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Abstract: Drug repurposing studies have played a crucial role in fighting the Covid-19 pandemic.
Discovering a new drug molecule for disease takes a very long time. However, repurposing a drug
molecule developed for another disease can accelerate new treatments for a disease. Thus, several drug
repurposing studies were carried out targeting essential proteins for SARS-CoV-2. Nsp16-Nsp10 interaction
was targeted in this work since this interaction is needed for SARS-CoV-2 to evade the human immune
system. Therefore, docking calculations of approved 2126 drug molecules obtained from the Drugbank
database were performed using the AutoDock Vina program. These docking calculations, drugs Ledipasvir
Elbasvir, Venetoclax, Digitoxin, Irinotecan, Dexamethasone, Acetyldigitoxin, Dactinomycin, Lumacaftor,
and Simeprevir, have the highest docking scores. Significant interactions for these drug molecules were
presented.
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INTRODUCTION Covid-19 arsenal. As an example, a detailed
interaction study was performed and 332 important
protein-protein interactions were reported to be

potential drug targets (4). Among apparent targets

Since the outbreak of the Covid-19 pandemic, more
than 130 million people have been infected by

SARS-CoV-2 as of April 2021 (1). Even though
several vaccines have been developed to combat
SARS-CoV-2, existing mutations and prospective
mutations necessitate alternative therapeutics (2).
Since discovering a novel small molecule against a
drug target could take a significant amount of time,
drug repurposing studies were performed to speed
up the process of finding a drug molecule against
SARS-CoV-2 (3). In drug repurposing studies,
alternative drug targets are needed due to two
important reasons: The loss of efficacy resulting
from mutations and enhancing efficacy due to
combination therapies. Also, some molecules might
not show efficacy in clinical trials despite having
promising pre-clinical trial results. Thus, the
diversity and abundance of available therapies for
the treatment of covid-19 patients is important.
Many attempts have been made to contribute the

such as spike Receptor Binding Domain (RBD),
SARS-CoV-2 main protease, and transmembrane
serine protease 2 (TMPRSS2), Non-structural
protein 16 is a promising target for drug
repurposing studies (5-7).

Non-structural protein 16 (Nspl16) methylates the
viral RNA cap so that viral RNA cannot be
distinguished from the host RNA. For the enzymatic
activity, Nspl16 needs Non-structural protein 10
(Nsp10). Nspl6 and NsplO form a heterodimer
complex structure (8). The Nspl16/Nspl0 complex
transfers a methyl group from S-
adenosylmethionine (SAM) cofactor to the 2'
hydroxyl of ribose sugar of viral mRNA. Interestingly
human homolog of Nsp10, CMTrl does not need a
partner for the methylation activity. Since SAM
cofactor is also needed in several human
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methyltransferases, targeting SAM binding site for
the drug discovery might not be an ideal strategy
due to potential off-target side effects (9). Drug
molecules targeting SAM binding site of Nspl6
might also bind human CMTrl. An alternative
strategy would be preventing the formation of the
Nsp16/Nsp10 complex structure. Thus, in this work,
drug repurposing is applied on SARS-CoV-2
Nsp16/Nsp10 interaction site.

Molecular docking calculations are one of the
fundamental methods to predict the binding of a
ligand to a protein (10-12). There have been several
drug repurposing studies that target Nsp16 protein.
Tazikeh-Lemeski et al. selected 1516 FDA-approved
drug molecules based on similarity with SAM and
docked these molecules into the SAM binding
groove of Nsp16 (13). Quan Yang and co-workers
screened 7,173 stereoisomers of 4,574 approved
ligands obtained from the MTiOpenScreen database.
They carried out docking of these molecules in the
SAM binding pocket (14). Vijayan et al. performed
docking of 2,100 FDA drugs from ZINC and 400
compounds from Spec database, and 1,600 drugs
from DrugBank into the SAM binding site (15). In
these drug repurposing studies, docking calculations
were performed on the SAM binding site. However,
targeting Nsp16-Nsp10 interaction has not been the
focus yet. Therefore, in this work, we aim to predict
potential drug molecules which might hamper the
interaction of Nspl6 with Nspl0. To do so, the
Nsp16-Nsp10 interface is selected as the center in
the docking calculations.
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MATERIAL AND METHODS
Protein and Ligand preparation

The structure of the Nspl6-Nspl0 complex was
obtained from the protein data bank (PDB ID:
6W4H). All crystallographic water molecules and
non-amino acid molecules were removed from the
structure. Protonation states of the amino acids of
Nspl6 were determined using python
implementation of PROPKA3 (16, 17). Hydrogen
atoms were added using the AutoDockTools
program (18). The docking box was centered on the
Nsp16-Nspl0 interface (Figure 1). The center for
the grid box was selected to be 76, 25,16 on X, Y
and Z axis by manually orienting the center for the
grid box. Note that these coordinates are based on
the 6W4H.pdb structure. The dimensions of the
docking box were set to be 20, 35, and 25 A in the
X, Y, and Z-axis, respectively. Docking calculations
were performed using the AutoDock Vina program
(19). The exhaustiveness parameter is set to 24 in
these calculations. Information of the 2126 drug
molecules was downloaded from the DrugBank in
the SDF file format as of April 2021 (20). Three-
dimensional structures of the ligands were created
and converted into the PDBQT file format using the
Open Babel software (21). Ligand interaction
diagrams were produced using Maestro (academic
version) program (22).

Figure 1: Visualization of grid box used in docking calculations. Blue: Nsp16, red: Nsp10, and Green:
Docking box.

RESULTS AND DISCUSSION

Prior to screening of drug molecules, re-docking of
SAM molecule was performed to validate the
docking protocol. RMSD difference between the
binding pose obtained by the docking calculation
and the binding pose observed in the crystal

structure was calculated as 0.647 & (Figure 2). The
distribution of the docking scores for tested drug
molecules is given in Figure 3. Docking scores were
populated around -6.1 kcal/mol. Top-ranked
compounds as a result of docking screening are
summarized in Table 1.
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Figure 2: Re-docking of SAM molecule. Nsp16 is shown by gray color. Binding pose of SAM obtained by
docking calculation is shown by red color. SAM conformation observed in the crystal structure is shown by
blue color.
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Figure 3: Distribution of docking scores.

Table 1: Docking scores for the top-ranked drug molecules.

Drug Name Docking Score Disease or Condition
(kcal/mol)
1 Ledipasvir -10.1 Hepatitis C
2 Elbasvir -9.4 Hepatitis C
3 Venetoclax -9.2 lymphocytic leukemia
4 Digitoxin -9.2 Congestive cardiac insufficiency, arrhythmias, and cardiac
failure
5 Irinotecan -9.0 metastatic colorectal cancer
6 Dexamethasone -9.0 endocrine, rheumatic, collagen, dermatologic, allergic,

ophthalmic, gastrointestinal, respiratory, hematologic,
neoplastic, edematous

7 Acetyldigitoxin -8.9 Congestive cardiac failure

8 Dactinomycin -8.7 Wilms' tumor, childhood rhabdomyosarcoma, Ewing's
sarcoma and metastatic, nonseminomatous testicular cancer

9 Lumacaftor -8.7 cystic fibrosis (CF)

10 Simeprevir -8.7 hepatitis C
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In these docking calculations, the Ledipasvir
molecule has the highest absolute docking score of -
10.1 kcal/mol. Ledipasvir is used as an antiviral for
treating chronic hepatitis C. Important interactions
between Ledipasvir and Nsp16 are given in Figure 4.
Ledipasvir forms hydrogen bond interactions with
GIn6885 and Ser6903 and forms hydrophobic
contacts with Val6842, Ala6843, Ala6881, Phe7043,
and Leu7042. After Ledipasvir, Elbasvir has the
second-highest docking score of -9.4 kcal/mol.
Elbasvir is also an antiviral used to treat chronic
hepatitis C. Elbasvir makes hydrogen bonds with
Ser6903 and Asp6904 and makes hydrophobic
contacts with Ala6881, Leu7042, Ala6905, and
Pro6835. Venetoclax has the third-highest docking
score of -9.2 kcal/mol. Venetoclax is a BCL-2
inhibitor and used for the treatment of chronic
lymphocytic leukemia. Venetoclax forms hydrogen
bonds with Arg6884 and has hydrophobic contacts
with Pro6878, Ala6877, Val6876, and Leu6887.
Digitoxin also has a docking score of -9.2 kcal/mol.
Digitoxin is a cardiac glycoside used to treat atrial
fibrillation, chronic cardiac failure, and arrhythmias.
Digitoxin forms hydrophobic contacts with Nsp16
through Pro6888, Leu6887, Val6882, Ala6881,
Val6882, 11e6838, Pro6835, Phe7043, and Leu7042
residues. Irinotecan has a docking score of -9.0
kcal/mol. Irinotecan is a topoisomerase-1 inhibitor
used for the treatment of colorectal cancer.
Irinotecan makes hydrogen bond interaction with
Arg6884 and forms hydrophobic contacts with
Pro6888, Leu6887, Ala 6877, Val6876, Val6842 and
Val6902 residues. Dexamethasone also has -9.0
kcal/mol predicted binding affinity. Dexamethasone
is an anti-inflammatory and immunosuppressant
molecule used to treat a variety of diseases and
conditions such as arthritis, blood/hormone
disorders, and allergic reactions. Dexamethasone
has hydrophobic contacts with Val6882, Ala6881,
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Val6842, 11e6838, and Pro6835. Acetyldigitoxin is an
acetyl derivative of digitoxin and has a binding score
of -8.9 kcal/mol. Acetyldigitoxin is used for the
treatment of congestive cardiac failure.
Acetyldigitoxin has hydrophobic interactions with
Val6882, Ala6881, Val6842, Ile6838, Pro 6835,
Phe7043, and Leu7042. Dactinomycin has -8.9
kcal/mol predicted binding affinity. Dactinomycin is
a chemotherapy agent used to treat various cancers

such as Wilms' tumor, childhood
rhabdomyosarcoma, and Ewing's sarcoma.
Dactinomycin has hydrophobic contacts with

Ala6881, Val6882, Val6842, 11e6838, and Val6876
amino acids of Nspl6. Lumacaftor also has a
binding affinity of -8.7 kcal/mol. Lumacaftor is used
for the treatment of cystic fibrosis. Lumacaftor has
hydrophobic  interaction with GIn6885 and
hydrophobic contacts with Pro7049, Leu6887,
Pro6888, and Met7045. Simeprevir has a docking
score of -8.7 kcal/mol. Simeprevir is an antiviral
used to treat hepatitis C. Simeprevir has
hydrophobic interactions with Val6876, Ala6877,
Pro6878, Ala6881, Leu6887, Ala6905, and Met6839
amino acids. When we compare these top-10 ranked
compounds with the predicted compound due to
other drug-repurposing studies by Tazikeh-Lemeski
et al.; and Vijayan et al., our predictions do not
overlap with predictions of these studies (15). This
situation is normal since, in those drug repurposing
studies against Nspl6, SAM binding site was
selected for docking calculations. We also
investigated how docked molecules overlap the
Nsp16-Nsp10 interface. To do so, we visualized the
Nsp16-Nspl0 complex with docked structures of a
few drug molecules in Figure 6. It is seen that
docked molecules cover the Nsp16-Nspl0
interaction surface well. A summary of the amino
acids forming important interactions with drug
molecules is presented in Table 2.

Table 2: Summary of important amino acids forming hydrophobic contacts and hydrogen bonds with drug
molecules.

Drug Name Hydrophobic contacts

Hydrogen bonding

Ledipasvir Val6842, Ala6843, Ala6881, Phe7043 GIn6885, Ser6903
Elbasvir Ala6881, Leu7042, Ala6905, Pro6835 Ser6903, Asp6904
Venetoclax Pro6878, Ala6877, Val6876, Leu6887 Arg6884
Digitoxin Pro6888, Leu6887, Val6882, Ala6881, Val6882, I1le6838,

Pro6835, Phe7043, Leu7042
Irinotecan Pro6888, Leu6887, Ala 6877, Val6876, Val6842, Val6902 Arg6884
Dexamethasone Val6882, Ala6881, Val6842, 11e6838, Pro6835
Acetyldigitoxin Val6882, Ala6881, Val6842, 1le6838, Pro 6835, Phe7043,

Leu7042
Dactinomycin Ala6881, Val6882, Val6842, 11e6838, Val6876
Lumacaftor Pro7049, Leu6887, Pro6888, and Met704 GIn6885
Simeprevir Val6876, Ala6877, Pro6878, Ala6881, Leu6887, Ala6905,

Met6839
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Figure 4: Ligand interaction diagrams using the docked structures of the drug molecules.
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Figure 5: Ligand interaction diagrams using the docked structures of the drug molecules.
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Elbasvir

Figure 6: Visualization of Nsp16-Nsp10 complex with a docked drug molecule. Note that in docking
calculations, only Nsp16 is used. Blue color shows Nsp16, and Red color shows Nsp10 proteins.

Current use of the drugs predicted in this work was
searched in the literature. Dexamethasone is
currently being used for the treatment of
hospitalized patients. In randomized clinical trials
(RCT) Dexamethasone significantly lowered the
mortality rate (23). Ledipasvir/sofosbuvir
combination did not exhibit significant efficacy in a
very small RCT, yet RCTs with larger sample sizes
are needed to assess the efficacy of Ledipasvir (24).
Venetoclax is being tested on Covid-19 fit patients
with Chronic lymphocytic leukemia (25). There is no
RCT study on Digitoxin but there is an experimental
evidence on impeding the cytokine storm which
eventually could lead to the death of Covid-19
patients (26). Simeprevir has not been tested in an
RCT but in combination with remdesivir it can
suppress the replication of SARS-CoV-2 in vitro
(27). No clinical trial has been performed on
Elbasvir, Irinotecan, Acetyldigitoxin, Dactinomycin
and Lumacaftor.

CONCLUSION

The interaction between Nspl6 and Nspl0 is
essential for SARS-CoV-2 to escape from the host
immune system. In this work, potential drug
molecules which could prevent the formation of the
Nsp16-Nsp10 complex were predicted using docking
calculations. Drugs Ledipasvir Elbasvir, Venetoclax,
Digitoxin, Irinotecan, Dexamethasone,
Acetyldigitoxin, Dactinomycin, Lumacaftor, and
Simeprevir were ranked in the top-10 by their
docking scores. Among other amino acids of Nsp16,
GIn6885, Ser6903, Val6842, Ala6881, Phe7043,
Leu7042, Asp6904, and Arg6884 were predicted to
be essential amino acids for the interaction with
drug molecules. Drug molecules predicted in this

study will open new possibilities for the treatment of
SARS-CoV-2 infected patients.
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