Prosiding Seminar Nasional Farmasi Universitas Ahmad Dahlan

ARTIKEL

MOLECULAR DOCKING OF XIAMYCIN DERIVATIVES ON RNA-DEPENDENT RNA POLYMERASE AS
A SARS-COV-2 VIRUS REPLICATION INHIBITOR

Hamnah Al Atsariyah?, Dwi Utami?*, Andika3

1Undergraduate Program, Faculty of Pharmacy, Universitas Ahmad Dahlan, Yogyakarta, Indonesia
2Departement of Analytical and Medicinal Chemistry, Faculty of Pharmacy, Universitas Ahmad Dahlan,
Yogyakarta, Indonesia

3Faculty of Pharmacy, Universitas Muhammadiyah Banjarmasin, South Kalimantan, Indonesia

ABSTRACT

Xiamycin is a pentacyclic indolosesquiterpenoid derived from mangrove endophytes was studied
in vitro to inhibit the replication of porcine epidemic diarrhea virus and human immunodeficiency
virus. This study aimed to examine the potential pharmacological activity of xiamycin derivatives
as an inhibitor of SARS-CoV-2 virus replication through molecular docking and analyze their
pharmacokinetic and toxicity profiles.

The selection of comparison pharmaceutical agents used ChemDes. Xiamycin derivatives as test
compounds and molnupiravir as inhibitors were screened for Lipinski's Rule of Five. The
identification of RARp as a molecular target was confirmed through the PASSonline program. The
RdRp receptor was selected based on an assessment of receptor quality via the RCSB PDB and
PDBsum. Minimization energy used Avogadro and Swiss PDB programs. Receptor and ligand were
docked by Autodock. Visualization of molecular docking results with Biovia and Pymol. ADMET
profile assessment using the ADMETlab 2.0 program.

This study shows that xiamycin E had the highest pharmacological potential compared to other
xiamycin derivatives and molnupiravir with an energy affinity of -6.92 kcal/mol, an inhibitory
constant of 8.41 M, and knows three key amino acid residues in the NiRAN domain, namely amino
acid ASN 209, LYS 50, and ASP 218. ADMET prediction shows that xiamycin E is ideal for certain
parameters and not ideal for certain parameters.

The xiamycin derivatives have the potential to be developed as an antiviral. Optimization of
xiamycin E as a candidate for the RdRp inhibitor of SARS-CoV-2 requires further studies related
to the structure tissue exposure/selectivity activity relationship.
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inhibitor of SARS-CoV-2 replication through

INTRODUCTION inhibition of RNA-dependent RNA polymerase

Currently, COVID-19 in the world has (RdRp).

Various medicinal compounds based on
reached more than 501 million cases and caused p

B . o . f
more than 6 million deaths (Worldometer, 2022). natural ingredients are being investigated for
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In Indonesia, COVID-19 cases have reached more cov 9 drugs. Indonesia has an abundance o

. marine natural products, including mangroves.
than 6 million cases and caused more than 155,000 p J g

deaths (SATGAS COVID-19, 2022). Various drugs
are being investigated for COVID-19 treatment
regimens, including molnupiravir.

Molnupiravir is a ribonucleoside analog

that has been reported to have the potential as an

The Ministry of Environment and Fores in 2021
has released the National Mangrove Map, it is
known that the total area of Indonesia's mangroves

is 3,364,076 Ha (KKP, 2021).
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Mangroves have a variety of endophytic
microbes in their tissues. Endophytic microbes can
produce various secondary metabolites (Radji.,
2005). The bioactive secondary metabolites are
useful as anti microbial, antiviral, anticancer, and
anti-inflammatory (Shan et al.,, 2018).
indole

Xiamycin is a pentacyclic

sesquiterpenoid  compound from = marine

actinomycetes, such as Streptomyces sp.
GT20021503 isolated from Bruguiera gymnorrhiza
(Ding et al., 2010). Xiamycin C-E isolated from
Streptomyces sp, HK18 has been studied in vitro to
inhibit the replication of the porcine epidemic
diarrhea virus (PEDV) (Kim et al., 2016).

Structural protein and non-structural
protein (Nsp) SARS-CoV-2 are important targets
for COVID-19 therapy. The RNA-dependent RNA
polymerase (RdRp) or Nsp12 receptor is one of the
targets in the research and development of COVID-
19 drugs.

In this study, the isvestigation of xyamicin
as the potential antivirus through inhibition of
RNA-dependent RNA polymerase has been
conducted by molecular docking. The results of this
study are expected to provide a scientific basis for
the development of mangrove endophyte
bioactiveves through molecular pharmacology
tests in the development of new antiviral drugs.
The results of this study are expected to provide a
scientific basis for the development of mangrove
endophyte  bioactives  through  molecular
pharmacology tests in the development of new

antiviral drugs.

MATERIALS AND METHODS

Materials
The tools used in this research are
hardware and software. The hardware used is a

laptop with an Intel(R) Core(TM) i7-6500U CPU
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@2.50GHz 1336x908p monitor, 4GB RAM, NVIDIA
GeForce VGA, Windows 10 Education 64-bit. The
various programs used are Chemdes, PDBsum,
PASSonline, Avogadro, Swiss PDB, Notepad,
AutoDock 4.2, Biovia Discovery Studio Visualizer,
Open Babel, Pymol, and ADMET lab 2.0.

The materials used in this research are
ligand and receptor structures. The structure of the
test and comparison ligands used were taken from
https://pubchem.ncbi.nlm.nih.gov/ in the form of
xiamycin A (CID: 38358410), xiamycin B (CID:
53469155), 127034219),
xiamycin D (CID: 127034220), xiamycin E (CID:
127034221), xiamycin ester (CID:
50898452), 19-Carbonyl-Xiamycin (CID:
156581618), 19-Methoxyl-Xiamycin (CID:

1565811619), molnupiravir (CID: 145996610).

xiamycin C (CID:

methyl

RNA-dependent RNA polymerase (RdRp) protein
structure (PDB ID: 7AAP) downloaded from
https://www.rcsb.org/.

Ligand and Receptor Preparation

Ligand preparation was carried out to
remove water molecules and add hydrogen atoms.
Receptor preparation was carried out to separate
the receptor and native ligand, remove water
molecules, and add hydrogen atoms. Ligand and
receptor preparation was carried out using the

Biovia program.

Energy minimization

After preparation, energy minimization
was carried out using the Avogadro application
with parameters MMFF94 on the native ligand
derivative xiamycin, and molnupiravir following
the energy minimization guide
https://avogadro.cc/docs/menus/extensions-
menu/. The minimization of energy at the RdRp
receptor (PDB ID: 7AAP) uses the Swiss PDB

Viewer with GROMO0S96 parameters following the


https://www.rcsb.org/
https://www.rcsb.org/
https://www.rcsb.org/
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guidelines https://spdbv.unil.ch /Swiss-

PdbViewerManualv3.7.pdf. Then, comparing the

energy of the ligands and receptors before and

after energy minimization.

Method validation

The validation of the molecular docking
method was carried out by redocking the native
ligand on the target protein using the AutoDock
Tools 4.2 program. The redocking processes are
carried out following the guidelines for using the
Autodock program
https://autodock.scripps.edu/wpcontent/uploads
/sites/56/2021/10/AutoDock4.2.6_UserGuide.pd
f. As explained in the manual that the RdRp
receptor (PDB ID: 7AAP) has metal ions, it is
necessary to add the AD4.1_bound.dat parameter
in the grid settings. The data analyzed from the
docking of native ligands is the root mean square
deviation (RMSD), if RMSD <2 then the molecular
anchoring method is declared valid and can be
continued for anchoring test and comparison

ligands.

Molecular Docking

Energy-minimized ligands and receptors
were docked with the AutoDock Tools 4.2 program
according to the Autodock program guide. The
analysed data from the results of the docking of the
test and comparison ligands is the docking score
form of binding affinity and inhibition constants
(Ki) from various anchoring poses. The lower the
binding energy xiamycin derivatives against the
RdRp receptor, the more potential this compound
as an inhibitor of the SARS-CoV-2 RdRp enzyme

compared to molnupiravir.

Identification and Visualization
The output of molecular docking is pose

and docking score which can be seen from the DLG
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file. From this output, it can be seen which pose the
ligand with the lowest energy binds to the
receptor. Residues from the molecular interactions
of ligands and receptors can be seen by
visualization through Biovia on the ligand-protein
interactions menu. Furthermore, to see the binding
pocket can be visualized in 3D using the Pymol
program. 2D visualization can be used to identify
amino acid residues and metals from xiamycin
derivatives compared to molnupiravir. 3D
visualization can be used to see binding pocket

ligands to RdRp.

RESULTS AND DISCUSSION

Selection of Comparative Pharmaceutical
Agents

The results of the molecular structural
analysis of the antioxidant properties of antiviral
agents conducted by Yasri & Wiwanitki (2022)
(Table I) show that new antiviral drugs for COVID-
19 RNA-dependent RNA polymerase targets that
antioxidant

have the best properties are

molnupiravir and favipiravir. Because the
antioxidant scores were equal, a molecular
structural similarity analysis was performed to
decide whether to use molnupiravir or favipiravir
as a comparison for molecular docking of xiamycin
derivatives.

The calculation of structure similarity
with ChemFPS structure fingerprint Molecular
ACCess System (MACCS) and the dice similarity
method. The test results (Table II) showed that the
structural similarity score of molnupiravir to
xiamycin was higher than that of favipiravir to
xiamycin. Based on the results of this similarity
calculation, molnupiravir was chosen as a
comparison for molecular docking of xiamycin

derivatives.
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Table I. Antioxidant Properties of Antivirus

Data on molecular redox capacity Antioxidant
Antiviral drugs Donor electron Molecular electron characteristics and

molekul (unit) donor (unit) overall (unit)
Molnupiravir 4,5 0.4 4.1
Favipiravir 4,5 0.4 4.1
Lopinavir 4.4 0.4 4.0
Remdesivir 4.4 0.4 4.0
Tenofovir 4.1 0.4 3.7
Galidesivir 4.4 0,3 4.1
Ribavirin 5.0 0.4 4.6

Table II. Structural Similarity Test Results

Similarity Method Fingerprint Score
Molnupiravir-Xiamycin Dice MACCS 0.54
Favipiravir-Xiamycin Dice MACCS 0.46

Ligand Screening

The choice the ligand is closely related to
the optimal result of molecular docking. Therefore,
ligand screening was carried out based on
Lipinski's Rule of Five Ro5 parameters.

The xiamycin and  molnupiravir
derivatives selected as testligands and comparison
ligands in this study were screened using the
parameter Ro5. The Ro5 parameters used were
molecular weight (MW) <500, partition coefficient
(logP) <5, hydrogen bond donor (HBD) <5,
hydrogen bond acceptor (HBA) <10. If two or more

Ro5 incompatibility occur, it is predicted that the
compound cannot be used orally (Benet et al,
2016; Lipinski etal ., 2012).

It is known that the Ro5 parameters of the
xiamycin and molnupiravir derivatives in the
Pubchem database processed in Table III showed
no more than two Ro5 discrepancies, so it was
predicted that the xiamycin and molnupiravir
derivatives could be taken orally. Therefore, it was
continued by testing the spectrum of activity of
molnupiravir and

xiamycin  through the

PASSonline program.

Table III. Lipinski Rule of Five Parameter

MW Log P HBD HBA
Senyawa Ket
(<500) (<5) (<5) (<10)
Xiamycin A 363.4 5.1 3 3 O
Xiamycin B 379.4 4.4 4 4 O
Xiamycin C 379.4 3.8 4 4 O
Xiamycin D 393.5 4.2 3 4 0
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Xiamycin E 391.5 4.4 2 4 O
Xiamycin Methyl Ester 377.5 5.5 2 3 0
19 Carbonyl Xiamycin 377.4 4 3 4 O

19 Metoxyl Xiamycin 393.5 4.4 3 4 0
Molnupiravir 329.31 -0.8 4 7 O

Description: qualified (/)

Ligand and Receptor Preparation

This RARP receptor (PDB ID: 7AAP) has
metal ions that play an active role in structural
stability or reactions. The metal ions are Zn and Mg
metals. Two zinc ions (Zn2+) are needed to
maintain the stability of the RdRp structure
(Kirchdoerfer & Ward, 2019). Two magnesium
ions (Mg2+) play a role in RNA synthesis reactions
as a trigger for the nucleophilic attack of the 3'-
hydroxyl group of RNA on the phosphate of
nucleotide triphosphate (NTP), while another
Mg2+ ion facilitates the release of pyrophosphate
(PPi) molecules (Carvalho et al., 2011). It is hoped

that by including these metal ions in the receptor
as a molecular docking target during receptor
preparation (Figure 1), the ligand will also bind to
metal ions so that the RARp mechanism in virus
replication will be disrupted.

The native ligands GE6 and POP present at
the 7AAP receptor were prepared for validation of
the molecular docking method. The native 7AAP
receptor ligand, xiamycin, and molnupiravir
derivatives were prepared with the addition of a
hydrogen atom using the Biovia program. The

prepared ligand was then minimized with

Avogadro.
Zn
: ®
o
é
® F

Figure 1. 7AAP Receptors Before and After Preparation
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Figure 2. 7AAP Receptor Native Ligand Preparation
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-

Xiamycin E
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Figure 3. Test and Comparison Ligand Preparation Results

Method Validation

The validation of this molecular docking
method was carried out by redocking the native
ligand to the RdRp (7AAP) receptor. RMSD value
<2 indicates that the docking method is valid, and
RMSD 2-3 indicates a deviation of the native ligand
from the reference position, but still within the

orientation limit. However, an RMSD value > 3A

indicates a significant position deviation or
improper docking (Ramirez & Caballero, 2018).
The validation of the native ligand
pyrophosphate method using a grid box center on
the ligand setting resulted in a root mean square
deviation (RMSD) of 1.43 < 2. These results
indicate that there is no significant position
deviation from the native ligand after redocking
(Figure 4), so it can be used for bonding tests and

comparison ligands.

Table 1V. Grid Box Redocking

Number Grid Spacing
Native Coordinate RMSD
Point Grid Point .
Ligand (A)
X Y Z X Y Z (A)
112.61
GE6 40 40 40 99.517 96.001 3 0.375 4.25
POP 40 40 40 128.694 101.016 71.526 0.375 1.46
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Figure 4. Superimpose Native Ligand POP

Molecular Docking

The molecular docking parameters
analyzed were binding affinity, inhibition constant
(Ki), and amino acid residues and metals. Good
binding affinity can be seen from the negative
Gibbs free energy (AG) value because the level of
protein-ligand association is determined by the
magnitude of the negative AG. The value of AG
correlates with the stability of a given protein-

ligand complex or alternatively the binding affinity

of the ligand to a receptor (Du et al.,, 2016).

The value of G is directly proportional to
the value of Ki. The Ki value is the inhibitor
concentration needed to reduce half of the enzyme
activity. The smaller the Ki value, the stronger
ligand effect on the receptor (Balle , 2016). From
the molecular docking results which can be seen in
Table V, it is known that xiamycin E showed the
best results because it has binding energy with an
AG of -6.92 kcal/mol and an inhibition constant
(Ki) of 8.41 uM.

Table V. Affinity Energy Value and Inhibition Constant

Rank Compound Binding affinity Inhibition Constant (uM)
(kcal/mol)

1 Xiamycin E -6.92 8.41

2 Xiamycin D -6.70 12.27
3 19 Carbonyl Xiamycin -6.62 13.98
4 Xiamycin Methyl Ester -6.58 14.96
5 Xiamycin A -6.57 15.32
6 Xiamycin C -6.38 20.93
7 Xiamycin B -6.27 25.38
8 19 Methoxyl Xiamycin -6.27 25.51
9 Molnupiravir -4.55 460.42

Atsyariyah et al,,, 2023
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Visualization and Identification of Results
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Figure 5. Molecular Docking 2D Visualization

Xiamycin E which has the lowest binding
affinity and inhibition constant is known to have
seven types of residues formed from different
types of bonds. The residue ASP 218 was formed in
the presence of pi-anion interactions, MG 1004 was

formed in the presence of pi-cation interactions,

Atsyariyah et al,,, 2023

ASP 221 and LEU 49 were formed in the presence
of conventional hydrogen bonds. The residue of
PHE 35 was formed in the presence of pi-alkyl
interactions. The residue ASN 209 is formed by the
interaction of pi-hydrogen donor bonds and LYS 50

with hydrocarbon bonds.
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Table VI. Interaction Residue Classification

Electrostatic Hydrofobic
Rank Compound Hydrogen Bond
Interaction Interaction
ASP 221, LEU 49,
1 Xiamycin E ASP 218, MG 1004 PHE 35
LYS 50, ASN 209
LEU 49, LYS 50,
2 Xiamycin D ASP 218, MG 1004 PHE 35
ASN 209
19 Carbonyl THR 51, LEU 49,
3 ASP 218, MG 1004 PHE 35
Xiamycin ASN 209
Xiamycin Methyl ASP 221, LEU 49,
4 ASP 218, MG 1004 PHE 35
Ester ASN 209
THR 51, LEU 49,
5 Xiamycin A ASP 218, MG 1004 PHE 35
ASN 209
ASP 221, LEU 49,
6 Xiamycin C ASP 218, MG 1004 PHE 35
ASN 209
ASP 221, LEU 49,
7 Xiamycin B ASP 218, MG 1004 PHE 35
THR 51, ASN 209
19 Methoxyl ASP 221, THR 51,
8 ASP 218, MG 1004 PHE 35
Xiamycin LEU 49, ASN 209
ASP 221, LYS 50,
9 Molnupiravir ASP 218, MG 1004 PHE 35
LYS 73

The residue variations can be classified
into three, namely: hydrogen bonding (ASP 221,
LEU 49, ASN 209, and LYS 50), electrostatic
interactions (ASP 218 and MG 1004), and
hydrophobicinteractions (PHE 35). In the aspect of
bond strength, it is known that hydrogen bonds >
interactions >

electrostatic hydrophobic

interactions (Biovia, 2019). Hydrogen bonding is

the most important bond in the stability of the
ligand binding to the receptor. Hydrogen bonding
can also increase the binding affinity of the ligand
(Williams & Ladbury, 2003; Zhou et al., 2012).
These binding variations and interactions
contribute to the affinity of the ligand and receptor
on the binding pocket of xiamycin E to RdRp
(Figure 6).

Figure 6. Xiamycin E Binding Pocket 3D Visualization against RdARp 7AAP

Atsyariyah et al,,, 2023
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Figure 7. SARS-CoV-2 Nsp-12 domain (Zhang et al., 2020)

The docking coordinates used in the
docking of the xiamycin and molnupiravir
derivatives are the coordinates of the native ligand
pyrophosphate. The crystallographic structure of
RdRp 7AAP has a native pyrophosphate ligand
located at the catalytic site of the nidovirus RdRp-
associated nucleotidyltransferase (NiRAN) which
is coordinated and stabilized by key amino acids
such as ASN 209, ASP 218, LYS 50, LYS 73, and ARG
116 (Naydenova et al., 2021; Shannon et al.,, 2022).

NiRAN is one of the domains in Nsp12.
Nsp12 consists of NiRAN, In-phased, and
polymerase domains. The NiRAN domain contains
1-250 amino acid strands. The inter-phase domain
contains the 251-397 amino acid strand. The
polymerase domain consists of the finger (fingers),
palm (palm), and thumb (thumb) domains. The
domain fingers are built with amino acids 398-581
and 628-687, the palm domain is amino acids 582-
627 and 688-815, and the thumb domain contains
amino acids 816-919.

The results of the amino acid analysis
showed that the key amino acids that appeared in

xiamycin E were LYS 50, ASN 209, and ASP 218.

Atsyariyah et al,,, 2023

The key amino acids that appeared in molnupiravir
were LYS 50, LYS 73, and ASP 218. The amino acid
residues LYS 50, LYS 73, and ASN 209 are formed
by hydrogen bonding, then ASP 218 is formed by
electrostatic interactions. Although xiamycin E and
molnupiravir both produce three key residues, the
binding affinity and Ki values of xiamycin E are
lower than that of molnupiravir.

In addition, no unfavorable bond was
found in the interaction of xiamycin E with RdRp as
was the case with molnupiravir. This bond is not
beneficial because it reduces the stability of the
complex interactions due to repulsion between
atoms and molecules (Dhorajiwala et al., 2019).
Judging from the assessment of the docking
parameters studied, xiamycin E was chosen as the
best docking result and then the ADMET profile
was assessed. The balance of clinical dose, efficacy,
and toxicity of a drug candidate is not only
correlated with its potency/specificity to its
molecular target through the structure-activity
relationship (SAR). Aspects of exposure/selectivity
to disease target organs and normal organ

structure-tissue exposure/selectivity relationship

10
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(STR) also need to be comprehensively

understood. Structure-tissue
exposure/selectivity-activity relationship (STAR)
studies can be used in the drug optimization
process (Sun et al., 2022).

Molecular docking studies in this study
prove the specificity of xiamycin to RdRp, but it is
not known how selective it is against other
molecular targets. The ADMET study in this study
proved that the pharmacokinetic profile of
xiamycin E was not optimal and had toxic potential.

In general, the results of this study
indicate that xiamycin derivatives have the
potential as inhibitors of SARS-CoV-2 virus
replication and it is known that xiamycin E has the
potential to be the best inhibitor based on
molecular docking. ADMET prediction results
indicate that the pharmacokinetic profile of
xiamycin E is not ideal and has potential toxicity.
Therefore, further studies related to STAR can be
used in the process of optimizing xiamycin E as an
inhibitor of SARS-CoV-2 virus replication in order
to obtain optimal efficacy, ideal pharmacokinetic

profile, and low potential toxicity.

CONCLUSION

Based on the results of this study, it is
known that the xiamycin derivative has the
potential to be developed as an RNA-dependent
RNA polymerase inhibitor with energy affinity
parameters (-6.92 - -6.27 kcal/mol) and inhibition
constant (8.41 - 25.38 uM) which is better than
molnupiravir. Xiaycin E had the best docking
parameters with an affinity energy of -6.92
kcal/mol, an inhibition constant of 8.41 M, and
three key amino acid residues of the NiRAN
domain (ASN 209, LYS 50, and ASP 218). This
finding is useful to identify the potency of xiamycin

as RNA-dependent RNA polymerase inhibitor.
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Further research is needed to identify
xiamycin derivatives specificity as RNA-dependent

RNA  polymerase inhibitor. to optimize

pharmacological potential, improve the

pharmacokinetic profile, and reduce the toxicity of
xiamycin E through STAR studies. This study is the
first step for the development of bioactive

mangrove endophytes in COVID-19 drug research.
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