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Abstract

COVID-19 has become a pandemic, and any new drug for treating the disease could save millions of lives. Several
drugs already in use for other diseases and medical conditions are repurposed for treating COVID-19 in an attempt to
find treatment for the disease without spending research time on ADME TOX and other studies on side effects. In this
exercise, the drugs repurposed are from antiviral, antibiotics, antiviral for HIV and HCV, anti-cancer, natural medicines,
etc. Possible repurposing anti-diabetic GPR-120 agonists used as for SAR-CoV-2 is attempted in the study by carry-
ing out docking of 68 GPR-120 agonists. Ten of these compounds were found to have docking scores —8.3 to —8.0,
and the best docking score was observed for an arylsulfonamide and a biarylpropanoic acid belonging to GPR120
agonists previously evaluated for the treatment of type Il diabetes. These GPR120 agonists could serve as start point
for novel inhibitors for the discovery of drugs to treat COVID-19.

Background

After suffering from a devastating spell of COVID-19, the
world is slowly limping back to normalcy. This is one of
the pandemics that has a better public awareness owing
to the Internet and social media. As per the data reported
to WHO Globally, as of 14 October 2021, there have
been 239,007,759 confirmed cases of COVID-19, includ-
ing 4,871,841 deaths. As of 13 October 2021, a total of
6,471,051,151 vaccine doses have been administered
(https://covid19.who.int/ accessed on October 15, 2021).
The world is undergoing the largest vaccination program
to guard the people from any further spells of the deadly
virus.

In addition to the vaccines, the pharmaceutical com-
panies and the scientists in various organization are try-
ing to develop drugs to combat the SARS CoV-2. There
are several targets that could be explored to develop new
drugs for COVID-19 [1]. The therapeutic targets include
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both structural and non-structural proteins [2]. Some
of the targets considered to develop inhibitors are as
follows:

« Spike protein (S-protein) [3-5]

« Angiotensin-converting enzyme-2 (ACE-2) [6, 7]

« Human proteases: Transmembrane protease, serine
2 (TMPRSS2) [7, 8], Furin [9], Papain like protease-2
(PLpro) [10-12] 3-chymotrypsin like protease
(3-CLpro) or the main protease M"™ [13]

+ Viral proteases (RNA-dependent RNA-polymerase
(RdRp) [14]

One of the steps taken by the scientific community to
combat the pandemic was to repurpose drugs already
known and in use. This provides a shortcut and reduces
the considerable amount of time spent on ADME Tox
studies and the burden on assessing the new drug
molecule’s therapeutic efficacy, side effects, and risks.
Several small molecules were considered [15]. The
repurposed drugs are usually broad-spectrum antivi-
rals that fall under the two therapeutic classes namely,
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protease inhibitor and nucleosides. Among the repur-
posed drugs favipiravir, remdesivir, molnupiravir,
galidesirvir, sobosbivir, and azivudine are examples of
nucleosides while boceprevir, narlaprevir, simeprevir,
and calpain inhibitors belong to protease inhibitors.

The race in finding an antiviral for COVID-19 was
given momentum by computer-aided drug design
approach, especially with the aid of docking software
such as Auto Dock and Schrédinger. Of the several tar-
gets mentioned above, the main protease (M'™) has
been the most explored for the development of inhibi-
tors. One of the main reasons for exploring the MP™
inhibitors is its important role played in the in the
replication and transcription of SARS CoV-2 [16]. The
main protease (M’™) is one of the proteins encoded
in SARS-CoV-2 genome and is a dimer of cystine pro-
tease. This is called the 3-chymotrypsin-like protease
(3-CLpro). MP™ presents a highly conserved active
site in several coronaviruses, such as SARS-CoV and
MERS-CoV. M"™ plays an important role in the cleav-
age of precursor polyproteins translated from viral
RNA, and no other human protease does have a simi-
lar cleavage specificity. This makes MF™ an attractive
target for developing inhibitors, and the inhibitor may
thus be non-toxic.

The development of inhibitors targeting the main
protease appears to have not left any stone unturned
and these repurposed molecules may be grouped into
(1) inhibitors of other CoV, (2) antiviral therapeutics of
human immunodeficiency virus (HIV), (3) anti-viral that
are being used in hepatitis C virus (HCV), (4) antima-
larial and other antivirals for influenza, (5) anti-bacterial,
(6) anti-cancer drugs, (7) Traditional Chinese medicines,
and (8) chemicals in traditional spices and other natural
compounds from marine origin.

Based on the action of the main protease, Yang et al.
has designed several inhibitors in 2005. The authors
found molecule N3 (number assigned by Yang et al. [17])
(see Fig. 1) as the most potent inhibitor of CoV. This mol-
ecule was studied by Jin et al. [13] for SARS CoV-2 and
from the results of docking study the authors proposed
that N3 binds in 3CL"™ binding pockets in an irreversible
manner, and they thus exhibited good inhibitory potency.
The 3CL"™ complex withN3 molecule was used to iden-
tify new inhibitors and one such molecule is ebselen [13,
18]. Ebselen, a drug used for the treatment of stroke con-
taining a selenium atom is repurposed for SARS-CoV-2.
Crystal structure of M"™ without any ligand bound to
the protein was reported by Zhang et al. [19] and Zhang
et al. [20] studied the binding affinity of alpha-ketamide
to 3CL"™ and identified three binding pockets in the pro-
tein. By varying the four substructures (marked as A, B,
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C, & D in Fig. 1), they obtained the best fitting into the
protein pockets from the inhibitory potency (Fig 1).

Calligari et al. [21] investigated thirteen proteinase
inhibitors that are used as antiviral for human immuno-
deficiency virus (HIV) and hepatitis C virus (HCV). The
ten anti-HIV drugs are saquinavir, indinavir, tipranavir,
ritonavir, lopinavir, atazanavir, nelfinavir, amprenavir,
darunavir, and fosamprenavir while the three anti-HCV
aresimeprevir, faldaprevir, and asunaprevir. Among these
simeprevir was found to have the highest docking score.
Lopinavir/ritonavir, coformulation is sold under the
brand name Kaletra as an antiretroviral medication for
the treatment and prevention of HIV/AIDS. Repurpos-
ing of Kaletra for SARS CoV-2 was found to be effective.
Nutho et al. [22] could explain the inhibitory efficacy of
Kaletra based on the docking studies of lopinavir and
ritonavir with 3CLP™, Chang et al. [23] showed that
indinavir binds with 3CLP™ stronger than lopinavir and
ritonavir and Calligari et al. [21] had also inferred this
in their study. Nelfinavir was identified to be a potential
inhibitor for CoV-2 from a docking that used 1903 can-
didates [24]. These authors went on to determine the
inhibitory potency of nelfinavir [25]. Atazanavir the HIV
antiviral was found to be a potential inhibitor of 3CLPro
[26], and its ability to inhibit SAR CoV-2 Vero cells was
studied by Fintelmen_Rodrigues et al. [27].

In addition to the three HCV drugs mentioned above,
ledipasvir and velpatsavir were reported by Chen in 2020
[28]. Li et al. [29] ended up with four molecules namely,
prulifloxacin, bictegravir, nelfinavir, and tegobuvir by
high through put screening of 8000 clinical drug librar-
ies based on the binding affinity with M"™. Khan et al.
[30] screened 123 antiviral drugs to identify inhibitors of
3CLPro as well as 2/-O-MTase (2’-O-ribose methyltrans-
ferase). Paritaprevir and Raltegravir were found to have
high binding affinity for 3CL"™.

Talluri [31] carried out virtual screening of several clin-
ically approved antiviral and the crystal structure of M"™
(PDB if 6LU7) and found saquinavir and beclabuvir as the
best protease inhibitor candidate SARS CoV-2 among the
compounds studied by them. Other anti-viral drugs that
had been tested for repurposing by molecular docking
and virtual screening include oseltamivir [32] and zan-
amivir [33].

Some of the antibiotics that have been identified to
be effective based on computer-aided virtual screening
are the quinoline antibiotic prulifloxacin [29], tetracy-
cline antibiotics eravacycline [34], and the polypeptide
antibiotic colistin [35]. Non-steroidal anti-inflamma-
tory drugs (NSAID) were also repurposed as potential
inhibitors of MPro [36] by docking studies. In a similar
study on NSAIDs, Gimeno et al. [37] identified Peram-
panel, Carprofen, Celecoxib, Alprazolam, Trovafloxacin,
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c-ketamide with best inhibitory potency (see substructures A,
B, C and D for the best fitting molecule in the M™™ pockels)

Fig. 1 Structure of N3, a-ketamide with sub-structures marked

Sarafloxacin, and ethyl biscoumacetate as possible inhibi-
tors of M"™ by docking studies. The two compounds
namely, Carprofen, a NSAID no longer use in human
medicine but used for veterinary purpose, and Celecoxib
another NSAID and a COX-2 inhibitor, were subjected
to in vitro testing at 50 pM, and they showed 3.97% and
11.90% MP™ inhibition, respectively.

Dipyridamole (brand name Persantine) is a platelet
inhibitor and is used to prevent blood clots after heart
surgery was repurposed for CoV-2 by Liu et al. [38] and
the inhibitory potency (IC,,) was studied targeting

3CLP™, Odhar et al. [39] studied the drug molecules from
US-FDA-approved drugs library from ZINC 5 database,
and from their docking on to the M™™ (PDB id 6LU?7),
they identified ten hits that included drug that are used
for cancer, epilepsy, and insomnia. The top ten hits based
on the docking score are Perampanel (epilepsy), conivap-
tan (hyponatremia), sonidegib (basal-cell carcinoma),
azelastine (allergy), idelalisib (leukemia and lymphoma),
suvorexant (insomnia) olaparib (ovarian, breast, and pan-
creatic cancers), ponatinib (leukemia), loxapine (schizo-
phrenia), and tolvaptan (hyponatremia). Wang et al. [34]
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in the computational drug repurposing study identified
carfilzomib (antineoplastic agent), valrubicin (chemo-
therapy drug), and elbasvir (antiviral for HCV) as inhibi-
tors based on the docking with M"™, in addition to the
antibiotic eravacycline.

Traditional Chinese medicine (TCM) and traditional
Indian medicines that fall under Ayurveda and Sidha
were used as immune boosters to fight against COVID-
19. Zhang et al. [19, 20] carried out docking studies
of about 100 constituents of the Lung-toxin Dispel-
ling Formula No. 1 (LDEN1) of TCM and found 22 of
these chemicals are inhibitors of 3CLP™. Of the several
chemicals, baicalin and baicalein were found to have
antiviral activities against 3CL"™ [40] with EC, values
of 10.27 uM and 1.69 uM, respectively. Liu et al. [41]
studied the inhibitory activity of the ethanol extract of
the herbal plant Scutellaria baicalensis and its major
component, baicalein. They found that the plant extract
and the constituent baicalein inhibited SARS-CoV-2
3CLP™ activity in vitro with IC;, of 8.52 mg/mL and
0.39 mM, respectively. The replication of SARS-CoV-2
in Vero cells were inhibited with EC50s of 0.74 mg/
ml and 2.9 mM, respectively. In their study on screen-
ing several natural compounds that are constituents of
TCM, Zhang et al. [19] and Zhang et al. [20] identified
betulinic acid, coumaroyltyramine, cryptotanshinone,
desmethoxyreserpine, dihomo-y-linolenic acid, kaemp-
ferol, lignan, N-cis-feruloyltyramine, quercetin, sugiol,
and tanshinoneiia to inhibit 3CLP™. Cherrak et al. [42]
studied several glycosylated flavonoids by docking them
on the M"™ (6LU7) and identified quercetin-3-O-rham-
noside to have the highest binding affinity. Myricetin
3-rtinoside and rutin were also identified as potential
inhibitors of 3CL™, and the binding affinities of these
three compounds were greater than that of N3 with
3CL"™. Shivanika et al. [43] carried out docking stud-
ies of several natural products that have been used as
antiviral on to 6LU7 the 3CLPro protein structure and
found theaflavin-3-3’-digallate, rutin, hypericin, robust-
aflavone, and (-)-solenolide as the compounds with
highest binding energy. It might be noted that identifi-
cation of rutin as a potential inhibitor is independently
confirmed by two groups. Bhaliya and Shah [44] car-
ried out docking studies of mono-carbonyl analogs of
curcumin with 3CLPro and found one of the curcumin
analogs was found to have potential to be used as an
inhibitor. Joshi et al. [45] screened a library of ~7100
molecules that comprises of flavonoids, glucosinolates,
anti-tussive, anti-influenza, anti-viral, terpenes, ter-
penoids, alkaloids, and other compounds predicted as
potential therapeutic candidates against M’™. Mol-
ecules such as &-viniferin, myricitrin, taiwanhomo-
flavone A, lactucopicrin 15-oxalate, nympholide A,
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afzelin, biorobin, hesperidin, and phyllaemblicin B were
found to bind strongly with M"™ and hence suggested
as potential inhibitors. Andrographolide a natural com-
pound from Andrographis paniculata was studied [46]
via docking on to MPro, and the in silico studies on
ADME and toxicity prediction were also carried out.
The molecule was predicted to have good solubility.
Ramaiah et al. [47] studied the binding of natural mole-
cules that are present in Indian spices and curry against
MPro (6LU7). A similar study identified [48] carnosol
a natural molecule as an inhibitor by docking studies
using the protein structure PDBID: 6Y84, MPro. Bioac-
tive compounds in medicinal plants were screened as
potential MPro inhibitors [49] and natural compounds
such as kaempferol, quercetin, luteolin-7-glucoside,
demethoxycurcumin, naringenin, apigenin-7-glucoside,
oleuropein, curcumin, catechin, and epicatechin-gallate
as potential molecules for further exploration.

According to the latest report of the pharmaceutical
company Merck, molnupiravir pills are able to reduce the
hospitalization and deaths of people affected by COVID-
19 [50]. They reported the results of Phase 2a trial (Clini
calTrials.govNCT04405570) in which safety, tolerability,
and antiviral efficacy of molnupiravir in the treatment of
COVID-19. Merck applied on October 11, 2021, for US-
FDA emergency use authorization for the molnupiravir
based-oral antiviral pill for COVID-19. This will not stop
the hunt for new inhibitors, and the search for new mol-
ecules will continue.

In one of the studies of repurposing drugs [51], vir-
tually screened 1615 FDA approved drugs by docking
each of them on to MPro and then refined the selection
by employing molecular dynamics to identify nine com-
pounds. The nine drugs selected as potential inhibitors
vary from vasoconstrictor to microscopy dye. The poten-
tial inhibitors identified and their original use are:

. Dihydroergotamine: vasoconstrictor

. Midostaurin: treatment of acute myeloid leukemia

. Ziprasidone: antipsychotic

. Etoposide: antineoplastic

. Apixaban: used to reduce the risk of stroke and blood

clots

. Fluorescein: a dye used in microscopy

. Tadalafil: used to treat erectile dysfunction (ED),

benign prostatic hyperplasia (BPH), and pulmonary
arterial hypertension)

8. Rolapitant: used along with an antiemetic (anti-vom-
iting) agent in adults for the prevention of delayed
nausea and vomiting associated with initial and
repeat courses of emetogenic cancer chemotherapy

9. Palbociclib: used to treat HR-positive and HER2-neg-

ative breast cancer
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The above discussion indicates that repurposing of
drugs belonging to different classes have been evaluated
for CoV-2. Human GPR120 is a transmembrane pro-
tein, characterized by the interactions with the endog-
enous ligand linoleic acid and docosahexaenoic acid.
Apart from the key role played by GPR 120 in diabe-
tes, it is also involved in many other disease conditions,
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including cancer, inflammation, and central nervous sys-
tem (CNS) disorders. GPR 120 presents itself in many
metabolic pathways, and its pivotal role in controling
obesity and diabetes is worth mentioning. Using gene
knockdown studies, GPR120 has been shown to induce
chemoresistance in breast cancer treatment with epiru-
bicin and cisplatin-highlighting the relevance of GPR 120
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antagonists for chemotherapy [52]. Further, Toelzer et al.
recently identified a linoleic acid binding pocket in the
SARS-CoV-2 spike protein which prompted us to look
for alternate drugs for binding with COVID-19 MUPro.
The present study reports the results of docking studies
carried out using G-protein-coupled receptor (GPR) ago-
nists against the MPro to identify any potential inhibitor
of SARS CoV-2.

Methods

Auto Dock 4.2.6 was used to perform docking study.
Chemical structures were drawn using Chemoffice
2002. Three-dimensional structures of proteins were
downloaded from protein data bank (PDB id: 6LU7)
(https://www.rcsb.org/).

Protein preparation
The protein was prepared for docking process according
to the standard protein preparation procedure integrated
in Accelry’s Discovery Studio 4 which is shown in the
flow chart (Fig. 2a).

Ligand 2D structures were drawn using ChemDraw
Ultra 8.0 (ChemOffice 2002) and converted into 3D
structure using chem3D Ultra 8.0. The 68 molecules were
used as ligands, and each one of them was docked on to
the crystal structure of M"™ with PDB id 6LU7. The pro-
cedure for ligand preparation and docking is given as a
flow chart in Fig.2a, b. Docking scores were obtained to
understand any inhibitory potential of the 68 GPR120
agonists.

Zhang and Macielag [53] discussed the patented GPR
120 agonists for the treatment of diabetes. They reviewed
the therapeutic patents of ten different classes of com-
pounds that amounted to 68 therapeutic molecules. The
68 GPR-120 agonists collected by the authors from differ-
ent patents and journals are grouped into ten classes. The
ten classes and the number assigned in this paper along
with abbreviation are given below:

1. Natural GPR 120 agonists and early synthetic GPR
120 agonists (1-9)

2. Bi-aryl-based phenyl propionic acid derivatives as
GPR 120 agonists (BiAr-PPA 10-14)

3. Cycloalkenyl and heterocycloalkenyl-based phe-
nyl propionic acid derivatives (CycA_Hcyc--PPA
15-23)

4. Dihydrobenzofuran derivatives (Metabolex) and
benzo-fused heterocyclic derivatives (Metabolex
24 and Jansesen 25-27)

5. Chemcial scaffolds claimed by Merck (Merck
28-35)

6. Various carboxylic acid scaffolds claimed by Bris-
tol-Meyers Squibb (BMS 36-45)
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7. Patented structures by Piramal Enterprises Limited
(PEL 46-52

8. Other carboxylic acid-based GPR 120 agonists
(Calden (53-54; LG 55-59; Ajinamoto 60; DOMPE
61-62)

9. Non-acid-containing  structures
AXXAM (AXXAM 63-65)

10. GPR120 agonists/antagonists in the peer-reviewed
journals (GSK 65; U of B 66; GSK 67; Ch Pharm U
68).

claimed by

Different classes of these 68 molecules are patented
as GPR120 agonists to treat type-2 diabetes by various
pharmaceutical companies namely, Janssen Pharmaceu-
tica NV, Merck Sharp & Dohme Corp., Bristol Myers
Squibb, Piramal Enterprises Limited, Caldan Therapeu-
tics Limited, LG Life Sciences Ltd., Ajinomoto Company,
Accepted Manuscript Inc., Dompe’ Farmaceutici S.PA.,
and AXXAM S. P. A. Structures of these compounds with
their abbreviated id number used in this paper are given
in Table 1.

Results and discussions
Binding scores for each of the 68 ligands are listed in
Table 1 along with their molecular structures. Docking
images each of the ligands in MPro (PDB ID 6LU7) are
given in the Supplementary material while the ligands
with best scores (> —8.0) are given in Fig. 3. The type
of docking interaction for these ligands are presented in
Table 2. Some of the ligands are having a docking score
of > —8.0. The lowest value is —8.3 for the molecule with
id GSK (65). This is a sulfonamide patented by GlaxoS-
mithKline as a selective antagonist against free fatty acid
4 (FFA4/GPR120) [54, 55] and to be used with the ago-
nist GSK 137647A which is also a sulfonamide (id in this
paper GSK137647A(8)). The compound with binding
score —8.2 is a biaryl-based phenylpropanoic acid (13))
[56] patented by Janssen Pharmaceutica [57]. The com-
pound 17 with binding score —8.0 is also phenylpropa-
noic acid derivative namely, cyclohexenyl-based phenyl
propionic acid [58]. Three of the other compounds 47, 48,
and 52, with binding score —8.0 are patented by Piramal
Enterprises Limited as GPR120 agonists [47, 59-61] and
phenylbutanoic acid with biarylsubstituent wherein one
of the aryl groups is a heterocyclic or fused heterocyclic
system. Cyclopropane carboxylic acid derivative with a
phnoxybiphenyl substituent 40 is also found to have a
binding score 8.0. This molecule is patented by Bristol-
Meyers Squibb Company [62] as GPR120 modulators
useful for treatment of diabetes and related diseases.
Based on the binding score of the top 10 compounds
investigated here, their role in blocking the binding
site through Glu 166 and Cys 145 could be considered


https://www.rcsb.org/

Mohan et al. Journal of Genetic Engineering and Biotechnology

relevant for their potential role as novel ligands for
Sars-COVID-19 virus protein. The observation that
Remdesivir, Nelfinavir, and other antiviral compounds
show similar interaction support our inference [63-65].
Additional support for such a claim has been found in
the paper describing docking study of metocurine with
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M-Pro 6LUZ that indicate the drug occupies the binding
site [66]. The important residues observed in the dock-
ing study of our GPR120 agonists as well as the above
molecules studied by others including that of chlorquine
[61] highlight the role of NH, COOH groups in mani-
festing pi bond formation with Glu 166 and aromatic pi

Table 1 GPR120 agonists, ligand ids (used in this paper), docking scores, and molecular structures

Ligand id Docki Structure
ng
Score
DHA (1) -5.6
; HiC LS NN A
(3E,6E,9E, 12E,15E, 18E)-henicosa- NI
3,6,9,12,15,18-hexaenoic acid
ALA (2) —4.6 o)
Alpha linoleic acid HaC™ > Z oH
X
EPA (3) =57 O
: o N
Eicoasa pentanoic acid OH
N
N cH,
Grifolic acid (4) —-6.4 H;C OH
HO N N ~-CHs
O OH CHs CHs; CHj
Grifolic acid methyl ether (5) -5.6 CHs
HiCTX)  CH, CHs, OH O
N N oH
H,CO CHj,
GW9508 (6) -7.3 o
4-(3-Phenoxybenzylamino)phenyl- /@A)A\OH
propionic acid o N
OReR:
NCG21 (7) —-6.9
4-(4-(2-(phenyl(pyridin-2- 7\
. . . N O
yl)amino)ethoxy)phenyl)butanoic acid =N
OH
O
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GSK137647A —6.4 OCHj
®) CHs |,
N-mesityl-4-methoxybenzenesulfonamide N. s
70
HiC Chy
TUGS891 (9) —6.8 CHj
3-(4-((4-fluoro-4'-methyl-[ 1,1'-biphenyl]- O
2-yl)methoxy)phenyl)propanoic acid /@N COH
O o)
F
BiAr-PPA (10) =79 Cl
3-(4-((3-(4-chlorophenyl)-5-
(trifluoromethyl)isoxazol-4-
yl)methoxy)phenyl)propanoic acid
BiAr-PPA (11) —7.4
3-(4-((3-(4-ethylphenyl)-5-
(trifluoromethyl)isoxazol-4-
yl)methoxy)phenyl)propanoic acid
BiAr-PPA (12) =7.5
3-(4-((3-(5-chloro-2-fluorophenyl)-5-
(trifluoromethyl)isothiazol-4-yl)methoxy)-
3,5-difluorophenyl)propanoic acid
BiAr-PPA (13) —-8.2
3-(4-((4-(4-chlorophenyl)-2-
(trifluoromethyl)thiophen-3-yl)methoxy)-
3,5-difluorophenyl)propanoic acid
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BiAr-PPA (14) =71 cl
3-(4-((1-(4-chlorophenyl)-3-(trifluoromethyl)-1H-¢ NQ .
QVO:@\A
FaC F CO,H
CycA_Hcyc-PPA (15) —5.6
3-(2,3-dimethyl-4-((2-(p-tolyl)cyclopent-1-
en-1-yl)methoxy)phenyl)propanoic acid " CHy
\ 0\@/\
CycA_ Hcyc--PPA (16) -7.9 c!
3-(4-((2-(4-chlorophenyl)-4,4- AL o
difluorocyclopent-1-en-1-yl)methoxy)-2,3- > ° é
dimethylphenyl)propanoic acid F
CycA Hcyc--PPA (17) —-8.0 HO,C F .
o
3-(4-((4'-chloro-4,4-difluoro-3,4,5,6- Q '
. HsC CHj
tetrahydro-[1,1'-biphenyl]-2-yl)methoxy)-
2,3-dimethylphenyl)propanoic acid O
Cl
CycA Hcyc--PPA (18) =75 cl
3-(4-((2-(4-chlorophenyl)cyclohept-1-en- Q
CO,H
1-yl)methoxy)-2,3- ‘ OQJ
dimethylphenyl)propanoic acid HsC  CHs
CycA_Hcyc--PPA (19) -7.3 CF3

3-(4-([1,1'-bi(cyclopentane)]-1,2'-dien-2-
ylmethoxy)-2-
(trifluoromethyl)phenyl)propanoic acid

/©/VC02H
o
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yl)methoxy)-2,3-
dimethylphenyl)propanoic acid

CycA_Hcyc--PPA (20 -7.2 CFs3
CO,H
3-(4-((2-isopropylcyclohex-1-en-1- O—@J
yl)methoxy)-2-
(trifluoromethyl)phenyl)propanoic acid
CycA Hcyc--PPA (21) -7.8 Cl
3-(4-((4-(4-chlorophenyl)-5,6-dihydro-2H- CHs
pyran-3-yl)methoxy)-2,3- H3C CO,H
dimethylphenyl)propanoic acid % o
8]
CycA_Hcyc--PPA (22) —6.8
3-(4-((4-(1-phenylvinyl)-5,6-dihydro-2H- CO,H
pyran-3-yl)methoxy)-2- /g\/
. ) ) == @] CF3
(trifluoromethyl)phenyl)propanoic acid
@]
CycA Hcyc--PPA (23) =7.7 CF,
3-(4-((4-(cyclopent-2-en-1-y1)-5,6- o i:f /—CO,H
dihydro-2H-pyran-3-yl)methoxy)-2- A
(trifluoromethyl)phenyl)propanoic acid °
Metabolex (24) —7.6
3-(4-((5-fluoro-2,2-dimethyl-2,3- O H3C
) 0 COH
dihydrobenzofuran-7-
yl)methoxy)phenyl)propanoic acid F
Janssen (25) -7.3 CHs
H5C CHs,
3-(4-((5-chloro-2,6-dimethylbenzofuran-7- e CO,H
O
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Table 1 (continued)

Janssen (26) —7.4 CaHs
H,C  CH

3-(4-((5-chloro-2-ethylbenzofuran-7- e ’ CO,H
yl)methoxy)-2,3- O { §

dimethylphenyl)propanoic acid

Cl

Janssen (27) =7.0

CH
AS HsC  CH,
3-(4-((6-chloro-2-methylbenzo[d]thiazol- SN CO,H
4-ylymethoxy)-2,3- @_/O z §
Cl

dimethylphenyl)propanoic acid

Merck (28) -7.7 Cl

HO,C
2-(3-(2-chloro-5- \—OCNQ
(trifluoromethoxy)phenyl)-3- 0-CF,
azaspiro[5.5]Jundecan-9-yl)acetic acid

Merck (29) =71

HO,C

3-(8-(5-cyclobutoxy-2-fluoro-4- F
CH
methoxyphenyl)-8-azaspiro[4.5]decan-2- N @. o) :
00>

yl)propanoic acid

Merck (30) -7.3 Cl F CO.H
3-(2-(3-chloro-2-fluoro-5-((5- %}N/ >/:\<
N F

methylthiazol-2-yl)oxy)phenyl)-5-fluoro- Ji \>—O
C S

1,2,3,4-tetrahydroisoquinolin-6- Hay

yl)propanoic acid

Merck (31) =75 ~o
3-(2-(6-cyclobutoxy-3-fluoro-4- = F

|
methoxypyridin-2-yl)-5-fluoro-1,2,3,4- Q\O SNTON
tetrahydroisoquinolin-6-yl)propanoic acid CO,H
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Merck (32)
3-(5-(2-fluoro-5-
(trifluoromethoxy)phenyl)benzofuran-2-

yl)propanoic acid

=73

94
FsCO CO,H
(@)

Merck (33)
3-((R)-6-(2,3-difluoro-5-((1r,3R)-3-
methoxycyclobutoxy)phenyl)chroman-2-

yl)propanoic acid

=73

FF O W
o
@o’ -

HyCOr

Merck (34)
5-(5-((1s,3s)-3-(4-(difluoromethyl)-3-
fluorophenyl)cyclobutoxy)pyrazin-2-

yl)isoxazol-3-ol

=79

CHF,

Merck (35)
5-(6-((1s,3s)-3-
(phenoxymethyl)cyclobutoxy)pyridin-3-

yl)isoxazol-3-ol

=7.6

BMS (36)
2-(4-((1R,3S)-3-(2-fluoro-3-
methylphenoxy)cyclohexyl)phenethoxy)ac

etic acid

=73

BMS (37)
2-(4-(3-
phenoxycycloheptyl)phenethoxy)acetic

acid

=7.1
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BMS (38)
(S)-5-(4-(3-phenoxypyrrolidin-1-
yl)phenyl)pentanoic acid

—6.7

s

BMS (39)
(1S,2R)-2-(4-((R)-3-phenoxypiperidin-1-
yl)phenethyl)cyclopropane-1-carboxylic

acid

=73

OO~ Vo

BMS (40)
(1R,2R)-2-(((2',3,3'-trifluoro-5'-(3-
fluorophenoxy)-[1,1'-biphenyl]-4-
yl)oxy)methyl)cyclopropane-1-carboxylic

acid

—-8.0

BMS (41)
2-((1s,3s)-3-(2'-fluoro-5'-phenoxy-[1,1'-
biphenyl]-4-yl)cyclobutoxy)acetic acid

=75

BMS (42)

2-(((1r,4r)-4-((3-fluoro-5-
phenoxybenzyl)oxy)bicyclo[2.2.1]heptan-
1-yl)methoxy)acetic acid

=73
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Table 1 (continued)
BMS (43) —7.8

0]
(1S,2R)-2-(((1s,4R)-4-((3-fluoro-5- JL OH

phenoxybenzyl)oxy)bicyclo[2.2.1]heptan- Llé

1-yl)methyl)cyclopropane-1-carboxylic 0o
acid /gj\
L,
BMS (44) -7.9 CO,H
3-(4-((3-fluoro-5-
phenoxybenzyl)oxy)bicyclo[2.2.2]octan-1-
yl)propanoic acid ©
K ) F
COH

BMS (45) =73
3-(4-((5-chloro-2,2-dimethyl-2,3-
dihydrobenzofuran-7-

yl)methoxy)bicyclo[2.2.2]octan-1- 0
yl)propanoic acid H3C><Oji5\

HsC cl
PEL (46) —7.6
4-(4-(5-fluoro-2-(4,5,6,7- T
tetrahydrobenzo[d]thiazol-2- ‘ N
yl)phenethyl)phenyl)butanoic acid F O CO,H
PEL (47) —8.0

4-(4-(1,1-difluoro-2-(5-fluoro-2-(5-
methoxypyridin-2-
yl)phenyl)ethyl)phenyl)butanoic acid
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Table 1 (continued)
PEL (48) —8.0
4-(4-(5-fluoro-2-(5-(1-

methylcyclopropyl)thiophen-2-
yDstyryl)phenyl)butanoic acid

PEL (49) -7.4
4-(4-((2-(5-cyclopropylthiophen-2-yl1)-5-
fluorophenyl)ethynyl)phenyl)butanoic acid

PEL (50) =7.5
4-(4-((2-(5,6,7,8-tetrahydronaphthalen-1-
ylcyclohex-1-en-1-
yl)methoxy)phenyl)butanoic acid

PEL (51) —6.0 COxH
4-(4-((2-(o-tolyl)cyclopent-1-en-1-

yl)methoxy)phenyl)butanoic acid O /@j
HsC O

PEL (52) -8.0
4-(2-(2-(5-cyclopropylthiophen-2-y1)-4-

fluorophenyl)benzofuran-5-yl)butanoic

acid

Calden (53) —-76 E F

3-(2-(5-cyclobutoxy-2,3-difluorophenyl)- N
1,2,3,4-tetrahydroisoquinolin-6- S CO.H
2

yl)propanoic acid b
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Calden(54)

3-(3-(2-fluoro-5-
(trifluoromethoxy)phenyl)-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-

yl)propanoic acid

=7.0

HO,C

N :©/00F3
F

LG (55)
4-((2'-(cyclobutylmethoxy)-3,5-difluoro-
[1,1'-biphenyl]-4-yl)oxy)butanoic acid

=7.1

LG (56)
4-((2'-cyclobutoxy-[1,1'-biphenyl]-4-
yl)thio)butanoic acid

—6.6

F
mo O O0._~_-CO,H
S

5

LG (57)
3-(6-(2-(isopropylthio)pyridin-3-
yl)quinolin-2-yl)propanoic acid

—6.8

NS
HO,C N

LG (58)
3-(6-(2-(cyclopentyloxy)pyridin-3-

yl)chroman-2-yl)propanoic acid

=75

HO,C o)

LG (59)
3-(4-((2-(isopropylthio)pyridin-3-
yl)methoxy)-2,3-
dimethylphenyl)propanoic acid

—6.8

CHs
HsC—
s

N 0
7\ CO,H

HsC CHj

Ajinamoto (60)
(Z)-3-(3-chloro-4-((3,7-dimethylocta-2,6-
dien-1-yl)oxy)phenyl)propanoic acid

—6.8

CHj
HaC™ ™%
CO,H
HsC NS O/Q/v
Cl
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Table 1 (continued)

DOMPE (61) —6.8 s
: N
7-(3-(N-(2,6-dimethyl-4- o”S:\o\Q\CFS
(trifluoromethyl)phenyl)sulfamoyl)phenyl) HsC
heptanoic acid ";8
DOMPE (62) —6.4
o™ 4 CHs cogH
7-(3-(N-(2,6-dimethyl-4-(2- g j@( O/aS,,o
N
(methylsulfonyl)ethoxy)phenyl)sulfamoyl) Ch
phenyl)heptanoic acid
AXXAM (63) =7.2 HsC CN
1-cyclopentyl-5-((2,6-difluoro-4-(3- N>/LO F
hydroxypropyl)phenoxy)methyl)-3- N j@vaH
methyl-1H-pyrazole-4-carbonitrile @ F
AXXAM (64) —7.4 HsC CN Rk
5-((2,6-difluoro-4-(3- M\/O
N
hydroxypropyl)phenoxy)methyl)-3- E
“ "N
methyl-1-(5-methylpyridin-2-yl)-1H-
yl-1-( ylpy \ | b
pyrazole-4-carbonitrile
CHs
GSK (65) —8.3 HsC
4-methyl-N-(9H-xanthen-9- \©\S~O
yl)benzenesulfonamide HN © O
W
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Uof B (66) =7.7 F
2-(3-fluoro-5-(pyridin-2-yloxy)phenyl)- @E\
2,3-dihydrobenzo[d]isothiazole 1,1- 730 o N=

. W
dioxide
GSK (67) -7.1 HsC,

OCH;

3-(4-((2-methoxy-5- 061
(trifluoromethyl)benzyl)oxy)-3- COH
methylphenyl)propanoic acid FsC
ChPharmU (68) -7.3 R F F
4-((2'3,3',5-tetrafluoro-5'-((11,3r)-3- Q O o
methoxycyclobutoxy)-[1,1'-biphenyl]-4- HaCO" i) d . \_\\COZH
yl)oxy)butanoic acid

interaction with Cys 145, respectively. Dock score for the
reference compounds (Fig. 3i-1) evaluated along with the
GPR120 agonists ALPHA KETOMIDE (—7.4), LOPINA-
VIR (—7.9), SHIKONIN (—7.0), and TIDEGLUSIB (—8.0)
indicate the interactions with Glu 166 and Cys 145 are
present in these drugs also.

Compounds 13, 16, 17, 44, and 50 identified with high
dock score are hydrophobic compounds having thio-
phenyl, cyclopentenyl, cyclohexenyl, norbornyl, and
cyclopentenyl groups along with a phenylpropanoic acid
function. Compound 40 is a phenoxyphenyl ether having
a cyclopropropane carboxylic acid group while 34 has an
isoxazolyl and pryrimidine compound with difluorometh-
ane function. Compound 65 is a tricyclic compound hav-
ing arylsulfonamide function. Compounds 13 and 52
are highly lipophilic having a log P value of 7.1 and 6.25,
respectively, that might require vigorous optimization to
make them orally available. On the other hand, linoleic
acid has a log P value of 5.65 while that of LOPINAVIR is
4.56 and the value is 4.86 for TIDEGLUSIB. Hosseini et al.
screened several classes of drugs and identified inhibitors

for SARS-CoV-2 MPro and highlighted H bond interac-
tions with Thr 26, Phe 140, Gly 143, Glu 166, and Gln 189
in addition to pi stacking interaction through His 140 as
key contributors for receptor binding [67]. Our GPR 120
agonists, 40, 47, and 65 revealed H bonding interaction
with Glu 189 in the docking against MPro while hydro-
phobic interactions with His 41, Met 165, and Glu 166
were shown by compounds 40, 48, 52, and 65. Fluvasta-
tin on the other hand was found to interact with Thr 26
and Gly 143 by Maryam et al.,, and a similar interaction
was observed in our compound 40, which also interacted
with Glu 166 and Cys 145. Compounds 65 and 34 have a
log P value of 4.45 and 3.26, respectively, indicating that
they might have a good oral bioavailability, although they
require further optimization. The comparison of topologi-
cal polar surface area (TPSA) of the compounds evaluated
show that only compound 34 has a TPSA value above 75,
whereas the reference compounds have TPSA of 120 for
lopinavir, a-ketoamide has a value of 113. This suggests
that compounds 34 and 40 could be used as start points,
and further optimizations could result in finding a drug

(See figure on next page.)

Fig. 3 a GSK (65); Docking score —8.3. b BiAr-PPA (13); Docking score —8.2. ¢ CycA_Hcyc--PPA (17); Docking score —8.0. d Merck (34); Docking score
—7.9. @ BMS (40); Docking score —8.0. f. PML (47); Docking score —8.0. g PML (48); Docking score —8.0. h PML (52); Docking score —8.0. Docking

of the ligands onto MPro (6L.U7). Docking images of ligands with docking score > —7.9 are given (for other ligands please see Supplementary
Information); i ALPHA KETOMIDE = -7.4; j LOPINAVIR = -7.9; k SHIKONIN = -7.0; I TIDEGLUSIB = -8.0
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£, ML (47); Docking score 8.0 1 moEcLusis - 0

Fig. 3 (See legend on previous page.)
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Table 2 Docking interactions for the ligands with docking score > —8.0

Ligand id Docking score Docking details
Conventional H-bond Alkyl and pi-alkyl others
GSK (65) —83 GLN:189, GLU:166 MET:49 CYS:145 (Pi-donor hydrogen bond)
BiAr-PPA (13) —82 THR:24, SER:46, GLY:143 MET:49, CYS:145 MET:49 (Pi-sigma) THR:26, LEU:141, ASN:142 (Halogen)
CycA_Hcyc-PPA (17) —80 TYR:54 CYS:145, MET:165  PHE:140, LEU:141, ASN:142, GLU:166 (Halogen)
Merck (34) —-79 Asp 187, Tyr 54, His 164, His 41 Cys 145, Leu 27
BMS (40) —-80 THR:25,26, GLY:143, SER:144, CYS:145, MET:165  GLN:189, CYS:145 (carbon hydrogen bond); GLY:143 (Pi-
CYS:145, HIS:163 GLN:189, donor hydrogen bond); LEU:141, ARG:188 (Halogen)
GLU:166
PEL (47) —-80 SER:46, CYS:145, HIS: 164 MET:49 THR:24 (unfavorable acceptor-acceptor); MET:49 (Pi-
sigma)
LEU:141, PHE:140 (carbon hydrogen bond); GLN:189,
ASP:187 (Halogen)
PEL (48) —-80 THR:45 HIS:41, MET:49, HIS:163 (Pi-cation); SER:46 (unfavorable donor-donor);
CYS:145, MET:165  PHE:140, LEU:141 (Halogen)
PEL (52) —-80 HIS:41, CYS:145 MET:49, MET:165  MET:49 (Pi-sigma); CYS:145 (Pi-sulfur); ARG:188 (Halogen)

for Sars-COVID-19. Compound 34 possesses a hydroxyl
isoxazole group that would mimic COOH function and
also the presence of polar heterocyclic ring providing
it an ideal choice to improve its physicochemical char-
acteristics. The compound 34 is in fact well anchored
through H-bonded interactions, Pi interactions as shown
in Fig. 3d. Similar to compound 40, having a cyclopropane
carboxylic acid function could be optimized further to
refine its log P to make this eligible as a lead compound.
Obviously the GPR 120 agonists, designed as agonists for
free fatty acid receptors, have functional groups and lipo-
philic characters designed for their receptor need to be
tweaked to suit the binding interactions with MPro. These
compounds identified through the present study are func-
tionally similar to linoleic acid, a free fatty acid that has
been found to occupy the binding pocket of spike protein
in SARS-CoV-2 [68]. Comparing the free fatty acid, lin-
oleic acid, the GPR 120 agonists identified herein possess
several beneficial physicochemical properties in terms of
favourable log P values and topological polar surface area,
making them suitable for oral administration (Fig. 2c).

Toxicity prediction for compound 34, using online
tool “protox_II,” indicates that the molecule is safe for
all the targets except showing carcinogenicity and hepa-
totoxicity of 0.51 and 0.64, respectively, further requir-
ing structural modification. This compound also has
an LD 50 value of 300 mg/kg and falls under predicted
toxicity class 3, indicating it is only slightly toxic and
slightly irritating.

Conclusions

The present data supports the possibility of repurpos-
ing free fatty acid GPR 120 receptor agonists as poten-
tial inhibitors of Sars-COVID-19 M-Pro protein. Based

on docking score and key interactions with the amino
acid residues in the target protein, compound 34 could
be used as a lead compound. The presence of COOH
mimicking hydroxyl isoxazole group could provide nec-
essary drug-like property in addition to maintaining
H-bond and pi interactions with the receptor. Favorable
logP and available physicochemical and toxicity data
of compound 34 could shorten the drug development
time to position the compound as an early lead candi-
date to overcome the hurdles in identifying therapeutic
drugs in coronavirus infection.

Abbreviations
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protease; GPR-120 agonists: G-protein-coupled receptor or free fatty acid
receptor-4 agonists; Docking: Phenyl propanoic acid.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/543141-022-00375-8.

[ Additional file 1. Docking images of the inhibitors (ligands) on M. }

Acknowledgements
The authors wish to thank Karpagam Mnagement Trust for their support for
the facilities.

Authors’ contributions

Dr. Mohan, Sellappan conceived the idea and gave directions. Dr. Nagarajan
Arumugam gave information about GPR 120 agonists and their bioactivities
and relation to COVID-19 MPro. Dr. Natarajan Ramanathan collected GPR
agonists and guided the workflow for docking study. Dr. Tharani Jayagopal
did the docking study and collected the images of docking and scoring
details. Dr. Nagarajan Arumugam and Dr. Natarajan R wrote the manuscript.
Dr. Mohan S revised the manuscript. The author(s) read and approved the
final manuscript.

Authors’ information
Not applicable.


https://doi.org/10.1186/s43141-022-00375-8
https://doi.org/10.1186/s43141-022-00375-8

Mohan et al. Journal of Genetic Engineering and Biotechnology

Funding
There is no funding received from any source.

Availability of data and materials
Yes. Attached as Supporting information

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors consent for publication in the Journal of Genetic Engineering and
Biotechnology.

Competing interests
The authors declare that they have no competing interests.

Author details

'Karpagam College of Pharmacy, Coimbatore, Tamil Nadu 641032, India. 2Sri
Sarada Niketan College for Women, Karur, Tamilnadu, India. *Saranathan Col-
lege of Engineering, Panjappur, Tiruchirappalli, India.

Received: 28 February 2022 Accepted: 2 June 2022
Published online: 18 July 2022

References

1. Prajapat M, Sarma P, Shekhar N, Avti P, Sinha S, Kaur H, Kumar S, Bhat-
tacharyya A, Kumar H, Bansal S, Medhi B (2020) Drug targets for corona
virus: a systematic review. Indian J Pharm 52:56-65. https://doi.org/10.
4103/ijp.JP_115_20

2. Yadav R, Chaudhary JK, Jain N, Chaudhary PK, Khanra S, Dhamija P,
Sharma A, Kumar A, Handu S (2021) Role of structural and non-structural
proteins and therapeutic targets of SARS-CoV-2 for COVID-19. Cells
10:821. https://doi.org/10.3390/cells 10040821

3. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D (2020) Struc-
ture, function, and antigenicity of the SARS-CoV-2 spike glycoprotein. Cell
181:281-292. https://doi.org/10.1016/j.cell.2020.02.058

4. Xias, LiuM,Wang C, XuW, Lan Q, Feng S, Qi F, Bao L, Du L, Liu S, Qin
C, SunF, ShiZ, Zhu, Jiang S, Lu L (2020a) Inhibition of SARS-CoV-2
(previously 2019-nCoV) infection by a highly potent pan-coronavirus
fusion inhibitor targeting its spike protein that harbors a high capacity to
mediate membrane fusion. Cell Res 30:343-355. https://doi.org/10.1038/
$41422-020-0305-x

5. Xia$, ZhuY,Liu M, Lan Q XuW, Wu Y, Lu L (2020b) Fusion mechanism of
2019-nCoV and fusion inhibitors targeting HR1 domain in spike protein.
Cell Mol Immunol 17:765-767. https://doi.org/10.1038/541423-020-s0374-2

6. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF (2020) The
proximal origin of SARS-CoV-2. Nat Med 26:450-452. https://doi.org/10.
1038/541591-020-0820-9

7. Hoffmann M, KleineWeber H, Schroeder S, Kriiger N, Herrler T, Erichsen S,
Schiergens TS, Herrler G, Wu NH, Nitsche A, Miller MA, Drosten C, Pohl-
mann S (2020) SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2
and is blocked by a clinically proven protease inhibitor. Cells 181:210-
271. https://doi.org/10.1016/j.cell.2020.02.052

8. Bestle D, Heindl MR, Limburg H, Van TVL, Pilgram O, Moulton H, Béttcher-
Friebertshduser E (2020) TMPRSS2 and furin are both essential for proteo-
lytic activation and spread of SARS-CoV-2 in human airway epithelial cells
and provide promising drug targets. BioRxiv. https://doi.org/10.1101/
2020.04.15.042085

9. Coutard B, Valle C, de Lamballerie X, Canard B, Seidah NG, Decroly E
(2020) The spike glycoprotein of the new coronavirus 2019-nCoV con-
tains a furin-like cleavage site absent in CoV of the same clade. Antiviral
Res 176:104742. https://doi.org/10.1016/j.antiviral.2020.104742

10. Amin SA, Banerjee S, Ghosh K, Gayen S, Jha T (2021) Protease targeted
COVID-19 drug discovery and its challenges: insight into viral main
protease (Mpro) and papain-like protease (PLpro) inhibitors. Bioorg Med
Chem 29:115860. https://doi.org/10.1016/jbmc.2020.115860

(2022) 20:108

20.

AR

22.

23.

24,

25.

26.

27.

Page 21 of 23

. McClain CB, Vabret N (2020) SARS-CoV-2: the many pros of targeting

PLpro. Signal Transduct Target Ther 5:223. https://doi.org/10.1038/
$41392-020-00335-z

. Shen Z, Ratia K, Cooper L, Lee H, Kwon Y, Li Y, Algarni S, Huang F, Dubrovs-

kyi O, Thatcher GRJ, Xiong R (2021) Design of SARS-CoV-PLpro inhibitors
for COVID-19 antiviral therapy leveraging binding cooperativity. J Med
Chem. https://doi.org/10.1021/acsjmedchem.1c01307

. JinZ,Du X, XuY, DengY, Liu M, ZhaoY, Zhang B, Li X, Zhang L, Peng C,

Duan, Yu J, Wang L, Yang K, Liu F, Jiang R, Yang X, You T, Liu X, Yang X, Bai
F, Liu H, Liu X, Guddat LW, Xu W, Xiao G, Qin C, Shi Z, Jiang H, Rao Z, Yang
H (2020) Structure of MP™ from SARS-CoV-2 and discovery of its inhibitors.
Nature 582:89-293. https://doi.org/10.1038/541586-020-2223-y

. ZhuW, Chen CZ, Gorshkov K, Xu M, Lo DC, Zheng W (2020) RNA-

dependent RNA polymerase as a target for COVID-19 drug discovery.
SLAS Discov: Adv Sci Drug Discov 25:1141-1151. https://doi.org/10.
1177/2472555220942123

. Namchuk MN (2021) Early returns on small molecule therapeutics for

SARS-CoV-2. ACS Infect Dis 7:1298-1302. https://doi.org/10.1021/acsin
fecdis.0c00874

. Keretsu S, Bhujbal SP, Cho SJ (2020) Rational approach toward COVID-

19 main protease inhibitors via molecular docking, molecular dynam-
ics simulation and free energy calculation. Sci Rep 10:17716. https://
doi.org/10.1038/541598-020-74468-0

. Yang H, Xie W, Xue X, Yang K, Ma J, Liang W, Zhao Q, Zhou Z, Pei D,

Ziebuhr J, Hilgenfeld R, Yuen KY, Wong L, Gao G, Chen S, Chen Z, Ma D,
Bartlam M, Rao Z (2005) Design of wide-spectrum inhibitors targeting
coronavirus main proteases. PLoS Biol 3:e324. https://doi.org/10.1371/
journal.pbio.0030324

. Amporndanai K, Meng X, Shang W, Jin Z, Rogers M, Zhao Y, Rao Z, Liu

ZJ,Yang H, Zhang L, Neill PM, Samar Hasnain S (2012) Inhibition mech-
anism of SARS-CoV-2 main protease by ebselen and its derivatives. Nat
Commun 12:306. https://doi.org/10.1038/541467-021-23313-7

. Zhang L, Lin D, Sun X, Curth U, Drosten C, Sauerhering L, Becker S, Rox

K, Hilgenfeld R (2020a) Crystal structure of SARS-CoV-2 main protease
provides a basis for design of improved a-ketoamide inhibitors. Sci-
ence (New York, NY) 368:409-412. https://doi.org/10.1126/science.
abb3405

Zhang ZJ, Wu WY, Hou JJ, Zhang LL, Li FF, Gao L, Wu XD, Shi JY, Zhang R,
Long HL, Lei M, Wu WY, Guo DA, Chen KX, Hofmann LA, Ci ZH (2020b)
Active constituents and mechanisms of Respiratory Detox Shot, a
traditional Chinese medicine prescription, for COVID-19 control and
prevention: Network-molecular docking-LC-MS analysis. J integrat Med
18:229-241. https://doi.org/10.1016/jj0im.2020.03.004

Calligari P, Bobone S, Ricci G, Bocedi A (2020) Molecular investigation of
SARS-CoV-2 proteins and their interactions with antiviral drugs. Viruses
12:445. https://doi.org/10.3390/v12040445

Nutho B, Mahalapbutr P, Hengphasatporn K, Pattaranggoon NC,
Simanon N, Shigeta Y, Hannongbua S, Rungrotmongkol T (2020) Why are
lopinavir and ritonavir effective against the newly emerged coronavirus
20197 Atomistic Insights into the Inhibitory Mechanisms. Biochemistry.
59:1769-1779. https://doi.org/10.1021/acs.biochem.0c00160

Chang Y, TungY, Lee K, Chen T, Hsiao Y, Chang H, Hsieh T, Su C, Wang S, Yu
J,Shih S, LinY, Lin Y, Tu YE, Hsu C, Juan H, Tung C, Chen C (2020) Potential
therapeutic agents for COVID-19 based on the analysis of protease and
RNA polymerase docking. Preprints. https://doi.org/10.20944/preprints2
02002.0242.v2

Xu Z, Peng C, ShiY, Zhu Z, Mu K, Wang X, Zhu W (2020a) Nelfinavir was
predicted to be a potential inhibitor of 2019-nCov main protease by an
integrative approach combining homology modelling, molecular dock-
ing and binding free energy calculation. bioRxiv. https://doi.org/10.1101/
2020.01.27.921627

Xu Z, Shen J,Wu N, XuY, Lu X, Zhu W, Li LJ (2020b) Nelfinavir is active
against SARS-CoV-2 in Vero E6 cells. ChemRxiv. https://doi.org/10.26434/
chemrxiv.12039888.v1

Beck BR, Shin B, Choi Y, Park S, Kang K (2020) Predicting commercially
available antiviral drugs that may act on the novel coronavirus (2019-
nCoV), Wuhan, China through a drug-target interaction deep learning
model. Comput Struct Biotechnol J 18:784-790. https://doi.org/10.1016/j.
€sbj.2020.03.025

Fintelman-Rodrigues N, Sacramento CQ, Ribeiro Lima C, Souza da Silva

F, Ferreira AC, Mattos M, de Freitas CS, Cardoso Soares V, da Silva Gomes


https://doi.org/10.4103/ijp.IJP_115_20
https://doi.org/10.4103/ijp.IJP_115_20
https://doi.org/10.3390/cells10040821
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.1038/s41422-020-0305-x
https://doi.org/10.1038/s41422-020-0305-x
https://doi.org/10.1038/s41423-020-s0374-2
https://doi.org/10.1038/s41591-020-0820-9
https://doi.org/10.1038/s41591-020-0820-9
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1101/2020.04.15.042085
https://doi.org/10.1101/2020.04.15.042085
https://doi.org/10.1016/j.antiviral.2020.104742
https://doi.org/10.1016/j.bmc.2020.115860
https://doi.org/10.1038/s41392-020-00335-z
https://doi.org/10.1038/s41392-020-00335-z
https://doi.org/10.1021/acs.jmedchem.1c01307
https://doi.org/10.1038/s41586-020-2223-y
https://doi.org/10.1177/2472555220942123
https://doi.org/10.1177/2472555220942123
https://doi.org/10.1021/acsinfecdis.0c00874
https://doi.org/10.1021/acsinfecdis.0c00874
https://doi.org/10.1038/s41598-020-74468-0
https://doi.org/10.1038/s41598-020-74468-0
https://doi.org/10.1371/journal.pbio.0030324
https://doi.org/10.1371/journal.pbio.0030324
https://doi.org/10.1038/s41467-021-23313-7
https://doi.org/10.1126/science.abb3405
https://doi.org/10.1126/science.abb3405
https://doi.org/10.1016/j.joim.2020.03.004
https://doi.org/10.3390/v12040445
https://doi.org/10.1021/acs.biochem.0c00160
https://doi.org/10.20944/preprints202002.0242.v2
https://doi.org/10.20944/preprints202002.0242.v2
https://doi.org/10.1101/2020.01.27.921627
https://doi.org/10.1101/2020.01.27.921627
https://doi.org/10.26434/chemrxiv.12039888.v1
https://doi.org/10.26434/chemrxiv.12039888.v1
https://doi.org/10.1016/j.csbj.2020.03.025
https://doi.org/10.1016/j.csbj.2020.03.025

Mohan et al. Journal of Genetic Engineering and Biotechnology

28.

29.

30.

31

32

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

Dias S, Temerozo JR, Miranda MD, Matos AR, Bozza FA, Carels N, Alves CR,
Siqueira MM, Bozza PT, Souza TML (2020) Atazanavir, alone or in combina-
tion with ritonavir, inhibits SARS-CoV-2 replication and proinflammatory
cytokine production. Antimicrob Agents Chemother 64:00825-e00820.
https://doi.org/10.1128/AAC.00825-20

Chen YW, Yiu CB, Wong KY (2020) Prediction of the SARS-CoV-2 (2019-
nCoV) 3C-like protease (3CLP™) structure: virtual screening reveals
velpatasvir, ledipasvir, and other drug repurposing candidates. F1000Re-
search 9:129. https://doi.org/10.12688/f1000research.22457.2

LiY, Zhang J,Wang N, Li H, ShiY, Guo G, Liu K, Zeng H, Zou Q (2020)
Therapeutic drugs targeting 2019-nCoV main protease by high-through-
put screening. bioRxiv. https://doi.org/10.1101/2020.01.28.922922

Khan RJ, Jha RK, Amera GM, Jain M, Singh E, Pathak A, Singh RP, Muthu-
kumaran J, Singh AK (2021) Targeting SARS-CoV-2: a systematic drug
repurposing approach to identify promising inhibitors against 3C-like
proteinase and 2'-O-ribose methyltransferase. J Biomol Struct Dyn
39:2679-2692. https://doi.org/10.1080/07391102.2020.1753577

Talluri S (2021) Molecular docking and virtual screening based prediction
of drugs for COVID-19. Comb Chem High Throughput Screen 24:716—
728. https://doi.org/10.2174/1386207323666200814132149
Muralidharan N, Sakthivel R, Velmurugan D, Gromiha MM (2021) Compu-
tational studies of drug repurposing and synergism of lopinavir, oseltami-
vir and ritonavir binding with SARS-CoV-2 protease against COVID-19.

J Biomol Struct Dyn 39:2673-2678. https://doi.org/10.1080/07391102.
2020.1752802

Hall DC, Ji HF (2020) A search for medications to treat COVID-19 via in
silico molecular docking models of the SARS-CoV-2 spike glycoprotein
and 3CL protease. Travel Med Infect Dis 35:101646. https://doi.org/10.
1016/j.tmaid.2020.101646

Wang C, Horby PW, Hayden FG, Gao GF (2020) A novel coronavirus
outbreak of global health concern. Lancet 395:470-473. https://doi.org/
10.1016/50140-6736(20)30185-9

Liu X, Wang XJ (2020) Potential inhibitors for 2019-nCoV coronavirus

M protease from clinically approved medicines. J Genet Genomics
47:119-121. https://doi.org/10.1016/j.jgg.2020.02.001

Sisakht M, Solhjoo A, Mahmoodzadeh A, Fathalipour M, Kabiri M,
Sakhteman A (2021) Potential inhibitors of the main protease of SARS-
CoV-2 and modulators of arachidonic acid pathway: non-steroidal anti-
inflammatory drugs against COVID19. Comput Biol Med 136:104686
Gimeno A, Mestres-Truyol J, Ojeda-Montes MJ, Macip G, Saldivar-Espinoza
B, Cereto-Massagué A, Pujadas G, Garcia-Vallvé S (2020) Prediction of
novel inhibitors of the main protease (M-pro) of SARS-CoV-2 through
consensus docking and drug reposition. Int J Mol Sci 21:3793. https://doi.
0rg/10.3390/ijms21113793

Liu X, Li Z, Liu S, Sun J, Chen Z, Jiang M, Zhang Q, Wei Y, Wang X, Huang
YY, ShiY, Xu 'Y, Xian H, Bai F, Ou C, Xiong B, Lew AM, Cui J, Fang R, Huang
H, Zhao J, Hong X, Zhang Y, Zhou F, Luo HB (2020) Potential therapeutic
effects of dipyridamole in the severely ill patients with COVID-19. Acta
Pharmaceut Sinica B 10:1205-1215. https://doi.org/10.1016/j.apsb.2020.
04.008

Odhar HA, Ahjel SW, Albeer A, Hashim AF, Rayshan AM, Humadi SS (2020)
Molecular docking and dynamics simulation of FDA approved drugs
with the main protease from 2019 novel coronavirus. Bioinformation
16:236-244. https://doi.org/10.6026/97320630016236

Su H,Yao S, Zhao W, Li M, Liu J, Shang W, Xie H, Ke C, Hu H, Gao M, Yu K,
Liu H, Shen J, Tang W, Zhang L, Xiao G, Ni L, Wang D, Zuo J, Jiang H, Bai
F,WuY, YeY, XuY (2020) Anti-SARS-CoV-2 activities in vitro of Shuang-
huanglian preparations and bioactive ingredients. Acta Pharmacol Sin
41:1167-1177. https://doi.org/10.1038/541401-020-0483-6

LiuH,Ye F, Sun Q, Liang H, Li C, Lu R, Huang B, Tan W, Lai L (2021) Scutel-
laria baicalensis extract and baicalein inhibit replication of SARS-CoV-2
and its 3C-like protease in vitro. J Enzyme Inhib Med Chem 36:497-503.
https://doi.org/10.1080/14756366.2021.187397

Cherrak SA, Merzouk H, Mokhtari-Soulimane N (2020) Potential bioac-
tive glycosylated flavonoids as SARS-CoV-2 main protease inhibitors: a
molecular docking and simulation studies. PLoS One 15. https://doi.org/
10.1371/journal.pone.0240653

Shivanika C, Deepak Kumar S, Ragunathan V, Tiwari P, Sumitha A, Brindha
Devi P (2020) Molecular docking, validation, dynamics simulations,

and pharmacokinetic prediction of natural compounds against the

(2022) 20:108

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Page 22 of 23

SARS-CoV-2 main-protease. J Biomol Struct Dyn 8:1-27. https://doi.org/
10.1080/07391102.2020.1815584

Bhaliya J, Shah V (2020) Identification of potent COVID-19 main protease
(MPro) inhibitor from curcumin analogues by molecular docking analysis.
Int J Adv Res, Ideas Innov Technol 6:664-672

Joshi RS, Jagdale SS, Bansode SB, Shankar SS, Tellis MB, Pandya VK, Chugh
A, Giri AP, Kulkarni MJ (2021) Discovery of potential multi-target-directed
ligands by targeting host-specific SARS-CoV-2 structurally conserved
main protease. J Biomol Struct Dyn 39:3099-3114. https://doi.org/10.
1080/07391102.2020.1760137

Enmozhi SK, Raja K, Sebastine |, Joseph J (2021) Andrographolide as a
potential inhibitor of SARS-CoV-2 main protease: an in silico approach.

J Biomol Struct Dyn 39:3092-3098. https://doi.org/10.1080/07391102.
2020.1760136

Ramaiah MHS, Vishwakarma R, Umashaanker R (2020) Molecular docking
analysis of selected natural products from plants for inhibition of SARS-
CoV-2 main protease. Curr Sci 118:1087-1092

Umesh KD, Selvaraj C, Singh SK, Dubey VK (2021) Identification of new
anti-CoV drug chemical compounds from Indian spices exploiting
SARS-CoV-2 main protease as target. J Biomol Struct Dyn 39:3428-3434.
https://doi.org/10.1080/07391102.2020.1763202

Khaerunnisa S, Kurniawan H, Awaluddin R, Suhartati S, Soetjipto S (2020)
Potential inhibitor of COVID-19 main protease (Mpro) from several
medicinal plant compounds by molecular docking study. Preprints
2020030226. https://doi.org/10.20944/preprints202003.0226.v1

Fischer W, Eron JJ, Holman W, Cohen MS, Fang L, Szewczyk LJ, Sheahan TP,
Baric R, Mollan KR, Wolfe CR, Duke ER, Azizad MM, Borroto-Esoda K, Wohl
DA, Loftis AJ, Alabanza P, Lipansky F, Painter WP. Molnupiravir, an Oral
Antiviral Treatment for COVID-19. medRxiv [Preprint]. 2021. https://doi.
org/10.1101/2021.06.17.21258639.

Gupta A, Zhou HX (2020) Profiling SARS-CoV-2 Main Protease (M"°) Bind-
ing to repurposed drugs using molecular dynamics simulations in clas-
sical and neural network -trained force fields. ACS Comb Sci 22:826-32.
https://doi.org/10.1021/acscombsci.0c00140

Pal A, Curtin JF, Kinsella GK (2021) Structure based prediction of a novel
GPR120 antagonist based on pharmacophore screening and molecular
dynamics simulations. Comput Struct Biotechnol J 19:6050-6063

Zhang X, Macielag MJ (2020) GPR120 agonists for the treatment of dia-
betes: a patent review (2014-present). Expert Opin Ther Pat 30:729-742.
https://doi.org/10.1080/13543776.2020.181185

Sparks SM, Chen G, Collins JL, Danger D, Dock ST, Jayawickreme C,
Jenkinson S, Laudeman C, Leesnitzer MA, Liang X, Maloney P, McCoy DC,
Moncol D, Rash V, Rimele T, Vulimiri P, Way JM, Ross S (2014) Identification
of diarylsulfonamides as agonists of the free fatty acid receptor 4 (FFA4/
GPR120). Bioorg Med Chem Lett 24:3100-3103

Sparks SM, Aquino C, Banker P, Collins JL, Cowan D, Diaz C, Dock ST,
Hertzog DL, Liang X, Swiger ED, Yuen J, Chen G, Jayawickreme C, Moncol
D, Nystrom C, Rash V, Rimele T, Roller S, Ross S (2017) Exploration of
phenylpropanoic acids as agonists of the free fatty acid receptor 4 (FFA4):
identification of an orally efficacious FFA4 agonist. Bioorg Med Chem Lett
27:1278-1283

Zhang X, Cai C, Winters M, Wells M, Wall M, Lanter J, Sui Z, Ma J, Novack A,
Nashashibi |, Wang Y, Yan W, Suckow A, Hua H, Bell A, Haug P, Clapper W,
Jenkinson C, Gunnet J, Leonard J, Murray WV (2017) Design, synthesis and
SAR of a novel series of heterocyclic phenylpropanoic acids as GPR120
agonists. Bioorg Med Chem Lett 27:3272-3278

Janssen Pharmaceutica NV (2014) Preparation of GPR120 agonists for the
treatment of type Il diabetes. US 20140275179 A1

Janssen Pharmaceutica NV (2019) Cycloalkenyl derivatives useful as
agonists of the GPR120 and /or GPR40 receptors and their preparation.
WO 2019171277 Al

Piramal Enterprises Limited. Preparation of fused heterocyclic com-
pounds as GPR120 agonists. WO 2016038540 A1; 2016b.

Piramal Enterprises Limited (2016¢) Preparation of thiazole and thio-
phene derivatives containing carbon-carbon linker as GPR120 agonists
for disease therapy. WO 2016125182 A1, p 74

da Silva Arouche T, Reis AF, Martins AY, Costa JFS, Junior RNC, Anto-

nio Maia JC (2020) Neto interactions between Remdesivir, Ribavirin,
Favipiravir, Galidesivir, Hydroxychloroquine and Chloroquine with
fragment molecular of the COVID-19 main protease with inhibitor N3


https://doi.org/10.1128/AAC.00825-20
https://doi.org/10.12688/f1000research.22457.2
https://doi.org/10.1101/2020.01.28.922922
https://doi.org/10.1080/07391102.2020.1753577
https://doi.org/10.2174/1386207323666200814132149
https://doi.org/10.1080/07391102.2020.1752802
https://doi.org/10.1080/07391102.2020.1752802
https://doi.org/10.1016/j.tmaid.2020.101646
https://doi.org/10.1016/j.tmaid.2020.101646
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1016/j.jgg.2020.02.001
https://doi.org/10.3390/ijms21113793
https://doi.org/10.3390/ijms21113793
https://doi.org/10.1016/j.apsb.2020.04.008
https://doi.org/10.1016/j.apsb.2020.04.008
https://doi.org/10.6026/97320630016236
https://doi.org/10.1038/s41401-020-0483-6
https://doi.org/10.1080/14756366.2021.187397
https://doi.org/10.1371/journal.pone.0240653
https://doi.org/10.1371/journal.pone.0240653
https://doi.org/10.1080/07391102.2020.1815584
https://doi.org/10.1080/07391102.2020.1815584
https://doi.org/10.1080/07391102.2020.1760137
https://doi.org/10.1080/07391102.2020.1760137
https://doi.org/10.1080/07391102.2020.1760136
https://doi.org/10.1080/07391102.2020.1760136
https://doi.org/10.1080/07391102.2020.1763202
https://doi.org/10.20944/preprints202003.0226.v1
https://doi.org/10.1101/2021.06.17.21258639
https://doi.org/10.1101/2021.06.17.21258639
https://doi.org/10.1021/acscombsci.0c00140
https://doi.org/10.1080/13543776.2020.181185

Mohan et al. Journal of Genetic Engineering and Biotechnology

62.

63.

64.

65.

66.

67.

68.

69.
70.
71
72.

73.

74.

75.

(2022) 20:108

complex (PDB ID:6LU7) using molecular docking. J Nanosci Nanotech-
nol 20(12):7311-23. https://doi.org/10.1166/jnn.2020.18955
Bristol-Meyers Squibb Company. Preparation of novel cyclopropane
carboxylic acid compounds as GPR120 modulators useful for treatment
of diabetes and related diseases. WO 2016040222 A1; 2016.

Selami E, Cinar E (2021) A molecular docking study of potential inhibitors
and repurposed drugs against SARS-CoV-2 main protease enzyme. J
Indian Chem Soc 98:100041

Smarajit M, Banerjee A, Nazmeen A, Kanwar M, Das S (2020) Active-site
molecular docking of Nigellidine with nucleocapsid- NSP2-MPro of
COVID-19 and to human ILTR-IL6R and strong antioxidant role of Nigella-
sativa in experimental rats. J Drug Target. https://doi.org/10.1080/10611
86X.2020.1817040

Rai H, Barik A, Singh YP, Suresh A, Singh L, Singh G, Nayak UY, Dubey VK,
Modi G (2021) Molecular docking, binding mode analysis, molecular
dynamics, and prediction of ADMET/toxicity properties of selective
potential antiviral agents against SARS-CoV-2 main protease: an effort
toward drug repurposing to combat COVID-19. Mol Divers 25(3):1905—
1927. https;//doi.org/10.1007/511030-021-10188-5. Epub 2021 Feb 13.
PMID: 33582935; PMCID: PMC7882058

Rashi J, Somdutt M (2020) Repurposing metocurine as main protease
inhibitor to develop novel antiviral therapy for COVID-19. Struct Chem
31:2487-2499

Hosseini M, Chen W, Xiao D, Wang C (2021) Computational molecular
docking and virtual screening revealed promising SARS-CoV-2 drugs. Pre-
cis Clin Med 4(1):1-16. https://doi.org/10.1093/pcmedi/pbab001 PMID:
33842834; PMCID: PMC7928605

Toelzer C, Gupta K, Yadav SKN, Borucu U, Davidson AD, Kavanagh William-
son M, Shoemark DK, Garzoni F, Staufer O, Milligan R, Capin J, Mulholland
AJ, Spatz J, Fitzgerald D, Berger |, Schaffitzel C (2020) Free fatty acid bind-
ing pocket in the locked structure of SARS-CoV-2 spike protein. Science
370(6517):725-730. https://doi.org/10.1126/science.abd3255 Epub 2020
Sep 21. PMID: 32958580; PMCID: PMC8050947
https://doi.org/10.1016/j.compbiomed.2021.104686
https://doi.org/10.1101/2021.06.17.21258639

Piramal Enterprises Limited (2015) Preparation of carboxylic acid deriva-
tives for use as GPR120 agonists. WO 2015125085 A1, p 73

Piramal Enterprises Limited (2016a) Preparation of phenyl alkanoic acid
derivatives for use as GPR120 agonists. WO 2016012965 A2, p 75

Usha YN, Dubey VK, Modi G Molecular docking, binding mode analysis,
molecular dynamics, and prediction of ADMET/toxicity properties of
selective potential antiviral agents against SARS-CoV-2 main protease: an
effort toward drug repurposing to combat COVID-19. Mol Divers. https://
doi.org/10.1007/511030-021-10188-5

Wang J (2020) Fast identification of possible drug treatment of corona-
virus disease-19 (COVID-19) through computational drug repurposing
study. J Chem Inf Model 60:3277-3286. https://doi.org/10.1021/acsjcim.
0c00179

Willyard C (2021) How antiviral pill molnupiravir shot ahead in the COVID
drug hunt? Nature. https://doi.org/10.1038/d41586-021-02783-1

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.

Page 23 of 23

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1166/jnn.2020.18955
https://doi.org/10.1080/1061186X.2020.1817040
https://doi.org/10.1080/1061186X.2020.1817040
https://doi.org/10.1007/s11030-021-10188-5
https://doi.org/10.1093/pcmedi/pbab001
https://doi.org/10.1126/science.abd3255
https://doi.org/10.1016/j.compbiomed.2021.104686
https://doi.org/10.1101/2021.06.17.21258639
https://doi.org/10.1007/s11030-021-10188-5
https://doi.org/10.1007/s11030-021-10188-5
https://doi.org/10.1021/acs.jcim.0c00179
https://doi.org/10.1021/acs.jcim.0c00179
https://doi.org/10.1038/d41586-021-02783-1

	Molecular docking and identification of G-protein-coupled receptor 120 (GPR120) agonists as SARS COVID-19 MPro inhibitors
	Abstract 
	Background
	Methods
	Protein preparation

	Results and discussions
	Conclusions
	Acknowledgements
	References


