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A B S T R A C T   

Corona Virus Disease 2019 (COVID-19) caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV- 
2) has become a global pandemic. Additionally, the SARS-CoV-2 infection in the patients of Gastric Cancer (GC; 
the third leading cause of death in the world) pose a great challenge for the health management of the patients. 
Since there have been uncertainties to develop a new drug against COVID-19, there is an urgent need for 
repurposing drugs that can target key proteins of both SARS-CoV-2 and GC. The SARS-CoV-2-RdRp protein 
contains the NiRAN domain, which is known to have kinase-like folds. A docking study of the FDA approved 
drugs against GC was performed using AutoDock 4.2 and Glide Schrodinger suite 2019 against SARS-CoV-2- 
RdRp protein. MMGBSA and MD simulation studies were performed to investigate the binding and stability of 
the inhibitors with the target protein. In this study, we have found 12 kinase inhibitors with high binding en
ergies namely Baricitinib, Brepocitinib, Decernotinib, Fasudil, Filgotinib, GSK2606414, Peficitinib, Ruxolitinib, 
Tofacitinib, Upadacitinib, Pamapimod and Ibrutinib. These FDA approved drugs against GC can play a key role in 
the treatment of COVID-19 patients along with GC as comorbidity. We also hypothesize that JAK, ITK, Rho- 
associated kinases, FGFR2, FYN, PERK, TYK2, p38-MAPK and SYK kinases can be considered as key therapeu
tic targets in COVID-19 treatment. Taken altogether, we have proposed the SARS-CoV-2-RdRp as a potential 
therapeutic target through in-silico studies. However, further in-vitro and in-vivo studies are required for the 
validation of the proposed targets and drugs for the treatment of COVID-19 patients already suffering from GC.   

1. Introduction 

Corona Virus Disease 2019 (COVID-19) caused by a novel corona
virus (2019-nCoV) emerged in December 2019 [1,2]. Later, it was 
formally named Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) by the International Committee on Taxonomy of Viruses 
(ICTV). SARS-CoV-2 belongs to betacoronavirus genus, Nidovirales order 
and is closely related to Severe Acute Respiratory Syndrome Coronavi
rus (SARS-CoV). This virus displays human to human transmission who 
are in close contact through air dpolets, hence WHO declared it as 
worldwide public health emergency [3]. The cumulative number of 
globally reported cases exceeds 180 million and the number of global 

deaths is almost 4 million [4]. To date, no precise treatment is available 
for COVID-19 associated diseases. With the current pace of infection and 
the high mortality rate, COVID-19 has caused the scarcity of adequate 
health care worldwide. Several COVID-19 patients are subjected to 
quarantine and require rapid diagnosis and treatment. To combat this 
disease, constant efforts have been underway to find the cure and to halt 
the virus’s spread [5]. Because development of new drug from scratch 
takes very long time, several drugs used for Severe Acute Respiratory 
Syndrome Coronavirus (SARS), Middle East respiratory syndrome 
coronavirus (MERS) and malaria are under clinical trials for the treat
ment of COVID-19. Hence, the drug repurposing strategies is fastest way 
to find drug against COVID-19 [6]. 
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To the best of our knowledge, there are very few studies on the 
impact of COVID-19 on GC patients. However, there have been reports 
of high incidences of oesophageal and non-cardiac GC in the regions 
with high COVID-19 infections, such as China, Japan, Central, and South 
America [7,8]. According to a recent study, out of 212 COVID-19 pa
tients, 3% of patients have been diagnosed with GC. These patients who 
were tested positive for SARS-CoV-2 were either under treatment or 
under follow-up for any malignant tumour. This also indicates that GC 
patients are more vulnerable for the SARS-CoV-2. About 30% mortality 
rate was found in these patients. It is also assumed that patients with 
gastrointestinal cancer were more susceptible where immunotherapy 
and radiotherapy within 3 months of COVID-19 diagnosis were 
considered as risk factors for death [9]. Hence, GC patients were 
considered as a vulnerable group for COVID-19 infection. 

Importantly, cancer patients are among the most susceptible group in 
this (COVID-19) pandemic and the GC patients pose a significant chal
lenge for the treatment [10]. GC itself is a global health problem, each 
year over 1 million people are diagnosed with GC worldwide [11]. To 
date, the clinical characteristics of GC patients who are infected with 
COVID-19 are remotely known [12]. The presence of ACE2, a 
SARS-CoV-2 receptor, is also observed in gastric mucosa and GI tract 
cells, which may be considered as a vulnerable site for SARS-CoV-2 
infection [13,14]. The lasting presence of the virus in gastric mucosa 
shows the possibility of gastric glandular epithelial cells as a site of the 
virus infection [13,15]. Hence, the treatment of GC patients with 
COVID-19 is of utmost concern. Therefore, there is an urgent need to 
find out GC medicines that can also target COVID-19. 

Coronavirus uses RNA-dependent RNA polymerase (RdRp) for the 
transcription of their genes and replication of their genome [16]. 
Coronavirus replication occurs through non-structural proteins (nsps) 
which are encoded by open reading frame (orf) 1a and 1b which 
translates nsps into polyprotein [17,18]. Further, this polyprotein un
dergoes maturation through proteolysis to form polymerase complex. 
The SARS-CoV-2 polymerase complex comprises an nsp12 subunit 
which is connected with the nsp7-nsp8 heterodimer and nsp8 subunit at 
a distinct binding site [19]. This nsp12 is the catalytic subunit that has 
RdRp activity. Though its polymerase efficiency is quite low [20]. It has 
been reported that the active site of nsp12 binds to the first turn of RNA 
and arbitrates the RdRp activity [21]. It plays the central role in the 
replication of virus genome with the help of two co-factors namely nsp7 
and nsp8. Furthermore, it possesses the nucleotidyltransferase activity 
due to presence of nidovirus RdRp-associated nucleotidyltransferase 
(NiRAN) domain, which has an atypical kinase-like fold with GTP and 
UTP binding efficiency [22]. 

The cryo-EM structure of SARS-CoV-2 RdRp also provides structural 
evidence for nucleotidyltransferase activity of the NiRAN domain [23, 
24]. Further, SARS-CoV-2 RdRp showed a bond with the NiRAN domain 
in the presence of ADP-BeF3 or GDP-BeF3 structures, which suggests 
that this domain binds to nucleotides [23,25]. Recent studies suggest 
that nsp9 and nsp13 also interact with the NiRAN domain of nsp12 
protein. Nsp9 acts as an RNA-binding protein that is necessary for 
SARS-CoV-2 replication, however, its molecular function is still un
known [26]. Nsp9 binds as a monomer to the NiRAN domain, and its 
N-terminus binds to the supposedly active site of the NiRAN domain 
where GDP is bound. There are reports which suggest that the afore
mentioned domain could catalyse the transfer of GMP to the 50 end of 
RNA in nsp13 dependent manner and inhibited by nsp9 [25]. This led to 
the hypothesis that the NiRAN domain could act as GTPase which is 
necessary for transcript capping which is regulated by nsp9. Moreover, 
NiRAN is also considered to have a role in protein-mediated RNA 
priming [27]. Taken all together, it can be hypothesized that the nsp12 
NiRAN domain acts as a nucleotidyltransferase, but if it is involved in 
transcript capping, protein-mediated priming or some other 
replication-associated process remains to be determined [28]. 

In another study, SARS-CoV-2 proteins are considered to upregulate 
or downregulate ~100 human kinases which are involved in cellular 

physiology, metabolism, and immune activation [29]. Reports suggest 
when SARS-CoV-2 enters the host cell; cell division halts and inflam
mation pathways get activated through tentacles like structure (filopo
dia) which ultimately helps the virus to spread to neighbouring cells. 
Thus, the host cell becomes a virus factory [30]. Therefore, we hy
pothesized that many FDA approved kinases inhibitors may hinder the 
life cycle of SARS-CoV-2. About 30 kinase inhibitors have been char
acterized in terms of antiviral potential, affecting viral entry metabolism 
and replication [31]. Similarly, many kinases were found to be over
expressed in cancer cells, also leading to uncontrolled growth in the 
cells. Furthermore, various kinase inhibitors have been found effective 
against these kinases. Both cancer and viruses alter the cellular ma
chinery, which is mostly regulated by kinases [32]. 

Arteriviruses are positive-stranded RNA viruses which can infect 
mammals. They can cause disease associated with respiratory distress 
syndrome, lethal haemorrhagic fever or abortion [33]. In arterivirus, it 
is well documented that self-GMPylation/UMPylation activities of an 
NiRAN-RdRp are considered to generate a transient state primed for 
transferring nucleoside monophosphate (NMP) to unknown viral or 
cellular biopolymers [27]. In SARS-CoV-2, nsp12 (NiRAN-RdRp) also 
has Mn2+dependent NMPylation activity [27]. This NMPylation activity 
catalyses the transfer of a single NMP to the cognate nsp9. Both NiRAN 
activity and nsp9 NMPylation have an pivotal role in coronavirus 
replication [27]. Characteristics like singular phyletic association with 
nidoviruses and its genetic segregation with the RdRp, makes NiRAN a 
plausible key regulator enzyme of nidoviruses [34]. Moreover, 
SARS-CoV-2 nsp12 displays structural features of kinase-like folds [35]. 
Hence, targeting NiRAN-RdRp becomes a favourable target for both 
SARS-CoV-2 and GC. 

According to Martin et al., 2021, GC patients are vulnerable for 
COVID-19 infection [9]. Several kinases like ABL, SRC and FGFR 
(fibroblast growth factor receptor) serve as pivotal therapeutic targets to 
control both GC and COVID-19 [28,31,36–38]. Further, various kinase 
inhibitors are effective against these kinases [28,31,36–38]. Hence, we 
wanted to evaluate the possibility to target COVID-19 with GC kinase 
inhibitors to prevent drug over-usage. Through this approach, we 
wanted to observe the effect of already known GC kinase inhibitors 
against SARS-CoV-2-RdRp-NiRAN domain. This study would further aid 
in determining COVID-19 comorbidity specific therapeutics and 
reducing drug-induced complications in the patient. To the best of our 
knowledge, this is the first study regarding the repurposing of FDA 
approved drugs against GC comorbidity specific to COVID-19. More
over, this is also the first study that has attempted to target NIRAN-RdRp 
against drugs in COVID-19 concerning GC. 

In this study, with in-silico approaches, we proposed that N- terminal 
of RdRp of SARS-CoV-2 possess the kinase-like folds and is involved in 
the phosphotransferase catalysis. We report the docking of several FDA 
approved GC kinase inhibitors against nsp12 (NiRAN-RdRp). Further, 
we performed the MMGBSA and MD simulation studies of four selected 
compounds, which gave the best binding energies during our investi
gation. This study intends to find out the medicine/compounds that 
could treat COVID-19 patients suffering from GC as comorbidity. We 
have also provided the schematic representation of the workflow in 
Fig. 1. 

SARS-CoV-2-RdRp (PDB-ID: 7BTF) protein was retrieved from RCSB 
protein data bank, which was later trimmed to 1–400 amino acids. These 
amino acids constitute the SARS-CoV-2-RdRp-NiRAN domain. This 
structure was further used for in-silico studies. First, it was docked with 
12 compounds using AutoDock 4.2, and the best four compounds were 
re-docked by using Glide Schrodinger suite. Complex of these four 
compounds were further proceeded for MD simulations on Maestro 
Schrodinger Suite. Finally, the compounds brepocitinib, decernocitinib, 
filgotinib, and ibrutinib were found appropriate for drug repurposing. 

C. Sonkar et al.                                                                                                                                                                                                                                 



Computers in Biology and Medicine 137 (2021) 104826

3

2. Methods 

2.1. Data source 

The protein sequence of SARS-CoV-2-RNA dependent RNA poly
merase (PDB ID:7BTF) was downloaded from the RCSB protein data 
bank. The first 400 amino acids from 934 amino acids were used for 
analysis. The criteria for selection of 1–400 amino acids from the full- 
length sequence of SARS-CoV-2-RdRp was according to existing litera
ture, as this N-terminal part of the RdRp contains NiRAN domain [19, 
39]. The trimmed N-terminal 400 amino acids of protein 
SARS-CoV-2-RdRp was first checked for the stability on the ProSA web 
server [40]. Further, this SARS-CoV-2-RdRp (N-terminal 400 amino 
acids) was used for all our docking and simulation studies. In the study 
this N-terminal 400 amino acids sequence of the protein is termed as 
SARS-CoV-2-RdRp-NiRAN domain. A total of 16 compounds (Supp. 
Table. 1) were downloaded from the PubChem data base in 3D sdf 
format and later converted into pdb format. We did not use any large 
data set of the compounds. 

2.2. Active site prediction using CASTp 

Binding pockets and the probable ligand-binding residues in the 
SARS-CoV-2-RdRp-NiRAN domain were identified using CASTp 3.0 
software with default constant probe radius of 1.4 Å. CASTp 3.0 uses 
computational geometry algorithms consisting of Delaunay triangula
tion, alpha shape and discrete flow [41]. The software measured the 
volume and surface areas (SA) of the computed cavities using a solvent 
accessible surface model (Richards’ surface) and the molecular surface 
model (Connolly’s surface) and provided the outcome in decreasing 
order of binding pocket volume and areas (Supp. Table. 2). Also, the 
output was visualized using discovery studio software. 

2.3. Molecular docking using AutoDock 4.2 

Blind docking of 16 compounds were performed using AutoDock 4.2 
to check the binding of our compounds at the CASTp predicted active 
site. Protein structure of SARS-CoV-RdRp-NiRAN domain already 

prepared in PyMol was used for the docking studies. Further for grid 
generation and docking, we edited as well as prepared protein using 
AutoDock 4.2 suite. Removal of water, the addition of polar hydrogens, 
and addition of Kollman charges were done. Protein and ligands both 
were edited and prepared and saved in pdbqt format. Then grid box was 
generated using Graphical Interface program AutoDock tools (ADT). 
Grid was prepared using the Autogrid and the grid size was set to 50 ×
50 × 50 xyz points with grid spacing of 1.000 Å and grid center was 
designated at dimensions (x, y, and z): 120.047, 116.829 and 99.308. 
After grid preparation it was saved as. gpf format, the default docking 
parameters (Genetic algorithm for search and Lamarkian 4.2 for output) 
were selected and saved as. dpf format. After that Autogrid and Auto
dock were run followed by result analysis. Further, the docking result 
was analysed for conformation with best dock score and the complex 
were further visualized using discovery studio. 

2.4. Redocking using Glide Schrodinger 2019-2 

To validate the docking studies done by AutoDock4.2, we have 
revalidated it through Glide v8.3, Schrodinger, LLC, New York, NY, 
2019-2. First, ligands and protein were prepared and then docking were 
performed. 

2.4.1. Ligand preparation 
Energy minimization of all the 16 compounds were done using the 

OPLS-2005 force field (LigPrep, Glide-v8.3 Schrodinger, LLC, New York, 
NY, 2019-2). Further, ligands were processed using LigPrep module (a 
part of the Schrodinger suite) which can generate different types of 
structures from each input structure with various tautomer’s, ionization 
states, ring conformations, and stereochemical characteristics [42]. 

2.4.2. Protein and grid preparation 
SARS-CoV-2-RdRp-NiRAN domain was used for protein preparation 

using the protein preparation wizard of Maestro program v10.2, a part of 
the Schrodinger suite (Schrodinger, LLC, New York, NY, 2019-2). 
Default parameters (missing atoms update, optimization and minimi
zation) were used to prepare the protein/receptor. The grid box was 
created using receptor grid generation program Glide v8.3, Schrodinger, 
LLC, New York, NY, 2019-2 [43]. Grid was generated after optimization 
and minimization of protein. The dimensions of the inner box were kept 
X = 20, Y = 20, Z = 20, and dimensions of the outer box were kept as X 
= 36, Y = 36, Z = 36 around 5A◦ of the residues predicted by CASTp in 
the cavity. 

2.4.3. Molecular docking 
Flexible docking was performed using Glide v8.3, Schrodinger 2019- 

2 to evaluate the docking score, Glide score and Glide e-model of all the 
prepared ligands against the SARS-CoV-2-RdRp-NiRAN domain. 

Different conformations of the ligands were allowed to interact and 
generate docking score, Glide score, and Glide e-model with protein. 
Best conformation of ligand based on docking score was evaluated 
against the SARS-CoV-2-RdRp-NiRAN domain. Docking score is a col
lective scoring of Van der Waals energy, Coulomb energy, lipophilic 
term, hydrogen bond term, metal-binding term, rewards, and penalties. 

Docking results were evaluated based on the scoring function given 
by Glide G-score, which can be represented as:  

GScore = 0.065 x Vander Waals energy +0.130 x Coulomb energy + Lipo +
H bond + Metal + BuryP + RotB + Site                                                  

Where in the formula: Lipo = hydrophobic interactions, Metal = metal 
binding, BuryP = buried polar group penalty, RotB = penalty for 
freezing rotatable bonds and Site = polar interactions existing in the 
active site. 

Fig. 1. Schematic representation of the study.  
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2.5. Molecular mechanics-generalized born surface area (MMGBSA) 

After docking the compounds which have the best docking scores 
and suitable ADMET properties were selected for Prime molecular 
mechanics-generalized born surface area (MMGBSA). The structure of 
receptor and ligand complex which were obtained from molecular 
docking were used for the MMGBSA study. MMGBSA is useful for the 
determination of the ligand binding energy calculation (Prime, version 
2.1, Schrodinger, LLC, New York, 2011) (Hayes &Archontis 2012). 
Minimizations of the receptor and ligand complex poses were done using 
the local optimization feature in the Prime. OPLS-2005 is the force field 
used in the Generalized-Born/Surface Area continuum solvent model for 
the calculation of the energies of the complexes. Ligand strain energy 
was also calculated during the MMGBSA. 

2.6. Molecular dynamics simulation study 

In this study, MD simulations were done using Desmond a module of 
Schrodinger suite to evaluate the stability of the protein-ligand complex. 
Protein-ligand RMSD, root mean square fluctuation (RMSF), and 
protein-ligand contact. Bar graphs were analysed to assess the stability 
and conformational behaviour of the protein-ligand complex along the 
entire the 100 ns simulation. 

2.6.1. System building 
System building of the complex was done using System builder, 

desmond, Schrodinger, LLC, New York, NY, 2019-1. As the solvent 
model, the TIP3P water model was used. For the neutralization and 
stabilization of the solution system [44], we used the default parameters 
of recalculating the addition of ions and salt addition (0.15 M of NaCl) in 
an orthorhombic solvent box of dimensions (the distance of 10 × 10 ×
10 Å and angle of 90 × 90 × 90◦) to cover the complex completely and 
provide the environment for Molecular dynamics simulation. 

2.6.2. Molecular dynamic simulation 
MD simulation was performed using Desmond, Schrodinger, LLC, 

New York, NY, 2019-1. Molecular dynamics simulation of the complex 
was performed after the system-building of the SARS-CoV-2-RdRp- 
NiRAN domain-ligand complex was completed. The build system of 
the complex was loaded for MD simulation each for 100 ns. All the pa
rameters like recording interval (ps), energy, trajectory, NPT (temper
ature- 300 K, pressure = 1.01325 bar) were followed as the default 
value, and the checkpoint interval of the simulation was kept 240.06 ps 
[45,46]. The post MD simulation analysis like RMSD, RMSF, 
Protein-ligand interaction, ligand torsions etc. was analysed using the 
‘Simulation Interactions Diagram’ tool (Maestro-Desmond Interopera
bility Tools, version 4.1, Schrodinger, New York, 2019-1). Further 
structures were extracted using the same SID tool by following default 
steps that are open SID, load system; build.out cms file of a 
protein-ligand complex. Further, the options (RMSD, Protein 
RMSF/SSE, Ligand RMSF, Protein-Ligand interactions, Ligand torsions, 
and Ligand properties) were selected and results were generated and 
analysed. Finally, the results were obtained in the pdf format and con
verted in tiff format. 

3. Results 

A set of non-structural proteins control the replication machinery of 
coronavirus (nsps) which are encoded by open reading frame 1a 
(ORF1a) and 1 ab in its genome. Both the ORFs are translated as a single 
polypeptide chain which undergoes proteolytic cleavage to generate 
multiple proteins that assemble to form a multi-subunit polymerase 
complex [47]. Further, this complex mediates viral genome transcrip
tion and replication. RNA dependent RNA polymerase (RdRp) is one of 
the most multipurpose enzymes of retroviruses. This is an important 
enzyme for the replication of the genome and translation. The main 

cofactor of this complex is the catalytic subunit nsp12/RdRp [48]. The 
nsp12 subunit can conduct the polymerase reaction but with very low 
efficiency, whereas nsp7 and nsp8 cofactors remarkably stimulates its 
polymerase activity [49]. Furthermore, nsp12 is known to have N-ter
minal extension that possesses a kinase-like fold, possibly nidovirus 
RdRp-associated nucleotidyltransferase (NiRAN) [22]. The NiRAN and 
the interface domains approximately span over residues 51–398 amino 
acids of the SARS-Cov2-RdRp polypeptide sequence [19,39]. Moreover, 
to study the kinase activity of the RdRp along with NiRAN activity, this 
domain was trimmed from 1 to 400 amino acids (Fig. 2). Its conserved 
amino acids, active site and binding pockets are also stated in Supp. 
Table 2. 

The trimmed protein structure of the SARS-CoV-2-RdRp-NiRAN 
domain (1–400 amino acids) was run on the ProSA web server to 
check their stability and structure validation [40]. Recognition of errors 
and validation of the model quality of protein structure is a major part of 
the 3D model preparation. In our study, we used ProSA web server 
which is frequently used for the 3D model validation. This server cal
culates overall quality scores for a specific input structure. For a good 
protein model, this score should be within the range. If the score is out of 
range the structure may have error. In our case, we got the Z-Score 
− 7.16 which is within range and shows the model is of good quality 
[Supp. Fig. 1] [40]. A plot of residues scores of a native protein structure 
also generated during ProSA run, which represents local model quality. 
This plot shows local model quality by plotting energies as a function of 
amino acid sequence position. Generally, positive values represent to 
problematic or erroneous parts of the input structure. In our case most of 
the residues are correspond to negative values which showed that the 
quality of our model is quite good [Supp. Fig. 2]. 

As per our analysis through CASTp on the SARS-CoV-2-RdRp-NiRAN 
domain, we got our putative active sites in pocket 3. Out of mentioned 
amino acids, 6 amino acids (Asp36, Lys73, Asp126, Asp218, Phe219, 
and Asp221) showed stable interactions during molecular docking 
through Glide v8.3 Schrodinger, LLC software code. While no stable 
protein-ligand interactions were found with the residues of pockets 1, 2, 
4 and 5. Importantly, all the 16 compounds interacted with the residues 
of pocket 3. Therefore, pocket 3 was predicted as our real active site. 

3.1. Molecular docking studies 

Recent pathophysiological understanding of SARS-CoV-2 infection 
stipulates that those infected with the virus could experience cytokine 
release syndrome (CRS). Further, this CRS is distinguished by elevated 
interleukin IL-6, IL-2, IL-7, IL-10, etc [50]. Hence, the treatment of 
cytokine storm could play a crucial role in the treatment of severe 
COVID-19. Several cytokines involved in COVID-19 is mediated by 
Janus kinases (JAKs) [51]. ITK is highly expressed in T cells and regu
lates the activation and function of both CD4+ and CD8+ T cells, 
including cytokine production and cytotoxic function [52]. Hence JAKs 
and ITK inhibition present potent therapeutic strategies against 
COVID-19. As SARS-CoV-2 is an RNA virus and for RNA synthesis, RdRp 
is an important enzyme. It functions by catalysing the RNA 
template-dependent development of phosphodiester bonds within the 
RNA genome. Therefore, RdRp is an important therapeutic target in 
RNA virus-caused diseases [53]. 

3.1.1. Molecular docking studies using AutoDock 4.2 
The molecular docking of FDA approved drugs (for JAKs and other 

kinases) was performed against the SARS-CoV-2-RdRp-NiRAN domain 
with the help of software AutoDock 4.2. Further, the binding affinity of 
the drugs was chosen based on the lowest RMSD value of 0.00. RMSD 
value 0 represents identical structures and when this value increases, the 
two structures are considered to be more different [54]. Out of 16, 12 
compounds were selected, and the remaining four kinases’ inhibitors 
were excluded from the list because they violated the Lipinski rule. 
These four compounds were erdafitinib (PubChem CID: 67462786), 
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fedratinib (PubChem CID:16722836), saracatinib (PubChem CID: 
10302451) and fostamatinib (PubChem CID: 11671467) (Supp. 
Table 3). As erdafitinib and fedratinib had molar refractivity over 130 
and molecular weight over 500 g/mol, respectively. Further, saracatinib 
and fostamatinib had molecular weight of more than 500 g/mol and 
hydrogen bind acceptor more than 5. The selected 12 compounds were 
included in our study considering no cut-off value. The binding energy 
for these compounds were baricitinib (− 7.3 kcal/mol), brepocitinib 
(− 8.7 kcal/mol), decernotinib (− 7.9 kcal/mol), fasudil (− 7.2 kcal/
mol), - filgotinib (− 8.0 kcal/mol), GSK2606414 (- 8.6 kcal/mol), pefi
citinib (− 7.6 kcal/mol), ruxolitinib (− 7.4 kcal/mol) and ibrutinib 
(− 8.8 kcal/mol), Tofacitinib (− 6.9 kcal/mol), Upadacitinib (− 6.6 
kcal/mol) and Pamapimod (− 6.9 kcal/mol) (Supp. Table 4). These 
binding energies indicate the presence of kinase like domain in the 
NiRAN domain of nsp12 or RdRp. The interactions and the residues 
involved in the compound’s binding with the SARS-CoV-2-RdRp-NiRAN 
domain are also represented in Supp. Table 2. Moreover, the 2D and 3D 
interaction diagrams of the selected 12 kinase inhibitors with the 
SARS-CoV-2-RdRp-NiRAN domain are represented in Suppl. Table 5. 

3.1.2. Molecular docking studies using Glide Schrodinger suite 
Out of twelve compounds, the four best compounds brepocitinib, 

decernocitinib, filgotinib, and ibrutinib have been selected for further 
re-docking and MD simulation studies. These compounds have been 
selected based on the highest docking score obtained after docking with 
AutoDock 4.2 and the cut off has been limited to − 7.9. The information 
regarding docking and its score is mentioned in Supp. Table 4. Further, 
GSK2606414 showed AMES toxicity. Since it showed the ability to be 
carcinogenic, it was also excluded from the study. Re-docking of these 
compounds was performed using Glide module of Schrodinger Suite 
2019-2. 2D and 3D interactions of these compounds with the SARS-CoV- 
2-RdRp-NiRAN domain were analysed and figures were generated on 
Glide platform of Schrodinger Suit 2019-2. 2D and 3D interaction dia
grams are shown in Fig. 3. 

In these interactions, we mainly focused on H-bond interactions. The 
study of Ahmed et al., 2020 revealed active sites and the residues 
involved in the binding of the UTP and GTP within the SARS-CoV-2- 
RdRp-NiRAN domain [55]. Further, the residues aspartate, glutamate, 
lysine and arginine showed important interactions with the UTP and 
GTP in the NiRAN domain [34]. It was also revealed that these residues 
are at the active site and important conserved residues. Through CASTp, 
the important residues of the active site in pocket 3 are Arg33, Ala34, 
Phe35, Asp36, Ile37, Tyr38, Asn39, Lys50, Cys53, Arg55, Val71, Lys73, 
His75, Glu83, Arg116, Leu119, Thr120, Lys121, Tyr122, Thr123, 
Asp126, Val204, Thr206, Asp208, Asn209, Asp211, Tyr217, Asp218, 

Phe219 and Asp221. 
In docking studies with Glide, brepocitinib shows strong interactions 

with the Asp36, Lys73, Asp218, and Asp22. The binding affinity for the 
brepocitinib was calculated to be − 5.543 kcal/mol. In case of decer
nocitinib, residues Asn209, Asp218, and Asp221 showed strong in
teractions. The binding affinity for the decernocitinib was calculated as 
− 6.694 kcal/mol. Filgotinib showed strong interactions with the resi
dues Asp40, Asp208, and Asp221, and the binding affinity for the 
complex was calculated as − 4.917 kcal/mol. Similarly, in the case of 
ibrutinib, the residues which showed strong interactions are Asp208, 
Asp218, and Asp221, and the binding affinity for this complex was 
calculated to be − 6.137 kcal/mol. The docking scores, Glide G-score, 
and are Glide E-model are represented in Table 1. 

On comparison of docking interactions obtained from AutoDock 4.2 
and Glide module of Schrodinger Suite 2019-2. It was observed that 
brepocitinib have common interactions with Asp36 and Asp218 in the 
results obtained from both software’s. Decernocitinib also showed in
teractions with Asp218 and Asp221 with both docking program Auto
Dock 4.2 and Glide. Similarly, ibrutinib also showed interactions with 
Asp36, Asp 218 and Asp221 with both AutoDock 4.2 and Glide. How
ever, in case of filgotinib, both the software predicted different inter
action sites. Glide showed interactions with Asp 40, Asp 208, Asp 221 
whereas AutoDock 4.2 showed interactions with Arg33, Tyr 38, Phe48, 
Val 204, Asn 209, and Ser 236. All these results generated from Glide or 
AutoDock 4.2 show that all the compounds are binding in the same 
pocket or cavity of the SARS-CoV-2-RdRp-NiRAN domain. Data is shown 
in the Supplementary section as Supp. Table 6. 

3.2. Molecular mechanics-generalized born surface area (MMGBSA) 

MMGBSA study of the selected compounds brepocitinib, decernoci
tinib, filgotinib and ibrutinib were performed with the SARS-CoV-2- 
RdRp-NiRAN domain and it was observed that all the compounds 
have a good affinity towards SARS-CoV-2-RdRp-NiRAN domain 
(Table 2). MMGBSA scores for the brepocitinib, decernocitinib, filgoti
nib, and ibrutinib were calculated as − 60.1315, − 47.6964, − 44.1200 
and − 77.1748 respectively. Among the four compounds, ibrutinib 
showed better affinity as compared to other compounds. The other in
dividual energies of the MMGBSA wiz coulomb, covalent, H bond, sol
vation, Vander walls were also determined, which are given in Table 2. 

3.3. Molecular dynamics simulation analysis 

Based on all the criteria of docking scores, ADMET and drug like
liness, we selected four compounds for further MD simulation studies. 

Fig. 2. Structural representation of SARS-CoV2-RdRp-NiRAN domain. Figures generated on PyMol. (a) Green color cartoon representation. (b) Green color solid 
surface representation showing putative active site residues (Asp36, Lys73, Asp126, Asp218, Phe219, and Asp221) with red color. 
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MD simulation studies were performed for the compounds brepocitinib, 
decernocitinib, filgotinib, and ibrutinib in complex with the SARS-CoV- 
2-RdRp-NiRAN domain. MD simulations were performed for 100 ns for 
each complex on the Desmond platform of Schrodinger suite 2019. For 
each protein-ligand complex, MD simulation was performed (Fig. 6). 

Post-MD simulation, 2D interaction diagram, protein-ligand contact 
analysis with different types of bonds, RMSD and RMSF analysis were 
also performed for understanding the stability of the ligand with the 
protein at the site of interaction during the simulation. 

Fig. 3. 2D and 3D interaction diagram of inhibitory compounds with the SARS-CoV2-RdRp-NiRAN domain protein-based Dock; (a) with brepocitinib (b) with 
decernocitinib (c) with filgotinib, and (d) ibrutinib are shown. 2D diagrams were prepared using GLIDE and only H-bond interactions are presented here. In the 3D 
diagrams, SARS-CoV2-RdRp-NiRAN domain is presented with thin tubes; residues that directly contact with inhibitory compounds are depicted in thin stick models. 
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3.3.1. SARS-CoV-2-RdRp-NiRAN domain-kinase inhibitors complex 
analysis 

Post-MD simulation, 2D interaction diagrams show the interactions 
of the selected inhibitory compounds with the SARS-CoV-2-RdRp- 
NiRAN domain (Fig. 4). The analysis suggested during the simulation, 
all the selected inhibitory compounds are binding at the same active site. 
Protein-ligand contacts showing different interaction fractions are rep
resented in Fig. 5. H bond occupancy, showing the H-bonds throughout 
the simulations are represented in Suppl. Fig. 3-6. Root mean square 
deviation (RMSD) plots of all these complexes were explained and 
shown in Fig. 5. RMSF of these complexes were also analysed and no 
considerable fluctuations were observed. 

3.3.1.1. (SARS-CoV-2-RdRp-NiRAN domain/brepocitinib). Post-MD 

simulation 2D interactions, in the case of brepocitinib show the in
teractions with Thr51, Lys73, Arg116, Asp208, Asp218, and Asp221. 
Lys73 and Arg116 donate H-bonds to brepocitinib while Thr51, Asp208, 
Asp218, and Asp221 receive H bond from brepocitinib. Lys73 and 
Asp221 make direct H-bond while Thr51, Arg116, Asp208, and Asp218 
make H-bond through water molecules. Lys73 and Arg116 make strong 
H-bond as compared to other residues (Fig. 4a). 

Protein-ligand contact (SARS-CoV-2-RdRp-NiRAN domain/Brepoci
tinib) analysis revealed different types of bond formation during the 
simulation (Fig. 5a). It was observed that Thr51, Lys73, Arg116, 
Asp208, Asn209, Asp218, and Asp221 make strong interaction with the 
brepocitinib. Lys73 and Arg116 make H-bond and water bridges while 
Asp218 and Asp221 make H-bond, water bridges, and ionic interactions. 
Thr51 and Asn209 make only water bridges while Asp208 makes water 
bridges as well as show ionic interaction. 

Interactions that occur over 20.0% of the simulation time in the 
selected trajectory (0.00 through 100 ns) are shown. SARS-CoV-2-RdRp- 
NiRAN domain showing interaction with (a) brepocitinib (b) decerno
citinib (c) filgotinib and (d) ibrutinib. Orange circle: charged (negative), 
Blue circle: charged (positive), White circle: water and red circle with 
bar represents Pi-cation. 

Total contact analysis during the entire simulation time of 100 ns 
showed that maximum contact remained stable till 40 ns after that 
number of contacts slightly decreased and remained constant till the end 

Table 1 
Molecular docking scores for Brepocitinib, Decernocitinib, Filgotinib and Ibru
tinib against SARS-CoV-2-RdRp-NiRAN domain. Docking performed on Glide, 
Schrodinger suite.  

S.No. Compound ID/name Docking Score Glide G-score Glide E-model 

1 Brepocitinib - 5.543 - 6.047 - 68.281 
2 Decernocitinib - 6.694 - 6.991 - 75.203 
3 Filgotinib - 4.917 - 4.931 - 60.430 
4 Ibrutinib - 6.137 - 6.704 - 73.405  

Table 2 
The MM/GBSA binding energy scores and individual contributing energies.   

Compounds 
MMGBSA dG Bind MMGBSA dGBindContribution 

Coulomb Covalent H-bond solvent GB vdw 

Brepocitinib − 60.1315 − 61.7106 3.9950 − 4.3891 55.5333 − 34.0907 
Decernocitinib − 47.6964 − 76.8374 14.4035 − 3.4601 65.5055 − 22.3610 
Filgotinib − 44.1200 − 59.6305 3.3934 − 2.7584 65.9576 − 26.1201 
Ibrutinib − 77.1748 − 167.7890 5.8154 − 1.3588 147.4467 − 28.3242  

Fig. 4. Post-MD simulations 2D representation of inhibitory compound interactions with the SARS-CoV-2-RdRp-NiRAN domain.  
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of the simulation (Supp. Fig. 3a). The timeline representation of contacts 
showed that Thr51, Lys73, Arg116, and Asp218 made strong in
teractions throughout the 100 ns of simulation time. While Asp208, 
Asn209, and Asp221 made interactions around up to 40 nanoseconds of 
simulation time (Supp. Fig. 3b). 

RMSD analysis of the SARS-CoV-2-RdRp-NiRAN domain-Brepociti
nib complex showed some fluctuation up to 25 ns of simulation after that 
it became stable till the end of 100 ns of simulation. While ligand RMSD, 
after initial fluctuation of up to 6 ns became stable up to 30 ns. After 
that, no considerable changes in the ligand RMSD were observed 
(Fig. 6Aa). RMSD mean for backbone sidechain and ligands were 
calculated, and these were 4.743 ± 0.397 Å, 5.665 ± 0.415 Å and 1.588 
± 0.298 Å respectively. 

3.3.1.2. (SARS-CoV-2-RdRp-NiRAN domain/decernocitinib). 2D inter
action diagram after MD simulation showed the interactions of decer
nocitinib with the SARS-CoV-2-RdRp-NiRAN domain (Fig. 4b). The 
main interacting residues were Thr206, Asp208, Asp209, Asp218, and 
Asp221. These residues showed interaction more than 20% of the 
simulation time. Among these residues, only Asn209 donated an H-bond 
to the decernocitinib while the other residues Thr206, Asp208, Asp218, 
and Asp221 received H-bond from the decernocitinib. 

Histogram of protein-ligand contacts (SARS-CoV-2-RdRp-NiRAN 
domain-decernocitinib) represents different types of bond interaction 
fractions (Fig. 5b). The main interacting residues. 

Val204, Thr206, Asp208, Asn209, Asp218, Asp221, Phe222, and 
Ile223. Thr206, Asn209, Asp218, and Asp221 showed the direct H-bond 
interaction and the H-bond through water molecules, i.e., called water 
bridges. Val204 showed hydrophobic and water bridges interaction 
while Phe222 and Ile223 showed only hydrophobic interactions. 

Total contact analysis suggests the total number of specific contacts 
formed during the simulation. SARS-CoV-2-RdRp-NiRAN domain 

formed bonds with the ligands. In the case of decernocitinib, total 
contacts remained high up to 50 ns after that it dropped slightly up to 75 
ns and after that, it again increased and remained constant till the end of 
100 ns of simulation (Supp. Fig. 4a). Supp. Fig. 4b represents specific 
residues that interact with the ligand in each trajectory frame. In the 
case of decernocitinib, Val204, Thr206, Asp208, Asn209, Asp218, 
Asp221 and Ile223 made contacts throughout the simulation. Out of 
these Val204, Asp208, Asn209 and Ile223 established good interactions 
whereas Asp218 and Asp221 showed very strong interactions (Supp. 
Fig. 4b). 

RMSD graph of the SARS-CoV-2-RdRp-NiRAN domain-decernociti
nib complex suggests that fluctuations in the protein RMSD remained 
stable from 5 to 20 ns after that the RMSD values increased with 
simulation time, whereas fluctuations in the ligand RMSD were 
observed throughout the simulation time (Fig. 6B.a). The RMSD mean 
for backbone sidechain and ligand were calculated to be 4.482 ± 0.888 
Å, 5.490 ± 0.899 Å, 0.961 ± 0.475 Å respectively. 

3.3.1.3. (SARS-CoV-2-RdRp-NiRAN domain/filgotinib). Post-MD simu
lation 2D interaction diagram of SARS-CoV-2-RdRp-NiRAN domain with 
the filgotinib showed the main interactions with the Asp218 and 
Asp221. Asp218, and Asp21 both received the H-bonds from the filgo
tinib. And these were the only interactions that remained present for 
more than twenty percent of simulation time (Fig. 4c). 

Histogram of protein-ligand contacts showed that the residues taking 
part in the interaction of the SARS-CoV-2-RdRp-NiRAN domain with the 
filgotinib (Fig. 5c). This also represents the bond fractions. The main 
interacting residues which show considerable effect were Tyr38, 
Val204, Thr206, Asp208, Asn209, Asp218 and Asp221. Asp218 and 
Asp221 showed strong H-bond interactions. Asp218 and Asp221 also 
showed water bridges while Asp221 showed ionic interaction. Tyr38 
and Val204 showed hydrophobic and water bridge interactions. Asn209 

Fig. 5. Protein-ligands contacts histogram representing important interacting residues of SARS-CoV2-RdRp-NiRAN domain with inhibitory compounds during MD 
simulation. X-axis showing residues and Y-Axis showing interactions fraction. (a) Interactions with brepocitinib (b) interactions with decernocitinib (c) interactions 
with filgotinib (d) interactions with ibrutinib. Green color represents H-bond, violet representing hydrophobic, pink representing ionic and blue representing water 
bridges, interactions fraction. 
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showed H-bond, water bridge, and ionic interactions (Fig. 5c). 
Total contact analysis during the simulation showed highest number 

of contacts during 12–22 ns and 53–56 ns and rest of the simulation time 
remained constant (Supp. Fig. 5a). Supp. Fig. 5b indicates that filgotinib 
interacts with the Tyr38, Val204, Asn209, Asp218 and Asp221. Out of 
these residues, Asp218 and Asp221 showed strong interactions while 
Tyr38, Val204 and Asn209 showed good interactions. 

RMSD plot of SARS-CoV-2-RdRp-NiRAN domain-filgotinib complex 
showed stable protein RMSD graph till 50 ns of MD simulation and after 
that an elevation in the graph was observed. In the case of ligand RMSD 
up to 38 nanoseconds fluctuations were observed and after that stability 
in the RMSD was observed till the end of the simulation (Fig. 6C.a). The 
RMSD mean for backbone, sidechain, and ligands were calculated to be 
4.292 ± 1.034 Å, 5.275 ± 1.008 Å and 1.308 ± 0.256 Å respectively. 

3.3.1.4. (SARS-CoV-2-RdRp-NiRAN domain/ibrutinib). 2D interactions 
diagram after MD simulation showed stable residues for more than 20% 
of simulation time. Fig. 4d shows the interacting residues of the SARS- 
CoV-2-RdRp-NiRAN domain with the ibrutinib. The main interacting 
residues were Asp36, Thr296, Asp208, Asp218 and Asp221. All the 
residues received the H-bond from the ibrutinib and the residues Asp36, 
Thr296 and Asp208 displayed direct H-bond while Asp218 and Asp22 
made H-bond through water molecules. 

Histogram of protein-ligand (SARS-CoV-2-RdRp-NiRAN domain with 
ibrutinib) contacts showed the main interacting residues and bond 
fractions (Fig. 5d). The main residues of the SARS-CoV-2-RdRp-NiRAN 
domain showing interaction with the ibrutinib were Asp36, Tyr38, 

Val204, Thr206, Asp208, Asn209, Asp218 and Asp221. Asp36, Asp208, 
Asp218 and Asp221 showed strong H-bond interactions, as well as these 
residues also showed water bridges and ionic interactions. Thr206 and 
Asn209 also showed H-bond and water bridge interactions. Val204 also 
showed water bridge and hydrophobic interaction (Fig. 5d). 

Total contact analysis of the SARS-CoV-2-RdRp-NiRAN domain 
showed maximum number of contacts between 50 and 60 ns and rest of 
the time contacts remained almost similar (Supp. Fig. 6a). Timeline 
representation of the contacts showed that residues Phe35, Asp36, 
Thr38, Val204, Thr206, Asn209, Asp218, and Asp221 interacted with 
ligands throughout the simulation. Out of these, Asp36, Asp208, Asp218 
and Asp221 showed strong interactions as compared to other residues 
(Supp. Fig. 6b). 

RMSD plot of the SARS-CoV-2-RdRp-NiRAN domain and ibrutinib is 
represented in Fig. 6D.a. Protein RMSD became stable after 50 ns of 
simulation. Similarly, ligand RMSD also became stable after 50 ns of 
simulation. The RMSD mean for backbone sidechain and ligand were 
calculated to be 5.118 ± 0.893 Å, 5.966 ± 0.869 Å and 1.497 ± 0.565 Å 
respectively. 

4. Discussion 

Kinases play a pivotal role in GC progression. Through structural 
similarity analyses using DALI, it was believed that the NiRAN domain of 
SARS-CoV-2-RdRp possesses structural features of kinase-like folds. 
However, its exact role is still unknown [35]. Hence, repurposing kinase 
inhibitors of GC for SARS-CoV-2 could aid in designing comorbidity 

Fig. 6. RMSD results of protein and protein-ligand complexes. Blue graph represents protein RMSD and maroon graph represents protein-ligand complex RMSD (a) 
SARS-CoV2-RdRp-NiRAN domain (residues 1–400) alone and with brepocitinib in a complex (b) SARS-CoV2-RdRp-NiRAN domain (residues 1–400) alone and with 
decernocitinib in a complex (c) SARS-CoV2-RdRp-NiRAN domain (residues 1–400) alone and with filgotinib in complex (d) SARS-CoV2-RdRp-NiRAN domain 
(residues 1–400) alone and with ibrutinib in complex. 
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specific therapeutics and reducing drug-induced complications. 
Furthermore, to the best of our knowledge, this is the first study using 
kinase inhibitors for GC comorbidity of COVID-19. 

There are many available drugs are recommended for the treatment 
of COVID-19 under drug repurposing strategy. Drugs like lopinavir, 
darunavir, arabidol, nafamostat and chloroquine inhibit the viral entry 
by different mechanisms like inhibiting protease, hemagglutinin fusion 
machinery by preventing membrane fusion, changing endosomal pH etc. 
[56–63]. Drugs azithromycin and doxycyclin inhibit the IL-6 production 
while tocilizumab inhibits the release of IL-6 [58,64,65]. Ruxolitinib 
and baricitinib target the Janus-Kinase pathway and inhibit cytokine 
release [66,67]. The other repurposing drugs have miscellaneous effects 
on the viral pathogenesis and inhibit the viral growth by different 
mechanisms, for instance, ivermectin inhibits the nuclear transport ac
tivity, and statins targets the angiotensin-converting enzyme 2 [68,69]. 
The remdesivir, the most accepted repurposed drug for the SARS-CoV-2, 
inhibits the RdRp protein, therefore, inhibits the viral replication [70]. 

In our case, we targeted the SARS-CoV-2- RdRp-NiRAN domain, as 
this is a very important protein for viral replication. We used gastric 
cancer kinase inhibitors to target the SARS-CoV-2-RdRp-NiRAN domain 
because these compounds showed a strong affinity with the active site of 
the SARS-CoV-2-RdRp-NiRAN domain. Moreover, these inhibitors may 
also inhibit the kinases involved in viral pathogenesis. The purpose of 
our study was to identify the inhibitors that can target the SARS-CoV-2- 
RdRp-NiRAN domain which has a kinase-like domain as well as they can 
also inhibit the kinases involved in the pathogenesis of SARS-CoV-2 and 
gastric cancer. 

Since these kinases play an important role in GC cells, they become 
natural therapeutic target that could facilitate the treatment in patients 
with GC infected with COVID-19. Hence, inhibitors against these kinases 
were used for the present study. Further, the nsp12/SARS-CoV-2-RdRp 
contains the NiRAN domain. The NiRAN and the interface domains 
span over residues 51–398 of the SARS-CoV-2 RdRp polypeptide 
sequence which is proposed to have kinase-like folds. Moreover, corre
sponding residues which are important for the enzymatic activity of this 
domain mostly occur in pocket 3 are Phe35, Asp36, Ile37, Tyr38, Asn39, 
Phe48, Leu49, Lys50, Thr51, Asn52, Arg55, Val71, Lys73, His75, Glu83, 
Arg116, Leu119, Thr120, Lys121, Tyr122, Thr123, Asp 126, Val204, 
Thr206, Asp208, Asn209, Tyr217, Asp218, Phe219, Gly220, Asp221, 
and Ser236. The residues which are highlighted are considered to be 
strictly conserved across SARS-CoV-2-RdRp, whereas other were present 
in the active site of the domain [71]. 

For the MD simulation studies, four drugs were selected which 
showed the best binding energy and other docking parameters. These 
are brepocitinib, decernotinib, filgotinib, and ibrutinib. Brepocitinib is a 
potent JAK1/TYK 2 inhibitor. JAK pathway, as stated earlier, plays an 
important role in the intracellular signalling of cytokines for the various 
intracellular processes, which is deemed to be pivotal in both normal 
and pathological conditions [72]. Hence the loss of functions of TYK2 
can lead to inhibition of the signalling of several cytokines such as IL-6, 
IL-10, IL-12, and IL-23. These cytokines are crucial for the pathogenesis 
of autoimmune disease [73]. Brepocitinib, which was formerly known as 
PF-06700841, is currently under investigation for several autoimmune 
indications [74]. It is known to directly inhibit TYK2-dependent IL-12, 
IL-23 signalling and JAK2 dependent signalling, which includes T-cells 
and keratinocytes [75]. 

Our docking studies using Glide Schrodinger Suites showed binding 
of brepocitinib at the active site of the SARS-CoV-2-RdRp-NiRAN 
domain. It showed strong H-bond interactions with the Asp36, Lys73, 
Asp218 and Asp221 (Fig. 3a). Post MD simulation 2D interaction dia
gram showed Thr51, Lys73, Arg116, Asp208, Asn209, Asp218, and 
Asp221 as main interacting residues that remained stable for more than 
20% of simulation time. (Fig. 4a). When compared, residues Lys73, 
Asp218 and Asp221 were found common in both docking and post MD 
simulation interactions. This suggests that the common bonds were 
quite strong and remained stable during the MD simulation. Histogram 

diagram of protein-ligand (SARS-CoV-2-RdRp-NiRAN domain- 
brepocitinib) contacts also confirmed the above results along with 
other types of bond fractions and bonds formed during the simulation 
(Fig. 5a). RMSD results also suggested that during the simulation the 
protein and ligand remained stable because of the minimal fluctuations 
observed in the RMSD values. (Fig. 6A.a). 

Decernocitinib, also known as VX-509, is a selective inhibitor of 
JAK3. Decernocitinib showed about 25–120 fold higher with JAK3 in 
comparison to JAK1, JAK2, and TYK2, in cell-based assays [76]. The 
four JAK’S namely JAK1, JAK2, JAK3, and TYK2 share common sub
units that are used by small cytokines like IL-2, IL-4, IL-7, IL-9, IL-15 and 
IL-21. Loss of function of JAK3 or the common gamma chain can have an 
immense effect on the immune system without affecting other organs. 
Decernocitinib is used against a variety of auto-immune diseases [77]. 
So far, this is the only JAK3 inhibitor known that has been evaluated in 
the clinical studies of rheumatoid arthritis. It is also reported that 
decernocitinib reduced T-cell mediated pro-inflammatory response in 
immune-mediated diseases such as collagen-induced arthritis and 
delayed-type hypersensitivity [78]. 

Docking studies showed decernocitinib interacted with the Asn209, 
Asp218 and Asp221 (Fig. 3b). Post MD simulation 2D interactions re
sults showed strong H-bond interactions of residues Thr206, Asp208, 
Asn209, Asp218 and Asp221 with decernocitinib. Both the docking and 
the post MD simulation results showed common residues Asn209, 
Asp218 and Asp221 that made strong interactions during the simulation 
process (Fig. 4b). Histogram diagram of protein-ligand (SARS-CoV-2- 
RdRp-NiRAN domain-decernocitinib) contacts also showed similar re
sults with different bond fractions, mainly H-bond and water bridges 
(Fig. 5b). Minimum fluctuations in the protein RMSD also suggested the 
stability of the protein-ligand complex during the simulation (Fig. 6B.a). 

Filgotinib is an oral selective JAK1 inhibitor, which was proved 
effective and safe in the TORTUGA trial for patients suffering from 
ankylosing spondylitis, rheumatoid arthritis, Crohn’s disease, and pso
riatic arthritis. Several successful phase-III trials have been completed 
for Filgotinib against these diseases [79]. Filgotinib inhibits JAK1 for 
longer duration, this is evident from its pharmacodynamic and phar
macokinetic studies. These studies indicate that filgotinib and its active 
metabolite contribute to its pharmacodynamic properties [80]. Filgoti
nib showed approximately 30-fold higher efficacies towards JAK1 than 
JAK2 in human whole blood assay. Moreover, its metabolite also target 
JAK2 with lower potency [81]. 

Our docking results showed that the filgotinib interacts with the 
Asp40, Asp208 and Asp221 of the SARS-CoV-2-RdRp-NiRAN domain 
(Fig. 3c). Post MD simulation 2D interaction results showed its main 
interactions with residues Asp218 and Asp221. This suggested that the 
Asp221 residue of SARS-CoV-2-RdRp-NiRAN domain showed strongest 
interaction with nilotinib. (Fig. 4c). Histogram diagram of protein- 
ligand (SARS-CoV-2-RdRp-NiRAN domain-filgotinib) contact also 
showed the same results, and it represented the different bond fractions 
like H-bond, water bridges, and hydrophobic interactions (Fig. 5c). 
RMSD results suggested that the protein RMSD remained stable from 5 
to 55 ns and the ligand RMSD were remained stable from 30 till the end 
of 100 ns of simulation (Fig. 6C.a). RMSD results also suggested that the 
fluctuations in the RMSD values were minimal, which suggested the 
stability of the protein-ligand complex during the simulation. 

Ibrutinib is an oral bioavailable potent inhibitor for Bruton’s tyrosine 
kinase (BTK) enzyme. It covalently binds to the 481 amino acid Cysteine 
inhibits the function of the BTK enzyme. Several preclinical studies have 
reported that it also inhibits many cellular processes like ERK signalling, 
NF-κB DNA binding, and tumour cell migration. However, it doesn’t 
affect normal T-cell [82]. Various molecular and phenotypic analyses 
have confirmed that Ibrutinib also irreversibly inhibit 
interleukin-2-inducible T-cell kinase (ITK) by targeting T-cell. ITK is a 
potent therapeutic target that contributes to various pathogenesis, 
autoimmune and neoplastic diseases. Since there is a significant ho
mology between BTK and ITK, through in-silico studies, Ibrutinib is 
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considered as an immunomodulatory inhibitor of both the kinases [83]. 
It can also inhibit gastric carcinoma cell growth by targeting BTK as BTK 
is highly expressed in GC cells and ITK is highly expressed in GC tissues 
[84,85]. 

Although ibrutinib is a very effective drug against GC but with 
chronic lymphoid leukaemia (CLL) it showed an increased risk for sec
ond primary malignancies (SPM) [86]. However, in patients suffering 
from GC, ibrutinib is found to have additive inhibitory effects against 
Bruton’s tyrosine kinase (Btk). Btk is a member of the Tec-family 
non-receptor tyrosine kinases family. It is over-expressed in gastric 
carcinoma tissues and gastric cancer cells. Its inhibition by ibrutinib 
impedes the growth of gastric cancer cells and is involved in effective 
cell killing mediated by inhibition of Btk. Further, it also induced the 
apoptosis of gastric carcinoma cells and is involved as a chemo-sensitizer 
for docetaxel (DTX) which is a standard care for gastric carcinoma pa
tients [84]. Hence, to the best of our knowledge, the side effect is vali
dated only for CLL patients and it has several beneficial effects on GC. 

In our study, ibrutinib showed strong H-bond interactions with the 
SARS-CoV-2-RdRp-NiRAN domain and interacted with the residues 
Asp208, Asn209, Asp218 and Asp221through H-bonds from ibrutinib 
(Fig. 3d). Post MD simulation 2D interaction diagram showed the resi
dues that remained stable for more than 20% time of simulation 
(Fig. 4d). Residues Asp36, Thr206, Asp208, Asp218 and Asp221 showed 
H-bond interaction during the 100 ns of MD simulation. The common 
residues obtained before and after simulation suggested that these res
idues have strong interactions. Histogram diagram of protein-ligand 
(SARS-CoV-2-RdRp-NiRAN domain-ibrutinib) contact also confirmed 
the result and the bond fractions were also represented. The most 
important interactions during the simulation were H-bond, water 
bridges, and ionic interactions (Fig. 5d). RMSD results of protein-ligand 
complex (SARS-CoV-2-RdRp-NiRAN domain-ibrutinib) showed that 
after 40 ns of simulation protein RMSD became stable and similar results 
were observed with the ligand RMSD (Fig. 6D.a). In both the cases, 
fluctuations in the RMSD values were minimal suggesting that during 
the simulation protein and ligand both remained stable. 

The docking scores showed strong affinity of brepocitinib, decerno
citinib, filgotinib, and ibrutinib with the SARS-CoV-2-RdRp-NiRAN 
domain (Table 1). The MMGBSA study also supported docking in
teractions. The docking scores for the brepocitinib, decernocitinib, fil
gotinib, and ibrutinib were calculated to be − 5.543, - 6.694, - 4.917, and 
- 6.137 respectively (Table 1). In this study, it was observed that all four 
inhibitory compounds have almost the same affinity towards the SARS- 
CoV-2-RdRp-NiRAN domain. After docking studies, MMGBSA studies 
were performed and the binding energies were calculated for all the four 
compounds and these were found to be − 60.1315, − 47.6964, 
− 44.1200, and − 77.1748, for brepocitinib, decernocitinib, filgotinib, 
and ibrutinib respectively (Table 2). Besides this, the individual 
MMGBSA energies like coulomb, covalent, H bond, solvation, and 
Vander walls were also calculated which also demonstrated strong af
finity of the compounds with the SARS-CoV-2-RdRp-NiRAN domain. 
Thus, MMGBSA study results showed strong affinity of all the com
pounds with the SARS-CoV-2-RdRp-NiRAN domain. 

Nidovirus RdRp like SARS-CoV-2-RdRp contains an N-terminal 
NiRAN domain that is absent in other viral RdRPs. This domain was 
found essential for some viruses’ propagation like the equine arteritis 
virus and SARS-CoV (Lehmann et al., 2015a). Chen et al., 2020 showed 
the binding of the ADP-Mg2+ with the SARS-CoV-2-RdRp-NiRAN 
domain (Chen et al., 2020). It was observed that the ADP-Mg2+ binds 
to the NiRAN domain with the residues K73, E83, R116, D208, N209, 
G214, D218, F219, and F222. 

In our docking and simulation studies, it was observed that brepo
citinib binds to residues Asp36, Lys73, Asp218 and Asp221 at the active 
site before simulation and during simulation brepocitinib interacted 
with the residues Arg55, Arg116, Asp218 and Asp221. Further, decer
nocitinib docking studies showed that the main interacting residues 
were Asn209, Asp218, and Asp221, while during the simulation the 

main interacting residues were Asp208, Asn209, Asp218, and Asp221. 
In the case of filgotinib, the main docking interacting residues were 
Asp40, Asp208 and Asp221, while during simulation the main inter
acting residues were Asn209, Asp218, Asp221. Similarly, in case of 
ibrutinib, the main interacting residues in docking were Asp208, 
Asn209, Asp218, and Asp221, while during the simulation the main 
interacting residues were Asp36, Asp208, Asp218, and Asp221. These 
results suggest that the residues, which are involved in the binding of the 
ADP-Mg2+ with the SARS-CoV-2-RdRp-NiRAN domain, are also com
mon with the residues that are binding with the studied inhibitor. 
Further, these results showed that all the inhibitory compounds in our 
study bound to the same binding pocket where ADP-Mg2+binds with the 
SARS-CoV-2-RdRp-NiRAN domain. These results strongly suggest that 
the inhibitors used in the study are binding at the active site. Docking 
scores and MMGBSA and MD simulation results also confirms that the 
binding is quite strong. Besides this, the surrounding residues were also 
common before and after simulation in all the four selected inhibitory 
compounds. These results also suggest that the compounds are binding 
at their active site, and not leaving the active site during the simulation. 

5. Conclusion 

Our study proposes the drugs against kinases that can be repurposed 
for the therapeutic treatment of GC patients infected with COVID-19. We 
propose nine drugs namely baricitinib, brepocitinib, decernotinib, 
fasudil, filgotinib, GSK2606414, peficitinib, ruxolitinib, and ibrutinib, 
which are kinase inhibitors in GC, can target the SARS-CoV-2 nsp-12/ 
RdRp region. These drugs have shown strong binding affinity with the 
aforementioned SARS-CoV-2 region and eight, except GSK2606414 
drugs, had no AMES toxicity. Out of these drugs, we selected four potent 
drugs: brepocitinib, decernocitinib, filgotinib, and ibrutinib based of 
their docking score and performed their redocking, MMGBSA, and MD 
simulation studies and discussed the results. In brief, these four drugs 
showed very good binding affinities with the SARS-CoV-2-RdRp-NiRAN 
domain. This also suggested that the SARS-CoV-2-RdRp-NiRAN domain 
might have similar structure and folds as the kinases. Taken all together, 
since there is no precise treatment available until now for the COVID-19 
patients suffering from GC, drug repurposing is among the current 
achievable choice, thus these drugs can be validated in-vitro and in-vivo 
before clinical trials. These drugs can be utilised for GC patients infected 
with SARS-CoV-2. Although we do consider the fact that further in-vitro 
and in-vivo studies would be required for drawing more profound con
clusions. These drugs have the potential to target potent active site of 
SARS-CoV-2. 
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