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AKTIVITESININ IN SILIKO DEGERLENDIRILMESI

Meryem EROL'

Erciyes University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, 38039, Kayseri,

Turkey

ABSTRACT

Objective: In this study, it was aimed to perform in silico studies on the papain-like protease
structure of SARS-CoV-2 (PDB: 7JIT) of 1300 FDA-approved drugs downloaded from the ZINC
database.

Material and Method: A molecular docking study was performed with PLpro (PDB ID: 7JIT) using
four different molecular docking programs for a total of 1300 FDA-approved drugs obtained from
the ZINC database. Conivaptan and amphotericin B were obtained in docking analysis with
AutoDock Vina and Sybyl-X, respectively. Docking analysis with Glide SP and Glide XP resulted in
fludarabine and panobinostat, respectively. Molecular dynamics simulations were performed for a
period of 120 ns to check the stability of these four drugs.

Result and Discussion: The reliability of the results obtained using four different molecular docking
programs on the SARS-CoV-2 papain-like protease of 1300 drug molecules was checked by
reinserting the co-crystal ligand. Protein-ligand interactions between fludarabine, conivaptan,
amphotericin-B, panobinostat, and PLpro were given. In the molecular dynamics study, RMSD,
RMSF, Rg, and SASA analyses were performed for four systems. It was observed that RMSD
remained constant for all 120 ns for all four systems except for amphotericin B, which deviated
slightly towards the end of 120 ns. No significant fluctuation was noticed in the RMSF graphics for
all four systems.
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Amag: Bu ¢alismada ZINC veri tabamndan indirilen 1300 adet FDA onayly ilacin SARS-CoV-2'nin
papain-like proteaz yapust iizerinde (PDB:7JIT) in siliko ¢alismalarimin yapilmast amag¢lanmugtir.
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Gerec¢ ve Yontem: ZINC veri tabanindan elde edilen toplam 1300 FDA onayli ilag, dort ayr
molekiiler doking programi kullamilarak PLpro (PDB ID: 7JIT) ile molekiiler doking ¢calismasi
gergeklestirildi. AutoDock Vina ve Sybyl-X ile doking analizinde, swrasiyla conivaptan ve
amfoterisin B elde edildi. Glide SP ve Glide XP ile doking analizi siwrasiyla fludarabin ve
panobinostat ile sonu¢landr. Bu dort ilacin stabilitelerini kontrol etmek i¢in 120 ns'lik bir siire
boyunca molekiiler dinamik simiilasyonlart ger¢eklestirildi.

Sonug¢ ve Tartisma: /300 ilag molekiiliiniin SARS-COV-2 papain benzeri proteazi tizerinde dort
farkly molekiiler doking programi kullamilarak elde edilen sonuglarin giivenilirligi, ko-kristal
ligandin yeniden yerlestirilmesiyle kontrol edildi. Fludarabin, conivaptan, amphotericin-B,
panobinostat ve PLpro arasindaki protein-ligand etkilesimleri verildi. Molekiiler dinamik
calismasinda dort sistem i¢cin RMSD, RMSF, Rg ve SASA analizleri yapildi. 120 ns'nin sonlarina
dogru hafifce sapan amfoterisin B hari¢, RMSD'nin dort sistemde de 120 ns'nin tamaminda sabit
kaldig1 gozlendi. Dért sistemin tiimii icin RMSF grafiklerinde 6nemli bir dalgalanma fark edilmedi.
Anahtar Kelimeler: Molekiiler dinamik, molekiiler doking, SARS-CoV-2, ZINC

INTRODUCTION

Coronaviruses (CoVs) are enveloped RNA viruses that have been responsible for three life-
threatening viral epidemics in the last 20 years. They feature a 30 kb non-segmented positively sensitive
RNA genome that has been known since the mid-1960s [1,2]. According to the World Health
Organization, there were 8096 confirmed cases of SARS (severe acute respiratory syndrome) in 2002-
2003 (mortality = 9.6%) and 2494 confirmed cases of MERS (Middle East respiratory disease) between
2012 and 2016. As of August 16, 2023, there were 769,774,646 confirmed COVID-19 cases, with
6,955,141 deaths reported to the WHO. The actual number is believed to be significantly higher. The
invisible part of the iceberg brings along uncertainties. As a result, COVID-19 is the most serious
epidemic to threaten humanity, both physically and financially, since the Spanish flu of 1918-1920. One
of the most crucial areas being researched is the disease's spread patterns. The virus is known to spread
in the foreground through droplets produced by coughing, sneezing, or talking. Fever, cough, shortness
of breath, nasal discharge, nasal congestion, sneezing, sore throat, and smell and taste problems are the
most prevalent symptoms. The binding of distinct cellular receptors and various structural characteristics
of S-proteins explain these clinical symptom discrepancies. These variables all contributed to COVID-
19's rapid dissemination [3,4].

The target cell membrane is bound by the S protein homotrimer, which creates projections on the
virus surface. The virion is shaped by the M protein. The E protein is involved in virus recovery and
release. The N protein is involved in virion packing and virus integrity versus intracellular defense
mechanisms [5]. Although the roles of the majority of non-structural proteins (NSPs) in viral replication
have been determined, the roles of a few remain unknown [6]. Viral proteases are an appealing target
for therapeutic development since they are essential for viral replication. It is unique to each virus,
allowing for targeted therapies with the minimum of hazardous side effects. Antagonizing ubiquitin and
ubiquitin-like changes is a frequent strategy by which viral proteases influence innate immune pathways
[7]. SARS-CoV-2 encodes two functioning proteases: papain-like protease (PLpro, NSP3) and 3-
chymotrypsin-like cysteine protease (Mpro or 3CLpro, NSP5) [8]. PLpro produces NSP1, NSP2, and
NSP3, and 3CLpro generates the remaining 13 non-structural proteins [7]. Mpro's primary job as a
positive RNA virus is to degrade viral polyproteins that are required for virus development, replication,
and invasion [9]. Inhibition of PLpro affects virus replication through inadequate viral protein
processing and may also affect distant PLpro activities including deubiquitination, de-ISGylation, and
innate anti-host immune reactions [10]. SARS-CoV PLpro is a cysteine protease with several major
functions, including the processing of the viral polyprotein chain for viral protein maturation, irregular
host inflammation responses by deubiquitylation, and disrupting host type | interferon antiviral immune
responses by removing interferon-induced gene 15 [11]. Thus, inhibition of PLpro activity can halt viral
replication and impair its role in host immune response evasion, making it an excellent anti-viral drug
target.

In this study, a molecular docking study of 1300 FDA-approved drug molecules obtained from
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the ZINC database (https://zinc.docking.org/) was performed on the crystal structure of Papain-Like
Protease (PDB: 7JIT) of SARS CoV-2 using four separate programs. Molecular docking studies of all
compounds were performed on AutoDock Vina, Glide SP, Glide XP, and Sybyl-X programs. The results
of the studies were evaluated separately and a compound with the best binding energy (kcal/mol) was
selected in each program. Conivaptan was obtained in docking analysis with AutoDock Vina,
amphotericin B was obtained in docking analysis with Sybyl-X, fludarabine was obtained in docking
analysis with Glide SP, and panobinostat was obtained in docking analysis with Glide XP (Figure 1).
The reliability of all programs was checked by re-docking of the co-crystal ligand. The RMSD values
and protein-ligand interactions of these drugs were given and presented with visuals. In addition,
molecular dynamics simulations were performed using Gromacs Version 2020.4 for a period of 120 ns
to check the stability of these four drugs. RMSD, RMSF, Rg, SASA values, and intermolecular hydrogen
bond numbers for all systems were presented with graphics.
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Figure 1. Chemical structures of fludarabine, panobinostat, conivaptan, and amphotericin-B

MATERIAL AND METHOD

Molecular Docking

Molecular docking studies were performed using Schrodinger Glide SP (Standard Precision) [12]
and Glide XP (Extra Precision) [13], Autodock Vina v1.1.2 [14], and Sybyl-X v2.1.1 software [15]. The
3D crystal structure of the papain-like protease was downloaded from the protein databank (PDB:7JIT)
[16]. Protein preparation was performed using the ‘Protein Preparation Wizard’ module of the
Schrodinger suite (release 2022-3). 1300 FDA-approved drug molecules downloaded from the ZINC
database [17,18] were downloaded in 3D SDF file format. The ligands were prepared using the
‘LigPrep’ module of the Schrodinger suite. The results of the studies performed in AutoDock Vina,
Glide SP, Glide XP, and Sybyl-X programs were evaluated. 2D and 3D interactions of ligand and protein
were determined and exhibited via BIOVIA Discovery Studio Visualizer v21.1 and UCSF Chimera
v1.17.1.

Molecular Dynamics Simulation
Molecular dynamics simulations were performed using Gromacs Version 2020.4 [19]. The
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procedure was carried out using the method given in the literature [20-22]. Root mean square deviation
(RMSD) and root mean square fluctuation (RMSF), the radius of gyration (Rg), and solvent accessible
surface area (SASA) analyses were performed in a standard molecular dynamics simulation of 120 ns
duration. Molecular dynamics simulation trajectories were monitored with VMD-Visual Molecular
Dynamics v1.9.4 and graphs were generated with the QtGrace Tool v0.2.6.

RESULT AND DISCUSSION
Molecular Docking

Traditional ways of discovering novel medicinal medications are costly and time-consuming. For
this reason, many experimental and high-throughput simulation methods have been used in drug design
in recent years. The "Molecular Docking Method" is one of these methods. Molecular docking studies
are critical in identifying whether or not the millions of molecules thus produced are useful therapeutic
ingredients. It is impossible to analyze each of the millions of chemical substances in vitro; thus,
molecular docking studies play a critical role in determining the most effective molecules [23-25].

A total of 1300 FDA-approved drugs obtained from the ZINC database were subjected to
molecular insertion with PLpro (PDB ID: 7JIT) using four molecular docking software programs. All
programs were checked for their reliability by re-docking the co-crystal ligand, resulting in acceptable
RMSD values of 1.002 A (AutoDock Vina), 0.824 A (Glide SP), 0.772 A (Glide XP) and 0.826 (Sybyl-
X) (Figure 2). After this validation, the docking of FDA-approved drugs was carried out using the same
parameters for each software. Docking analysis with AutoDock Vina and Sybyl-X resulted in the
acquisition of conivaptan and amphotericin B, respectively. Docking with the Glide program resulted in
fludarabine and panobinostat from SP and XP docking, respectively. The four compounds acquired also
showed molecular interactions with various residues of PLpro at the active site (Figure 3). In Table 1,
protein-ligand interactions between fludarabine, conivaptan, amphotericin-B, panobinostat, and papain-
like protease (PDB ID: 7JIT) were given. Molecular dynamics simulations were also performed to check
the stability of these four drugs.

Figure 2. Superimposition of docking poses obtained with AutoDock Vina (orange), Glide SP
(yellow), Glide XP (magenta), and Sybyl-X (gray) with the natural conformation of Y95. RMSD
values were measured as 1.002 with AutoDock Vina, Glide SP 0.824, Glide XP 0.772, and Sybyl-X
0.826, respectively
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Table 1. Protein-ligand interactions between fludarabine, conivaptan, amphotericin-B, panobinostat,
and papain-like protease (PDB ID: 7JIT)

Compound Protein-ligand Interactions

Fludarabine LEU A:162, TYR A:268, GLN A:269, GLY A:163, ASP A:164, ARG A:166
Panobinostat GLY A:163, GLY A:271, LEU A:162, GLN A:269, ASP A:164, MET A:208,
GLUA:167, PRO A:247

Conivaptan TYR A:263, PRO A:248, ASP A:164, TYR A:264, PRO A:247, TYR A:268,
LYS A:157

Amphotericin B | ASP A:164, ARG A:166, GLU A:167, GLN A:269, LEU A:162, TYR A:263,
TYR A:268, TYR A:264, PRO A:248

Figure 3. Protein-ligand interactions of superimposition (a), fludarabine (b), conivaptan (c),
amphotericin B (d), and panobinostat (e) at the papain-like protease active site
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Molecular Dynamics Simulations

Molecular dynamics (MD) simulations create an interface between experiment and theory by
being used to predict the dynamic properties of complex systems that cannot be calculated analytically
as the equivalent of experiments [26]. MD simulation systems are multi-particle systems that use
numerical integration of Newton's Law of Motion's classical theory to describe the motion of atoms and
molecules to construct a dynamic trajectory ranging from nanometer to micrometer scale. Such
simulations help to answer significant unanswered questions in biology and chemistry. It also
contributes continuously to the drug development process [27,28].

The docked complexes of the fludarabine, conivaptan, amphotericin-B, and panobinostat with
PLpro were used as the beginning coordinates for molecular dynamics simulations, and their stabilities
were tested for 120 ns. All systems were tested for stability by graphing their RMSD, RMSF, radius of
gyration, and solvent-accessible surface areas (Figure 4).

The RMSD analysis indicates how much the atoms in the protein structure have shifted away
from their normal positions before and during the simulations. RMSD analysis, in other words, enables
the tracking of dynamic changes in protein structure. When an inhibitor is present in the active site of
the target-containing residue in perfect protein-ligand MD simulations, it fluctuates less and interacts
with the ligand [29]. The RMSD for all four systems was found to be steady for the whole 120 ns, with
the exception of amphotericin B, which showed a minor departure near the end of the 120 ns.

The average deviation of a particle (for example, a protein residue) from a reference position
(usually the particle's time-averaged position) over time is measured by RMSF [30]. As a result, the
RMSF examines the parts of structures that deviate the most (or least) from their average structure.
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Figure 4. Molecular dynamics simulation of amphotericin B, conivaptan, fludarabine, and
panobinostat with the papain-like protease active site. (a) RMSD of apo- and ligand-bound PLpro, (b)
RMS fluctuation, (c) Rg, and (d) SASA values during the period of simulation
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The Rg value, which is another analysis used to measure system stability, was also computed for
each simulation group. A protein’s radius of rotation (Rg) is a measure of its compactness. If a protein
folds stably, its Rg value will most likely remain constant. If a protein unfolds rather than folding, its
radius of rotation (Rg) changes over time [31]. As a result, the compactness of the four complexes was
compared. It was measured with modest fluctuation values ranging from 2.32 to 2.45 nm. Over time,
PLpro-CON, PLpro-FLU, and PLpro-PAN showed a more consistent trend.

The surface area of a biomolecular structure accessible by a solvent is defined as SASA (solvent
accessible surface area) analysis [32]. To begin the modeling investigations, the SASA values of the
four protein structures were determined and are shown in Figure 4. SASA measurements of fludarabine,
conivaptan, amphotericin B, and panobinostat were done after binding to the active site of papain-like
protease to determine the value of the solvent reaching the protein surfaces. The SASA value resulting
from the interaction of amphotericin B with PLpro was larger than the others.

In protein-ligand or DNA-ligand interactions, the presence and amount of hydrogen bonds may
signal that the ligand will interact more with the macromolecule and create a more stable complex [33].
As a result, the time-dependent number and fluctuation of hydrogen bonds were investigated. During
the 120 ns simulation, as shown in Figure 5, amphotericin B typically has 1 to 4 hydrogen bonds,
conivaptan has 1 to 5 hydrogen bonds, fludarabine has 1 to 8 hydrogen bonds, and panobinostat 1 to 7
hydrogen bonds.
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Figure 5. Intermolecular H bond number between papain-like protease active sites and amphotericin
B, conivaptan, fludarabine, and panobinostat for 120 ns (PDB ID: 7JIT)

As a result, 1300 FDA-approved drugs collected from the ZINC database were molecular docked
with PLpro (PDB ID: 7JIT) using four distinct molecular docking tools in this study. Protein-ligand
interactions of drugs acquired by each program were demonstrated. In addition, molecular dynamics
simulations were run for 120 ns to test the stability of these four drugs. All systems were subjected to
RMSD, RMSF, Rg, and SASA evaluations, and all graphs were displayed. This study, which is
supported by in silico research, will be valuable in identifying therapeutic compounds that are thought
to be effective against SARS-CoV-2 PLpro.
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