4B), the spike protein (PDB ID-6LZG) were downloaded from the RCSB-PDB (protein 126 

data bank) database. Prior to docking or analysis, the solvation parameters, charge assignment, 127 

fragmental volumes and protein optimization was done using Autodock Tool 4 (ADT) [12, 13, 128 

14].  129 

Preparation of ligands 130 

The 3D SDF structure of all the compounds were downloaded from PubChem database [15]. 131 

The 2D ligand structures of the compounds were designed using Chemdraw. The optimization 132 

of the ligands was done using Avogadro and converted into PDB file format using Open Babel 133 

software.  134 

Compound screening  135 

Molecular screening of the compounds was performed using PyRx virtual screening tool-136 

python prescription 0.8 software using Autodock wizard as the engine for molecular docking 137 

[16, 17]. The ligands were minimized to their stable form. During the period of docking, the 138 

protein was considered to be rigid and the ligands were considered to be flexible. Auto Grid 139 

engine in PyRx was used to generate the configuration file for the grid parameters. The 140 

application was also used to know/predict the amino acids in the active site of the protein that 141 

interact with the ligands. The results less than 1.0Å in positional root-mean-square deviation 142 

(RMSD) were considered ideal and clustered together for finding the favourable binding. The 143 

highest binding energy (most negative) was considered as the ligand with maximum binding 144 

affinity.  145 

Analysis and visualization  146 

Pymol version 2.3.4 and ADT were used for the visual analysis of the docking site and the 147 

results were validated using Autodock-Vina [18].  148 

ADME analysis  149 
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ADME analysis of the selected ligands obtained from PubChem was done on the basis of 150 

canonical SMILES using Swiss-ADME programme [19]. The ADME properties of the chosen 151 

compounds were calculated. The major ADME associated parameters such as Lipinski’s rule 152 

of five, drug likeliness, pharmacokinetic properties, the solubility of the drug, were considered. 153 

The values of the observed properties are presented in Table 1 & 2.  154 

Molecular dynamics & simulation 155 

The complete study was performed on different modules of Schrodinger suite 2020-1 trial 156 

version. Both complexes were prepared prior to MD simulation in the protein preparation 157 

wizard and Prime module of Schrodinger suite to remove defects such as missing hydrogen 158 

atoms, incorrect bond order assignments, charge states, orientations of various groups and 159 

missing side chains suite [20-22]. Removal of steric clashes and strained bonds/angles were 160 

done by performing a restrained energy minimization, allowing movement in heavy atoms up 161 

to 0.3 Å. Extensive 50ns MD simulation was carried out for both complexes through Desmond, 162 

D. E. Shaw Research, New York, NY, 2015 [23] to access the binding stability of query 163 

molecule with respect to nelfinavir in the complex. Both complex systems were solvated in 164 

TIP3P water model and 0.15 M NaCl to mimic a physiological ionic concentration. The full 165 

system energy minimization step was done for 100ps. The MD simulation was run for 100ns 166 

at 300K temperature, standard pressure (1.01325 bar), within an orthorhombic box with buffer 167 

dimensions 10× 10× 10 Å3 and NPT ensemble. The energy (kcal/mol) was recorded at interval 168 

of 1.2 ps. The protein-ligand complex system was neutralized by balancing the net charge of 169 

the system by adding Na+ or Cl- counter ions. The Nose-Hoover chain and Martyna-Tobias-170 

Klein dynamic algorithm was used maintain the temperature of all the systems at 300 K and 171 

pressure 1.01325 bar, respectively. 172 

 173 

Results and Discussion  174 
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Our study was focused on the drug repurposing against the Nsp9 replicase (PDB ID-6W4B) 175 

and the spike protein (PDB ID-6LZG) (Figure-1) of SARS-CoV-2 in combination as a potential 176 

therapeutic targets for the treatment of coronavirus. In this study, we have applied 177 

computational approach of structure based drug repurposing in combination in order to identify 178 

a specific therapeutic agent against SARS-CoV-2. We have created a database of 2000 FDA 179 

approved compounds including antiviral, anti-malarial, anti-parasitic, anti-fungal, anti-180 

tuberculosis and active phytochemicals from FDA and Indian Medicinal Plants, 181 

Phytochemistry and Therapeutic database. The compounds were screened using a virtual 182 

screening tool PyRx, 15 hits were selected depending on their best binding energy. Further, 183 

molecular docking was performed for hits against Nsp9 replicase and the spike protein (Table 184 

3 and 4).  185 

Molecular docking is a computational approach which aims to identify non-covalent 186 

binding between (ligand/inhibitor) and protein (receptor). Docking predicts the mode of 187 

interaction between a receptor and the ligand for an established binding site. Binding energy 188 

suggests the affinity and strength of a specific ligand to which a compound binds and interacts 189 

at the active site pocket of a target protein. In order to understand the effect of active antiviral, 190 

anti-malarial, anti-parasitic, anti-fungal, anti-tuberculosis, anti-bacterial and active 191 

phytochemical compounds on COVID-19, molecular docking of 15 active compounds against 192 

each target selected after screening from PyRx, was performed. Further, based on their binding 193 

energy and best ADME properties, top three best compounds were selected.  194 

Docking results of Nsp9 replicase with selected three compounds (Conivaptan, 195 

Telmisartan and Phaitanthrin D) showed best docking score and were found to be best 196 

molecules at the target site of the protein. Out of these, Conivaptan exhibited the best binding 197 

energy (-8.4 Kcal/mol) with Nsp9 replicase, interacting with CYS74, LEU107, LEU113, 198 

ALA108, LEU5, ASN34, LEU98, ASN96, LEU98, PHE41, THR36, ALA9, LEU104, VAL8, 199 
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ALA108, ASN99 and SER6 amino acid at the active site (Figure-3 A). Conivaptan was the 200 

first of this class FDA approved arginine vasopressin antagonist for the management of 201 

hypervolemic and euvolemic hyponatremia [24]. Telmisartan is an antagonist of angiotensin II 202 

receptor which is highly selective for angiotensin II receptors type 1. It is a useful therapeutic 203 

choice in the management of patients suffering from hypertension. Telmisartan exhibited (-8.1 204 

Kcal/mol) binding affinity with Nsp9 replicase interacting with ARG100, LEU98, PHE9, 205 

MET102, PHE41, ASN34, THR36, LEU113, LEU107, ALA108, VAL8, PRO7, LEU104, 206 

PHE76, LEU5, GLU4, SER6, CYS74 and PHE91 amino acid residues (Figure-3 B). 207 

Phaitanthrin D showed (-7.9 Kcal/mol) binding energy with Nsp9 replicase interacting with 208 

6W4B. PHE76, CYS74, LEU89, LEU104, LEU107, GLY105, MET102, SER6, VAL8, PRO7, 209 

ALA108 and LEU113 amino acid residues (Figure-3 C). Phaitanthrin D is natural alkaloid 210 

found to exhibit potent anti-tubercular activity against MDR-TB [25]. The molecular docking 211 

analysis in our study showed the inhibition potential of top three compounds against Nsp9 212 

replicase ranked by binding energy and best ADME properties; Conivaptan > Telmisartan > 213 

Phaitanthrin D. 214 

Docking results of spike protein of SARS-CoV-2 with selected best three compounds 215 

(Tegobuvir, Bromocriptine and Baicalin) showed best binding energy and were found to be 216 

best molecules at the target site of the protein. Out of the 15 compounds, Tegobuvir exhibited 217 

the binding energy (-8.1 Kcal/mol) interacting with PRO337, ALA344, ASN343, PHE342, 218 

PHE347, PHE338, GLY339, GLU340 and VAL341 amino acid residues of spike protein 219 

(Figure-4 A). Tegobuvir is a non-nucleoside inhibitor of hepatitis C virus (HCV) RNA 220 

replication with proven antiviral activity in the patients suffering from chronic genotype 1 HCV 221 

infection. Tegobuvir is an analog of imidazopyridine class inhibitors selectively targeting HCV 222 

[26]. Bromocriptine functions as a serotonin modulator and postsynaptic dopamine receptor 223 

clinically used to treat Parkinson’s disease.  Bromocriptine has also shown antiviral activity 224 
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against dengue virus replication [27]. Bromocriptine exhibited (-7.7 Kcal/mol) binding affinity 225 

with 6LZG. ASN450, LEU452, ILE468, TYR351, ALA352, SER349, LYS356, GLU340, 226 

ASN354, VAL341, THR345, ARG346, PHE347, ALA348 and SER349 amino acid residues 227 

of spike protein (Figure-4 B). Baicalin exhibited (-7.6 Kcal/mol) binding affinity interacting 228 

with 6LZG, ASN450, ARG346, ALA344, PHE342, GLU340, VAL341, SER399, ASN354, 229 

TRP353, ARG466, ILE468, ALA352, PHE400 and PHE347 amino acid residues of spike 230 

protein (Figure-4 C). Baicalin is a flavonoid derived from Scutellaria baicalensis. Baicalin has 231 

shown to exhibit a potent inhibitory activity against viruses such as anti-influenza virus and 232 

against chikungunya virus [28]. The molecular docking analysis showed best three compounds 233 

against spike protein of SARS-CoV-2 based on binding energy and ADME properties ranked; 234 

Tegobuvir > Bromocriptine > Baicalin. 235 

In addition to the selected three best compounds against the spike protein, conivaptan 236 

(-7.4 Kcal/mol), Phaitanthrin D (-7.2 Kcal/mol) and Telmisartan (-7.2 Kcal/mol) also exhibited 237 

good docking score against the spike protein suggesting that these compounds could potentially 238 

target both Nsp9 replicase as well as the spike protein. 239 

Molecular dynamics study of Conivaptan with Nsp9 replicase (Figure-5) and 240 

Tegobuvir with spike protein (Figure-6) for 50 ns showed strong interaction between protein 241 

and ligand and stability of ligand at the active domain of proteins interacting through water 242 

bridges, hydrophobic interactions, H-bond. The molecular dynamic study strongly validates 243 

the molecular docking data of protein ligand interaction.  244 

The major criteria to evaluate the likeliness of the drug is “Lipinski’s rule of five” 245 

suggesting if a specific ligand with a certain pharmacological and biological activity has 246 

chemical and physical properties that would make it as a chosen option for orally active drug 247 

for humans. Lipinski’s rule suggests the molecular properties that are crucial for 248 

pharmacokinetics of a drug in the human body for example; absorption, distribution, 249 



11 

 

metabolism, and excretion (ADME). In Lipinski’s rule of five, three or more than 3 violations 250 

do not follow the rule of drug likeliness and is not considered in order to proceed further with 251 

the drug discovery approach. ADME studies of selected 15 compounds showed that out of 15, 252 

all virtual hits were successful at passing through these test filters of ADME. 253 

 254 

 255 

Conclusion  256 

In view of the current outbreak of coronavirus and rising death toll scenario, novel drug 257 

discovery is a challenge constrained by time, but on the other hand, drug repurposing could be 258 

a great help in the development of therapeutic drugs and the effective management of COVID-259 

19. Structure-based drug design approaches have developed into valuable drug discovery tools, 260 

owing to their synergy and versatility. Here, we have described the structure based drug 261 

repurposing from a collection of FDA approved antiviral, anti-malarial, anti-parasitic, anti-262 

fungal, anti-tuberculosis and active phytochemicals compounds against Nsp9 replicase and 263 

spike protein of SARS-CoV-2. Several molecules were identified as potent inhibitors of Nsp9 264 

replicase (Conivaptan, Telmisartan and Phaitanthrin D), spike protein (Tegobuvir, 265 

Bromocriptine, and Baicalin) of SARS-CoV-2. Interestingly, the compounds such as 266 

Conivaptan, Phaitanthrin D and Telmisartan showed good binding affinity with both Nsp9 267 

replicase and the spike protein suggesting the potential of these compounds to inhibit multiple 268 

targets of SARS-CoV-2. Therefore, we suggest that these compounds might be applicable in 269 

the management of COVID-19 and can be proposed as potential lead compounds for multi-270 

targeted drug development against SARS-CoV-2. Futher, in vitro and in vivo validation of 271 

these studies would lead to the development of therapeutic strategies through targeting Nsp9 272 

replicase and spike protein of SARS-CoV-2.  273 

 274 
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 349 

Figure Legends 350 
 351 

Figure-1: Crystal structure of protein/receptor (A) Nsp9 replicase (PDB ID-6W4B) of 352 

SARS-CoV-2. The structure is shown in ribbon representation, coloured from the N-terminus 353 

to the C-terminus with colours changing from blue through green and yellow to red. (B) Spike 354 

protein (PDB ID-6LZG) of SARS-CoV-2 shows ribbon   structure representation, coloured 355 

from the N-terminus to the C-terminus with colours changing from red through yellow and 356 

green to blue Ribbon structure. 357 

 358 

Figure-2: Docking analysis and visualisation of protein-ligand complex (A) Nsp9 replicase 359 

(pink) and  Conivaptan (yellow), (B) Nsp9 replicase (pink) and Telmisartan (green), (C) Nsp9 360 

replicase (pink) and Phaitanthrin D (salmon), (D) Spike protein (green) and Tegobuvir (pink), 361 

(E) Spike protein (green) and Bromocriptine (blue), (F) Spike protein (green) and Baicalin 362 

(orange). The binding site of the Nsp9 replicase and spike protein is depicted using surface 363 

representation. The ligands are depicted using stick model representation. The ligand is 364 

interacting at the active site pocket of the protein/receptor. 365 

 366 
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Figure-3: Figure shows interaction between the active site residues of the Nsp9 replicase 367 
protein and ligands with their respective binding energies. (A) Nsp9 replicase (green) with 368 

conivaptan (carbon in gray) (Binding energy -8.4 Kcal/mol), (B) Nsp9 replicase (hot-pink) 369 

with Telmisartan (carbon in green) (Binding energy -8.1 Kcal/mol), (C) Nsp9 replicase 370 

(yellow) with Phaitanthrin D (carbon in dark pink) (Binding energy -7.9 Kcal/mol). The protein 371 

backbone is depicted using ribbon structure representation and ligands are depicted using stick 372 

model representation. Bond length is depicted in Angstrom. Figure represents strong binding 373 

affinity between the hydrophobic pocket of the protein and ligand. 374 

 375 

Figure-4: Figure shows interaction between the active site residues of the spike protein 376 
and ligands with their respective binding energies. (A) Spike protein (purple) with 377 

Tegobuvir (carbon in yellow) (Binding energy -8.1 Kcal/mol), (B) Spike protein (wheat) with 378 

Bromocriptine (carbon in light-blue) (Binding energy -7.7 Kcal/mol), (C) Spike protein (grey) 379 

with Baicalin (carbon in light-green) (Binding energy -7.6 Kcal/mol). The protein backbone is 380 

depicted using ribbon structure representation and ligands are depicted using stick model 381 

representation. Bond length is depicted in Angstrom. Figure represents strong binding affinity 382 

between the hydrophobic pocket of the protein and ligand. 383 

 384 

Figure-5: Molecular dynamics and simulation of Conivaptan with Nsp9 replicase 385 
complex. (A) Ramachandran plot of Conivaptan-Nsp9 replicase complex represents 102 386 

(95.2%) residues lie in favoured region 4 (3.7%) residues lie in allowed region and 1 387 

(0.9%) outlier residues. (B) RMSD plot for Cα of Nsp9 replicase in complex with Conivaptan. 388 

(C) RMSF plot of residue number and C-alpha of Nsp9 replicase at 50 ns simulation. It predicts 389 

the fluctuations of the C-alpha atoms; Residues are shown in three letter code with their 390 

respective number in green color belong to binding site residues interacting to compound 391 

shown in green line. (D) A timeline representation of the interactions and contacts (H-bonds, 392 

hydrophobic, ionic, water bridges) with compound. The top panel shows the total number of 393 

specific contacts the protein makes with the ligand over the course of the trajectory. The bottom 394 

panel shows which residues interact with the ligand in each trajectory frame. 395 

 396 

Figure-6: Molecular dynamics and simulation of Tegobuvir with spike protein complex. 397 
(A) Ramachandran plot of Tegobuvir-spike protein complex represents 179 (92.7%) residues 398 

lie in favoured region 13 (6.7%) residues lie in allowed region and 1 (0.5%) outlier residues. 399 

(B) RMSD plot for Cα of spike protein in complex with Tegobuvir. (C) RMSF plot of residue 400 

number and C-alpha of spike protein at 50 ns simulation. It predicts the fluctuations of the C-401 

alpha atoms; Residues are shown in three letter code with their respective number in green 402 

color belong to binding site residues interacting to compound shown in green line. (D) A 403 

timeline representation of the interactions and contacts (H-bonds, hydrophobic, ionic, water 404 

bridges) with compound. The top panel shows the total number of specific contacts the protein 405 

makes with the ligand over the course of the trajectory. The bottom panel shows which residues 406 

interact with the ligand in each trajectory frame. 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 
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Table-1: Molecular docking analysis of antiviral compounds against Nsp9 replicase (6W4B) 416 

of SARS-CoV-2. 417 

 418 

Protein Compound Binding 

Energy 

(Kcal/mol) 

 

Amino acid residues 

 

N
sp

9
 rep

lica
se 

Conivaptan -8.4 CYS74, LEU107, LEU113, ALA108, LEU5, ASN34, ASN96, LEU98, 

PHE41, THR36, ALA9, LEU104, VAL8,  ASN99, SER6 

Telmisatan -8.1 ARG100, LEU98, PHE9, MET102, PHE41, ASN34, THR36, LEU113, 

LEU107, ALA108, VAL8, PRO7, LEU104, PHE76, LEU5, GLU4, 

SER6, CYS74, PHE91 

Phaitanthrin 

D 

-7.9 PHE76, CYS74, LEU89, LEU104, LEU107, GLY105, MET102, SER6, 

VAL8, PRO7, ALA108, LEU113 

Phytosterols -7.8 PHE41, THR36, ASN34, ASN99, SER6, VAL8, LEU5, CYS74, 

PHE76, LEU89, LEU104, MET102, LEU113, ALA108, LEU107,  

Withanolide 

R 

-7.8 PHE76, CYS74, LEU89, PHE91, VAL103, MET102, ASN99, GLN105, 

LEU104, LEU107, PHE41, ASN34, THR36, LEU113, LEU5, VAL8, 

ALA108 

Withanolide 

G 

-7.7 ASN96, ASN99, MET102, LEU98, LEU104, ALA108, PHE41, 

ASN34, VAL8, LEU113, LEU5, CYS74, THR36, SER6 

17-alpha-

hydroxywit

hanolide D 

-7.7 GLU4, PHE76, LEU5, SER6, PRO7, LEU113, LEU107, ALA108, 

LEU104, VAL8, ALA9, MET102, ASN34, LEU98, ALA99, PHE41 

Stigmasta-

5, 22-dien-

3-ol 

-7.7 PHE41, ASN96, ASN99, ASN34, VAL8, LEU5, LEU113, PHE76, 

LEU107, LEU89, CYS74, ALA108, MET102, SER6 

Gedunin -7.6 THR36, ASN34, LEU113, VAL8, ALA108, SER6, LEU5, GLU4, 

CYS74, LEU107, MET102, ASN99, LEU98, LEU104 

Ciclesonide -7.5 LEU113, SER6, LEU5, GLU4, ASN3, CYS7, VAL8, THR36, THR35, 

ASN34, ALA108, PHE41, MET102, ASN99, LEU98, PHE91, ASN100,  

Ezetimibe -7.5 ASN34, MET102, LEU104, PHE91, GLY105, ASN3, CYS74, LEU89, 

PHE76, SER6, LEU113, PRO7, VAL8, ALA108, ALA9, 

Meldenin -7.5 ASN99, MET102, PHE41, THR36, SER6, VAL8, LEU113, LEU107, 

ALA108, THR35, LEU5 

Magnolol -7.4 MET102, GLY105, ARG100, LEU104, LEU107, ALA108, PHE91, 

LEU89, CYS74, PHE76, SER6, LEU113, VAL8, PRO7 

Pioglitazone -7.4 MET102, ASN99, ASN34, ALA108, LEU104, LEU107, LEU113, 

LEU85, VAL8, THR36, PHE41, THR35, SER6,  

Gloriosine -7.4 LYS102, PHE103, VAL104, ARG105, ILE106, GLN107, GLN110, 

PHE294, PHE8, ASN151, TYR154, ASP153 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 
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Table-2: Molecular docking analysis of antiviral compounds against spike protein (6LZG) of 432 

SARS-CoV-2. 433 

 434 

Protein Compound Binding 

Energy 

(Kcal/mol) 

 

Amino acid residues 

 

S
p

ik
e P

ro
tein

 

Tegobuvir -8.1 PRO337, ALA344, ASN343, PHE342, PHE347, PHE338, GLY339, 

GLU340, VAL341 

Bromocriptine -7.7 ASN450, LEU452, ILE468, TYR351, ALA352, SER349, LYS356, 

GLU340, ASN354, VAL341, THR345, ARG346, PHE347, ALA348, 

SER349 

Baicalin -7.6 ASN450, ARG346, ALA344, PHE342, GLU340, VAL341, SER399, 

ASN354, TRP353, ARG466, ILE468, ALA352, PHE400, PHE347 

Deleobuvir -7.6 ARG466, TRP353, ASN354, PRO463, PHE464, PRO426, TYR396, 

GLU516, ARG355 

Dantrolene -7.6 TYR351, ALA352, ASN354, SER399, LYS356, ALA348, SER349, 

LEU452, ASN450 ARG346, PHE347, ALA344, VAL341, PHE342, 

GLU340 

Cassameridine -7.4 ARG355, PHE464, PRO463, TYR396, GLU516, SER514, PRO426, 

PHE515, PHE429, ASP428, PRO426 

Chrysin-7-O-

glucuronide 

-7.4 LYS356, ASN354, ALA352, TYR351, SER349, ASN450, ARG346, 

ALA344, GLU340, PHE347, ALA348, PHE400, SER399, VAL341 

Conivaptan -7.4 PHE464, GLU465, ARG466, AG355, ASN354, TRP353, ALA352 

Phaitanthrin D -7.2 PRO463, PHE464, ARG355, TYR396, SER514, THR430, PHE515, 

GLU516 

Telmisartan -7.2 ILE468, ARG466, ASN354, PHE347, ARG346, ALA352, ARG355, 

LYS356, TYR396, ARG357 

Troglitazone -7.2 ARG466, GLU465, PRO463, PHE464, TRP353, ARG355, PRO426, 

ASP428, PHE429, THR430, SER514, TYR396, PHE515, GLU516 

Raltegravir -7.1 ALA352, SER349, ALA348, PHE347, ASN354, SER399, ARG346, 

ALA344, GLU340, VAL341, ARG357, LYS356, ARG355 

Ceferoperazone -7.1 LEU452, TYR451, ASN450, SER349, ARG346, PHE347, ALA344, 

ALA352, TRP353, SER399, ASN354, VAL341, GLU340, ARG355, 

LYS356, ARG477, PHE347, ALA344 

Dasatinib -7.0 ARG357, LYS356, TYR396, ARG355, ARG346, PHE347, ALA348, 

ASN450, TYR451, SER349, ALA332, TYR351, ILE468. ARG466, 

TRP353, ASN354, SER349 

Dolutegravir -7.0 ARG355, TYR396, PHE515, SER514, GLU516, THR430, PHE429, 

PRO426, PRO463, GLU465, ARG466, TRP353, PHE464 

 435 

 436 
 437 
 438 
 439 
 440 
 441 
 442 
 443 
 444 
 445 
 446 
 447 
 448 
 449 
 450 
 451 
 452 
 453 
 454 
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Table-3: ADME Properties of selected inhibitors of Nsp9 replicase. 455 
 456 

 

S. 

No 

 

Compound 

 

Molecular 

formula 

 

ADME Properties (Lipinki’s Rule of 

Five) 

 

 

Structure 

 

Drug 

likeliness 

Properties Value 

 

1. 

 C
o

n
iv

ap
tan

 

C
3
2 H

2
6 N

4 O
2  

Molecular weight (<500Da) 498.57 

 

Yes 

LogP (<5) 5 

H-Bond donor (5) 2 

H-bond acceptor (<10) 3 

Violations 0 

2. T
elm

isartan
 

C
3
3 H

3
0 N

4 0
2  

Molecular weight (<500Da) 514.62 

 

Yes 

LogP (<5) 5.9 

H-Bond donor (5) 1 

H-bond acceptor (<10) 4 

Violations 2 

 

 

 

3. 

P
h

aitan
th

rin
 D

 

C
1
7 H

1
2 N

2 0
3  

Molecular weight (<500Da) 292.29 

 

Yes 

LogP (<5) 1.7 

H-Bond donor (5) 1 

H-bond acceptor (<10) 3 

Violations 0 

 

 

 

4. 

P
h

y
to

stero
ls 

C
2
9 H

5
0 O

 
Molecular weight (<500Da) 414.71 

 

Yes 

LogP (<5) 7.1 

H-Bond donor (5) 1 

H-bond acceptor (<10) 1 

Violations 

 

1 

5. W
ith

an
o

lid
e R

 

C
2
8 H

3
8 O

6  

Molecular weight (<500Da) 454.60 

 

Yes 

LogP (<5) 3.9 

H-Bond donor (5) 2 

H-bond acceptor (<10) 5 

Violations 0 

6. W
ith

an
o

lid
e G

 

C
2
8 H

3
8 O

5  

Molecular weight (<500Da) 480.64 

 

Yes 

LogP (<5) 4.1 

H-Bond donor (5) 1 

H-bond acceptor (<10) 6 

Violations 

 

0 

7. 1
7

-alp
h

a-

h
y

d
ro

x
y

w
ith

an
o

lid
e D

 

C
2
8 H

4
0 O

7  

Molecular weight (<500Da) 488.61 

 

Yes 

LogP (<5) 2.1 

H-Bond donor (5) 4 

H-bond acceptor (<10) 7 

Violations 

 

0 

8 S
tig

m
asta

-5
, 2

2
-

d
ien

-3
-o

l 

C
2
9 H

4
8 O

 

Molecular weight (<500Da) 412.69 Yes 

LogP (<5) 6.9 

H-Bond donor (5) 1 
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 457 
 458 

 459 

 460 

 461 
 462 

H-bond acceptor (<10) 1 

 

 

Violations 

 

 

1 

9. G
ed

u
n

in
 

C
2
8 H

3
4 O

7  

Molecular weight (<500Da) 482.57 

 

Yes 

LogP (<5) 3.7 

H-Bond donor (5) 0 

H-bond acceptor (<10) 7 

Violations 0 

10. C
icleso

n
id

e 

C
3
2 H

4
4 O

7  

Molecular weight (<500Da) 540.69 

 

Yes 

LogP (<5) 4.4 

H-Bond donor (5) 1 

H-bond acceptor (<10) 7 

Violations 

 

1 

11. E
zetim

ib
e 

C
2
4 H

2
1 F

2 N
O

3  

Molecular weight (<500Da) 409.43 

 

Yes 

LogP (<5) 4.3 

H-Bond donor (5) 2 

H-bond acceptor (<10) 5 

Violations 

 

1 

12 M
eld

en
in

 

C
2
8 H

3
8 O

5  

Molecular weight (<500Da) 454.60 

 

Yes 

LogP (<5) 4.4 

H-Bond donor (5) 1 

H-bond acceptor (<10) 5 

Violations 

 

0 

13 M
ag

n
o

lo
l 

C
1
8 H

1
8 O

2  

Molecular weight (<500Da) 266.33 

 

Yes 

LogP (<5) 4.2 

H-Bond donor (5) 2 

H-bond acceptor (<10) 5 

 

Violations 

 

 

0 

14 P
io

g
litazo

n
e 

C
1
9 H

2
0 N

2 O
3 S

 

Molecular weight (<500Da) 356.44 

 

Yes 

LogP (<5) 3.1 

H-Bond donor (5) 1 

H-bond acceptor (<10) 4 

 

Violations 

 

 

0 

15. G
lo

rio
sin

e 

C
2
1 H

2
3 N

O
6  

Molecular weight (<500Da) 385.41 

 

Yes 

LogP (<5) 2.1 

H-Bond donor (5) 1 

H-bond acceptor (<10) 6 

 

Violations 

 

 

0 
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Table-4: ADME Properties of selected inhibitors of spike protein 463 
 464 

 

S. 

No 

 

Compound 

 

Molecular 

formula 

 

ADME Properties (Lipinki’s Rule of 

Five) 

 

 

Structure 

 

Drug 

likelines

s 

Properties Value 

 

1. 

T
eg

o
b

u
v

ir 

C
2
5 H

1
4 F

7 N
5  

Molecular weight (<500Da) 

 

517.40 

 

Yes 

LogP (<5) 

 

5.8 

H-Bond donor (5) 

 

0 

H-bond acceptor (<10) 

 

11 

Violations 

 

2 

2. B
aicalin

 

C
2
1 H

1
8 0

1
1  

Molecular weight (<500Da) 

 

446.36  Yes 

LogP (<5) 

 

0.2 

H-Bond donor (5) 

 

6 

H-bond acceptor (<10) 

 

11 

Violations 

 

      2 

 

 

 

3. 
 C

assam
erid

in
e
 

   C
1
8 H

9 N
O

5  

 Molecular weight (<500Da) 

 

319.27 

 

Yes 

LogP (<5) 

 

2.7 

H-Bond donor (5) 

 

0 

H-bond acceptor (<10) 

 

6 

 

Violations 

 

 

0 

 

 

 

4. 

D
eleo

b
u

v
ir 

C
3
4 H

3
3 B

rN
6 O

3  

Molecular weight (<500Da) 

 

653.57 

 

Yes 

LogP (<5) 

 

5.1 

H-Bond donor (5) 

 

2 

H-bond acceptor (<10) 

 

6 

 

Violations 

 

 

1 

5.    

B
ro

m
o

crip
tin

e 

C
3
2 H

4
0 B

rN
5 O

5  

Molecular weight (<500Da) 

 

654.59 Yes 

LogP (<5) 

 

3.1 

H-Bond donor (5) 

 

3 
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H-bond acceptor (<10) 

 

6  

 

Violations 

 

 

1 

6. C
h

ry
sin

-7
-O

-g
lu

cu
ro

n
id

e 

C
2
1 H

1
8 O

1
0  

Molecular weight (<500Da) 

 

430.36 

 

Yes 

LogP (<5) 

 

0.64 

H-Bond donor (5) 

 

5 

H-bond acceptor (<10) 

 

10 

 

Violations 

 

 

0 

7.  P
h

aitan
th

rin
 D

 

 C
2
9 H

4
8 O

 

Molecular weight (<500Da) 

 

412.69 

 

Yes 

LogP (<5) 

 

6.9 

H-Bond donor (5) 

 

1 

H-bond acceptor (<10) 

 

1 

 

Violations 

 

 

1 

8  D
an

tro
len

e 

C
1
4 H

1
0 N

4 O
5  

Molecular weight (<500Da) 

 

314.25 

 

Yes 

LogP (<5) 

 

0.72 

H-Bond donor (5) 

 

1 

H-bond acceptor (<10) 

 

4 

 

Violations 

 

 

0 

9.  T
elm

isartan
 

 C
2
4 H

2
1 F

2 N
O

3  

Molecular weight (<500Da) 

 

409.43 

 

Yes 

LogP (<5) 

 

4.3 

H-Bond donor (5) 

 

2 

H-bond acceptor (<10) 

 

5 

 

Violations 

 

 

1 

10

. 

C
o

n
iv

ap
tan

 

C
2
8 H

3
8 O

5  

Molecular weight (<500Da) 

 

454.60 Yes 

LogP (<5) 

 

4.4 

H-Bond donor (5) 

 

1 
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H-bond acceptor (<10) 

 

5  

 

Violations 

 

 

0 

11

. 

C
efero

p
erazo

n
e 

C
1
8 H

1
8 O

2  

Molecular weight (<500Da) 

 

266.33 

 

Yes 

LogP (<5) 

 

4.2 

H-Bond donor (5) 

 

2 

H-bond acceptor (<10) 

 

5 

 

Violations 

 

 

0 

12 T
ro

g
litazo

n
e 

C
2
4 H

2
7 N

O
S

5  

Molecular weight (<500Da) 

 

441.54 

 

Yes 

LogP (<5) 

 

4.1 

H-Bond donor (5) 

 

2 

H-bond acceptor (<10) 

 

5 

 

Violations 

 

 

0 

13 D
o

lu
teg

rav
ir 

C
2
0 H

1
9 F

2 N
3 O

5  

Molecular weight (<500Da) 

 

419.38 

 

Yes 

LogP (<5) 

 

1.8 

H-Bond donor (5) 

 

2 

H-bond acceptor (<10) 

 

7 

 

Violations 

 

 

0 

14 R
alteg

rav
ir 

C
2
0 H

2
1 F

N
6 O

5  

Molecular weight (<500Da) 

 

444.42 

 

Yes 

LogP (<5) 

 

1.4 

H-Bond donor (5) 

 

3 

H-bond acceptor (<10) 

 

9 

 

Violations 

 

 

1 

15

. 

D
asatin

ib
 

C
2
2 H

2
6 C

IN
7 O

2 S
 

Molecular weight (<500Da) 

 

488.01 Yes 

LogP (<5) 

 

2.8 

H-Bond donor (5) 3 
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 465 
 466 

 

 

H-bond acceptor (<10) 

 

6 

 

Violations 

 

 

0 
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