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Abstract. The COVID-19 has spread worldwide and become an
international pandemic. The promising target for drug discovery of
COVID-19 was SARS-CoV-2 Main Protease (Mpro), that has been
successfully crystallized along with its inhibitor. The discovery of
peptide-based inhibitors may present better options than small
molecules for inhibitor SARS-CoV-2 Mpro. Natural compounds have
such a wide potential and still few explored, Ziziphus spina-christi
is one of the medicinal plants that have many pharmacological
activities and contains a peptide compound from alkaloids class,
i.e. cyclopeptide alkaloids, that is interesting to explore as SARS-
CoV-2 Mpro inhibitor. The compound structure was drawn and opti-
mized using density functional theory 3-21G method. The protein
chosen was the high resolution of SARS-CoV-2 Mpro receptor (1.45
A) with PDB ID: 6WNP, in complex with Boceprevir. Molecular
docking simulation was performed using AutoDock 4.2 with 100 num-
bers of GA run, the validation methods assessed by RMSD calcula-
tion. Furthermore, the prediction of pharmacological activity spectra
was carried out using the PASS Prediction server. The results showed
RMSD value was 1.98 A, this docking method was valid. The binding
energy of all compounds showed better results than the native ligand
(Boceprevir). The in silico PASS prediction results indicated that
all compounds showed antiviral activity. Some compounds showed
protease inhibitory activity, i.e Ambiphibine-H, Franganine, and
Mauritine-A, and the highest Pa (Predicted activity) value showed
by Mauritine-A compounds. It can be concluded that the cyclo
peptide compounds of Ziziphus spina-christi were indicated to have
a potential as COVID-19 therapy targeting SARS-CoV-2 Mpro.
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protease, Ziziphus spina-christi

Citation
Fakih, T. M., Ramadhan, D. S.

F. & Darusman, F. (2021). In Silico Activity Identification of

Cyclo Peptide Alkaloids from Ziziphus spina-christi Species against SARS-CoV-2 Main Protease.

Jurnal Biodjati, 6(1), 71-81.

INTRODUCTION

The COVID-19 pandemic
spread from Wuhan China and

worldwide and become an international pan-
demic (Zhu et al., 2020). The disease can lead
in 2019 has to severe respiratory illness following an incu-
now spread bation time of 2-14 days (Backer et al., 2020).


mailto:3efit.bien@

Jurnal Biodjati 6(1):71-81, May 2021

JURNAL BI§®DJATL

http://journal.uinsgd.ac.id/index.php/biodjati

In the present situational report from WHO,
released on November 6th, 2020, there are
48,534,508 COVID-19 confirmed cases and
1,231,017 confirmed death globally (World
Health Organization, 2020).

One of the promising targets for drug
discovery of COVID-19 was SARS-CoV-2
Main Protease (Mpro), which has been ob-
tained its crystal structure along with its in-
hibitors (Jin et al., 2020; Khaerunnisa et al.,
2020; Mirza & Froeyen, 2020; Reiner et al.,
2020). The main protease in COVID-19 is
not the same as in humans and is the key en-
zyme of the viral replication cycle (Goyal &
Goyal, 2020; Gurung et al., 2020; Ullrich &
Nitsche, 2020). The peptide-like anti-HIV-1
drugs are effective against SARS-CoV Main
protease (Mpro). Due to the close phylo-
genetic relationship between SARS-CoV and
SARS-CoV-2, many of their main proteases
resemblant in structural and functional fea-
tures (Rut et al., 2020; Yoshino et al., 2020).
So, the discovery of peptide-based inhibitors
may present better options than small mole-
cules for COVID-19 therapy (Du et al., 2007,
Han & Kral, 2020).

Natural compounds have broad poten-
tial which can still be explored (Dias et al.,
2012). So our oriented towards treatments
of natural product compounds based on pep-
tide-like from medicinal plants in order to
obtain compounds having the ability to in-
hibit COVID-19 (Benarba & Pandiella, 2020;
Khare et al., 2020). One of the medicinal
plants and has peptide compounds we chose
for this research, i.e. Ziziphus spina-christi
species (Darusman & Fakih, 2020).

Ziziphus spina-christi is a deciduous
tree that generally comes from warm and sub-
tropical climates region, such as North Africa,
South Europe, Mediterranean, tropical Ame-
rica, South and East of Asia, and others, in-
cluding Indonesia (Yossef et al., 2011). There
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are many names for Z. spina-christi, which
is known as the thorn of Christ; Syria Christ-
thorn in English, on behalf of epine (Saied
et al., 2008). Z. spina-christi is also a plant
mentioned in the Holy Qur'an, the holy book
of Islam, as a plant that has many medicinal
benefits (Ishrak et al., 2006).

Ziziphus spina-christi has been proven
and reported to have various pharmacological
activities, including antibacterial, antifungal,
antioxidant, antihyperglycemic, and anti-
nociceptive, etc. Flavonoids, alkaloids, and
saponins are the main phytochemicals repor-
ted from this plant (Asgarpanah, 2012). The
Z. spina-christi has several peptide com-
pounds in the alkaloids class, 1.e. cyclopeptide
alkaloids, that have been reported, can be
found in stem-bark (Inayat-ur-Rahman et al.,
2001).

By looking at the potential of the pep-
tide type compounds that were reported to be
the most potent inhibitors of the main pro-
tease enzyme of SARS-CoV-2, and also the
alkaloid peptide content in the Z. spina-christi
plant which has not been explored for its
activity through SARS-CoV-2 Mpro, So we
interested to investigate the potency of cyclo-
peptide alkaloids from Z. spina-christi as an
inhibitor of SARS-CoV-2 Mpro.

MATERIALS AND METHODS

The experiment was carried out on
October-December 2020, at the Laboratory
of Pharmaceutical Chemistry, Department
of Pharmacy, Faculty of Mathematics and
Natural Sciences, Universitas Islam Bandung,
Bandung, Indonesia.

Hardware and Software

This research was conducted using
hardware in the form of computers and
HPC (High-Performance Computing) facili-
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ties owned by the Department of Pharmacy,
Faculty of Mathematics and Natural Sciences,
Universitas Islam Bandung. The computer is
equipped with software with Windows 7 and
Linux Ubuntu 16.04 operating systems
equipped with  Quantum ESPRESSO
v.6.6, MGL Tools 1.5.6 with AutoDock 4.2,
Prediction of Activity Spectra for Substances
(PASS) web server, and BIOVIA Discovery
Studio Visualizer 2020.

Ligand Preparation

The 3D ligand structures were drawn
and optimized using Density Functional
Theory (DFT) methods with a 3-21G basis
set using Quantum ESPRESSO v.6.6. The
ligands chose were bioactive compounds that
contained in Ziziphus species i.e. Amphibine
-H, Franganine, Jubanine-A, Mauritine-A,
Sativanine-B, and Zizyphine-F. These pep-
tide compounds are reported found in the
Ziziphus spina-christi plant. The structure of
the ligands are presented in Figure 1.

t

\\N \

Figure 1. Chemical structure of Amphibine-H (A); Franganine (B); Jubanine-A (C); Mauritine-A (D);

Sativanine-B (E); and Zizyphine-F (F).
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Reseptors Preparation

The crystallography structures of
SARS-CoV-2 Mpro were obtained from the
Protein Data Bank (PDB) (http://www.rcsb.
org/pdb/). The high resolution of the SARS-
CoV-2 Mpro receptor (1.45 A) with PDB
ID: 6WNP was chosen. The 6WNP was cho-
sen because of its high resolution compared
to other types of SARS-CoV-2 Mpro crystal
protein in PDB. The receptor was complexed
with Boceprevir an HCV protease inhibitor as
a co-crystal ligand. Furthermore, the unique
ligands and water molecules were removed
from the receptor. Then, polar hydrogen and
a charge (Kollman charge) was added to the
receptor structure. All preparation procedures
were performed using MGLTools 1.5.6. with
AutoDock 4.2 (Morris et al., 2010).

In Silico PASS Prediction

The in silico Prediction of Activity
Spectra for Substances (PASS) was carried
out to get biological activity spectra of com-
pounds accessed through PASS web server
(http://www.way2drug.com/PASSOnline/pre-
dict.php) (Lagunin et al., 2000). The predic-
ted spectrum as probable activity (Pa) and pro-
bable inactivity (Pi) that was estimated based
on structure-activity relationship analysis of
the training set containing more than 205,000
compounds exhibiting more than 3750 kinds
of biological activities. Being probabilities,
the Pa and Pi values vary from 0.000 to 1.000.
The PASS prediction was interpreted and used
in a flexible manner: (i) only activities with Pa
> Pi are considered as possible for a particu-
lar compound; (ii) if Pa >0.7, the chance to
find activity is experimentally high; (iii) if Pa
i1s >0.5 but less than <0.7, the chance to find
activity is experimentally low, but the com-
pound is probably different to known pharma-
ceutical agents; (iv) if Pa <0.5, the chance to
find activity is experimentally is low, but the
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chance to find new chemical entities is high
(Anzali et al., 2001).

Molecular Docking Simulation

The co-crystal ligand was re-docked on
the binding pocket of the protein to valida-
ted the docking method. The best confor-
mation of the co-crystal ligand was taken
and superimposed with the co-crystal ligand
before docked, and the Root-Mean-Square
Deviation (RMSD) was assessed. The
acceptable RMSD value must be less than
2.0 A (Bell & Zhang, 2019). Furthermore,
we docked all of the ligands to the binding
pocket of the SARS-CoV-2 Mpro. The grid
box was set with coordinates 7.579, 26.283,
and 23.017 (x, y, and z), and the dimensions
of the grid box were 64, 60, and 60 (x, y, and
z), and 100 numbers of GA run. Furthermore,
the conformation of each ligand was analyzed
for binding energy and amino acid interaction.

RESULTS AND DISCUSSION

In Silico PASS Prediction

PASS prediction was carried out on
Boceprevir, and cyclopeptide alkaloids com-
pound to see and compare their probability
level as a COVID-19 main protease inhibitor
(Table 1). Boceprevir was predicted to have
activity as an antiviral and protease inhibitor,
with Pa values of 0.730 and 0.347, respective-
ly. The cyclopeptide alkaloids compounds,
Ambiphine-H, Franganine, Jubanine-A,
Mauritine-A, Sativanine-B, and Zizyphine-F,
showed antiviral activity with Pa values
of 0.263, 0.201, 0.203, 0.277, 0.162, and
0.300, respectively. Protease inhibitor activity
predicted by Ambiphine-H (Pa 0.118),
Franganine (Pa 0.097), and Mauritine-A (Pa
0.131) compounds. Overall, all compounds
showed potency as antiviral activity and
some as a protease inhibitor, and Mauritine-A
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compounds showed the best results of PASS
prediction as antiviral and protease inhibitor.

Molecular Docking Simulation

Validation was carried out to see the
strength of binding mode prediction through
re-docking the co-crystal ligand into its bin-
ding site. It showed that the RMSD value of
the co-crystal ligand was 1.069 A. The RMSD
value below 2.0 A shows that the molecular
docking method used is valid. The overlay of
the docked co-crystal ligand and docked boce-
previr can be seen in Figure 2. The cyclo-
peptide alkaloids after docked showed varied
binding energies (Table 2). In general, the cy-

clopeptide alkaloids of Ziziphus spina-christi
from the docking results, showed high bind-
ing energy and Ki compared to the co-crystal
ligand. The negative sign or the lowest bind-
ing energy is considered to be stable to inte-
ract with receptors (Ramadhan et al., 2020).
The binding energy of the co-crystal ligand
was —7.93 Kcal/mol. The cyclopeptide alka-
loids binding energy sort by highest to lowest
were —9.88 Kcal/mol (Mauritine-A), —9.12
Kcal/mol (Amphibine-H), —8.98 Kcal/mol
(Sativanine-B), —8.61 Kcal/mol (Jubanine-A),
—8.08 Kcal/mol (Zizyphine-F), and -7.97
Kcal/mol (Franganine).

Table 1. In silico PASS prediction results

Ligands Activities prediction Pa Pi
. Antiviral 0.730 0.004
Boceprevir .
Protease inhibitor 0.347 0.006
Antiviral 0.263 0.052
Ambiphibine-H
IpRIIne Protease inhibitor 0.118 0.070
. Antiviral 0.201 0.095
Franganine o
Protease inhibitor 0.097 0.092
Tubanine-A Antiviral 0.203 0.093
Hanine Protease inhibitor - -
" Antiviral 0277 0.045
Mauritine-A o
Protease inhibitor 0.131 0.060
Sativanine.B Antiviral 0.162 0.146
atvanine- Protease inhibitor - -
ZivohineF Antiviral 0.300 0.037
e_
P Protease inhibitor i i

Pa: Probable activity, Pi: Probable inactivity

Figure 2. The overlay of the co-crystal (green) and
docked (red) conformation of Boceprevir
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Table 2. Binding energy of the cyclopeptide alkaloids of Ziziphus spina-christi to
the SARS-CoV-2 Mpro receptor

Compounds Binding energy (Kcal/mol) Ki (nM)
-crystal ligand
C(gz eprevi) ~7.93 1540
Amphibine-H -9.12 207.44
Franganine =7.97 1440
Jubanine-A —8.61 492.2
Mauritine-A —9.88 57.52
Sativanine-B —8.98 263.62
Zizyphine-F —8.08 1190

Molecular Interactions

The amino acid interactions of cyclo-
peptide alkaloids with the SARS-CoV-2
Mpro were observed and compared to refe-
rence co-crystal ligand (Boceprevir) binding
mode. The tabulation data of the interactions
is presented in Table 3 and the 2D interaction
can be seen in Figure 3. Co-crystal ligand in
its interactions, form hydrogen bonds with
amino acids Glu:166, His:163, Leu:141, and
Cys:145. Co-crystal ligand also forms sever-
al types of pi interaction with His:41 (pi-sig-
ma and pi-alkyl) and alkyl interaction with
Met:165 and Met:49. The cyclopeptide al-
kaloids in SARS-CoV-2 Mpro showed rich-
er interaction than co-crystal ligand, but the
types of bonds formed are slightly different.
Amphibine-H showed 5 similar residues, i.e.
Glu:166, His:163, Cys:145, His:41, Met:49,
and 3 different residues, i.e. Gly:143, Leu:27,
and Phe:140. Franganine showed 5 simi-
lar residues, i.e. Glu:166, His:163, Cys:145,
His:41, Met:49, and 3 different residues, i.c.
Pro:168, GIn:189, and Arg:188. Jubanine-A
showed 4 similar residues, i.e. Glu:166,
His:41, Met:165, and Met:49, and 1 different
residue, i.e. Arg:188. Mauritine-A showed 3
similar residues, i.e. Glu:166, His:41, Met:49,
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and Met:49, and 2 different residues, i.e.
Arg:188, and Phe:140. Sativanine-B showed
4 similar residues, i.e. His:163, Cys:145,
His:41, Met:165, and 1 different residue, i.c.
Arg:188, and His:164. Zizyphine-F showed
3 similar residues, ie. Glu:166, His:4l,
Met:165, and 6 different residues, i.e. His: 164,
GIn:189, Pro:168, Leu:167, and Arg:188.
The hydrogen bond is a bond between
an H partial positive charge atom with other
nearby electronegative atoms and has lone
pairs of free electrons that have a complete
octet, such as O, N, and F, and is the stron-
gest non-bond interaction of ligand-receptor
(Megantara et al., 2017). Co-crystal ligand
still shows the highest intensity of hydro-
gen bonding (4 hydrogen bonds), followed
by Sativanine-B (3 hydrogen bonds), and
Ampibhine-H, Jubanine-A, Mauritine-A,
and Zizyphine-F (2 hydrogen bonds, respec-
tively). The other interactions, i.e. Pi-sigma,
Pi-alkyl, and Pi-Sulfur, etc., mostly involve
charge transfer assisting in intercalating the
drug at the receptor-binding site. The highest
number of amino acid interactions that form
Pi interaction are dominated by Zizyphine-F,
then Amphibine-H, Franganine, Sativanine-B,
Mauritine-A, and Jubanine-A, respectively.
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Figure 3. Two-dimensional interactions of co-crystal ligand (A), Amphibine-H (B), Franganine (C),
Jubanine-A (D), Mauritine-A (E), Sativanine-B (F), and Zizyphine-F (G).
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Table 3. Data of amino acid interactions of reference ligand (co-crystal ligand) compared to cyclo peptide alkaloids

in SARS-CoV-2 Mpro

Co-crystal
ligand Amphibine-H  Franganine Jubanine-A  Mauritine-A  Sativanine-B  Zizyphine-F
(Boceprevir)
Glu:166 Glu:166 Glu:166 Glu:166 Glu:166
(@ @ Ollo6@ 1 (a2 ' (a2
His: 163 His: 163 . His:163
(@) (a) His:163(c) - - (h) -
Leu:141
(a) ) ) ) ) ) )
Cys:145 Cys:145 Cys:145
y(a) B(V a0) Cys:145(d) - - y(c) -
His:41 His:41 His:fll His:41 His:41 His:41(a) His:4.1
g (b,c) (a,f) (h, 1) (b,f) () (c;h,i)
2 Met:165 Met:165 Met:165 Met:165
& (d) ) ) (d) ) (d) (c.d)
Met:49 Met:49 Met:49 Met:49 Met:49
(d) (b) (e) (c) (e) ) )
Gly:143 Arg:188 Arg:188 Arg:188 His:164
@ ProsléBe) ) A 9 (@)
Leu:27 Phe:140 His: 164 GIn: 189
@ O ® (@) ®
Phe:140 Arg:188(g, Pro:168
(8) J) (g,d)
Leu:167
(€9)
Arg:188
)

a: conventional hydrogen-bond, b: pi-sigma, c: pi-alkyl, d: alkyl, e: pi-sulfur, f: pi-pi T-shaped, g: carbon-hydrogen
bond, h: pi-cation, i: pi-pi Stacked, j: unfavorable bond, k: pi-anion

Synthetic peptides have been extensive-
ly researched and proven to be able to inhibit
the activity of the SARS-CoV-2 Mpro enzyme,
however, peptides from natural compounds
are still lacking in exploration while their
potential is still very wide. One of the plants
known to contain metabolites in the form
of peptides which are classified as alkaloids
group, e.g. cyclopeptide alkaloids, is Ziziphus
spina-christi. In this study we tried to predict
whether the cyclopeptide alkaloids from
Ziziphus spina-christi have potential as an
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antiviral for SARS-CoV-2, specific to the main
protease receptor, using the in silico method.
This research revealed that cyclopeptide alka-
loids from Ziziphus spina-christi species have
potential as inhibitor candidates for the SARS-
CoV-2 Mpro receptor. This is supported by
the activity prediction results, In silico PASS
prediction, that showed all cyclopeptide alka-
loid compounds have antiviral activity and
some compounds showed protease inhibitory
activity, i.e Ambiphibine-H, Franganine, and
Mauritine-A. The highest Pa value (Predicted
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activity) showed by Mauritine-A compounds.
Further, the molecular docking of Amphi-
bine-H, Franganine, Jubanine-A, Mauritine-A,
Sativanine-B, and Zizyphine-F, showed better
binding affinity against SARS-CoV-2 Mpro
compared to co-crystal ligand (Boceprevir).
These compounds form interactions that are
similar in some residues with the co-crystal
ligand. It is suspected that the large binding
energy of these ligands is due to the amino
acid interactions, which are more numerous
than Boceprevir. Where it is known, the num-
ber of amino acid interactions will affect the
bond strength of the ligand to the active site
of the receptor.

ACKNOWLEDGEMENTS

The authors thank to the Department of
Pharmacy, Faculty of Mathematics and Na-
tural Sciences, Universitas Islam Bandung,
for the research financially supported by the
Independent Research Grant Program 2020,
No. 03/PEN-PKM/1/2021.

REFERENCES

Anzali, S., Barnickel, G., Cezanne, B., Krug,
M., Filimonov, D. & Poroikov, V.
(2001). Discriminating between Drugs
and Non-drugs by Prediction of Activi-
ty Spectra for Substances (PASS).
Journal of medicinal chemistry, 44(15),
2432-2437.

Asgarpanah, J. (2012). Phytochemistry and
Pharmacologic Properties of Ziziphus
spina christi (L.) Willd. African Journal
of Pharmacy and Pharmacology, 6(31),
2332-2339.

Backer, J. A., Klinkenberg, D. & Wallinga,
J. (2020). Incubation period of 2019
Novel Coronavirus (2019-nCoV) infec-
tions Among Travellers from Wuhan,

Jurnal Biodjati 6(1):71-81, May 2021

China, 20-28 January 2020. Euro sur-
veillance : bulletin Europeen sur les
maladies transmissibles = FEuropean
communicable disease bulletin, 25(5).

Bell, E. W. & Zhang, Y. (2019). DockRMSD:
an Open-source Tool for Atom Mapping
and RMSD Calculation of Symmetric
Molecules through Graph Isomorphism.
Journal of Cheminformatics, 11(1), 1-9.

Benarba, B. & Pandiella, A. (2020). Medi-
cinal Plants as Sources of Active Mole-
cules against COVID-19. Frontiers in
pharmacology, 11, 1-14.

Darusman, F. & Fakih, T. M. (2020). Studi
Interaksi Senyawa Turunan Saponin
dari Daun Bidara Arab (Ziziphus
spina-christi 1.) sebagai Antiseptik
Alami secara In Silico. Jurnal Sains
Farmasi dan Klinis, 7(3), 229-235.

Dias, D. A., Urban, S. & Roessner, U. (2012).
A Historical Overview of Natural Pro-
ducts in Drug Discovery. Metabolites,
2(2), 303-336.

Du, Q. S., Sun, H. & Chou, K. C. (2007). In-
hibitor Design for SARS Coronavirus
Main Protease Based on “Distorted Key
Theory. Medicinal Chemistry (Sharigah
(United Arab Emirates)), 3(1), 1-6.

Goyal, B. & Goyal, D. (2020). Targeting the
Dimerization of the Main Protease of
Coronaviruses: A Potential Broad-Spec-
trum Therapeutic Strategy. ACS combi-
natorial science, 22(6), 297-305.

Gurung. A. B., Ali, M. A., Lee, J., Farah, M.
A. & Al-Anazi, K. M. (2020). Unravel-
ling Lead Antiviral Phytochemicals for
the Inhibition of SARS-CoV-2 M(pro)
Enzyme through in silico Approach.
Life sciences, 255, 1-13.

Han, Y. & Kral, P. (2020). Computational
Design of ACE2-Based Peptide Inhibi-
tors of SARS-CoV-2. ACS nano, 14(4),
5143-5147.

79



Jurnal Biodjati 6(1):71-81, May 2021

JURNAL BI§®DJATL

http://journal.uinsgd.ac.id/index.php/biodjati

Inayat-ur-Rahman, Khan, M. A., Khan, G. A.,
Khan, L. & Ahmad, V. U. (2001). Cy-
clopeptide Alkaloids of Ziziphus Spe-
cies. Journal of Chemical Society of
Pakistan, 23(4), 268-277.

Jin, Z.,Du, X., Xu, Y., Deng, Y., Liu, M., Zhao,
Y., Zhang, B., Li, X., Zhang, L., Peng,
C.,Duan, Y., Yu, J., Wang, L., Yang, K.,
Liu, F., Jiang, R., Yang, X., You, T., Liu,
X., Yang, X., Bai, F., Liu, H., Liu, X.,
Guddat, L. W., Xu, W., Xiao, G., Qin,
C., Shi, Z., Jiang, H., Rao, Z. & Yang, H.
(2020). Structure of Mpro from SARS-
CoV-2 and Discovery of its Inhibitors.
Nature, 582(7811), 289-293.

Khaerunnisa, S., Kurniawan, H., Awaluddin,
R., Suhartati, S. & Soetjipto, S. (2020).
Potential Inhibitor of COVID-19 Main
Protease (Mpro) from Several Medici-
nal Plant Compounds by Molecular
Docking Study. Preprints, 1-14.

Khare, P., Sahu, U., Pandey, S. C. & Samant,
M. (2020). Current Approaches for Tar-
get-specific Drug Discovery Using Na-
tural Compounds Against SARS-CoV-2
infection. Virus research, 290, 1-8.

Lagunin, A., Stepanchikova, A., Filimonov,
D. & Poroikov, V. (2000). PASS: Pre-
diction of Activity Spectra for Biologi-
cally Active Substances. Bioinforma-
tics, 16(8), 747-748.

Megantara, S., Dwi U., Puspitasari & Resmi,
M. (2017). In silico Study of Thymo-
quinone as Peroxisome Proliferator Ac-
tivated Receptor Gamma Agonist in the
Treatment of Type 2 Diabetes Mellitus.
Journal of Pharmaceutical Sciences
and Research, 9(9), 1478-1482.

Mirza, M. U. & Froeyen, M. (2020). Struc-
tural Elucidation of SARS-CoV-2 Vital
Proteins: Computational Methods Re-
veal Potential Drug Candidates Against
Main Protease, Nsp12 Polymerase and

Fakih et al.

Nspl3 Helicase. Journal of Pharma-
ceutical Analysis, 10(4), 320-328.
Morris, G. M., Huey, R., Lindstrom, W., San-
ner, M. F.,, Belew, R. K., Goodsell, D. S.
& Olson, A. J. (2010). AutoDock4 and
AutoDockTools4: Automated Dock-
ing with Selective Receptor Flexibility.
Journal of Computational Chemistry,

30(16), 2785-2791.

Ramadhan, D. S. F., Fakih, T. M. & Arfan,
A. (2020). Activity Prediction of Bio-
active  Compounds Contained in
Etlingera elatior Against the SARS-
CoV-2 Main Protease: An In Silico Ap-
proach. Borneo Journal of Pharmacy,
3(4), 235-242.

Reiner, Z., Hatamipour, M., Banach, M., Pir-
ro, M., Al-Rasadi, K., Jamialahmadi,
T., Radenkovic, D., Montecucco, F. &
Sahebkar, A. (2020). Statins and the
COVID-19 Main Protease: In silico Evi-
dence on Direct Interaction. Archives of
Medical Science, 16(3), 490-496.

Rut, W., Groborz, K., Zhang, L., Sun, X.,
Zmudzinski, M., Pawlik, B., Wang, X.,
Jochmans, D., Neyts, J., Mtynarski,
W., Hilgenfeld, R. & Drag, M. (2020).
SARS-CoV-2 Mpro Inhibitors and
Activity based Probes for Patient
sample Imaging. Nature Chemical Bio-
logy, 17(2), 222-228.

Saied, A. S., Jens G., Karl H. & Andreas
B. (2008). Ziziphus spina-christi (L.)
Willd.: a Multipurpose Fruit Tree.
Genetic Resources and Crop Evolution,
55(7), 929-937.

Ullrich, S. & Nitsche, C. (2020). The SARS-
CoV-2 Main Protease as Drug Target.
Bioorganic & Medicinal Chemistry
Letters, 30(17), 1-8.

World Health Organization. (2020). Weekly
Operational Update on COVID-19 sep-
tember 27, 2020. World Health Organi-

80



Jurnal Biodjati 6(1):71-81, May 2021

JURNAL BI§®DJATL

http://journal.uinsgd.ac.id/index.php/biodjati

zation (WHO), 1-10. Retrieved from
https://www.who.int/publications/m/
item/weekly-update-on-covid-19---16-
october-2020.

Yoshino, R., Yasuo, N. & Sekijima, M. (2020).
Identification of Key Interactions Bet-
ween SARS-CoV-2 Main Protease and
Inhibitor Drug Candidates. Scientific
Reports, 10(1), 1-8.

Jurnal Biodjati 6(1):71-81, May 2021

Yossef, H. E., Khedr, A. A. & Mahran, M.
Z. (2011). Heptoprotective Activity of
Ziziphus spina-christi Fruits on Carbon
Tetrachloride induced Hepatotoxicity in

Rats. Nature and Science, 9(2), 1-7.

Zhu, H., Wei, L. & Niu, P. (2020). The Novel
Coronavirus Outbreak in Wuhan, China.
Global health research and policy,

Short Report, 5(6), 1-3.

81



