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Abstract
Papain-like protease (nsp-3; non-structural protein) of novel corona virus is an ideal target for developing drugs as it plays 
multiple important functions for viral growth and replication. For instance, role of nsp-3 has been recognized in cleavage 
of viral polyprotein; furthermore, in infected host it weakens the immune system via downregulating the production of type 
I interferon. This downregulation is promoted by removal of ubiquitin-like interferon-stimulated gene 15 protein (ISG15) 
from interferon-responsive factor 3 (IRF3) protein. Among known inhibitors of SARS-CoV-PLpro GRL0617 is by far the 
most effective inhibitor. As PLpro of SARS-CoV2 is having more than 80% similarity with SARS-CoV-PLpro, GRL0617 
is reported to be effective even against SARS-CoV2. Owing to this similarity, certain key amino acids remain the same/
conserved in both proteins. Among conserved amino acids Tyr268 for SARS-CoV2 and Tyr269 for SARS-CoV produce 
important hydrophobic interactions with aromatic rings of GRL0617. Here, in this study antibacterial compounds were col-
lected from ZINC database, and they were filtered to select compounds that are having similar structural features as GRL0617. 
This filtered library of compound was then docked with SARS-CoV and CoV2-PLpro. Five hits were noted that were able to 
interact with Tyr268 (SARS-CoV2) and Tyr269 (SARS-CoV). Further, best hit 2-(2-((benzofuran-2-carboxamido)methyl)-
5-methoxy-1H-indol-1-yl)acetic acid (ZINC44459905) was studied using molecular dynamic simulation where stability of 
protein–ligand complex as well as stability of produced interactions was noted.
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Introduction

Globally, Severe Acute Respiratory Syndrome Virus-
Coronavirus-2 (SARS-CoV-2) has infected nearly ~ 102 
million people of which ~ 2 million have passed and yet 
the mayhem is not over. It has been a year since the first 
appearance of virus and the extremely infectious nature of 
virus are causing the community-level infection transmis-
sions in nearly 137 countries (https:// covid 19. who. int/). 
Scientific communities and clinicians are attempting to 
develop ways to hinder the progress of virus via inhibit-
ing the host-to-host transmissions or replications within 
host, but success is yet to be achieved [1–4]. Also, the 
classification of SARS-CoV-2, provided by International 
Committee on Taxonomy of Viruses (ICTV), reveals virus 
to be genetically related to SARS-CoV which was spotted 

in year 2003 [5–7]. Unlike SARS-CoV, SARS-CoV-2 is 
highly infectious and in a very brief amount of time, it has 
spread all over the world. Respiratory and gastrointestinal 
systems are the primary targets of the virus where estab-
lishment of infection is often followed by common flu-like 
symptoms such as fever, shortness of breath, pneumonia. 
However, the mortality rate of the infection is lower and 
most people that have passed were suffering from pre-
existing medical conditions such as diabetes, heart disease. 
Regardless, virus has been reported to cause nervous sys-
tem-related abnormalities in people that have recovered; 
hence, the full extent of the infection is yet hazy [8]. Such 
uncertain after effects warrant effective ways to control the 
spread of virus either by vaccine or drug that can inhibit 
or reduce the severity of infection. Development of vac-
cine has been the prime target for major pharmaceutical 

https://covid19.who.int/
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industries. Furthermore, strategies to develop antiviral 
drugs have been proposed that targets the developmen-
tal stages of virus. Propagation of virus requires specific 
set of structural and non-structural proteins. Absence of 
such proteins can restrict the host-to-host transfer or rep-
lication which ultimately results in inhibition of the virus 
spread. Hence, drugs capable of restricting the availability 
of these proteins are sought after [3]. In SARS virus, 12 
such structural and non-structural targets have been identi-
fied. Among structural proteins Spike protein (S-protein), 
Envelop small membrane protein (E-protein), Membrane 
protein (M-protein), Nucleocapsid protein (N-protein), are 
mandatory for virus to attain its final virulent physical 
form, whereas non-structural proteins include Main pro-
tease  (Mpro) (nsp-5), Papain-like protease (PLpro) (nsp-3), 
nsp-10, nsp-11 nsp-13, nsp-14, nsp-15 and nsp-16 that 
plays cardinal role in replication and genome packaging in 
coat protein [9]. Proteins require certain conformations to 
retain their specific abilities; mere misfolding can render 
the protein inactive and hinder the viral infection; hence, 
these proteins have been perceived as a target [5, 10].

Over the course of evolution cells have developed 
immune responses to fight against viral infections. Two 
such mechanisms that have been observed against number 
of viruses are ubiquitination and ISGylation. Ubiquitination 
is a mechanism developed by cells to undergo post-transla-
tional regulations on proteins where lysine residue of protein 
is loaded with short ubiquitin chains that are identified as a 
signal for proteasomal degradation of protein [11, 12]. In a 
similar manner ISGylation is also a process developed for 
regulation of target proteins. Here, IFN-1 induces the syn-
thesis of interferon-stimulated gene 15 (ISG15) which in 
turn binds with the target protein to regulate its function. As 
both pathways are active against viral invasion, viruses have 
developed various tactics to hinder their function (Fig. 1). 
Gene nsp3 of CoV encodes the non-structural protein PLpro 
which is protease. Subsequently, this protease cleaves the 
nsp1, nsp2, and nsp3 in to separate proteins that are man-
datory for transcription and replication of viral genome. 
PLpro encoded by both SARS-CoV and SARS-CoV2 is 
essentially similar in a manner of its function against innate 
viral defenses such as ubiquitination and ISGylation. How-
ever, both proteins differ in terms of their efficiencies due 
to changes in their active sites. For instance, SARS-CoV2 
is better at deISGylating than deubiquitylating [13]. Even 
though process of ISG15 cleavage by SARS-CoV2-PLpro is 
not clearly understood, it has been proposed that interactions 
between Val66 and hydrophobic surface of the N-terminal 
ubiquitin fold domain of ISG15 are responsible factors, 
whereas, in SARS-CoV-PLpro, Leu76 uses hydrophobic 
interactions to promote the contact with Ile44 of ubiquitin. 
In SARS-CoV2, Leu is replaced by Thr which is having 
lower affinity for ubiquitin [13].

PLpro promotes viral propagation via two simultane-
ous activities that are polyprotein cleavage and obstruction 
of host innate immune response. Such dual role of PLpro 
in propagation of virus and suppression of host immune 
response makes it ideal target for drugs development. One 
such drug, GRL0617, has been reported as an inhibitor of 
SARS-COV-PLpro. In vitro studies conducted on lung can-
cer line prove the efficiency of GRL0617 as a SARS-CoV2-
PLpro inhibitor, not only that drug is also capable of IFN-1 
response restoration in cells exposed to SARS-COV2-PLpro. 
Furthermore, replication of SARS-CoV2 has been reported 
to be effectively hindered by 100 μM of GRL0617 [13]. In-
silico studies have shown that Tyr present at position 268 
and 269 in SARS-CoV2-PLpro and SARS-CoV-PLpro, 
respectively, takes active part in interaction with naphtha-
lene drug GRL0617. Furthermore, the PLpro encoded by 
the Middle East Respiratory Syndrome (MERS)-CoV has 
been reported to be immune against GRL0617 as the key 
conserved amino acid Tyr has been replaced by Thr which 
further proves the importance of Tyr268 as a target [13].

Lengthy time periods and research expenses for devel-
opment of novel drugs have recently favored the idea of 
drug repurposing which revolves around the concept of 
using already known and established drugs to treat new 
diseases via targeting the overlapping pathways or apply-
ing as ligand analog or via targeting the proteins homologs. 
Drug repurposing approach was previously reported with 
sildenafil citrate for erectile dysfunction and thalidomide 
for erythema nodosum leprosum (ENL) and multiple 
myeloma, but these instances were based on serendipity. 
Recently, development of computer-aided drug discovery 
(CADD) methods such as molecular docking, molecular 
dynamics (MD), free energy perturbations (FEP), quanti-
tative structure–activity relationship (QSAR) modeling, 
and knowledge-mining approaches, along with machine 
learning methods has enabled the tools required for active 
application of drug repurposing [14, 15]. In this study, 
concept of drug repurposing is applied on the library of 
antibacterial compounds obtained from Zinc database 
(ZINC (docking.org)) to identify the potential leads for 
SARS-CoV-PLpro inhibition using GRL0617 as template. 
Such approach will significantly reduce the time required 
for development and introduction of new drug in market as 
these compounds are already synthesized all the primary 
information of their effectivity is already reported. Here, 
molecular docking was used to screen the antibacterial 
compounds via studying and comparing their abilities to 
mimic the interactions produced by GRL0617. Screening 
was conducted based on following four abilities: (1) bond 
formation with Tyr268 (SARS-CoV2-PLpro) and Tyr269 
(SARS-CoV-PLpro), (2) protein–ligand binding energy, 
(3) H– bond formation, (4) hydrophobic bond formation. 
Results of docking revealed five compounds capable of 
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binding with Tyr268 and Tyr269. 2-(2-((Benzofuran-
2-carboxamido)methyl)-5-methoxy-1H-indol-1-yl)acetic 
acid (ZINC44459905), ligand with highest binding effi-
ciency, contains two ring structures benzofuran and indole 
that takes active part in creation of interactions similar to 
GRL0617 naphthalene moiety with Tyr268 and Tyr269. 
To further confirm the stability of interactions, molecu-
lar dynamics study of GRL0617 and ZINC44459905 was 
performed and compared. Furthermore, ADMET (Absorp-
tion–Distribution–Metabolism–Excretion–Toxicity) 
analysis of control and all the proposed compound was 
performed. The drug-like compound 2-(2-((benzofuran-
2-carboxamido)methyl)-5-methoxy-1H-indol-1-yl)acetic 
acid (ZINC44459905) might be employed in the search 
for COVID-19 absolutely necessary treatment.

Materials and methods

PLpro sequence retrieval and comparison

After ensuring the similarities in their sequence and struc-
ture without any mutation, sequences of SARS-CoV and 
SARS-CoV2-PLpro were retrieved from PDB database 
using PDB ID’s 3E9S and 7CMD, respectively. Sequences 
were selected for docking only after ensuring the presence 
of Tyr at position 269 in 3E9S and 268 in 7CMD.

Receptor–ligand preparation

Both PLpro proteins of SARS-CoV and SARS-CoV2, 
7CMD and 3E9S, respectively, are available on PDB in 

Fig. 1  Illustration representing role of IRF3 in synthesis of INF1 and its inhibition by viral PLpro along with other cellular disturbances caused 
by viral entry and replication
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co-crystalized form with GRL0617. Prior to molecular dock-
ing, binding site for test ligands was determined to be the 
same as GRL0617. Hence, the XYZ co-ordinates for both 
proteins were identified. Furthermore, both proteins were 
prepared for docking by removing the all-bound ligands, 
ions and water molecules. Protein preparation wizard of 
maestro was used to assign hydrogen atoms, charges and to 
perform energy minimization of protein structure [16]. After 
pre-processing, protein was optimized using refine option 
in the wizard. Once optimization was performed, energy 
minimization of protein was performed using OPLS3 force-
field [17, 18]. Once protein was minimized, receptor grid 
generation wizard was used to generate the glide grid [19]. 
Test ligand for molecular docking was obtained from ZINC 
database where under the category of organism bacteria key-
word was used to separate the compounds of interest. Prior 
to docking they were optimized via hydrogen atom addition 
and energy minimization in LigPrep wizard with OPLS3 
forcefield. At last, minimized ligands were saved and used 
for docking analysis [20, 21].

Molecular ligand–receptor docking

Molecular docking analysis of proteins and ligands was car-
ried out using ligand docking wizard [22] of Schrödinger 
Maestro software. ~ 8000 test ligands obtained from zinc 
database were docked in binding cavity of both target PLpro 
proteins that was previously occupied by GRL0617. Moreo-
ver, native ligand GRL0617 was used as a positive control. 
The optimized and minimized protein from the previous step 
was used for docking. The first step for docking is to pre-
pare the grid at the exact same co-ordinates as that of native 
ligand. The grid box of the size 15 Å × 15 Å × 15 Å was 
prepared. The grid for docking with the mentioned param-
eters was prepared using ‘Receptor grid generation’ feature 
of Glide module in Schrödinger Maestro. For docking, the 
output file of (1) receptor grid generation and (2) prepared 
minimized ligands was imported in the ‘Ligand docking’ 
window of Glide module in Schrödinger Maestro. Under the 
settings, the precision of docking was set as ‘Extra Precision 
(XP),’ Ligand sampling was set as ‘Flexible,’ and the Epik 
state penalties were added to docking score. The output was 
set to show only the best pose. The entire docking was per-
formed using Glide module in Schrödinger Maestro [23, 24]. 
The entire output file of docking was used for performing 
MM-GBSA assessment.

To perform docking, in ligand docking wizard, key 
parameters were kept as following: (1) precision: high-
throughput virtual screening; (2) ligand sampling: flexible; 
and (3) ligands with more than 500 atoms and 100 rotatable 
bonds were ignored. Top hits of high-throughput virtual 
screening were manually analyzed for their structural simi-
larities with GRL0617 and interactions, and ideal matches 

were screened. Screened compounds were docked using 
extra precision option in the wizard. After docking single 
pose with minimum binding energy (kcal/mol) selected 
for further studies. After the selection of pose, each ligand 
was opened in BIOVIA Discovery Studio (DS) visualizer 
for analysis of interactions taking place between ligand and 
amino acids of protein. To narrow the search for ideal ligand, 
test ligands were filtered based on their ability to interact 
with Tyr268 and Tyr269 of SARS-CoV2-PLpro and SARS-
CoV-PLpro, respectively. Ligand capable of producing 
maximum interactions like GRL0617, with both target pro-
teins 7CMD and 3E9S, was selected for molecular dynam-
ics simulation analysis where stability of ligand–receptor 
complex was validated.

MM‑GBSA calculation

Molecular mechanics generalized born surface area (MM-
GBSA) calculation was used to calculate the binding free 
energy change [25–28]. Docked ligand–receptor complexes 
were minimized using local optimization feature present in 
Prime wizard of Maestro (Schrödinger Release 2017-4). 
Binding energy for each receptor–ligand complex was deter-
mined by using OPLS-2005 force field. Equation employed 
for free energy calculation is as follows:

Here ΔEMM represents the variation between the mini-
mized energy of the receptor–ligand complexes; ΔGSolv 
represents the variation between the GBSA solvation energy 
of the receptor–ligand complexes and the sum of the sol-
vation energies for the protein and ligand. ΔGSA contains 
some of the surface area energies in the protein and ligand 
and the difference in the surface area energies for the com-
plexes. The minimization of the docked complexes was done 
using a local optimization feature of prime.

MD Simulation

Desmond (Schrödinger Release 2018-4) by D.E. Shaw 
research was used to perform simulation of SARS-
CoV2-PLpro in the presence of GRL0617 and ligand 
ZINC44459905 as it was having best docking score and 
able to mimic interactions of native ligand. To ensure the 
accuracy of results of MD simulation SARS-CoV2-PLpro-
GRL0617 complex was used as a control, and results pro-
duced by SARS-CoV2-PLpro-ZINC44459905 complex 
were compared with it. For preparation of complexes and 
application of  pre-simulation protein relaxation protein 
preparation wizard was used where the protein was pre-
pared by performing restrained minimization using OPLS-
2005 force field. The addition of hydrogens, water removal, 
bond orders assignment and fill in missing side chains and 

(1)ΔGBind = ΔEMM + ΔGSolv + ΔGSA
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loops with optimization of hydrogen bond assignment (sam-
pling of water orientations and use of pH 7.0) was done. 
LigPrep wizard of Maestro was used to prepare and mini-
mize the ligands via addition of hydrogen atoms and gen-
erates tautomers, ionization states and ring conformations. 
Parameters for simulation were kept as following: solvent 
model: TIP3P; box shape: orthorhombic; dimension of box: 
10 Å × 10 Å × 10 Å. Once these parameters were defined, 
 Cl− or  Na+ counter ions were used to perform neutralization. 
Steepest descent energy minimization was performed, and 
the simulation was proceeded for 100 ns with NPT (constant 
number of particles, pressure, and temperature) with 300 K 
(Thermostat method: Nose–Hoover chain) and 1.01 bar 
(Barostat method: Martyna–Tobias–Klein), constant vol-
ume, Smooth Particle Mesh Ewald (PME) method. After 
simulation, simulation interaction diagram wizard was used 
to analyze the trajectories for root-mean-square deviation 
(RMSD), root-mean-square fluctuation (RMSF), ligand–pro-
tein contact profiles and for ligand and protein modifications.

ADMET analysis

The ADMET properties of the GRL0617 and top five 
screened ligands were predicted using the pkCSM—phar-
macokinetics server [29] that predicted both physiochemical 
and pharmacological properties. To perform this analysis 
SMILES (Simplified Molecule Input Line Entry Specifica-
tion) of the compounds were retrieved from PubChem and 
uploaded to pkCSM—pharmacokinetics server. Parameters 
computed by server include water solubility in buffer system 
(SK atomic types, mg/L), in vivo CaCO2 cell permeability 
(human colorectal carcinoma), human intestinal absorp-
tion (HIA, %), in vivo P-glycoprotein inhibition and in vivo 
skin permeability (logKp, cm/hour). Metabolic parameters 
were determined using in vivo Cytochrome P450 2C19 
inhibition, in vivo Cytochrome P450 2C9 inhibition, in vivo 
Cytochrome P450 2D6 inhibition, in vivo Cytochrome P450 
2D6 substrate, in vivo Cytochrome P450 3A4 inhibition and 
in vivo Cytochrome P450 3A4 substrate. Distribution prop-
erty included tests like blood–brain barrier (BBB) penetra-
tion, Lipinski’s rule (rule of five), central nervous system 
(CNS) permeability. To access the toxicity of compounds 
under study a range of important endpoints including acute 
algae toxicity, Ames test, 2-year carcinogenicity bioassay in 
mouse, 2-year carcinogenicity bioassay in rat, in vivo Ames 
test result in TA100 strain (metabolic activation by rat liver 
homogenate) were computed. Excretion again is a very 
important parameter and as many drugs often withdrawn 
at clinical trial stages due to their poorer renal clearance. 
In this study we included total renal clearance and renal 
OCT2 substrate to identify excretion efficacy of the proposed 
metabolite.

Results

Interactions produced by GRL0617 with SARS‑CoV 
and SARS‑CoV2‑PLpro’s

Multiple sequence alignment with ClustalW reveals 83% 
similarity with PLpro of SARS-CoV (3E9S) and SARS-
CoV2 (7CMD). Furthermore, alignment reveals the presence 
of Tyr at position 269 in 3E9S and at 268 in 7CMD. Both 
proteins 3E9S and 7CMD were found to be superimpos-
able and structurally identical also, and the pose of native 
co-crystallized ligand GRL0617 in binding cavity was also 
identical and superimposable. Side chain of Asp165 which 
is highly conserved amino acid among ubiquitin-specific 
protease (USP) family of deubiquitinating enzymes, forms 
hydrogen bonds with the amide group of GRL0617. Simi-
larly, nitrogen present in backbone of Gln270 also partici-
pates in hydrogen bond formation. Apart from hydrogen 
bonds GRL0617 actively forms hydrophobic interaction 
with SARS-CoV-PLpro. In these interactions 1-napthyl 
group remains partly solvent exposed and interacts with 
four amino acids that are Tyr265 (Tyr264 for CoV2), Tyr269 
(Tyr268 for CoV2), Pro248 (Pro247 for CoV2) and Pro249 
(Pro248 for CoV2). Aromatic rings of Tyr and side chains 
of Pro are the active participants for these interactions. All 
these residues line the binding pocket and accommodate the 
leucine at the P4 position of PLpro substrates. Polar binding 
cavity of protein accommodates the (R)-methyl group, pre-
sent at the stereocenter of the GRL0617, that points directly 
into the interior of the protein betweenTyr265 (Tyr264 
for CoV2) and Thr302 (Thr301 for CoV2). On the other 
hand, R3 position of GRL0617 is occupied by –NH2 which 
extends from the opening cleft where series of polar groups 
such as the side chain oxygens of Gln270 (Gln269 for CoV2) 
and the hydroxyl of Tyr269 (Tyr268 for CoV2) could serve 
as a hydrogen bond accepter. Figures 2 and 3, respectively, 
represent the interaction of GRL0617 with PLpro of SARS-
CoV and SARS-CoV2. Best docked ligand ZINC44459905 
is having two rings in its structure, namely benzofuran and 
indole, that are linked together with -CONH bond. Both 
rings actively participate in formation of essential interac-
tions with both proteins 3E9S and 7CMD. In 7CMD, benzo-
furan rings interact with four amino acids of binding cavity 
that are Glu167, Gly163, Tyr268 and Asp164. Here, Glu167 
and Gly163, respectively, interact with benzene and furan 
rings of benzofuran.

Docking antibacterial drugs with PLpro

Five  d r ugs  w i t h  Z INC id  Z INC44459905 , 
ZINC299856414, ZINC4639531, ZINC3896065 and 
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Fig. 2  Interaction profile of 
GRL0617 and best docked five 
antibacterial compounds from 
ZINC database with SARS-
CoV-PLpro (PDB: 3E9S)
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Fig. 3  Interaction profile of 
GRL0617 and best docked five 
antibacterial compounds from 
ZINC database with SARS-
CoV2-PLpro (PDB: 7CMD)
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ZINC24666638 produced significant binding energies 
along with multiple conserved interactions with Tyr269 
(SARS-CoV-PLpro) and Tyr268 (SARS-CoV2-PLpro). 
Each of these drugs produced the binding energies of 
− 5.7, − 6.2, − 6.8, − 5.9 and − 8.1 kcal/mol for SARS-
CoV-PLpro (3E9S), respectively, whereas for SARS-
CoV2, binding energies were found to be − 7.3, − 7.0, 
− 7.2, − 7.1 and − 7.4 kcal/mol, respectively. Figures 2 
and 3 represent the interactions produced by these drugs 
with both proteins. GRL0617 forms two conventional 
hydrogen bonds using hydrogen and oxygen of –NHCO, 
respectively, with Asp165 and Gln270 present in 3E9S, 
whereas in 7CMD three conventional hydrogen bonds are 
observed where two are formed in similar manner to 3E9S 
with Gln269 and Asp165.

One extra conventional hydrogen bond formation occurs 
between Gln269 and hydrogen of –NH2 present in ben-
zamide ring. Furthermore, Asp of both proteins is also 
involved in formation of pi-anion bond with benzene ring 
of inhibitor. Apart from these bonds conserved amino acid 
Tyr268 in 7CMD and Tyr269 in 3E9S produces four dif-
ferent interactions. Tyr of both proteins forms single car-
bon hydrogen bond with –NHCO of GRL0617. Moreover, 
three hydrophobic T-shaped Pi-Pi interactions with naph-
thalene and benzene ring are also produced by Tyr of both 
proteins. Along with these interactions five different amino 
acids in both proteins (7CMD: Pro248, Pro247, Tyr273, 
Tyr264, Leu162; 3E9S: Pro249, Pro248, Tyr274, Tyr265, 
Leu163) also participate in formation of alkyl and pi-
alkyl bonds. ZINC44459905, ligand with highest docking 
energy, mimicked the interactions produced by GRL0617. 
ZINC44459905 possesses two rings benzofuran and indole 
that are linked with –CONH bond. Benzene ring of benzo-
furan forms pi-anion interaction with side chain oxygen of 
Glu167 (7CMD) and Glu168 (3E9S), whereas furan ring 
interacts with three amino acids, namely: Asp, Gly and Tyr. 
Here, carbon of carboxy terminal of Gly163 (7CMD) and 
Gly164(3E9S) forms single pi-pi T-shaped interaction with 
furan ring. Asp164 (7CMD) forms three interactions where 
one pi-anion interaction is formed between furan ring and 
side chain oxygen of Asp, whereas other two interactions 
occur in form of carbon and conventional hydrogen bonds. 
Here, same side chain oxygen forms conventional hydrogen 
bond with hydrogen of –NH2 and carbon hydrogen bond 
with hydrogen of –CH2 linker that links indole ring and 
–CONH2-linked benzofuran ring. Similarly, Asp165 (3E9S) 
also produces the interactions with ligand in similar manner. 
Furthermore, Tyr264 of 7CMD produces alkyl and pi-alkyl 
interactions with benzamide and naphthalene ring linker in 
GRL0617 which is also produced by corresponding Tyr265 
amino acid of 3E9S. In 7CMD docked with ZINC44459905 
Tyr264 produces pi-sigma interaction rather than alkyl and 
pi-alkyl interactions, whereas corresponding Tyr265 of 

3E9S does not participate in formation of any interaction 
with ZINC44459905. Hydrogen of N-terminal –NH2 of 
Gln269 (7CMD) and Gln270(3E9S) forms conventional 
hydrogen bond with oxygen of –CONH linker. Moreover, 
in 7CMD oxygen of delta carbon of sidechain of Gln269 
forms conventional hydrogen bond with hydrogen of -NH2 
of benzamide ring of GRL0617 which is absent on both 
ZINC44459905-3E9S and ZINC44459905-7CMD com-
plex. Alkyl and pi-alkyl interactions between Pro249 (3E9S) 
(Pro248; 7CMD) and indole ring of ZINC44459905 are also 
mimicked. However, interactions of Pro248 (3E9S) (Pro247; 
7CMD) are missing in both proteins with ZINC44459905 
ligand. At last conserved amino acid Tyr268 (7CMD) and 
Tyr269(3E9S) mimic all four (three pi interactions and 
single hydrogen bond) interactions produced with native 
ligand which further represents the ZINC44459905 as strong 
analog of GRL0617. Apart from ZINC44459905, other 
ligands were also mimicking interactions of GRL0617, but 
their interaction with Tyr268 (7CMD) and binding energies 
was relatively weaker, and the type of interactions produced 
was also different than native ligand. Structural and chemical 
properties of GRL0617 along with screened drugs are given 
in Table 1 [30, 31].

MM‑GBSA analysis

Receptor–ligand interaction causes modulation of energies 
of both free receptor and ligand (ΔGbind). Furthermore, 
these energies also have a significant impact on stability of 
receptor–ligand complex. In general, negative energies rep-
resent the higher stability of any system. Various energies 
produced during MM-GBSA for both 3E9S and 7CMD with 
native ligand GRL0617 as well as top five docking hits are 
presented in Table 2. Here, binding energies of GRL0617 
with both 7CMD (− 67.5 kcal/mol) and 3E9S (− 73.1 kcal/
mol) are in negative which suggests the higher spontane-
ity of interaction. Similarly, among tested compounds 
ZINC299856414 ranks highest in terms of stability (7CMD: 
− 55.67 kcal/mol), but the interaction with amino acid was 
found to be relatively weaker, whereas ZINC44459905 
(7CMD: − 50.9 kcal/mol) was the second highest ranking 
compound that was producing stronger interactions with 
Tyr268. Binding energies and MM-GBSA energies of the 
rest of the tested compounds were also in negative, but the 
values were relatively higher which suggest low occurrence 
rate for the complex. Compound ZINC24666638 produced 
the highest docking score (7CMD: − 8.1 kcal/mol; 3E9S: 
− 7.4 kcal/mol) with PLpro of both viruses, but the ΔGbind 
energies were found to be the least negative (7CMD: 
− 21.08  kcal/mol; 3E9S: − 26.5  kcal/mol). Apart from 
ΔGbind energy, calculations for energy, hydrogen-bonding 
correction, lipophilic energy, Pi-pi packing correction and 
Van der Waals energy are also provided in Table 2.
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Molecular dynamic simulations

ZINC44459905 was screened to be the best hit among tested 
compounds as it was producing consistent results in all 
parameters such as docking score, interactions and spontane-
ity. To validate these results further MD simulation of 100 ns 
was performed. Here, along with test compound (SARS-
CoV2-PLpro-ZINC44459905), simulation of GRL0617 with 
SARS-CoV2-PLpro was also performed as a control set.

Once MD simulation was performed, the root-mean-
square deviation (RMSD) values for all the frames present 
in trajectory were calculated. In general, RMSD value of 
any simulation represents the modulations that take place 
in the state of specific atoms with reference to their initial 
state. Here, to generate the RMSD value docked pose of 

protein–ligand complex is considered as an initial state or 
reference pose. Y-axis (left) of Fig. 4 represents the RMSD 
value of protein atoms. Analysis of this plot for SARS-
CoV2-PLpro-GRL0617 (Fig. 4a) reveals that protein has 
equilibrated at the RMSD value of 2.0 ± 0.5 Å.

Here, the RMSD value is not exceeding 2.5 Å at the peak 
end which is good as for the smaller and most globular pro-
teins RMSD value is ideally supposed to be in the range of 
1–4 Å. For proteins that are bigger in size this value might 
exceed the upper boundary limit of 4 Å. For the complex 
of SARS-CoV2-PLpro-ZINC44459905 (Fig. 4b), RMSD 
value remains within the accepted limits. Here, simi-
lar to GRL0617 RMSD value is centered in the range of 
2.0 ± 0.5 Å, but at the end of the simulation RMSD value of 
protein increases and reaches up to 2.7 Å and immediately 

Table 1  Structures and chemical properties of screened aromatic antibacterial compounds

*Octanol/water coefficient is calculated using the ‘DataWarrior’ software

Compound Structure Molecular weight LogP Octanol/
water coef-
ficient*

#Rotat-
able 
bonds

#Acceptors #Donors Surface area

GRL-0617 (Control) 304.393 4.22142 3.6642 3 2 2 135.681

ZINC44459905 378.384 3.4107 2.158 6 5 2 159.671

ZINC3896065 326.421 3.4552 2.7756 7 3 2 138.787

ZINC299856414 337.404 4.158 3.7606 4 3 3 142.678

ZINC4639531 301.331 1.2034 0.4716 4 6 3 122.554

ZINC24666638 318.162 1.2857 − 5.0678 4 4 5 113.35
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after that fall back into the normal range which suggests 
temporary shift in the protein structure. In the graphs of 
Fig. 4 right Y-axis represents the ligand RMSD value which 
provides the insight on the stability of the docked ligand 
pose in the binding pocket. ‘Lig Fit Prot’ signifies the RMSD 
values of ligand with reference to protein backbone. This 
value is supposed to be slightly higher than that of protein 
RMSD value, but the presence of significantly higher value 
suggests the major changes in ligand pose compared to that 
of docked pose. Throughout the whole simulation Lig Fit 
Prot value of SARS-CoV2-PLpro-GRL0617 (Fig. 4a) com-
plex is in the range of 2.5 ± 1 Å, whereas, for the SARS-
CoV2-PLpro-ZINC44459905 complex, this value is within 
the range of 2.6 ± 1 Å, but similar to protein RMSD value, 
ligand RMSD value also shows the temporary shift at the 
end of simulation. On the other hand, Lig Fit Lig value of 
GRL0617 is lower than that of the ZINC44459905, but the 
difference is of only 0.4 Å which is acceptable. Such results 
show that GRL0617 is having relatively higher stability 
compared to the tested ligand in binding pocket at the given 
docking pose.

To study the smaller changes across the entire protein 
during simulation the root-mean-square fluctuation (RMSF) 
plots of both native and tested ligand were studied (Fig. 5). 
Here, left Y-axis represents the protein RMSF values, 
whereas right Y-axis shows the experimental B-factor val-
ues that are computed during the process of crystal structure 
refinement. In general, RMSF values and B-factor values of 
protein are supposed to be parallel, but as the fundamental 
ideas of both are different, one-to-one correspondence is not 
possible. In the current study, RMSF and B-factor values 

were found to be parallel which demonstrates the reliabil-
ity of produced data. Sharp peaks in the plots represent the 
regions of protein that are varying constantly and frequently 
throughout the simulation. In general, tail regions of any 
protein are least stable compared to the internal regions; 
hence, highest fluctuation is observed in these regions. 
Among internal regions alpha helix and beta-sheets have 
the least flexibility; hence, these regions of protein remain 
constant for more than 70% of the simulation period. The 
most fluctuating and dynamic regions are the unstructured 
regions. In the plot, regions of protein that interacts with 
ligand are depicted with green vertical bars. Here, all the 
motions observed in the structured and unstructured regions 
of test ligand–protein complex were similar to that of control 
ligand–protein complex.

For the extensive study of the interactions produced dur-
ing the course of simulation three different plots presented 
in Figs. 6, 7 and 8 were used. Hydrogen bonds, hydrophobic 
interactions such as Pi cation, Pi-Pi stacking, water bridges 
and ionic interactions were monitored. Among these variety 
of interactions ionic interactions were found to be absent 
in both control and test ligand. Hydrogen bonds are very 
much crucial in determining the specificity, metabolization 
and adsorption of drugs. Hence, for the complex of SARS-
CoV2-PLpro-GRL0617 hydrogen bonds were observed. 
Five different amino acids: Asp164, Tyr264, Tyr268, Gln269 
and Tyr273 formulated the hydrogen bonds with ligand for 
varying periods. Among these hydrogen bonds three Tyr264, 
268 and 273 were observed for less than 10% of the time, 
whereas Asp164 was forming this interaction for 26% of the 
time. Most stable hydrogen bond was formulated by Gln269 

Table 2  MM-GBSA binding free energy change profiles of ligands with PLpro of SARS-CoV and SARS-CoV2 for docked complexes

Coulomb Coulomb energy, Hbond hydrogen-bonding correction, Lipo lipophilic energy, Packing Pi-pi packing correction, vdW Van der Waals 
energy

Ligand ΔGBind (Kcal/mol) ΔGCoulomb 
(Kcal/mol)

ΔGHbond (Kcal/mol) ΔGLipo (Kcal/mol) ΔGPacking 
(Kcal/mol)

ΔGvdW (Kcal/mol)

Ligands interacting with SARS-CoV-PLpro (PDB-3E9S)
GRL-0617  − 73.0572  − 18.9364  − 2.01349  − 26.2817  − 3.31827  − 47.4667
ZINC44459905  − 47.4021  − 12.0631  − 1.65863  − 17.8579  − 5.81737  − 43.0816
ZINC3896065  − 52.0844  − 11.726  − 1.18353  − 18.3894  − 3.40448  − 43.2728
ZINC299856414  − 57.304  − 16.4228  − 2.09541  − 22.5194  − 2.69289  − 40.2038
ZINC4639531  − 51.7512  − 19.0117  − 1.55934  − 17.4867  − 3.16222  − 43.4908
ZINC24666638  − 26.5246  − 8.63493  − 3.18477  − 5.32634  − 0.96334  − 31.3059
Ligands interacting with SARS-CoV2-PLpro (PDB-7CMD)
GRL-0617  − 67.5637  − 20.1695  − 2.5442  − 26.1400  − 3.1440  − 46.3768
ZINC44459905  − 50.9656  − 18.5106  − 1.6447  − 17.8619  − 5.4075  − 42.3599
ZINC3896065  − 36.7953  − 10.7641  − 1.2901  − 14.4284  − 2.3357  − 34.4021
ZINC299856414  − 55.6721  − 24.7294  − 2.1186  − 21.5493  − 2.3544  − 38.7073
ZINC4639531  − 46.8478  − 23.7360  − 1.8995  − 17.1946  − 3.0154  − 41.4292
ZINC24666638  − 21.0879  − 8.9543  − 4.1522  − 5.5109  − 1.1400 − 26.8687
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with oxygen of the –CONH, which was noted for the 99% 
of the time. Furthermore, amino acids that participated in 
hydrogen bond formation also formulated the water bridges 
except for Tyr264. Also, Glu167 was found to be partici-
pating in water bridge formation for 10% of the time; this 
particular interaction was found to be frequently occurring 
during the end phase of the simulation. Water bridges are 
relaxed form of hydrogen bonds that are being formulated 
between protein and ligand via intermediatory water mol-
ecules. For SARS-CoV2- ZINC44459905 complex, direct 
hydrogen bonds were formulated by all the amino acids; 
similar to GRL0617 additional two weak bonds were 
observed with ARG166 and Thr301 for a very brief period 

of time. Gln269 produced the hydrogen bond with high-
est stability of 60% of total time. All the amino acids that 
were forming water bridges with GRL0617 were also pro-
ducing the water bridges with ZINC44459905 except for 
the Glu167. In addition, Arg166, Ala246, Tyr264, Asn267, 
Cys270, Gly271, Thr301 and Asp302 were also able to pro-
duce water bridges. Apart from hydrogen bonds five differ-
ent amino acids Leu162, Pro247, Pro248, Tyr264, Tyr268 
and Tyr273 were participating in formation of hydrophobic 
interactions. Here, Tyr273 and Tyr247 produced the hydro-
phobic interaction for less than 20% of total time, whereas 
Leu162 produced the interaction for less than 40% of time. 
Pro248 and Tyr264 produced the interaction for nearly 60% 

Fig. 4  MD simulation protein–ligand interaction root-mean-square deviation (RMSD) profile of a SARS-CoV2-PLpro-GRL0617, b SARS-
CoV2-PLpro- ZINC44459905



2201Molecular Diversity (2022) 26:2189–2209 

1 3

of the time, whereas highest hydrophobic interactions were 
maintained by Tyr268. For SARS-CoV2-ZINC44459905 
complex, all the same amino acids were forming hydropho-
bic interactions. Additionally, Lys157 was found to be par-
ticipating in such interactions. Analysis of the all the graphs 
and plots produced during MD simulation confirms the find-
ings of docking.

ADMET analysis

All the ADMET properties of the test compounds along 
with control compound GRL0617 are presented in 
Table 3. For any drugs to work on human body five prop-
erties play very crucial role that are absorption, distri-
bution, metabolism, excretion and toxicity. Property of 

Fig. 5  MD simulation protein–ligand interaction root-mean-square fluctuation (RMSF) profile of a SARS-CoV2-PLpro-GRL0617, b SARS-
CoV2-PLpro- ZINC44459905
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absorption was measured using seven different models. 
Here, to assess the effectiveness of selected compound 
as oral drug CaCO2 permeability and intestinal absorp-
tion were measured. Analysis revealed that all the com-
pounds except ZINC4639531 and ZINC24666638 have 
higher values for CaCO2 permeability. Furthermore, both 
compounds were also having lowest intestinal absorp-
tion, whereas ZINC44459905 is having 77% absorption. 
Moreover, assessment of skin permeability was lowest for 
all the tested as well as control compounds which sug-
gest minimum absorption. To evaluate the transport of 
the compounds across the membrane three tests for P-gly-
coprotein were performed where test compounds were 
tested as a substrate of the P-glycoprotein and inhibitors 
of the P-glycoprotein I and II. All the compounds were 
found to be the compatible substrates which suggests that 
they can pass across the membrane using ATP-binding 
cassette (ABC) transporter, whereas assay as an inhibi-
tor of P-glycoprotein I and II was found to be negative 

for ZINC44459905 which highlights the inability of this 
compound to inhibit both these efflux pumps of foreign 
substances. To measure the distribution of the compounds 
throughout the body four assays were used, namely they 
are volume of distribution (VDss), fraction unbound, 
blood–brain barrier (BBB) permeability and central nerv-
ous system (CNS) permeability. VDss assay is used to 
measure the total quantity of drugs needed for uniform 
distribution of drugs throughout the blood. Values for the 
assay for all the compounds were found to be lower than 
0.45 LogVDss which suggests that lower drug volume will 
be required. For ZINC44459905 this value was found to 
be the least − 1.056 LogVDss. BBB permeability of the 
ZINC44459905 was found to be − 0.646 which suggests 
lower permeability; similarly, values for CNS permeability 
were also − 2.409. Hence, compound is predicted to have 
lower permeability for CNS. Metabolism of the test drugs 
within body was evaluated using seven different models of 
cytochrome where test compounds were evaluated for their 

Fig. 6  Protein–ligand interac-
tion profile of SARS-CoV2-
PLpro-GRL0617 complex a 
interaction profile of crucial 
interacting amino acids, b 
ligand interaction diagram 
showing percent of total time a 
particular interaction is involved
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ability to act as a substrate for CYP2D6 and CYP3A4. 
Further these compounds were assayed for the inhibition 
of CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4. 
ZINC44459905 was found to be negative for all the cat-
egories except for the CYP2C9 inhibition. Excretion of the 
compounds from the body was assessed using two models 
that are total clearance and renal OCT2 assay. All the test 
as well as control compounds were found to be negative for 

the renal OCT2 assay; hence, none of them can be excreted 
using organic cation transporter 2, whereas total clearance 
assessment produces the value of 0.595 mL/min/kg for 
ZINC44459905 which is higher than GRL0617. Toxic-
ity assessment was carried out with 10 different models. 
ZINC44459905 and ZINC24666638 were found to be 
negative for the AMES test which suggests that these com-
pounds are not carcinogenic or mutagenic, whereas rest of 

Fig. 7  Protein–ligand interaction profile of SARS-CoV2-PLpro-ZINC44459905 complex a interaction profile of crucial interacting amino acids, 
b ligand interaction diagram showing percent of total time a particular interaction is involved
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the compounds including GRL0617 were reported posi-
tive for this test. For the ZINC44459905 maximum recom-
mended tolerated dose value was found to be highest that 
is 1.119 log(mg/kg/day). Among the drugs hERG (human 
ether-a-go-go gene) I and II inhibitors are not favored as 
inhibition of this genes has been reported to cause QT 

syndrome which can lead to the fatal ventricular arrhyth-
mia. Here, all the drugs including control were found to be 
negative as the inhibitor of hERG I, whereas for hERG II, 
two compounds ZINC44459905 and ZINC24666638 were 
found to be negative as an inhibitor. Oral rat acute and 
chronic toxicity values for ZINC44459905 were higher 

Fig. 8  Timeline representation of the interactions of ligand with amino acids for the complex a SARS-CoV2-PLpro-GRL0617, b SARS-CoV2-
PLpro-ZINC44459905
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Table 3  ADMET properties of screened aromatic antibacterial

Property Model name Predicted values Unit

GRL0617 ZINC44459905 ZINC299856414 ZINC4639531 ZINC3896065 ZINC24666638

Absorption Water solu-
bility

 − 4.678  − 3.918  − 4.51  − 2.994  − 4.118  − 2.459 Numeric (log 
mol/L)

Absorption CaCO2 per-
meability

1.302 1.43 0.909  − 0.075 1.311  − 0.317 Numeric (log 
Papp in 
 10 −6 cm/s)

Absorption Intestinal 
absorption 
(human)

92.815 77.28 86.919 69.593 89.651 36.664 Numeric (% 
Absorbed)

Absorption Skin Perme-
ability

 − 2.785  − 2.735  − 2.753  − 2.735  − 2.814  − 2.737 Numeric 
(logKp)

Absorption P-glyco-
protein 
substrate

Yes Yes Yes Yes Yes Yes Categorical 
(Yes/No)

Absorption P-glyco-
protein I 
inhibitor

No No Yes No Yes No Categorical 
(Yes/No)

Absorption P-glyco-
protein II 
inhibitor

Yes No Yes No Yes No Categorical 
(Yes/No)

Distribution VDss 
(human)

0.086  − 1.056  − 0.441  − 0.109 0.397  − 0.942 Numeric (log 
L/kg)

Distribution Fraction 
unbound 
(human)

0 0 0 0.301 0.052 0.376 Numeric (Fu)

Distribution BBB perme-
ability

0.055  − 0.646  − 0.793  − 1.284 0.084  − 2.402 Numeric (log 
BB)

Distribution CNS perme-
ability

 − 1.604  − 2.409  − 1.957  − 3.545  − 2.33  − 4.131 Numeric (log 
PS)

Metabolism CYP2D6 
substrate

No No No No Yes No Categorical 
(Yes/No)

Metabolism CYP3A4 
substrate

Yes No Yes No Yes No Categorical 
(Yes/No)

Metabolism CYP1A2 
inhibitor

Yes No Yes Yes Yes No Categorical 
(Yes/No)

Metabolism CYP2C19 
inhibitor

Yes No Yes No Yes No Categorical 
(Yes/No)

Metabolism CYP2C9 
inhibitor

Yes Yes Yes No Yes No Categorical 
(Yes/No)

Metabolism CYP2D6 
inhibitor

No No No No No No Categorical 
(Yes/No)

Metabolism CYP3A4 
inhibitor

Yes No Yes No Yes No Categorical 
(Yes/No)

Excretion Total Clear-
ance

0.221 0.595  − 0.072 0.728 0.275 0.011 Numeric (log 
ml/min/kg)

Excretion Renal OCT2 
substrate

No No No No No No Categorical 
(Yes/No)

Toxicity AMES 
toxicity

Yes No Yes Yes Yes No Categorical 
(Yes/No)

Toxicity Max. toler-
ated dose 
(human)

 − 0.043 1.119 0.126 0.372  − 0.225 0.896 Numeric (log 
mg/kg/day)

Toxicity hERG I 
inhibitor

No No No No No No Categorical 
(Yes/No)
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than that of GRL0617 which suggests that relatively higher 
doses of the compound are producing toxicity. Detailed 
values of the ADMET analysis are given in Table 3.

Discussion

COVID consists of group of viruses known to infect 
humans and other animals. Biological features of this group 
of viruses mostly remain the same such as genomic mate-
rial consists of positive strand of RNA, and S-, E-, M- and 
N-proteins are the most common protein found in all the 
members of the group. These viruses belong to subfamily 
coronavirinae which is further separated into four differ-
ent genus that are namely: (I) alpha coronavirus, (ii) beta 
coronavirus, (iii) gamma coronavirus, (vii) delta corona-
virus. Here, alpha and beta coronaviruses are frequently 
observed in humans and animals, whereas gamma and delta 
primarily target the birds. For instance, MERS-CoV and 
SARS-CoV both are the beta coronavirus that, respectively, 
causes Middle East Respiratory Syndrome, or MERS and 
Serious Intense Respiratory Disorder, or SARS. Our most 
recent opponent SARS-CoV-2, causative agent of COVID-
19, is also the member of beta coronaviruses. Apart from 
these viruses, Porcine Transmissible Gastroenteritis Virus 
(TGEV), Bovine Coronavirus (BCV), Avian Infectious 
Bronchitis Virus (IBV), Feline Infectious Peritonitis Virus 
(FIPV), Canine Coronavirus (CCoV), Porcine Hemaggluti-
nating Encephalomyelitis Virus (HEV) and Turkey Corona-
virus are also members of coronavirinae subfamily [32], but 
they are unable to infect humans as they lack the necessary 

S-proteins for cellular entry. MERS and SARS- CoV have 
S-protein that can interact with ACE2 receptor and facilitate 
the viral entry in human cells [33–35]. S-proteins are spe-
cific for hosts; hence, cross-infection is uncommon, but on 
occasions it has been noted, for instance SARS-CoV (2003) 
was transferred to humans from bats. Similarly, MERS-CoV 
(2005) was primarily infecting camels, but cross-infections 
in humans were also noted. Recently, member of COVID 
group, SARS-CoV2, is noted as infectious agents in humans 
due to cross-infectivity. Moreover, such instances are fre-
quently occurring; hence, it is not farfetched to assume that 
it will not be the last instance of such nature [8, 36].

Apart from vaccine development, scientific communities 
have also devoted their energies and resources to identify 
compounds that can counter the SARS-CoV2 virus. For 
identification of such compounds docking, MD simula-
tions, pharmacophore and ADMET profiling are frequently 
utilized methods [37]. Variety of natural products from 
bacteria, fungi and plants have been explored to inhibit the 
necessary proteins of virus as their natural origin makes 
them vastly available. Moreover, instances of toxicity are 
also limited for such compounds. For instance, pyranoni-
grin A and flaviolin are the compounds produced by fungi. 
Their docking and simulation studies with  Mpro suggest that 
they can inhibit the viral replication via interacting with this 
protein [5]. Drug repurposing is another approach that has 
been utilized by number of researchers where existing, com-
mercial drugs have been pitted against viral proteins with 
hope that one of them might produce good result. Procaina-
mide, tetrahydrozoline, levamisole are the drugs that have 
been found to be effective against the papain-like protease 

Table 3  (continued)

Property Model name Predicted values Unit

GRL0617 ZINC44459905 ZINC299856414 ZINC4639531 ZINC3896065 ZINC24666638

Toxicity hERG II 
inhibitor

Yes No Yes Yes Yes No Categorical 
(Yes/No)

Toxicity Oral Rat 
Acute 
Toxicity 
(LD50)

2.472 2.745 1.926 2.386 2.403 2.613 Numeric 
(mol/kg)

Toxicity Oral Rat 
Chronic 
Toxicity 
(LOAEL)

0.462 1.794 1.89 1.98 1.928 3.932 Numeric (log 
mg/kg_bw/
day)

Toxicity Hepatotox-
icity

No Yes Yes Yes Yes Yes Categorical 
(Yes/No)

Toxicity Skin Sensiti-
zation

No No No No No No Categorical 
(Yes/No)

Toxicity T. pyriformis 
toxicity

0.529 0.286 0.401 0.285 1.072 0.285 Numeric (log 
ug/L)

Toxicity Minnow 
toxicity

1.936  − 0.106  − 0.878 3.161  − 0.708 1.659 Numeric (log 
mM)
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of SARS-CoV-2 [38]. All the above-mentioned studies have 
been carried out in silico using molecular dynamic simula-
tion and docking studies. In addition, these approaches have 
also been utilized for potency assessment of hydroxychloro-
quine against various potential targets of SARS-CoV2 [39]. 
In all of these studies the rationale is very basic that if any 
of these drugs can meddle with the viral proteins and targets, 
then they can hinder the normal life cycle of the virus [40, 
41].

With the concept of drug repurposing several attempts 
have been made to identify the potential inhibitors of PLpro 
[12, 42]. Among library of 3727 approved drugs, remdesi-
vir and hydroxychloroquine have been reported as potential 
inhibitors of PLpro as they have been found to be interact-
ing with it. Furthermore, results of docking and MD were 
validated using in vitro assays where effective results were 
produced by both proposed compounds [12]. IBS database 
(https:// www. ibscr een. com/ natur al. shtml) library of 50,000 
natural compounds has been docked against the PLpro where 
the compounds with best dock score were STOCK1N-69160 
[(S)- 2-((R)-4-((R)-2-amino-3-methylbutanamido)-3-(4-
chlorophenyl)butanamido)propanoic acid hydrochloride] 
and STOCK1N-69160 [(S)-2-((R)-4-((R)-2-amino-3- 
methylbutanamido)-3-(4-chloro- phenyl) butanamido)pro-
panoic acid hydrochloride]. Regardless, these compounds 
were found to be making single hydrophobic pi-pi stacking 
interaction with Tyr268 where native ligand GRL0617 pro-
duces three hydrophobic and one hydrogen bond interac-
tion; moreover, native ligand GRL0617 or any other known 
inhibitor of PLpro was not utilized as a control for the entire 
study [43]. In the present study, repurposed antibacterial 
drugs managed to produce significantly better interactions 
with Tyr268 and GRL0617 were utilized as a positive con-
trol. Among various compounds that have been identified as 
an inhibitor of PLpro GRL0617 has been recognized as the 
most effective inhibitor of PLpro which further increases 
the reliability of the produced results in current in-silico 
study [42]. In vitro validation of the proposed compounds 
necessitates the utilization of Biosafety Level 4 (BSL4); as 
we are dealing with infecting agents, only in-silico study has 
been carried out. Here, it is hoped that the people with such 
facility can validate these in-silico results. There are several 
studies with in-silico reports, but there are few proving the 
findings with in vitro anti-viral assays. In one such article by 
Jamalan and colleagues [44], a molecule 5-(aminomethyl)-
2-methyl-N-[(1R)-1-naphthalen-1-ylethyl]-benzamide 
(ZINC43071312) was shown to effectively bind with PLpro 
and showed SARS-CoV-PLpro activity with an IC50 of 
460 nM; moreover, for SARS-CoV2-PLpro, this molecule 
was found to interact with Tyr268, Pro248, Thr301, Pro247, 
Tyr273 and Tyr264; in comparison, the top hit of our study 
ZINC44459905 showed to interact with Gly163, Asp164, 
Glu167, Pro248, Tyr264, Tyr268, Gln269, thus showing the 

compound under study recruits amino acids that are essential 
to induce inhibition of PLpro.

Here, in the current study 8581 compounds that have 
been reported active against bacteria were downloaded 
from the ZINC database and they were manually filtered to 
remove the compounds that were too large. Compounds with 
250–400 molecular weight were separated and utilized for 
the docking. GRL0617 is having one naphthalene moiety in 
the structure which participates in formation of hydrophobic 
pi interactions and hydrogen bond with Tyr268. Hence, com-
pounds with rings to form pi interaction and central –CONH 
to from hydrogen bond with Tyr268 were prioritized [6]. 
Here, five top hits have been proposed as an antibacterial 
drug that targets different proteins that are exclusive to bac-
teria. ZINC44459905 best docked compound has been uti-
lized as an inhibitor of biotin carboxylase enzyme [45]. In 
view of unavailability of medication for corona virus infec-
tion, the present study proposes ZINC44459905 as the lead 
molecule that interact with Tyr268 of SARS-CoV2-PLpro 
to inhibit its function and can be beneficial in forthcoming 
in vitro and in vivo studies for COVID-19 therapeutics.
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