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Abstract

COVID -19, a pandemic that has spread to more than 200 countries is caused by SARS-CoV2
(Coronavirus). Due to rapidly spreading capability of this virus, the entire world is fighting to
mitigate the infection in an unprecedented way. Several researchers around the world are trying
to treat COVID-19 by different strategies, which includes blood plasma treatment, anti-viral or
anti-malarial drug trials. However, there has not been a proven cure identified for this infection
yet. Different aspects of SARS-CoV2 are explored at a rapid pace in the laboratories throughout
the world. For instance, the genomic and the protein structural information from the recent
reports are valuable resources for further studies. It is also important to explore different
druggable targets against the viral multiplication. Here, we have done virtual screening of 2910
FDA drugs against SARS-CoV2 by targeting non-structural protein 15 (Nsplb)
endoribonuclease. We have identified the top 20 hits and have further analyzed their interaction
and stability using Induced Fit Docking (IFD) and Molecular Dynamics (MD) simulations. Our
results show that the top five drug hits or their scaffolds after careful experimental evaluation

can be repurposed for the treatment of COVID-19.
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1. Introduction

The outbreak which started in the late December 2019 eventually turned out to be the greatest
pandemic of our generation is caused by a coronavirus named SARS-CoV2 (Severe acute
respiratory syndrome coronavirus-2). The disease caused by the SARS-CoV2 is termed as
COVID-19 by the world health organization (WHO). The outbreak was first reported in Wuhan,
China in the December of 2019. Since then the virus has spread to 218 countries so far
affecting more than 56 million people and have caused 1.3 million deaths till date. The mode of
transmission of this virus according to the available findings includes droplet transmission from
the infected person, duration in air as aerosols and on fomite. Over half of the world’s
populations are under social distancing, lockdowns, quarantines and isolation to mitigate the
spread of infection. The time required in finding a way to counteract the infection is highly
precious and finding a new drug and making it available in the market takes several years of
laboratory work and multiple stages of clinical trials. Besides, the approval by FDA after all the
necessary studies takes about six months to one year. Therefore, the scientists around the
world are focusing on repurposing the medications that are pre-approved by FDA for treating
other ailments. Nevertheless, it is inevitable to understand the mechanistic, structural and
functional elements of SARS-CoV2 for a permanent cure of this disease in the future.
Fortunately, the scientific community around the world are unravelling the aspects of this virus
at a rapid pace. This eases the process of getting a quick understanding of the virus and use

the pre-existing FDA approved drugs with better precision to curb the infection.

SARS-CoV2 belongs to the nidovirales order, Coronaviridae family, Sarbecovirus subgenus and
Betacoronavirus genus®. The whole genome sequencing has phylogenetically shown that the
SARS-CoV2 is closer to bat-SL-CoVZC45 and bat-SL-CoVZXC21 than the SARS-CoV.

However, at a protein level SARS-CoV2 shares the highest homology towards SARS-CoVZ.



Despite the whole genome similarity of only 79% between that SARS-CoV and SARS-CoV2,
some of their proteins share a higher similarity percentage like RdARP (RNA dependent RNA
polymerase) and 3CLpro (coronavirus main protease), which are about 95% similar3.
Coronaviruses structure involves an outer lipid membrane in which the spike proteins are
embedded to the membrane which gives characteristic name for this family of viruses (corona-
crown). Inside the membrane the virus genetic material consists of positive RNA which is about
39 Kb. The spike protein (S-protein) of SAR-CoV2 has two domains S1 and S2. The recent
cryo-EM structure of SARS-CoV2 shows that the S-protein binds to the Angiotensin-converting
enzyme-2 (ACE-2)*. The surface plasmon resonance interaction of the S-protein to ACE-2 have

also shown that SARS-CoV2 may bind 10 times stronger than the SARS-CoV>*,

The viral genome consists of several non-structural proteins (Nsps) most of which aid in RNA
replication and sub genomic RNA processing. Some of the Nsps are proteases that helps in
cleaving the encoded polypeptide into several non-structural proteins that perform different
functions in the viral replication. The two proteases include 3C-like protease (3CLpro) encoded
by Nsp5 and papain-like protease (PLP), which is encoded by Nsp3’. There are in total 16 Nsps
and functions of some of these proteins are not completely understood. Nspl5 is an
endoribonuclease that acts on both single and double-stranded RNA8. Nspl5 comes under
nidovirus endonucleases (NendoU), which specifically targets uridylates in RNA to form 2’-3’-
cyclic phosphodiester products®. The virus employs a defense mechanism by protecting its
dsRNA (during the RNA synthesis) by hiding it in a double membrane vesicle (DMV) inside the
host cell'®. Nsp15 has a role to play in formation of DMV and thereby protecting the viral dsSRNA
from the host dsRNA sensors that could trigger the host's immune response!!. Amongst the
Nspl5s from other viruses SARS-CoV Nspl5 was the first reported to have NendoU activity in
vitro'?13, The catalytic site of NendoU and its other homolog from Xenopus origin XendoU

consists of a catalytic triad including two histidine and one lysine residue.



Although the vaccines and antibody treatments are very effective, they are expensive, laborious
and are still at a risk of being obsolete if the virus mutates. Recent reports have shown that the
spike protein, against which many vaccines are developed, has shown several mutations*®.
Hence, diverse treatment options focusing on different protein targets in SARS-CoV2 should be
considered. In our study, we have virtually screened 2910 FDA approved drugs against Nsp15
and have shown few hits with high binding affinity. We have also studied the stability of these
drugs’ interaction with Nsp15 using both Induced fit docking (IFD) and molecular dynamic (MD)
simulations. We propose that our top drug hits can serve by itself or can help in design of novel

chemical scaffolds as a treatment of COVID-19.
Active site NendoU (Nsp15)

The catalytic site of Nsp15 consists of two anti-parallel beta-sheets (316-317-18 and B19-p20-
B21) at the C-terminal of the protein. In the solution, Nsp15 is found to be active in the form of
hexamer (dimer of trimer). Nsp15 requires Mn?* to cut the double stranded RNA at the 3’
uridylates forming 2’-3’ cyclic phosphodiester product'? 6. The active site consists of six key
residues HIS235, HIS250, LYS290, THR341, TYR343, and SER294, which are conserved in
SARS-CoV, MERS-CoV and SARS-CoV2. The structural arrangement of these amino acids is
also conserved in all three proteins except for LYS290. HIS235, HIS250 and LYS290 are the

catalytic triad as it closely represents the active site of ribonuclease family of proteins?’.

2. Materials and methods
The atomic coordinates of the Nsp15 endoribonuclease from SARS CoV-2'’ (PDB ID: 6VWW)
was retrieved from the Protein Data Bank!® and was used for the molecular docking and
simulation studies. It has 346 amino acids with a resolution of 2.20A. 2910 FDA approved
compounds in the .sdf format were retrieved from the ZINC database!® and were screened

against Nsp15 endoribonuclease to determine initial hits or scaffolds.



2.1. Ligand and Protein preparation
The retrieved FDA ligands were subjected to ligand preparation using Ligprep module in
Maestro (Schrodinger, LLC, New York, USA, 2018-4) to generate various conformations,
correction, verification and optimization of the structures. The protein preparation wizard in
Maestro (Schrodinger, LLC, New York, NY, 2018-4) was used to prepare and optimize the
protein for molecular docking studies. The retrieved Nspl5 Endoribonuclease from SARS CoV-
2 protein was subjected to protein preparation protocol to add polar hydrogens, pH adjustments,

optimization and minimization using OPLS2005 force field.

2.2.  Grid generation and Docking
Receptor grid was generated using Receptor grid generation module in the Glide (Glide, v8.1,
Schrédinger, LLC, New York, USA, 2018-4) of Maestro suit (Schrddinger, LLC, New York, USA,
2018-4). A 20 A receptor grid for Nsp15 endoribonuclease from SARS CoV-2 was generated by
specifying the catalytic site residues (HIS235, HIS250, LYS290)*" 2°, Once the receptor grid was
generated, the FDA drugs were docked into the Nsp15 active site using “High throughput virtual
screening protocol” (HTVS) in Glide v8.1 (Grid based Ligand Docking with Energetics) docking
protocol of Maestro suit (Schrodinger, LLC, New York, USA, 2018-4). The docked conformers
were evaluated using Glide (G) Score?!. Finally, from the HTVS screening we have identified

best drugs based on the docking score and proceeded to Induced fit docking (IFD).
2.3. Induced fit docking

Induced fit docking approach was performed by using IFD protocol in Maestro suit (Schrédinger,
LLC, New York, USA, 2018-4). IFD considers the conformational perturbations that are brought
about by the ligands. It helps in creating various ligand poses with the possible binding modes
and each of which is refined and ranked by prime. The top 20 ligands were redocked into the

active site of the protein using reduced van der Waals radii (vdw) using glide XP mode. In order



to account for the protein flexibility, the vdw of nonpolar atoms in the receptor were adjusted for
scaling factor of 0.8. The partial charge cut off was given as 0.15, which ensures the scaling of
the nonpolar atoms only. The side chain conformation and amino acid residue within 5.0 A of
Nspl5 —ligand poses were refined by Prime energy. Finally, energy minimization was performed

using OPLS-2005 force field for ranking the best posed in IFD.
2.4.  Molecular dynamic simulation

Molecular dynamic simulations for docked complexes were performed using Desmond package
(D.E. Shaw Research 2018) to understand the stability of predicted docked complex. Top 7
compounds that survived the Glide XP and IFD docking were subjected to MD simulation using
TIP3P water molecules in an orthorhombic box. Nose-Hoover thermostatic and Martina-Tobias-

Klein was used for maintaining the constant temperature and constant pressure

The OPLS-2005 force field was used for minimization and the analysis of protein interactions. A
grid spacing of 0.8A in Particle-mesh Ewald (PME) method was used to calculate electrostatic
interactions. Further, we have included the RESPA integrator with a near time step of 2.0 fs
and far time step of 6.0 fs for bonded and non-bonded interactions. After system builder, all the
complexes were subjected to the production run for 10ns in the NPT ensemble at 300K
temperature and 1.013 bar pressure

3. Results and discussion

3.1. High throughput virtual screening
The virtual screening results of 2910 FDA drugs against Nspl5 endoribonuclease from SARS
CoV-2 is presented in supplementary files. The top 20 drugs with highest docking score in
throughput virtual screening are listed in Table 1. The highest dock score was of ceftolozane
(-7.83 kcal/mol), an antibacterial drug that targets gram negative bacteria and is currently used

for treating urinary tract infections. The lowest docking score cut off for our study was chosen to



be -5.50 kcal/mol. Sofosbuvir, an anti-viral drug (hepatitis C virus protease inhibitor) was docked
with the score of -5.51 kcal/mol, which was last entry included for our further analysis. Amongst
the 20 drugs, five are associated with treating heart diseases (Dexrazoxane, Piceid, Cangrelor,
Nordefrin and Metaraminol), five are anti-bacterial agents (Ceftolozane, Capastat,
Nitrofurantonin, Amikacin and Plazomicin), four are anti-viral agents (Saquinavir, Paritaprevir,
Dolutegravir and Sofosbuvir) two are anti-fungal (Natamycin and Ciclopirox) and two are anti-
cancer (Azacitidine, and Oteracil). Interestingly, azacytidine, an anti-cancer drug and a potential
anti-retro viral drug against HIV?22® | has given a docking score of -6.74 kal/mol against Nsp15.
The clinical applications of these top 20 compounds are listed in the table 1. Apart from the
above drugs, certain cofactors (Flavin adenine mononucleotide (FAM), flavin adenine
dinucleotide (FAD) and diphosphopyridine nucleotide (Dpnh) and hormones inhibitors
(Atosiban) has also shown better affinity towards Nspl15 catalytic site.

Table 1. List of top 20 compounds in high throughput virtual screening (HTVS) of FDA drugs against
NSP15.

S.no ZINC ID Name HTP score Clinical application
(kcal/mol)
ZINC000009164421 Ceftolozane -7.83 Targets gram negative bacteria. Treats urinary tract infections,

intra-abdominal infections and ventilator-associated

bacterial pneumonia. 2425

ZINC000016929327 Azacitidine -6.74 An anti-cancer drug: cytosine analogue®. Incorporates in DNA

and RNA. Used against HIV? and human T-lymphotropic virus?®

ZINC000072190218 Avatrombopag |-6.49 low platelets associated with liver disease?’

ZINC000087515509 Dexrazoxane -6.38 protects heart against cardiotoxic side effects from chemotherapy

drugs? (EDTA analogue) and a potential anti-malarial?®

ZINC000013514753 Oteracil -5.99 anti-cancer®
ZINC000004098633 Piceid -5.97 Anti-cancer®, anti-inflammatory, cardiovascular protection®?
ZINC000085537017 Cangrelor -5.9 Treats heart disease: platelet inhibitor3

ZINC000253633751 Natamycin -5.89 Anti-fungal; binds to ergosterol**




9 ZINC000068150640 Plazomicin -5.86 Aminoglycoside antibiotic®
Treats urinary tract infection®
10 ZINC000113149554 Netarsudil -5.84 Treats glaucoma or ocular hypertension®”
11 ZINC000000034157 Nordefrin -5.8 vasoconstrictor agent
12 ZINC000026664090 Saquinavir -5.767 HIV protease cleavage site analog®®%
13 ZINC000000001695 Metaraminol -5.71 Increases blood pressure*
14 ZINC000008214483 Amikacin -5.69 Aminoglycoside antibiotic, treats urinary tract infection*
15 ZINC000203757351 Paritaprevir -5.68 Hepatitis C Virus protease inhibitor*2
16 ZINC000058581064 Dolutegravir -5.64 HIV - anti-retro viral*®
17 ZINC000150338698 Capastat -5.58 Anti-bacterial- Tuberculosis*
18 ZINC000000001145 Ciclopirox -5.54 Anti-fungal*®®
19 ZINC000100074252 Sofosbuvir -5.51 Hepatitis C Virus RNA polymerase inhibitor*®
20 ZINC000007997568 Nitrofurantonin |-5.4 Antibacterial (DNA, RNA and protein inhibition)*

3.2.

Induced fit docking

The initial 20 HTVS hits were further subjected to Glide XP and induced fit docking protocol to

find out the final poses of the drugs with better binding affinity. From the IFD analysis we have

identified top 10 compound and their corresponding structures are presented in Figure 1. The

docking score of top 10 compounds along with interaction residues are listed in table 2.
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Fig. 1. Chemical structure of top 10 hits from IFD

The IFD analysis reveals piceid (ZINC000004098633) to have excellent binding affinity towards

Nspl5 catalytic site (Glide score-11.66 kcal/mol). In the active site piceid is stabilized by

hydrogen bonding interactions with GLN245, GLY248, LYS290, SER294, and GLU340 amino

acid residues (Figure 2a). Piceid is a stilbenoid glucoside present in grape juice and it is known

to have broad spectrum of biological activity such as Anti-arteriosclerosis, anti-proliferative

property®?, anti-inflammatory p

neuroprotective properties etc®.

roperty,

hepatoprotective effect,

lung protective effect,



Fig. 2. Final poses of top 10 FDA hits (represented in ball and stick model) with Nspl15
endoribonuclease (represented in grey cartoon and interacting residues in stick model and
labelled). a) Piceid b) Amikacin c) Cangrelor d) ceftolozane e) Plazomicin f) Natamycin. All

polar contacts are highlighted as yellow dotted lines.



The next best docking score obtained was for amikacin having -11.00 kcal/mol. It is an
aminoglycoside antibiotic that exhibited several hydrogen bonding interactions with side chain
residues ASP240, GLN245, LYS290, GLU340, THR341, and TYR343 in the active site of
Nsp15 (Figure 2b). (bond length: 1.9 - 2.4A). Also, it formed Tr...cation interaction with HIS235
residue forming enhanced stabilization. The known inhibitory mechanism of amikacin involves
irreversible binding to bacterial 16S rRNA, which prevents the binding of 30S subunit of
prokaryotic ribosome. Thereby, the protein synthesis of the bacteria is halted; amikacin serves
as an effective antibiotic against several drug resistant bacteria. Cangrelor is a blood platelet
inhibitor (P2Y12 receptor) used for treating coronary artery diseases. It showed docking score of
-10.00 kcal/mol contributed by hydrogen bonding interaction with ASP240, GLN245, GLY248,
LYS290, GLU340, THR341, and TYR343 (Figure 2c). Also, a phosphate moiety in cangrelor
forms a salt bridge with side chain of residue LYS345 which provides extra stability to the

protein-ligand complex.

Ceftolozane is a B-lactum antibiotic effective against gram negative bacteria. This drug is
currently prescribed for complicated urinary tract infections, intra-abdominal infections, and
bacterial pneumonia. A docking score of -9.67 kcal/mol was obtained for ceftolozane through
the H-bond interactions with side chain and back bone residues (HIS235, GLN245, GLY?248,
LYS290, GLU340) of Nsp15 (Figure 2d). Further, the imidazole ring of ceftolozane showed edge
to face ... interaction with TRP333 helps in improving the docking score. Plazomicin is
another aminoglycoside antibiotic used for treating gram negative bacterial infections (urinary
tract infections). This is the fifth best compound in IFD against Nsp15 with docking score of -
9.25 kcal/mol. Like amikacin it also has shown hydrogen bonding interactions with side chains
of residues ASP220, GLU234, HIS235, and ASP240 (Figure 2e). Besides, it formed a salt

bridge as well as a Tr...cation interaction with GLU340 and HIS 235 respectively.



Natamycin and capastat are the 6" and 7" best compounds in our IFD analysis with the docking
score of -8.69 and -8.4 kcal/mol (Figure 2f and Figure 3a for natamycin and capastat
respectively). Azacitidine and oteracil are the anti-cancer drugs with docking scores of -7.27 and
-6.23 kcal/mol respectively (Figure 3b). It is noteworthy that azacitidine is potential inhibitor
against HIV and human T-lymphotropic virus. Among the antiviral drugs (Saquinavir,
Paritaprevir Dolutegravir, Sofosbuvir), sofosbuvir and paritaprevir showed higher binding affinity

with the docking scores of -6.75 and -6.19 kcal/mol respectively (Figure 3c and d).

Fig. 3. Final poses of top 10 FDA hits (represented in ball and stick model) with Nsp15
endoribonuclease (represented in grey cartoon, interacting residues in stick model and
labelled). a) Capastat b) Azacitidine c) Sofosbuvir d) Paritaprevir. All polar contacts are

highlighted as yellow dotted lines.



Table 2. Docking score of the virtual screening hits after IFD protocol.

S.no Compound ID Compound Glide score No.of H-bond Interacting residues
name interactions
1 ZINC000004098633 Piceid -11.664 6 H-bonding (GLN245, GLY248, LYS290, SER294,
and GLU340)
2 ZINC000008214483 Amikacin -11.005 10 H-bonding ASP240, GLN245, GLY248, LYS290,
GLU340, THR341, and TYR343) 1...cation
interaction (HIS235)
3 ZINC000085537017 Cangrelor -10.003 6 H-bonding (GLN245, LYS290, SER294, LEU346,
LYS345) Salt bridges (LYS345)
4 ZINC000009164421 | Ceftolozane -9.678 6 H-bonding (HIS235, GLN245, GLY248, LYS290,
GLU340) and ... T (TRP333)
5 ZINC000068150640 Plazomicin -9.251 5 H-bonding (ASP220, GLU234, HIS235, ASP240)
Salt bridges (GLU340) and r...cation (HIS235)
6 ZINC000253633751 Natamycin -8.695 4 H-bonding (GLY248, LYS335, GLU340, THR 341)
and ...  (HIS235 and TYR343)
7 ZINC000150338698 Capastat -8.400 3 H-bonding (HIS235, GLY248, and GLU340)
Salt bridges (GLU234 and GLU340)
8 ZINC000016929327 Azacitidine -7.270 3 H-bonding (LYS290, VAL292)
9 ZINC000100074252 Sofosbuvir -6.753 6 H-bonding (LEU246, GLY248, LYS290, VAL292,
THR341, THR343)
10 ZINC000203757351 Paritaprevir -6.199 4 H-bonding (GLY248, LYS335, GLU340 THR341)
...  interaction (HIS235 and THR343)
3.3. Molecular Dynamics (MD) simulation study

The stability of the top five compounds along with Nsp15 Endoribonuclease from SARS CoV-2
was evaluated by using molecular dynamic simulations. The duration of MD was 10ns for each
protein-ligand complex in TIP3P water system. The c-alpha atom Root mean square Deviation

(RMSD) of NSP15 and ligand RMSD plots were represented in Figure 4.

Piceid was the best docked drug with Nspl5 endoribonuclease in IFD analysis. The Nspl5
residues that are involved in hydrogen bonding with piceid in our molecular dynamic simulation
are GLY248, HIS250, LYS290, SER294. TYR343 strongly stabilizes the protein ligand complex
by hydrophobic and water interactions.

bridges The C-alpha RMSD of Nspl5 with

ZINC000004098633 (Piceid) which reached the maximum of 2.4 A at around 1 ns and was



stable throughout the course of simulation. (Figure 4a). Figure 4b represents the C-alpha RMSD
of Nsp15 with ZINC000008214483 (Amikacin) which reached the maximum of 3.2 A at around 4
ns and the average RMSD was found to be 2.0 A throughout the course of simulation. GLU340,
a key residue of Nsp15 forms a hydrogen bonding interaction with the amino group of amikacin

and this interaction was observed to be stable throughout the duration of MD simulation.

Figure 4c represents the RMSD of Nsp15 with ZINC000085537017 (Cangrelor) which reached
the maximum of 2.1 A at around 3 ns and was stable throughout the course of simulation.
LYS345, LYS290, SER294, TYR343, PRO344, LEU346 and GLN347 are the main residue of
Nsp15 facilitating interactions with ZINC000085537017. Also, Nsp15 and cangrelor interaction
was mediated by water bridges with the help of residues PRO344, LEU346 and GLN347. The
RMSD of Nsp15 with ZINC0O00009164421 (Ceftolozane) reached the maximum of 2.8 A at 4 ns.
The average RMSD for the entire simulation was stabilized at 2.4 A. The Protein-ligand
interactions were monitored throughout the simulation and represented in Figure 4d. LYS290,
GLU340, TYR343, GLY248, and HIS235 are the main residues of Nsp15 facilitating interactions
with ceftolozane. Figure 4e presents the RMSD of Nsp15 with ZINC000068150640 (Plazomicin)
reached maximum of 2.7A around at 2 ns and then showed average RMSD of 1.8 A throughout
the course of simulation. GLU234, GLU229 and GLU340 in the a-helix and loops are the major

interacting residues of Nsp15 with plazomicin.

Similarly, MD simulations for sofosbuvir and azacitidine individually complexed with Nsp15 were
performed for 10 ns, which were observed to be quite stable. And the resultant data for these
compounds are provided in the supplementary figure 1S and 2S. These results suggest that the
above compounds can be explored against Nspl5 endoribonuclease from SARS CoV-2.
Further, the other compounds present in top 20 has also demonstrated affinity towards the

Nspl5 catalytic triad and can serve as a potential lead or chemical scaffolds to understand the



rationale behind the development of novel Nspl5 inhibitors. However, further experimental

studies are required to elucidate the above said hypothesis.
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Fig. 4. The c-alpha atom RMSD (represented in blue) of NSP15 and ligand RMSD
(represented in magenta) plots are presented on left side of the figure. Also, protein interactions
with ligands was monitored throughout the 10 ns simulation and represented on right side of the
figure (protein — ligand interactions categorized as H-bonds, hydrophobic, ionic and water
bridges).



4. Conclusion

In the biological system, Nspl5 is a hexameric endoribonuclease that helps in Coronavirus
genomic RNA replication. Both structurally and functionally SARS-CoV2 Nspl5 is quite like
SARS-CoV Nspl5. Therefore, the inhibitors designed for SARS-CoV Nspl5 should work
against SARS-CoV2 Nspl5. Nspl5 is highly conserved and the fact that the active enzyme is a
hexamer makes it an interesting target. Reusing the existing drugs can save time, money and
most of all many lives. However, methodological means of finding an effective pre-existing drug
is mandatory to prevent any undesirable effects. In this study, we have performed virtual
screening of 2910 FDA drugs against Nsp15 Endoribonuclease from SARS CoV2 and isolated
the top 20 compounds for the study. The top 20 hits which had better interaction energy with
Nspl5 were further subjected to IFD protocol to find out the final pose of the drugs. Through IFD
studies, we found that Piceid, Amikacin, cangrelor, ceftolozane and plazomicin have very strong
interaction with Nspl15. The final protein-ligand pose/docking pose of the 8 compounds were
simulated for 10ns and was found to be stable throughout the course of simulation. Hydrogen
bonding, ... 11, water bridges and 1 ...cation interactions are important for affinity towards
Nspl5. From our in-silico docking and MD studies, we have shown that picied, amikacin,
cangrelor, ceftolozane and plazomicin drugs can inhibit Nsp15 and might be of value for treating

COVID-19. However, further experimental studies are required to elucidate on this hypothesis.
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