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ABSTRACT 
 
The severe acute respiratory syndrome is a viral respiratory disease recognised as COVID-

19, caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Formerly, no 
precise remedies are available, and many studies regarding COVID-19 prevention and treatment 
are under development. Several targets for the design of drugs are identified, and studies are in 
headway to explore the potential target. RNA-dependent RNA polymerase (RdRp) protein 
identified as a promising target against SARS-CoV-2 infection for the drug design due to its 
significant role in viral replication. The present study focuses on identifying the binding effect 
of previously known RdRp inhibitors with RdRp of SARS-CoV-2 using molecular docking and 
molecular dynamics simulation approaches. Molecular docking and binding free energy 
calculations against RdRp enzyme identified suramin as a potential compound that showed the 
highest docking score of -7.83 Kcal/mole and binding energy of -80.83 Kcal/mole as a 
comparison to other compounds. Further, molecular dynamics simulation studies were moreover 
showed the stable binding behaviour of suramin docked complex in the protein active site. Thus, 
the study concludes that suramin might be helpful as a potential inhibitor against RNA-
dependent RNA polymerase of SRAS-CoV-2. However, further investigation is needed to 
assess the possible effect of inhibitors on RdRp through in vitro and in vivo experiments. 

 
Keywords: SARS-CoV-2; COVID-19; RNA-dependent RNA polymerase (RdRp); In silico; 
Molecular Docking 

 
 

INTRODUCTION 
 
The new viral pneumonia cases were identified at the end of 2019; according to World 

Health Organization, coronavirus diseases-19 (COVID-19) is caused by a coronavirus which 
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was named as 2019 novel coronavirus or “2019-nCoV” on January 12, 2020 [1]. Under 
international concern, WHO has termed it as ‘Pandemic’ and declared COVID-19 as the “sixth 
public health emergency” [2]. The origin of SARS  related outbreak was marked by typical or 
atypical pneumonia disease at china in 2003 [3]. SARS are closely related to MERS-CoV 
(Middle East Respiratory Syndrome Coronavirus) as they share the same origin, i.e., both are 
zoonotic viruses, and of their similar host's, i.e. vertebrates such as humans, bat/civet and 
dromedary, respectively. Many studies showed that the RNA viral genome of coronavirus is a 
causative source of SARS. Thus, the disease was termed COVID-19 by WHO. SARS-CoV-2 is 
lethal to the human race because of its secure transmission among the population. The person 
infected with coronavirus showed symptoms such as; respiratory symptoms, cough, fever, 
shortness of breath, loss of smell and dyspnea, which may lead to pneumonia, and even death 
[4]. According to the world health organization, the world is at a high risk of this disease spread. 
Till 4th April 2021, WHO has reported total 130,459,184 cases of positive cases in which 
4,038,292 are new cases emerged in last 7 days. It has confirmed 2,842,325 deaths worldwide in 
which 71,355 death cases are reported in the previous 7 days [5].  

The primary sources of SARS COVID-19 infection are animals, where transmission occurs 
from animal to humans, and then it spreads from human to human [6]. Different stages are 
classified amongst humans for transmitting this virus, such as interrupted transmissions, under 
investigation; imported cases only; local transmission, and community transmission. The 
transmission among the positive human patients shows different routes; the positive patients can 
be asymptomatic, pre-symptomatic and symptomatic [7]. The asymptomatic positive patients 
have a long incubation period within the humans where the carrier human is considered 
infectious, enabling transmission by respiratory droplets [8, 9]. Technically, people with the 
SARS-CoV-2 RNA virus are said to be positive. Coronaviruses are the largest group of 
positive-sense and single-stranded RNA viruses belonging to Nidovirales order, including 
Coronaviridae, Arteriviridae Roniviridae families [10]. Based on the phylogenetic clustering 
coronavirinae family segmented into four groups, the alpha, beta, gamma and delta 
coronaviruses, 2019-CoV belongs to a beta-coronavirus group [11]. According to cryo-electron 
microscopy and cryo-electron tomography studies, coronavirus is spherical shape with 
diameters of about 125 nm with club-like spike projections [12]. 

The coronavirus has a single-strand RNA genome that consists of a large conserved 30 Kb 
genome with three Open Reading Frames (ORFs) as ORF-1, ORF-2, and ORF-3, respectively 
[13, 14]. Structural genes in SARS-CoV-2 are encoded by the 3’end of RNA, it translate the 
four kinds of structural proteins such as: membrane (M), spike (S), nucleocapsid (N) and 
envelope (E), proteins. Spike (S) proteins contribute to the spike structures on the surface, act 
like fusion protein, and facilitate its attachment to the host cell receptors ACE2 [15-18]. 
Membrane (M) protein is the most abundant co-translationally inserted protein in the ER 
membrane and helps keep the virion structure intact [19]. The envelope (E) protein is 
responsible for the assembly and release of the virus [20]. Nucleocapsid (N) protein is present 
only in the nucleocapsid. As phosphorylation helps in RNA binding with another genomic RNA 
strand, this protein is found to be heavily phosphorylated, so it interacts with other protein 
domains present inside the virion and plays an significant role in subsequent packaging of  RNA 
viral genome as a viral particle [21]. 

The key for SARS-CoV-2 replication is RNA-dependent RNA polymerase (RdRp) encoded 
at ORF-1 at 3’end with non-structural protein named nsp-12, which is also termed pol protein 
significant role in the replication process. The shape of RdRp is described as a right hand with 
palm, fingers, thumb, and N-terminal domain, which interact with thumb and finger domains. It 
has a greatly conserved active site located on the palm domain with motif A, motif B, motif C 
and motif D. Motif E is present in thumb domain, and the remaining two, motif F and motif G 
are present in finger domain [22]. There is a highly conserved step chain reactions occurred by 
the RNA-dependent RNA polymerases for viral genomic replication. The whole chain reaction 
machinery provides an efficient RNA polymerization activity through RdRp, including the 
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proofreading and capping activities [23]. RdRp proved to be used as potential drug targets using 
various biochemical, cell line assays, proteomic and chemo-informatic analysis [24-27].  

However, many strategies were applied to the identification of potential drugs for SARS-
CoV-2. Here in the present study, we applied computational methods, namely molecular 
docking, MM-GBSA free energy calculation and molecular dynamics, to identify potential 
compound against the RdRp enzyme of COVID-19.  

 
 

MATERIALS AND METHODS 
 
Identification of Ligand: Based on the literature survey, we identify compounds that have 

potential antiviral effects (Supplementary Table 1). Further, compounds were sketched using 2d 
sketcher protocol, and Ligprep module was further used to prepare the ligands [28]. These 
optimized ligands were used for the computational studies.  

 
Protein preparation and active site identification: Molecular docking study was did with 

glide module of Schrödinger Maestro-2018-2 to identify the binding mode of prepared 
compounds with the crystal structure of RdRP (RNA dependent RNA polymerase) of COVID-
19 (PDB ID: 6M71) [29]. The crystal structure of the RdRp protein was refined, pre-processed, 
minimized and optimized by using the protein preparation wizard module of Schrödinger 
Maestro 2018–2. The prime module was used to fill the missing or lost loops and side chains in 
the protein structure. The water molecules in the active site were removed, and the structure was 
optimized and minimized using the OPLS3 force field [30]. Finally, the prepared crystal 
structure was used to identify active sites using site map module of  Schrödinger Maestro 2018-
2 [31]. Site map identifies the binding sites using parameters such as size, enclosure, site score, 
exposure score, hydrophobic or hydrophilic character, donor or acceptor and contact. The 
receptor grid generation tool was applied to generate the grid near the identified binding site. 
Finally, a docking study was performed in the generated grid using prepared ligands acquired 
from the ligprep module. After docking glide score of docked compound was used to predict the 
binding affinity and results were visualized by using glide XP visualizer. 

 
Binding free energy calculation (MM-GBSA): The binding free energy calculation is the 

widely used method in the computational drug designing process to envisage binding affinities 
in the protein-ligand complexes. MM-GBSA calculation was done by using the prime module 
of Schrodinger; in it, we input the pose viewer file of dock complex, and it provides an estimate 
of relative free energy of binding (∆G bind), which is calculated as given in the equation below: 
MM/GBSA ΔGbind= Gcomplex - Greceptor - Gligand Where Gcomplex - Greceptor - Gligand represent the free 
energy of complex, receptor and ligand [32]. 

 
Molecular dynamics simulation: Further, the molecular dynamics (MD) simulation study 

was performed using Gromacs software to estimate the stability of the suramin compound in the 
active site of the RdRp enzyme [33]. Initially, the docked conformation of suramin got by 
docking was applied as preliminary conformation for the molecular docking study. The RdRp 
protein topology parameter was created by using GROMOS9643a1force filed, the topology file 
of surmain was made by using the   PRODRG server [34]. Further, the complex was stayed in 
the cubic box with simple point charge (SPC216) water molecule and counter ions were added 
to neutralize the system. After neutralizing the solvated system, energy minimization was done 
firstly by steepest descent method followed by the conjugate gradient method to releasing the 
conflicting contact. Before the production run, the system (protein, counterions and ligands) was 
subjected to the position-restrained dynamics simulation (NVT and NPT) at 300 K for 100 ps to 
equilibrate the simulation system. The production run was performed for 50 ns simulation time 
at 300 K temperature and 1 bar pressure for 5,000 ps. Finally, after completing simulation, the 
trajectories were analysed for the simulation results. 
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RESULTS AND DISCUSSION 

 
COVID-19 cause by SARS-CoV-2, which belongs to a group of coronaviruses (CoVs) that 

infect humans [35, 36]. COVID-19 infections affect respiratory, digestive, liver, central nervous 
systems and patient with chronic disease [37]. The SARS-CoV-2 has a complex structure; many 
structural proteins are involved in virus entry into the host cells while non-structural proteins 
participate in the viral replication and into the suppression of the host immune system [4]. RNA-
dependent RNA polymerase is a non-structural protein of SARS-CoV-2, which has a key role in 
the virus life cycle, especially in the viral RNA replication into the host cell cytoplasm. Due to 
these features, RdRp is widely considered a significant target against SRAS-CoV-2, and we use 
it as a target in the present study. It is also reported that the polymerase of COVID-19 has an 
overall 80% to 97% identity with the SARS polymerase [38]. Thus, the study is based upon 
assessing previously reported polymerase inhibition drugs to assess their effect targeting RdRp 
for COVID-19 treatment. 

The selected inhibitors for the study are reported for in silico and in vitro RNA-dependent 
RNA polymerase inhibition within different RNA viruses. Site map tools are proved as a helpful 
tool for the identification of active sites, resulting in the generation of precise protein-ligand 
binding sites in the protein [39, 40]. The Dscore calculated by the site map provides an estimate 
of whether the site is druggable or not [41]. Thus, our calculated score showed that site1 showed 
the highest Dscore 1.043 (Best druggability score) (Table 1).  The volume of the site1 pocket is 
also found to be 594.762 Å. Thus, based on DScore, Volume, size and site score, which was 
highest for site1, we selected site1 as a druggable pocked and generated the grid around site1 to 
perform the docking study for RdRp enzyme. 
 

 Table 1: Binding site identified using site map module. 
No Site Site Score Size Dscore Volume 
1 Site 1 1.022 196 1.043 594.762 
2 Site 2 0.971 108 0.983 454.132 
3 Site 3 0.998 108 0.983 454.132 
4 Site 4 0.919 83 0.789 151.949 
5 Site 5 0.968 82 0.796 242.158 

 
 
The selected small molecules were docked on the generated grid, which was predicted on 

the S1 binding site of RNA-dependent RNA polymerase to predict their potential against the 
target enzyme. The obtained results after the docking study were shown in Table 2, and their 2d 
interaction was shown in Figure 1. The results showed that the Glide score for all docked 
ligands was found to be in the range between -3.31 Kcal/mole to -7.83 Kcal/mole. The docking 
analysis showed that inhibition potential of sixteen compounds, ranked by glide score form high 
to low (ΔG) were found to be in the order; Suramin>5-Niro Cytidine triphosphate > F023 > 
Dihydropyrone Compound 53 > Ribavirin > NIC 04 > JTK 109 > Benzothiadiazines Compound 
36>7-Deaza-2'-C-methyladenosine > Viramidine > 2-C-Methylcytidine > NIC 02 > Favipiravir 
> Meconic Acid > Baloxavir marboxil > PPNDS. Thus, according to the docking study, we 
identify suramin showed the best potential against RdRp enzyme compared to the other selected 
compounds. Suramin showed hydrogen bonding interaction with Thr-394, Arg-249, Ser-151, 
Thr-148 amino acid residues and π-π stacking interaction with Tyr-149 amino acid residues. 
Suramin was also found to be formed a salt bridge with Arg-249, Thr-394 and Lys-391 amino 
acid residues. The docking energies and interaction residues formed by the other selected 
compounds were shown in Table 2 and Figure 2 

Further, MM-GBSA binding energies were calculated for all the docked complexes to 
estimate the relative binding affinities (ΔG binding energy) of all the docked compounds by 
using the prime module. The obtained results infer that MM-GBSA binding energies were found 
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to be in the range of -4.19 kcal/mole to -80.83 kcal/mole. Suramin, which was found as potential 
compounds with the highest docking score -7.83 kcal/mole with protein RNA-dependent RNA 
polymerase, showed the highest binding energy -80.83 kcal/mol.  

 

 
Figure 1: Docking pose analysis visualization of compounds: 2-C-Methylcytidine (A), 5-Niro 
Cytidine triphosphate (B), 7-Deaza-2'-C-methyladenosine (C), Baloxavir marboxil (D), 
Benzothiadiazines Compound 36 (E), Dihydropyrone Compound 53 (F), Favipiravir (G), JTK 109 
(H), Meconic Acid (I), NF023 (J), NIC 02 (K), NIC 04 (L), PPNDS (M), Ribavirin (N), Suramin 
(O), Viramidine (P). 
 
Further, Molecular dynamics (MD) simulation study was done to evaluate the stability of 

suramin in the active site of the RdRp enzyme. The MD simulation study is widely used in 
computational drug designing to predict the stability of any drug molecule in the protein active 
site during the simulation time. The 30 ns simulation time was enough for the side-chain 
rearrangement and to gain the stable conformation of ligand in the protein's active site. After the 
production runs, the residual fluctuation in the protein and the stability of the docked complex 
was evaluated by using the root mean square fluctuation (RMSD) protocol (Fig. 2). The RMSD 
plot inferred that initially up to the 30 ns time scale, the fluctuation behaviour in the protein 
backbone and suramin dock complex was identified, and after this time scale, the RMSD graph 
showed stable behaviour with lesser fluctuations and was found to be in the acceptable region. 
Further, comparing the RMSD behaviour of RdRp protein and suramin, we found that suramin 
showed similar stable behaviour like the RdRp protein.  
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Table 2: Docking results of the different compounds with RdRp enzyme of COVID-19 
No. Compound 

Name 
Glide 
Score 

MM-GBSA 
(dG Binding 
Energy) 

                                           Interacting Residues 
Hydrophobic 
Interaction 

Polar Interaction Hydrogen 
Bond 

Pi-Pi 
Stacking 

Pi 
Cation 

1 2-C-
Methylcytidine 

-5.04 -23.34 Pro-323, Cys-395, Phe-
396, Leu-460, Pro-461, 
Tyr-453, Val-675, Pro-
677 

Asn -59, Asn-628, 
Ser-664 

Phe-396, 
Val-675 

  

2 5-Niro Cytidine 
triphosphate 

-6.69 -21.1 Leu-172, Cys-395, Phe-
396, Tyr-456, Leu-460, 
Pro-461, Val-675, Pro-
677 

Thr-349, Asn,-
459, Ser-664 

Arg-249, 
Phe-396, 
Asn-459 

  

3 7-Deaza-2'-C-
methyladenosin
e 

-5.09 -36.29 Tyr-265, Ile-266, Trp-
268, Leu-270, Val-320, 
Phe-321, Pro-322, Pro-
323 

Ser-255, Thr-319, Lys-267, 
Trp-268, 
Thr-319 

  

4 Baloxavir 
marboxil 

-3.75 -45.11 Leu-172, Leu-247, Phe-
321, Pro-323, Phe-326, 
Cys-395, Phe-396, Leu-
460, Pro-461, Pro-677 

Thr-246, Ser-318, 
Thr-319, Thr-394, 
Asn-459, Thr-
462, Asn-791 

Arg-249  Arg-349 

5 Benzothiadiazin
es Compound 
36 

-5.16 -42.75 Tyr-265, Ile-266, Trp-
268, Val-320, Phe-321, 
Pro-322, Pro-323, Leu-
460, Pro-461, 

Thr-246, Thr-252, 
Ser-255, Thr-319 

Thr-319   

6 Dihydropyrone 
Compound 53 

-5.77 -41.82 Phe-321, Pro-322, Pro-
323, Phe-326, Cys-395, 
Phe-396, Tyr-453, Leu-
460, Pro-461, Val-675, 
Pro-677  

Ser-318, Thr-319, 
Thr-394 

Ser-318, 
Phe-321, 
Phe-396, 
Val-675 

 Ar-349 

7 Favipiravir -3.94 -10.20 Leu-172, Leu-247, Leu-
460, Pro-461 

Thr-246, Thr-319, 
Thr-462, Asn-791 

Arg-249, 
Pro-461, 
Asn-791 

  

8 JTK 109 -5.19 -50.49 Leu-251, Tyr-265, Val-
320, Phe-321, Pro-322, 
Pro-323, Cys-395, Tyr-
456,  Leu-460, Pro-461, 
Pro-677 

Thr-246, Thr-252, 
Ser-255, Ser-318, 
Thr-319, Thr-394, 
Asn-459 

Lys-267   

9 Meconic Acid -3.9 -4.19 Val-315, Leu-460, Pro-
461, Pro-677 

Ser-318, Thr-319, 
Thr-462, Asn-
459, Asn-628 

Arg-349, 
Asn-628 

  

10 NF023 -6.06 -51.70 Tyr A-265, Ile A-266, Trp 
A-268, Val A-320, Phe A-
321, Pro A-322, Pro A-
323, Cys A-395, Phe A-
396, Pro A-461, Val A-
675, Pro A-677, Leu B-
122, Tyr B-149, Ala B-
150 

Thr A-252, Ser A-
255, Ser A-318, 
Thr A-319, Thr 
A-324, Thr A-
349, Asn A-628, 
Ser B-151 

Phe A-
396, Ala 
B-150, Ser 
B-151  

 ArgA-
349 

11 NIC 02 -4.62 -51.98 Leu-251, Tyr-265, Ile-
266, Trp-268, Val-320, 
Phe-321, Pro-322, Leu-
460, Pro-461, 

Thr-246, Thr-252, 
Ser-255, Thr-319 

   

12 NIC 04 -5.46 -48.67 Leu-251, Tyr-265, Ile-
266, Trp-268, Val-320, 
Phe-321, Pro-322, Pro-
323, Leu-460, Pro-461 

Thr-246, Ser-255, 
Ser-318, Thr-319 

Phe-321   

13 PPNDS -3.31 -25.58 Leu-251, Tyr-265, Ile-
266, Trp-268, Leu-270, 
Val-320, Phe-321, Pro-
322, Pro-323, Phe-326, 
Phe-396, Pro-461, 

Thr-252, Ser-255, 
Ser-318, Thr-319, 
Thr-324 

Phe-321   

14 Ribavirin -5.61 -23.27 Val-315, Cys-395, Phe-
396, Leu-460, Pro-461, 
Pro-627, Val-675, Pro-
677 

Asn-459, Asn-628 Glu-350, 
Asn-459 

  

15 Suramin -7.83 -80.21 Pro A-169, Tyr A-265, 
IleA-266, Trp A-268, Leu 
A-270, Phe A-321, Pro A-
322, Pro A-323, Thr A-
324, Leu A-389, Cys A-
395, Phe A-396, Leu A-
460, Pro A-461, Pro A-
677, Leu B-122, Tyr B-
149, Ala B-150 

Ser A-255, Thr A-
319, Thr A-349, 
Thr B-148, Ser B-
151 

Arg A-
249, Thr 
A-394, 
Ser B-151, 
Thr B-148 

Tyr B-
149 

 

16 Viramidine -5.07 -28.20 Val-320, Phe-321, Pro-
322, Pro-323, Phe-326, 
Cys-395, Phe-396, Pro-
461, Val-675, Pro-677 

Ser-318, Thr-319 Phe-321, 
Arg-349, 
Phe-396, 
Val-675 
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This stable behaviour of suramin showed that it was stabled in the active site of RdRp. The 
docking result of all the selected compound suramin was also confirmed the maximum negative 
dock score of -7.83 Kcal/mol. Similarly, the MM/GBSA binding energy of suramin was also 
found to be a maximum -80.21 Kcal/mol compared to the others. 

 

 
Figure 2: (A) 2-D docked pose interaction diagrammed of suramin (B) 3-D docked pose interaction 
diagrammed of suramin (Magenta colour) with RdRp enzyme. 
 
 

 
Figure 3: RMSD fluctuation of RdRp protein (Black) and suramin (Red) compound during 50 ns MD 
simulation. 

 
 
Our comprehensive study is based on the structure-based computational analysis to predict 

the interaction between RNA-dependent RNA polymerase of SARS-CoV-2 with different 
identified antiviral drugs. This target is the key player for viral replication and transcription of 
SARS-CoV-2. Currently, specific treatment for SARS-CoV-2 has not been reported despite 
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ardent efforts. Thus, the use of the existing drug and conventional drugs are need for the present 
scenario to identify the potential drug against SARS-CoV-2. Although, some drugs are under 
clinical trials, and some are FDA approved, including Remdesivir (GS-5734) [26, 42, 43] . The 
computational approach is widely used to identify a potential drug molecule and open new 
possibilities for drug screening and development of COVID-19 treatment. Thus, the self-
prepared library of potential antiviral compounds is made and docked in the target to identify 
the binding potential against the RdRp enzyme. We found that suramin showed its highest 
docking score (7.83 Kcal/mol) and binding energy (-80.21 Kcal/mol) compared to the other 
antiviral compounds from the proposed computational study. The RMSD trajectory of suramin 
was also found to be stable in the simulation period. Thus, this study concludes that suramin, 
which is widely used as an anticancer drug and reverse transcriptase inhibitor, showed their 
potential against the RdRp enzyme of SARS-CoV-2.  
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