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Molecular Docking Analysis of Anti-Severe Acute Respiratory
Syndrome-Coronavirus 2 Ligands against Spike Glycoprotein and the

3-Chymotrypsin-Like Protease

Abstract

Background: The severe acute respiratory syndrome-like disease coronavirus disease 2019
(COVID-19) is a disastrous global pandemic with 16,288,490 infected cases and 649,884 deaths.
Until now, no effective treatments are found. Methods: The virus uses the 3-chymotrypsin-like
protease for inducing the activity of the viral polyproteins and the spike (S) glycoprotein for
human cell entry through the human angiotensin-converting enzyme 2 receptor. Blocking the active
binding sites of these molecules might be beneficial for decreasing the activity of the virus and
suppressing the viral entry to the human cells. Here, docking methods were used to identify a group
of ligands may perform the blocking operations. Results: The results revealed the strongest binding
affinities, sorted high to low, for tadalafil (Cialis) (phosphodiesterase type 5 inhibitor, tirofiban
(antiplatelet), paraxanthine (central nervous system stimulant), dexamethasone, gentian violet cation
(triphenylmethane), salbutamol, and amlodipine (calcium channel blocker). Conclusion: These
substances may provide vital help for further clinical investigation in fighting against the current

global pandemic of the COVID-19.
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Introduction

The coronavirus disease 2019 (COVID-19)
or severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)  global
pandemic continues to generate high
numbers of infected cases and deaths around
the globe, which currently passed 16,288,490
infections and 649,884 deaths.!"! It started in
Wuhan, Hubei province, China, in the last
quarter of the year 2019.% This virus, as
currently hypothesized, originated in bats
due to using those animals for human food
consumption, as indicated by the first cases
appeared in the seafood and wet markets
in Wuhan.®! Scientists all worldwide have
launched numerous studies to understand
the structural characteristics of the virus in
attempts to find a suitable treatment.!

The virus wuses human angiotensin-
converting enzyme 2 (hACE2) receptor to
perform its entry to the human cells. This
fact was unveiled by sequence-studying
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the wvirus genetic materials, which
demonstrated a strong similarity with
the SARS-CoV.* The risk of infection
possibility by the SARS-CoV-2 to humans
is higher than that of the SARS-CoV.
This might be due to the high affinity of
the virus for the hACE2 receptor. This
was proven by using a HeLa cell-line
expressed with hACE2 and infected with
SARS-CoV-2 and SARS-CoV.’®  The
coronaviruses, in general, need the spike (S)
glycoprotein to bind to the hACE2 receptor
using certain domains called SB.P'¥ This
fact was thoroughly demonstrated for the
SARS-CoV-2, revealing that the virus uses
SB domain of the S glycoprotein to enter the
human cells through the hACE2 receptor.!'s!
The latest authors provided crystallographic
structures of the S glycoprotein (closed
and open-ectodomain-trimer states). The
coronaviruses utilize another machinery
component called  3-chymotrypsin-like
protease (3CLP™), which cleaves 11 sites in
different proteins of the virus. This action
converts those proteins into functional
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elements on the induction of viral replication. Some of
these viral proteins are RNA-dependent RNA polymerase,
a single-stranded RNA-binding protein, a helicase, an
exoribonuclease, an endoribonuclease, and a 2’-O-ribose
methyltransferase.l' The 3CLP could be a therapeutic
target by using suitable ligands to block the protease
binding site.

Blocking the active binding sites of these molecules
might be beneficial for decreasing the activity of the virus
and suppressing the viral entry to the human cells. Here,
docking methods were utilized to identify a group of
ligands that may perform the blocking operations.

Methods

A number of ligands (some of the food and drug
administration [FDA] approved drugs), [Table 1], were used
to targets active sites of the SARS-CoV-2 S glycoprotein
(closed, RCSBPDBID: 6 vxx, and partially open,
RCSBPDBID: 6 vyb, states) and the 3CLr°, RCSBPDBID:
6 LU7, after removing the ligand using PyMOL!"” using
PyRx-Python Prescription (0.8) with employing Autodock
plugin® and PyMOL.I'! For the target sites of the S
glycoprotein, the S® domain was employed as described
by Walls et al.'® for the closed and open states. For the
3CLre sites, the binding pocket residues; HIS41, MET49,
CYS145, HIS163, GLU166, and HIS172, were targeted.!'*2"
Intermolecular distances between the ligands and amino acids
of the viral targets were described in 3-dimensional (3D)
model images generated by Discovery Studio Visualizer
v20.1.0.19295 (BIOVIA, Dassault Systemes BIOVIA, Paris,
France). Silico studies could provide insightful information
about details of the complicated biological systems, in
which molecular docking could specifically describe the
mechanistic of ligand-target interactions for the purposes of
drug design.!

Results

The findings, [Table 2], revealed high affinity values of the
used ligands with the highest in tadalafil (Cialis), tirofiban,
paraxanthine, dexamethasone, gentian violet cation,
salbutamol, and amlodipine.

Table 1: Ligands used in the protein docking and their

PubChem IDs
PubChem CID Ligand
110635 Tadalafil
145708838 Tirofiban
4687 Paraxanthine
5743 Dexamethasone
3468 Gentian violet cation
2083 Salbutamol
2162 Amlodipine
439544 N, N’-Diacetylchitobiose
84265 N-Acetyl-2-deoxy-2-amino-galactose
644170 2-(Acetylamino)-2-deoxy-alpha-D-mannopyranose

Table 2 autodock binding affinity values of ligands to the S
glycoprotein (closed and open states) and 3CLP™.

For the closed state of the SARS-CoV-2 S glycoprotein,
the 3D exploring of the hACE2 binding sites, SP, showed
adjacent attachment pockets of the seclected ligand
molecules, tadalafil, tirofiban, and gentian violet cation, on
the surface of the viral protein, [Figure 1].

Regarding the open state of the SARS-CoV-2 S
glycoprotein, the 3D poses of the ligand binding revealed
similar sitting pockets in the S® partially open ectodomain
of the protein when tadalafil, dexamethasone, and gentian
violet cation were used in the current session, [Figure 2].

In the case of the SARS-CoV-2 3CL™, the 3D searching
of the ligand affinity for binding with the enzyme
demonstrated close-by regions for this binding for both
tadalafil and dexamethasone in the pocket defined by the
HIS41, MET49, CYS145, HIS163, GLU166, and HIS172
active binding residues of the viral protein, [Figure 3]. For
the intermolecular distances between the ligand and amino
acids, [Figures 4-6] show these distances in details for the
closed and open structures of the spike protein and the
3CL™, respectively.

Discussion

Although SARS-CoV-2 (COVID-19) has a less fatality
potential comparing to other deadly diseases, such as
Marburg virus, Ebola, Crimean—Congo hemorrhagic
fever, or HIV, the novel CoV is way far different due to
its high level of transmission. This uniqueness rises up
due to the disease nature as a respiratory disease in which
transmission occurs via the patient’s respiratory expelled
fluids by sneezing and coughing. Second, no innate
immunity is present as the virus newly emerged, due to
the mishandling of wild animals, bats as most recognized.
Third, the disease is thought to be with a high occurrence
rate, 17.9%, of asymptomatic infections that increases the
chances of transmission in a tremendous way.?* Moreover,
the virus seems to mostly attack elderlies or people with
underlying health conditions, such as cardiovascular,
blood hypertension, diabetes, and cancer issues, and about
50% of these individuals become critically ill and need
respiration enhancements in intensive care units.””! The
answer to this puzzling tropism is the overexpression
of angiotensin-converting enzyme 2 receptor in the
lungs of those patients who have heavy demands on the
renin-angiotensin system.?®!

The idea of the docking based work, here, is to block
the activity of viral proteins; S glycoprotein and 3CL™.
Here, the study tested the binding affinity of 10 ligands
on these macromolecules. The findings unveiled that
tadalafil, commercially known as Cialis, was with a
high-kcl/mol-binding value when investigated on the S
glycoprotein (closed and open states) and the 3CLPe.
Tadalafil is a phosphodiesterase type 5 inhibitor (PDES)
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Figure 1: Images of the severe acute respiratory syndrome-coronavirus
2 spike glycoprotein (closed state, grey) with the ligands (blue); (a)
Tadalafil. (b) Tirofiban. (c) Gentian violet cation. The binding of the ligands
is displayed in the human angiotensin converting enzyme 2 binding sites,
S8, of the viral protein

Figure 2: Images of the severe acute respiratory syndrome-coronavirus
2 spike glycoprotein (partially open, grey) with the ligands (blue); (a)
Tadalafil. (b) Dexamethasone. (c) Gentian violet cation. The binding of the
ligands is displayed in the human angiotensin converting enzyme 2 binding
sites, SB, of the viral protein

Arg408|

Figure 3: Images of the severe acute respiratory syndrome -coronavirus
2 3-chymotrypsin-like protease (gray) with the ligands (blue); (a)
Tadalafil. (b) Dexamethasone. The binding of the ligands is displayed in
the pocket sites of the HIS41, MET49, CYS145, HIS163, GLU166, and HIS172
active binding residues of the viral protein

inhibitor used to treat erectile dysfunction.””! Nitric
oxide (NO) generated by the neuronal NO synthase initiates
erection, which is maintained by endothelial NO synthase

Figure 4: Intermolecular distances between the ligands and the amino
acids of the severe acute respiratory syndrome-coronavirus 2 spike
glycoprotein (closed state); (a) Tadalafil. (b) Tirofiban. (c) Gentian
violet cation. The binding of the ligands is displayed in the human
angiotensin-converting enzyme 2 binding sites, S, of the viral protein

during erection stimulation. Later, NO stimulates guanylyl
cyclase production that leads to the induction of the cyclic
guanosine monophosphate (cGMP). Briefly, the increases
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in the cGMP levels decrease calcium channel activity and
eventually reduce the concentration of cytosolic calcium,
which results in smooth muscle relaxation. The PDES
breaks down the cGMP in the penis, encouraging erectile
dysfunction, which can be reversed by the use of the PDES
inhibitors.?’=% In addition to its common use, tadalafil
is utilized in the treatment of class II and III pulmonary
arterial hypertension. This disease condition is characterized
by increases in both pulmonary vascular resistance and
mean pulmonary arterial pressure by inhibiting the PDES
enzyme.’"! The findings of the current study could be
further investigated in the treatment of the COVID-19.

Tirofiban, a glycoprotein IIb/Illa receptor inhibitor globally
used medicine for the treatment of coronary artery disease
due to its ability to reduce platelet aggregation, was found
here to have high binding affinity to the closed state of the
SARS-CoV-2 S glycoprotein through the hACE2 binding
site on the viral protein.’®? This may open the gate for
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Figure 5: Intermolecular distances between the ligands and the amino
acids of the severe acute respiratory syndrome-coronavirus 2 spike
glycoprotein (partially open); (a) Tadalafil. (b) Dexamethasone. (c) Gentian
violet cation. The binding of the ligands is displayed in the human
angiotensin converting enzyme 2 binding sites, S8, of the viral protein

more in-depth investigation about its curability against
COVID-19; although, it might not be useful for patients
with existed low blood clotting problems or injuries in
certain body sites, internally or externally.

Interestingly, gentian violet cation was revealed in
the present docking exploration to have high binding
ability to the closed and ectodomain-open states of
the S glycoprotein of the novel CoV. The gentian
violet is known to generate antibacterial and antifungal
activities. It was revealed by Bakker er alF¥ to have
greater anti-cutaneous Candida, anti-Streptococcus, and
anti-Staphylococcus with low concentrations. The concept
for this action is not well-understood; however, different
explanations were introduced such as redox alterations,
low-level nicotinamide adenine dinucleotides phosphate

Arg40

Figure 6: Intermolecular distances between the ligands and the amino acids
of the severe acute respiratory syndrome-coronavirus 2 3-chymotrypsin-like
protease; (a) Tadalafil. (b) Dexamethasone

Table 2: Autodock binding affinity values of ligands to the S glycoprotein (closed and open states) and
3-chymotrypsin-like protease

Ligand Binding affinity values (kcal/mol)
S glycoprotein state 3CLrr
Closed Open

Tadalafil -8.5 -8.7 =59
Tirofiban -7.5 —5.6 —5.2
Paraxanthine —6.3 —5.7 —4.7
Dexamethasone -6.9 =7.7 -6.4
Gentian violet cation —6.8 —7.4 -53
Salbutamol —6.1 —6.5 —4.8
Amlodipine —5.5 —6.0 —5.2
N, N’-Diacetylchitobiose =7.2 -6.9 —5.6
N-Acetyl-2-deoxy-2-amino-galactose —6.1 —4.7 —4.9
2-(Acetylamino)-2-deoxy-alpha-D-mannopyranose —6.1 -5.3 —4.9

3CLr* — 3-chymotrypsin-like protease
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oxidase inhibition, generation of free radicals, un-ionized
complex production, suppression in protein synthesis and
cell wall, decrease in glutamine synthesis, and oxidative
phosphorylation uncoupling.?* It has been uncovered that
gentian violet was highly effective in the treatment of oral
hairy leukoplakia, a common oral HIV-patient condition
with white plaques on the tongue edges due to Epstein—
Barr virus.? Furthermore, Aljofan et al.’% detected that
gentian violet was potently able to in-vitro-defeat Nipah
and Hendra viruses. Furthermore, gentian violet has a vital
history in the systemic use as blood transfusion sterilizer
in South Africa to prevent blood-borne diseases such as
Chagas disease.” A gentian violet analog, imipramine
blue (imipramine-CID 3696), was constructed to fight
certain systemic tumor cases.?’*¥! The present study found
that this analog showed similar binding affinity values as in
the gentian violet (data not shown).

Surprisingly, dexamethasone showed high values of binding
affinity, especially with the open state of the SARS-CoV-2
S glycoprotein. This medicine is highly used in the
treatment of many conditions, such as autoimmune diseases,
allergies, or asthma. It was found that dexamethasone was
able to reduce the production of mucus due to respiratory
syncytial virus; however, no alteration in the antiviral
interferon signaling was seen as a side effect of the use
of dexamethasone.®’ This may allow for the safe use of
anti-COVID-19 treatment without a reduction in immunity
directed against the virus. Interestingly, the current study
revealed that almost all the used ligands showed attachment
at the same pockets in the viral protein, which may indicate
an active hotspot for the virus to perform its infectivity.

Conclusion

The current work provides a group of available ligands,
some with FDA approved usage for certain conditions,
to be virtually successful in the treatment of COVID-19.
Interestingly, tadalafil and tirofiban reveal high binding
activities to the spike protein of the virus. The current findings
need further investigation in vitro and in vivo to complete the
utilization approval for the current novel CoV pandemic.
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