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ABSTRACT
KEYWORDS

Diseases caused by the coronavirus have become an important concern in early 2020. The coronavirus is
a new type of virus that is included in the SARS-CoV-2 group. One of the possible mechanisms of
SARS-CoV-2 inhibition involves protease receptors inhibition. This research was aimed to in silico
screening of Ziziphus spina-christi (L.) Desf., and Strychnos ligustrine active ingredients as the main
Ziziphus spina-christi protease inhibitors of SARS-CoV-2 by assessing the ligand-binding affinity in the binding pocket of
SARS-CoV-2 main protease protein. The molecular docking method is generally used to predict the
inhibitory site and bonds formation. In the current study, some generally used antiviral compounds from
Jubanine B the PDB (Protein Data Bank) were also used to compare the affinity strength of the test compound
against the protease receptor (code of 5R7Y). The inhibitory activity against the main protease receptor
proven by the ChemPLP score is more negative than the receptor’s native ligand and the comparison
compounds. Jubanine B, a compound of Z. spina-christi has the most robust inhibition activity on the
SARS-CoV-2 protease receptor. Results of this study can be concluded that this can be used to develop
as a candidate for traditional medicine against SARS-CoV-2 but still it required some more in vitro and
in vivo studies.
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In Silico Screening of Ziziphus spina-christi and Strychnos ligustrine Compounds as Protease Inhibitor of Sars-CoV-2

1 Introduction

The coronavirus disease 2019 (COVID-19) is a disease caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). The virus is a new type of virus in the coronavirus
family that can affect the respiratory system at various levels
with symptoms ranging from mild to severe (Food and Drug
Monitoring Agency, Republic of Indonesia 2020; Niaz, 2020).
SARS-CoV-2 is transmitted through direct contact with infected
patients, droplets released by patients when coughing/sneezing,
and hand touching the mouth, nose, and eyes after touching
objects contaminated with the virus. The World Health
Organization (WHO) has also warned of the possibility of
transmission of the SARS-CoV-2 through the air for medical
staff (airborne precaution for medical staff) based on a study that
the coronavirus can survive in the air in certain environments
(Food and Drug Monitoring Agency, Republic of Indonesia
2020).

SARS-CoV-2 is a single-stranded RNA (ribonucleic acid)
enveloped virus, targeting cells through the structural protein
Spike (S protein) that binds with the angiotensin-converting
enzyme 2 (ACEZ2) receptor (Elfik, 2020). After receptor binding,
viral particles use the host cell’s receptors and endosomes to
enter the cell. Transmembrane serine protease 2 (TMPRSS2)
protein facilitates cell entry through S protein (Fehr & Perlman,
2015). Once inside the cell, viral polyproteins encoding the
replication transcriptase complex are synthesized. In this, the
virus synthesized RNA via RNA polymerase which are
dependent on the RNA. Structural proteins are synthesized
towards the completion of assembly and release of viral particles
(Fehr & Perlman, 2015). The steps of this viral life cycle provide
a potential target for drug therapy. The targets of these drug
products include ACE2, S protein and TMPRSS2 (type 2
transmembrane serine protease) as well as 3-chymotrypsin like
protease (3CL) a protease inhibitor (Sanders et al., 2020). 3C-
like proteinase formerly known as C30 Endopeptidase is the
main protease found in coronaviruses. The main protease
operates at no fewer than 11 cleavage sites on the large
polyprotein lab (replicase lab, ~790 kDa); the recognition
sequence at most sites is Leu-Gln|(Ser, Ala, Gly) (| marks the
cleavage site). Inhibiting the activity of this enzyme would block
viral replication because no human proteases with similar
cleavage specificity are known (Zhang et al., 2020). The
COVID-19 mechanism can be inhibited by several drug
compounds including  chloroquine,  hydroxychloroquine,
darunavir, ribavirin, arbidol, remdesivir, lopinavir and camostat
mesylate (Sanders et al., 2020; Santos et al., 2020). Protein-
ligand docking in the drug development process predicts the
complex structure of small ligands with proteins. Molecular
docking yields a score proportional to the total ligand-protein
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binding energy. By this, comparing the scores of a compound
with other compounds can explain why one compound is more
potent than another. The smaller the score of a docking result
means that the protein-ligand complex is more stable so that the
ligand (compound) predicted is more potent (Purnomo, 2013).
Through visualization, it will be seen which amino acids play an
essential role in maintaining the stability of these compounds at
the receptor-binding site (Purnomo, 2013; Syahputra et al., 2014;
Jualiana & Amin, 2016). In the invention of new drug
compounds from natural ingredients, an in silico molecular
docking test of plant compounds against target proteins is highly
recommended. Since the in silico test can predict the potential of
the desired plant compounds, it will save research costs and help
to decide what can be tested in vitro or in vivo and which
compound can serve as a potential antiviral drug. Thus, an in
silico test can save the cost of drug discovery (Purnomo, 2013).

There are several natural compounds such as hesperidin,
cannabinoids, pectolinarin, epigallocatechin gallate, and
rhoifolin reported from various plants and have been studied in-
silico and have better free energy bonds with Matrix (M) and
Spike (S) proteins from SARS-CoV-2 (Trina et al., 2020). It is
suspected that these compounds have the potential to serve as
phytochemical antivirus that can inhibit viral replication.

This research was carried out to explore new candidate
compounds from Z. spina-christi, and S. ligustrine as the main
protease inhibitor of SARS-CoV-2 using molecular docking.
Both plants contain alkaloids, flavonoids, terpenoids,
triterpenoids, steroid and phenol type compounds (Asgarpanah &
Haghighat, 2015; Maulana, 2018; Negash, 2019). Among these,
alkaloid is quite dominant and this compound has properties
according to the already drugs used to treat coronavirus such as
chloroquine, hydroxychloroquine, darunavir, ribavirin, arbidol,
remdesivir, lopinavir, camostat mesylate etc (Santos et al., 2020).

2 Materials and Methods

2.1 Material

The materials used are 5R7Y (Protein) chemical structures,
chemical compounds structure of Arabic lote tree (Z. spina-
christi) and snakewood (S. ligustrine). The already reported
compounds of the Arabic lote tree are christinine I, christinine Il,
christinine 11, geranyl acetate, phloretin 3',5'-di-C-glucoside,
betulinic acid, cyanotic acid, quercetin 3-xylosyl-(1->2)-
rhamnoside, jubanine A, jubanine B, jubanine C, jubanine G,

jubanine H, amphibine A, amphibine B, amphibine D,
Amphibine C, amphibine E, amphibine F, amphibine G,
amphibine H, amphibine I, alpha terpineol, beta-sitosterol,

ziziphine F, methyl hexadecanoate, methyl octadecanoate used
for in-vitro docking (Asgarpanah & Haghighat, 2015; Maulana,
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2018; Negash, 2019). Furthermore, the already reported
compounds of the tested snakewood are strychnine, brucine,
strychnopentamine, malagashanine, 2,6-dimethoxyphenol, 10-
hydroxyusambarensine, 3-ethoxyacetophenone, 2,6-dimethyl-4-
nitrophenol, 2-methoxy-4-methyl phenol also used for in-vitro
docking (Taek &Tukan, 2018; Novian et al., 2019). In addition,
the following compounds: Tryptamine, vincoside, 3-epi-
strictosidinic  acid, yohimbine, reserpine, camptothecin,
secologanin, 2-propanone, 1-(4-hydroxy-3-methoxyphenyl), 3-
methoxyacetophenone,  guaiacol, n-pentanal, 4-allyl-2,6—
dimethoxyphenol, 19(S)-methoxytubotaiwine, 19(R)-
methoxytubotaiwine, dihidrocapsaicin, and ervatamine which are
previously reported from snakewood also tested in the current
study (Gusmailina & Komarayati, 2015; Rale, 2018; Novian et
al.,, 2019). The chloroquine, hydroxychloroquine, darunavir,
ribavirin, arbidol, remdesivir, lopinavir, and camostat mesylate
were used as comparison compounds.

2.2 Bioinformatics Tools

For this study YASARA, PDB, PLANTS, Marvinsketch and
PYMOL software were used along with a Lenovo C9LS2ES
Intel(R) Celeron(R) CPU N3060; 4 GB RAM; 1,60 GHz 64-bit
operating system laptop as hardware.

2.3 Methods

2.3.1 Protein Optimization and RMSD Value Determination

Native ligands are prepared and optimized for protein crystal
structure using the PLANTS program to obtain scores. The best
score is selected and saved in Mol2 file format. The amount of
RMSD poses of the optimization results regarding the
experimental results or protein crystal structure is calculated with
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the YASARA program.
2.3.2 Test and comparator ligand docking against receptor

In this, docking is carried out between each test compound
ligand using the PLANTS program. The docking runs by typing
the script into the CMD worksheet to determine the target
protein’s binding-site radius and binding-site centre. The docking
process runs automatically by plantconfig protocol. The
molecular docking set was determined in 10 replications with 10
confirmations to locate and determine the lowest amount of
energy (Tegar & Purnomo, 2013). The best score of test
compound ligand is obtained from the result of docking. This
value will be compared with the best score of the comparator
compound ligand.

2.3.3 Visualization

Docking results file making from each test compound ligand is
with the YASARA program (PDB file type). This docking result
file will be visualized and interpreted to determine the
interactions that occur using the PyMOL application.

3 Results and Discussion

The main protease protein’s crystal structure in the docking
process is a protein that was validated and complied with the
RMSD requirements of less than 2A (Rangwala & Karypis, 2008).
5R7Y met the RMSD requirement for native ligand pose and the
redocking pose was 1.4829A in the redocking process. The
molecular docking with RMSD of less than 2A meant that the
position of ligand that bound to the protein’s active side did not
move too far since the conversion from 2 A. The range size is
equal to 0.2 nm corresponded to that of an atom’s diameter which
is about 0.1 nm.

Figure 1 Superimpose of native ligand pose and the redocking native ligand pose and its residues amino acid interactions
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3.1 Docking Results Analysis

There are 27 compounds of Z. spina-christi, and 26 compounds of
S. Ligustrine were tested for their affinity as protease inhibitors
against the 5R7Y receptor. All these compounds were tested in
silico using the molecular docking method. The docking process
was carried out at the binding site of the 5R7Y receptor and the
ChemPLP score was calculated for each compound pose in the
active site. ChemPLP score showed Gibbs free energy in which the
smaller the AG value of the ligand-receptor interaction, the more
stable it would be. The more negative ChemPLP score of the tested
compound means stronger affinity at the receptor-binding site
(Kurniawan, 2015). Table 1 represented the ChemPLP score of all
compounds in the binding site of the receptor 5R7Y. It showed that
all ligands have a more negative score than the native ligand
(JFM), which means that all test compounds are predicted to have
a better affinity than the native ligand. It can be explained that all
the comparison compounds have inhibition activity on SARS-
CoV-2 replication (in its antiviral role).
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The ChemPLP score of all the test compounds of Z. spina-christi
are smaller than the used native ligand. Further, the results also
showed that among the tested 27 compounds of Z. spina-christi,
ChemPLP score of 4 (four) alkaloid peptides compounds namely
Jubanine B, Jubanine C, Amphibine E, and Amphibine H had a
smaller ChemPLP value than the positive control (darunavir)
Mauludiyah et al. (2020). Meanwhile, none of the 26 test
compounds derived from S. ligustrine showed stronger affinity
than the same comparator (darunavir). However, among these,
there are 16 compounds were reported active because their
ChemPLP scores were more negative than the native ligand.

Of the 53 compounds tested, none were had predicted to have a
better or equal affinity to the remdesivir in inhibiting SARS-CoV-
2, while the Jubanine B compound of Z. spina-christi leaves had a
predicted strong activity because the ChemPLP was more negative
than lopinavir in inhibiting the SARS-CoV-2 receptor.
Additionally, this compound also had stronger activity in inhibiting
the SARS-CoV-2 protease receptor. Based on this, it can be

Table 1 ChemPLP Score of the used compounds

S Compounds ChemPLP Compounds ChemPLP Compounds ChemPLP
No Score Score Score
Comparison compounds Z. spina-christi S. ligustrine
1 JFM 1901 (Native -64.492 Geranilasetat -67.4666 Strychnine -70.159
Ligand)
2 Klorokuin -81.267 Christinin | -69.3772 Brucine -72.5403
3 Hidroksiklorokuin -83.189 Christinin 11 -72.3141 Strychnopentamine -88.2194
4 Darunavir -96.741 Christinin 111 -75.5299 Malagashanine -65.5535
5 Ribavirin 68404 OEUNISDRC 70636 25-Dimethoxybenzyl alcohol 548569
glucoside
6 Arbidol -83.9751 Betulinic acid -69.9086 2,6-Dimethoxyphenol -55.4956
7 Remdesir -113.848 Ceanothic acid -74.2428 10-hydroxyusambarensine -81.8363
8 Lopinavir -110.28 Quercetl_n S-xylosyl (112) -81.8981 2,6-Dimethyl-4-nitrophenol -55.5903
rhamnoside-4'thamnoside
9 Camostat mesylate -90.2515 Jubanine A -102.689 2-methoxy-4-methylphenol -55.2316
10 Jubanine B -110.367 3-Ethoxyacetophenone -58.5119
11 Jubabine C -105.471 Tryptamine -57.6537
12 Jubanine G -88.9747 Vincoside -88.9451
13 Jubanine H -89.2483 3-epi-Strictosidinic acid -86.5313
14 Amphibine A -101.716 Yohimbine -77.8269
15 Amphipine B -100.539 Reserpine -65.3186
16 Amphibine C -99.0982 Camptothecin -67.3791
17 Amphibine D -100.103 Secologanin -73.5241
18 Amphibine E 10413 2Propanone, 1-(4-hydroxy-3- g o)
methoxyphenyl)
19 Amphibine F -90.6102 3-Methoxyacetophenone -55.4328
20 Amphibine G -96.5544 19(R)-methoxytubotaiwine -67.0108
21 Amphibine H -103.514 19(S)-Methoxytubotaiwine -65.6651
22 Amphibine | -89.4811 Dihidrocapsaicin -80.3741
23 zizyphine F -94.1967 Ervatamine -72.5855
24 Alpa terpineol -61.3281 Guaiacol -52.9905
25 Beta sitosterol -84.8232 n-Pentanal -44.4185
26 Methyl hexadecanoate -78.6953 4-Allyl-2,6 -dimethoxyphenol -75.4356
27 Methyl octadecanoate -83.5505
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suggested that Z. spina-christi can be used as a candidate for raw
material in traditional drugs against SARS-CoV-2 antivirus.
Further studies are required to standardize the in vitro and in vivo
potential of Z. spina-christi extracts against SARS-CoV-2.

3.2 Visualization of Ligand — Protein Interaction

Compound visualization at the binding site is depicted in three-
dimensional (3D) form so that it can visualize the amino acids
involved in the active compound affinity with the SARS-CoV-2
protease enzyme, and determine the hydrogen bond distance in
angstrom (A) units between the candidate drug compounds and
amino acids existing between the SARS-CoV-2 protease enzyme
receptor (5R7Y). The visualisation results of the four protease
inhibitor candidate compounds can be seen in Figure 2.

Yantih et al.

Amino acids residues obtained from 5R7Y receptor binding to
compounds of Z. spina-christi include THR-25, GLN-189, ASN-
142, GLU-166, and GLY-143. These amino acids are also found in
amino acids at 5R7Y on the PDB database (Kurniawan, 2015;
Berry et al., 2015). Thus, it can be concluded that the amino acids
in the receptor are compatible. Amino acids that play an essential
role in receptor compatibility include histidine (His), glutamine
(GIn), arginine (Arg), glutamate (Glu), threonine (Thr), glycine
(Gly), serine (Ser) leucine (LEU), asparagine (ASN), and cysteine
(CYS). The location of the test compound bond to the amino acid
at the 5R7Y receptor is more or less following the native ligand
binding of the receptor amino acids, namely ARG-188, ASP-187,
MET-49, MET-165, CYS-44, CYS-145, HIS-41, HIS-164, SER-
46, THR-25, THR-45, GLN-189, LEU-57, LEU-50, ILE-43, ASN-
51, GLU-47, PRO-52, ASP-48, GLY-143 (Fearo et al., 2020).

Figure 2 Visualisation result of the candidate protease inhibitor compound at 5R7Y receptor A) Jubanine C; B) Jubanine B;
C) Amphibine H ; D) Amphibine E

Table 2 Amino acids residue obtained in 5R7Y receptor binding

Compound Name Amino acid Bond distance(A)
. THR-25 2.1
Jubanine B GLN-189 19
THR-25 2.2
Jubanine C GLU-166 2.1
ASN-142 2.1
GLN-189 2.1
. GLY-143 2.1
Amphibine E ASN-142 21
GLU-166 1.9
L. GLN-189 3.2
Amphibine H GLU-166 18
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Conclusion

The Jubanine B compound of Z. spina-christi has the most robust
inhibition activity on the SARS-CoV-2 protease receptor and after
some detailed study, it can be used as a candidate for traditional
antiviral medicine against SARS-CoV-2.
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