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Abstract

Coronavirus disease 2019 (COVID-19) is a human disease caused by SARS-CoV2 becomes a serious health threat after infected more than 6 million
people globally. The virus enters the host cell through an S protein on its surface and begins its life cycle with the help of a key protein, MPro. On the
other hand, several bioactive from Ginger have been reported for their antiviral properties, but few studies related to COVID-19. This study aims to
pursue the potential of a few bioactive compounds from Ginger as anti-SARS-CoV 2 from their interaction to spike and Mpro protein. Gingerenone
A, gingerol, geraniol, shogaol, zingiberene, zingiberenol, and zingerone were used as ligand to be docked with S protein and MPro. Drug-likeness
properties also evaluated using SwissADME. Gingerenone A constantly gave the lowest binding energy compared to others both with S or MPro.
However, gingerol, geraniol, shogaol, zingiberene, zingiberenol, and zingerone could interact with key residues responsible for MPro catalytic
domain, while geraniol, shogaol, zingiberene, zingiberenol, and zingerone could interfere S-ACE2 binding shape and increase its binding energy. The
drug-likeness analysis also revealed that all of the analyzed compounds have no violation of Lipinski’s Rule of 5. In conclusion, gingerol, geraniol,
shogaol, zingiberene, zingiberenol, and zingerone from Ginger have good potential as antiviral agents with good oral bioavailability and flexibility.
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Introduction

The world is facing one major health threat, namely
COVID-19. The pandemic was caused by the SARS-
CoV2 virus which was first identified in Wuhan, China
(Wang et al.,, 2020). The number of positive cases
continues to grow every day, reaching more than 6
million infected people spread in more than 200 countries
(https://covid19.who.int/). Indonesia has a total of 27,549
cases (update June 6, 2020) and is predicted to grow over
time (https://covid19.go.id/). With this crisis, there is an
urgent to develop an agent to drive the COVID-19
outbreak.

The Spike (S) protein is one of SARS-CoV2’s protein
responsible for viral entry during the infection process
(Walls et al., 2020). It will bind with Angiotensin-
Converting Enzyme 2 (ACE2) receptor from the host cell
to create a suitable habitation for viral replication (Walls
et al., 2020). Due to its important role, several drug
development used S protein as a target to prevent the
disease (Tu et al., 2020; Xia et al., 2020). Main Protease
(MPro) is also one of the essential enzymes during viral
replication. This protein is accountable for processing the
poly-proteins ppla and pplab into established non-
structural protein as a part of the replication/transcription
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complex (Hilgenfeld, 2014). Thus, targeting MPro also
promising to combat COVID-19 (Bz6éwka et al., 2020).
Natural-derived compounds constantly become a
worthy therapeutic alternative against several diseases,
including viral infection. Herbal exploration continually
performed, also in order to diminish coronavirus-related
disease (Islam et al., 2020; Li et al., 2005). Ginger
(Zingiber officinale) as a well-known herbal plant has a
proper candidate because it has a lot of biologically active
compounds. It has been shown to provide antioxidant,
anti-inflammatory,  anticancer, and  antimicrobial
activities, and the potential as antiviral component (Mao
et al.,, 2019; Rasool et al., 2017). Therefore, this study
was designed to search for the possibility of antiviral
properties of Ginger in counteracting SARS-CoV 2
infection base on ligand interaction to spike and MPro
protein. In silico test was carried out on active compounds
of Ginger plants by docking on S protein and MPro.
Therefore, it is expected that several active compounds
from Ginger are able to block the S protein from binding
to the ACE2 receptor or perform as an inhibitor for MPro.

Methods

Data Mining/Ligand and Protein Sampling

The crystallized structures of Spike (S) and ACE2
protein with protein data bank identifier (PDB 1D) 6M0J
and MPro Protein (PDB ID: 6LU7) were taken from
RSCB PDB (https://www.rcsh.org/). Seven active
compounds from Ginger which used as ligands were
retrieved from ChemSpider with certain ChemSpider
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identifier (CSID) and also their abbreviation, i.e.
Gingerenone A (GGR, CSID: 4445088), Gingerol (GGO,
CSID: 391126), Geraniol (GRO, CSID: 13849-989),
Shogaol (SGO, CSID: 4445106), Zingiberene (ZBR,
CSID: 83751), Zingiberenol (ZBO, CSID: 30771649),
Zingerone (ZGR, CSID: 28952), and Remdesivir (RDV,
CSID: 58827832). Protein structures were downloaded in
.pdb format, while ligands were downloaded as .mol
format.

Ligand Selection and Drug Likeness Characterization

Seven active compounds from Ginger were chosen
based on KNApSAcK database
(http://www.knapsackfamily.com/). Drug likeness was
defined based on SwissSADME physicochemical
properties, including molecular weight, LogP value, and
number of H-bond donor, H-bond acceptor, rotatable
bond, and Total Polar Surface Area (TPSA) (Daina et al.,
2017).

Molecular Docking

Proteins were prepared using Discovery Studio
version 16 (Dassault Systemes BIOVIA, 2015) to remove
previous attached ligand, while ligands were prepared
using Open Babel integrated in PyRx 8.0 (Dallakyan &
Olson, 2015) to minimize its energy and convert it into
.pdb  format. Molecular docking simulation was
performed using Hex software (Macindoe et al., 2010)
with Shape+DARS for correlation type and other
parameters remain default.

Virtual prediction analysis and visualization
Protein-ligand complexes from docking step were
analyzed and visualized using Discovery Studio. Site of
interaction was analyzed based on ligand-residue
interaction and structure conformation. RDV also docked
with MPro to compare the binding affinity of seven active

compounds used in this study according to previous
research (Cheng & Li, 2020).

Results

Drug Likeness Properties

All of analyzed compounds have good potential as
drug candidates, given the suitability with Lipinski's rule
of 5 (LRO5) (Tab. 1). There were no unsuitability in
terms of molecular weight, LogP value, number of H-
bond donor and acceptor, number of rotatable bond, and
TPSA value. These properties explained that seven active
compounds from Ginger have good permeability and
flexibility as drug candidates to perform their biological
activities.

Ligand Potency as Inhibitor of MPro

The docking results between seven active Ginger
compounds were shown in Table 2. RDV seems to have
the lowest energy compared to analyze compounds. GGR
has the lowest binding energy compared to six other
compounds, but still higher than RDV. Figure 1 showed
the differences in the interacting site of each compound.
Of the 6 active compounds include GGO, GRO, SGO,
ZBR, ZBO, and ZGR appear to interact in a similar site.
However, only GGR appears to interact on different sites
compared to other compounds.

Although GGR has the closest binding energy with
RDV, both ligands did not interact similarly. None of the
interacted residues in MPro-GGR and MPro-RDV has
shared in the same residues (Tab. 3). Nevertheless, some
amino acids were shared in GGO, GRO, SGO, ZBR,
ZBO, and ZGR complexes with MPro, especially His 164
(Tab. 3). Nonetheless, further studies required confirming
the potency of GGO, GRO, SGO, ZBR, ZBO, and ZGR
in inhibiting MPro.

Table 1. The potential value of Ginger active compounds as medicinal substance

GGR GGO GRO SGO ZBR ZBO ZGR
Mol. weight (g/mol) 356.41 294.39 154.25 276.37 204.35 222.37 196.24
Log P 3.65 3.13 2.74 3.76 4.46 378 1.86
H-bond donor 2 2 1 1 0 1 1
H-bond acceptor 5 4 1 3 0 1 3
Rotatable bonds 9 10 4 9 4 4 4
TPSA 75.99 A2 66.76 A2 20.23 A2 46.53 A2 0.00 A2 20.23 A2 46.53 A2

Figure 1. Visualization of MPro complexes with bioactive compounds from Ginger or RDV. Yellow spheres points the interaction site of each ligand
in MPro. Blue ribbons denote the proteins, while yellow spheres are the ligands. In an ordered manner, alphabet A-H represent GGR, GGO, GRO,

SGO, ZBR, ZBO, ZGR, and RDV, respectively.
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Ligand Potency as Inhibitor of Spike Protein-ACE2
Receptor Complex

Similar to MPro binding energy results, GGR also
showed the lowest binding energy compared to the other
six compounds (Tab. 2). Although this energy relatively
higher than the S-ACE2 complex, several compounds
could reduce the ability of S protein to interact with
ACE2 after bounded with the compounds. Those
compounds are GRO, SGO, ZBR, ZBO, and ZGR. The
energy required for S protein to interact with ACE2 was
higher after bounded with GRO, SGO, ZBR, ZBO, or
ZGR compared to S-ACE2 complex without ligand (Tab.
2). This result suggested that GRO, SGO, ZBR, ZBO, and
ZGR have a good potency to prevent viral entry during
SARS-CoV?2 infection.

Complex structure visualization revealed that every
ligand performs a similar binding site, except for ZBR
(Fig. 2E). From the interacted residues, ZBR also bound
with different amino acids compared to other compounds
(Tab. 3). To understand the effect of GRO, SGO, ZBR,
ZBO, and ZGR to prevent S-ACE2 interaction, we also
executed a structural comparison of S-ACE2 complex
with and without ligand bounded with S protein. After S
protein docked with GRO, SGO, ZBR, ZBO, or ZGR, the

formed complexes then docked again with ACE2. Figure
3A and 3G represent the initial form of S-ACE2 complex
without the presence of ligand at 0° and 180° angle,
respectively. After S protein bounded with GRO, SGO,
ZBR, ZBO, or ZGR, the structure orientation either S
protein or ACE2 shifted into another way (Fig. 3 B, C, D,
E, F, H, I, J, K, L). The detail about interacted residues
can be seen in supplementary table 1. These results
revealed that GRO, SGO, ZBR, ZBO, or ZGR able to
inhibit S-ACE2 complex formation during viral infection.
Advanced studies still needed to confirm those
mechanisms.

Table 2. Binding energy of analyzed ligands interacted with targeted
proteins

Ligand Binding Energy (kcal/mol)
Mpro S S-Ligand-ACE2

GGR -301.2 -289.9 -747.4
GGO -282.9 -282.9 -767.0
GRO -192.7 -177.0 -714.3
SGO -257.0 -250.8 -731.2
ZBR -234.5 -218.4 -714.9
ZBO -227.1 -204.5 -699.2
ZGR -208.1 -191.9 -684.6
RDV -340.2 - -
ACE2 -745.4

IR RN
LR R

Figure 2. Visualization of S protein complexes with seven bioactive compounds from Ginger. Yellow spheres points the interaction site of each
ligand in S protein. Blue ribbons denote the proteins, while yellow spheres are the ligands. In an ordered manner, alphabet A-G represent GGR, GGO,

GRO, SGO, ZBR, ZBO, and ZGR, respectively
A I. B ' C '
G‘ H' l‘

444
s4s

Figure 3. Structural orientation of S-ACE2 (A,G), S-GRO-ACE2 (B,H), S-SGO-ACE2 (C,I), S-ZBR-ACE2 (D,J), S-ZBO-ACE2 (E,K), and S-ZGR-
ACE2 (F,L). Alphabet A-F showed structural orientation at 0° angle, while G-L at 180° angle. Red shape and blue shape represent S protein and

ACE2, correspondingly.
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Table 3. Interacting residues in MPro and S Protein with ginger bioactive compound

(Type of Interaction) Interacting Residues

Protein

GGR GGO GRO SGO ZBR ZBO ZGR RDV
MPro (VW) Lys5 (VW)  Leu27 (VW) Thr2s (HP)  His41l (VW) Thr25 (HP)  His4l (VW) His41 (UF)  GIn107
(HP)  Tyr126 (VW)  His41l (HB) Thr26 (HP)  Met49 (VW) Thr26 (HP)  Met 49 (VW)  Met 49 (ES)  Pro108
(VW)  GlIn 127 (VW)  Tyr54 (VW)  Leu27 (VW) Tyr54 (HP)  Leu27 (VW)  Phe 140 (VW)  Phe 140 (HB)  Gly 109
(VW) Cys128 (VW)  Phe 140 (HP)  His4l (VW) Cys 145 (VW)  His41l (VW)  Leu141 (HB)  Leu14l (ES)  GIn110
(VW) Arg131 (VW)  Leu141 (VW)  Phe 140 (VW)  His 164 (VW)  Met 49 (VW)  Asn 142 (VW)  Asn 142 (ES)  Pro132
(HP)  Lys137 (VW)  Asn 142 (HB)  Leu141 (HP)  Met 165 (VW)  Phe 140 (VW) Gly 143 (VW) Gly 143 (HB)  Phe 143
(VW) Gly 138 (VW)  Gly 143 (VW)  Asn 142 (VW)  Glu 166 (HP)  Leu14l (VW)  Ser 144 (UF)  Ser144 (HB)  Thr198
(VW)  Ser139 (VW)  Ser144 (VW) Gly 43 (VW)  Leu 167 (VW)  Asn 142 (HP)  Cys145 (HB) Cys145 (HB)  lle 200
(VW)  Thr199 (HP)  Cys145 (VW)  Ser144 (HP)  Pro 168 (VW) Gly 143 (HB)  His 163 (HB)  His 163 (ES)  Val 202
(VW) Val 204 (HB) His 163 (HP)  Cys 145 (VW)  Asp 187 (VW)  Ser144 (VW) His 164 (VW) His 164 (HB)  Asn 203
(HB)  Tyr239 (VW)  His 164 (HP)  His 163 (VW) Arg 188 (HP)  Cys145 (VW)  Met 165 (VW)  Met 165 (ES)  Glu 240
(HP)  Leu 286 (HB)  Met 165 (HB)  His 164 (VW) GlIn 189 (HP)  His 163 (VW)  Glu 166 (VW)  Glu 166 (HB)  Pro241
(VW)  Leu 287 (HB)  Glu 166 (VW)  Met 165 (VW)  Thr190 (VW)  His 164 (HP)  His172 (VW)  His 172 (HB)  Thr243
(VW)  Glu 288 (VW)  His 172 (VW)  Glu 166 (VW)  Ala191 (VW)  Met 165 (VW) Arg 188 (VW)  Asp 187 (HB)  Asp 245
(VW)  Asp 289 (HB)  His172 (VW)  GIn 192 (VW)  Glu 166 (VW)  GIn 189 (VW) Arg 188 (VW)  His 246
(VW)  Glu 290 (VW)  His172 (VW) GIn 189 (ES) e 249
(HB)  Thr292
(ES)  Phe 294
(ES) Pro 298
Spike (HP)  Leu335 (VW)  Leu335 (VW) Cys 336 (VW)  Phe 338 (VW)  Ser 375 (HP)  Phe 342 (VW) Gly 339 - -
(HP)  Cys 336 (UF) Cys 336 (VW)  Phe 338 (HP)  Phe 342 (UF)  Thr376 (VW)  Asn 343 (HB)  Phe 342
(HP) Phe 338 (HP) Pro 337 (VW) Gly 339 (VW)  Asn 343 (VW)  Tyr380 (VW) Ala344 (VW)  Asn 343
(VW) G|y 339 (VW) Phe 338 (HP) Phe 342 (VW) Ala 344 (VW) Gly 404 (VW) Thr 345 (HP) Phe 347
(HP)  Phe 342 (VW)  Gly 339 (VW)  Asn 343 (VW)  Phe 347 (VW)  Val 367
(VW)  Asn 343 (VW)  Glu 340 (VW) Thr345 (VW) Aspd05  n\y)  ger37a (VW)  Leu 368
(VW)  Ala 363 (VW)  Phe 342 (VW) Val 367 (HB)  Val 367 (HP)  Val 407 (HP)  Phe 374 (VW)  Ser371
(HB) Asp364 (VW) Asn343 (HP)  Leu368  (4py Leuzes  (HP) Arg408  (4p) Trp436 (HB)  Ser373
(HB)  Val 367 (VW)  Val 362 (VW) Ser3rl (VW)  Ser37i (VW)  GIn 409 (HP)  Leu441 (HP)  Trp436
(HP)  Leu 368 (VW)  Ala363 (VW)  Ser373 (VW)  Ser373 (VW) lle 410 (VW)  Arg 509
(UF) Leu 368 (UF) Asp 364 (HP) Phe 374 (HP) Phe 374 (HP) Ala 411
(VW)  Ser371 (VW)  Val 367 (HP)  Trp436 (HP)  Trp 436 (VW) GIn414
(VW)  Ser373 (HP) Leu 368 (VW)  Val 433
(VW)  Phe 374 (VW)  Ser37l (VW) Asn 440
(HP)  Trp 436 (VW)  Ser373 (HP)  Leud4l (VW) Ala435
(HP)  Leu44l (VW)  Phe 374 (VW)  Arg 509 (HP)  Vval503
(VW)  Gly 504

(VW)  Tyr508

Note: ES = Electrostatic; HB = Hydrogen Bond; HP = Hydrophobic; UF = Unfavourable bond; VW = Van der Waals
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Discussion

Physicochemical properties strongly correlated with
drug-likeness of a compound to perform a certain
biological activity and it was properly guided with LRO5.
Compound with no violation of LRO5 will give good oral
bioavailability and fit drug absorption, distribution,
efficacy, metabolism, and excretion (ADME) regulation
(Lipinski, 2004). Referring to LRO5, a compound will
adequate to drug-like molecule if it has a molecular
weight less than 500 g/mol, a logP value no more than 5
which represents hydrophobicity characters, number of H-
bond donor less than 5, and H-bond acceptor less than 10
sites. Further, the number of rotatable bonds less than 10
will provide molecule flexibility, while TPSA value less
than or equal to 140 A provides good permeability and
bioavailability (Chagas et al., 2018). Regarding those
rules, all of the analyzed compounds from Ginger have
acceptable to perform respectable drug-likeness
properties.

Several drugs used the MPro enzyme as a target to
inhibit polyprotein processing during viral RNA
translation (Bzéwka et al., 2020; Dai et al., 2020; Joshi et
al., 2020; Zhang et al., 2020). MPro of SARS-CoV2 has
three domains with an active site in the middle of domain
I and domain II. It has a close similarity to SARS-CoV’s
MPro with catalytic residues located in His 41-Cys 145
(Gurung et al., 2020). Among several residues in those
active sites, Cys 145 could be bounded by GGO, GRO,
SGO, ZBR, ZBO, and ZGR (Tab. 3). However, RDV
didn’t appear to be bounded to the active site of MPro,
suggesting that active compounds from Ginger have
better potency as an MPro inhibitor to prevent its catalytic
activity.

S protein is the main mediator of SARS-CoV2 to
interact with the host’s ACE2 so it can enter the host cells
(Walls et al., 2020). A region called Receptor Binding
Domain (RBD) is the main region that can interact
directly with ACE2, with few residues contained in
Receptor Binding Motif (RBM) inside of RBD (Shang et
al., 2020). Some key residues in RBM such as Leu 455,
Phe 456, Ser 459, GIn 474, Ala 475, Phe 486, Phe 490,
GIn 493, and Pro 499 turn as key residues to bind with
ACE2 (Yi et al., 2020). Even though all of the analyzed
active compounds weren’t bind with those residues (Tab.
3), the presence of those compounds could interfere
binding form of S-ACE2 (Fig. 3). Additionally, some key
residues of S-ACE2 binding complex weren’t find after S
protein bound with the GRO, SGO, ZBR, ZBO, or ZGR
(supplementary table 1). This was designate that GRO,
SGO, ZBR, ZBO, and ZGR have a possibility to prevent
SARS-CoV?2 infection.

In conclusion, GGR, GGO, GRO, SGO, ZBR, ZBO,
and ZGR have good oral bioavailability and flexibility
according to drug-likeness prediction using SwissADME.
Among seven analyzed compounds, GGO, GRO, SGO,
ZBR, ZBO, and ZGR are the best candidates which could
interact with key residues in MPro, while GRO, SGO,
ZBR, ZBO, and ZGR could interfere S-ACE2 complex
formation, suggesting their potential as antiviral
substances.
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