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Molecular docking identification of plant-derived inhibitors
of the COVID-19 main protease

COVID-19 cases increase at a high rate and become dangerous in recent months. As a consequence, some
healthcare and research organizations are attempting to find an effective cure for the COVID-19 outbreak.
Many natural products have been reported to have powerful activity against COVID-19 in recent research stud-
ies. The primary aim of this article is to establish natural bioactive compounds with suitable antiviral properties.
Lui et al. have reported in their study that SARS-Cov-2 main protease is present in a crystalline structure known
as a novel therapeutic drug target. It is important to inhibit SARS-Cov-2 main protease to stop the replication
of viral proteins. In this study natural compounds were screened using molecular modeling techniques to in-
vestigate probable bioactive compounds that block SARS-Cov-2. From these studies many natural compounds
were found to have the potential to interact with viral proteins and show inhibitory activity against COVID-19
main protease (Mpro) and these natural compounds were also compared to known antiviral drugs such as
Saquinavir and Remdesivir. Besides that, additional research is needed before these potential leads can be de-
veloped into natural therapeutic agents against COVID-19 to fight the epidemic.

Keywords: Natural compounds, SARS-Cov-2, Efficacy, Drug target, Molecular modeling, Viral proteins,
Mpro, Binding affinity.
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Introduction

World Health Organization (WHO) declared that the novel coronavirus infection is pandemic, and this
infection going high day by day in all regions of the world [1]. This pandemic caused by novel coronavirus,
SARS-Cov-2 (Severe Acute Respiratory Syndrome Coronavirus-2) was firstly reported in Wuhan, (China) in
December 2019 [2]. As world's population is growing high it leads to the occurrence of many chronic diseases
as well as lifestyle-related diseases. So this problem can be overcome by focusing on traditional herbal medi-
cines to enhance as well as improve quality of life [3]. Herbal medications are commonly used by most people
because they have long-term safety, good efficacy, and low toxicity, and they have shown remarkable results
in the treatment of a variety of viral infections. Still, there is no specific treatment against COVID-19 infection.
So to control the spread of COVID-19 infection, many research works are carried out to find effective as well
as preventive therapy against COVID-19 infection [4]. So that many researchers taking an effort to design new
treatments to avoid COVID-19 infection for examining secondary metabolites obtained from plants by using
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molecular docking to study inhibition of enzyme-like main protease (Mpro) as well chymotrypsin-like protease
(3CL pro), which is responsible for viral infection [1, 5].

Molecular docking is one of the best approaches to design, develop, and evaluate new treatment. There
are various new therapeutic techniques developed to find new entities, but protease enzyme inhibitor is one of
the novel therapeutic strategies, which are selected from natural bioactive compounds to find out effective
medicine with minimum side effects. In the present study we analyze ten ligands for their binding affinity [5].
Most of the selected ligands are essential parts of many edibles from India and other regions. They show
efficacy against the COVID-19 6LU protease. The main motive of the present study is to find out the ability
of these ligands to inhibit COVID-19 main protease and to design natural products that can be effective in the
treatment of COVID-19 infection. Ligands selected for docking analysis are present in spices and show toler-
able binding affinity with COVID-19 6LUT protease. Further, these ligands are compared with synthetic drugs
having remarkable antiviral properties, such as Remdesivir and Saquinavir [6].

Molecular docking studies are generally used for the analysis of complex structures obtained by the in-
teraction through ligand and target molecules. Three-dimensional structure and probable binding sites are de-
termined by molecular docking methods. The molecular docking approach is commonly used to identify sev-
eral binding interactions such as enzyme-substrate interaction, lipid-protein interaction, drug-enzyme interac-
tion, etc [7, 8]. The molecular modeling technique is widely used in various structure-based drug designs
(SBDD), because of its characteristic to determine actual binding conformation in ligand and target site. Be-
cause of its ability to generate accurate conformation between ligand and target, it is rapidly used to identify
binding conformation in target and drug, and therefore it is an important tool in rational drug designing [9].

In the 1980s, the molecular docking technique constituted a crucial mechanism because of the develop-
ment of 1% algorithm. Molecular modeling analysis particularly analyzes the binding affinity of the target
molecule with ligand and based on this; it may help to suggest a potential treatment against a specific disease.
In these cases in-silico approach of molecular docking become a faster technique. In silico approach helps to
reduce the time and cost of the process for the identification of complex structures and binding techniques. So
in drug discovery molecular docking with in silico approach becomes a very quick and common easy to apply
method [10, 11]. In general molecular docking process is shown in Figure 1.

Three-dimensional (3D) ligand structure Three-dimensional (3D) receptor structure

Docking of ligand into binding cavity of Establishment of binding conformation in
receptor respective interaction.

Figure 1. Molecular docking process in general

The software develops an algorithm, in which the conformation of the ligand is determined after perform-
ing docking analysis. The binding affinity resulted in a negative value of AG (in terms of units Kcal/mol). The
binding energy shows a combination of VVan der Waals as well as electrostatic energy, which concerning the
interaction between ligand molecule and target molecule [14]. Also, in drug designing, the rigid system can be
used, in which translational and rotational space in six dimensions can be identified for the fitting of ligand
and particular binding structure. The research-based section represents a higher area of interest in molecular
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modeling studies throughout recent decades. This is also true in the case of molecular modeling methods or
computational methods for prediction [15].

The preliminary work in the area of molecular docking studies was initially performed using structural
shape contacts and then Kuntz applied a shape matching strategy to identify potential conformations. After
successful initiating work by Kuntz, various docking approaches were developed using Fourier transfor-
mations algorithms [16].

Types of docking analysis

Rigid body docking. In this type of molecular docking both molecule and receptor assumed as rigid. The
occurrence of modifications in structure possesses degrees of freedom. This approach represents an example
of Zdock [14].

Semi-flexible docking. This is the method of docking in which their improvement in a rigid body is dock-
ing for identification of side chains and potential torsion angles. This method of docking is different from the
Fourier transformation method. This new transformation was obtained by the HADDOCK protocol [15].

Flexible docking. This type of docking uses two logarithmic approaches: systematic incremental plotting
and stochastic. The first approach is commonly used to develop binding conformations based on the ligand
position and binding in all possible areas. These are for example: DOCK [16], Flex [17], Glide [18], Hammer-
head [19], LUDI [20], Surflex [21]. In stochastic algorithms, there is improvement in computational methods.
These are, for example, DARWIN [22], GOLD [23], AutoDock [24], Carlo [25].

Experimental

Data collection. The structure of COVID-19 3CL pro or Mpro (Having PDB ID: 6LU7) were taken in
PDB format from (https://www.rcsb.org/) [26]. Also, some part of this study was performed by the SwissDock
web server [27, 28], which incorporates an automated in silico molecular docking procedure based on the
EADock ESS docking algorithm [29]. The active binding sites of the protease enzyme were found by using
the CASTp (http://sts.bioe.uic.edu/castp/index.htmI?3igg) [30].

Three-dimensional (3D) structures of the selected ligands were taken in SDF format from the https://pub-
chem.ncbi.nlm.nih.gov/ website [29]. A known anti-HIV drug Saquinavir was used as a positive control for
comparative docking analysis.

Molecular Docking. The molecular docking studies analyze the mechanism of interaction between ligand
and receptors. These mechanisms of interactions between ligand and receptor play a significant role in the case
of drug discovery. In molecular modeling, docking analysis is a technique that is used to analyze stable com-
plexes formed by the binding of two molecules and adaptation between them [31].

The protease file was prepared for COVID 19 6LU7 protease by using Autodock 4.2 [32]. Using A chain
of protease, the macromolecule was produced by removal of a water molecule and addition of hydrogen bond.
For further studies of analysis, the file was saved in PDBQT format. The calculation of binding affinity was
done by using AutoDock—Vina [33]. The 3D structure of interaction between ligand and receptor was detected
by using PyMOL [34].

In this study we used flexible docking. Rigid-body docking, semi-flexible docking and flexible docking
are three different types of docking procedures, but it was found that flexible-ligand docking shows significant
results as compared to rigid body docking and semi-flexible docking

Results and Discussion

The present study is based on an analysis of ten selected bioactive compounds derived from Indian me-
dicinal plants, and also there is a comparison of the herbal compound with known antiviral drugs based on
binding affinity. The binding affinity of extracted bioactive compounds from plants with COVID-19 protease
6L U7 and their molecular structures are shown in Table [6, 35].
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Representation of docking results including binding affinities of natural products

Table

Compound Ligand source Molecular for- Bln_dl_ng Structure
mula affinity
1 2 3 4 5
Gingerol  |Ginger C17H2604 -7.95 i TV
(Zingiber officinale)
Nimbin Neem C30H3609 -8.17
(Azadirachta indica)
Piperin Black and white pepper| Ci7H19NO3 —6.98
(Piper  nigrum, Piper
longum and Piper offici-
narum)
Aloesin  |Aloe vera (Aloe Ferox, Aloe| CigH2,09 -8.79
barbadensis)
Withaferin A |Ashwagandha (Acnistus ar-| CasH3s06 -8.05
borescens, Withania somnif-
era, and Withania somnifera
Dunal)
Apigenin  |Apple (Malus domestica), Ci15H1005 -7.8
Red pepper (Capsicum an-
nuum), Thyme (Thymus vul-
garis),
Garlic (Allium sativum).
OH [¢]
Coriandrin |Coriander (Coriandrum sa-| CisH1004 -6.4 0 o
tivum)
[¢} ’ \
x o
Curcumin |Turmeric (Curcuma longa) | Ca1H2006 -7.0 o
(T
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Continuation of Table

1 2 3 4 5
Glycyrrhizin |Licorice C42H62016 -7.3
(Glycyrrhiza glabra)

Quercitin  |Onion (Allium cepa), Buck-| CisH1007 -7.3
wheat (Fagopyrum esculen-
tum), Green tea (Camellia

sinensis).
OH [¢]
Remdesivir |Antiviral drug Ca7H3sNeOgP | —8.32
o
Saquinavir |Anti-HIV drug C3sHs50N6Os -9.2

Most of the selected bioactive products have anti-malarial, anti-viral and other similar activities [29]. The
binding affinities of selected natural products range between —6.4 Kcal/mol (Binding affinity of Coriandrin)
and —8.79 Kcal/mol (Binding affinity of Aloesin), as shown in Figure 2 [6, 35].

Coriandrin is categorized as essential oil derived from Coriandrum sativum. It is found in seed, stem, and
leaf of Coriandrum sativum [36]. Coriandrin [C13H1004] possesses many therapeutic activities such as antivi-
ral, antifungal, antioxidant, anthelmintic as well as anxiolytic [37].

The main bioactive constituent Aloesin (C1gH220o) is derived from fresh leaves of aloe (Aloe Ferox, Aloe
barbadensis) and also has antioxidant, antibacterial, anti-inflammatory, and immunomodulatory effects [35].
Glycyrrhizin, as well as licorice, is found in Glycyrrhiza glabra, which is a potential immunomodulator and
has other therapeutic effects such as hepato-protective, neuroprotective, anti-inflammatory, antineoplastic ac-
tivities; it shows binding affinity of —7.3 Kcal/mol with COVID-19 protease [38, 39]. A steroidal bioactive
constituent of Ashwagandha Withaferin A (C2sH3s0s) has antiviral and antibacterial activities and is obtained
from Acnistus arborescens, Withania somnifera, and Withania somnifera Dunal and shows —8.05 Kcal/mol
binding affinity with COVID-19 protease [40]. Curcumin is a primary bioactive compound found in turmeric
which consists of curcuminoids as secondary metabolites which are extracted from dried rhizomes of Curcuma
longa from the Zingiberaceae family. Curcumin (C21H200s) exhibits known anti-inflammatory, antimicrobial
and antioxidant properties has —7.0 Kcal/mol binding affinity with protease [41].

Nimbin is a triterpenoid compound extracted from neem (Azadirachta indica) and it shows the binding
affinity of —8.17 Kcal/mol with protease. Nimbin (CsoHzs0g), which is a bitter compound, shows many bio-
logical activities such as potential antibacterial, antiviral, antipyretic, fungicidal, and anti-inflammatory activ-
ities [42]. Gingerols are phenolic and the most abundant pungent compounds present in ginger, show
—7.95 Kcal/mol binding affinity with COVID-19 proteases. Gingerol is the main bioactive compound found in
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Ginger (Zingiber officinale), which belongs to the Zingiberaceae family. Gingerol (C17H2604) has powerful
antioxidant and anti-inflammatory effects [41].

Figure 2. 3D visualization of docking analysis of 6LU7 protease binding with (a) Gingerol, (b) Nimbin, (c) Piperine,
(d) Aloesin, (e) Withaferin, (f) Apigenin, (g) Curcumin, (h) Quercitin, (i) Coriandrin, (j) Glycyrrhizin, (k) Saquinavir

Apigenin is a flavonoid found in many plants Apple (Malus Domestica), Thyme (Thymus vulgaris),
Chamomile (Matricaria chamomilla), Red pepper (Capsicum annuum), Garlic (Allium sativum var. sativum),
etc [41]. It is a flavones class compound with a wide range of activities such as antiviral, antibacterial, antiox-
idant, and strong anti-inflammatory activities. Apigenin (C15H100s) shows —7.8 Kcal/mol binding affinity. Pip-
erin is a pungent component found in black pepper and belongs to the vanilloid family of compounds [43].
Piperin is extracted from dried unripe fruit of black and white pepper (Piper nigrum, Piper longum, and Piper
officinarum). Piperine (C17H19NQO3) has potent antioxidant, anti-inflammatory, and antitumor properties and
shows greater (—6.98 Kcal/mol) binding affinity with COVID-19 protease [37], whereas quercitin has
—7.3 Kcal/mol binding affinity with protease. Quercetin (CisH1005) is a flavonoid compound mainly found in
onions, cherries, grapes, citrus fruits, which is obtained from various sources such as onion (Allium cepa),
green tea (Camellia sinensis), apple (Malus Domestica), buckwheat (Fagopyrum esculentum) and possess an-
tioxidant, antiviral, anticancer, cardiovascular, hepatoprotective and anti-inflammatory activities [41, 44].

Remdesivir is a known antiviral drug whereas saquinavir is an anti-HIV drug; both are subjected for
analysis of binding affinity with COVID-19 protease by using a molecular docking approach. This study shows
that Remdesivir (C27H3sNsOsP) has —8.32 Kcal/mol and Saquinavir (CasHsoNeOs) has —9.2 Kcal/mol binding
affinity [45]. In summary, it shows that some of the selected natural products exhibit greater binding affinity
with COVID-19 protease compared to known antiviral drugs, remdesivir and saquinavir [45, 46]. In this study
we have conducted molecular docking studies used to identify the potential of herbal products which are iso-
lated from plants. Substances taken for the study show inhibitory action of COVID-19 main protease [27]. We
have studied 10 herbal drugs and their comparison with two reported antiviral drugs. Molecular docking anal-
ysis of these products helps to identify their binding potency with COVID-19 protease 6L.U7 and their inhibi-
tion extent [6]. These docking studies show that some of the selected natural products show powerful inhibition
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based on their binding affinities. Aloe vera shows a greater binding affinity among all selected herbal drugs.
Also, other natural products such as glycyrrhizin, curcumin, coriandrin, and apigenin show potential inhibition
of COVID-19 protease [47]. The plot of Binding affinity in comparison with natural compounds is shown in
Figure 3.

*+-02
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Figure 3. A plot of binding affinity extracted bioactive compounds from Indian herbal plants and a few drugs
for comparison of inhibition potential against COVID-19 protease

Conclusions

All of these natural bioactive compounds are biologically safe and have a high binding potential.
Saquinavir is already reported as an anti-HIV drug for inhibition of replication of SARS-Cov-2 protease, also
Remdesivir is known for inhibition of replication of protease but it has reported hepatotoxicity in some pa-
tients. Docking studies show that some of the selected natural extracts show greater COVID-19 protease inhi-
bition potential compared to these known antiviral drugs. Some of the identified natural products show prom-
ising results in these studies and may require additional investigation. Because they are safer than synthetic
drugs, these natural medicines can be used as important alternatives to synthetic treatments in the prevention
of COVID-19 infection. These findings could become a significant starting point for drug development and
provide great promise to develop potent therapeutics against COVID-19 infection.
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C.C. bxymxb6an, M. Kane, b. Haane

MoJgekyaaabiKk KOHABIPY daicTepiven COVID-19 Heri3ri nporenHa3acbIHbIH
OCIMIIKTiK MHHTHOMTOPJIAPBIH AHBIKTAY

Kettinri aitmapma COVID-19 skarnmaiimapsl Te3 apThln, Kayinrti Oosa Oacrayma. HoTtmkecinme OipHerre
MEIUIMHAIBIK KoHE FhUIBIMU yibiMmap COVID-19 ingeriHiH THiMAi emiH TalOyfra ThIpeicyga. COHFBI
3epTTeyiepre colikec, kenreren taburu eHiMaepaiy COVID-19-ra kapcbl GenceHinir sxorapbl. MakalaHbIH
HETI3r1 MakKcaThl — BHPYCKaKapchl KacuerTepi Oap, Tabufd TypAe Ke3leceTiH OMOAaKTHUBTI KOCBUIBICTAPJBI
anpikTay. Jlyun xoHe Oackanap e3 3eprreynepinae SARS-COV-2 mporea3achIHbIH HETi3r eMIiK mpernaparka
HBICaHa peTiHAe OeNrial KpHUCTaNAbl KYpBUIBIMAA OOJATHIHBIH Xabapiambl. BHUPYCTHIK aKybeI3gapIbiH
perumKanusicelH Tokraty yuriH SARS-COV-2 Herisri npoTeasachslH Texkey MaHbBI3IBL Byt 3eprreyne Taburn
KocsutbicTap SARS-COV-2 GeredTiH BIKTHMalnl OHOAKTHBTI KOCBUIBICTApIbl 3€PTTEY YIIIH MOJEKYJAIIBIK
MOJICNB/ICY OJICTEpiHIH KoMeTiMeH ChIHAMABL. OChl 3epTTEYNEepAiH HOTWKECIHIE KONTereH TaOuFH
KOCBUIBICTAP IbIH BUPYCTHIK aKybI3apMeH apekerrecy xxoHe COVID-19 (Mpro) Herisri nporeasacbiHa KapChl
HHTUOUTOPIBIK OeJceHAlTiri 6ap ekeHAairi aHbIKTaingsl. TaOuFU KOCBUIBICTAp CAaKBUHABHUP MEH PEMJIECHBUD
CHSIKTBI O€JIrisli BUpYCKaKapChl MpenapaTTapMeH CajIbICTHIPUIABL. byl MOTeHIMaNAbl iHASTIICH Kypecy YLIiH
COVID-19-ra kapchl TaOUFH €MJIIK areHTTepre aifHanapipMac OyphIH KOCBIMIIIA 3ePTTEYJIep KaXKeT eKeHiH aTar
OTTi.

Kinm coe30ep.: taburu xocwuibictap, SARS-COV-2, THIMIUTITI, AOPUTIK HbICAaHA, MOJEKYJIAIBIK MOJCIBICY,
BUPYCTHIK aKybI3aap, Mpro, 6aiylaHBICTEIPYIIB! ad) GHUHUPITIK.

C.C. bxymxb6an, M. Kane, b. UaBaine

NnenTudukanus pacTUTEIbHBIX HHTHOUTOPOB OCHOBHOM MPOTEHHA3DI
COVID-19 meTonamu MoJIEKYJISIPHOTO TOKHHTA

B nocnennue mecsusl KonudecTBO ciydaeB 3apaxeHus COVID-19 ObicTpo yBeIWYHMBAETCS M CTAHOBUTCS
omacHbIM. Kak criencTBue, HECKOIBKO MEAMUIMHCKUX M UCCIENOBATEIbCKUX OPraHH3AIMIN MBITAIOTCS HAWTH
3¢ exTrBHOE JeKkapcTBO OT Bembimkd COVID-19. CornacHo HeTaBHUM HCCIICTOBAHUSIM, MHOTHE HATypallb-
HBIE NPOIYKTHI 00J1aal0T MOIIHOI akTHBHOCTHIO potiB COVID-19. OcHOBHAas 11k 3TOH CTaThH — ycCTa-
HOBUTB NPUPOIHBIE OMOIOTHIECKH aKTHBHBIE COSIMHEHHS C MOIXOASAIINMH IPOTHBOBHPYCHBIMH CBOHCTBAMHL.
Lui ¢ coaBTOpaMu cOOOLIMIIE B CBOEM HCCIICIOBAHNH, YTO OCHOBHas mpoTteasa SARS-Cov-2 npucyrcteyer B
KPUCTAININYECKOH CTPYKType, H3BECTHOH KaK MUIIEHb Il HOBOTO T€PANIeBTHIECKOTO Ipenapara. BaxxHo uH-
ruOupoBate 0CHOBHYIO IpoTeasy SARS-CoOV-2, 9ToOBI OCTAHOBHUTH PEIUIMKAIINIO BUPYCHBIX OelkoB. B aTOM
HCCIIeI0BaHUH IPUPOIHBIE COSTHMHEHNUS OBIIN IIPOBEPEHHI C HCIOJIB30BAHNEM METOI0B MOJIEKYISIPHOTO MOJIe-
JUPOBAHUS JUISl N3yUCHHUS] BOBMOXKHBIX OMOAKTUBHBIX COEIMHEHUH, KoTopbie 6JokupyoT SARS-Cov-2. B pe-
3yJIbTaTe 3TUX UCCIEIOBaHHI ObIII0 OOHAPY)KEHO, YTO MHOTHE PUPOIHBIE COSMHEHHS 00JIaIal0T CITocOOHO-
CTBIO B3aHMOJICHCTBOBATh C BUPYCHBIMHU O€JIKAMH U HPOSBISIOT HHIHOUPYIOIIYIO aKTHBHOCTH B OTHOIICHUH
ocHoBHOI poreazsl COVID-19 (Mpro). Kpome Toro, 9TH pUPOIHBIE COEAMHEHHSI CPABHUBAIIH C H3BECTHBIMHU
MPOTHBOBHPYCHBIMH IIpenapaTamMu, TakuMu kak CakBuHaBup 1 Pemunecusup. OTMeueHo, 4T0 HEOOXOIUMBI J10-
MOJTHUTENbHBIE UCCIIEIOBAHMS, IPEXK/E YeM ITH NOTEHINATIBHBIE 3allelKi MOXKHO Oy/eT MpeBpaTUTh B ecTe-
CTBEHHBIE TepaneBTudeckue areHTsl mpoTiB COVID-19 ns 60pb0BI ¢ sruaeMuei.

Kniouesvie cnosa: npuponnsie coequaenns, SARS-Cov-2, a3ppekTHBHOCTD, TeKapCTBEHHAS] MUIIIEHB, MOJIEKY-
JSIPHOE MOJICIMPOBAaHNE, BUPYCHEIE Oenku, Mpro, appUHHOCTH CBS3BIBAHUSA.
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