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ABSTRACT

Infection and deaths cases by SARS-CoV-2 still increase and have not decreased
significantly. Main protease (Mpro) is playing an important role in the replication
of SARS-CoV-2 life cycle and causes of rapid transmission. Natural compounds are
potential to be antiviral candidates with high bioavailability and low cytotoxicity.
Orchids of Dendrobium genus have high diversity in Indonesia. Dendrobium has
been used as traditional Chinese medicine and contains a group of secondary
metabolites with antiviral activity. This study aimed to determine the potential of
secondary metabolites of Dendrobium orchids as antiviral candidates against Mpro
SARS-CoV-2 with in silico molecular docking. Secondary metabolites obtained
from the KNApSAck and PubChem act as ligands. N3 inhibitors as native ligands
were obtained from the RCSB. Mpro SARS-CoV-2 (6LU7) as a target
macromolecule. Molecular docking was carried out using the online Covid-19
Docking Server using AutoDock Vina device. The most negative binding affinity
value for each ligand compared to the native ligand binding affinity. Visualization
with Discovery Studio software has been used to observe the protein amino acid
residues contact for each ligand. The binding affinity of the native ligand inhibitor
N3 is -7.5 kcal/mol. Based on the results of Mpro docking, three phytochemicals
from Dendrobium spp., ie., dendrocandin B, denthyrsinone, and denthyrsinol
compounds have binding affinities of -7.7 kcal/mol, -7.9 kcal/mol, and -8.1
kcal/mol, respectively. It can be concluded that in Dendrobium orchid,
denthyrsinol has the highest chance of binding so it has the potential to inhibit the
Mpro SARS-CoV-2 activity.
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INTRODUCTION

The pandemic of COVID-19 caused by
positive-sense RNA of B-coronaviridae known as
Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). The first case started to spread in
Wuhan, China, in December 2019 (Coronaviridae
Study Group of the International Committee on
Taxonomy of Viruses, 2020; Holshue et al. 2020).

There were 2-3% infection and death cases caused
by SARS-CoV-2 and continue to increase without
any significant decreasing number (Hamid e/ al
2020). World Health Organization (WHO) reported
that for now on, effective treatment using antiviral
agents against SARS-CoV-2 is still not available
(Pandey et al. 2020). Several symptoms of COVID-
19 disease are sputum production (28%), headache
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(8%), hemoptysis (5%), and diarrhea (3%) (Huang et
al. 2020). According to several studies, other
symptoms such as anosmia, fever, cough, alveolar
destruction, and acute pneumonia was detected after
ten days of infection with more severe symptoms on
comorbid patients and old patients >70 years old
(Chen et al. 2020; Li et al. 2020; Tian et al. 2020;
Wang W et al. 2020; Zhu et al. 2020).

Indonesia is known as a country with high
biodiversity that has several plants
traditional medicine, one of them 1is orchids
(Darmawati et al. 2018; Fandani et al. 2018). Orchids
include in the Orchidaceae family with high

used as

distribution over the world and very abundance in
species richness. There are almost 5000 of 30.000
species of orchids can be found in the Indonesia
archipelago (Sapto, 2009). The genus of Dendrobium
become the second largest genus in the Orchidaceae
family (Moudi et al, 2018). Dendrobium has been
used as natural traditional medicine in China and
the studies show that some of the species contain
secondary metabolites group with antiviral activity
(Fan et al. 2001).
metabolites group as

Particular of secondary
alkaloids,
derivatives of bibenzyl have potential in the
medication field (Gutierrez, 2010).

Herbal using
complex mixture of plant organic compounds (Ren
2020). A

intermediate substance which do not have a role in

flavonoids,

medication 1s a treatment

et al secondary metabolite is an
the main metabolic processes, specifically and has a
certain function in each plant family (Semiarti et al.,
2020). Plant
inhibitor of specific disease with lower side effect
also beneficial as
candidate with high bioavailability and low
cytotoxic effect (Umadevi et al. 2020). Catechins,
zingerols, gingerols,
epitacetin reported have inhibition activity towards
SARS-CoV-2 by in silico study (Khaerunnisa et al.
2020). The quest of antiviral candidates from the
anti-SARS-CoV-2 facing
challenges due to differences in genome sequence
with SARS-CoV-1 or MERS-CoV (Septiana, 2020).
The antiviral candidate analysis in botany
sectors should be started with in silico study
(Trivedi et al. 2020). In silico study expected to
optimize research process and prevent loss in

secondary metabolite useful for

alternative of an antiviral

alicins, quercetins, and

natural substance as

vitro and in vivo steps, appropriately, accurately,
rapidly, and effectively (Sumon et al. 2021). Mostly
researches effects of the
secondary metabolite is still in progress of in vitro
testing and the iz vivo testing effectiveness is not

that discusses the

yet guaranteed (Septiana, 2020). Experimental
research to find drug candidates from natural
substance is difficult in the pandemic condition. Iz
stlico method approach based on molecular docking
need to be done due to it is relatively fast and safe.
The aim of this study was to determine the
potential of secondary metabolite on Dendrobium
orchid species as an antiviral candidate on main
(Mpro) - SARS-CoV-2 using molecular
docking by iz silico method.

protease

MATERIALS AND METHODS

Molecular Docking

Secondary metabolites of Dendrobium listed
from KNApSAck: Metabolite Ecology. 3-dimension
structure of secondary metabolites downloaded
from PubChem databases with
Molecular docking conducted at online platform
small molecule Covid-19 Docking Server parameter
https://ncov.schanglab.org.cn/index.php.  (Kong,
2020). Structure of secondary metabolites act as
ligand in docking. Sars-CoV2 main Protease (Mp)
with PDB ID: 6LU7 selected as target (Jin et al.
2020). Centre Coordinate of Grid Box set in x =
—-10.85 A; y = 12.58 A; z = 68.72 A and the size of
grid box 80 A (r=12) (Vicidomini et al. 2021). Rate
12. The higher rate of
exhaustiveness would get a more constant result
(Forli, 2016). The result downloaded in .zip format
Ligand Profiling

Binding affinity score between target and
ligand which lower than inhibitor N3 (Table 1) as
native ligand would analyzed furthermore by ligand
profiling. Manifesting ligand profile by Lipinski's

.sdf  format.

of exhaustiveness in

rule of five that is hydrogen bond donors (the total

number of nitrogens—hydrogen and oxygen—
hydrogen bonds), hydrogen bond acceptors (all
nitrogen or oxygen atoms), molecular mass less,
and  lipophilicity  (log P)  conducted by
http://www.swissadme.ch/index.php

Data Visualization

Ligand and

conformation visualized in Software Discovery
Studio 2020. The three strongest ligand and target
interaction analyzed the amino acid residue contact

and interaction in binding pocket.

target 3-dimension structure

RESULTS AND DISCUSSION
Dendrobium is generally found growing well in
high areas or mountainous areas 1400-1600 m
above sea level, in a fairly humid and foggy
environment, and with a mild average temperature
(Lam et al, 2015). In this study, secondary
metabolites of the genus Dendrobium acted as
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ligand-independent variables.
metabolites composed of Dendrobium polysaccharide
compounds have antiviral activity (Hwang et al,
2012). Binding of secondary metabolites to viral
nucleoprotein regions can inhibit oligomerization
and export of viral nucleoproteins (Ti et al., 2021).

Medioresinol is capable of causing the accumulation

Secondary

of intracellular ROS and apoptosis of microbial cells
(Hwang et al., 2012). Terpenoids in Dendrobium
nobile play a role in the proliferative activity of
and B
immunomodulators (Singh et al., 2012). Naringenin
is believed to have potential as a treatment
compound that can inhibit SARS-CoV in Mpro and
ACE2 (Tutunchi et al., 2020).

The main protease (MP) is known to play an

murine T lymphocytes as antiviral

important role in the live replication process of
SARS-CoV-2 and is one of the causes of rapid
transmission (Purwaniati and Asnawi, 2020). The
Mpro structure of SARS-CoV-2 consists of A and B
Chains (Zhang et al. 2020). M, also called the 3CL
protease, is a 383.8-kDa cysteine protease that

mediates functional polypeptide maturation in the
assembly of viral replication machinery (Cui et al.
2020). The role of Mrr in the life cycle of SARS-
CoV-2 uses one of the important targets in the
design of COVID-19 antivirals (Purwaniati and
Asnawi, 2020). In this study, Mpr SARS-CoV-2
(6LU7) was used as a macromolecular target.

Ns inhibitors or known as Michael Acceptor
Inhibitors have been investigated to be able to
inhibit the virus and specifically inhibit Mpro SARS-
CoV (Yang et al. 2005). In this study, N3 inhibitors
were used as native ligands obtained from the RCSB
website (Jain and Mujwar, 2020). The N inhibitor
covalently binds to SARS-CoV-2 Mprr via the
Michael reaction and blocks its active site (Griffin,
2020; Xue et al. 2008). Nj cytotoxicity 50%
concentration of 133uM, ebselen and Nj antiviral
activity had the strongest effect at 10 M
concentration for Vero cells infected by SARS-CoV-
2, N inhibitor compounds were able to penetrate
cell membranes to access more targeted targets (Jin
et al., 2020).

Table 1. Ligand Profiling secondary metabolite of Dendrobium

Binding affinity Bioavailability

Lipinski's rule

Secondary metabolites Keal/Mol Score Logt Violation H-Bond MR
Donor Acceptor (g/mol)
Medioresinol -8 0.55 3.29 0 2 7 388.41
Denthyrsinol -8.1 0.55 3.98 0 4 6 478.49
Dendroside D -8.2 0.17 2.21 3 9 14 592.63
Nobilin E -8 0.55 3.38 1 3 8 544.59
(+)-Lirioresinol B -7.9 0.55 3.52 0 2 8 418.44
Denthyrsinone -7.9 0.56 2.41 1 3 8 522.50
Naringenin -7.8 0.55 1.75 0 3 5 272.25
Dendrocandin B -7.7 0.55 4.24 0 2 8 482.52
44'-Dihydroxy-3,5 -7.6 0.55 2.67 0 2 1 274.31
dimethoxybibenzyl
Acanthoside B -7.6 0.17 3.5 2 5 18 580.58
Inhibitor N3 -7.5

Table 2. Binding affinity and Binding Pocket secondary metabolites of Dendrobium with Mpro

Binding  Bjo-gva ilability

Species Secondary metabolites affinity Binding Pocket
(kcal/mol) Score
-8.1 0.55 ASN142, CYS145, GLU166,
Dendrobium thysiflorum Denthyrsinol GLY 143, LEU27, SER 144,
THR26
. . . -7.9 0.56 CYS145, GLU166, GLY143,
Dendrobium thysiflorum Denthyrsinone HIS163, HIS41, PHE 140
=7.7 0.55 CYS145, GLU166, HIS163,
. . . HIS172, HIS41, MET165,
Dendrobium candidum Dendrocandin B MET49, PHE140, THR190,
THR25
ASN142, CYS145, GLN189,
Inhibitor N3 -7.5 0.17 GLU166, HIS163, HIS41,

LEU27, MET49
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A. Dendrocandin, B. Denthyrsinone, C. Denthyrsinol, D. Inhibitor N3

In this research, an znusilico study was conducted
with the mechanism of the stages (1) ligand
preparation, (2) target preparation, (3) target ligand
molecule docking, (4) ligand-protein interaction
visualization, and (5) data analysis (Sari et al. .2020).
Molecular docking is a popular method in in silico

studies, especially to initiate drug design (de
Ruyck et al. 2016). The docking process is divided
into two types, namely blind docking and oriented
docking (Pradani et al.,, 2021). Blind docking is a
docking process without knowing the exact location
of the active site of the receptor, while oriented
docking is done after knowing the exact location of
the active site of the receptor (Syahputra et al,
2014). Molecular docking can be done with the
PyRx software using the Autodock tool.

In this study, molecular docking was carried
out with the Online Covid-19 Docking Server using
the AutoDock Vina device (Vicidomini et al. 2021).
Autodock Vina and CoDock PP were used as
docking engines to predict the binding mode
between COVID-19 targets and potential ligands.
Covid-19 Docking Server is economically and
operationally easy to use (Kong et al. 2020). One of
the studies using the Online Covid-19 Docking
Server is Pendyala and Patras (2020), which
examines several bloactive compounds in food
ingredients to inhibit Mpe COVID-19. Research
conducted by Barik et al. (2020) also used the
Online Covid-19 Docking Server as a method to
analyze the types chloroquine,
hydroxychloroquine, arbidol
compounds. The web-based docking platform has
been validated by its developers with the evaluation
of re-docking trials for targets, including Mrr with
N inhibitors (Vicidomini et al. 2021).

The most negative binding affinity value for
each ligand compared to the native ligand binding
affinity (Chen et al. 2016; Xue et al. 2008). Based on
the results in Table 1., there are 10 secondary

of bonds in
ramdesivir  and

metabolites of Dendrobium with a lower binding

affinity value than the native ligand Inhibitor N3.
The metabolites D, denthyrsinol,
medioresinol, and nobilin E respectively had the

dendroside

lowest binding affinity, namely -8.2 kcal/mol, -8.1
kcal/mol, -8 kcal/mol, and -8 kcal/mol. Binding
affinity indicates the strength of the drug to bind to
the receptor (Arwansyah et al. 2014). The lower the
binding affinity value, the higher the affinity
between the receptor and the ligand and vice versa
(Prabowo and Santoso, 2018). The smaller the
binding affinity value, the stable the
interaction between the ligand and the receptor
(Arwansyah et al. 2014).

The ligand profile in Table 1 shows that of the
10 secondary metabolites of Dendrobium, only

more

Dendroside D and Acanthoside B are not potential
drugs because they have Violation >2 (Wells and
McGee, 2008). The profile of ligands according to
Lipinski's five rules includes molecular weight, logP
(lipophilicity), number of hydrogen bond donors,
number of hydrogen bond acceptors, and Violation
(Rachmania et al. 2015). Lipinski's rule describes the
solubility of certain compounds to penetrate cell
membranes by passive diffusion (Syahputra et al.
2014). Compounds are more permeable and active
as ligands if they have <5 hydrogen bond donors,
<10 hydrogen bond acceptors, molecular mass
<500 Da, and logP value <5 (Afriza et al. 2018).
The value of Mr (molecular weight), H-Donor and
H-acceptor is a measure of the permeability of a
drug to be able to pass through the lipid bilayer of a
cell (Suhadi et al. 2019). Lipophilicity is defined as
the logarithm of the ratio of the hydrophobicity of
the drug partitioning into the organic phase to the
aqueous phase and is referred to as logP (Ivanovic
et al. 2019; Utomo et al. 2017). Violation is related
to the potential for dependence and the amounts of
illegal drugs used (Wells and McGee, 2008).
Hydrogen bonds generally act as a facilitator to
increase the binding affinity of ligands by moving
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protein-bound water molecules into a large volume
of solvent (Chen et al., 2016).

Visualization of ligand-protein interactions of
10 secondary metabolites showed that there were
only 8 strongest metabolite modes. Secondary
metabolites with the strongest mode against Mpro
were found in  Dendrobium  thysiflorum  and
Dendrobium  candidum orchids. The strongest
metabolite mode in terms of the lowest binding
affinity and interactions with the most hydrogen
bonds, especially on key amino acids. Based on the
results of Table 2, the metabolites that have the
highest Mpro  are
dendrocandin B, denthyrsinone, and denthyrsinol.
Denthyrsinol has the lowest binding affinity of -8.1
kcal/mol which is predicted to be more stable when
bound to Mpr. The interactions formed by
Denthyrsinol and Mpe are hydrogen bonds,
electrostatic interactions, and hydrophobicity with
the amino acids GLY 143, LEU27, SER144, THR26
and ASN 142, CYS145, GLU166 as key amino acids.
The interaction between the ligand and the protein
receptor is expected to inhibit the performance of
Mprro SARS-CoV-2 (Trott and Olson, 2010).

probability of binding to

CONCLUSION
Based on molecular docking using in silico
method, it can be concluded that Denthyrsinol is a
the most potential secondary metabolite in orchid
Dendrobium thyrsiflorum as an antiviral candidate on
main protease (Mpro) SARS-CoV-2.

REFERENCES

Afriza, D., Suriyah, W. H., & Ichwan, S. J. A. (2018). In silico
analysis of molecular interactions between the anti-
apoptotic protein survivin and dentatin, nordentatin,
and quercetin. Journal of Physics: Conference Series,
1073(3), 0-17. https://doi.org/10.1088/1742-
6596/1073/3/032001.

Arwansyah, A., Ambarsari, L. and Sumaryada, T.I. (2014).
Simulasi docking senyawa kurkumin dan analognya
sebagai inhibitor reseptor androgen pada kanker
prostat [English: “Docking simulation of curcumin
and its analogues as androgen receptor inhibitors in
prostate cancer”]. Current Biochemistry, 1(1): 11-19.

Barik, A., Rai, G., & Modi, G. (2020). Molecular docking and
binding mode analysis of selected FDA approved drugs
against COVID-19 selected key protein targets: An effort
towards drug repurposing to identify the combination
therapy to combat COVID-19.
http://arxiv.org/abs/2004.06447.

Chen, D., Oezguen, N., Urvil, P, Ferguson, C., Dann, S. M.,
& Savidge, T. C. (2016). Regulation of protein-ligand
binding affinity by hydrogen bond pairing. Science
Advances, 2(3).
https://doi.org/10.1126/sciadv.1501240.

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., Qiu,
Y., Wang, J., Liu, Y., Wei, Y., Xia, J,, Yu, T., Zhang,
X., & Zhang, L. (2020). Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus

pneumonia in Wuhan, China: a descriptive study. The
Lancet, 395(10223), 507—518.
https://doi.org/10.1016/50140-6736(20)30211-7.

Coronaviridae Study Group of the International Committee
on Taxonomy of Viruses. (2020). The species severe
acute respiratory syndrome-related coronavirus:
classifying 2019-nCoV and naming it SARS-CoV-2.
Nature microbiology, 5(4): 536-544.

Cui, W,, Y. Kailin, and Y. Haitao. (2020). Recent Progress in

the Drug Development Targeting SARS-CoV-2
Main Protease as Treatment for COVID-19.
Frontiers in Molecular Biosciences, 7(398): 1-10. doi:
10.8389/fmolb.2020.616341

Darmawati, [. A. P, Rai, [. N,, Dwiyani, R., & Astarini, I. A.
(2018). Short communication: The diversity of wild
Dendrobium (Orchidaceae) in Central Bali, Indonesia.
Brodrversitas, 19(8), 1110—1116.
https://doi.org/10.13057/biodiv/d190345.

de Ruyck, J.,, Brysbaert, G., Blossey, R., & Lensink, M. F.
(2016). Molecular docking as a popular tool in drug
design, an in silico travel. Advances and Applications in
Bioinformatics and Chemastry, 9(1), 1-11.
https://doi.org/10.2147/AABC.5105289.

Fan, C, Wang, W., Wang, Y., Qin, G., & Zhao, W. (2001).
Chemical constituents from Dendrobium densiflorum.
Phytochemistry, 57(8), 1255—1258.
https://doi.org/10.1016/50031-9422(01)00168-6.

Fandani, H. S., Mallomasang, S. N., & Korja, I. N. (2018).
Keanekaragaman Jenis Anggrek pada beberapa
Penangkaran di Desa Ampera dan Desa Karunia
Kecamatan Palolo Kabupaten Sigi. Jurnal Warta
Rimba, 6(9), 14—20.

Forli, S., Huey, R., Pique, M. E., Sanner, M., Goodsell, D. S,,

& Arthur, J. (2016). 00006565-201002000-00017.
11(5), 905-919.
https://doi.org/10.1088/nprot.2016.051.Computation
al

Griftin, J. W. D. (2020). SARS-CoV and SARS-CoV-2 main
protease residue interaction networks change when
bound to inhibitor N8. Journal of Structural Biology,
211(8), 107575.
https://doi.org/10.1016/].Jsb.2020.107575.

Gutiérrez, R. M. P. (2010). Orchids: A review of uses in
traditional ~medicine, its phytochemistry  and
pharmacology. Journal of Medicinal Plants Research,
4(8), 592—638. https://doi.org/10.5897/IMPR10.012.

Hamid, S., Mir, M. Y., & Rohela, G. K. (2020). Novel
coronavirus  disease (COVID-19): a pandemic
(epidemiology, pathogenesis and potential
therapeutics). New Microbes and New Infections, 35,
100679. https://doi.org/10.1016/].nmni.2020.100679.

Holshue, M. L., DeBolt, C., Lindquist, S.,, Loty, K. H,
Wiesman, J., Bruce, H., Spitters, C., Ericson, K.,
Wilkerson, S., Tural, A., Diaz, G., Cohn, A., Fox, L.,
Patel, A., Gerber, S. 1., Kim, L., Tong, S., Lu, X,
Lindstrom, S., Pillai, S. K. (2020). First Case of 2019
Novel Coronavirus in the United States. New England
Journal of Medicine, 382(10), 929-936.
https://doi.org/10.1056/nejmoa2001191.

Huang, M., Tang, T, Pang, P., Li, M., Ma, R,, Lu, J,, Shu, J,
You, Y., Chen, B, Liang, J., Hong, Z., Chen, H., Kong,
L, Qin, D., Pei, D, Xia, J, Jiang, S, & Shan, H.
(2020). Treating COVID-19 with Chloroquine.
Journal of Molecular Cell Biology, 12(4), 822-325.
https://doi.org/10.1098/jmcb/mjaa014.

Hwang, J. H., Hwang, 1. S., Liu, Q. H., Woo, E. R., & Lee, D.
G. (2012). Medioresinol leads to intracellular ROS
accumulation and mitochondria-mediated apoptotic
cell death in Candida albicans. Biochimie, 94(8), 1784~



Jurnal Riset Biologi dan Aplikasinya, 4(1): 19-25, March 2022 | 24

1793. https://doi.org/10.1016/].biochi.2012.04.010.

Ivanovi¢, V., Randi¢, M., Arsi¢, B, & Pavlovi¢, A. (2020).
Lipinski’s rule of five, famous extensions and famous
exceptions. Popular Scientific Article, 3(1), 171-177.

Jain, R., & Mujwar, S. (2020). Repurposing metocurine as
main protease inhibitor to develop novel antiviral
therapy for COVID-19. Structural Chemistry, 31(6),
2487-2499. https://doi.org/10.1007/511224-020-
01605-w.

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., Liy, F,, Jiang, R., Yang, X., You, T, Liu,
X., Yang, H. (2020). Structure of Mpro from SARS-
CoV-2 and discovery of its inhibitors. Nature,
582(7811), 289—293. https://doi.org/10.1038/541586-
020-2223-y.

Khaerunnisa, S., Kurniawan, H., Awaluddin, R., Suhartati, S.,
& Soetjipto, S. (2020). Potential Inhibitor of COVID-
19 Main Protease (Mpro) From Several Medicinal
Plant Compounds by Molecular Docking Study
Molecular Docking, ADME-Toxicity Prediction, and
Evaluation of Curcumin Derivative Compound as
Inhibitor Inflamation on Rheumathoid Arth. Preprints,
March.
https://doi.org/10.20944/ preprints202003.0226.v1.

Kong, R, Yang, G., Xue, R,, Liu, M., Wang, F., Hu, J., Guo,
X., & Chang, S. (2020). COVID-19 Docking Server: A
meta server for docking small molecules, peptides and
antibodies against potential targets of COVID-19.
Bioinformatics, 36(20), 5109-5111.
https://doi.org/10.1098/bioinformatics/btaa645.

Lam, Y., Ng, T. B,, Yao, R. M, Shi, J.,, Xu, K., Sze, S. C. W,
& Zhang, K. Y. (2015). Evaluation of chemical
constituents and  important  mechanism  of
pharmacological biology in Dendrobium plants.
Evidence-Based Complementary and Alternative Medicine,
2015. https://doi.org/10.1155/2015/841752.

Li, X,, Geng, M., Peng, Y., Meng, L, & Lu, S. (2020).
Molecular immune pathogenesis and diagnosis of
COVID-19. Journal of Pharmaceutical Analysis, 10(2),
102-108. https://doi.org/10.1016/].jpha.2020.03.001

Moudi, M., Go, R,, Yong, C,, Yien, S., & Nazre, M. (2013). 4
Review on Molecular Systematic of the Genus Dendrobium
Sw. 2 (April), 71-78.

Pandey, P., Rane, J. S., Chatterjee, A., Kumar, A., & Ray, S.
(2020). Targeting SARS-CoV-2 Spike Protein of
COVID-19 with Naturally Occurring
Phytochemicals: An in Silco Study for Drug
Development. ChemRziv.
https://doi.org/10.26434/chemrxiv.12094203.v1

Pendyala, B., & Patrasa, A. (2020). In silico Screening of
Food Bioactive Compounds to Predict Potential
Inhibitors of COVID-19 Main protease (M. ChemRxiv,
11-44).

Prabowo, S.A.A.E.and Santoso,B, 2018. Profil in silico
Interaksi Senyawa Alam ketumbar dan Adas Bintang
sebagai Inhibitor Peptida Deformilase
Mycobacterium tuberculosis (3SVJ dan 1WS1)
menggunakan Bantuan PyRx-Vina [English: “In
silico Profile of Interaction of Coriander and Star
Anise Natural Compounds as Peptide Deformylase
Inhibitors of Mycobacterium tuberculosis (3SVJ and
1WS1) using PyRx-Vina Assistance™]. Proceeding of
the URECOL, pp.402-408.

Pradani, T.C., Manampiring, A.E., Kepel, B.J., Budiarso, F.D.
and Bodhi, W., 2021. Molecular Docking Terhadap
Senyawa  Kurkumin dan  Arturmeron pada
Tumbuhan Kunyit (Curcuma Longa Linn.) yang
Berpotensi Menghambat Virus Corona [English:

“Molecular Docking of Curcumin and Arturmeron
Compounds in Turmeric Plants (Curcuma Longa
Linn.) Potentially Inhibiting Corona Virus”].
eBiomedik 9(2): 208-214..

Purwaniati, and A. Asnawi. (2020). Target Kerja Obat
Antivirus Covid-19: Review Drug Target of Antivirus
Covid-19: Review. Jurnal Farmagazine, 7(2): 30-42

Rachmania, R. A., Supardi, and O. A. Larasati. (2015). In
Silico Analysis of Diterpenoid Lactone Compounds of
Bitter Herbs (Andrographis paniculate Nees) on Alpha-
Glucosidase Receptor as Antidiabetic Type II Agents.
PHARMACY;12(2): 210-222.

Rane, J. S, Chatterjee, A., Kumar, A., & Ray, S. (2020).
Targeting SARS-CoV-2 Spike Protein of COVID-19
with Naturally Occurring Phytochemicals: An in
Silco Study for Drug Development. ChemRxiv,
https://doi.org/10.26434/chemrxiv.12094203.v1.

Sari, [.LW., Junaidin, J. and Pratiwi, D., 2020. Studi Molecular
Docking Senyawa Flavonoid Herba Kumis Kucing
(Orthosiphon stamineus B.) Pada Reseptor A-
Glukosidase Sebagai Antidiabetes Tipe 2 [English: “.
Molecular Docking Study of Flavonoid Compounds
of Cat's Whisker Herb (Orthosiphon stamineus B.)
on -Glucosidase Receptors as Type 2 Antidiabetic™].
Jurnal Farmagazine, 7(2), pp.54-60.

Semiarti, E., Purwantoro, A., & Puspita Sari, 1. (2020).
Biotechnology Approaches on  Characterization, Mass
Propagation, and Breeding of Indonesian Orchids
Dendrobium lineale (Rolfe.) and Vanda tricolor (Lindl.)
with Its Phytochemistry, 1—14.
https://doi.org/10.1007/978-3-030-11257-8_12-1.

Septiana, E., 2020. Prospek Senyawa Bahan Alam Sebagai
Antivirus  Dalam  Menghambat =~ SARS-CoV-2
[English: “Prospects of Natural Compounds As
Antivirals In Inhibiting SARS-CoV-2"7]. Biotrends
11(1): 80-38.

Singh, Siddhartha Singh, Amit Kumar, Sunil Kumar, Mukul
Pandey, Pramod Singh, & Mayanglambam. (2012).
Medicinal Properties and Uses of Orchids: a Concise
Review. Elixir Appl. Botany, 2012 (November),
11627-11634.
https://www.researchgate.net/publication/2921311
92_Medicinal_properties_and_uses_of__orchids_a_co
ncise_review

Suhadi, A., Rizarullah, R., & Feriyani, F. (2019). Simulasi
Docking Senyawa Aktif Daun Binahong Sebagai
Inhibitor Enzyme Aldose Reductase. Sel Jurnal
Penelitian Kesehatan, 6(2), 55—65.
https://doi.org/10.22435/sel.v6i2.1651

Sumon, T. A., Hussain, M. A., Hasan, M. T., Hasan, M.,
Jang, W. J., Bhuiya, E. H, Chowdhury, A. A. M.,
Sharifuzzaman, S. M., Brown, C. L., Kwon, H. J, &
Lee, E. W. (2021). A Revisit to the Research Updates
of Drugs, Vaccines, and Bioinformatics Approaches in
Combating COVID-19 Pandemic.  Frontiers in
Molecular Biosciences, 7.
https://doi.org/10.8889/fmolb.2020.585899.

Suryadi Budi Utomo, Fajar Sanubari, Budi Utami, dan N. D.
N., & Program. (2017). Aktivitas Analgesik Senyawa
Turunan ~ Meperidin ~ Menggunakan  Metode
Semiempiris Am1 Analysis of a Quantitative
Relationship Between the Structure and Analgesic
Activity of Meperidin Derivatives Using. (Jurnal
Kimia Dan Pendidikan Kimia, 2 (8), 158—168.

Syahputra, G., L. Ambarsari, and T. Sumaryada. (2014).

Simulasi Docking Kurkumin Enol,
Bisdemetoksikurkumin dan Analognya sebagai
Inhibitor Enzim12-Lipoksigenase [English:
“Docking  Simulation  of  Enol  Curcumin,



25 | Kinasih et al; In Silico Study of Secondary Metabolites in Dendrobium spp.

Bisdemethoxycurcumin and Their Analogues as
Enzyme 12-Lipoxygenase Inhibitors™].  Jurnal
Biofistka, 10 (1): 55-67
Ti, H., Zhuang, Z., Yu, Q., & Wang, S. (2021). Progress of
plant medicine derived extracts and alkaloids on
modulating viral infections and inflammation. Drug
Design, Development and Therapy, 15, 1385—1408.
https://doi.org/10.2147/DDDT.S299120
Tian, S., Hu, N, Lou, J.,, Chen, K., Kang, X., Xiang, Z., Chen,
H., Wang, D., Liu, N,, Liu, D., Chen, G., Zhang, Y., Li,
D, Li, J, Lian, H, Niu, S, Zhang, L., & Zhang, J.
(2020). Characteristics of COVID-19 infection in
Beijing.  Journal of Infection, 80 (4), 401-406.
https://doi.org/10.1016/j.jinf.2020.02.018
Trivedi, G. N, Karlekar, J. T., Dhameliya, H. A., & Panchal,
H. (2020). A review on the novel coronavirus disease
based on in-silico analysis of various drugs and target
proteins. Journal of Pure and Applied Microbiology, 14
(1), 849—860.
https://doi.org/10.22207/JPAM.14.SPL1.22
Trott, O., & Olson, A. J. (2009). AutoDock Vina: Improving
the speed and accuracy of docking with a new scoring
function, efficient optimization, and multithreading.
Journal of Computational Chemistry, $1(2), NA-NA.
https://doi.org/10.1002/jcc.21334
Tutunchi, H., Naeini, F., Ostadrahimi, A., & Hosseinzadeh-
Attar, M. J. (2020). Naringenin, a flavanone with
antiviral and anti-inflammatory effects: A promising
treatment strategy against COVID-19. Phytotherapy
Research, 34 (12), 3137-8147.
https://doi.org/10.1002/ptr.6781
Umadevi, P., Manivannan, S., Fayad, A. M., & Shelvy, S.
(2020)p. In silico analysis of phytochemicals as
potential inhibitors of proteases involved in SARS-
CoV-2 infection. Journal of Biomolecular Structure and
Dynamics, 0 (0), 1-9.
https://doi.org/10.1080/07391102.2020.1866669.
Utomo, S. B, F. Sanubari, B. Utami, and N. D. Nurhayati.
(2017). Analisis Hubungan Kuantitatif Struktur dan
Aktivitas Analgesik Senyawa Turunan Meperidin
Menggunakan Metode Semiempiris AM1 [English:
“Analysis of the Quantitative Relationship of the
Structure and Analgesic Activity of Meperidine
Derivative ~ Compounds ~ Using  the AMI.

Semiempirical ~ Method™].  Jurnal Kimia  dan
Pendidikan Kimia, 2(3): 158-168

Vicidomini, C., Roviello, V., & Roviello, G. N. (2021). In
silico investigation on the interaction of chiral
phytochemicals from opuntia ficus-indica with sars-
cov-2 mpro. Symmetry, 15(6).
https://doi.org/10.8390/sym13061041.

Wang, C., Horby, P.W., Hayden, F.G. and Gao, G.F. (2020).
A novel coronavirus outbreak of global health
concern. The lancet, 395 (10223): 470-473.

Wang, W, Tang, J., & Wei, F. 2020. Updated understanding
of the outbreak of 2019 novel coronavirus (2019-
nCoV) in Wuhan, China. Journal of Medical Virology,
92 (4), 441—447. https://doi.org/10.1002/jmv.25689.

Wang, Z., Zhao, M., Cui, H,, Li, J, & Wang, M. (2020).
Transcriptomic Landscape of Medicinal Dendrobium
Reveals Genes Associated With the Biosynthesis of
Bioactive Components. Frontiers in Plant Science, 11
(April), 1-11.
https://doi.org/10.3389/1pls.2020.00391

Wells, J. E., & McGee, M. A. (2008). Violations of the usual
sequence of drug initiation: Prevalence and
associations with the development of dependence in
the New Zealand Mental Health Survey. Journal of’
Studies on  Alcohol and Drugs, 69 (6), 789-795.
https://doi.org/10.15288/)sad.2008.69.789.

Xue, X., Yu, H,, Yang, H., Xue, I, Wu, Z,, Shen, W, Li, J,
Zhou, Z., Ding, Y., Zhao, Q., Zhang, X. C., Liao, M,
Bartlam, M., & Rao, Z. (2008). Structures of Two
Coronavirus Main Proteases: Implications for
Substrate Binding and Antiviral Drug Design. Journal
of Virology, 82 (3), 2515—2527.
https://doi.org/10.1128/jvi.02114-07

Zhu, N., Zhang, D., Wang, W, Li, X,, Yang, B., Song, J,
Zhao, X., Huang, B., Shi, W, Lu, R., Niu, P, Zhan, I,
Ma, X., Wang, D., Xu, W., Wu, G,, Gao, G. F., & Tan,
W. (2020). A Novel Coronavirus from Patients with
Pneumonia in China, 2019. New England Journal of
Medicine, 382(8), 727-733.
https://doi.org/10.1056/nejmoa2001017.



