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Abstract: A novel coronavirus, Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused about 100 million infections 

and is responsible for more than 2 million deaths worldwide. The new disease caused by this SARS-CoV-2 is named Coronavirus Disease 

2019 (COVID-19) by World Health Organization (WHO). There is no specific drug approved to combat the COVID-19 to date. In the 

current study, an In-silico screening of Indian natural compounds database approach was deployed to find potential inhibitors of SARS-CoV-

2 targeting 3-chymotrypsin like protein (3CLpro). The protease 3CLpro is a potential drug target due to its critically important role in 

processing the polyproteins that are involved in viral replication. The Indian natural compounds library Indian Medicinal Plants, 

Phytochemistry And Therapeutics (IMPPAT) database, containing over 9500 manually curated compounds, were filtered and 1158 

compounds were screened against the 3CLpro target protein. A combination of virtual screening, molecular docking and molecular dynamic 

simulations were employed for this screening purpose. Out of the 1158 compounds screened, Gmelanone and Litseferine are the two 

compounds that have shown to be having the best binding capabilities along with preferable absorption, distribution, metabolism, excretion, 

and toxicity (ADMET) properties. Both Gmelanone and Litseferine have shown significant interactions with active site residues of 3CLpro 

target protein. Our present finding are deemed further in-vitro and in-vivo studies towards developing novel anti-SARS-CoV-2 drugs based 

on the structure and properties of the compounds identified in this study. 
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I. INTRODUCTION 

moderate respiratory illness which is caused by 

novel coronavirus was reported in December 2019 in 

Wuhan city of China and there occurred an immediate 

action by the Chinese health authorities and researchers 

[1], naming the coronavirus disease as covid-2019 and the 

virus that causes it [2]. The first article related to novel 

coronavirus was published on January 21, 2020 revealed 

the family of coronavirus i.e. bat coronavirus HKU9-1 

which is similar to SARS-coronavirus. These viruses are 

found to cause severe respiratory, hepatic, gastrointestinal 

diseases and nerve-related problems too depending upon 

infected individual [3].  
 

These coronaviruses are single-stranded positive-

sense  RNA  viruses   that   consists   of  large  viral  RNA  

 
genomes [4]. The studies showed that the SARS-CoV-2 

has 80% similarities in organization of genomic sequence 

with that of beta coronaviruses which consists of a 

replicase complex encoding non-structural proteins, a 

spike protein, 5’-untranslated region, envelope protein, a 

nucleocapsid protein, a membrane protein, 3’UTR and 

unidentified non-structural open reading frames [5], this 

despite diversity in sequence and its spike proteins will 

strongly interacts with human ACE2 receptor and cause 

severe damage to lungs [1]. Upon transcription of 

genome, beta coronaviruses produce ~800 kDa 

polypeptide which is cleaved proteolytically to generate  

various proteins. This proteolytic process is mediated by 

3-chymotrypsin like protein (3CL
pro

) and papain like 

protease (PL
pro

). The generated poly proteins were 

cleaved by this 3CL
pro

 at 11 distinct sites in order to get 

A 
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various non-structural proteins which plays an important 

in viral replication [6]. Thus 3CL
pro

 is responsible for 

virus replication and unlike other encoding genes, it is 

located at 3’ end and so exhibits numerous variability. 

Hence, it became a potential drug target for COVID-19 

treatment [7]. The symptoms of COVID-19 include fever, 

dry cough, fatigue, difficulty in breathing, sputum 

production, muscle pain and joint pain and severe head 

ache which may arise within 2-14 days after corona attack 

and depending upon age, sex and other health issues like 

cardiovascular diseases, diabetes mellitus, hypertension 

and the severity of symptoms i. e or severe, the person 

may die within 6 to 41 days period after virus attack [3, 

8]. 

 According to WHO, daily cases were increasing 

rapidly and as of now there were 25,656,354 COVID-19 

cases had been recorded all over the world and out of the 

total diagnosed cases, there were 855,134 people were 

died and 17,955,191 people were recovered [9]. This 

simple data from all over the world shows how rapidly 

this coronavirus has been spreading but the mortality rate 

shows that, this virus is comparatively less dangerous 

than Ebola virus and the recovered people number 

creating the positive impact and giving hope to the one 

who are fighting against corona [10]. So, accordingly it 

had started first in china in the end of 2019 and statistical 

data of January, February and March month [11-12] 

reveals that, in 2
nd

 week of February there increased the 

number of cases and by the 1
st
 week of march it came to 

below 100 and now recently in the end of July there 

recorded a few new cases but are still less than 100 per 

day as shown in the figure 1a. Whereas in Italy, the 

scenario is similar to china but the spike rate is high in the 

month of March and April [13] and slowly the rate was 

decreased. Therefore an inconsistent graph (figure 1b) has 

been observed in the all months till August [10-11]. But, 

in India the scenario is entirely different because, the 

COVID-19 cases were increasing day by day and as of 

today there are nearly 37 lakh cases reported in India 

[10,12] which is still in increasing [15] when compared to 

other countries. In India, the COVID-19 cases were 

started rapidly from May and from the month of July the 

cases were increasing drastically and it continues 

increasing with each passing days as shown in the figure 

1c. 
 

At present, single effective antiviral treatment for 

COVID-19 is unavailable but a combination of antiviral, 

antibiotics, corticosteroids and immunomodulators are 

adding beneficial therapy. However, drug repositioning 

has become main tool to several researchers in finding 

effective therapy [16] because traditional methods will 

take more time and now the present situation is 

demanding   the   researchers   to   find   out  the  effective  

 

 

 
 

Figure 1: Statistical Data of Covid-19 cases and deaths in a) China, b) 

Italy and c) India. 

 

medicine and/or vaccine as early as possible and also in 

the view of economic aspects, the experimental tools and 

materials required for drug discovery are out of reach to 
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many researchers due to its high price. So, the 

computational study has brightened aside, which requires 

less price and time compared to traditional methods [17-

18]. So, in search of effective drugs many researchers all 

over the world are following drug repositioning includes 

all FDA approved drugs for various diseases [19]. As a 

result, here is the list of drugs that are used for this 

pandemic treatment listed in table 1. 
 

Table 1: List of FDA approved drugs used for treating 

coronavirus disease: 
 

Drug Mechanism Metabolism Adverse effect 

Hydroxy 

-chloroquine  

[20, 21] 

increase pH of 

phagolysosome 

and, thereby, 

interrupts 

virus fusion, and 

it also prevents 

binding of the 

virus to cell 

surface 

receptors 

Metabolism 

viaCYP2C8, 

CYP3A4, 

CYP2D6  

[22-24] 

Hemolytic 

anemia, 

cardiomyopath

y, neutropenia, 

GI 

disturbances, 

retinopathy, 

rash, QT 

prolongation 

Azithromycin 

[25] 

influenced by the 

activity of P-

glycoprotein 

transporter 

encoded by 

ABCB1 

Efflux transport 

via 

Pglycoprotein 

QT 

prolongation, 

CV events 

Remdesivir  

[26] 

RNA polymerase 

inhibitors 

Potential 

inactivation via 

CYP2C8, 

CYP2D6, and 

CYP3A4  

[22-24] 

None noted 

(similar to 

placebo in 

severe COVID 

patients) 

Favipiravir  

[27] 

RNA polymerase 

inhibitors 

Inactivation 

mainly via 

aldehyde 

oxidase and 

partly via 

xanthine 

oxidase 

Increased uric 

acid 

Ribavirin  

[28] 

Haemolysis, 

thrombocytopeni

a 

Intestinal 

uptake via 

CNTs 

(encoded by 

SLC). 

Hemolytic 

anemia 

Lopinavir viral protease 

inhibitor used in 

the treatment of 

HIV, but 

currently not 

recommended for 

covid due to its 

lack of efficacy 

Inactivation via 

CYP3A4 [29] 

QT 

prolongation, 

CV events, 

dyslipidemia, 

liver injury, GI 

disturbances 

Tocilizumab  

[30] 

IL-6 receptor 

antagonist 

Limited data on 

metabolism/tra

nsporter 

pathways 

Thrombocytope

nia, liver injury, 

neutropenia, 

rash, 

hypertension, 

Infection 

Ruxolitinib  

[31] 

Janus kinase 

inhibitors are 

effective 

immuno-

modulator for 

COVID 

Inactivation 

mainly via 

CYP3A4 and 

partly via 

CYP2C9 

Cytopenia, 

dyslipidemia, 

infection, liver 

injury 

Baricitinib  

[32] 

Janus kinase 

inhibitors are 

effective 

immuno-

modulator for 

COVID 

Efflux transport 

mainly via 

OAT3 and 

partly via 

BCRP and p-

glycoprotein. 

Inactivation 

partly via 

CYP3A4 

Thrombosis, 

infection, 

gastrointestinal 

perforation, 

cytopenia, 

dyslipidemia, 

liver injury 

Darunavir Protease inhibitor 

used in HIV 

treatment, is a 

substrate of 

CYP3A4 

Inactivation via 

CYP3A4 [29] 

Liver injury, 

dyslipidemia, 

sulfonamide 

allergy 

Interferon  

beta-1b  

[33] 

Added effect 

when given in 

combination with 

lopinavir and 

ritonavir 

Limited data on 

metabolism/ 

transporter 

pathways 

Liver injury, 

depression, 

heart failure, 

leukopenia, flu-

like symptoms 

Corticosteroids 

[34] 

They may inhibit 

T-lymphocyte 

immunity and 

lead to persistent 

viral replication 

and ensuing 

delays in 

clearance. 

Inactivation 

mainly via 

CYP3A4 and 

CYP3A5. 

Efflux transport 

via P-

glycoprotein 

Infection, 

psychosis, 

gastritis, 

glucose 

fluctuations, 

osteonecrosis 

 

As these drugs are the derivatives of traditional 

phytochemical constituents of various valuable medicinal 

plants. Hence we are focusing on the traditional 

phytochemical constituents of valuable medicinal plants. 

So, the present study was aimed to dig out the bioactive 

phytochemical constituents which can act against this 

pandemic diseases (COVID-19).  
 

II. RESULTS & DISCUSSION 
 

Virtual Screening 
 

We performed the virtual screening studies and 

predicted the ADMET properties for all 1180 ligands 
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which were obtained from a total of 60 medicinal plants. 

Using PyRx AutoDock Vina and Data Warrior software 

we screened the binding affinity and ADMET properties 

of ligands towards COVID-19 main protease 3CL
pro

 

protein designing grid box covering whole protein, 

obtained docking score/ binding energy were analyzed 

thoroughly. From the analysis, it was found that, out of 

1180 ligands, 544 compounds are obeying Lipinski’s rule 

and almost 60% of compounds had exhibited the docking 

score ≥ -5, indicating their binding affinity towards 

3CL
pro

 protein. Out of all, two compounds namely 

Gmelanone (C20H16O7) and Litseferine (C18H17NO4) had 

exhibited the highest binding energy of -8.5 and those 

compounds were extracted from two different plants i.e. 

Gmelina arborea and Litsea glutinosa respectively. 

Therefore, Molecular docking studies were performed for 

further analysis of these 2 compounds. 
 

Molecular docking Studies 
 

Comprehensive details of interactions and 

binding affinity, we performed molecular docking 

studies, where the results obtained for binding affinity 

and interactions suggests that the natural  ligands 

identified from those plants may prove more useful 

candidates for COVID-19 therapy. 
 

Gmelanone 
 

Gmelanone is the chemical constituent derived 

from the plant Gmelina arborea had exhibited good 

binding energy of -5.88 Kcal/mol and pIC50 value of 

49.01 µM with 3CL
pro

 protein (PDB ID: 6LU7) with 

following interactions conventional hydrogen bonding 

with LYS5, Pi-Pi T-shaped interaction with TYR126, 

carbon-hydrogen bonding with GLU290, alkyl and pi-

alkyl interaction with LYS137 and vanderwaal force of 

attraction with VAL 125, ALA7, GLU127, SER139, 

GLU138 and CYS128 A-chain amino acid residues which 

were shown in figure 2a. 
 

Litseferine 
 

Litseferine is the chemical constituent derived 

from the plant Litsea glutinosa had exhibited good 

binding energy of -6.56 Kcal/mol and pIC50 value of 

15.48 µM with 3CL
pro

 protein with following interactions 

like conventional hydrogen bonding with GLN110, 

ASP153; Pi-alkyl bonding with ILE106, carbon-hydrogen 

bonding with ARG105, ILE106, THR292 and vanderwaal 

force of attraction with SER158, ILE152, ASN151, 

PHE8, PHE294, THR111, ASP295, LYS102, VAL104, 

GLN107 of A-chain amino acid residues which were 

shown in figure 2b. 

 

 

 
 

Figure 2: Molecular interactions observed between 3CL
pro 

and a) 

Gmelanone and b) Litseferine. 

 

MD simulations of 3CL
pro 

protease in complex with 

Gmelanone 
 

The RMSD of proteins backbone was fluctuating 

between 1.8 and 3.5 A
0
 with an average of 2.5 A

0
 whereas 

the cα, heavy atoms, side chains were fluctuated up to 

2.0, 2.4, 3.4 A
0
 respectively (figure 3a), which was 

comparatively less than the apo protein backbone RMSD. 

Corresponding with proteins backbone, the ligands 

RMSD was found to be fluctuated between 5 to 7A
0
 but 

with its own structure the ligand exhibiting minimal 

fluctuations ranging around 0.5 A
0
 throughout the 

simulation time. 

  

a) 
 

b) 
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Figure 3: Simulation interaction analysis of Gmelanone in complex with 3CLpro protease showing a) Root mean square deviation (RMSD) 

b) Root mean square fluctuations (RMSF) c) Protein Secondary structure elements (%SSE) d) ligand interaction fractions represented in stacked 

bar charts normalized over the course of the trajectory: for example, a value of 0.7 suggests that 70% of the simulation time the specific 

interaction is maintained e) Ligand protein property profile f) protein-ligand interactions of 3CLpro protease complexed with gmelanone and g) 

torsions of gmelanone plot summarizing the conformational evolution of every rotatable bond (RB) in the ligand throughout the simulation 

trajectory. 
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In RMSF, to find the higher flexible regions in 

the protein, each residue fluctuations were calculated and 

averaged for the entire 100ns simulated timescale. From 

the graph analysis (figure 3b) of 3CL
pro

 protease with 

gmelanone, it was noticed that there occurred minimal 

fluctuations indicating that the residues are quite stable in 

the presence of gmelanone. We have also monitored the 

total secondary structure elements (SSE) like alpha 

helices and beta strands present in the protein throughout 

the simulation trajectory. From the analysis it revealed 

that the protease in complex with gmelanone was 

maintaining an average of 45% of SSE composition 

(figure 3c) of the helices and strands throughout the 

simulated time. Most of the protein is stabilized with 

strands (blue), helices (red) and loops (white).  Ligand 

protein profile (figure 3e) in complex with 3CL
pro

 

protease has also been reported by Desmond software 

which can predicts the ligand properties like RMSD, 

ROG of ligand, intra molecular H-Bonds, molecular 

surface area (MoLSA), polar surface area (PSA) and also 

the solvent accessible surface area (SASA) of ligand 

during simulated length of time scale. The ligands RMSD 

was fluctuated between 0.8 to 1.8 A
0
 with an average of 

1.2A
0
 indicating the ligand is stable inside the active site 

of the protein throughout the simulated time. Whereas the 

ROG of ligand was stabilized around 4.2A
0
 and there 

were no intramolecular hydrogen bonds detected. The 

MoLSA, PSA and SASA were found to be maintained 

around 310, 136, 200A
0
 respectively. 

 

Molecular interactions of 3CL
pro 

protease in complex 

with gmelanone during Molecular dynamic simulations 
 

Desmond’s software was used to interpret 

molecular interactions of the complex in detail. There 

found 16 contacts between 3CL
pro

 protease and 

gmelanone in which 6 contacts were involved in 

hydrogen bonds, 8 contacts were involved in hydrophobic 

interactions and 5 contacts in water briding interactions 

respectively as shown in figure 3d,f. The table 2 shows 

the molecular interaction profile of gmelanone with the 

3CL
pro

 protease. Hydrogen bonds with ASN142, 

GLY143, SER144, CYS145, GLU166, GLN189; 

Hydrophobic interactions with HIS41, THR45, SER46, 

MET49, HIS163, MET165, LEU167, PRO168; water 

bridging interactions with ASN142, GLU166, PRO168, 

GLN189, THR190. We have also analyzed rotatable 

bonds in the ligand. The analysis shows the 2D schematic 

of a ligand with color-coded rotatable bonds. Each 

rotatable bond torsion is accompanied by a dial plot and 

bar plots of the same color. Dial (or radial) plots describe 

the conformation of the torsion throughout the course of 

the simulation. The beginning of the simulation is in the 

center of the radial plot and the time evolution is plotted 

radially outwards. The bar plots summarize the data on 

the dial plots, by showing the probability density of the 

torsion. If torsional potential information is available, the 

plot also shows the potential of the rotatable bond (by 

summing the potential of the related torsions). The values 

of the potential are on the left Y-axis of the chart in 

Kcal/mol. For gmelanone there presents a total of 2 

rotatable bonds consuming an equal amount of energy 

3.41 Kcal/mol of energy which are shown in the figure 

3g. 
 

Table 2: Molecular interactions profile of Gmelanone 

with 3CL
pro

 protease during MD simulations: 
 

Type of bond Molecular interactions 

Hydrogen bonds ASN142, GLY143, 

SER144, CYS145, 

GLU166, GLN189 

Hydrophobic interactions HIS41, THR45, SER46, 

MET49, HIS163, 

MET165, LEU167, 

PRO168 

Water bridging interactions ASN142, GLU166, 

PRO168, GLN189, 

THR190 

 

MD simulations of 3CL
pro 

protease in complex with 

Litseferine 
 

The RMSD (figure 4a) of proteins backbone was 

fluctuating between 1.0 and 2.0 A
0
 with an average of 1.5 

A
0
 whereas the cα, heavy atoms and side chains were 

fluctuated around 2.2, 2.5, 3.0 A
0
 respectivley, which was 

comparatively similar to that of apo protein backbone 

RMSD. Corresponding with the proteins backbone, the 

ligands RMSD was found to be fluctuated between 1.5A
0
 

but with its own structure the ligand exhibiting minimal 

fluctuations below 0.5A
0
 throughout the simulation time. 

 

In RMSF (figure 4b), to find the higher flexible 

regions in the protein, each residue fluctuations were 

calculated and averaged for the entire 100ns simulated 

timescale. From the graph analysis of 3CL
pro

 protease 

with Litseferine, it was noticed that there occurred 

minimal fluctuations indicating that the residues are quite 

stable in the presence of Litseferine. We have also 

monitored the total secondary structure elements (SSE) 

like alpha helices and beta strands present in the protein 

throughout the simulation trajectory. From the analysis it 

revealed that the protease in complex with Litseferine 

was maintaining an average of 45% of SSE composition 

(figure 4c) of helices and strands throughout the 

simulated time. Most of the protein is stabilized with 

strands (blue), helices (red) and loops (white). Ligand 

protein   profile   ( figure 4e )   in   complex   with  3CL
pro
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Figure 4: Simulation interaction analysis of Litseferine in complex with 3CLpro protease showing a) Root mean square deviation (RMSD) b) 

Root mean square fluctuations (RMSF) c) Protein Secondary structure elements (%SSE) d) ligand interaction fractions represented in stacked bar 

charts normalized over the course of the trajectory: for example, a value of 0.7 suggests that 70% of the simulation time the specific interaction is 

maintained e) Ligand protein property profile f) protein-ligand interactions of 3CLpro protease complexed with Litseferine and g) torsions of 

Litseferine plot summarizing the conformational evolution of every rotatable bond (RB) in the ligand throughout the simulation trajectory.  
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protease has also been reported by Desmond software 

which can predicts the ligand properties like RMSD, 

ROG of ligand, intra molecular H-Bonds, molecular 

surface area (MoLSA), polar surface area (PSA) and also 

the solvent-accessible surface area (SASA) of ligand 

during the simulated length of time scale. The ligands 

RMSD was fluctuated between 0.15 and 0.30A
0
 with an 

average of 0.20A
0
 indicating the ligand is stable inside the 

active site of the protein throughout the simulated time. 

Whereas the ROG of ligand was stabilized around 3.54A
0
 

and there are no intra molecular hydrogen bonds detected. 

The MoLSA, PSA and SASA were found to be 

maintained around 80, 110, 150A
0
 respectively. 

 

Molecular interactions of 3CL
pro 

protease in complex 

with Litseferine during Molecular dynamic simulations 
 

There found 16 contacts between 3CL
pro

 protease 

and Litseferine in which 3 contacts involved in hydrogen 

bonding, 6 contacts involved in hydrophobic interactions 

and about 10 contacts involved in water bridging 

respectively. The table 3 shows the molecular interaction 

profile of Litseferine (figure 4d,f) with the 3CL
pro

 

protease. Polar interactions with HIS41, THR190, 

GLN192, GLN189; Hydrophobic interactions with 

MET165, LEU167, ALA193, PRO168; negatively 

charged bonding with GLU166. 
 

Table 3: Molecular interactions profile of Litseferine 

with 3CL
pro

 protease during MD simulations: 
 

Type of bond Molecular interactions 

Hydrogen bonds HIS41, THR190, GLN192 

Hydrophobic 

interactions 

HIS41, MET49, MET165, 

LEU167, PRO168, PHE305 

Water briding 

interactions 

HIS41, THR45, SER46, 

ASN142, HIS164, GLU166, 

GLN189, THR190, GLN192, 

ALA193 
 

We have also analyzed rotatable bonds in the 

ligand. For Litseferine there presents a total of 2 rotatable 

bonds consuming an amount of energy 7.83 and 3.36 

Kcal/mol of energy which are shown in the figure 4g.  
 

III. CONCLUSION 
 

The analysis of results suggests that, out of 1158 

compounds which were screened against SARS-CoV 2 

3CL
pro

 protease, two compounds were found to be more 

potent in binding with the protein target and these two 

compounds namely Gmelanone and litseferine were 

obtained from two different plants i.e. Gmelina arborea 

and Litsea glutinosa respectively. Interestingly, the 

antiviral properties of these two plants were not 

mentioned in the IMPPAT database. Molecular 

interactions with CYS145, MET165, PRO168, HIS41, 

GLN189, HIS163, ASN142, SER144, GLY143 and 

GLU166 were found to be critical for Gmelanone 

binding. While, molecular interactions with MET165, 

LEU167, ALA193, PRO168, HIS41, THR190, GLN192, 

GLN189 and GLU166 were found to be critical for 

Litseferine binding. We believe that the knowledge of 

atomic-level interactions revealed in this present study 

critical for compounds binding with 3CL
pro 

is of high 

value when further optimizing or designing novel 

inhibitors against 3CL
pro 

of SARS-CoV-2 in specific, 

based on the structure and properties of the compounds 

identified in this study. However, the present finding are 

deemed further in-vitro and in-vivo studies based 

validation towards developing novel anti-SARS-CoV-2 

drugs. 

IV. MATERIALS & METHODS 
 

Target collection and preparation 
 

The structure of the main protease 3CL
pro

 was 

retrieved from the pool of the protein receptors in the 

protein data bank (https://www.rcsb.org/). We identified 

the crystal structure of SARS-CoV-2 main protease in 

complex with an inhibitor N3 (PDB ID: 6LU7) which is 

determined from X-ray crystallography diffraction with a 

resolution of 2.16A
o
, classified as viral protein Bat 

SARS-like coronavirus organism and E.coli BL21 (DE3) 

expression system and composed of 3 domains namely 

domain I (residue 8-101), domain II (102-184), domain 

III (201-303) and along with a long loop (185-200) 

binding from domain II to domain III. For the preparation 

of 3CL
pro

 protease, all residues, Hetatm and water 

molecules were removed while polar hydrogens, kollman 

and computer gasteiger charges were added to produce 

favourable bonding for molecular docking. 
 

Ligands collection and preparation 
 

The phytochemical constituents (ligands) of 60 

valuable Indian medicinal plants were collected using 

IMPPAT database [35] and few plant constituents were 

collected form literature survey and the chemical 

structures of the those phytoconstituents were retrieved 

from Pubchem (http://pubchem.nchi.nlm.nih.gov) 

database. A total of 1180 ligands were extracted from 

IMPPAT and Pubchem database. Those obtained 

compounds were optimized by minimizing the energy for 

proper binding with the protein. 

https://www.rcsb.org/
http://pubchem.nchi.nlm.nih.gov/
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ADMET prediction 
 

For carrying out any biological activity, a molecule 

should obey Lipinski’s rule of five [36] i.e., 
 

1. Molecular weight should not exceed ≥ 500 daltons 

2. Hydrogen bond donors should not be < 5 

3. Hydrogen bond acceptors should be < 10 

4. Partition coefficient clogP > 5 

5. No. of rotatable bonds should be < 10 
 

Data warrior software was used to determine the 

ADMET properties of the compounds. This rule won’t 

define the pharmacological activity but speaks about the 

pharmacokinetic properties of the drug and mostly used 

in drug discovery. 
 

Molecular docking 
 

Virtual screening of the 1158 compounds which 

passed the ADMET test towards 3CL
pro

 protein was done 

using PyRx AutoDock Vina (Version 1.1.2). Basically, it 

is used to filter off the compounds which were showing 

good binding energy values from the pool of compounds 

and the actual molecular docking and interaction analysis 

were identified using AutoDock version 1.5.6 default 

protocol, explained in detail elsewhere [37]. This version 

helps us to identify the binding energy, pIC50 values and 

biding pose of the compounds in detail. It employs two 

steps grid generation and docking. Grid generation builds 

a compound wall directing the ligand to bind in a 

particular area and the dimensions include X-axis= 126, 

Y-axis =126 and Z-axis =126 with the spacing of 0.375 

and docking uses Lamarckian genetic algorithms which 

creates 2500000 evolutions and generates 27000 docking 

poses and finally shows us the top 10 best outfitted 

ligands with the protein. Interaction analyses were done 

using Bovia Discovery Studio Visualizer [38] and all the 

interaction diagrams were obtained using Bovia 

Discovery Studio Visualizer software. 
 

Molecular dynamic simulations 
 

Molecular dynamic simulations were performed 

to understand the binding interactions at the molecular 

level and also to analyze those interactions at the atomic 

level using default protocol as described in detail 

elsewhere [39]. In brief,  OPLS 2005 force field [40] 

parameters have been applied to simulation TIP3P water 

models [41] at neutral pH conditions. Periodic boundary 

conditions were used to determine the specific size and 

shape of the water box buffered at 10 Å distances and box 

volume was calculated as ~370000 cubic Ås of simulation 

box volume respectively. During the equilibration 

process, van der Waals and short-range electrostatic 

interactions were cut off at 9 Å and long-range 

electrostatic interactions were 

computed using the Particle Mesh Ewald method [42]. A 

RESPA integrator [43] was used with a time step of 2 fs, 

and long-range electrostatics were computed every 6 fs. 

One system for each of the four conditions containing 

approximately 37056 atoms were equilibrated using 

Desmond in the NPT ensemble at 300 K temperature and 

1 bar using the Nose-Hoover chain relaxation thermostat 

method along with Martyna-Tobias-Klein relaxation 

Barostat method with isotropic coupling style at 1ps; 2ps 

timescale respectively. Before starting the analysis, we 

have made sure that all the simulations were carried out at 

the same temperature, pressure and volume conditions 

throughout the simulated timescale. As part of the 

simulation quality analysis, it was revealed that the 

simulated systems’ average total energy remained 

approximately -96000 kcal/mol. 
 

Authors’ contribution: SHB designed the study. SHB, SP, 

SHK & JN executed the work and collected the data. SHB, SP, 

IHM, SHK, JN & GS analyzed the results. SHB, SP, IHM & 

GS wrote and edited the manuscript. All authors have read and 

approved the final manuscript. 
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