Taylor & Francis
Taylor & Francis Group

Jourdl of Buprndecula' . .
smewreibmamics — Journal of Biomolecular Structure and Dynamics

. '/?--,.f

F 4

i ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tbsd20

Identification of naphthyridine and quinoline
derivatives as potential Nsp16-Nsp10 inhibitors: a
pharmacoinformatics study

Bilal J. M. Aldahham, Khattab Al-Khafaji, Mohanad Yakdhan Saleh, Adel
Mohamed Abdelhakem, Amer M. Alanazi & Md Ataul Islam

To cite this article: Bilal J. M. Aldahham, Khattab Al-Khafaji, Mohanad Yakdhan Saleh,

Adel Mohamed Abdelhakem, Amer M. Alanazi & Md Ataul Islam (2022) Identification

of naphthyridine and quinoline derivatives as potential Nsp16-Nsp10 inhibitors: a
pharmacoinformatics study, Journal of Biomolecular Structure and Dynamics, 40:9, 3899-3906,
DOI: 10.1080/07391102.2020.1851305

To link to this article: https://doi.org/10.1080/07391102.2020.1851305

A . .

h View supplementary material &' ﬁ Published online: 30 Nov 2020.
N\

E)/ Submit your article to this journal & il Article views: 1354
N -

& View related articles &' (&) View Crossmark data &

CrossMark

@ Citing articles: 6 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=tbsd20


https://www.tandfonline.com/action/journalInformation?journalCode=tbsd20
https://www.tandfonline.com/loi/tbsd20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/07391102.2020.1851305
https://doi.org/10.1080/07391102.2020.1851305
https://www.tandfonline.com/doi/suppl/10.1080/07391102.2020.1851305
https://www.tandfonline.com/doi/suppl/10.1080/07391102.2020.1851305
https://www.tandfonline.com/action/authorSubmission?journalCode=tbsd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tbsd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/07391102.2020.1851305
https://www.tandfonline.com/doi/mlt/10.1080/07391102.2020.1851305
http://crossmark.crossref.org/dialog/?doi=10.1080/07391102.2020.1851305&domain=pdf&date_stamp=2020-11-30
http://crossmark.crossref.org/dialog/?doi=10.1080/07391102.2020.1851305&domain=pdf&date_stamp=2020-11-30
https://www.tandfonline.com/doi/citedby/10.1080/07391102.2020.1851305#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/07391102.2020.1851305#tabModule

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS
2022, VOL. 40, NO. 9, 3899-3906
https://doi.org/10.1080/07391102.2020.1851305

Taylor & Francis
Taylor &Francis Group

‘ W) Check for updates‘

Identification of naphthyridine and quinoline derivatives as potential Nsp16-
Nsp10 inhibitors: a pharmacoinformatics study

Bilal J. M. Aldahham?, Khattab AI—Khafajib, Mohanad Yakdhan Saleh® @), Adel Mohamed Abdelhakemd, Amer M.

Alanazi® and Md Ataul Islam®9"

Department of Chemistry, College of Applied Sciences-Hit, University Of Anbar, Anbar, Hit, Iraq; ®Department of Chemistry, College of Arts
and Sciences, Gaziantep University, Gaziantep, Turkey; “Department of Chemistry, College of Education for Pure Science, University of
Mosul, Ninawa, Iraq; dCollege of Pharmacy, Department of Medicinal Chemistry, Minia University, Mina, Egypt; *Pharmaceutical Chemistry
Department, College of Pharmacy, King Saud University, Riyadh, Saudi Arabia; ‘Division of Pharmacy and Optometry, School of Health
Sciences, Faculty of Biology, Medicine and Health, University of Manchester, Manchester, United Kingdom; 9School of Health Sciences,
University of Kwazulu-Natal, Durban, South Africa; "Department of Chemical Pathology, Faculty of Health Sciences, University of Pretoria
and National Health Laboratory Service Tshwane Academic Division, Pretoria, South Africa

Communicated by Ramaswamy H. Sarma

ABSTRACT

This research is a recent effort to explore some new heterocyclic compounds as novel and potential
nonstructural protein-16-nonstructural protein-10 (Nsp16-Nsp10) inhibitors for the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) inhibition. The SARS-CoV-2 is causative agent of coronavirus
disease 2019 (COVID-19) pandemic. A set of 58 molecules belongs to the naphthyridine and quinoline
derivatives have been recently synthesized and considered for structure-based virtual screening
against Nsp16-Nsp10. Molecular docking was virtually performed to screen for anti-SARS-CoV-2 activity
against Nsp16-Nsp10. Fourteen out of fifty-eight compounds were exhibited binding affinity higher
than co-crystal bound ligand s-adenosylmethionine (SAM) toward Nsp16-Nsp10. Further, the in silico
pharmacokinetics assessment was carried out and it was found that two molecules possess the accept-
able pharmacokinetic profile, hence considered promising Nsp16-Nsp10 inhibitors. The binding inter-
action analysis was revealed some crucial binding interactions between the final selected two
molecules and ligand-binding amino acid residues of Nsp16-Nsp10 protein. In order to explore the
characteristics of the protein-ligand complex and how selected small molecules retained inside the
receptor cavity in dynamic states, all-atoms conventional molecular dynamics (MD) simulation was per-
formed. Several factors were obtained from the MD simulation trajectory evidently suggested the
potentiality of the molecules and stability of the protein-ligand complex. Finally, the binding affinity
of both molecules and SAM was explored through the MM-GBSA approach which explained that both
molecules possess strong affection towards the Nsp16-Nsp10. Hence, from the pharmacoinformatics
assessment, it can be concluded that both heterocyclic compounds might be crucial for SARS-CoV-2
inhibition, subjected to experimental validation.
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Introduction

The recent mysterious pandemic disease, coronavirus disease
2019 (COVID-19) is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) or 2019 novel corona-
virus (2019-nCoV). The SARS-CoV-2 has been added to the
list of emerging pathogens seriously affecting human life
across the globe. The virus was fulminated from Wuhan,
Hubei province, China in December 2019 and growing to be
a pandemic illness in the twenty-first century (Zhu et al,
2020). The notified mortality rate in hospitalized patients is
about 4% to 11% whereas the overall mortality cases ranged
between 2% and 3% (Lipsitch et al., 2020). To date, there is
no available therapeutic drug or vaccine to treat or control
such pandemic disease. Hence, as of today, not a single

country is left without infections or deaths by the COVID-19.
In this uncomfortable situation, the scientific communities
across the globe are devoted to finding proper and effective
therapeutic agents to treat and control the COVID-19.

The polyproteins are consisting of 16 non-structural pro-
teins (Nsps) (Weiss & Leibowitz, 2011). For RNA stability, pro-
tein translation and viral immune escape, the 5-cap
structure of eukaryotic mRNAs is an essential component
(Rosas-Lemus et al., 2020). Moreover, 5-end of viral RNAs
copy the cellular mRNA structure. SARS-CoV is consisting of
S-adenosyl-.-methionine (SAM)-dependent methyltransferases
(MTase) which successively methylate the RNA cap at guano-
sine-N7 and ribose 2’-O positions, catalyzed by Nsp14 N7-
MTase and Nsp16 2/-O-MTase, correspondingly (Rosas-Lemus
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et al,, 2020). It is also reported that in order to bind the SAM
co-factor, the Nsp16 needs the help of Nsp10. It has also
been proved that Nsp16 holds the canonical scaffold of
MTase and links with Nsp10 at a ratio of 1:1. Moreover, from
the structural insight of Nsp16-Nsp10, it has been revealed
that Nsp10 may stabilize the SAM-binding pocket and extend
the substrate RNA-binding groove of Nsp16 (Rosas-Lemus
et al.,, 2020). The above observations strongly suggested that
Nsp16-Nsp10 may be a crucial drug target for highly specific
anti-coronavirus drugs in comparison to the viral MTase
active site (Rosas-Lemus et al., 2020). Several interesting
studies have already been done by considering Nsp16-Nsp10
as an effective drug target for SARS-CoV-2 inhibition
(Cavasotto & Di Filippo, 2020; Culletta et al., 2020; Kadioglu
et al, 2020; Kandwal & Fayne, 2020; Tazikeh-Lemeski
et al., 2020).

Computational screening of approved and new com-
pounds from natural or synthetic sources is one of the excel-
lent and effective approaches to speed up the development
process of active agents against SARS CoV-2 pathogenesis
(Ojha et al., 2020). It is reported that naphthyridine scaffold
containing molecules have shown a wider range of biological
activities including antiviral, antimicrobial, anticancer, anti-
inflammatory and analgesic (Singh et al, 2017). Similarly,
quinoline is belonged to the class of nitrogen heterocyclic
compounds and possess anti-malarial, anti-inflammatory,
antibacterial, anticancer, anti-microbial, anthelmintic and
anti-fungal types of biological activities (Amer et al., 2018;
Cocco et al., 2000; Mukherjee et al., 2001; Narender et al,,
2005). For instance, the 1,8-naphthyridine and quinoline
(Saleh et al., 2020) represent a core for several vital drugs
included Gemiflloxacin (antimicrobial) (Marchese et al., 2000)
and anticonvulsants (Leonard et al, 2002). Beyond above,
molecules containing naphthyridine and quinoline scaffolds
are also used for dementia (Mekheimer et al., 2007) and can-
cer therapy (Jiang et al., 2006). Therefore, in the current
study, the major efforts were undertaken to identify the
novel small molecules that belong to naphthyridine and
quinoline derivatives. The molecular docking study was per-
formed on a set of naphthyridine and quinoline derivatives,
recently synthesized by our research group(Saleh et al,
2020). Further, in silico pharmacokinetics assessment was car-
ried out and finally conventional all-atoms molecular dynam-
ics (MD) simulation was performed. The credential of the
work was substantiated by finding two important Nsp16-
Nsp10 inhibitors.

Material and methods
Ligand and protein preparation

Structure-based screening of publicly available or in-house
databases has become a pivotal drug discovery approach to
the pharmaceutical research community. Molecular docking
is one of the most widely used structure-based approaches
for identifying novel binders by estimating their binding
mode and affinity. In the current effort, a set of 58 com-
pounds recently synthesized by our research group (Saleh
et al, 2020) were screened through a molecular docking

study against the Nsp16-Nsp10 protein. In the dataset, 10
compounds belong to the 2-chloro-3-formyl quinoline and
the remaining belong to the 2-chloro-3-formyl-1,8-
Naphthyridine (Saleh et al, 2020). After synthesis, the
molecular structures were generated using a molecular draw-
ing tool and subsequently optimized through the density
functional theory (DFT) (Becke, 1988) at B3LYP/SDD level
implemented in Gaussian09 (Frisch et al., 2016). The two-
dimension structure of each molecule is given in Table S1
(Supporting Information). Prior to molecular docking, all the
ligands were prepared through the Autodock Tools (ADT)
(Morris et al., 2009). One by one each small molecule was
taken as ligand input in the ADT followed by hydrogen and
Gasteiger charge were added. The torsion root was detected
and the number of torsions was set. Finally, each molecule
was saved as .pdbqt format for the input of the docking
engine. The crystal structures of Nsp16-Nsp10 having PDB ID:
6W4H (Rosas-Lemus et al., 2020) was retrieved from RCSB
Protein Data Bank (PDB) (Berman et al., 2000). This structure
has been recently crystallized and deposited in the PDB with
resolution and R-value of 1.8A and 0.163, respectively. The
selected protein is consisting of two chains, A and B. The A
chain is designated as Nsp16 (amino acids range of 6798 to
7096), whereas, B chain signifies the Nsp10 (amino acids
range of 4271 to 4386). The co-crystal ligand SAM was
extracted and prepared as similar to the ligand preparation.
The SAM was considered as a control molecule in the study.
The crystal water molecules present in the protein were
deleted and missing atoms were repaired. The hydrogens
and Gasteiger charge were added. The prepared protein was
saved as .pdbqt after assigning the atom type as AD4
(Autodock 4) type.

Molecular docking

Prepared protein and ligands along with SAM were considered
for the molecular docking using the AutodockFR (ADFR) pro-
gram (Ravindranath et al., 2015) with the AutoGridFr (AGFR
version 1.0) (Al-Khafaji & Taskin Tok, 2020b; Anderson, 2014).
This tool is capable of establishing a configuration file that
contains the data for running controlled flexible docking by
identifying the residues of the complex’s binding site. This
enables ligands to reach buried grooves. The docking calcula-
tions were run using the default parameters of the ADFR tool
(Al-Khafaji & Taskin Tok, 2020a). On successful completion of
the docking study, dock score and the binding interaction
analyses between protein and ligand were assessed and
explored. The validation of the docking protocol is extremely
essential and important before starting the experiment. The
self-docking method was used to validate the docking proto-
col in the current study. Initially, the co-crystal ligand was re-
generated and docked at the active site where the co-crystal
ligand was bound. The best pose was extracted and superim-
posed on the co-crystal ligand and root-mean-square (RMSD)
calculated. It is reported that RMSD < 2 A validate the docking
protocol (Taha et al., 2011). On successful completion of the
molecular docking, the binding energy of the docked mol-
ecule was compared with the binding energy of SAM.



Molecules having binding energy better than SAM were con-
sidered for further assessment. The binding interaction ana-
lysis was explored through the online server, Protein-Ligand
Interaction Profiler (PLIP) (Salentin et al., 2015).

In silico pharmacokinetic and drug-likeness
assessments

Among several assessment criteria, the in silico pharmacoki-
netic (ADME) and drug-likeness analyses are important meth-
ods to check the drug-likeness of the molecules obtained
from a chemical database. Molecules having docking binding
free energy less than SAM were considered for pharmacoki-
netic analysis. A number of pharmacokinetic and drug-like-
ness parameters were calculated using the SwissAdme
(Daina et al., 2017) included molecular weight (MW), blood-
brain barrier (BBB), gastrointestinal absorption (GIA), solubil-
ity, synthetic accessibility, Lipinski’s rule of five (LoF) and
Veber's rule. Molecules satisfied acceptable pharmacokinetic
parameters and drug-likeness characteristics were used for
further analysis.

MD simulation and binding free energy using MM-
GBSA approach

In order to explore the characteristics of final selected mole-
cules and SAM bound with Nsp16-Nsp10 protein molecule in
the dynamic state, all-atoms MD simulation for 100 ns time
span was performed. The MD simulation study was executed
using the Amber20 (Case et al., 2020) installed in Linux plat-
form Dell laptop having 10th Generation Intel Core i9-
10885H with NVIDIA® GeForce RTX™ 2070. The topology of
Nsp16-Nsp10 was generated using the ff14SB (Maier et al.,
2015) force field, while ligand topology was generated
through GAFF2 (Trag & Zahn, 2019). Combined protein-li-
gand systems were solvated using the TIP3P (Mark & Nilsson,
2001) water model and immersed in a truncated octahedron
box. The essential number of Na* and CI” ions were added
to neutralize the system. The physiological pH was retained
by maintaining the ionic strength of 0.1 M. The simulation
was performed using the pmemd.cuda module (Peramo,
2016) of Amber20. In simulation execution, the temperature
kept a constant value of 300K through the Langevin thermo-
stat. The collision frequency was set to 2ps-1 at 1atm using
a Monte Carlo barostat with volume conversation attempts
every 100 fs. The integration step was kept with a 2fs step.
The SHAKE (Andersen, 1983) algorithm was used for the
covalent bond constrained associated with hydrogens. In the
case of the short-range electrostatic, the threshold was con-
sidered to be 8A. The particle mesh Ewald method
(Petersen, 1995) was considered for the long-range electro-
statics. The equilibration of the system was performed for a
10ns of time span consisting of rounds of NVT and NPT. In
order to assess the stability and behavior of the system, sev-
eral parameters including RMSD of the Nsp16-Nsp10 back-
bone, RMSD of ligand, root-mean-square fluctuation (RMSF),
solvent accessible surface area (SASA), the radius of gyration
(RoG) and intermolecular hydrogen bonds were explored
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using CPPTRAJ (Roe & Cheatham, 2013) over the full trajec-
tory, taking configuration every 2 ps.

Binding free energy of small molecules obtained from MD
simulation trajectory are considered to be more trusted in
contrast to the molecular docking binding energy and wisely
accepted by the scientific community. The last 10,000 frames
of each MD simulation trajectory were used to estimate the
binding free energy through the well-known and widely
used molecular mechanics-generalized born surface area
(MM-GBSA) approach (Genheden & Ryde, 2015). The detailed
procedure and expressions can be found in our previous
publications (Abdullah et al., 2021; Chikhale et al., 2020).

Results and discussion
Virtual screening

A total of 58 molecules (Table S1, Supporting Information)
were docked in the Nsp16-Nsp10 protein molecule. Before
molecular docking of the selected dataset, the self-docking
method was used to validate the docking protocol. The
bound SAM was re-generated and docked to the Nsp16-
Nsp10. The best-docked pose of SAM was superimposed to
the crystal conformation of SAM. The RMSD of the above
superimpose was found to be 1.120A which clearly
explained the validation of molecular docking protocol
(Taha et al., 2011). The superimposed co-crystal and best
docked SAM is given in Figure S1 (Supporting
Information). The binding energy of SAM was found to be
—8.450 Kcal/mol and it was used as a cut-off value for the
reduction of chemical space of the molecules. The distribu-
tion of binding energy of all molecules including SAM is
given in Figure 1.

The binding affinity symbolizes the ability of the molecules
to form a stable interaction with the target. The determinant
key in virtual screening is to binding affinity such as high nega-
tive value indicates the good affinity toward the target, and
conversely, molecules having low negative value considered
to be inactive. In details analysis, it was found that 14 mole-
cules (Mol2, Mol4, Mol15, Mol16, Mol18, Mol19, Mol35, Mol36,
Mol38, Mol43, Mol47, Mol48, Mol52 and Mol57 in Table S1,
Supporting Information ) found to have higher binding energy
(< —8.450Kcal/mol) in comparison to the binding energy of
SAM. Further, the above 14 molecules were used to assess the

0.00

-2.00
-4.00

-6.00 o o° °% o ° o ° °e

-8.00 . sAM

-10.00

Binding energy (Kcal/mol)

° Mol47
-12.00

o
Mol2

-14.00

20 40 60
Molecule number

Figure 1. Binding energy distribution of quinoline and naphthyridine deriva-
tives, and SAM.
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drug-likeness and pharmacokinetic assessment. It was found
that a total of 12 molecules were failed to pass through
pharmacokinetics assessment, hence, the remaining two mole-
cules (Mol2 and Mol47 in Table S1, Supporting Information)
considered to be promising Nsp16-Nsp10 inhibitors for SARS-
CoV-2 inhibition. The two-dimensional representation of the
final two molecules and SAM is given in Figure 2.

Binding interaction analysis

The binding interactions between the selected molecules
and SAM with Nsp16-Nsp10 were explored through the PLIP.
The binding energy of Mol2 and Mol47 was found to be
—12.838 and —11.259Kcal/mol, respectively. The binding
interaction profile is given in Figure 3. All three molecules
were revealed with some interesting and crucial binding
interactions in the form of hydrogen bond (h-bond) and
hydrophobic contacts with the catalytic amino acid residues
belonging to Nsp16-Nsp10 protein. From Figure 3, it can be
seen that Tyr6930 and Asp6931 were formed one h-bond
each with Mol2. Phenyl ring present in Mol2 was found cru-
cial to form two hydrophobic interactions with Phe6947.
Mol47 was found to form four hydrophobic interactions each
with Leu6898, Asp6931, Pro6932 and Phe6947. In addition to
the above, Leu6898, Cys6913 and Tyr6930 were revealed crit-
ical to establish h-bond interactions with Mol47. Interestingly
the SAM was found to form several h-bond interactions with
nine different amino acids namely Asn6841, Gly6869,
Gly6871, Gly6879, Leu6898, Asn6899, Asp6912, Cys6913 and
Tyr6930. No hydrophobic contact was found between SAM

and Nsp16. Therefore, the crucial binding interactions
N N cl
= < |
= .}
N
“SNH 0
NH
S OH
NH
Hoo S
Mol2
NH,
HO
g
OH CH,

HO

Figure 2. Two-dimensional representation of Mol2, Mol57 and SAM.

between the final two molecules and Nsp16-Nsp10 will give
a strong association that helps to retain stability.

Pharmacokinetics and drug-likeness assessment

The drug-likeness and pharmacokinetics parameters of Mol2
and Mol47 were obtained from the SwissAdme webserver
(Daina et al., 2017). The MW of Mol2 and Mol47 was found
to be 372.720 and 449.200g/mol, respectively. The total
polar surface area (TPSA) of any molecule less than 140A2
explains the potentiality of the compound. For Mol2 and
Mol47, the TPSA was found to be 99.670 and 149.760A%,
respectively. Both molecules were found to be Gl absorbable
and not permeable to BBB. The synthetic accessibility was
found to be 3.08 and 3.92 for Mol2 and Mol47, respectively,
which indicates both molecules easy to synthesis. The solu-
bility class explains that both molecules are soluble in
nature. A total of 5 rotatable bonds are present in each of
Mol2 and Mol47 which indicated that they are not either
excessive flexible or rigid. Hence, the above parameters were
clearly explained that both molecules possess drug-likeness
characteristics.

Molecular dynamics simulation

The steadiness of the complexes between Nsp16-Nsp10 and
final small molecules along with SAM was explored through
classical MD simulation study for a 100ns of time span. In
order to explore the dynamic nature of the molecules, sev-
eral parameters include the RMSD, RMSF, RoG, SASA and
intermolecular hydrogen bonds were calculated from the MD

N N CHy
2N
Cl
%
/. o
HN
0 OH
N\ /
NH NH
4 A\
HO (o]

Mol47
o) /§N
N
AN NH,
l
OH N\%N

SAM



Asp6931

Mol2

Asn6899

Gly6871

Figure 3. Binding interactions of Mol2, Mol47 and SAM.

3.0

RMSD (A)

— Mol47
— SAM

) 20 40 60 80 100
Time (ns)

Figure 4. Nsp16-Nsp10 backbone RMSD bound with Mol2, Mol47 and SAM.

0.0

simulation trajectory of each complex. The average, max-
imum and minimum value of RMSD, RMSF, RoG and SASA
are given in Table 1.

The stability of the protein-ligand complex was assessed
through protein backbone RMSD calculated from the MD
simulation trajectory. The unfolding of the protein can be
indicated by the higher RMSD, whereas low RMSD suggested
folding of the protein. Low fluctuation or consistent variation
of RMSD defines the system equilibration. Nsp16-Nsp10
backbone RMSD of each frame was calculated and it is given
in Figure 4. It can be observed in Figure 4, up to about 20 ns
the protein backbone RMSD was increased gradually and
afterward achieved the equilibration till the end of the simu-
lation. No abnormal or unusual deviations of the backbone
was found. The average RMSD of the backbone can give an
impression of the deviation of the protein during MD simula-
tion. Nsp16-Nsp10 backbone average RMSD was found to be
1.851, 1.740 and 1.893 A when bound to Mol2, Mol47 and
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Figure 5. RMSF of amino acid residues of Nsp19-Nsp16.

Table 1. Average, maximum and minimum RMSD, ligand-RMSD, RMSF
and SASA.

Complex Mol2 Mol47 SAM
RMSD (A)

Average 1.851 1.740 1.893

Maximum 2.685 2.557 2.585

Minimum 0.000 0.000 0.000
Ligand-RMSD (A)

Average 0.554 1.050 0.464

Maximum 1.740 2.934 1.021

Minimum 0.000 0.000 0.000
RMSF (A)

Average 7.548 6.382 7.952

Maximum 15.674 14.204 19.93

Minimum 0.645 0.562 0.520
RoG (A)

Average 22.760 22.781 22.755

Maximum 23.182 23.223 23.094

Minimum 22.412 22.463 22.344
SASA (A?)

Average 19,493.850 19,237.660 19,068.410

Maximum 20,653.560 20,454.060 20,100.220

Minimum 18,136.320 18,027.220 17,957.650
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Figure 7. Solvent accessible surface area of Nsp16-Nsp10 bound with Mol2,
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Table 2. Binding free energy of Mol2, Mol47 and SAM.

Energy (Kcal/mol)

Molecule “Elec. bvdw AGping Standard deviation of AGying
Mol2 -102.397 —40.962 -45.632 +3.0766

Mol47 -99.645 -36.126 -41.225 +4.790

SAM -87.847 -35.123 -37.262 +6.050

“Electrostatic.
bvan der Waal’s.

SAM, respectively. Such low RMSD and consistent variation
clearly indicated the stability of the protein-ligand complex
during the simulation.

It is important to check the deviation of the ligand with
respect to the native conformation during the MD simulation.
The ligand-RMSD was calculated and it is given in Figure S2
(Supporting Information). It was observed that Mol2 and SAM
was almost remained consistent in the simulation. A little bit
deviation of Mol47 was observed that might be due to the
orientational change of the molecule. From Table 1, it can be
seen that the highest ligand RMSD was found to be 1.740,
2.934 and 1.021 A for Mol2, Mol47 and SAM, respectively.

Independently the amino acid residues of protein mol-
ecule play a critical role to achieve the steadiness of the
complex. The fluctuation of the individual amino acid residue
can be explored through the RMSF parameter. RMSF of all
amino acids belong to the Nsp16-Nsp10 were computed
from the MD simulation trajectories and these are given in

Figure 5. Amino acids of Nsp16-Nsp10 were found to deviate
almost similar fashion bound with Mol2, Mol47 and SAM.
The difference between the maximum and average RMSF
can give an idea about fluctuation during the simulation.
The above value was found to be 8.126, 7.822 and 11.978 A
when Nsp16-Nsp10 bound with Mol2, Mol47 and SAM,
respectively. The above data clearly substantiated the low
fluctuation of the amino acid residues in the dynamic states.

The compactness of the Nsp16-Nsp10 bound with Mol2,
Mol47 and SAM was explored through the RoG, calculated
from the MD simulation trajectory. The RoG of each system
was estimated and it is given in Figure 6. Interestingly, all
the system stayed compact from start to the end of the
simulation. Not a single complex was found with unusual
deviation throughout the simulation. The difference between
the highest and lowest RoG value of the Nsp16-Nsp10 bound
with Mol2, Mol27 and SAM was found to be 0.770, 0.760 and
0.750 A, respectively. It is quite interesting that proposed
molecular systems were retained their compactness as similar
to the SAM. Above low deviation and compactness explained
the rigidity and stability of the complexes.

The SASA of Nsp16-Nsp10 bound with Mol2, Mol47 and
SAM was calculated and monitored over the course of simu-
lations and it is given in Figure 7. This parameter explained
the changes in the accessibility of protein to solvent. Not
any significant variation of the SASA was observed. From
Table 2, it can be observed the difference between the high-
est and average SASA as 1159.710, 1216.400 and 1031.810A?
for the Nsp16-Nsp10 bound with Mol2, Mol27 and SAM,
respectively. Therefore, overall observations from the param-
eters obtained using the MD simulation trajectory have
clearly explained the stability of the complexes between
Nsp16-Nsp10, and Mol2, Mol47 and SAM.

Binding free energy through the MM-GBSA approach

To judge the potentiality of any molecule, the binding free
energy (AGping) is one of the important and critical parame-
ters of the small molecule towards the receptor cavity. It is
also reported that the AGyp;,q calculated using the MM-GBSA



approach can be considered more accurate and acceptable
in comparison to the binding energy found in the molecular
docking study. The last 10,000 frames of each complex were
considered to calculate the AGy;,q of Mol2, Mol47 and SAM,
and these are given in Table 2. It can be seen that AGy;,q of
Mol2, Mol47 and SAM was found to be —45.632, —41.225
and —37.262Kcal/mol, respectively. It is important to note
that AGy;,g of proposed molecules was found to be higher
than SAM. Hence, Mol2 and Mol47 were shown a better
binding affinity towards the Nsp16-Nsp10.

Conclusion

Structure-based virtual screening was performed to explore
the promising Nsp16-Nsp10 inhibitors from a set of recently
synthesized naphthyridine and quinoline derivatives. The
AutodockFR was used to dock all the molecules including
co-crystallized SAM. The binding energy of SAM was found
to be —8.450Kcal/mol and considered to be the threshold
for the study. Molecules having a higher binding affinity
than SAM was considered for in silico pharmacokinetic ana-
lysis. A total of 14 molecules were found to follow the above
criteria. Several pharmacokinetics and drug-likeness parame-
ters were checked. Out of 14 molecules, two compounds
were found to follow the pharmacokinetic and drug-likeness
assessment and considered to be potential Nsp16-Nsp10
inhibitors. The molecular docking study was revealed a num-
ber of important binding interactions between proposed
molecules and Nsp16-Nsp10 of SARS-CoV-2. Several parame-
ters were calculated from the MD simulation trajectory
clearly explained the potentiality of the molecules. Finally,
the MD simulation trajectory of all complexes was considered
to find the binding free energy using the MM-GBSA
approach. The binding affinity of both selected molecules
was obtained higher than SAM, which undoubtedly
explained the potentiality of the molecules. Therefore, it can
be concluded that both proposed molecules might be crucial
chemical scaffolds for Nsp16-Nsp10 of SARS-CoV-2 inhibition
as well as starting compounds for synthetic processes to get
better inhibitor.
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