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ABSTRACT

The papain-like protease (PLpro) is a useful target for
discovering SARS-CoV-2 therapeutics. This study tar-
gets the newly emerged SARS-CoV-2 PLpro by anti-
SARS-CoV PLpro, anti-HCV NS3, and anti-HIV prote-
ase drugs. Sequence analysis, modeling, and docking
are used to get a valid model for SARS-CoV-2 PLpro
and test the drugs' binding affinity. Results suggest
the effectiveness of two anti-SARS-CoV drugs, three
anti-HCV drugs, and eight antiHIV drugs as possible
potent binders against the newly emerged coronavi-

INTRODUCTION

A newly emerged human coronavirus (SARS-CoV-2) was re-
ported two years ago in Wuhan, China (Hui DS, et al., 2020; Bo-
goch II, et al., 2020). Based on the World Health Organization
(WHO) surveillance draft, any traveler to Wuhan city in Hubei
Province in China 15 days before the onset of the symptoms was
suspected to be a SARS-CoV-2 patient (WHO, 2020; Bogoch II,
et al., 2020). WHO distributed interim guidance for laboratories
that carry out tests for the emerged outbreak and released in-
fection prevention and control guidance (WHO, 2020). SARS-
CoV-2 viral pneumonia is believed to be related to the seafood
market, where an unknown animal is considered responsible for
the emergence of the outbreak (Hui DS, et al., 2020).

Countries other than China started borders surveillance to pre-
vent the spread of the new coronavirus, especially when the Chi-
nese New Year holiday was in effect (Parr J, 2020). The number
of infections is grossly increasing every day, and the number of
confirmed cases at the time of writing this article is more than 350
million, with more than 5.6 M deaths reported worldwide (Yang
L, 2020). The National Health Commission of China confirmed
the human-to-human transmission of the Wuhan outbreak
(SARS-CoV-2) on January 20, 2020, (Yang L, 2020). The symp-
toms include fever, malaise, dry cough, shortness of breath, and
respiratory distress (Hui DS, et al., 2020, Elfiky AA, 2021). SARS-
CoV-2 is a member of the Betacoronaviruses family, such as the
Severe Acute Respiratory Syndrome coronavirus (SARS-CoV;
774 died out of 8000 infections) and the Middle-East Respira-
tory Syndrome coronavirus (MERS-CoV; 858 died out of 2500
infections) (Elfiky AA, et al., 2017; Chan JF, et al., 2015). Human
Coronaviruses (HCoVs) are zoonotic viruses that transmit from
animals to humans through direct contact. Until today, seven dif-
ferent strains of HCoV's have been reported, including the newly
emerged SARS-CoV-2 (WHO, 2016; Hui DS, et al., 2020). 229E
and NL63 strains of HCoV's belong to Alphacoronaviruses, while
0OC43, HKU1, SARS-CoV, MERS-CoV, and SARS-CoV-2 belong
to Betacoronaviruses (Hui DS, et al., 2020, Elfiky AA, et al., 2017).
SARS-CoV has a 10% mortality rate, while MERS-CoV has a 36%
mortality rate, according to the WHO (Elfiky AA, et al., 2017;
WHO, 2016; Hemida MG and Alnaeem A, 2019, Santos BYM,
et al., 2014; WHO, 2019). For the newly emerged coronavirus,
the mortality rate is far lower (2.2%) than that of SARS-CoV and
MERS-CoV, but unfortunately, it has a high transmission rate.
HCoV:s generally are positive-sense single-stranded RNA (30 kb)
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rus, SARS-CoV-2 PLpro active site. The binding affin-
ities arise mainly from the established H-bonding and
hydrophobic contacts with K105, W106, H272, and
D286. The suggested compounds and drugs may be
used as possible therapeutics against COVID-19.
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viruses. Two groups of protein characterize HCoVs; structural,
such as Spike (S), Nucleocapsid (N), Matrix (M), and Envelope
(E), and non-structural proteins such as RNA dependent RNA
polymerase (RdRp) (nsp12), Chymotrypsin-like protease (3CL-
pro or main protease (Mpro)) and the papain-like protease PLpro
(Elfiky AA, et al., 2017; Elfiky AA and Azzam EB, 2020). PLpro
is an essential enzyme in the life cycle of RNA viruses, including
the HCoVs. PLpro is a multifunctional cysteine protease that pro-
cesses the viral polyprotein and host cell proteins by hydrolyzing
the peptide and isopeptide bonds in viral and cellular substrates
leading to the virus replication (Santos BYM, et al., 2014). PLpro
is targeted in different coronaviruses, including SARS-CoV and
MERS-CoV (Elfiky AA and Ismail A, 2019; Elfiky AA, 2019; Elf-
iky AA and Ismail AM, 2017; Elfiky AA and Elshemey WM, 2018;
Elfiky AA, 2017.). PLpro is an essential target as it is a multifunc-
tional viral protein (Santos BYM, et al., 2015; Durai P, et al., 2015).
It is responsible for the deubiquitination of IRF3, which, subse-
quently, inhibits Interferone p synthesis (Yang X, et al., 2014; Ber-
man H, et al., 2003). This study generated the SARS-CoV-2 PLpro
model using homology modeling after sequence comparison to
the solved structures in the protein data bank (Artimo P, et al,,
2012). Molecular docking is then performed to test the binding of
some selected drugs (anti-SARS-CoV PLpro, anti-HCV NS3, and
anti-HIV protease) against SARS-CoV-2 PLpro.

MATERIALS AND METHODS
Sequence alignment and modeling

The first deposited gene for the newly emerged SARS-CoV-2
(NC_045512.2) is retrieved from the National Center for Bio-
technology Information (NCBI) nucleotide database and is then
translated using ExPASy translate tool (NCBI, 2020) (Biasini M,
et al., 2014). The Swiss Model is used to build a SARSCoV-2 PL-
pro (Altschul SE et al., 1997). Using Basic Local Alignment Search
Tool (BLAST) against the SARS-CoV-2 PLpro, we found eight
different solved structures for SARS-CoV PLpro (PDB IDs: 5TL6,
2FE8, 5E6], 3M]J5, 5Y3E, 4MOW, 3E9S, and 40VZ) that have at
least 82.17% sequence identity to SARS-CoV-2 PLpro (SAVES,
2020). We choose the 5Y3E chain A because it has the best resolu-
tion (1.6 A) among the eight SARS-CoV PLpro. Therefore, using
the Swiss Model, 5Y3E is used as a template (82.8% identity)
for building SARS-CoV-2 PLpro. Validation of the model is as-
sessed by the Molprobity web server (Duke University), and the
Structure Analysis and Verification Server (SAVES) (University
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of California Los Angles) (Williams CJ, et al., 2018; Laskowski RA, et al.,
1996). PROCHECK (Eisenberg D, et al., 1997), Verify-3D (Pontius J, et
al., 1996), PROVE (Hooft RW, et al., 1996), and ERRAT (Summers KL,
et al., 2012) are used to judge the validity of the model. Accordingly, the
model is further energy minimized (MM3 force field) after adding missing
Hydrogen atoms and removing water molecules or solvents utilizing the
computational chemistry workspace SCIGRESS 3.4 and PyMol software
for the protein to be ready for the docking experiments (Elfiky AA, 2019;
Elfiky AA and Elshemey WM, 2018; Lii JH and Allinger NL, 1989; Elfiky
AA and Ismail A, 2019; Trott O and Olson AJ, 2010).

Molecular docking

Docking experiments are performed on the optimized SARS-CoV-2 PL-
pro and the SARSCoV PLpro (PDB ID: 5Y3E, chain A) by the aid of Au-
toDock Vina software. Seventeen different compounds (three anti-SARS,
three anti-HCV and eleven anti-HIV) are tested against SARS-CoV-2
PLpro. The used anti-SARS-CoV compounds are N-(1,3-benzodioxol-
5-ylmethyl)-1-((1R)-1-naphthalen-1-ylethyl)piperidine-4-carboxamide
(GRL-0667) (NCBI, 2008), 5-amino-2-methylN-((1R)-1-naphthalen-1-
ylethyl) benzamide (GRL-0617) (NCBI, 2008), and mycophenolic acid
(NCBL 2005). The used anti-HCV NS3 drugs are the three approved (by
the FDA) drugs, telaprevir, boceprevir (NCBL, 2006), and grazoprevir
(NCBL 2010). The anti-HIV approved drugs are amprenavir (Adkins JC
and Faulds D, 1998), atazanvir (Johnson M, 1987), duranvir (Mukonzo J,
et al., 2019), indinavir (Piscitelli SC, et al., 2000), leupeptin (Libby P and
Goldberg AL, 1978), lopinavir (Hurst M and Faulds D, 2000), nelfinavir
(Elliot BA and Plosker GL, et al., 2000), saquinavir (Noble S and Faulds
D, 1996), tiprenavir (Taura M, et al., 2013), ritonavir (Hsu A, ef al., 1998)
and tmc310911 (Dierynck L, et al,, 2011; Wu C, et al., 2020). After docking,
the structures are analyzed through the Protein-Ligand Interaction Pro-
filer (PLIP) web server (Technical University of Dresden) (Salentin S, et
al, 2015).

RESULTS AND DISCUSSION

SARS-CoV-2 PLpro modeling

Figure 1A shows the pairwise sequence alignment of the PLpro of SARS-
CoV and SARSCoV-2 strains of coronavirus. SARS-CoV PLpro secondary
structure is presented at the top of the alignment (PDB ID: 5Y3E chain:
A), while its water accessibility is displayed at the bottom with blue indi-
cating highly accessible residues and cyan partially accessible. At the same
time, white is used for the buried residues. Three black-dashed rectangles
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mark the active site residues (C111, H272, and D286) of SARS-CoV and
SARS-CoV-2 PLpro. Figure 1B shows the pairwise sequence alignment of
SARS-CoV-2 PLpro versus HCV NS3 (PDB ID: 3SU6). Orange-dashed
rectangles surround the active site residues of HCV NS3 (H78, D102, and
S$159). The dashed-black rectangles mark active sites of both SARS-CoV-2
PLpro and SARS PLpro (C111, H272, and D286), while dashed-orange
rectangles mark the active site of HCV NS3 (H78, D102, and S159). The
alignment is performed using the CLUSTAL omega web server and repre-
sented by ESpript 3. As implied from the alignment, SARS-CoV PLpro
versus SARS-CoV-2 PLpro shows high conservation (highlighted in red),
called sequelogous. Despite the pairwise percent identity of SARS-CoV-2
PLpro against SARS-CoV PLpro is 82.8%, and only 11.85% for HCV NS3,
the similarity to SARS-CoV-2 PLpro is 93.81% and 59.68% for SARS-CoV
PLpro and HCV NS3, respectively. The active site triad C111, H272, and
D286 of both SARS-CoV and SARS-CoV-2 PLpro (Figure 1A) are partially
surface accessible in order for PLpro to be able to attack its substrates for
cleavage (Malcolm B, et al., 2006). Similarly, HCV NS3 active site residues
H?78 and D102 are surface-affordable (Figure 1B).

(Morris GM, et al., 2009). This can be deduced from Figure 1C, where the
SARS-CoV-2 PLpro model is represented by PYMOL software in the sur-
face (right) and carton (left) representations. The three active site residues
are in red (surface accessible), while the rest are green (see the enlarged
panel). The surface accessibility is vital for the protease function, allowing
the interaction with the substrates. The complete genome for SARS-CoV-2
has a BLAST sequence identity of 89.12% and 82.34% with Bat SARS-like
coronavirus isolate bat-SL-CoVZC45 and SARS coronavirus ZS-C, re-
spectively. Drug designers should take care of the identity, especially when
emerging RNA viruses that have a high mutation rate are targeted. On the
other hand, potent drugs that could undetectably present on shelves can
stop the rapidly developing SARS-CoV-2 strain.

SARS-CoV-2 PLpro model (315 residues) is built with the aid of the Swiss
Model using SARS-CoV PLpro (PDB ID: 5Y3E, chain A) as a homo-
log. The model is sequelogous (82.8% id) to the template, reflecting the
high-quality model obtained. The model is valid based on the Rama-
chandran plot's values (100% in the allowed region and 92.9% in the most
favored region). Besides, 92.04% of the residues have averaged a 3D-1D
score of < 0.2 (Verify 3D software), while the overall quality factor (ERRAT
software) is 94.8%. PROVE software gives 2.7% atomic volume outliers,
which is acceptable.
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Figure 1A: Pairwise sequence alignment of SARS-CoV PLpro (PDB ID:
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Figure 1B: Pairwise sequence alignment of HCV NS3 (PDB ID: 3SU6) against the SARS-CoV-2 PLpro.
Note: Red colour indicates identical residues, while yellow highlights are for the conserved residues. Secondary structures are depicted at the
top of the alignments, while the surface accessibility is shown at the bottom (blue: Highly accessible, cyan: Partially accessible, while white is for

buried residues).
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2019-nCoV PLPr®

Figure 1C: The newly emerged SARS-CoV-2 PLpro model built by the Swiss Model (in the green cartoon (left) and surface (right) representations)
Note: The active site residues are depicted in red (surface and sticks) for clarification)

Anti-SARS-CoV PLpro, anti-HCV NS3, and anti-HIV protease
binding to SARS-CoV-2 PLpro

Before performing the docking experiments, the structures of the small
molecules, the SARS-CoV-2 PLpro model, SARS-CoV PLpro structure
(PDB ID: 5Y3Q, Chain A), HCV NS3 structure (PDB ID: 3SU6, Chain A),
and HIV protease structure (PDB ID: 6U70, Chain A) are prepared. The
missing Hydrogen atoms are added to the protein structure and model,
while any water molecules or ligands are removed. Ligand structures are
retrieved from the protein data bank to be physiologically active. Figure
2 show the 2D structures of the anti-SARS-CoV PLpro, anti-HCV NS3,
and anti-HIV protease compounds and drugs used in this study ((telapre-
vir, boceprevir, and grazoprevir), and the anti-hiv protease (amprenavir,
atazanavir, duranvir, indinavir, leupeptin, lopinavir, nelfinavir, saquina-
vir, tipranavir, Ritonavir, and TMC310911) retrieved from the PubChem
database. Carbon atoms are not explicitly represented by a letter, while
N stands for Nitrogen, O stands for Oxygen, S stands for Sulfur, and H
stands for Hydrogen). The anti-SARSCoV PLpro, GRL-0667, GRL-0617,
and mycophenolic acids are retrieved from the PDB files 3MJ5 (GRM),
3E9S (TTT), and 1JR1 (MOA), respectively. Besides, the anti-HCV NS3;
telaprevir, boceprevir, and grazoprevir are retrieved from the PDB files;

38V6 (SV6), 3LOX (MCX), and 3SUD (SUE), respectively. Additionally,
the anti-HIV protease; amprenavir, atazanavir, duranvir, indinavir, leupep-
tin, lopinavir, nelfinavir, saquinavir, tipranavir, ritonavir, and TMC310911,
are retrieved from the PDB files; 30XV, 30XX, 30XW, 3WS]J, 6BK], 6DJ1,
3EKX, 4Q5M, 6DIE 5VC0, and 3R4B, respectively.

The active site of the proteins is treated as flexible during all the docking
experiments, while the exhaustiveness is unified at 8. A grid box of size
30 A x 36 A x 30 A centered at (-17.9, 43.9, 1.6) A is prepared for SARS-
CoV-2 PLpro utilizing the AutoDock tools (61). Additionally, grid boxes
of almost identical sizes centered at the active site residues are made for
SARS-CoV PLpro, HCV NS3, and HIV protease. AutoDock Vina is used
to predict the interaction between the anti-SARS-CoV, anti-HCV NS3,
and anti-HIV protease drugs and the active site of SARS-CoV-2 PLpro.
Figure 3A shows the binding affinities (docking scores in kcal/mol) for the
docking of the anti-SARS-CoV and anti-HCV drugs against SARS-CoV-2
PLpro (blue), SARS-CoV PLpro (orange), and HCV NS3 (gray). Besides,
Figure 3B shows the binding affinities for the docking of anti-HIV drugs
against SARS-CoV-2 PLpro (blue), SARSCoV PLpro (orange), and HIV
protease (gray). The binding energies for SARS-CoV-2 PLpro are listed for
each ligand in Figures 3A and 3B.
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Figure 2: 2D structures of the anti-SARS-CoV PLpro (top) (GRL-0667, GRL-0617, and Mycophenolic acid), anti-HCV NS3 drugs
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Figure 3B: Binding energies of anti-HIV drugs (telaprevir, boceprevir, and grazoprevir), and anti-hiv protease (amprenavir, atazanavir, duranvir,
indinavir, leupeptin, lopinavir, nelfinavir, saquinavir, tipranavir, ritonavir, and TMC310911) against SARS-CoV-2 PLpro
Note: (o) Where blue line=SARS-CoV-2 PLpro; (-»-) orange line=SARS PLpro; (-») gray line=HCV NS3

As reflected from the docking scores in Figure 3A, six compounds can
bind to SARSCoV-2 PLpro, SARS-CoV PLpro, and HCV NS3 with vari-
able binding energy values (-5.7 up to- 11.0 kcal/mol). Compared to other
proteases, the binding energies for the drugs to SARS-CoV-2 PLpro are
less negative (lower affinity). For GRL-0667, GRL-0617, and Mycophenolic
acid, the reductions in the binding energies for SARS-CoV-2 PLpro are
25%, 21%, and 30%, respectively, compared to SARS-CoV PLpro. In HCV,
the decreases in the SARS-CoV-2 PLpro binding energies are 18%, 11%,
and 38% for telaprevir, boceprevir, and grazoprevir, respectively. Despite
these reductions, the PLpro of SARS-CoV-2 can still bind to the drugs
with good binding energies (-5.7 up to -7 kcal/mol), which is enough to
maintain the viral protein dysfunctionally. For the anti-HIV drugs, the best
four compounds that can bind to SARS-CoV-2 PLpro active site are ind-
inavir (-7.1 kcal/mol), TMC310911 (-7.1 kcal/mol), tiprenavir (-6.9 kcal/
mol), and ritonavir (-6.7 kcal/mol). Other anti-HIV drugs give moderate
binding energies to SARS-CoV-2 PLpro (higher than -6.5 kcal/mol) except
for amprenavir and leupeptin, which provide lower binding affinities (-5.2
and -5.3 kcal/mol, respectively). The anti-HIV drugs can bind to both HIV
protease and SARS-CoV PLpro with almost the same binding affinity (-7.1

and down to -9.4 kcal/mol) with ritonavir as an exception (-5.3 kcal/mol
for SARS-CoV PLpro).

To further analyze the binding patterns, we examined the interaction com-
plexes formed upon docking by the PLIP web server's aid. Figures 4 A-C
show the interactions formed after docking of the anti-SARS-CoV (GRL-
0667, GRL-0617, and Mycophenolic acid), anti-HCV drugs (telaprevir,
boceprevir, and grazoprevir), and anti-HIV protease drugs (Indinavir,
TMC310911, Tiprenavir, and Ritonavir), respectively. The solid blue lines
indicate H-bonding, while dashed grey lines indicate hydrophobic inter-
actions. The salt bridges and the m-m contacts are represented in balls con-
nected by yellow dashed lines and green dashed lines. The labeled residues
(blue sticks) represent the SARS-CoV-2 active residues that interact with
the ligands (orange sticks). The details of the interactions are tabulat-
ed in Tables 1-3 for the anti SARS-CoV, anti-HCV, and anti-HIV drugs,
respectively. The binding energies are listed in the table, along with the
number of formed H-bonds and the number of hydrophobic contacts
established after docking. The amino acids from the SARS-CoV PLpro,
SARS-CoV-2 PLpro, HCV NS3, and HIV protease that interact with the
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ligands are also listed in the tables. The most-reported residues from the
SARS-CoV-2 PLpro that interact through H-bonding or hydrophobic
interactions are K105, W106, H272, and D286 (bold residues in Tables 1-3).
As implied from the tables, SARS-CoV PLpro, HCV NS3, and HIV pro-
tease reveal more established interactions upon docking the tested drugs
than the new coronavirus strain PLpro. However, a minimum number of
established interactions (five interactions) stabilize the drugs in the protein
active site for SARS-CoV-2 PLpro. Besides, in all docking experiments, the
established interactions are both H-bonding and hydrophobic contacts in
addition to a few salt bridges (stared residues in Tables I and 2), suggesting
the possibility that these drugs (anti-SARS, anti-HCV, and anti-HIV
drugs) could bind to and inhibit the function of the crucial viral enzyme
PLpro of SARS-CoV-2. In summary, the present results suggest possible

56

Mycophenolic acid

inhibition of some of the currently available therapeutics against the newly
emerged coronavirus in silico. Anti-SARS-CoV PL pro (GRL-0667 and
GRL-0617), anti-HCV NS3 (telaprevir, boceprevir, and grazoprevir), and
antiHIV protease drugs (indinavir, lopinavir, nelfinavir, saquinavir, tipran-
avir, ritonavir, and TMC310911) may bind to the active site (C112, H273,
and D287) of SARS-CoV-2 PLpro. The calculated binding energies for the
tested drugs against SARS-CoV-2 PLpro are slightly higher (lower affinity)
than that of SARS-CoV PLpro, HCV NS3, and HIV protease. On the other
hand, at least five interactions are established between SARS-CoV-2 PLpro
and each tested compound (either H-bonds or hydrophobic interactions),
suggesting possible targeting of SARS-CoV-2 PLpro using anti-SARS, an-
ti-HCV NS3, and anti-HIV protease drugs.

Figure 4A: The interaction pattern for SARS-CoV-2 PLpro against the anti-SARS-CoV PLpro (anti-HCV NS3)

Bocepr ir

Figure 4B: The interaction pattern for SARS-CoV-2 PLpro against

Tipranvir

Ritonavir

Figure 4C: The interaction pattern for some of the anti-HIV protease drugs
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Table 1: The interactions formed between anti-SARS compounds (GRL-0667, GRL-0617, and Mycophenolic acid) and SARS-CoV-2 PLpro upon docking

Ligand (An- Target Docking score H-bonding Hydrophobic interaction
ti-SARS) (kcal/mol) Number Residues involved Number Residues involved
GRL-0667 SARS-CoV-2 -7.0 3 W93, K105, W106 7 K92, W106(2),

W1067(3), A107
SARS-CoV -9.3 6 W107, C112, G164, 5 Y113, L163, Y265,
D165%, G272, Y274 Y274(2)
GRL-0617 SARS-CoV-2 -6.6 2 L162, Y264 8 L162, P247, P248,
Y264(2), Y268(2),
T301
SARS-CoV -8.4 4 L163, D165(2), 5 D165, P249, Y265,
Y274 Y269, T302
Mycophenolic Acid SARS-CoV-2 -5.7 7 K105', W106 (2), 1 1289
H272, H272°, D286,
A288
SARS-CoV -8.2 3 G164, G272, Y274 1 Y265

Note: Where (') represents salt bridges, while (") represent n-m contact

Table 2: The interactions formed between anti-HCV compounds (telaprevir, boceprevir, and grazoprevir) and SARS-CoV-2 PLpro upon docking

Ligand (An- Target Docking score H-bonding Hydrophobic interaction
ti-HCV) (kcal/mol) Number Residues involved Number Residues involved
Telaprevir SARS-CoV-2 -6.6 8 W106, T265, H272, 3 K105, W106(2)
K274, D286(3),
A288
HCV -8.0 10 Q59(3), H75, K154, 6 1150, L153, K154,
G155, S157(2), F172, A174(2)
A175(2)
Boceprevir SARS-CoV-2 -6.6 4 W106, N109(2), 5 K105, W106(4)
H272
HCV 7.4 10 H75(2), G155, 7 H75(2), 1150,
S157(3), R173, K154(2), V176,
D186
Grazoprevir SARS-CoV-2 -6.8 4 K105, W106, K274, 3 ‘W106, T265, 1289
D286
HCV 110 10 H75(2), G155, 13 Q59, F61(2),
S156, S157(3), H75(2), H75", D99,
R173, A175(2) 1150, F172, R173,
A175,V176,D186

Note: (') represents salt bridges, while (") represent -1 contact

Table 3: The interactions formed between anti-HIV protease drugs (amprenavir, atazanavir, duranvir, indinavir, leupeptin, lopinavir, nelfinavir, saqui-
navir, tipranavir, ritonavir, and TMC310911) and SARS-CoV-2 PLpro upon docking

Ligand (Anti-HIV) Target Docking score H-bonding Hydrophobic interaction
(kcal/mol) Number Residues involved Number Residues involved
Amprenavir SARS-CoV-2 -5.2 3 Q269, K274, D286 2 T265, L289
HIV -7.7 10 L23, V32, P81, V82 6 150(2)
SARS-CoV -8 5 A247,Y274(2), 5 R167, P249,
G272, D303 Y265(2), T302
Ataznvir SARS-CoV-2 -5.8 5 W106, N109(3), 4 W106(2), H272,
H272 1289
HIV -8.5 7 D25(2), G27, D29, 6 V32, 147(3), 154,
D30, 48, 150 184
SARS-CoV 7.9 6 N110(2), H273, 8 W107(2), N110(2),
R285(2), H290 C112,L163,
Y274(2)
247 Systematic Review Pharmacy Vol 13, Issue 4, Mar Apr, 2022




Elfiky AA:

SARS-CoV-2 Papain-like Protease as a Target for Anti-HCV and Anti-HIV Proteases: In silico Perspective

Darunavir SARS-CoV-2 -5.8 2 W106, A288 3 T265, H272, 1.289
HIV 7.8 4 150(2), T80 6 V32, 147(2), 154,
P81, V82
SARS-CoV -8.3 4 D165, G272, T302 4 L163, P249, Y265,
T269
Indinavir SARS-CoV-2 -7.1 3 Q122, R140, K279 4 Q121, R140,
K279(2)
HIV -8.6 4 G48(2), G49, 150 4 123, A28,147, V82
SARS-CoV -7.1 4 D273(3) 7 K106(2), W107(3),
A108, D287
Leupeptin SARS-CoV-2 -5.3 5 W106, N109(2), 2 H272, L357
H272, K274
HIV -7 5 G49, 150, G52, 154, 3 154(2), L357
L357
SARS-CoV -8.1 6 D165, R167, 1 L357
Y274(2), T302(2)
Lopinavir SARS-CoV-2 -6.1 5 C270, H272,D 7 K105, W106(2),
286(3) T265, H272, A288,
L1289
HIV -9.2 2 150 (2) 8 123,V32,147, 54,
P81, V82 (2)
SARS-CoV 8.1 2 Y269 (2) 7 L163 (2), D165,
P249, Y265 (2),
T302
Nelfinavir SARS-CoV-2 -6.5 3 K105, W106(2) 5 K105, W106, A288,
1.289(2)
HIV 8 8 13, L24, T226(2), 13 P1, Q2, 13, L5(2),
G94, T96(3) L24,190(2), 193,
A95(2), T96, L97
SARS-CoV -7.9 1 D165 8 L163, R167, P249,
Y265(2), Y269,
Y274, T302
Saquinavir SARS-CoV-2 -6.2 1 H272 4 W106(3), A288
HIV -9 5 G49, 150(3), T80 10 A28, D29, V32,147,
150(2), 154, P81,
V82,184
SARS-CoV 75 3 H273, D287, H290 7 K106(2), W107(2),
C112, H273, H290
Tipranavir SARS-CoV-2 -6.9 3 W106, G271, H272 3 W106, H272, 1.289
HIV 9.1 4 D25, 150(2), T80 9 V32, 147(2), 154(3),
P81, V82, 184
SARS-CoV -9.2 1 Y265 6 L163, P249, Y265,
N268, Y269, T302
TMC310911 SARS-CoV-2 -7.1 2 R140, K279 3 Y136, K279, Y283
HIV -9.2 2 150(2) 6 L5,V32(2),147,
P81, V82
SARS-CoV -9 5 D165, Y265(3), 7 L163, R167, P248,
G272 P249, Y274, P300,
T302
Ritonavir SARS-CoV-2 6.7 7 K105, W106(2), 7 K92, W106(2),
H272, K274, A288,1.289(3)
D286(2)
HIV 8.9 10 P1,13(2), L5, 14 P1, Q2, T4, 124(2),
T96(3), N98(3) T26,190(2), 193,
A95(2), L97, F99
SARS-CoV -5.3 6 R285, T292, K293, 2 T292,Y297
$295, E296(2)
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CONCLUSION 14. Clinical management of severe acute respiratory infection when

SARS-CoV-2, the causative agent of the COVID-19 pandemic, represents Mid.dle .East Tespiratory syndrqme coronavirus (MERS'CO_V) .in-

asignificant health concern due to the vastly growing number of infections fection is suspected: Interim guidance. World Health Organization

and mortalities. The present study aims to test and suggest possible inhib- (WHO). 2019.

itor drugs for use against SARS-CoV PLpro. Anti-SARS PLpro (GRL-0667 15. Elfiky AA, Azzam EB. Novel guanosine derivatives against MERS

and GRL-0617), anti-HCV NS3 (Telaprevir, boceprevir, and grazoprevir), CoV polymerase: An in silico perspective. ] Biomol Struct Dyn. 2020;

and anti-HIV protease drugs (indinavir, lopinavir, nelfinavir, saquinavir, 39(8): 1-9.

tipranavir, ritonavir, and TMC310911) show good binding affinities to the 16. Elfiky AA, Ismail A. Molecular dynamics and docking reveal the po-

active site of SARS-CoV-2 PLpro and hence, may oppose viral replication. tency of novel GTP derivatives against RNA dependent RNA poly-

These compounds could be tested in vitro for their effectiveness as anti- merase of genotype 4a HCV. Life Sci. 2019. 238: 116958.

SARS_COV_Z, PL.p.ro 1nh1b1'tors. Additionally, it can be used as a seed for 17. Elfiky AA. Novel guanosine derivatives as anti-hcv ns5b polymerase:

more potent inhibitors against SARS-CoV-2 PLpro. A QSAR and molecular docking study. Medicinal Chem. 2019; 15(2):
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