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Abstract: At the beginning of 2020, a new type of Coronavirus (Severe Acute Respiratory Syndrome
Coronavirus-2 (SARSCoV-2)) dismayed the world and led to public health emergencies. This virus
has caused a remarkable percentage of morbidity and mortality thésack of an effective treatment

to fight this virus is another concern that shouldgbesn attention Herbal medicines and purified
natural products have been reported for their antiviral activity against SARS. In this study,
molecular docking of effective compounds in the extracts and essential disgiber officinale,
Glycyrrhiza glabra Samhbus nigra, Panax ginseng Ocimum basiliciand Origanum vulgarevas
carried out to investigate their binding to theagy structure of the ACERinding domainof SARS

CoV-2. The Glide docking program was utilized for molecular docking with standard pre¢si)

and extra precision (XP). Finally, 7 compoundsainly belong toPanax ginsenghoweda higher
docking score than some known antiviral compounds. Floralginsenoside B, which is extracted from
Panax ginsengindicated a strong binding affinity8.618 kcal/mol) to the crucial residues of the
receptor binding domain ARSCoV-2 comparing to Doravirine-{.2 kcal/mol), Hetacillin 7.1
kcal/mol), Ketoprofen-7.0 kcal/mol), and Mefloquine-{.0 kcal/mol) reported in previous articles.
Based on the ertlent binding affinities of these herbal compounds, we concluded that these
phytochemicals could be promising candidates for fighting agie§&OVID-19 pandemic.
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1. Introduction

In December 2019, for the first time in Wuhan, China, a new tygerohaviruswas
identified after being infected peophgth pneumonia for no apparent reason while existing
vaccines and treatments weameffective[1]. According to the World Health Organization, the
new SARS CoV (SARS CoV-2) has killed more than 1,740,390 peophdbout 78,383,527
people have been infected with the virus in 220 countries by December 26 (2020), indicating
the highspread of the epidemic corona worldwi8gmptoms including fever, dry cough, and
sometimes respiratory problems such as asthma, dyspnea, sore throat, and ruf2ly nose
SARSCoV-2 is a coated virus with a genome of ribonucleic acid and a length of 2@&a8ek
The virus genome contains 14 open reading fea(@RF) that encode 27 proteinghe
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ORFlab andORFla genes at the end of the five genomes encode the pplablanopi@ins,
respectively. They express 15 mstnuctural proteins nspdspl10 anchspl12nspl6

On the other hand, four structural proteimeluding spike surface protein (S3n
envelope protein (E), membrane protein (M), nucleocapsid protejmuii)eight suiproteins
including 3a, 3b, p6,7a, 7b, 8b, 9b @DBRF14 are encoded at tlead of 3 genomgs, 4]. One
of the known mechanisms for SARS virus entry into the célindinga unique protein at the
surface of the virus membrane to a receptor located atdstecell's surfacerhis protein,
called Spike, binds to the enzyme "ACEZ2", which enters the hosfscedl. Accordingly,
reported studies show that the COVID has a similar mechanism for entering the host cell
through the ACE2 receptor.

There are many herbs with exegit antiviral effects. Nowadays, medicinal plants and
herbal compounds have attractedatm attentiordue to their easy access and low side effects
compared to synthetic drugResearches show that plant extsdwdve interesting antiviral
properties. Moreeer, the antiviral activity of flavonoids and anthraquinones has been
investigated7-11]. It has been reported that the Hypericin pseludohypericimbtained from
the plant specieHypericumhas significant antiviral propertigd2]. Anthraguinoneswith
polyphenolic or polysulfone substitution inhibit the HIVfeverse transcriptase enzy[ha].

The docking process leads to an understanding of the relationship of stacttuity
of known igands, based on the level of molecular interaction withetbeptor's active si{d4,

15]. One of the molecular docking applications is designing dvaged orstructure Docking
has minimized the required time to identify and design medicmrapounds, their type, and
optimize their structurfl6].

Investigationof plant compounds' effect on tISARSCoV-2 life cycle using docking
methods has been reported in many studies. In 2020, Dev Sézahraported that 1,8 cineole
extracted fromEucalyptus camaldulensishibit the function of theSARSCoV-2 protease
enzyme by binding energg.4 kcal/mo[17]. Research by Taliet al.using molecular docking
has shown that the compounds histidine, folic acid, and lepidine captdiseulife cycle of
the SARSCoV-2 by inhibiting the protease enzyme&hese natural compounds act as drug
candidate$§18]. Also, Hendraet al.investigatedusing docking software, the effect compounds
of several herbal plants on tBARSCoV-2 protease enzyme. Finally, it was found that the
compounds kaempferol, quercetin, naringenin, curcumin have a more negative binding energy
than other compounds, so thegninhibit the enzyme protease 8ARSCoV-2. However, this
hypothesis requires further experiments in the biological environment of the humgi ®jody

According to a 2020 study, some of the drugs inclu&dahavirin, Remdesivir,
Sofosbuvir,Galidesivir,and Tenofovir, which were available othe market or in clinical trials
identified as potential antiviral drugBesidesthe compounds IDX84, Sofosbuvirand Yak
showed excellent results against SAR&V-2 [20]. In the research of A. Belhassaral, from
67 different selected compoundke active substances Gfocussativus Nerium oleander
and Foeniculum vulgareplants included: crocin, digitoxigeniand betaeudesmol, interact
with the active site of th&arget receptor (the main proteaseSelRSCoV-2) by the binding
energy amount of8.2,-7.2 and-7.1kcal/mol respectivelj21]. Examining existing drugs is
the only possible option foresponding quickly to the global challenge of Covid 19. By
examining the effect of 48 effecti8\RSCoV drugs orthe SARSCoV-2, Leeet al identified
the 24 drug candidatesitiv antiviral ability against SAR€0V-2 infections. Some of these
drug candidas have inhibited less than 50%wo drugs called niclosamide and ciclesonide
approved by the World Health Organization particularly attragth attention[22]. This
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research aimto investigate the molecular docking of effective compounds iextnacts and
essential oils of some herl&irigiber officinale Glycyrrhiza glabra Sambucus nigraPanax
ginseng Ocimum basilicumandOriganum vulgarg to the ACE2binding domainof SARS

CoV-2 spikes andto compae their interactions in terms of energy with known antiviral
compounds suclhs Doravirine, HetacillinKetoprofen and Mefloquine. Sruthi Unnget al.
previously Observed that these compounds, which had been used as other treatments
(Doravirine as an inhibir of the HIV genom§23], Hetacillin as an antibiotif24], Ketoprofen

as an analgesi@5], andMefloquine as an anthalarial agen{26]) exhibitedCoronavirus
inhibition through computer calculations. They have shown these compounds could
successfullynhibit the virus spike proteins. In the presemtrk, we seek to study this type of
interaction with the mentioned herbal compounds.

2. Materials and Methods

2.1. Protein preparation

SARSCoV-2 spikereceptorbinding domainRBD) crystalstructure (PDBID: 6M0J)
was obtained from the protein data bank. The protein preparation wizard module was applied
to prepare the crystal structure; missing loops and side chains were fixed usingaBdimg
hydrogens to amino acigsreating disulfide bnds between sulfur atorrend deleting water
molecules within 3.00 A distance of HET groups were performed for this purpose.
Undetermined groups such as hydroxyl and amides in Asn and Glu amino acids need to orient
by optimization. The PROPKA was usedpH 7.00 to optimize protonation states of amino
acid residues. Eventually, the spike structure was minimizesh@PLS3 force field

2.2. Ligand preparation

The structure of natural products present in essential oil and extraction of desired plants
was awnloaded from PubChem (https://pubchem.ncbi.nlm.nih.gov) and Spectra Base
(https://spectrabase.com/compound). More than 320 compounds were preparetheising
LigPrep module of Maestro 10.2 suite 2015. The initial 2D compounds were changed to 3D
ones At most 5 conformes of each compound were created, as well as the molecules were
desalted. At the end dhe process, entire compounds were minimized utilizing the OPLS3
force field.

2.3. Molecular docking

Molecular docking of entire compoundsscarried out with Glide of Maestro 10.2 in
flexible ligand mode. At first, the prepared ligands were docked using SP (standard precision)
option Redocking 10% of hit posewsas performed using XP (extra precision) as a more
accurate docking procedure. Ewaaity, the results of molecular docking are expressed as
Kcal/mol.

2.4. Grid generation

The ative binding site othe SARSCoV-2 spike structure was formed around amino
acids including lle 472, Lys458, Asp467, Gly474, Arg457, and Ser459 using Glidesstrivla
suite 2015. First of all, the ACE2 boundedhie SARSCoV-2 Spike was removed, then the
grid box was created in the binding position. Validating of active site was evaluated at

https://biointerfaceresearch.com/ 12918


https://doi.org/10.33263/BRIAC115.1291612924
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC115.1291612924

coordinates of (X:38.48, Y: 42.50, Z: 13.48), and grid spacing of ¥X,Z: 20 A) utilizing
site map tool.

3. Results and Discussion

In this study,the inhibitory effect of compounds in the extracts and essential oils of
Zingiber officinale Glycyrrhiza glabra Sambucus nigraPanax ginsengOcimum basilicum
andOriganum vulgareagainst the SARE0V-2 Spike RBD crystal structure (PDBID: 6M0J)
was investigated using molecular modeling. Extra precision (XBjyedchrédinger maestro
suite (version 11.8, 2018) was utilizeat molecular docking validation. The ordafrstrength
of binding was as follows: Floralginsenoside B> Floralginsenoside E > Cy&iditinoside
> Floralquinquenoside D > Floralginsenoside C > Floralginsenoside F > Ga&ngfinoside.

The top 7 ligand molecules with their docking score aifiéreént interactions with
amino acids of the SARS0V-2 spike RBD pocket are listed Trable 1. Interactions between
the active compounds and the recefitioiding domain were shown in Figsre-7.

In 2020, Sruthi Unnket al. worked onthe binding affinity of some approved drugs
against Spike protein of human SARSV-2 and reported Doravirine, Hetacillin, Ketoprofen,
and Mefloquine as hit molecules due to their good binding affinity to the active gitSpike
binding domain[27]. In Table 1, as shown, Floralginsenoside B, Floralginsenoside E,
Cyanidin3-rutinoside, Floralquinquenoside D, and Floralginsenoside C with docking score >
-7.3 showed high binding affinity more than hit molecules reported by Sruthidtahi

Table 1. Glide docking energy of top seven compounds against the C&¥IEceptoibinding domain.

No. Name Docking score Glide e model Important AA
(Kcal/mol)

1 Floralginsenoside B -8.618 -58.540 Cys480, Gly482, Glu465, Asp467

2 Floralginsenoside E -7.540 -66.927 Glud71, Ser459, Arg466, Arg457,
Asp467

3 Cyanidin3-rutinoside -7.468 -68.849 Ser459, Glu465, Glu471,Ser469,
Arg454, Arg457

4 Floralquinquenoside D -7.452 -60.126 Asn481, Serd59, Arg457, Glu465,
Glu4d71, lled72, GIn474

5 Floralginsenoside C -7.337 -50.924 Glu465, Gly482, Thr470, Glu471

6 Floralginsenoside F -6.981 -48.417 Cys480, GIn474, Arg457, Glu465,
Glud71, Gly482

7 Galangin3-rutinoside -6.313 -57.362 Lys458, Ser4d59, Glu465

(A

Figure 1. The binding pose of the recepfoinding domairi Floralginsenoside B complefA) 3D interaction
(B) 2D interaction. Th&D interaction map indicates the importaof theinvolved amino acid in the binding
pocket.
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Floralginsenoside B (essential oils Banax ginsengwith a docking scoreof -8.61
Kcal/mole indicated high binding affinitthan other compounds against the SAR8V-2
Spike RBD. Docking analysis showed that this compound interacts with active pootteeses
of 6M0J mainly through hydrogen bonds with GIn474, Cys 480, Gly 482, Glu465, and Asp467
(Figurel).

Floralginsenoside E (essential oilsRdnax ginsengshowed a binding score 6f.54
Kcal/mole with the formation of six #Honds with Glu471, Ser 45%rg466, Arg 457, and
Asp467 Figure?2).

Docking results of Cyanidi3-rutinoside (essential oils &ambucus nigedepict that
this compound with the docking scei®46 Kcal/mole interacts with the binding pocket 6M0J
through hydrogen bonds as well'as and” -cation interactions. Amino acid residues Ser459,
Glu465, Glu471, and Ser469 establish hydrogen boundthighlcompoundand amino acid
residues Arg 454as well as Arg 45&stablish g and pcation interactionsHigure 3).

R — 25

Figure 2. The binding pose of the receptoinding domairi Floralginsenoside E complefA) 3D interaction
(B) 2D interaction. Th&D interaction map indicates the importanf theinvolved amino acid in the binding
pocket.
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Figure 3. The binding pose of theeeptorbinding domairi Cyanidin-3-rutinoside complextA) 3D
interaction (B) 2D interaction. The2D interaction map indicates the important involved amino acid in the
binding pocket.

Floralguinquenoside D (essential oilsRdnax ginsengindicated the docking score
7.45 Kcal/mole. This compound interacts with active site resiofu&sl0J through 9 hydrogen
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bonds with amino acid residues Asn 481, Ser 459, Arg 457, Glu 465, Glu 471, lle 472, and GIn
474 Figured).
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Figure 4. The binding pose of the receptoinding dom
interaction (B) 2D interaction. The2D interaction map indicates the important involved amino acid in the
binding pocket.

The analysis of docking interactions of FloralginsenosidesSential oils oPanax
ginseng with binding score-7.33 Kcal/mole evealed that the major interactions involve
hydrogen bonds with amino acid residues Glu 465, Gly 482, Thr 470, and GlEigTtE5).
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Figure 5. The binding pose of the recepfoinding domairi Floralginsenoside C complefd) 3D interaction
(B) 2D interaction. The2D interaction map indicates the important involved amino acid in the binding pocket.

Figure 6 depicts-loralginsenoside F's interamtis (essential oils oPanax ginseny
with the binding pocket of 6MOJSummarizing the interactions between the amino acid
residues of 6M0J and Floralginsenoside F, Cys 480, GIn 474, Arg 457, Glu 465, Glu 471, and
Gly 482 were found to be the most frequieydirogen bounds.

Galangin3-rutinoside with docking score5.31 Kcal/mole interact with active site
residues of 6M0J mainly through hydrogen borkisino acid residues Glu 465, Ser 458¢a
Lys458play amajor role in docking interactiorfrigure 7).
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Figure 6. The binding pose of the recepfoinding domairi Floralginsenoside F complefd) 3D interaction
(B) 2D interaction. The2D interaction map indicates the important involved amino acid in the binding pocket.

Figure 7. The binding pose of the recepfoinding domairi Galangin3-rutinoside complexA) 3D
interaction (B) 2D interaction. The2D interaction map indicates the important involved amino acid in the
binding pocket.

4. Conclusions

The Xray structure of the ACEdinding domainof SARSCoV-2 and effective
compounds in the extracts and essential oilZiofyiber officinale Glycyrrhiza glabra
Sambucus nigraPanax ginsengOcimum basilicummandOriganum vulgarevere utilized for
docking studies to retrieve natural lead compounds. Finally, 7 ligand molebelesg to the
extracts and essential oilsdinax ginsengndSambucus nigreshowed good binding affinity
against the SARE0V-2 spike RBD pocket and were chosen as hit compobaded on the
consensus scoring function. From the overall analyses, we can conclude that the extracts and
essential oils oPanax ginsengould be introduced as promising COVID inhibitors.
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