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ABSTRACT

The emerging coronavirus, Covid-19, has become a worldwide pandemic. The existence of the Covid-19
virus pandemic in the world demands the need to identify and characterize new drug candidates to address
the health problem caused by the Covid-19 virus. This study aims to find candidate compounds from
strychnine bush (Strychnos lucida), pineapple (Ananas comosus), and ginger (Zingiber officinale) acting as
the Mpro receptor inhibitor on Covid-19 virus based on docking modeling. The docking process is carried
out using a protein with the pdb code 6LU7, a crystal main protein protease (Mpro) of the Covid-19 which
binds to the N3 molecule as an inhibitor based on computational tests. The docking process is conducted
using N3 comparison, favipiravir, active metabolite remdesivir, and hydroxychloroquine. The docking
result shows that the compounds, ananas 26, zingiberenol, and zingiberol have lower docking energy
compared to native ligand (N3), favipiravir, active metabolite remdesivir, and hydroxychloroquine. Ananas
26 compound has the most hydrogen bonds with the Mpro active amino acid residue of the Covid-19 virus,
namely: HIS163, ASN142, ASP187, TYR54, and HIS41. This makes Ananas 26 more stable in binding
pocket enzymes and more effective in inhibiting enzyme performance than other compounds and positive
controls. Potential candidate compounds as SARS-CoV-2 Main Protease inhibitors, ananas 26 from
pineapple and zingiberenol as well as zingiberol from ginger, can then undergo potential inhibitor tests by
in vitro and in vivo methods on SARS-CoV-2.
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1 Introduction

The emergence of coronavirus, SARS-CoV-2 has caused a
worldwide pandemic known as coronavirus disease 2019 (COVID-
19). WHO states permanently that SARS-CoV-2 is the cause of
COVID-2019 (Ji et al., 2020). SARS-CoV-2 is a single stranded
positive and non-segmented RNA virus. Coronaviruses are
included in the order of Nidovirales, Coronaviridae family, and
Orthocoronavirinae sub-family, which are divided into groups
(genera) o, B, y, and & according to its serotypic and genomic
characteristics. Coronavirus is included in the Coronavirus genus
of the Coronaviridae family. The virus is named after the
protrusion of the wreath in its veil. The coronavirus has sheaths
that wrap around the RNA genome, and virion (the whole virus)
are round or oval, often polymorphic, with a diameter of 80 to
180nm (Zhou, 2020; Gui et al., 2020). This virus is responsible for
the pneumonia virus outbreak that began in December 2019 in
Wuhan (Xu et al., 2020).

One of the best targets for designing drugs against SARS-CoV-2 is
the main protease section (Mpro which is also often referred to as
3CLPro). Similar to papain-like protease, this enzyme plays an
important role in processing the polyprotein translated from RNA
virus. The main protease works not less than 11 cleavage sites on
polyprotein lab (1lab replicase ~ 790kDa) so that the inhibition of
this enzyme's activities will hinder the replication of SARS-CoV-2
(Anand et al., 2003; Hilgenfeld, 2014).

The occurrence of the Covid-19 virus pandemic in the world
demands the need to identify and characterize new drug candidates
to address health problems caused by the virus. In this context,
natural products have emerged as important antiviral agents in
recent years (Lin et al., 2014; Martinez et al., 2015).

This study aims to find candidate compounds from Strychnine
Bush (Strychnos lucida), pineapple (Ananas comosus), and ginger
(Zingiber officinale) acting as the main protease (Mpro) receptor
inhibitor on Covid-19 virus based on docking modeling. Docking
is one of the computational approach that describes the protein and
the ligand as complementary surfaces. This method required the
protein structure and ligand conformation that simulated in
docking program that produces the docking score represented by
binding affinity value as output that describes the binding energy
of ligand protein complex dan Ki that describes the stability of
ligand-protein complex (Ballante, 2018). The docking process is
carried out using a protein with the pdb code 6LU7, a crystal main
protein protease (Mpro) of the Covid-19 which binds to the N3
molecule as an inhibitor based on computational tests. Mpro is the
most important part of the CoV enzyme, which plays a role in
mediating viral replication and transcription, Its had an active site
that consists of active amino acid, Cys-His catalytic dyads (Cys-
143 and His-41) which exist between the domains | and Il of

proteins, that playing an important role as catalytic in proteolytic
activity. It making the Mpro is the right target for the development
of drugs that inhibit viral development (Anand, 2002; Yang et al,
2003; Jin et al., 2020).

The docking process is conducted using N3 comparison,
favipiravir (Cai et al., 2020), remdesivir and active metabolites
remdesivir (Eastmant et al., 2020), as well as hydroxychloroquine
(Gautret et al., 2020), as an effort to predict the activity of
compounds contained in strychnine bush, pineapple, and ginger as
main protease receptor inhibitors (Mpro). Strychine bush,
pineapple, and ginger contain compounds that have been reported
in previous studies that have antiviral activity. Pineapple has tested
in vitro can inhibit and prevent the growth of viruses in the blood
of patients infected with HIV, Hepatitis C, and HPV viruses.
Ginger has been tested to have inhibitory activity against the
human respiratory syncytial virus (HRSV) (Chang et al., 2013).

2 Materials and Methods
2.1 Materials

The 3D structure of SARS-CoV-2 Mpro is acquired from the Protein
Data Bank (PDB) with a code, PDB 6LU7 (rcsh.org, 2020). This
protein structure has a resolution of 2.16 A, with a sequence length
of 306 amino acid without mutation, R-Value Work of 0.202 and R-
Value Observed of 0.204. It is identified within the structure of
6LU7, native ligand code N3 (N-[(5-Methylisoxazol-3-YI)
Carbonyl]  Alanyl-L-Valyl-N~1~-((1r,2z)-4-(Benzyloxy)-4-Oxo-1-
{[(3r)-2-Oxopyrrolidin-3-YI]Methyl}But-2-Enyl)-L  Leucinamide)
which is a peptide in chain C. The involved ligands include native
ligand (N3) for method validation redocking process, favipiravir (Cai
et al., 2020), remdesivir (Eastman et al., 2020), active metabolites
remdesivir (Eastman et al., 2020) and hydroxychloroquine (Gautret
et al., 2020) as positive controls; 2-methoxy-4-methylphenol; 3-
ethoxyacetophenone; 2,5-dimethoxybenzyl alcohol; 2,6-
dimethoxyphenol; and 2,6-Dimethyl-4-nitrophenol, the compounds
of strychnine bush (Novian et al., 2019); Ananas 17; Ananas 19;
Ananas 21; Ananas 22; Ananas 23; Ananas 26; glutamyl sinapyl
cysteine; S-sinapyl glutathione; sinapyl cysteine and bromelain the
compounds of pineapple (Ma et al., 2007) and citronellol; farnesol;
zingiberene; zingiberenoland zingiberol the compounds of ginger
(Liu et al., 2019). All the ligands in the picture use Marvin Sketch’s
application optimized to 3D in .pdb file type.

2.2 Apparatus

The preparation process of ligand and receptor, method validation,
docking and visualization of amino acid interactions is done using
MacBook Air with MacOS Mojave version 10.14.6, 1.8 GHz Intel
Core i5 processor, 8GB memory 1600 MHz DDRS3, 8GB graphics
1600 MHz DDRa.
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The software used in drawing ligand structures is Marvin Sketch
(Csizmadia et al., 2019). The docking process is done using
AutoDock4 (Morris et al., 2009). The docking results are
visualized using LigPlot (for 2D interactions) (Laskowski &
Swindells 2011) and 3D visualization is using Ligand Scout 4.3
(Wolber & Langer, 2005).

2.3 Procedure
2.3.1 Preparation of receptor and ligand structures

The receptor structure of the SARS-CoV-2 Main Protease, code 6LU7
undergoes geometric optimization, removal of water molecules, the
addition of hydrogen atoms, addition of Gasteiger charges using
Autodock4 stored in the.pdbqt file type. Positive control compound 1
(PC1) (favipiravir) (Cai et al, 2020); PC2 (active metabolites
remdesivir) (Eastman et al., 2020); PC3 (remdesivir) (Eastman et al.,
2020), PC4 (hydroxychloroquine) (Gautret et al., 2020); pineapple
compounds (Ananas 17; Ananas 19; Ananas 21; Ananas 22; Ananas
23; Ananas 26; glutamyl sinapyl cysteine; S-sinapyl glutathione;
sinapyl cysteine and bromelain) (Ma et al., 2007); strychnine bush
compounds (2-methoxy-4-methylphenol; 3-ethoxyacetophenone; 2,5-
dimethoxybenzyl alcohol; 2,6-dimethoxyphenol; and 2,6-Dimethyl-4-
nitrophenol) (Novian et al., 2019) and ginger compounds (citronellol;
farnesol; zingiberene; zingiberenol and zingiberol) (Liu et al., 2019) are
drawn and 3D-optimized in Marvin Sketch, saved in the form of .pdb
and .pdbaqt files.

2.3.2 Docking method validation

The validation of the docking method is done by redocking the
native ligand (N3) optimized with 3 grid box sizes, 40x54x40,
50x64x50 and 60x74x60 with grid center coordinates X: -9.768;
Y: 11,424; Z: 68,935. The redocking process is run using
Lamarckian GA parameters with 100 times GA run; spacing 0.375
A and also the evaluation of RSMD values.

2.3.3 Analysis of docking results and visualization of receptor-
ligand interactions

The process of grid optimization is done in Autogrid4 using the
optimum gridbox which is 50x64x50, grid center X: -9.768; Y:
11,424; Z: 68,935 and spacing 0.375 A. The docking process is run
with the Lamarckian GA Autodock4 parameter (10 times of GA
run) with the output file. dlg. The value of binding affinity, ki, and
the interaction of amino acid binding site residues with ligands are
analyzed in AutoDock4 (3D), LigPlot (2D) and 3D-visualized in
LigandScout 4.3.

3 Results and Discussion

The structure of SARS-CoV-2 Main Protease, PDB ID: 6LU7 has a
native ligand in the form of peptide compound code N3. Mpro in
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CoV is very important for the proteolytic maturation of viruses, this
protein seems to be a suitable target in drug development that can
prevent the spread of infection by inhibiting the division of the
polyproteins of the virus. Based on research by Jin et al. (2020), it is
witnessed that compound N3 is a potential compound as a SARS-
CoV-2 inhibitor with an ECs value of 16.77uM. N3 can occupy the
SARS-CoV-2 binding pocket with low energy. The native ligand
compound (N3) is separated from the SARS-CoV-2 main protease
protein (PDB ID: 6LU7) (Jin et al., 2020) and the torque is optimized
and then stored in a .pdbaqt file type which is used for the redocking
process. Positive control (PC) compound PC1 (favipiravir) (Cai et
al., 2020); PC2 (active metabolite remdesivir) (Eastman et al., 2020);
PC3 (remdesivir) (Eastman et al., 2020), PC4 (hydroxychloroquine)
(Gautret et al., 2020); pineapple compounds (Ananas 17; Ananas 19;
Ananas 21; Ananas 22; Ananas 23; Ananas 26; Glutamyl sinapyl
cysteine; S-sinapyl glutathione; Sinapyl cysteine and bromelain) (Liu
et al, 2019); strychnine bush compounds (2-methoxy-4-
methylphenol; 3-ethoxyacetophenone; 2,5-dimethoxybenzyl alcohol;
2,6-dimethoxyphenol; and 2,6-Dimethyl-4-nitrophenol) and ginger
compounds (Citronellol; Farnesol; zingiberene; zingiberenol and
zingiberol)(Liu et al., 2019) are drawn and 3D-optimizedin Marvin
Sketch, saved in the form of .pdb and .pdbaqt files type.

The validation process is done by determining the grid center and grid
box as the binding position of the test ligand at the receptor binding
site. Validation is done by redocking the Mpro protein without ligand
with the native ligand under the variations of grid box dimension. The
results and visualization of the interaction validation of the molecular
docking method is presented in Table 1 and Figure 1.

Table 1 Docking Energy and Ki values on several grid box dimensions
(*grid center X: -9.768; Y: 11.424; Z: 68.935)

(*) Grid Box 40x54x40 50x64x50 60x74x60
Docking Energy K -6.98 1 -7.34 1 -6.19 4
cal.mol kcal.mol kcal.mol
Ki 7.65 uM 4.16 uM 28.86 uM
RMSD 462A 315A 494 A

The result of the docking method validation shows that the docking
method with the smallest RMSD value on the grid box with a
dimension of 50 x 64 x 50, the energy docking value of -7.34
kcal.mol™, and inhibition constant of 4.16uM and RMSD 3.15A.
The smaller the obtained RMSD value, the closer the pose of
docking result ligand to native ligand confirmation showing that
the method is confirmed to be more accurate (Kirchmair et al.,
2008). The hydrogen bond formed between the ligand, resulting
from redocking, and the active amino acid Mpro of Covid-19 virus
have similarities with the hydrogen bond formed by the native
ligand, namely on the active amino acids GLY143, HIS163,
GLU166, THR190, and HIS164.
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Figure 1 (A) Binding site protein Mpro 6LU7; (B) Superimpose
Native ligand with Native ligand from redocking; (C) Interaction
of amino acids on the native ligand with optimum affinity
binding values

The docking process of compounds contained in strychnine bush,
pineapple and ginger are carried out on the active site of Covid-19
virus Mpro with the validated coordinates and grid box
dimension. The test compounds are previously prepared and
geometrically optimized to determine the ligand conformation
with the lowest/stable energy. Docking results obtained are in the
forms of docking energy data, hydrogen bonds and inhibition
constants. The data on the docking results of the test compounds
are presented in Table 2.

The positive control compound 2, redemsivir (PC2) used is its
active metabolite because redemsivir itself is a prodrug, that it has
entered the body’s system it will be degraded into active
metabolite compounds (Eastman et al., 2020). The docking results
show that compared to the native ligand compound (N3) and the
four positive control compounds (favipiravir, active metabolites
redemsivir, remdesivir, and hydroxychloroquine), ananas 26 and
zingiberenol compounds have lower docking energy. This
indicates that ananas 26 and zingiberenol compounds are
predicted to have the ability to inhibit the performance of Covid-
19 virus Mpro with better effectiveness due to lower inhibitory
constant values. Ananas 26 compound from pineapple has the
smallest docking energy compared to other compounds. This
indicates that the ananas 26 compound is the most stable to bind
with active amino acids from protein. A low inhibitory constant
value indicates that the ananas 26 compound is more effective in
its role of inhibiting the performance of Covid-19 Mpro in the
replication process. A low inhibitory constant show that the
formed ligand-protein complex is more stable and tends to be
irreversible. Meanwhile, ginger rhizome shows that zingiberenol
and zingiberol have the lowest docking energy and negative
(negative) inhibitory constants compared to other compounds
contained in ginger.

The visualization of ligand interaction with the amino acid
residues of Covid-19 Mpro (Figure 2) shows that Ananas 26
forms a hydrogen bond with the amino acids HIS163, ASN142,
ASP187, TYR54, and HIS41. Zingiberenol forms a hydrogen
bond with the amino acid THR190. Zingiberol forms a hydrogen
bond with the amino acid GLU166. Favipiravir forms hydrogen
bonds with SER144, CYS145, and GLY143. Active metabolite
remdesivir forms hydrogen bonds with the amino acids GLN
189 and GLU166, while remdesivir forms hydrogen bonds with
amino acids GLN189, THR24, and CYS145.
Hydroxychloroquine forms hydrogen bonds with the amino acid
GLY143 (Figure 3). Based on these results, ananas 26,
zingiberenol, zingiberol, favipiravir and remdesivir interact with
important amino acid residues in the binding pocket of the
Covid-19 virus Mpro enzyme with varying numbers of hydrogen
bonds (Table 3). Mpro in the SARS-CoV-2 virus is responsible
for the cell replication process.

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org



PRa
<

e’

Ananas 26

m'g Asp187, &:'/“
; /7)1(\(<s ‘b" :?:rnlﬂ :7,“."

38

f;)huss :?\»

' 7m ,/y,vsa

'Unll

Wl A,

"""‘{: euld?

‘@ "I,
c

<
. N
3.7
Met |§
s

Zingiberol

Figure 2 The interaction of A) Ananas 26; B) Zingiberenol; C)
Zingiberol with active amino acids of Mpro SARS-CoV-2 virus
(Hydrogen Bonds in green dotted line)

The active side of Mpro contains Cys-His catalytic dyads (Cys-143
and His-41) which exist between the domains | and Il of proteins,
playing an important role as catalytic in proteolytic activity
(Anand, 2002; Anand et al., 2003; Yang et al., 2003; Jin et al,,
2020). The formation of hydrogen bonds between the O hydroxyl
atom in the benzene side chain of the compound ananas 26 with H-
N in the amino acid residue HIS41 is capable of blocking the
residual catalytic properties, thereby inhibiting the replication
process.

Ananas 26 compound has the most hydrogen bonds with the active
amino acid residue of the Covid-19 virus Mpro, this makes Ananas
26 more stable in binding pocket enzymes and more effective in
inhibiting enzyme performance than other compounds and positive
controls. The hydroxyl groups in the ananas 26, zingiberenol and
zingiberol compounds have a very important role in forming
hydrogen bonds with active amino acids. Ananas 26, zingiberenol
and zingiberol are the potential compound candidates as Covid-19
inhibitors.
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Table 2 Docking energy and inhibition constant of test compounds from strychnine bush, pineapple, and ginger

Compounds Binding affinity (kcal.mol™)
PC1 Favipiravir - -4.29 711.37
PC2 Active metaboliteremdesivir - -5.90 47.34
PC3 Remdesivir - -7,32 4.30
PC4 Hydroxychloroquine - -7.03 7.06
1 2-methoxy-4-methylphenol Strychnine Bush -4.50 505.36
2 3-ethoxyacetophenone Strychnine Bush -5.40 110.57
3 2,5-dimethoxybenzyl alcohol Strychnine Bush -4.79 309.28
4 2,6-dimethoxyphenol Strychnine Bush -4.83 286.29
5 2,6-Dimethyl-4-nitrophenol Strychnine Bush -5.08 190.13
6 Ananas 17 Pineapple -5.95 43.45
7 Ananas 19 Pineapple -6.15 31.13
8 Ananas 21 Pineapple -6.55 15.82
9 Ananas 22 Pineapple -6.45 18.75
10 Ananas 23 Pineapple -6.54 16.08
11 Ananas 26 Pineapple -7.45 3.48
12 Citronellol Ginger -4.87 268.0
13 Bromelain Pineapple -0.76 275340
14 Farnesol Ginger -6.04 37.57
15 Glutamyl sinapyl cysteine Pineapple -4.43 563.41
16 S-sinapyl glutathione Pineapple -5.24 145.1
17 Sinapyl cysteine Pineapple -5.61 76.69
18 zingiberene Ginger -6.75 11.23
19 zingiberenol Ginger -7.43 3.58
20 zingiberol Ginger -7.31 4.38

Table 3 Amino Acid Residues on Test Compounds

No Compound Amino Acid Residues

PC1 Favipiravir GLY143, CYS145, SER144

pPC2 Active metaboliteremdesivir GLN 189, GLU166

PC3 Remdesivir GLN189, THR24, CYS145

PC4 Hydroxychloroquine GLY-143
1 Ananas 26 HIS163, ASN142, ASP187, TYR54, HIS41
2 Zingiberenol THR190
3 Zingiberol GLU166
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Conclusions

Based on the docking results of 20 compounds derived from
pineapple, strychnine bush and ginger, the research obtains three
potential compound candidates, one from pineapple (ananas 26)
and 2 from ginger (zingiberenol and zingiberol) to be the inhibitor
of SARS-CoV-2 Main Protease. Moreover, these three compounds
can be further developed through in vitro and in vivo antivirus
potential testing for SARS-COV-2.
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