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Abstract

The available drugs against coronavirus disease 2019 (COVOD-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), are limited. This study aimed to
identify ginger-derived compounds that might neutralize SARS-CoV-2 and prevent its
entry into host cells. Ring compounds of ginger were screened against spike (S) protein of
alpha, beta, gamma, and delta variants of SARS-CoV-2. The S protein FASTA sequence
was retrieved from Global Initiative on Sharing Avian Influenza Data (GISAID) and
converted into “.pdb” format using Open Babel tool. A total of 306 compounds were
identified from ginger through food and phyto-databases. Out of those, 38 ring
compounds were subjected to docking analysis using CB Dock online program which
implies AutoDock Vina for docking. The Vina score was recorded, which reflects the
affinity between ligands and receptors. Further, the Protein Ligand Interaction Profiler
(PLIP) program for detecting the type of interaction between ligand-receptor was used.
SwissADME was used to compute druglikeness parameters and pharmacokinetics
characteristics. Furthermore, energy minimization was performed by using Swiss PDB
Viewer (SPDBV) and energy after minimization was recorded. Molecular dynamic
simulation was performed to find the stability of protein-ligand complex and root-mean-
square deviation (RMSD) as well as root-mean-square fluctuation (RMSF) were calculated
and recorded by using myPresto v5.0. Our study suggested that 17 out of 38 ring
compounds of ginger were very likely to bind the S protein of SARS-CoV-2. Seventeen out
of 38 ring compounds showed high affinity of binding with S protein of alpha, beta,
gamma, and delta variants of SARS-CoV-2. The RMSD showed the stability of the complex
was parallel to the S protein monomer. These computer-aided predictions give an insight
into the possibility of ginger ring compounds as potential anti-SARS-CoV-2 worthy of in
vitro investigations.
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Introduction

During 2002—2004 and 2012, two emerging zoonotic diseases, namely severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome (MERS), emerged in humans causing
respiratory syndrome [1]. These respiratory diseases are major public health concerns of the 21st
century [2]. In late 2019, a new type of coronavirus (severe acute respiratory syndrome
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coronavirus 2, SARS-CoV-2) emerged in Wuhan, China, causing severe viral pneumonia [1].
More than 6.7 million individuals have died from COVID-19 as of 1 February 2023 [3]. The
presence of the virus is abundant in various epithelial tissues, especially in respiratory cells,
cardiac cells, and cholangiocytes, where it is found to interact with several host proteins [2].

SARS-CoV-2 is genetically different from other viruses but has 80% similarity to severe acute
respiratory syndrome coronavirus 1 (SAR-CoV-1) and 96.2% similarity to bat coronavirus [2].
During the COVID-19 pandemic, multiple mutations appeared in the SARS-CoV-2 genome, and
the main variants changed over time [4]. It develops into severe infection consequentially leading
to lung injuries with no precise preventive and therapeutic options. There are some variants of
concerns (VOC) of SARS-CoV-2 including alpha, beta, delta and gamma commonly referred to as
20I, 20H, 20J, and 21A clades, respectively (Pango lineage-B.1.1.7, B.1.351, P.1 and B.1.617.2),
which had been reported having high fatality [2]. Alpha, beta, delta, and gamma variants are more
dangerous than the wild-type in terms of morbidity, ICU admission, hospitalization, and
mortality [5].

The genome of SARS-CoV-2 encodes 29 proteins. Spike (S) protein is highly conserved
among all human coronaviruses and it is found to be involved in various functions including
receptor recognition, viral attachment, and host cell entry [5]. S protein functions in the form of
trimer, having S1 and S2 subunits containing receptor binding protein (RBD) which in turn binds
with angiotensin converting enzyme - 2 (ACE-2) — a crucial cellular receptor abundantly present
in epithelial cells of numerous organs [6]. S2 subunit is considered as highly conserved in SARS-
CoV-2, hence can be targeted as antiviral drug target [7]. S protein is synthesized as monomer on
the host ribosome in cytoplasm of human epithelial cell [4]. Then the monomer attains tertiary
structure. If a drug-like molecule is bind to S proteins before the assembly, it may alter their
structure, leading to impaired function of S protein.

There are limited treatments that have been demonstrated to be effective against COVID-19
[3]. The development of effective intervention strategies is dependent on understanding of the
molecular and cellular mechanisms of SARS-CoV-2 infections, highlighting the importance of
studying virus—host interactions at the molecular level [8]. The discovery of SARS-CoV-2 and
other coronavirus protein interactions will aid future preparedness and tactics to coronavirus
infections [9,10].

Ginger (Zingiberales) is being cultivated for ornamental and medicinal purposes. Moreover,
it has been used for centuries as spice [11]. Ginger is an essential component of Indian [12] and
Chinese Traditional Medicine [13]. Ginger has been used to treat ailments caused by cold and
damp weather. It has also been used as a digestive aid and antinausea remedy, as well as to treat
bleeding disorders, rheumatism, baldness, toothache, snakebite, common cold, cough, fever, and
respiratory conditions [14]. The curative effect of ginger is attributed to their drug-like molecules
individually or probably synergistically [15]. Hence, we hypothesized that the drug-like molecules
of ginger may be involved in interaction with S protein monomer. To determine that, we
formulated the present in silico study, in which we examined the possibility of drug-like
compound of ginger and its interaction with S protein monomers of all four variants of SARS-
CoV-2 through molecular docking.

Methods

Data source

To obtain proteins of alpha, beta, delta and gamma of SARS-CoV-2, NCBI and GISAID databases
were accessed [16-19]. Initially, VOC were obtained from GISAID and then S protein sequence
was retrieved from NCBI [20]. Clades of VOC were reconfirmed using Nextstrain [21].

GISAID

All whole genome sequences of alpha, beta, delta and gamma SARS-CoV-2 variants were obtained
from GISAID by adding specific filters [22]. To obtain SARS-CoV-2 alpha variant, the “VOC alpha
202012/01 GRY (B.1.1.7) first detected in UK” filter was used, retrieving the most suitable
sequence (GISAID ID-EPI_ISL_2803305) [23, 24]. Similarly, beta, gamma, and delta variant
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was retrieved from GISAID database using “VOC beta GH/501Y.V2 (B.1.351) first detected in
South Africa” (GISAID ID-EPI_ISI,_2803657); VOC gamma GR/501Y.V3 (P.1) first detected in
Brazil/Japan”  (GISAID  ID-EPI_ISL_2803309); and “VOC delta G/478K.V1
(B.1.617.2+AY.1+AY.2) first detected in India” (GISAID ID-EPI_ISL_2803744) filters,
respectively [25].

NCBI and Nextclade

After retrieving the sequences from GISAID database, each sequence was run on NCBI BLAST to
obtain the respective FASTA sequences of S proteins [19]. The FASTA sequences for alpha, beta,
delta and gamma were downloaded using GenBank ID: QVW40780.1, QVV20437.1, QTY51296.1,
QWO021405.1, respectively [26]. Each sequence obtained from NCBI was run on Nextclade to
determine they were originally present in the respective clades (i.e., 20I-a, 20H-[3, 20J-y and 21A-
6) [27]. The FASTA sequences obtained from NCBI were used to develop the “.pdb” format of S
protein using Open Babel program (version: 2.4.1) [28, 29].

Druglikeness and ginger compounds selection

To obtain the ginger ring compounds various databases were surveyed including FooDB,
FoodComEx, Exposome explorer, PhytoHub, FoodData Central, and Food Composition
databases [30]. From 306 ginger compounds, 38 ring containing molecules were selected and
enlisted to acquire unique canonical SMILES using PubChem database [31, 32]. Further,
SwissADME was used to compute absorption, distribution, metabolism, and excretion (ADME)
parameters, pharmacokinetic characteristics, and drug-like performance [33, 34].

Compounds were further screened with following five criteria: (i) high gastrointestinal
absorption; (ii) bioavailability score > 0.5; (iii) lipophilicity (octanol-water partition coefficient,
Ko/w) < 5.0; (iv) solubility in water; and (v) not violating any Lipinski’s rule [18, 35-37]. Based on
above criteria, only 19 compounds were further studied. L-tyrosine also fits in the above criteria
but it was not used for downstream works because it was commonly and abundantly available in
many food types [38].

Compounds canonical SMILES were used to obtain 3D structure coordinates in “.pdb”
format using Open Babel program (version 2.4.1) in order to perform the docking analysis of
targeted S protein with filtered ginger compound ligands [39].

Molecular docking

Molecular docking was performed using CB Dock server adopting blind approach [40, 41]. CB
Dock was exploited to predict the ligand binding sites to S protein monomer (further in text called
as S protein) [42]. The program exploits the local topographies of protein-ligand docking process
which automatically recognizes binding sites, analyses the center and size, customizes docking
box size according to query ligands, and then execute molecular docking with AutoDock Vina
[43].

The docking process uses curvature-based cavity detection approach, hence improving the
accuracy of prediction [20, 44]. Suitability of a compound to be a good drug candidate, largely
depends on higher binding scores with the target protein. Higher binding scores are mostly based
on the function of (i) the number of amino acids involved in formation of binding sites; (ii) the
position and size of binding site; and (iii) the type of bonds or interactions involved (such as
covalent bond, hydrogen bond, hydrophobic interactions and other weak forces). By considering
the fact that if compound is able to bind with protein at or near to the native binding site, then it
can alter the native binding site and may not allow the native ligand to bind with protein [45].

Selection on the basis of binding affinity (Vina score) and number of amino
acids involved

Docking using CB Dock generated multiple protein-ligand complex models along with the amino
acid involved and the Vina score. The selection of the model was based on Vina score (binding
affinity) and the number involved amino acids (>20). This selection criteria were implemented
for each compound docked with each S protein (alpha, beta, gamma and delta) monomers.
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Selection of compounds based on the position of binding sites

Further, each compound-S protein complex model was visualized on the CB Dock to locate the
position of binding site. The compounds-S protein complex models with interactions located at
or near receptor-binding domain and/or N-terminal domain were selected. This was based on the
stipulation that if a compound binds at or near those part of S protein monomer, it will contribute
more in the alteration of native binding sites or formation of active trimer [46].

Selection on the basis of hydrogen bonds
At least one hydrogen bond involved in the interaction between the compound and protein was
set as criteria to select compounds-S protein complex models. In order to visualize the bonds each
protein-compound complex was uploaded to Protein Ligand Interaction Profiler (PLIP) server
webpage [47]. The hydrogen bonds were retrieved to observe the rigidity of the complex and
specificity to intermolecular interactions [48, 49].

Swiss PDB Viewer (SPDBV) and energy minimization calculation

The calculation of the energy of compound-S protein complex was subjected to Swiss PDB Viewer
(SPDBV V 4.1). Energy minimization was also performed for each complex to record the energy
from the most stable form [50, 51]. The minimized energy was compared with original force field
energy of the complex. This step aimed to evaluate the accuracy of molecular/atomic in the
compound-S protein complex generated through the molecular docking [52-54].

Molecular dynamic simulation and RMSD and RMSF calculation

Further, molecular dynamic studies were carried out to map structural divergence of compound-
S protein complex as compared to the original form (complex after docking) over time and; the
most mobile region/average molecular structure of the complex [55]. The root-mean-square
deviation (RMSD) and root-mean-square fluctuation (RMSF) were calculated. For RMSD and
RMSF, the calculations were performed on myPresto v5.0—a standalone software. During the
molecular dynamic simulation, Loop Limit of 5000 and Generalize Born method were made for
the Global minimization. Global Dynamics (molecular dynamic simulation) was performed with
molecular dynamic Loop Limit of 1,500,000, where the initial and constant temperatures were
set at 300° K and time — 2 femtoseconds. All of other parameters were kept as default [55].

Results

S gene nucleotide and S protein amino acid sequence

Nucleotide and amino acid sequences of alpha, beta, gamma and delta of S protein monomer were
obtained using NCBI database and GenBank and all the nucleotide sequences and corresponding
amino acid sequences IDs are enlisted in Table 1. In addition, these sequences were reversely
checked for their corresponding clades using Nextclade, which was also performed for the
identification of variation between individual sequence and Wuhan’s clade sequence (considered
as reference). The data fetched from Nextclade confirmed the clades. Number of mutations in
each variant is presented in Table 1.

Table 1. Confirmation of the nucleotide sequence based on Nextclade and the number of
mutations as compared with the Wuhan’s clade sequence

Nucleotide Amino acid FASTA Clade (Nextclade)  Number of mutations (Nextclade)
sequence ID (NCBD sequence [D(GenBank)

MZ368185.1 QVW40780.1 201 (Alpha) 38
MW963206.1 QVV20437.1 20H (Beta) 33
MZ294189.1 QWO021405.1 20J (Gamma) 27
MZ284870.1 QTY51296.1 21A (Delta) 33

Druglikeness and ADME evaluation
All the 19 selected compounds along with their respective SMILES and SwissADME-based
physiochemical properties are presented in Table 2.
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No Name of compound Canonical SMILES Physicochemical properties
Water Gastrointestinal ~ Lipinski Bioavailability =~ Consensus
solubility absorption score log Po/w
1 (R)-oxypeucedanin CC1(C(01)COC2=C3C=CC(=0)0C3=CC4=C2C=C04)C Moderately High Yes; o 0.55 1.85
soluble violation
2 (S)-[6]-gingerol CCCCCC(CC(=0)CCC1=CC(=C(C=C1)0C)0)O Moderately High Yes; 0 0.55 3.16
soluble violation
3 [6]-shogaol CCCCCC=CC(=0)CCC1=CC(=C(C=C1)0)0C Moderately High Yes; o 0.55 3.11
soluble violation
4 cis-[6]-shogaol CCCCCC=CC(=0)CCC1=CC(=C(C=C1)0)0C Moderately High Yes; o 0.55 3.76
soluble violation
5 Gingerenone C COC1=C(C=CC(=C1)CCC(=0)C=CCCC2=CC=C(C=C2)0)0 Moderately High Yes; 0 0.55 3.6
soluble violation
6 Methylisoeugenol CC=CC1=CC(=C(C=C1)0C)0OC Soluble High Yes; o 0.55 2.78
violation
7 p-coumaric acid C1=CC(=CC=C1C=CC(=0)0)O Soluble High Yes; o 0.85 1.26
violation
8 Xanthorrhizol CC1=C(C=C(C=C1)Cc(C)cCcc=C(C)O)O Moderately High Yes; o 0.55 4.34
soluble violation
9 Zingerone CC(=0)CCC1=CC(=C(C=C1)0)0C Soluble High Yes; o 0.55 1.37
violation
10 6-gingerol CCCCCC(CC(=0)CCC1=CC(=C(C=C1)0)0C)O Moderately High Yes; o 0.55 3.13
soluble violation
11 6-dehydroshogaol CCCCCC=CC(=0)C=CC1=CC(=C(C=C1)O0)0C Moderately High Yes; o 0.55 3.17
soluble violation
12 Ginger oleoresin COC1=C(C=CC(=C1)C=CC(=0)CC(=0)C=CC2=CC(=C(C=C2) Moderately High Yes; o 0.55 2.37
0)0C)0 soluble violation
13 Gingerenone A COC1=C(C=CC(=C1)CCC=CC(=0)CCC2=CC(=C(C=C2)0)OC) Moderately High Yes; o 0.55 2.93
(0] soluble violation
14 Gingerol CCCCCC(CC(=0)CCC1=CC(=C(C=C1)0)0C)O Moderately High Yes; o 0.55 2.43
soluble violation
15 Paradol CCCCCCCC(=0)CCC1=CC(=C(C=C1)0)0C Moderately High Yes; o 0.55 3.96
soluble violation
16 1-dehydro-(10) CCCCCCCCCC(=0)CC(=0)C=CC1=CC(=C(C=C1O)0OC Moderately High Yes; o 0.55 3.88
gingerdione soluble violation
17 17alpha-ethynylestradiol ~CC12CCC3C(C1CCC2(C#C)O)CCC4=C3C=CC(=C4)0 Moderately High Yes; o 0.55 3.04
soluble violation
18 Caffeic acid C1=CC(=C(C=C1C=CC(=0)0)0)O Soluble High Yes; o 0.56 0.93
violation
19 Zerumbone CC1=CCC(C=CC(=0)C(=CCC1C)(C)C Soluble High Yes; o 0.55 1.79
violation
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All the selected ginger ring compounds had high gastrointestinal absorption. Five out of 19 ginger
compounds (methylisoeugenol, p-coumaric acid, zingerone, caffeic acid, and zerumbone) were
suggested to soluble in water, while the 14 other compounds — moderately soluble in water. The
bioavailability score of the p-courmic acid was 0.85 and the others were > 0.55. The logarithm
of n-octanol/water partition coefficient (log Pow) is used as one of the standard properties
identified by Lipinski in the “rule of 5” for drug-like molecules. Based on predicted consensus of
log Pojuw, all 19 compounds were highly lipophilic. Out of these, 4 compounds were considered
ideal for good oral and gastrointestinal absorption: p-coumaric acid, zingerone, zerumbone, and
(R)-oxypeucedanin (Table 2).

Molecular docking of ginger compounds with S protein monomers of SARS
CoV-2 variants

Alpha, beta, gamma and delta variant S protein monomers were docked with 19 ginger ring
compounds. Selected compound-S protein complexes were analyzed for their Vina score, the
involved amino acids as well as the formation of hydrogen bond interaction. The docking results
for the docked ligand-protein complexes comprised of S protein monomers of alpha, beta, gamma
and delta variants are presented in Tables 3.

Table 3. Ginger ring compounds and monomer S protein complex shows the binding affinity and
amino acid interaction for each compound at receptor sites

S protein  Ligand Vina score  Interacting amino acids Amino acids
monomer (kJ/mol) * with H-bond
Alpha Gingerol -8 S172, L176, F175, V126, N121, N99, S94, E96

Y170, L226, V227, V120, E96, R102,
R190, I119, G103, 1128, 1203, W104,
S94, F192, 1101, S94, E96
Gingerenone C -9.5 Y170, 1128, 1119, W104, G103, R102, R190, S172
101, N99, E96, L176, F175, Q173,
V126, N121, 1203, V227, F194, 1226,
F192, R190, S172
6-paradol -8 L226, R190, V227, 1203, F192, L176, L246, L18
F175, 594, E96, F92, N99, V126, Y170,
N21, [128, 1101, [100, R102, 1119,
W104, V120, 1246, L18
6-dehydroshogaol -8.4 Q173, L176, S172, F175, N99, V126, N S94, R190
121, [119, L100, E96, R102, V120,
T101, L226, S94, V227, W104, F192,
1203, F92, S94, R190
Cis-6-shagaol -8.3 L176, Nog, S172, V126, F175, V120, R190, S172
R102, 1101, Y170, E96, G103, 1128,
I110, W104, N121, S94, V227, F92,
F192, 1226, R190
Ginger oleoresin -10 P174, S172, L176, V126, F175, Y170, Q173, Ngg
Ni121, I100, V120, 1128, Eg6, 1101,
I119, L226, V227, R190, W104, 1203,
S94, F192, F92, Q173, N99
(S)-[6]-gingerol -8.2 Q173, S172, L176, 175, N99, V126, R190, S94
N121, Y170, E96, V120, 1101, 1128,
L2261, [119, F192, 1203, W104, F192,
V227, R190, S94
Beta (R)-oxypeucedanin -8 S172, Y170, V126, N121, 1128, F175, Nog9, R190
1176, V120, 1119, R102, V227, A226,
T1011, 1203, E96, F1927, F194, So4,
Fo2, W104, N99, R190
1-dehydro-(10) -8.1 S172, Y170, Q173, V2271, L.226, V126, S94, E96
gingerdione 1203, V127, F175, 1119, N121, T492,
V420, R490, W104, F92, R102, S804,
T101, E96, 1128, S94, E96
6-dehydroshogaol -8.5 Y 170, V227, S472, 1128, L226, 1203, No9o9, S94
V126, 1119, F175, Y128, L176, W104,
F192, R102, R190, F92, Eg96127, 1101,
N99, S94
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S protein  Ligand Vina score  Interacting amino acids Amino acids
monomer (kJ/mol) * with H-bond
6-gingerol -7.9 F194, H207, F192, 1203, R190, 226, N99

E96, V227, Mo1, W104, M177, G103,
R102, L176, F175, I119, V120, N121,
1128, V126, Ngg

Gingerenone A -8.1 1203, V227, L226, F194, Y170, 1128, F79
F192, S172, [119, F92, W104, V 126,
Q173, G103, F175, N121, R190, R102,
L176, S94, N9o9, 1101, F79

Gingerenone C -9.6 1101, R490, R102, F192, L176, G103, R190, S172
W104, N121, T194, F175, 1119, 1203,
V126, 1226, V227, Q173, 1128, Y170,
E96, N99, R190, S172

Gingerol -8 S172, Y170, V126, N121, [128, F175, E96, So4
1176, Vi2d, I119, R102, N99, V227,
A226, 11011, 1203, R190, F1927, F194,
F92, W104, E96, S94

Ginger oleoresin -9.9 S94, N9o9, 1100, 1101, L176, F92, F192, E96, F175
N121, Q173, V120, W104, V 126, L226,
T119, S172, Y203, 1128, V227, Y170,
R190, E96, F175

Gamma Caffeic acid -6.6 K733, M731, Q774, S730, V729, D775,  S94, E96,

H1058, G1059, T778, P863, 1864, S190
P1057, F782, A1056, L.865, S1055,
T866, 1870, D867, F823, V1060, S94,
Eg6, S190

Ginger oleoresin -7.5 L226, 1119, W104, S205, V120, V126, V341, S399,
G193, K206, E191, N121, 1203, R102, N488, Y451
1208, S94, L139, I101, N99, E96,
F192, 1190, V341, S399, N488, Y451

Delta Caffeic acid -6 1128, 1119, 1201, L224, V126, V120, R188

W104, F173, N121, G103, F190, F92,
R102, M179, R198, 1101, S94, N99,
E96, S203, R188

Ginger oleoresin -6.2 L1862, L.863, F780, 1868, T864, T861, D773, S728,
K731, V727, V1058, 51053, M729, T776, D865,
H1056, P1055, F821, D773, S728, S728,
T776, D865, S728, G1057, A1054 G1057,
A1054

*CB Dock calculates binding affinity or predicts the binding affinity by using a curvature-dependent surface
area model (Cyscore) using previously described method [56].

Ginger ring compounds - alpha variant S protein complexes

Seven compounds, namely gingerol, gingerenone C, paradol, 6-dehydroshogaol, cis-6-shagaol,
gingeroleoresin, and (s)-[6]-gingerol, having complexes with S protein monomer of alpha variant
were selected for analysis.

Figure 1 shows the amino acid and their side chains involved in interaction with each of the
seven compounds. The list of those amino acids has also been presented in Table 3. Among those
compounds, ginger oleoresin had the best-docked Vina score of -10.0 kJ/mol, followed by
gingerenone C, 6-dehydroshogaol, cis-6-shagaol, (S)-[6]-gingerol with Vina scores of -9.5, -8.4, -
8.3, and -8.2 kJ/mol, respectively. Gingerol and 6-paradol, had relatively lower Vina scores of -
8.0 kJ/mol. Analysis on PLIP server revealed that there were two hydrogen bonds involved in the
binding of each compound with the protein. The amino acids involved in hydrogen bond
formation for gingerol, gingerenone C, 6-paradol, 6-dehydroshogaol, cis-6-shagaol,
gingeroleoresin, and (S)-[6]-gingerol were S94, E96; R190, S172; L246, L18; S94, R190; R190,
S172; Q173, N199 and R190, S94, respectively (Figure 2 and Table 3). The position of binding
site on monomer for the respective compounds are presented in Figure 3.
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Figure 1. Three dimensional interactions of ligands with alpha monomer of SARS-CoV-2 S
protein. (A) gingerol, (B) gingerenone C, (C) 6-paradol, (D) 6-dehydroshogaol, (E) cis-6-shagaol,
(F) gingeroleoresin and (G) (S)-[6]-gingerol.

Figure 2. Hydrogen bonding in protein ligand interactions with alpha monomer of SARS-CoV-2
S protein. (A) gingerol, (B) gingerenone C, (C) 6-paradol, (D) 6-dehydroshogaol, (E) cis-6-
shagaol, (F) gingeroleoresin and (G) (S)-[6]-gingerol.
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Figure 3. Site of receptor where ligand binds to the monomer of alpha SARS-CoV-2 S protein
making protein-ligand complex. (A) gingerol, (B) gingerenone C, (C) 6-paradol, (D) 6-
dehydroshogaol, (E) cis-6-shagaol, (F) gingeroleoresin and (G) (S)-[6]-gingerol.

Ginger ring compounds - beta variant S protein complexes

Eight compounds, namely (R)-oxypeucedanin, 1-dehydro-(10) gingerdione, 6-dehydroshogaol,
6-gingerol, gingerenone A, gingerenone C, gingerol, and ginger oleoresin, forming complexes
with S protein monomer of beta variant were selected for analysis. Figure 4 shows the amino
acid and their side chains involved in interaction with each of the eight compounds. The list of
those amino acids has also been presented in Table 3. Among those compounds, ginger oleoresin
had the best-docked Vina score of -9.9 kJ/mol, followed by gingerenone C, 6-dehydroshogaol, 1-
dehydro-(10) gingerdione, gingerenone A, (R)-oxypeucedanin, gingerol, and 6-gingerol (Vina
scores of -9.6, -8.5, -8.1, -8.1, -8.0, -8.0, and -7.9 kJ/mol, respectively). Analysis on PLIP server
revealed that there was only one hydrogen bond established in the protein-ligand complex from
6-gingerol and gingerenone A, with amino acids N99 and F79 involved in the interaction. In the
case of (R)-oxypeucedanin, 1-dehydro-(10) gingerdione, 6-dehydroshogaol, gingerenone C,
gingerol, and ginger oleoresin, two hydrogen bonds were observed with N9g9, R190; S94, E96;
No99, S94; R190, S172; E96, S94; and E96, F175, as contributing amino acids (Figure 5 and
Table 3). The binding position on the monomer for the respective compounds are presented in
Figure 6.
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Figure 4. Three dimensional interactions of ligands with beta monomer of SARS-CoV-2 S protein.
(A) (R)-oxypeucedanin, (B) 1-dehydro-(10) gingerdione, (C) 6-dehydroshogaol, (D) 6-gingerol,
(E) gingerenone A, (F) gingerenone C, and (G) gingerol.

Figure 5. Hydrogen bonding in protein ligand interactions with beta monomer of SARS-CoV-2 S
protein. (A) (R)-oxypeucedanin, (B) 1-dehydro-(10) gingerdione, (C) 6-dehydroshogaol, (D) 6-
gingerol, (E) gingerenone A, (F) gingerenone C, and (G) gingerol.
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Figure 6. Site of receptor where ligand binds to the beta monomer of SARS-CoV-2 S protein. (A)
(R)-oxypeucedanin, (B) 1-dehydro-(10) gingerdione, (C) 6-dehydroshogaol, (D) 6-gingerol, (E)
gingerenone A, (F) gingerenone C, and (G) gingerol.

Ginger ring compounds - gamma variant S protein complexes

Two compounds, caffeic acid and ginger oleoresin, that have been docked with the S protein
monomer of gamma variant were selected for analysis. Figure 77 shows the amino acids and their
side chains involved in the interaction with each of the two compounds. The list of those amino
acids also has been presented in Table 3. Among those compounds, ginger oleoresin was found
to have the strongest affinity (-7.5 kJ/mol) with the S protein monomer. Meanwhile, caffeic acid
yielded a Vina score of -6.6 kJ/mol. Caffeic acid bound to the protein via three hydrogen bonds
(out of other interactions) involving amino acids S94, E96 and S190, respectively. As for the
ginger oleoresin, there were four hydrogen bonds established by the interaction between the
compound and the side chains of amino acids V341, S399, N488 and Y451, respectively. These
results could be observed in Figure 8 and Table 3. The position of binding site on S protein
monomer for the respective compounds are presented in Figure 9.
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Figure 7. Three dimensional interactions of ligands with gamma monomer of SARS-CoV-2 S
protein. (A) caffeic acid and (B) ginger oleoresin.

PHE1928B

Figure 8. Hydrogen bonding in protein ligand interactions with gamma monomer of SARS-CoV-
2 S protein. (A) caffeic acid and (B) ginger oleoresin.

Figure 9. Site of receptor where ligand binds to the gamma monomer of SARS-CoV-2 S protein
(A) caffeic acid and (B) ginger oleoresin.

Ginger ring compounds - delta variant S protein complexes

Two compound’s, (R)-oxypeucedanin and caffeic acid, complex with S protein monomer of delta
variant were selected for analysis. Figure 10 shows the amino acid and their side chains involved
in interaction with each of two compounds. The list of those amino acids is presented in Table
6. Among those compounds, caffeic acid had the best-docked Vina score of -6.2, followed by (R)-
oxypeucedanin -6.0. There was only one hydrogen bond involved in binding of (R)-
oxypeucedanin with involved amino acids as R188 whereas caffeic acid had seven hydrogen bonds
with amino acids involved as D773, S728, T776, D865, S728, G1057 and A1054 (Figure 11 and
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Table 6). The position of binding site on monomer for the respective compounds are presented

in Figure 12.

Figure 10. Three dimensional interactions of ligands with delta monomer of SARS-CoV-2 S
protein. (A) (R)-oxypeucedanin and (B) caffeic acid.

Sy 73

LYS731A

SER728A

Figure 11. Hydrogen bonding in protein ligand interactions with delta monomer of SARS-CoV-2
S protein. (A) (R)-oxypeucedanin and (B) caffeic acid.

Figure 12. Site of receptor where ligand binds to the delta monomer of SARS-CoV-2 S protein. (A)
(R)-oxypeucedanin and (B) caffeic acid.
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Energy minimization

Energy minimization of all protein-ligand complexes was conducted using SPDVB. The energy of
a protein can be defined as a function of its atomic coordinates, thus providing a quantitative
criterion for model selection and refinement. The goal of energy minimization is to find a set of
coordinates representing the minimum energy conformation for the given structure. The force
field energy obtained for the alpha monomer protein-ligand complex was -48881.6 kJ/mol for all
the selected structures. After minimization, the energy obtained was -62477.5 kJ/mol (Table 4).
The force field energy obtained for beta monomer protein-ligand complex was -48881.6 kJ/mol
for all the selected structures. After minimization, the energy obtained was -62477.5 kJ/mol. The
force field energies obtained for the complex between gamma monomer protein and caffeic acid
and ginger oleoresin were - 50115.9 and -50100.2 kJ/mol, respectively. After minimization, the
energy obtained was - 63998.4 and -63982.5 kJ/mol, respectively. The force field energies
obtained for Delta monomer protein interacting with (R)-oxypeucedanin and caffeic acid
complexes were - 49875.7 and - 49868.5 kJ/mol, respectively. After minimization, the energy
obtained was - 63784.3 and - 63779.7 kJ/mol, respectively.

Table 4. Representation of the force field energy with respect to their energy minimization

Variant-S protein Ligand Energy (Force Energy minimized
monomer Field) (kJ/mol)
Alpha 6-gingerol -48881.7 -62477.5
Gingerenone C -48866.6 -48867.5
6-paradol -48881.7 -62477.5
6-dehydroshogaol -48881.7 -62477.5
cis-6-shagaol -48881.7 -62477.5
Ginger oleoresin -48881.7 -62477.5
(S)-[6]-gingerol -48881.7 -62477.5
Gingerol -48881.7 -62477.5
Beta (R)-oxypeucedanin -48881.7 -62477.5
1-dehydro-(10) gingerdione -48881.7 -62477.5
6-dehydroshogaol -48881.7 -62477.5
6-gingerol -48881.7 -62477.5
Gingerenone A -48881.2 -62475
Gingerenone C -48866.5 -62463.1
Gingerol -48881.2 -62475
Ginger oleoresin -48881.2 -62475
Gamma Caffeic acid -50115.9 -63998.4
Ginger oleoresin -50100.2 -63982.5
Delta (R)-oxypeucedanin -49875.7 -63784.3
Caffeic acid -49868.5 -63779.7
RMSD calculation

RMSD was calculated for the ginger compounds in their respective binding sites for 3
nanoseconds (Table 5). That gives an insight into the stability of intermolecular interaction.
Further, this analysis gives perceptions in molecular structure confirmation during simulations,
apparently giving an understanding of protein stability and confirming the equilibrium of the
simulation.

In alpha monomer complex, RMSD value ranged from 0.166x102 to 0.355x102 nm; beta
0.138x102—-0.263x102 nm; gamma 0.148x102—0.161x102 nm; and delta 0.149x102—0.228x102 nm.

RMSF measures the fluctuations of residues during molecular dynamic simulation. The
residual fluctuation (RMSF) values are directly dependent on ligand binding energy and
interaction. RMSF calculations for each residue are presented in Table 5.

In alpha monomer complex, the RMSF values ranged from 0.297x102 to 0.303x102 nm, beta
0.298x102-0.163x107 nm; gamma 0.298x102—0.303x102 nm; and delta 0.296x102-0.245x105
nm.
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Table 5. Molecular Dynamics Simulation (RMSD and RMSF calculation) of compounds - S
protein monomer complexes

Variant-S protein Ligand RMSD (nm) RMSF (nm)

monomer

Alpha Gingerol 0.234x102 0.299X102
Gingerenone C 0.192X102 0.297X102
6-paradol 0.166x102 0.301X102
6-ehydroshogaol 0.257X102 0.300X102
Cis-6-shagaol 0.355x102 0.298x102
Ginger oleoresin 0.188x102 0.303x102
(s)-[6]-gingerol* 0.193X102 0.299x102

Beta (R)-oxypeucedanin 0.150X102 0.302X102
1-dehydro-(10) gingerdione**  0.141x102 0.163x107
6-dehydroshogaol 0.180x102 0.301X102
6-gingerol 0.147X102 0.298x102
Gingerenone A 0.263x102 0.301x102
Gingerenone C 0.214X102 0.300x102
Gingerol 0.138x102 0.301x102
Ginger oleoresin 0.143X102 0.301x102

Gamma Caffeic acid 0.161x102 0.298x102
Ginger oleoresin 0.148x102 0.303x102

Delta (R)-oxypeucedanin®** 0.149X102 0.245X105
Caffeic acid 0.228x102 0.296x102

All ligand-protein complexes were run for 3 nanoseconds in triplicate
* Run only for 230.4 pico-seconds

** Run only for 96 pico-seconds

*** Run only for 971.2 pico-seconds

Discussion

Historically, Coronaviruses is known for causing respiratory, digestive, liver and central nervous
system diseases in human [57]. An emerged SARS-CoV-2 caused a pandemic and still acts as one
of the serious public health concerns [58]. Their pan global spread among the populations and
faster spread of infection in human body is largely attributed by their faster genomic mutation
ability [59]. The same has caused the emergence of many VOCs and interest (Vol) [60]. Although
the list is changing overtime, four major VOCs have been recorded previously [61]. Due to the
lack of any targeted medicine against the virus, the pandemic was primarily managed by
prevention of infection, control measures, and supportive care [53]. Hence, this study was
designed to identify and characterize the drug-like compounds from a medicinal plant which is
already a part of food habit as well as known for its medicinal properties. Particularly, ginger
which is used as decoction to cure cold and cough in Unani medicinal system [62]. In this study,
the ginger ring compounds were screened for their ability to bind with S protein monomer of all
four of SARS CoV-2.

S protein trimer is constituted of S1 and S2 subunits. Meanwhile, S protein (monomer)
protomer is comprised of N-terminal domain (NTD), receptor binding domain (RBD), fusion
peptide domain (FP), heptad repeat-1 (HR1), and crystallizable domain (CD) [63]. NTD, RBD,
FP, and HR-1 of the monomer are involved in constituting S1 and S2 subunits, known for
facilitating host receptor identification and membrane penetration [64]. As far as synthesis of
monomer occurs in the cytoplasm of host cell, it could be targeted by drug-like compounds [65,
66].

In this present study, SwissADME was applied to study pharmacokinetics of all 38 selected
ring compounds from ginger [67]. Among them, 19 were found either soluble or moderately
soluble in water with high gastrointestinal absorption, bioavailability > 0.55, lipophilicity < 5
Ko/, and zero violation of Lipinski’s rule of drug likeness (Table 2). Interestingly, the
bioavailability score of p-coumaric acid was 0.85. p-Coumaric acid has been studied for its
antioxidative, anticancer, and other biological activities [68]. Also, the compound has been
reported to attenuate lung inflammation induced by lipopolysaccharides [69]. In our study, p-
coumaric was also found to have higher bioavailability score, supporting the idea that the
compound is a potential drug candidate against SARS-CoV-2.
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In addition, other 18 compounds have bioavailability score > 0.55. However, log Po/w in 5
compounds (R-oxypeucedanin, p-coumaric acid, caffeic acid, zingerone, and zerumbone) are
found less than 2; 4 compounds (methyl isoeugenol, ginger oleoresin, gingerenone A, and
gingerol) — more than 2; 9 compounds ([S]-[6]-gingerol, [6]-shogaol, 17 alpha-ethynylestradiol,
cis-[6]-shogaol, gingerenone C, 6-gingerol, 6-dehydroshogaol, paradol, and 1-dehydro-[10]
gingerdione) —more than 3; and 1 compound (xanthorrhizol) — more than 4 (Table 2). Most of
the above mentioned compounds have been studied for their medicinal properties [70].

Compounds from ginger had been studied and proven in curing the lung abnormalities and
respiratory illness. Anti-inflammatory properties of ginger ring compounds enfold relief of
respiratory symptoms associated to SARS-CoV-2 [71]. Compounds such as 6-shogaol affects the
inflammatory cascade and was found to have anti-platelet propertiesin vitro [72]. Other
medicinal properties of ginger group include improvement in oxygenation [73]. Studies suggest
that caffeic acid have potential to obstruct viral 3-chymotrypsin-like cysteine protease (3CLpro)
enzyme eventually preventing replication of virus and inhibiting viral protease enzyme
[74]. Gingerenone A is found to be an inhibitor of JAK2 and p70S6 kinase hence inhibiting the
JAK2 activity in replication and assembly of influenza virus [75]. p-Coumaric acid has been found
to have immunomodulatory and anti-inflammatory properties in vivo [69]. The 1-dehydro-(10)
gingerdioneis found to be involved in the regulation of inflammatory genes
[76]. Our in silico ADME study is in agreement with the findings from various literatures [70-75],
where the ADME study suggests the compounds are worthy for further investigation as anti-
SARS-CoV-2.

For molecular docking of S protein monomer and ginger compound, CB Dock (online tool)
had been used, in which the program utilizes Autodock Vina for docking. It involves automated
(binding site) cavity detection (CurPocket) on protein and flexible docking. After docking, the
results were enlisted as Vina score, where the function of protein—ligand binding affinity is
calculated using a curative-dependent surface area model. All the sorted compounds were docked
against S protein monomer of alpha, beta, delta, and gamma variants. Those compounds were
selected which either were binding with monomers in a cavity having more than 20 amino acid
or Vina score of more than 8 or both. Table 3 presents those selected compounds binding with
alpha, beta, delta, and gamma S protein monomers and also the amino acids involved in the
binding sites. As far as the binging of protein and compounds are concerned, exempting covalent
bond, that will be more stable with higher number of weak forces (hydrophobic interaction and
hydrogen-bonds) between compound molecule and the binding site [77, 78]. Among them,
hydrogen bond is the strongest one [73]. In this present study, gingerol; gingerenone C; 6—
paradol; 6-dehydroshogaol; cis-6-shagaol; ginger oleoresin; and (s)- [6]-gingerol were found
forming interaction with alpha variant S protein monomer with several hydrophobic interactions
and 2 hydrogen bonds. Meanwhile, (R)-oxypeucedanin, 1-dehydro-(10) gingerdione, 6-
dehydroshogaol, 6-gingerol, gingerenone A, gingerenone C, gingerol, and ginger oleoresin were
found binding with beta variant S protein monomer with at least 1—2 hydrogen bonds and several
hydrophobic interactions. In the case of gamma variant protein, caffeic acid and ginger oleoresin
established interactions with the protein via 3—4 hydrogen bonds, in addition of many other weak
interactions. (R)-oxypeucedanin and caffeic acid were shown having 1 and 7 hydrogen bonds,
respectively, and other hydrophobic interactions in binding with delta variant S protein monomer
(Table 3).

Further, the minimum energy was calculated for all the monomer models after removing the
interacting compound. That helps to figure out the most stable confirmation of monomer for the
foregoing compounds (Ref- Energy minimization using SPDVB). It had been found that upon
energy minimization, the change in energy (AE) was in a range of 14000 kJ/mol for monomer
compound complexes of alpha,beta, gamma, and delta monomers. Inter-molecular
confirmational stability of a molecule is a function of RMSD [79]. The monomer confirmation
after binding with compounds was not different in RMSD (for alpha, beta, gamma, and delta) as
compared with original S protein monomer structure of Wuhan strain [80]. However,
the difference in RMSD was recorded among monomer-compound complexes (Table 5). As a
matter of fact, difference in RMSD suggests the confirmational changes due to interaction
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of compound molecules with monomers [77] . The molecular docking programs are used to filter
potentially active compounds towards the protein ligand from a large group of compounds [77].

Conclusions

This present study suggests that the lead compounds gingerol, gingerenone C, 6-paradol, 6-
dehydroshogaol, cis-6-shagaol, gingeroleoresin, (s)-6-gingerol, (R)-oxypeucedanin, 1-dehydro-
(10) gingerdione, 6-gingerol, gingerenone A, and caffeic acid are able to induce the
conformational changes while not influencing the stability of S protein monomer of SARS-CoV-2
(alpha, beta delta and gamma variants). That advocates their candidature for further evaluations.
In future, studies are needed before they could be established as suitable lead molecule of interest
against SARS-CoV-2.
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