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A B S T R A C T   

The rapid outbreak of the COVID-19 also known as SARS-CoV2 has been declared pandemic with serious global 
concern. As there is no effective therapeutic against COVID-19, there is an urgent need for explicit treatment 
against it. The focused objective of the current study is to propose promising drug candidates against the newly 
identified potential therapeutic target (endonuclease, NSP15) of SARS-CoV2. NSP15 is an attractive druggable 
target due to its critical role in SARS-CoV2 replication and virulence in addition to interference with the host 
immune system. Here in the present study, we integrated the high throughput computational screening and 
dynamic simulation approach to identify the most promising candidate lead compound against NSP15.5-fluoro- 
2-oxo-1H-pyrazine-3-carboxamide (favipiravir), (3R,4R, 5R)-3,4-Bis(benzyloxy)-5-((benzyloxy) methyl) 
dihydrofuran-2(3H)-one) remedesivir, 1,3-thiazol-5-ylmethyl N-[(2S,3S, 5S)-3-hydroxy-5-[[(2 S)-3-methyl-2- 
[[methyl-[(2-propan-2-yl-1,3-thiazol-4-yl)methyl]carbamoyl]amino]butanoyl]amino]-1,6-diphenylhexan-2-yl] 
carbamate (ritonavir), ethyl (3R,4R, 5S)-4-acetamido-5-amino-3-pentan-3-yloxycyclohexene-1-carboxylate 
(oseltamivir), and (2 S)–N-[(2S,4S, 5S)-5-[[2-(2,6-dimethylphenoxy)acetyl]amino]-4-hydroxy-1,6-diphenyl
hexan-2-yl]-3-methyl-2-(2-oxo-1,3-diazinan-1-yl)butanamide (lopinavir) were chosen as a training set to 
generate the pharmacophore model. A dataset of ~140,000 compounds library was screened against the 
designed pharmacophore model and 10 unique compounds were selected that passed successfully through ge
ometry constraints, Lipinski Rule of 5, and ADME/Tox filters along with a strong binding affinity for NSP15 
binding cavity. The best fit compound was selected for dynamic simulation to have detailed structural features 
critical for binding with the NSP15 protein. 

Given our detailed integrative computational analysis, a Small molecule (3,3-Dimethyl-N-[4-(1-piper
idinylcarbonyl) phenyl] butanamide) with drug-like properties and high binding affinity with the NSP15 is 
proposed as a most promising potential drug against COVID-19. The current computational integrative approach 
may complement high-throughput screening and the shortlisted small molecule may contribute to selective 
targeting of NSP15 to stop the replication of SARS-CoV2.   

1. Introduction 

In late 2019, the rapid outbreak of a novel coronavirus, named severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV2) was found in 
Wuhan, China as a root cause for many cases of respirational ailment. 
Presumably, the virus instigated as a result of zoonotic transmission 
among animals like bats and humans but heap on by human to human 
through common droplet contagion (Wang et al., 2020; Li et al., 2020 
and Sohrabi et al., 2020). 

The virus hastily blowout starting from China to above 212 countries 
worldwide and, till this date, infested almost more than 3 million people, 
and over 0.2 million mortalities are reported (as of May 1, 2020) (htt 
ps://www.who.int/emergencies/diseases/novel-coronavirus-2019/sit 
uation-reports). The World Health Organization (WHO) affirmed the 
SARS-CoV2 pandemic a Public Health Emergency of International 
Concern and gave the abbreviated name of COVID-19 to the SARS-CoV2 
outbreak (Sohrabi et al., 2020, https://www.who.int/emergencies/dise 
ases/novel-coronavirus-2019/events-as-they-happen). 
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COVID-19 is capable of causing respiratory epidemics in humans like 
severe acute respiratory syndrome coronavirus 1 (SARS-CoV1) in 
2002–2003 (Centers for Disease Control and Prevention, 2003) and 
Middle-East Respiratory Syndrome coronavirus (MERS CoV) in 2012 (de 
Wit et al., 2016). Based on the data of 2003 and 2012 epidemics of 
SARS-CoV1 and MERS-CoV, COVID-19 is considered the cause of great 
loss of human lives as well as it will exert massive social impact and 
economic loss in the billions of dollars (Stoermer et al., 2020; Keogh-
Brown et al., 2008). 

SARS CoV-2 is an enveloped non-segmented positive-sense RNA 
virus that belongs to the β-coronaviruses family. Its genome size is 29.9 
kb (Wu et al., 2020). It has been discovered that the genome of 
β-coronaviruses consists of 6–11 open reading frames (ORFs) (Song 
et al., 2019). More than half part of viral RNA, found in the first ORF 
(ORF1a/b) decodes two polyproteins, pp1a and pp1ab, and encrypts 16 
non-structural proteins (NSP), while the remaining ORFs translate 
auxiliary and structural proteins comprising spike (S) glycoprotein, 
small envelope (E) protein, matrix (M) protein, and nucleocapsid (N) 
protein (Cui et al., 2019). Recently, NSP15 is declared a suitable drug 
target against SARS-CoV2 as it is conserved among coronaviruses and is 
crucial for their lifecycle and virulence. It has been discovered that in
hibition of NSP15 can slow viral replication more than any other target 
(https://news.northwestern.edu/stories/2020/03/new-coronavirus-pr 
otein-reveals-drug-target/). Among Nidovirales order, NSP15 is consid
ered a genetic marker, differentiating it from all other viruses. The 
importance of NSP15 for virus structure is best illustrated in the work of 
Ivanov et al., in 2004 i.e. mutation in a single-nucleotide of NSP15 
demolished its endonucleolytic activity and viral RNA synthesis. Nsp15 
plays a dominant role in suppressing the type I IFN (IFN-α/β)-associated 
innate immune response by infecting macrophages, thus eluding 
detection of viral mRNA by double-stranded RNA sensors. These in
terpretations have been auxiliary substantiated in vivo in murine models 
where virus expressing mutant nsp15 forms resulted in early forceful 
initiation of interferon, apoptosis of macrophages, and stimulated a 
protective immune response ultimately leading to attenuated disease. 
Therefore, this endonuclease can be considered as virus weaknesses and 
a highly specific and unique target for anti-CoV therapeutics (Sen
anayake, 2020). 

At this moment in time, there is no specific drug or therapeutic op
tion is available against COVID-19. Some already existing antiviral 
drugs have been ratified as an investigational remedy against COVID-19 
like Favipiravir (Abou-Zeid, 2020, https://forum.facmedicine.com/thr 
eads/breaking-news-Favipiravir-approved-as-experimental-coronavir 
us-drug.47832/), Remedesivir, Chloroquine (Wang et al., 2020b), Ri
tonavir, Oseltamivir, and Lopinavir (https://www.dawn.com/new 
s/1532081). Accordingly, there is still an exigent requirement for the 
development of an antiviral inhibitor specifically effective against 
COVID-19. 

The present study was designed to use the computational approaches 
to design potential anti-viral lead compounds to defeat SARS-CoV2. We 
used these effective already existing drugs to propose the best inhibitor 
against COVID-19 by using Pharmacophore Modelling, Virtual 
Screening, Molecular Docking, and Molecular dynamic Simulation 
techniques. Expectantly, this research will add to uphold the existing 
efforts of the researchers to discover a certain cure against this dreadful 
virus. 

2. Materials and methods 

2.1. Data collection 

The structure of NSP15 was obtained from PDB (https://www.rcsb. 
org/), with PDB ID: 6VWW (Kim et al., 2020). The crystal structure of 
NSP15 was further refined through energy minimization by Chimera 
1.6.1 (http://www.rbvi.ucsf.edu/chimera) (Yang et al., 2012) using 
amber force field and geometry optimization by VEGA ZZ (http://www. 

ddl.unimi.it). The 3D structure for training compound dataset contain
ing favipiravir (CID: 492,405), remedesivir (CID: 121304016), ritonavir 
(CID: 392,622), oseltamivir (CID: 449,381), and lopinavir (CID: 92,727) 
were retrieved from the PubChem database (https://pubchem.ncbi.nlm. 
nih.gov/). 

After this, we retrieved Antiviral Library (80,000 compounds), 
Antiviral HBV (11,000 compounds), Coronavirus Library (13,000 com
pounds) from ChemDiv (https://www.chemdiv.com/) and FDA 
approved drug library (1700 compounds) from Selleckchem (https 
://www.selleckchem.com/screening/fda-approved-drug-library.html). 
All drug libraries were retrieved in. sdf format. MONA 2.1.3 (Hilbig and 
Rarey, 2015) tool was used to remove redundancy among these li
braries. Open Babel (O’Boyle et al., 2011) was used for format conver
sion of library compounds like from. sdf to. mol or. pdb and vice versa. 

2.2. Pharmacophore modelling and virtual screening 

The common featured ligand-based pharmacophore model for the 
training set of the molecules (Favipiravir, Remedesivir, Ritonavir, 
Oseltamivir, and Lopinavir) was created using Ligand Scout 4.3 (www. 
inteligand.com) (Amanlou and Mostafavi, 2017). Pharmacophore 
modelling is based on the assembly of chemical functionalities and then 
the alignment of shared features of the training compounds set. Then by 
resulted pharmacophore model sensitivity and specificity check was 
applied to optimize and refine the libraries of small molecules to find 
only active hits and eliminate the inactive hits from initial screening. 

2.3. Virtual screening 

The refined pharmacophore model was used as a query for virtual 
screening of the 0.14 million compounds of Antiviral, Antiviral HBV, 
Coronavirus, and FDA approved drug libraries using Ligand Scout 4.3. 
The basic key to success for the drug designing process is the enrichment 
of chemical database by which all the compounds with poor drug-like 
properties are removed and remaining filtered out hit molecules 
passes through a series of filters. 

Initially, PAINS server (Baell and Holloway, 2010) was used to 
remove false positive hits, and then Osiris Property Explorer Applet 
(Dillard and Goldberg, 1978) (http://www.openmolecules.org/prope 
rtyexplorer/applet.html) and Osiris Data Warrior (Sander et al., 2015) 
(http://www.openmolecules.org/datawarrior/) were used to check 
Lipinski-filter (Lipinski, 2004) and geometry constraint from the 
screened compound. Through this enrichment process, we filtered out 
~3500 compounds with optimized geometrical constraints, Mwt 
180–450 kDa, LogP value of 1–5, five or fewer rotatable bonds, less than 
five hydrogen bond donors (HBD’s), and less than ten hydrogen bond 
acceptors (HBAs). Moreover, SCIfinder (Ridley, 2009) was used to 
explore whether our active hits are previously reported in the literature, 
and also similarity search was done to assemble and inspect all those hits 
with> 80% similarity. 

2.4. Molecular docking 

The optimized screened compounds (~3500), with adequate phar
macological features, Lipinski filter, and geometrical constraints were 
kept to molecular docking studies in the active binding pocket of NSP15 
of SARS-CoV 2. Auto Dock Vina wizard of PyRx (Dallakyan and Olson, 
2015) was used to perform docking studies. Then docking complexes 
were crosschecked by using the Patch Dock server (Schneidman-Du
hovny et al., 2005). Molecular docking was performed with a rigid re
ceptor and flexible ligands. A grid map of 73 _ 21 _ 25 points with a 
spacing of 0.875 Å was set on the active binding pocket region of the 
NSP15 structure to create the grid map and remaining docking param
eters were set to the default. The best-docked complex for each ligand 
was selected with the lowest energy value and interactions were checked 
using DS visualizer (Studio, 2008) and UCSF Chimera (Yang et al., 

A. Batool et al.                                                                                                                                                                                                                                  

https://news.northwestern.edu/stories/2020/03/new-coronavirus-protein-reveals-drug-target/
https://news.northwestern.edu/stories/2020/03/new-coronavirus-protein-reveals-drug-target/
https://forum.facmedicine.com/threads/breaking-news-Favipiravir-approved-as-experimental-coronavirus-drug.47832/
https://forum.facmedicine.com/threads/breaking-news-Favipiravir-approved-as-experimental-coronavirus-drug.47832/
https://forum.facmedicine.com/threads/breaking-news-Favipiravir-approved-as-experimental-coronavirus-drug.47832/
https://www.dawn.com/news/1532081
https://www.dawn.com/news/1532081
https://www.rcsb.org/
https://www.rcsb.org/
http://www.rbvi.ucsf.edu/chimera
http://www.ddl.unimi.it
http://www.ddl.unimi.it
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://www.chemdiv.com/
https://www.selleckchem.com/screening/fda-approved-drug-library.html
https://www.selleckchem.com/screening/fda-approved-drug-library.html
http://www.inteligand.com
http://www.inteligand.com
http://www.openmolecules.org/propertyexplorer/applet.html
http://www.openmolecules.org/propertyexplorer/applet.html
http://www.openmolecules.org/datawarrior/


European Journal of Pharmacology 892 (2021) 173779

3

2012). 

2.5. ADME/tox properties 

ADME-Tox (Absorption, Distribution, Metabolism, Excretion, and 
Toxicity) studies were conducted for the best interacting optimized 
screened compounds for Lead discovery and optimization. This phar
macokinetics, metabolism, and toxicity analysis is very important to 
predict the fate of Lead compounds after administration into the human 
body (Li, 2001). We used pkCSM (Pires et al., 2015) (http://biosig.un 
imelb.edu.au/pkcsm/) to check ADME/Tox for our compounds and 
then to crosscheck pharmacokinetics and ADME/Tox for best hit we 
used SwissADME (Daina et al., 2017) (http://www.swissadme.ch/). 
Hence, finally, we selected the best Lead compound passing Lipinski 
filter as well as ADME/Tox filter and has the best interaction with 
NSP15. 

2.6. Molecular dynamic simulation 

To examine the dynamic nature of interactions and to separate the 
comparative structural constraints between Apo and inhibitor bound 
states of NSP15, we performed molecular dynamics (MD) simulations 
for these two states. Molecular dynamics (MD) simulations were per
formed using MDWeb (Hospital et al., 2012) (http://mmb.irbbarcelona. 
org/MDWeb). In this GROMOS96 53a6 force field with the simple point 
charge (SPC) water model was used to simulate the protein complex. 
Erstwhile to the simulation process, energy minimization was performed 
by default using steepest descent and conjugate gradient methods, fol
lowed by equilibration under periodic boundary condition using octa
hedron box. MD simulation was performed for 100 ns under constant 
temperature (300 K) and pressure (1 ATM) and Particle-Mesh Ewald 
summation (Luty et al., 1994) was used to analyze electrostatic in
teractions. The steadiness of protein structure, fluctuations, and in
teractions was calculated by the root mean square deviation (RMSD) and 
root mean square fluctuations (RMSF) analysis. 

3. Results 

3.1. Pharmacophore model and virtual screening 

The present study was designed to perform high throughput virtual 
screening extended with a structural dynamics approach to identify the 
potential candidate drug against NSP15. Ritonavir, remedesivir, osel
tamivir, lopinavir, and favipiravir (Fig. S1) were used as a training set to 
generate the pharmacophore model. In an optimized model, their 
pharmacophore-fit score was 45.70, 47.48, 46.46, 48.14, and 46.09 
respectively and they shared 4 common features i.e., each has two 
hydrogen bonds donors and two hydrogen bond acceptors. 2D and 3D 
view of the pharmacophore model are shown in Fig. 1 A and B. This 
model was used as a template for a screening of 140,000 compounds 
from Antiviral, Antiviral HBV, Coronavirus, and FDA approved drug 

libraries. By the end of this screening process, we got ~3500 compounds 
with shared featured same as the pharmacophore model. We further 
screened out these 3500 compounds by removing false positive and by 
taking Lipinski rule of five and geometry constraints as standard. ~500 
compounds were shortlisted. These ~500 compounds were in full 
agreement with pharmacophore features, geometry constraints, and 
Lipinski Rule of 5. 

3.2. Lead selection through molecular docking and ADME/Tox analysis 

To investigate the critical interactions with key residues of active 
binding sites of NSP15 protein of SARS-CoV2, an improved dataset of 
500 compounds was subjected to molecular docking studies against the 
active binding pocket of NSP15 protein of SARS-CoV2. Docking analysis 
resulted in 50 docked inhibitors with strong binding affinities towards 
NSP15 protein (Table S1). A comparative docking analysis by Patch 
Dock (https://bioinfo3d.cs.tau.ac.il/PatchDock/) showed consistency in 
the docking poses and mapped residual interactions. Afterward, the 
chemistry of each compound was precisely evaluated and adjacent an
alogues and isomers were omitted. Finally, 10 unique compounds were 
selected for further analysis that showed a strong binding affinity for the 
NSP15 active site (Table 1). Lys71, Lys90, Gly165, Val166, Leu168, 
Thr196, Ser198, Arg199, Glu203, His 235, His 250, Leu252, Asp268, 
Asp273, Ser274, Lys277, Tyr279, Lys 290, Ser 294, Val295, Ile296, 
Asp297, Thr341 and Tyr343 of NSP15 were involved in the interaction 
with the 10 shortlisted compounds (Table S2). 

By synergy of molecular docking and pharmacokinetics results 
analysis (3,3-Dimethyl-N-[4-(1-piperidinylcarbonyl) phenyl] butana
mide) a compound from Coronavirus Library with ID:13,729 was iso
lated as best among all 10 shortlisted (Tables 1 and 2) for detailed 
interaction and dynamics simulation analysis. 2D and 3D structure of 
potential potent NSP15 inhibitor are shown in Fig. 2 A and B. 

3,3-Dim l-N-[4-(1-piperidinylcarbonyl)phenyl]butanamide was 
docked pretty well within the binding cavity of NSP15 with the binding 
free energy of − 10.5 kcal/mol. Lys90, Asp273, and Lys277 showed tight 
π-π stacking interactions, Leu252 and Lys277 was part of alkyl and Pi- 

Fig. 1. 2D and 3D representation of the pharmacophore model. (A) 2D view of Pharmacophore. (i) Favipiravir (ii) Lopinavir (iii) Remedesivir (iv) Oseltamivir and 
(v) Ritonavir, respectively. B) 3D view of the Pharmacophore model. 

Table 1 
Binding energies of 10 shortlisted compounds.  

S.No Library name_number Binding energy 
Kcal/mol 

1 Antiviral HBV Library_2340 − 9.0 
2 Antiviral HBV Library_2970 − 9.0 
3 Antiviral HBV Library_7636 − 9.2 
4 FDA approved drug library_144 − 9.8 
5 FDA approved drug library_617 − 9.3 
6 FDA approved drug library_1349 − 9.0 
7 CORONAVIRUS Library_748 − 9.5 
8 CORONAVIRUS Library_8981 − 9.5 
9 CORONAVIRUS Library_13,710 − 9.3 
10 CORONAVIRUS Library_13,729 ¡10.5  
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alkyl interactions while Ser198 and Lys71 were involved in hydrogen- 
bonding with important structural moieties of identified novel potent 
NSP15 inhibitor. Apart from this Gly165, Val166, Leu168, Thr196, 
Arg199, Glu203, Asp268, Ser274, Tyr279, Val295, Ile296, Asp297 
showed hydrophobic interactions to keep the 3,3-Dimethyl-N-[4-(1- 
piperidinylcarbonyl) phenyl] butanamide pretty well within the 

binding pocket of the target protein (Fig. 3 A and B). 

3.3. Molecular dynamic simulation analysis 

To gauge stability, convergence, energetic and structural properties, 
20 ns MD simulation was performed with selected putative lead com
pound and NSP15 of SARS-CoV2. Resulting trajectories were cautiously 
analysed to determine the stability, energetics, and structural properties 
and interactions during MD simulations. 

Plots of root mean square deviation (RMSD) and root mean square 
fluctuation (RMSF) were generated to assess the stability and fluctua
tions. RMSD profile for bound NSP15 (NSP15-screening hit) was 
compared with the apo-state (NSP15) as a reference. An overall 
convergence of energies indicated well-behaved behaved-systems with 
equilibration. The RMSD plot shows values between the C-alpha atom of 
complex and apo-proteins were below 2 Å, signifying the system sta
bility (Fig. 4A). RMSD plot verified more binding stability in NSP15 
when it is bound to lead compound. These results strengthened our 
docking results as they were in good agreement with each other. 

RMSF plot (Fig. 4B) indicated more fluctuations in the apo-state 
(NSP15). Interestingly, all fluctuations observed in apo-state were in 
the binding regions (in and around the binding residues i.e. (Lys71, 
Lys90, Ser198, and Leu252) and almost all binding residues persisted 
stability in complex form. These data specified that lead binding 
persuaded more compaction in the NSP15. 

By thorough analysis of dynamic trajectories at different ns confor
mational changes in NSP15 binding cavity were captured most likely to 
critical for binding with the potential NSP15 inhibitor. Through the 
comparative analysis of NSP15 apo and NSP15 bound state, significant 
conformational changes were observed in the loop region and secondary 
structure surrounding the binding cavity while the residues involved in 
the binding showed stability except small conformational switches to 
facilitate binding with the inhibitor. Lys 252 and Lys277 tilted towards 
the cavity to make tight π-π stacking interaction and Pi-alkyl interaction 
with the bound inhibitor while Lys 71 and ser 198 showed inward push 
to make H-bonding with the inhibitor. Apart from these significant 
fluctuations in the loop region surrounding the binding residues were 
observed to help key residues to attain favourable binding pose (Fig. 5). 

4. Discussion 

Currently, COVID19 has been proved the most threatening and most 
frightening epidemic of this century so far. And most alarming is the fact 
that still there is no therapeutic available against this disease. In vitro 
process of drug designing that includes screening and testing of millions 
of compounds is time-consuming and very costly. The lack of explicit 
therapeutics against the novel COVID-19 urge for the active drug dis
covery for which computational methods offer a fast and cost-efficient 

Table 2 
Pharmacokinetics properties of final screening hit.  

Properties Lead Compound 

IUPAC Name 3,3-Dimethyl-N-[4-(1-piperidinylcarbonyl) 
phenyl]butanamide 

Molecular Formula C18H26N2O2 

Canonical SMILES O=C(CC(C) (C)C)Nc1ccc (cc1)C (=O)N1CCCCC1 
Molecular Weight 302.41 
LogP 3.68 
Rotatable bonds 6 
HBA 2 
HBD 1 
Molar Refractivity 93.84 
Topological Polar Surface Area 

(TPSA) 
49.41 Å2 

Surface Area 132.438 
Water Solubility − 4.334/Soluble 
ESOL Class Solubility Soluble 
Silicos-IT Class Solubility Soluble 
Ali Class Solubility Soluble 
Caco 2 permeability 1.363 
Intestinal absorption (human) 90.495 
Skin Permeability − 2.974 
Gastrointestinal (GI) absorption High 
BBB permeant Yes 
CNS permeant No 
Pgp substrate No 
CYP1A2 inhibitor No 
CYP2C19 inhibitor Yes 
CYP2C9 inhibitor No 
CYP2D6 inhibitor Yes 
CYP3A4 inhibitor No 
Renal OCT2 substrate Yes 
AMES toxicity No 
Hepatotoxicity No 
Skin Sensitisation No 
Lipinski violations 0 
Ghose violations 0 
Veber violations 0 
Egan violations 0 
Muegge violations 0 
Bioavailability Score 0.55 
PAINS alerts 0 
Brenk alerts 0 
Leadlikeness violations 0 
Synthetic Accessibility 1.89 
DrugLikeness Best 
Medicinal Chemistry Best  

Fig. 2. 2D (a) and 3D (b) view of screening hit (3, 3-Dimethyl-N-[4-(1-piperidinylcarbonyl) phenyl] butanamide).  
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approach (Murumkar et al., 2010). 
The present study was designed to use high throughput computa

tional screening and structural dynamics approach to find out putative 
inhibitor against NSP15 protein of SARS-CoV-2. NSP15 that is consid
ered vital for the SARS CoV-2 life cycle and virulence is declared as a 
new and effective drug target by a team of researchers from the Uni
versity of California and the University of Chicago, North-western Uni
versity. The team mapped the 3D structure of NSP15 (PDB ID: 6VWW) 
recently in march 2020 (Abou-Zeid, 2020; Kim et al., 2020). For drug 
designing, the information of a binding pocket of a receptor to its ligand 
is very crucial (Chou, 2006). The information about the binding cavity 
and residues involved in it was taken from Kim et al. (2020) and 
Abou-Zeid (2020). To increase the inhibition specificity, we integrated 
the pharmacophore modelling with virtual screening and dynamics 
simulations approach. Before designing pharmacophore model, five 

training set of molecules (ritonavir, remedesivir, oseltamivir, lopinavir, 
and favipiravir) were evaluated for molecular interactions with the 
NSP15. Detailed interaction analysis revealed the strong binding affinity 
of all the training molecules within the active binding cavity with a 
number of covalent and hydrophobic interactions (Fig. S2). Compara
tive binding motif preference analysis with the target proteins of 
training molecules revealed preference of certain amino acid e. g Ser, 
Asp for Favipiravir (Sada et al., 2020), Gly, Asp for Lopinavir (Pal et al., 
2013), Arg, Ser, Tyr for Oseltamivir (Karthick et al., 2013), Ser for 
Remedesivir (Lo et al., 2020), Arg, Asn and Ser for Ritonavir (Zhang and 
Yap, 2004). Binding analysis of these training compounds against NSP15 
revealed the preference for those specific amino acids (Fig. S2). 

Initially, by using 5 compounds (ritonavir, remedesivir, oseltamivir, 
lopinavir, and favipiravir) that showed positive therapeutic potential for 
coronavirus patients in different countries, a pharmacophore model was 

Fig. 3. Molecular interaction analysis of screening hit within the binding cavity of NSP15 protein. (A) 2D representation, a ligand is shown in the grey line model 
while the interacting residues are shown in discs. Black lines represent pi-pi and H-bonding interactions. (B) 3D representation, NSP15 protein is shown in brown 
ribbon with interacting residues shown in ball and stick representation Bound inhibitor molecule is shown in cyan stick model. 

Fig. 4. Plots to investigate the stability and fluctuations of NSP15 apo and NSP15 bound state (A) Represents RMSD and (B) represents the RMSF plot. Green color 
represents the apo form of NSP15 while red color shows NSP15 bound with selected screening hit. 
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generated. The generated pharmacophore model was screened against a 
small molecule dataset of 140,000 compounds with subsequent filtra
tion to increase specificity, resulting in the isolation of 10 hits as puta
tive NSP15 specific inhibitors. 

Finally, 3,3-Dimethyl-N-[4-(1-piperidinylcarbonyl) phenyl] butana
mide was selected for detailed structural demonstration as representa
tive screening hit for specific targeting of NSP15 protein of SARS-CoV2 
(Table S3 and S4). Docking analysis reveals that along with Ser198, 
Lys71, Lys90, Arg199, Leu252, and Tyr279 are also more critical resi
dues in the binding cavity of NSP15 (Fig. S2). 

Detailed scrutinization of the dynamic behaviour of the final 
screening hit revealed important structural details of NSP15 binding 
pocket upon binding to lead compound. Comparative analysis of apo- 
state and inhibitor bound NSP15 complex uncovered significant struc
tural compactness that may prove crucial to disrupting the SARS-CoV-2 
virulence in the human body. During MD simulations, key substrate 
interacting residues (Lys71, Lys90, Ser198, and Leu252) were mainly 
detected in inhibitor binding which showed that isolated screening hot 
ma has a strong affinity towards the binding cavity of NSP15 (Fig. 4a and 
b). Therefore, detailed structural behavior monitoring strengthens our 
screening approach as NSP15 protein showed more stability in behavior 
upon binding to a putative inhibitor molecule. Our binding analysis with 

our pharmacophore compounds strengthens our selection of lead com
pounds by exactly fitting within the same cavity. 

Given our results analysis, we propose that our lead compound may 
prove more effective and specific for NSP15 targeted therapy. Our lead 
compound i.e. 3,3-Dimethyl-N-[4-(1-piperidinylcarbonyl) phenyl] 
butanamide is a small molecule with highly positive features of drug- 
likeness and Medicinal Chemistry can be the best potential drug 
against SARS-CoV2 inhibition, and it can be used with confidence for 
further in vitro analysis to investigate it with prospective of medicinal 
use. 

5. Conclusion 

To this date, no specific drugs or vaccines are available to treat SARS- 
CoV2 despite its close relation to the SARS-CoV1 virus that caused a 
similar epidemic in 2003. Thus, there remains a burning need for the 
development of specific antiviral therapeutics to conquer SARS-CoV2. 
The present study synergetic computational approach of virtual 
screening, molecular docking, and structural dynamics aimed to identify 
the potential NSP15 specific inhibitor from a library of 140,000 com
pounds. Out of shortlisted 10 compounds, (3,3-Dimethyl-N-[4-(1- 
piperidinylcarbonyl) phenyl] butanamide) exhibited strong interactions 

Fig. 5. Conformational changes of NSP15 upon inhibitor binding: Apo-state of NSP15 (pink) and bound sate of NSP15 (cyan) reveal critical structural changes upon 
inhibitor binding within the NSP15 binding pocket. 
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within the binding cavity of NSP15 with the high binding free energy of 
− 10.5 kcal/mol and stability within the binding site residues of NSP15. 

To the best of our knowledge, A screening of a large set of chemical 
space for SARS-CoV2 endonuclease inhibitors has not been reported 
before. But we cannot eliminate the importance of in vitro or experi
mental validation to address the worthiness of our data. The immediate 
benefit of such studies is that they are needed for updating the treatment 
strategy for COVID-19. However, the targeted end-users of the expected 
results of the proposed study are drug manufacturing industries, clini
cians, and subsequently the patients suffering from COVID-19. 
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