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Introduction 

Coronavirus Disease 2019 (COVID-19), causes by a strain of 
coronavirus is a highly transmissible disease that belongs to the family 
of Coronaviridae in the Nidovirales order. It has been named 
‘Coronavirus’ due to the presence of crown like spikes on the outer 
surface of thevirus. Previously, symptoms such as acute lung injury & 
acute respiratory distress syndrome (ARDS) used to result in due to the 
presence of severe acute respiratory syndrome coronavirus (SARS- 
CoV), H5N1 influenza A, H1N1 2009 and Middle East respiratory 
syndrome coronavirus (MERS-CoV), leading to pulmonary failure & 
results in fatality. Symptoms such as respiratory and intestinal 
infections were not considered to be pathogenic [1]. 

It was thought to infect only animals before experiencing the 
outbreak of SARS-CoV, back in 2002, in Guangdong, China. In most 
of the cases, coronavirus transmitted before that time caused mild 
infections in immunocompetent people [1]. The virus  was  also 
detected as a beta coronavirus group as it exhibited pneumonia 
symptoms with diffused alveolar injury. Decade later, MERS-CoV 
emerged in Middle Eastern countries, becomes epidemic in the region. 
A couple of Saudi Arabian nationals were detected to be infected by it. 
WHO reported that MERS-CoV infected more than 2428 individuals 
and 838 deaths. The infection of this virus initiated from the mild upper 
respiratory injury, as the progression leads to severe respiratory 
disease. Similarities with the SARS-Coronavirus is that MERS 
infected patients suffer from pneumonia, followed by ARDS and renal 
failure. Both SARS-CoV & MERS-CoV have been detected as a 
Coronavirus. At the end of 2019, WHO got information about several 
cases of pneumonia having unfamiliar symptoms, which was identified 
as the symptoms of novel coronavirus. Also, Chinese Center for 
Disease Control & Prevention and Wuhan city health authorities 
reported outbreak of pneumonia with unknown cause back in 31st 
December, 2019 [2]. 

One of the emerging business town of China, known as Wuhan, 
experienced the outbreak of this virus, killed almost 3000 people in 
China. Chinese researchers named the virus  as  2019-nCoV,  which is 
thought to be initiated from the Hunan seafood market in the Wuhan 
city of China, killed more than 1800 and infected over seventy thousand 
individuals within the first fifty days of epidemic. This report represents 
the spreading ability of the virus. SARS-CoV-2 was named by The 
International Taxonomy of Virus (ICTV) as well named the disease as 
COVID-19. Mortality rate is also higher, as SARS-CoV infected more 
than 215 countries, whereas novel coronavirus infected more than over 
16.7 Million with the death toll over 661 Thousand [3]. This statistics 
showed that transmission rate is higher in SARS- CoV-2 compared to 
SARS-CoV. Many factors can be responsible for the speedy 
transmission of SARS-CoV-2 including S protein having genetic 
recombination in the RBD region of SARS-CoV-2, enhancing the 
transmission ability of SARS-CoV-2 [4]. 

Source of Transmission 

In 2001, samples were collected from some individuals in Hong 
Kong. According to their molecular assessment, 2.5% frequency rate 
of antibodies were found against SARS-Coronavirus. These suggested 
the existence of SARS Coronavirus in human being before finally 
being identified in 2003. Later on, source of replication was found 
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Abstract 

Background: Coronavirus Disease 2019 (COVID 19) is a disease 

caused by Sars-Cov-2 virus which has been announced as a 

pandemic and a global emergency health concern by WHO. It has 

already affected millions of people across the world. A lot of people 

have succumbed to this virus as well. The virus was originated in  a 

small town of China (Wuhan) in December, 2019 and spread 

throughout the world very fast. A number of research works have 

been conducted to find an effective treatment for this deadly 

disease. The invention of a medicine through the conventional way 

against a virus is huge time consuming and extravagantly costly. 

Therefore, we have conducted a molecular docking study with a 

number of existing antiviral drugs available in the market for the 

treatment of different viral diseases, two vitamins (Vitamin C and 

D) and phytochemical components (Thymoquinone and Carvacrol, 

two major constituents of Nigella sativa) in search of an effective 

inhibitor of RNA dependent RNA polymerase enzyme of Sars-Cov-2 

virus. 

Materials and Methods: Molecular docking was conducted using 

the software Autodock Vina which is available in the MGLtools 

website. We also analyzed the amino acid interactions of the ligands 

by using Discovery Studio. 

Results & Conclusion: Out of 20 ligands we sorted out Paritaprevir, 

Elvitegravir, Ledipasvir, Ribavirin and Favipiravir as top five ligands 

based on the binding affinity, ( -9.7, -6.5, -9.4, -5.8 and -5.8 KJ/ 

mol respectively) RMSD values (2.19, 2.05, 2.24, 1.93 and 2.14 

respectively) and amino acid interaction patterns (all five ligands 

possessed considerable number of interactions with hydrophobic 

and hydrogen bonds without any unfavorable bumps) to suggest for 

further study in pursuit of finding an inhibitor of RNA dependent RNA 

polymerase enzyme of Sars-Cov-2 virus. 
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as Rhinolophus bats having anti-SARS-CoV antibodies. It was then 
considered as the source of replication. In case of MERS-Coronavirus, 
camels were found as a primary host. In recent studies, this MERS- 
Coronavirus have also been detected in two types of bats: Pipistrellus 
and Perimyotis, suggesting that bats are the key host and transmitting 
medium of the virus[4]. 

Clinical Features of COVID-19 

Some of the transmission analysis report suggests that fever and 
respiratory symptoms appeared 3-7 days after exposure to the virus 
along with the symptoms of dry cough and fatigue. In rare cases, nasal 
congestion, rhinorrhea, sore throat & myalgia were noticed. Other 
symptoms like palpitation, diarrhea or headache were also noticed 
[2]. 

Virology of SARS-CoV-2 

Coronavirus are enveloped virus with a positive single stranded 
RNA genome. It has a size range of 65-125 mm in diameter and 
contains a single-stranded RNA as a nucleic material, ranging the 
size from 26-32 kbs in length. Identified subgroups of Coronavirus 
include: α, β, γ, δ with human coronavirus being detected in the α 
Coronavirus (HCoV-229E and NL63) & β Coronavirus (MERS-CoV, 
SARS-CoV, HCoV-OC43 and HCoV-HKU1). It was found to be the 
member of β group of coronavirus. Further analysis of homologous 
recombination reveals that receptor binding spike glycoprotein of 
novel coronavirus has been developed from the SARS-CoV and an 
unknown beta-CoV. It has been found that all coronavirus contains 
specific genes in ORF1 downstream regions, encoding protein for 
viral replication. Spikes made of glycoprotein, located on the outer 
surface are mainly responsible for the attachment and entry of the 
virus to host cells. Due to the presence of receptor binding domain 
(RBD), which are loosely attached among virus, infects the multiple 
hosts. Other coronavirus mainly recognizes aminopeptidases or 
carbohydrates as a main receptor, act as the entrance inside the human 
cell, whereas SARS-CoV & MERS-CoV recognizes exopeptidases. [5]. 
Entrance mechanism of coronavirus mainly depends upon different 
cellular proteases including human airway trypsin like protease 
(HAT), cathepsins & transmembrane protease serine 2 (TMPRSS2), 
acts to split spike proteins, establish changes in penetration pattern 
[6,7]. For the activity, MERS-Coronavirus requires Dipeptidyl 
Peptidase 4 enzyme (DPP-4), as the receptor binding S1 protein of 
the MERS-CoV spike protein occupied with DPP4, mainly being 
lysated from susceptible Huh-7 cells. Also, MERS-CoV binds to 
the DPP4 from multiple species promoting the transmission to 
humans & other species. As a receptor, SARS-coronavirus requires 
Angiotensin-converting enzyme (ACE2). Besides having spike 
protein, SARS-CoV-2 also have other polyproteins, nucleoproteins 
& membrane proteins, including RNA polymerase, 3-chymotrypsin- 
like protease, papain-like-protease, helicase, glycoprotein as well as 
accessory proteins. Van der Waals force being maintained as the 
spike protein of SARS-CoV-2 contains 3D structure in the RBD 
region [4]. Besides this, two-thirds of the RNA of corona virus have 
encoded viral polymerase, RNA synthesis materials and two large 
nonstructural proteins, not playing the role as a host response 
modulation. SARS- CoV & MERS-CoV contains two polyproteins 
known as pp1a & pp1ab. Pp1ab produces 15 non-structural proteins 
(nsp1-nsp10 and nsp12-nsp16). Despite the mechanism is not being 
fully understood, np3 plays the role in auto proteolytic cleavage, 
whereas nsp12 plays its role in RNA-dependent RNA-polymerase 
[8,9]. The role of non- structural proteins is to rearrange membranes, 
which is originated 

from the rough ER, gets converted into double membrane vesicles, 
which is the source of viral replication & transcription [4]. Adaptation 
to the human host occurs when genome encoding occurs inside the 
cell, facilitates gene expression & encodes useful accessory proteins 
[10]. 

Coronavirus Entry & Replication 

Coronavirus S protein plays an important role of determining virus 
entry into the cell [11]. The envelope spike glycoprotein binds to 
ACE2 receptor for SARS-CoV & SARS-CoV-2 [12] CD209L for 
SARS-CoV, DPP-4 for MERS-CoV. Direct membrane fusion between 
the virus & plasma membrane allows the entry of SARS-CoV-2 into 
cells. Also, critical proteolytic cleavage event occurred at S protein of 
SARS-CoV-2 at S2’ position, lets to the mediation of membrane fusion 
& viral infectivity. MERS-CoV evolved with the membrane fusion 
which requires abnormal two step furin activation [13]. Viral RNA 
genome is released into the cytoplasm after the virus enters the cell 
and gets translated into two polyproteins & structural proteins, after 
which replication of viral genome started [14]. Also, series of process 
occurs as the newly formed envelope glycoproteins are inserted into 
the membrane of the ER/ Golgi, combination of genomic RNA & 
nucleocapsid protein helps to form nucleocapsid & viral particles 
germinated into the ER-Golgi intermediate compartment (ERGIC). 
Then the virus gets released as the vesicles containing the virus 
particles fused with the plasma membrane [15,16]. 

Presentation of Antigen in Coronavirus Infection 

After virus enters the cell, antigen is presented to the antigen 
presenting cells (APC), acting as a central part of the body’s anti-viral 
immunity. Despite having lack of report about it, some information 
from previous report researches on SARS-CoV & MERS-CoV have 
shown that the antigen presentation of SARS-CoV mainly depends on 
MHC I molecules [17], MHC II also plays role in the presentation. 
Previous reports have also shown relation between HLA polymorphs 
and the susceptibility of SARS-CoV, such as HLA-B*4601, HLA- 
B*0703, HLA-DR B1*1202 and HLA-Cw*0801, whereas the HLA- 
DR0301, HLA-Cw1502 and HLA-A*0201 alleles play the role of 
protection against SARS infection[18]. MHC-II molecules, in case of 
MERS-CoV infection, such as HLA-DRB1*11:01 and HLA- 
DQB1*02:0 represents the susceptibility characteristics of MERS- 
CoV infection[19,20]. Besides, Mannose binding lectin (MBL) plays 
role to the risk of SARS-CoV infection. [20]. All these studies give us 
idea about the prevention, treatment & the mechanism of SARS-CoV 
[15]. 

Humoral & Cellular Immunity 

Body’s humoral and cellular immunity gets stimulated due to the 
presence of antigen, which is being mediated by the virus specific B &  T 
cells. Antibody profile of SARS-CoV has the same pattern of IgM    & 
IgG production, which is similar to common acute viral infections. The 
SARS-specific IgE antibody disappeared by 12 weeks, whereas  IgG 
antibody lasts for a long  time,  indicating  that  IgG  antibody  plays 
protective role [21]. These SARS-specific IgG antibodies are primarily S-
specific & N-specific antibodies [22]. Latest report shows that number of 
CD4+ and CD8+ T cells in the peripheral blood of SARS-CoV-2 infected 
patients have been significantly reduced, despite having excess activation. 
The response in the acute phase of SARS-CoV patient depends on the 
decrease of CD4+ and CD8+ cells. CD4+ and CD8+ memory T cells can 
survive for at least 4 years in case of SARS-CoV recovered individual 
even without the presence 
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of antigen. Also, it performs T cell proliferation, DTH response and 
IFN-Gamma production [23]. Even after 6 years of SARS-CoV 
infection, specific T cell memory responds to the SARS-CoV due to 
the presence of S peptide library in case of 14 of 23 recovered SARS 
patients [15,24]. 

Cytokine storm in COVID-19 

Acute respiratory distress syndrome (ARDS) is the common 
immune pathological happening for SARS-CoV, SARS-CoV-2 & 
MERS-CoV infections [25]. One of the main mechanisms of Acute 
respiratory distress syndrome (ARDS) is the cytokine storm, which 
results in severe inflammatory response due to the presence of 
immune effector cells. This immune effector cells helps to release 
large amounts of pro-inflammatory cytokines & chemokines in case 
of SARS-CoV infection [26]. Attack of the cytokine storm leads to 
ARDS & multiple organ failure, causing death in severe cases of 
SARS-CoV-2 infection[15,25]. 

Coronavirus Immune Evasion 

In order to survive, SARS-CoV & MERS-CoV induces the production 
of pattern recognition receptors known as PRRs by avoiding host detection 
of their dsRNA [27,28]. These PRR helps to recognize pathogen 
associated molecular pattern, known as PAMPs. Recognized by pattern 
recognition receptors (PRRs). SARS-CoV & MERS-CoV can induce the 
production of double membrane vesicle that lacks PRRs, then replicate in 
these vesicles. IFN-1 shows protective effect against SARS-CoV & 
MERS-CoV, but by activating MDA5, accessory protein 4a of MERS-
CoV blocks the induction of IFN by directly interacting with the double 
stranded RNA [29].  ORF4a, ORF4b, ORF5, and membrane proteins of 
MERS-CoV also inhibits    the nuclear transport of IFN regulatory factor 
3 and activation of TFN- Beta promoter [30]. Therefore, destroying 
immune evasion causes hamper in the treatment & drug development of 
SARS-CoV-2[15]. Black seed, scientifically known as ‘Nigella 
Sativa’ has been used as an effective treatment option in various kinds 
of diseases especially in Islamic traditional medicine. There are a lot of 
scientific articles which has proved earlier that Black seed has 
Immunomodulatory, antiviral and anti-inflammatory effects. Besides, it 
also protects the lung tissue. For all of these reasons, we have selected 
this plant for our project. Nigella seed and oil contains  many  kinds  of  
ingredients.   Among all the constituents, we have chosen Thymoquinone 
and Carvacrol which accounts (30-48%) and (6-12%) of ingredients 
respectively. Thymoquinone has known to exert its’ anti-inflammatory 
effects by inhibiting TNF-alpha. [31] There are some evidences that 
nutritional interventions such as vitamin and minerals can be considered 
as a potential treatment for COVID-19. Ascorbic acid has powerful anti 
inflammatory and antioxidant properties, which can be proved very 
effective for this disease. For this reason, we have chosen Vitamin C 
(Ascorbic acid) as an option.  Vitamin D3 (Cholecalciferol) plays a key 
role in the immunity. If the immune system is strong and well functioning, 
we hypothesize that any type of viral infection can be prevented and cured. 
So, for this reason we have chosen this for our study. 

Sars-Cov-2 pandemic is an emergence situation globally which 
has already infected millions of people and taken a lot of lives. The 
world needs an effective medicine for the treatment of COVID 19 
caused by this novel corona virus. Invention of a new medicine is quite 
long time consuming and cost inefficient. There are a lot of antiviral 
drugs available in the market for the treatment of different viral 
diseases. We picked 16 of those for our molecular docking study 

against the main enzyme RNA dependent RNA polymerase of Sars- 
Cov-2 which is responsible for the viral replication in the host cells. 
After evaluating some performance parameters, we will recommend 
couple of molecules for further study in search of an inhibitor of Sars- 
Cov-2 for the treatment of COVID 19. Further study with already 
available medicines will save time and money altogether to discover a 
new treatment. 

Materials and Methods 

To find the effective drug against SARS-COV-2, 3D structure   of 
the SARS-COV-2 RDRP (RNA Dependent RNA Polymerase) is 
needed. All the selected ligands structure were downloaded from the 
PubChem database. For this purpose, the structure of the protein is 
obtained from Protein Data Bank (RCSB PDB). 

Data Collection 

Protein Data Bank (RCSB PDB) was used for the collection of the 
structure of SARS-COV-2 RDRP. The structure of the SARS-COV-2 
RNA Dependent RNA Polymerase (6m71) was downloaded from this 
database. 

Validation of the Structure 

We have validated the structure by using Ramachandran plot 
which is available at the RAMPAGE webserver. 

Pocket Formation 

In order to find a suitable pocket, CASTp webserver was used 
to determine pockets and their specific dimensions. For the docking 
process, we selected the largest pocket of the protein as it is 
considered as the best binding site of a ligand according to the rule 
of thumb. 

Molecular Docking 

Molecular docking was conducted using the software Auto dock 
Vina which is freely available in the MGL tools website [32-37]. 

Result 

In this section, all the results obtained from each step mentioned 
in the previous section are shown in the respective manner as 
presented in methodology. 

PDB Structure of the SARS-COV-2 RNA Dependent RNA 
Polymerase (RDRP) 

The PDB structure of the SARS-COV-2 RDRP was obtained from 
the Protein Data Bank (Figure 1). 

Validation by Ramachandran Plot 

In the Ramachandran plot, it has been shown that the number 
of residues in favored region was 96.8%, which is well above the 
standard range. So, we can easily assume that the structure is truly 
validated (Figure 2). 

Docking 

When the selected molecules were docked with the crystal 
structure of the SARS-COV-2 RDRP, it produced 10 conformations 
for each ligand (Figures 3). The docking process resulted with 
specific binding affinities and RMSD values of the ligands. After the 
docking process, we compared all the selected ligands binding 
affinities with each other. Finally, we discovered that Remdesivir 
is the best candidate against SARS-COV-2 RDRP (Figures 4 - 10). 
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Figure 1: SARS-COV-2 RDRP. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

Figure 2: Ramachandran plot for the Validation of the Protein. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
Figure 3: Largest Pocket of the SARS-COV-2 RDRP. 
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Discussion 

Molecular docking study was performed against RNA dependent 
RNA polymerase (RDRP) enzyme of Sars-Cov-2 virus with a group of 
20 ligands that included 16 currently available antiviral drugs used in 
different viral diseases, 2 vitamins and 2 phytochemical components. 
We studied binding affinity using auto dock vina and analyzed amino 
acid interactions of ligands with the protein using discovery studio. 
Before putting the ligands on autodock vina, we prepared the ligands 

adding protons and charges using UCF Chimera. The Sars-Cov-2 
RDRP protein was also evaluated by using Ramachandran plot. The 
parameters we considered in evaluating the docking performance are 
docking scores, RMSD values and amino acid interactions between 
ligand and protein. 

Docking score: Docking scoring is used to evaluate which of the 
conformations of a ligand possess the best complement to the protein 
binding site. A well docked complex yields more negative docking 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 4: Docked complex structure of Elvitegravir. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 7: Docked complex structure of Ledipasvir. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 5: Docked complex structure of Favipiravir. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 8: Docked complex structure of Paritaprevir. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 6: Docked complex structure of Imiquimod. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 9: Docked complex structure of Paritaprevir. 
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score than a poorly docked complex. Docking scores between the 
ligands and Sars-Cov-2 RDRP virus were generated by Auto dock 
vina. 

RMSD value: Root-mean-square deviation (RMSD) can be 
defined as the average distance between the atoms of structures those 
are superimposed on one another. RMSD value is one of recognized 
parameters to evaluate the performance of molecular docking. The 
docking accuracy is primarily deemed based on RMSD value of the 
atoms of a ligand in the docked pose with protein from the atoms 
of the crystal structure. A lower RSMD value indicates that the 
conformation is more stable than conformations those have higher 
RMSD value. A RMSD value (upper bound) with less than 2.0Å is 
recommended. In regards docking accuracy, a RMSD value (upper 
bound) between 1.0-3.0 Å between a docked and X-ray pose is 
usually considered as a successful docking. The generation of a good 
RMSD value depends on the rotatable bonds in ligands. The desired 
RMSD values of less than 2.0 Å mainly results when there are two 
to six rotatable bonds present in a ligand. The more the number of 
rotatable bonds present the higher the RMSD value results. In cross 
docking experiments, when a ligand is docked with an apo structure 
of a protein, the main position of the ligand is usually incurred by 
superimposing structures of holo and apo protein. This alignment can 
be influenced by the differences between the poses of the holo and 
apo proteins and also by the group of atoms used for the 
superposition. Therefore, RMSD value (upper bound) may be little 
higher than the recommended value in cross docking experiments. 

Therefore, we relaxed the cutoff RMSD value (upper bound) to 
2.5Å to evaluate the performance of our docking. We considered the 
lowest RMSD value (upper bound) to the standard among all the 
poses for each and every ligand [Table 1]. Then we picked up top 10 
ligands those have RMSD values(upper bound) less than 
2.5Å[Table 2]. 

Amino acid interactions: Analysis of amino acid interaction is 
an important parameter in evaluating the performance of molecular 
docking. A good number of hydrophobic interactions e.g Vander 
waals and hydrogen bond interactions stabilize the complex between 
protein and a ligand. The presence of hydrogen bonds in protein- 
ligand interaction plays important role to yield a good binding 
affinity. We studied the amino acid interaction in our molecular 
docking using discovery studio. We again sorted out 7 ligands from 
Table 2 depending upon amino acid interaction patterns [Table 3]. 
Among all 20 ligands we sorted out Boceprevir, Elvitegravir, 
Favipiravir, 

Imiquimod, Ledipasvir, Paritaprevir, Ribavirin, Sofosbuvir, Tenofovir 
Alafenamide and Cholecalciferol in first screening because these 
ligands possessed RMSD value less than 2.5 Å [Table 2]. Amongst 
the selected 11 ligands, Paritaprevir and Ledipasvir yielded two best 
binding affinities of -9.7 and 9.4 KJ/mol with RMSD value of 2.19 
and 2.24 Å respectively. Boceprevir presented a docking score of 
-7.4 KJ/mol along with a good RMSD value of 2.05 Å. Elvitegravir 
demonstrated similar kind of result like Boceprevir with a docking 
score of -6.5 KJ/mol and RMSD value of 2.05 Å. Ribavirin possessed 
the best RMSD value of 1.93 Å among the selected 11 ligands in first 
screening with a docking score of -5.8 KJ/mol. Besides, Cholecalciferol 
which is also known as Vitamin D3 exhibited a docking score of with 
-6 KJ/mol along with a RMSD value of -2.28 Å. Then we performed 
second screening among the 10 ligands sorted from first screening 
based on the amino acid interactions between protein and the ligands. 
We picked up 7 ligands those exhibited a good number of interactions 
including Vanderwaals and hydrogen bond interactions [Figure 11 and 
12]. The remaining ligands were eliminated because of either very 
limited number of interactions with the protein or unfavorable bumps 
in the interactions. Unfavorable bumps can affect the stability of the 
complex because these bonds may cause force repulsion between two 
molecules and an atom. We screened out Boceprevir, Sofosbuvir and 
Cholecalciferol because these molecules showed one or more 
unfavorable bumps in the amino acid interactions [Figure 13]. 

Favipiravir displayed total 12 amino acid interactions through 
two different types of bonds which included 8 vanderwaals and 4 
conventional hydrogen bonds. Imiquimod formed total 9 residual 
three different types of interactions including 5 vanderwaals, 3 
hydrogen bonds and 1 alkyl bond. Tenofovir Alafenamide displayed 
total 14 amino acid interactions consisting 6 vanderwaals, 5 
hydrogen bonds, 1 carbon-hydrogen bond, 1 attractive charge and 
1 pi-anion bond. 

Elvitegravir formed total 17 residual interactions with four 
different types of interactions (11 vanderwaals bonds, 4 conventional 
hydrogen bonds, 1 fluoride interaction and 1 pi-anion bond), 
Paritaprevir was involved with 19 residual interactions possessing six 
different types interactions including 8 vanderwaals bonds, 5 hydrogen 
bonds, 2 pi-donor hydrogen bonds, 1 alkyl bond, 1 pi-alkyl bond and 
1 pi-anion bond. Ledipasvir exhibited total 23 interactions forming six 
different interactions (15 vanderwaals bonds, 2 conventional hydrogen 
bonds, 1 halogen (fluoride) bonds, 1 carbon-hydrogen bond, 2 alkyl 
bonds and 2 pi-alkyl bonds. Ribavirin interacted with 

 

 

 

 

 

 

 

 

 

 

 

 
 

    

 

 
                                                       Figure 10: Docked complex structure of Ribavirin. 
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Table 1: Binding affinities (KJ/mol) of all 20 ligands with their lowest RMSD value (upper bound). 
 

SI Name of ligand Docking Score (KJ/mol) Lowest RMSD (Upper bound) 

1 Boceprevir -7.4 2.05 

2 Dolutegravir -7.3 6.2 

3 Elvitegravir -6.5 2.05 

4 Entecavir -6.3 2.5 

5 Favipiravir -5.8 2.14 

6 Fosamprenavir -6.2 5.65 

7 Imiquimod -5.5 2.45 

8 Ledipasvir -9.4 2.24 

9 Letermovir -7.2 8.29 

10 Nelfinavir -7.7 6.15 

11 Oseltamivir -4.9 2.76 

12 Paritaprevir -9.7 2.19 

13 Ribavirin -5.8 1.93 

14 Sofosbuvir -7.1 2.49 

15 Tenofovir Alafenamide -6.6 2.41 

16 Tenofovir Disoproxil -6.1 7.87 

17 Thymoquinone -4.5 2.51 

18 Ascorbic Acid -4.6 3.01 

19 Carvacrol -4.3 3.51 

20 Cholecalciferol -6 2.28 

 
Table 2: Binding affinities (KJ/mol) of 10 ligands sorted out in first screening based on the RMSD values (upper bound) less than 2.5. 

 

SI Name of ligand Docking Score (KJ/mol) Lowest RMSD (Upper bound) 

1 Boceprevir -7.4 2.05 

2 Elvitegravir -6.5 2.05 

3 Favipiravir -5.8 2.14 

4 Imiquimod -5.5 2.45 

5 Ledipasvir -9.4 2.24 

6 Paritaprevir -9.7 2.19 

7 Ribavirin -5.8 1.93 

8 Sofosbuvir -7.1 2.49 

9 Tenofovir Alafenamide -6.6 2.41 

10 Cholecalciferol -6 2.28 

 
Table 3: Binding affinities (KJ/mol) of final 7 molecules with their RMSD values (upper bound) sorted out in second screening based on the amino acid interaction 

pattern. Here, all 7 ligands don’t have any unfavorable bumps. 
 

SI Name of ligand Docking Score (KJ/mol) RMSD (Upper bound) 

1 Elvitegravir -6.5 2.05 

2 Favipiravir -5.8 2.14 

3 Imiquimod -5.5 2.45 

4 Ledipasvir -9.4 2.24 

5 Paritaprevir -9.7 2.19 

6 Ribavirin -5.8 1.93 

7 Tenofovir Alafenamide -6.6 2.41 
 

total 12 amino acid residues in two bonding types comprising 8 van 
der waals and 4 conventional hydrogen bonds. Figure 13: Interaction 
pattern of Sofosbuvir, Boceprevir and Cholecalciferol (Vitamin D) 
with the amino acid residues of Sars-Cov-2 RDRP protein. All three 
ligands displayed unfavorable bumps (red dotted lines). 

Among the final 7 ligands those are sorted out in second screening, 
Elvitegravir demonstrated total 17 residual interactions with four 
different types of interactions with the protein. The interactions 
include 11 van der waals bonds with VAL A:557, THR A:556, LYS 
A:621, ASP A:618, SER A : 759, LYS A:545, ARG A : 553, PRO A : 

620, LYS A : 798, SER A: 682, ASP A :760 residues, 4 conventional 

hydrogen bonds with THR A: 680, ASN A: 691,THR A: 687, CYS 
A:622 residues, 1 fluoride interaction with TYR A:619 and 1 pi-anion 
bond with ASP A: 623 residue. The only halogen (fluoride) bond of 
Elvitegravir with the protein will play important role to stabilize the 
complex. This non-covalent interaction may also improve biological 
activity substantially [34] Thus, Elvitegravir can be an effective 
inhibitor of Sars-Cov-2 RDRP based on the analysis of its docking 
score (-6.5 KJ/mol), rmsd value (2.05 Å) and interaction pattern with 
the amino acids. 

Paritaprevir was involved with 19 residual interactions possessing 
six different types interactions including 8 vanderwaals bonds with 
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Figure 11: Interaction pattern of Favipiravir, Imiquimod and Tenofovir Alafenamide with the amino acid residues of Sars-Cov-2 RDRP protein. 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Figure 12: Interaction pattern of Elvitegravir, Paritaprevir, Ledipasvir and Ribavirin with the amino acid residues of Sars-Cov-2 RDRP protein. 
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ARG A: 555, ARG A:553, ASP A: 760, SER A:814, ASP A: 618, TYR 
A:619, LYS A: 621, GLU A : 811 residues, 5 hydrogen bonds with CYS 
A: 622, ASN A:691, TRP A: 617, ASP A:623, SER A:759, 2 pi- 
donor hydrogen bonds with CYS A:813 and ILE A:589 residues, 1 
alkyl bond with ALA A:688, 1 pi-alkyl bond with TRP A: 800 and 1 
pi-anion bond with ASP A:761 amino acid residue. The abundance of 
different interactions of Paritaprevir comprising a good number of 
hydrogen bonds and other hydrophobic bonds, a good docking score 
(-9.7 KJ/mol) and rmsd value (2.19 Å) makes the ligand a competent 
candidate for being a Sars-Cov-2 RDRP inhibitor. 

Ledipasvir exhibited the highest total 23 interactions with amino 
acid residues of the protein among all 8 ligands selected in second 
screening. It also made six different interactions with the protein. The 
interactions included 15 vanderwaals bonds with LYS A: 621 , ARG 
A: 553, ASN A: 691, THR A: 687 , LEU A: 576, ILE A: 598, LYS A: 798, 
ASP A: 618, PRO A: 620, ASP A: 623, SER A: 682, ARG A:569, TYR 
A:689, SER A: 759, TYR A: 619 residues, 2 conventional hydrogen 
bonds with ASP A:684, ASN A:496 residues, 1 halogen (fluoride) 
bonds with ASP A: 760, 1 carbon-hydrogen bond with ASP A : 761, 
2 alkyl bonds with CYS A:622 and LYS A:500 and 2 pi-alkyl bonds 
with ALA A:685 and ALA A: 688 residues. The number of hydrogen 
bonds is lesser in Ledipasvir than in Paritaprevir and Elvitegravir. 
Nevertheless, a good number of vanderwaals interactions, couple of 
hydrogen bonds, a halogen bond along with some other interactions, 
a docking score of -9.4 KJ/mol with rmsd value of 2.24 Å makes 
Ledipasvir also a good candidate for further analysis to be an 
inhibitor of Sars-Cov-2 virus RDRP. 

Ribavirin having the best rmsd value of 1.93 Å among the final 

8 ligands demonstrated total two types of interactions included 
hydrophobic van der Waals and conventional hydrogen bonds. It 
interacted with total 12 amino acid residues comprising 8 vander 
waals with LYS A: 798, HIS A: 810, TRP A: 800, GLY A: 616, ASP 
A: 618, TRP A: 617, ALA A: 762, PHE A: 812 and 4 conventional 
hydrogen bonds with ASP A: 761, SER A: 814, CYS A: 813, GLU A: 
811residues. The lowest RSMD value Ribavirin gave it the most 
stable conformation among all ligands. 

Favipiravir displayed total  12 amino acid interactions including 8 
vanderwaals and 4 conventional hydrogen bonds like Ribavirin. 
Favipiravir interacted CYS A: 813, PHE A: 812, VAL A: 763, ASP A: 
618, GLY A: 616, GLU A: 811, HIS A: 810, TYR A: 619 residues with 
vanderwaals bonds and interacted ALA A: 762, TRP A: 617, TRP A: 
800, ASP A: 761 with hydrogen bonds. 

Imiquimod and Tenofovir Alafenamide both have rmsd values 
(2.45 and 2.41 Å) little less than 2.5 Å along with docking scores of 
-5.5 and 6.6 KJ/mol respectively. Imiquimod exhibited total 9 residual 
three different types of interactions including 5 Vanderwaals with 
GLU A: 811, ALA A: 762, TYR A: 619, TRP A: 800, ASP A : 618, 
3 hydrogen bonds with ASP A: 761, TRP A:617, ASP A: 760 and 1 
alkyl bond with LYS A: 798 residue. It possessed the least number of 
interactions among the final 7 molecules. Tenofovir Alafenamide 
displayed total 14 amino acid interactions consisting 6 Vanderwaals 
with LYS A: 621, CYS A:799, HIS A: 810, PRO A:620, TRP A: 800, 
CYS A:622, 5 hydrogen bonds with ASP A: 623, GLU A: 811, TRP 
A:617, TYR A:619, LYS A:798, 1 carbon-hydrogen  bond  with  ASP A: 
761, 1 attractive charge with ASP A:618 and 1 pi-anion bond with ASP 
A: 760. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
Figure 13: Interaction pattern of Sofosbuvir, Boceprevir and Cholecalciferol (Vitamin D) with the amino acid residues of Sars-Cov-2 RDRP protein. 
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Out of 20 ligands, after two successive screenings we selected seven 

ligands those fulfilled the criteria of the parameters we set up to evaluate 
the overall docking performance. All seven ligands (Paritaprevir, 
Elvitegravir, Ledipasvir, Ribavirin, Favipiravir, imiquimod and 
Tenofovir Alafenamide) are currently available antiviral medicines 
used for the treatment of different viral infections. There were two 
vitamins (Ascorbic acid and Cholecalciferol) and two phytochemical 
components (Thymoquinone and Carvacrol) in the primary list, all of 
them were eliminated in the screenings either because of having high 
RMSD value or for possessing unfavorable bumps in the interactions 
or for having limited number of interactions. 

Conclusion 

In pursuit of finding a Sars-Cov-2 RNA dependent RNA 
polymerase enzyme inhibitor for the treatment of COVID 19 (Corona 
Virus Disease 2019) we performed a molecular docking study with 20 
ligands among of them 16 ligands are currently available antiviral 
medicines, 2 are vitamins and 2 are phytochemical components. After 
analyzing the binding affinities, RMSD values (upper bound) and 
amino acid interactions of the ligands we short listed seven molecules 
those have passed all the parameter of performance evaluation. 
Amongst, we recommend five molecules (Paritaprevir, Elvitegravir, 
Ledipasvir, Ribavirin and Favipiravir) for further research in search of 
Sars-Cov-2 RDRP inhibitor(s) for the treatment of COVID 19. 
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