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ABSTRACT 
The objective of the study was to examine the compounds which inhibit the enzyme RNA-Dependent RNA-Polymerase 
(RdRp) of SARS-CoV-2. In this study, we collected 120 similar compounds of Remdesivir, Favipiravir, Novobiocin, 
and Cortisone inhibitors from PubChem and docked them within the RdRp enzyme using Patchdock/ Firedock server. 
Seven compounds were screened based on binding affinity and binding mode analysis and further studied the covalent 
and hydrogen interaction networks using Ligplot+ software. Moreover, the pharmacore properties and bioactivity of 
the compounds were analyzed with molinspiration cheminformatics software. In this study, we identified the 
compounds 56832851, 134443512, and 5745 have more binding affinity and mostly covalent/H-bonding interactions 
occurred with side chain residues Asp161 (B)-Trp187 (B)-Thr367 (A)-Arg377 (A)-Asn387 (A)-Glu588 (A) of RdRp. 
Furthermore, these three compounds showed up drug-likeness and biologically active, though further in-vitro 
investigations are needed.  
Keywords: SARS-CoV-2, COVID-19, Remdesivir, RdRp Enzyme, Ligplot, Bioactivity. 
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INTRODUCTION 
A new coronavirus epidemic was initially noted in December 2019 in Wuhan, People's Republic of China1. 
CoVs viruses are single-stranded, positive-sense RNA (Ribonucleic acid) a member of the Coronaviridae 
family.2CoVs are mostly spread by animals, but they can also infect humans and cause mild to serious 
illnesses. There are two studies that Lu et al. have published on the study of these sc7ases they performed 
to determine the cause of pneumonia.3 SARS-CoV-2 cases have been rising exponentially, with a surge in 
the number of infections and the geographical spread of the virus.4,5 As of June 23, 2021, a new coronavirus 
known as SARS-CoV-2, contributing agent of the CoV syndrome 2019 (COVID-19), has spread to over 
207 countries, produced 17.9 billion confirmed cases worldwide, and resulted in 38.8 lakh documented 
fatalities.1,6 Many research papers reported the antimicrobial compounds7-9 which were utilized to research 
the connections between the ligand and raw viral protein which is encoded in the development of new anti-
viral drugs.10-12  Recently, steroid dexamethasone and remdesivir drugs clinically improved the survival rate 
of severe cases of COVID-19 during clinical studies.13,14 In actuality, scientists and medical examiners 
sought to identify viable treatments for SARS-COV-2. Recent research has focused on creating inhibitor 
compounds that specifically target the SARS-receptor COV-2's enzymes.15-20 The RNA-Dependent RNA 
Polymerase, or RdRp, is a protein that is conserved in SARS-COV-2 and is crucial for the virus's RNA 
transcription and replication. At the C-terminus of the polymerase, the RdRp domain possesses a conserved 
Ser-Asp-Asp motif.15 Clinical medications like inhibit the RdRp enzyme activity are Remdesivir, 
Favipiravir, Novobiocin, and Cortisone have been reported.18 The research according to clinical reports 
showed that these drugs do not cause any significant side effects on the host over targeting inhibition of 
RdRp19Additionally, natural substances and their derivatives with anti-inflammatory, anti-tumor, and 
antivirus properties, like betulonal from Cassine xylocarp, gnidicin, and gniditrin from Gnidia lamprantha, 
and gnidicin, and gniditrin from Gnidia lamprantha, demonstrated binding affinity to RdRp is very high 
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with promising anti-COVID-19 activity, though more research is required.20 The integrity of the receptors 
used for drug design is crucial for computational receptor-based drug design. Docking is worthwhile in 
order to lessen the disparities between the dry and wet lab trials as well as the false positive mistake. Like 
this study, this RdRp are already focused on the development of new drugs. The use of computational 
methods helps to significantly reduce the amount of money spent on clinical studies.21 The objective of the 
study was to investigate the covalent inhibition of RNA-Dependent RNA Polymerase (RdRp) SARS-CoV-2 
using similar compounds of Remdesivir, Favipiravir, Novobiocin, and Cortisone Inhibitors. The present 
study is verified using two sections, in the first section we start with the molecular docking and interactions 
between the RdRp enzyme and the similar compounds of Remdesivir, Favipiravir, Novobiocin, and 
Cortisone inhibitors. Subsequent section deals with the comparison of pharmacore properties such as 
miLogP: Octanol-water partition coefficient& measure of molecular hydrophobicity, TPSA: Total Polar 
Surface Area (A2): surface area of molecular polar (Square Angstroms (A2),natoms: Number of atoms, MW: 
Molecular Weight, noN: Number of Electron Donor’s, nOHNH: Number of Bond acceptor’s, violation’s: 
Number of Violation’s,nrotb: Number of Rotatable Bonds, Volume: Molecular volume determines 
transport characteristics of molecules (Cubic Angstroms (A3), and bioactivity of the inhibitor compounds. 
In addition to this, drug-likeness using “Rule of Five” and “Rule of Three” also applied for inhibitor 
compounds. 

EXPERIMENTAL 
Protein and Inhibitor Compounds were employed in the Study 
The RNA-dependent RNA polymerase (RdRp, commonly known as SARS-CoV-2 RdRp) enzyme crystal 
structure (RdRp)22 was obtained from the PDB data bank (the 7DCD PDB file), which is accessible at 
https://www.rcsb.org. Then it was visualized using PyMol software for any additionally present ligand 
molecules that are present along with 7DCD, solvent, and ligand molecules were deleted and 2 chains, 
chain A and Chain B of the enzyme were retained for further studies.23 The SARS-CoV-2 RdRp enzyme is 
currently inhibited by the following drugs Remdesivir, Favipiravir, Novobiocin, and Cortisone as well 
reported.20 About 120 compounds were collected from PubChem using a similar structure search of 
Remdesivir, Favipiravir, Novobiocin, and Cortisone inhibitors in SDF file formats later hydrogen atoms 
were added to the compounds using OpenBabel.24 
 

Molecular Docking -Based Virtual Screening of Potential Covalent Inhibitors 
Molecular docking servers with default parameters were used to dock the identified inhibitor compounds 
into the RdRp side chains residues. Calculations of binding energy, binding affinity, binding score, and 
docking score are performed using mathematical force field functions and the pharmacophores of ligand 
molecules and receptors.25,26 The binding process depends on various force field functions or parameters of 
receptors and ligands in patch dock fire dock.27 Patchdock is a shape complementarity principle between 
receptor and ligand binding in virtual mode and it is used for generating To screen libraries of compounds 
against therapeutic targets, docking scores are used in computational drug design28, which is available at 
https://bioinfo3d.cs.tau.ac.il/FireDock/. Fast interaction refinement in molecular docking (Firedock) is used 
to generate the various binding modes of ligands in the receptor binding pockets. It is a valuable tool for 
studying receptor-ligand interactions in terms of global energy. The lowest global energy will be the more 
stable confirmation binding mode of the ligand in the receptor binding pocket29 which is available at 
https://bioinfo3d.cs.tau.ac.il/PatchDock/. 
 

Molecular Interaction Analysis 
The open-source molecular visualization program PyMOL was developed by Warren Lyford DeLano and 
is offered for sale by Schrödinger. PyMOL can create 3D pictures of exceptional quality for structural 
biology. Visit https://www.schrodinger.com/pymol to acquire PyMOL. The PDB files of the docked ligand 
and protein molecules were analyzed further by visualizing them in the PyMol software. Based on the high 
docking score and least global energy about 50 compounds were screened for further binding mode analysis. 
About 20 inhibitor compounds were screened based on the best binding mode and around 7 compounds 
were selected when a distance was <4 Å. The PyMOL was used to access the docked products which include 
binding residues, bond distances, and binding modes between the RdRp enzyme and the inhibitor 
compounds.30 Binding modes were studied using PyMOL and hydrogen bond networks are generated using 
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LigPlot+. The interactions between the chain side of the RdRp protein and the inhibitory chemicals on the 
domain scale were examined using dimplots.31 To determine how the RdRp enzyme is structurally oriented 
as a result of covalent inhibition, the distance between the sulphur and functional group of the attached 
molecules was measured to be less than 4Å.32 
 

Molecular Properties and Bioactivity of the Screened Inhibitor Compounds 
Lipinski in formulating the simple molecular properties of small molecules by "Rule of 5". It is more useful 
to distinguish between drug-likeness and non-drug likeness molecules33 the criteria state that the medication 
must have a molecular mass of 500 Dalton or less, high lipophilicity, Log of 5, bond donors of hydrogen 
of 5, bond acceptors of hydrogen of 10, and a molar refractive index of 40 to 13034, Like how the "rule of 
three" describes how fragment-based screening for lead detection works, the Rule of 3 also explains how 
fragment physicochemical characteristics work. The rule states that the medicine must have a lower 
molecular mass of 300 Dalton, three bond donors of hydrogen, three bond acceptors of hydrogen, and three 
rotatable bonds—or, in other words, all three of these components.30 For molecular editing and processing, 
Molinspiration offers a complete collection of cheminformatics software capabilities, including the ability 
to convert between SMILES and SD files, normalize molecules, and more. Moreover, accessible at 
https://www.molinspiration.com/cgibin/Properties. The bioactivity of screened compounds might be 
determined by adding the activity outputs of the components of these inhibitor substances. This yields a 
score for molecular activity (Active: >0, Moderate: -0.5 to 0, Inactive: -0.5). Molecules with the highest 
activity scores are more likely to be active. The chemical compounds' Ion channel modulation, kinase and 
protease inhibition, nuclear and 5G protein-coupled receptor (GPCR) ligands, and suppression of enzyme 
activity were some of the factors evaluated for the bioactivity score. The pharmacological activity of 
chemicals, which deals with the compounds' potential advantages in living things, is linked to their 
bioactivity.35, 36 

RESULTS AND DISCUSSION 
In this study, around 120 compounds were obtained which are mimics of the RdRp inhibitors such as 
Remdesivir, Favipiravir, Novobiocin, and Cortisone from the PubChem database by similarity search in 
their moieties. All these compounds were collected in SDF file formats and later hydrogen atoms were 
added to the compounds which could be well suitable for molecular docking with the RdRp enzyme. Earlier 
RdRp protein PDB file was collected and made for docking by removing an additional solvent molecule 
from its experimental crystallographic structure. 
 

Analysis of Molecular Docking Results 
The selected 120 inhibitor mimics were docked within the RdRp enzyme using Patchdock followed by the 
Firedock server with default parameters. Based on the high binding or docking score and least global energy 
about 50 compounds were screened for further binding mode analysis. About 20 inhibitor mimics screened 
based on the best binding mode and which were around 7 compounds screened when a hydrogen bond 
distance<4 Å in PhyMol software. The potential inhibitor mimics were reported in Table-1. The docking 
score of these seven mimics ID 54729448, 56832851, 134443512, 5745, 10631, 22662861, and 522831 
was about 6876, 6722, 6576, 5298, 4870, 3198, and 3166, respectively. When a receptor and ligand are 
docked, the docking score is used to estimate the binding affinities of both molecules 54729448, 56832851, 
and 134443512 were more binding affinity with the target RdRp protein. It might be the reason that the 
moieties of these three compounds share a common functional group such as methyl, keto, hydroxyl, and 
amide. The global energies of these seven mimics were about -51.78, -52.42, -52.9, -53.86, -41.92, -20.48, 
and -22.19 respectively. The compounds 5745, 56832851, and 134443512 exhibit low global binding 
energy which means that highly stable conformation towards the RdRp protein during the virtual interacting 
process (Table-1).  
 

Molecular Interaction Analysis 
The docked products, including binding residues, bond distances, and binding modes between the RdRp 
enzyme and the inhibitor chemicals, were analyzed using PyMOL. In order to determine the RdRp enzyme's 
structural orientation as a result of covalent inhibition, the distance between the cysteine sulphide and 
methyl functional group of the bounded compounds was measured at less than 4Å. The binding modes and 
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hydrogen bond networks were analyzed using Ligplot+ software. As shown in Table-1, the various binding 
modes of three compounds 134443512, 56832851, and 10631 were (S1, S2, and S3) respectively. Results 
showed that the three chemicals bind to the enzyme's active site in the x, y, and z directions, respectively. 
Similar to that the two compounds 54729448 and 5745 were (S2, S3) and (S1, S2) respectively because 
only the y-z and x-y directions of these two chemicals' relative orientations were aligned with the active 
site of the RdRp enzyme. The rest of the two compounds 22662861 and 522831 were in S1 mode only, this 
indicates that just the x-direction of these two chemicals' relative binding to the RdRp enzyme's active site 
was employed. The number of hydrogen bonds and bond lengths of these seven compounds 10631, 
134443512, 56832851, 5745, 22662861, 54729448, and 522831were 3, 2, 1, 1, 1, 0, and 0 with bond lengths 
(2.14, 3.12, 2.59),(1.93, 2.12), 2.72, 3.03, 3.72, 0 and 0 respectively. The compounds 56832851, 134443512 
and 5745 molecular interactions with specific side chains of RdRp protein can be seen in Fig.-1. 
 

Table-1: Rdrp Potential Inhibitor Compounds 

PubChem Compound/CID 
*Docking 

Score 
**Global 
Energy 

 
***Binding Modes 

†H-bonds; 
††Sn 

†††Bond 
Distances 

(Aº) 

56832851 
 

6722 
 

-52.42 
 

1; S1,S2,S3 
 

 
 
 
 

2.72 

 

134443512 
 

6576 
 

-52.9 
 

2; S1,S2,S3 

 
 

 
 

 
1.93, 
2.12   

 

 
22662861 

 

3198 
 

-20.48 
 

1; S1 

 
 
 
 
 

3.72  
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522831 

 

3166 
 

-22.19 
 

S1 

 
 
 
 
- 

 

 
54729448 

 

6876 
 

-51.78 
 

S2,S3 

 
 
 

 
- 

 

 
 

10631 
 

4870 
 

-41.92 
 

3; S1, S2, 
S3 

 
 
 
 

2.24,  
3.12,  
2.59  

 

 
5745 

 

5298 
 

-53.86 
 

1; S1,S2 

 
 
 

 
 

3.03  

*Docking Score: Binding Score obtained from Patchdock Server, **Global Energy: Binding Energy obtained from 
Firedock Server,, ***Binding Modes: The orientation of the molecule with relation to the enzyme active site, H-bonds: 
Between the compound's functional group and the active site residue, there is a hydrogen bond, ††Sn: Describe how 
the chemicals are interacting with the binding pockets, †††Bond Distances: The distance in Angstroms between the 
compound's functional group and active site residue (Aº). 
 

As shown in Fig.-2 the RdRp protein's side chains and the chemicals' functional groups interacted mostly 
through covalent bonds and H-bonds. In the case of the inhibitor compound 56832851, three covalent bonds 
occurred between methyl to amide groups of Trp187 (B), ketone to carboxyl groups of Glu 588 (A), 
carbonyl to carboxyl groups of Asp161 (B) and hydrogen bond formed between ketone to amide groups of 
Arg377 (A) with a bond length of 2.72A0.  
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Fig.-1: Intramolecular Interactions of Compounds (a) 56832851 

(b) 134443512 and c) 5745 with Residues of Chain A and chain B of Rdrp Protein. 
 

The similar interactions between a chemical and a protein's cleft location were found in 134443512, two 
hydrogen and one covalent bonds occurred between ketone, carbonyl, and ketone to the cleft residues of 
Arg377 (A), Asp161 (B), and Glu 588(A) with bond lengths of 1.93 A0, 2.12 A0. But in the case of the 
compound 5745, one hydrogen bond and one covalent interaction occurred with 3.03 A0 between ketone 
group to the side chain of Asn 387 (A) and ketone group to carboxyl group of the side chains of Thr367 
(A). The covalent inhibition of RdRp protein was more in the case of the compounds 56832851 and 
134443512 when compared to other compounds. Provides an overview of the intramolecular interactions 
of three substances with certain RdRp protein residues in Table-2. 
 
Molecular Properties and Bioactivity of the Screened Inhibitor Compounds 
According to the rule of Lipinski or rule of five otherwise known as (RO5), the drug molecule must have a 
molecular mass of 500 Dalton, LogP of 5, hydrogen bond donors of 5, acceptors of 10, and a molar 
refractivity of 40–130. As shown in Table-3, In the case of the inhibitor compound 56832851, molecular 
mass: 602.59 (>500), LogP:2.82(<5), bond donors of hydrogen :14 (>5), bond acceptors of hydrogen:5 
(<10), and molar refractivity between:150.43(>40-130). The number of violations occurred three, which 
implicated that the compound should have no more than one violation as per the statement of RO5. In the 
case of the inhibitor compound 134443512, molecular mass: 588.5 (>500), LogP:3.2 (<5), bond donors of 
hydrogen:13 (<5), hydrogen bond acceptors:5 (<10) and molar refractivity between:145.36(>40-130). 
The number of violations occurred two, which implicated that the compound should have no more than one 
violation as per the statement of RO5. In the case of the inhibitor compound 4745, molecular mass: 402.5 
(<500), LogP: 2.14(<5), hydrogen bond donors:6 (>5), bond acceptors of hydrogen:1 (<10), and molar 
refractivity between:106.3(40-130). A number of violations occurred one, of which implicated that the 
compound passed the RO5 and has drug likens properties. The rule of the tree has more stringent than the 
rule of five. According to the rule of three (RO3), The drug's molecule has to be smaller (less than 300 
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Dalton), have three hydrogen bonds (donors and acceptors), and have three rotatable bonds, or all three. 
However, compound 522831 only passed as per the criteria of the RO3. 
 

 
Fig.2: -Intramolecular Interactions of Compounds (a) 56832851 

(b) 134443512 and (c) 5745 with Specific Residues of Active site of Rdrp Protein 
 

Table-2: Relationships between Three Compounds and Certain Rdrp Residues Intramolecularly 
Compound. RdRp protein. Interaction Type 

/Bond Distance 
(A0) 

PubChem 
CID 

Functional 
Group 

Functional 
Group 

Chain/Number/Residue 

56832851 
C21 NE1  Trp187(B) Covalent  
O8 OE1  Glu 588(A) Covalent  
N6 OD1  Asp161(B) Covalent  
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O2 NH1  Arg377(A)  H-bond/2.72 

134443512 
O2 NH1  Arg377(A)  H-bond/1.93 
N6 OD1  Asp161(B) H-bond/ 2.12 
O8 OE1  Glu 588(A) Covalent  

5745 
O3 N  Asn387 (A)  H-bond/ 3.03 
O1 OG1  Thr367(A) Covalent  

 

Table-3: Molecular Properties and Bioactivity of the Compounds 
PubChem CID 56832851 134443512 22662861 522831 54729448 10631 5745 

Pharmacophore Properties of Compounds 
*miLogP 2.82 3.2 -0.14 1.01 3.7 3.34 2.14 
**TPSA 203.57 179.78 68.88 43.09 167.92 54.37 97.75 
***natoms 42 42 11 11 39 25 29 
#MW 602.59 588.5 159.09 157.12 543.57 344.5 402.49 
##noN 14 13 4 2 11 3 6 
†nOHNH 5 5 2 2 5 1 1 
ψnrotb 14 14 1 1 7 1 4 
ψ ψ Volume  523.04 528.44 115.86 124.18 479.79 343.35 373.71 
Molar Refractivity 150.43 145.36 30.4 34.45 142.83 100.02 106.31 
††Violation’s 3 2 0 0 2 0 1 

Bioactivity of Compounds 
***GPCR ligand 0.27 0.32 -0.22 -0.93 -0.06 -0.01 -0.13 
Modulator of Ion 
Chnnel 

-0.35 -0.3 0.25 -0.63 -0.45 -0.26 -0.25 

Kinase inhibitor 0.2 0.2 -0.17 -0.69 -0.37 -0.89 -1 
Nuclear receptor 
ligand 

-0.48 -0.42 -0.9 -1.24 -0.06 1.01 0.75 

Protease inhibitor 0.49 0.49 -0.28 -0.95 -0.12 -0.06 -0.13 
Enzyme inhibitor 0.38 0.44 -0.03 -0.47 0.22 0.54 0.43 

*miLogP : The molecule hydrophobicity is measured by the octanol-water partition coefficient. 
**TPSA: Total Polar Surface Area (A2): Molecular polar surface area (Square Angstroms (A2) ***natoms: Number 
of Atoms, ##noN: Number of Electron Donors, nOHNH: Number of Bonds, #MW: Molecular Weight acceptor’s, 

††violation’s: Number of Violation’s, ψnrotb: Number of Rotatable Bonds, ψ ψ Volume: Molecules' transport properties 
are determined by their molecular volume. (Cubic Angstroms (A3), ***GPCR ligand: G protein-coupled receptors 
 

Table-3 shows the bioactivity score activity (Active: >0, Moderate: -0.5 to 0, Inactive: -0.5) of the inhibitor 
compounds. The likelihood of being active is higher for molecules with the highest activity score. All three 
compounds 56832851, 134443512, and 5745 bioactivity scores were more than zero, for all three key 
parameters including Kinase inhibitor, Protease inhibitor, and Enzyme inhibitor. The Bioactivity score of 
all these three compounds was pharmacologically more active and represents the beneficial effects of 
compounds in living organisms. 

CONCLUSION 
In this investigation, we obtained 120 comparable Remdesivir, Favipiravir, Novobiocin, and cortisone 
inhibitors from PubChem and docked them utilizing the Patchdock/ Firedock server inside the RdRp 
enzyme. Seven compounds were screened based on binding affinity and binding mode analysis and further 
studied the covalent and hydrogen interaction networks using Ligplot+ software. Moreover, the pharmacore 
properties and bioactivity of the compounds analyzed with molinspiration cheminformatics software. In 
this study, we identified the compounds 56832851, 134443512, and 5745 have more binding affinity and 
mostly covalent/H-bonding interactions occurred with side chain residues Asp161 (B)-Trp187 (B)-
Thr367(A)-Arg377(A)-Asn387(A)-Glu588(A) of RdRp. We concluded that the compounds 56832851, 
134443512, and 5745 showed up more as a potential anti-COVID-19 action with binding affinity for RdRp, 
but more research is required. The study will be useful for the researchers in the screening of the natural 
and synthetic inhibitor compounds against SARS-CoV-2. 
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