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ARTICLE INFO ABSTRACT

Article history: Various protein/receptor targets have been discovered through in-silico research. They are expanding

Received 12 April 2022 rapidly due to their extensive advantage of delivering new drug candidates more quickly, efficiently,

l‘:e‘”s‘f’d jgé\/l&y 2%22 and at a lower cost. The automation of organic synthesis and biochemical screening will lead to a revolu-

ceepte viay tion in the entire research arena in drug discovery. In this research article, a few fungal metabolites were
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examined through an in-silico approach which involves major steps such as (a) Molecular Docking

Analysis, (b) Drug likeness and ADMET studies, and (c) Molecular Dynamics Simulation. Fungal metabo-

Keywords: lites were taken from Antibiotic Database which showed antiviral effects on severe viral diseases such as
SARS-CoV-2 . o > ) o . -
RdRp HIV. Docking, Lipinski’s, and ADMET analyses investigated the binding affinity and toxicity of five

Insilico molecular docking analysis
Molecular dynamics simulation
ADMET analysis

Fungal metabolites

metabolites: Chromophilone I, iso; F13459; Stachyflin, acetyl; A-108836; Integracide A (A-108835).
Chromophilone I, iso was subjected to additional analysis, including a 50 ns MD simulation of the protein
to assess the occurring alterations. This molecule’s docking data shows that it had the highest binding
affinity. ADMET research revealed that the ligand might be employed as an oral medication. MD simula-
tion revealed that the ligand-protein interaction was stable. Finally, this ligand can be exploited to
develop SARS-CoV-2 therapeutic options. Fungal metabolites that have been studied could be a potential
source for future lead candidates. Further study of these molecules may result in creating an antiviral
drug to battle the SARS-CoV-2 virus.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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SARS-CoV-2 is an RNA virus with a positive strand. It has a gen-
ome about 30 kb in size and has 14 open reading frames (ORFs).

ELSEVIER Production and hosting by Elsevier

The 50-ORF-1a/1b gene encodes polyprotein 1a (ppla) and
polyprotein 1 ab (pplab) precursor polyproteins, which are subse-
quently cleaved into 16 nonstructural proteins (nsp1-16) in the
SARS-CoV-2 genome (Wu et al, 2020; Gordon et al., 2020).

https://doi.org/10.1016/j.jksus.2022.102147

1018-3647/© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2022.102147&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2022.102147
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:saalshamrani@nu.edu.sa
mailto:shakeeliqubal@gmail.com
mailto:shakeeliqubal@gmail.com
https://doi.org/10.1016/j.jksus.2022.102147
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com

U.M. Muddapur, S. Badiger, Ibrahim Ahmed Shaikh et al.

In addition to papain-like protease (nsp3), RdRp (nsp12),
chymotrypsin-like main protease (3CL protease, nsp5), exoribonu-
clease (nsp14) and helicase (nsp13), all of these nonstructural pro-
teins play an important role in the development of viruses (Thoms
et al., 2020). The host immune system and replication of SARS-
CoV-2 are regulated by other NSP proteins. Nsp 1 binds to the ribo-
some and suppresses the host translation machinery (Yuan et al.,
2020; Littler et al., 2020). Nsp9 is implicated in the replication
and pathogenicity of viral genomic RNA (Pillon et al., 2020).
Nsp15 is an endoribonuclease that degrades viral RNA to avoid
detection by the host defense system (Rosas-Lemus et al., 2020).
Nsp16, a methyltransferase that works in tandem with nsp10,
can cap viral mRNA transcripts for effective translation and
immune evasion (Subissi et al., 2014). The four structural proteins,
the spike (S), envelope (E), membrane (M), and nucleocapsid (N)
comprise approximately 33% of the virus genome at the C-
terminus and play a critical role in viral structure integrity, such
as spike protein, which allowed SARS-CoV-2 entry into the host.
There are nine potential ORFs for auxiliary factors at the 30 ends
of the genome (Thoms et al., 2020).

RdRp’s general structure is like that of SARS-CoV RdRp
(Kirchdoerfer and Ward, 2019). In Europe, an RdRp mutation
14408C > T was recently discovered, which is linked to a higher
mutation rate in viral genomes from Asia via an unknown mecha-
nism (Pachetti et al., 2020). The resultant mutation P323L is found
in RdRp’s interface domain, which is far from the active catalytic
site, and may exercise its effects by altering interactions with other
replication-transcription complex components or the RNA tem-
plate (Eskier et al., 2020).

RdRp is a possible therapeutic target (Mohapatra et al., 2022,
2021) for COVID-19 treatment since it is required for viral RNA
replication. To begin with, RdRp, like other SARS-CoV-2 proteins,
lacks closed-related host cell equivalents. As a result, addressing
RdRp may help to avoid off-target consequences. Second, the active
catalytic motifs of the RdRp are different from those of the spike
protein and other virus surface proteins. Remdesivir inhibits RdRp
via a mechanism. (A) Remdesivir's chemical structure and cellular
metabolic route (Godoy et al, 2017; Gerlach et al, 2015;
Campagnola et al., 2011). (B) favipiravir binding mechanism at
the active catalytic site of the SARS-CoV-2 RdRp (PDB code:
7AAP). Among RNA viruses RdRp is highly conserved making it a
promising antiviral therapeutic target for a wide range of viruses.
Many nucleoside analog inhibitors were inhibitory to a wide range
of RNA viruses (Shrikanth et al., 2021). Finally, repurposing RdRp-
targeted medicines for COVID-19 treatment remains a potential
technique.

This study examines fungal metabolites from different fungi in
silico to identify potential SARS-CoV-2 RdRp inhibitors, one of the
important target proteins in SARS-CoV2. To evaluate SARS-CoV-2
protease inhibition capability, a docking study and pharmacokinet-
ics tests were conducted to estimate binding energies and evaluate
site interactions.

2. Materials and methods
2.1. Preparation of receptor molecule for docking

The Fig. 1 shows RDRP- RNA Dependent RNA Polymerase pro-
tein of SARS CoV-2 was selected as a target receptor in this in silico
research. The 3D structure of the protein which in complex with
favipiravir drug was identified as 7AAP of a resolution of 2.50 A,
the protein-bound hetero atoms were removed and the Polar
Hydrogen atoms and Kollman Charges (Abdalla et al., 2021) were
included for proper optimization using AutoDock Vina MGL tools
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(Boufissiou et al., 2022). The active sites of the 7AAP were consid-
ered as the bound site of favipiravir.

2.2. Preparation of lead molecules

Lead molecules were fungal metabolites that were taken from a
database of an antibiotic to extract fungal metabolites which are
antiviral, and the structures were obtained from the PubChem
database in 3D SDF format. After searching their structures in Pub-
Chem, got the structures of 31 metabolites. The selected 31
metabolites were subjected to molecular docking. The docking
results in binding affinity were spread between —5.1 to —8.7. Here
we fixed the threshold value as —7, and in this, 18 metabolites with
the binding affinity above —7 were selected and studied further.

The detailed structures and properties of the studied 18 fungal
metabolites are described in Table 1. (“Novel Antibiotics Database.
Available at: https://www.antibiotics.or.jp/journal/database/ data-
base-top.htm).

Semicochliodinol A and B: Produced by the Fungus Chrysospo-
rium merdarium. They were shown Inhibition of HIV-1 Protease
and EGF-R Protein Tyrosine Kinase Related to Asterriquinones
and specifically Semicochliodinol B also shown therapeutic con-
tender for Marburg virus’s VP35 and VP40 proteins (Hasan et al.,
2022). IsoChromophilone I was produced from Penicillium, which
was found to inhibit HIV Proliferation (Omura et al., 1993;
Matsuzaki et al., 1995). L-696,475, L-696,474 & L-697,318 were
isolated from Hypoxylon fragiforme fungal extracts. Which were
shown inactive against the HIV - 1 protease (Lingham et al,
1992). Stachyflin and its derivatives acetyl Stachyflin, SQ-02-S-L2,
SQ-02-S-V1 showed a potent anti-influenza virus activity which
was extracted from Stachybotrys fungal species (Shaikh et al.,
2022; Qian-Cutrone et al., 1996). F13459 was shown to inhibit
the effect of synthesis and trafficking of virus glycoprotein isolated
from Penicillium species (Minagawa et al., 2002). Flazin isolated
from the fruiting bodies of Suillus granulatus was found to have
weak anti-HIV activity (Tang et al., 2008). Fleephilone was shown
to inhibit HIV by binding to REV/RRE, produced by Trichoderma
harzianum. It was discovered that A-108836 was extracted from
Fusarium compactum species, which inhibited Rhinovirus 3C pro-
tease (Koshino et al., 2001), and Integracide (A-108835) was iso-
lated from the fermentation broth of a Fusarium species. It was
found that the sulfated ester Integracide A significantly inhibited
strand transfer reactions of HIV-1 integrase.

2.3. Docking analysis

To perform molecular docking lead molecules energies were
minimized using PyRx software. After that docking was done with
RDRP (7AAP) structured protein as a macromolecule. The configu-
ration file for the grid parameters was generated using DSV from
that site of favipiravir which was already present in the structure,
then is X, y, and z coordinates were noted down, and In PyRx grid
box was set according to obtained values for a specific active site
for docking to be carried out.

2.4. ADMET prediction

Swiss ADME and pKCSM were used to determine the drug-like
nature of the molecules (Brill et al., 1996). An effective drug must
interact with pharmacokinetics, toxicity (Pires et al., 2015;
Chandramohan et al., 2015) and potency. Drug pharmacokinetic
profiles provide detailed information about absorption, distribu-
tion, metabolism, and excretion (ADME) characteristics. A toxicity
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Fig. 1. RDRP (7AAP) protein structure.

Table 1
List of selected metabolites.

Fungi Compounds PubChem-CID’s Mol. Wt. (g/mol) Log P (<5) Binding Affinity
Genus Species
Chrysosporium merdarium Semicochliodinol A 474302 438.5 5.548 -8.7
Chrysosporium merdarium Semicochliodinol B 474303 438.5 4.545 -8.6
Stachybotrys SQ-02-S-L2 11028093 556.7 5.65 -7.8
Penicillium Chromophilone I, iso 6438449 416.9 5.54 -7.8
Hypoxylon fragiforme L-696,474 6473821 477.6 3.16 -7.8
Penicillium F13459 10119161 528.5 4.62 -7.7
Stachybotrys SQ-02-S-V1 11103392 527.6 1.25 -7.6
Stachybotrys Stachyflin 493326 385.5 4.62 -7.6
Hypoxylon fragiforme L-696,475 6474904 461.6 4.40 -7.6
Hypoxylon fragiforme L-697,318 101629194 477.6 3.22 -7.5
Stachybotrys Stachyflin, acetyl 493325 427.5 4.93 -7.5
Fusarium compactum A-108836 10506876 550.8 1.88 -74
Fusarium compactum Integracide A 460025 594.8 411 -7.3
(A-108835)
Trichoderma harzianum Fleephilone 10575150 441.5 4.75 -7.2
Trichothecium roseum Trichothecin 12444502 3324 4.62 -7.2
phycomyces blake skeanus Phycomysterol A 11794191 380.6 3.54 -7.1
Suillus granulatus Flazin 5377686 308.29 4.62 -71
Arthrinium Terpestacin 6443294 402.6 6.53 -7

study was carried out using the webserver pkCSM to predict the
drug-likeness of metabolites (Pires et al., 2015).

2.5. MD simulation

MD Simulation helps identify changes and fluctuations taking
place in Protein. The interaction stability confirmations are done
by analyzing simulation trajectories and calculating the root mean
square deviation, root means square fluctuations, interactions
between residues of the Protein and ligands (Priya et al., 2019;
Wang and Zhu, 2016), changes occurring within the protein back-
bone, and changes occurring within ligand atoms, for a time period
of 50 ns (Hollingsworth and Dror, 2018).

3. Results and discussion

3.1. Drug likeness, and oral bioavailability based on Swiss ADME
predictions

A total of 18 lead molecules (fungal metabolites) were taken for
docking analysis, which had a binding affinity above —7. The
docked studies have shown promising results against RARp of SARS
CoV-2.

Compared to remdesivir which is indicated for Covid users
(Chandramohan et al., 2015). Remdesivir was stated to have slo-
wed the progression of severe respiratory disease and had a faster
recovery time (Shanmuga Priya et al., 2022). Other medications
have exhibited binding energy against docking of Protein RDRP
as compared to ligands of oseltamivir, ritonavir, remdesivir,



U.M. Muddapur, S. Badiger, Ibrahim Ahmed Shaikh et al.

Journal of King Saud University — Science 34 (2022) 102147

Table 2
Properties of fungal Metabolites related to Drug ability Violations.
SL. Metabolites Lipinski Ghose Veber Egan Muegge Bioavailability =~ No. of H-bond No. of H-bond
no violations violations violations violations violations Score donor acceptor (<10)
(5)
1 Semicochliodinol A 0 0 0 0 1 0.56 4 4
2 Semicochliodinol B 0 0 0 0 1 0.56 0 5
3 SQ-02-S-L2 1 3 0 1 0 0.55 1 3
4 Chromophilone I, 0 0 0 0 0 0.55 4 4
iso
5 L-696,474 0 2 0 0 0 0.55 3 4
6 F13459 2 2 1 1 2 0.17 2 4
7 SQ-02-S-V1 1 3 0 0 1 0.56 2 8
8 Stachyflin 0 0 0 0 0 0.55 2 4
9 L-696,475 1 2 0 0 1 0.55 3 8
10 L-697,318 0 2 0 1] 0 0.55 4 11
11 Stachyflin, acetyl 0 0 0 0 0 0.55 2 7
12 A-108836 2 4 0 1 1 0.56 3 5
13 Integracide A (A- 1 4 0 2 1 0.56 2 5
108835)

14 Fleephilone 0 0 0 0 0 0.55 1 4
15 Trichothecin 0 0 0 0 0 0.55 1 4
16 Phycomysterol A 1 1 0 1 2 0.55 3 4
17 Flazin 0 0 0 0 0 0.56 1 4
18 Terpestacin 0 0 0 0 0 0.55 2 6

ribavirin, favipiravir, chloroquine, and hydroxychloroquine, they
calculated —4.7, -7.3, —6.5, —5.6, —5.4, —5.1, and hydroxychloro-
quine was found to be - Lipinski’s rule of five is a broad rule that
describes a molecule’s drug ability. This rule can help you figure
out if a biologically active molecule has the chemical and physical
qualities to be taken orally (Hosseini et al., 2021; Beigel et al,,
2020) as shown in Table 2.

The cost of a drug’s failure goes up the longer it stays in the
development pipeline. So, if scientists want it to fail in the end,
they should let it fail early, preferably before in vivo tests. In vitro
ADMET assay, many of which are automated or have a high
throughput, are used more and more in the early stages of drug
discovery to predict how a drug will likely act when it is given to

Table 3
Toxicity profile of selected metabolites.

a person. This helps get rid of drugs with bad properties while let-
ting promising leads move forward.

The predicted toxicity profile of the 18 fungal metabolites, with
their prophecy probability, is shown in Table 3. Understanding the
above results regarding toxicity, out of 18 metabolites, 5 namely
Chromophilone I, iso; F13459; Stachyflin, acetyl; A-108836; Inte-
gracide A (A-108835) have shown no AMES toxicity properties of
the molecules and indicates that they are non-mutagenic. They
were found to be weak or non-inhibitors of the hERGI & II potas-
sium ion channel, which is primarily studied for its role in cardiac
electrical activity that coordinates the heart’s beating. Also, the
metabolites showed acceptable Oral Rat Acute Toxicity (LDsg),
which indicates that metabolites will not be harmful at lower

Sl Metabolites Toxicity predictors
No AMES toxicity  hERG I hERG 11 Oral Rat Acute Oral Rat Chronic Hepatotoxicity ~ Skin
inhibitor inhibitor Toxicity (LD50) Toxicity (LOAEL) Sensitisation
Unit Categorical Categorical Categorical Numeric (mol/kg) Numeric (log mg/kg) Categorical Categorical
(Yes/No) (Yes/No) (Yes/No) (Yes/No) (Yes/No)

1 Semicochliodinol NO NO YES 2.58 2.832 YES NO
A

2 Semicochliodinol NO NO YES 2.644 2.74 YES NO
B

3 SQ-02-S-L2 NO NO NO 2.38 2.238 YES NO

4 Chromophilone I,  NO NO NO 2.197 0.711 NO NO
iso

5 L-696,474 NO NO NO 2.972 0.631 YES NO

6 F13459 NO NO NO 2.436 3.145 NO NO

7 SQ-02-S-V1 NO NO NO 2.945 2.447 YES NO

8 Stachyflin NO NO NO 2219 0.063 YES NO

9 L-696,475

10 L-697,318 NO NO NO 3.07 0.633 YES NO

11 Stachyflin, acetyl NO NO NO 2.129 1.782 NO NO

12 A-108836 NO NO NO 2.323 2.532 NO NO

13 Integracide A (A- NO NO NO 2.409 2423 NO NO
108835)

14 Fleephilone YES NO NO 2.53 1.777 NO NO

15 Trichothecin NO NO NO 2.487 1.519 NO NO

16 Phycomysterol A NO NO YES 2.332 0.845 NO NO

17 Flazin NO NO NO 2.696 1.321 YES NO

18 Terpestacin NO NO NO 2.437 1.785 NO NO
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Chromophilone I, iso - C23H25C105
F13459 - C27H25011

Stachyflin, acetyl - CasH3:NOs A-108836 - Cs1Hs0OsS

A-108835 - C3;,Hs00sS

Fig. 2. Structures of selected 5 fungal metabolites obtained from the PubChem database in 3D SDF format.

concentrations (mol/kg). Hepatotoxicity indicates that the drug allergy. Hence based on analysis of all the properties, these 5
molecules are likely to disrupt the liver's normal function. They metabolites shown in Fig. 2, assure safety and are said to be non-
tested five metabolites that did not exhibit hepatotoxicity and skin toxic and non-carcinogenic.
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3.2. Molecular interaction profile

Each ligand successfully docked with the target proteins, indi-
cating significant binding. The protein-metabolite interaction was
visualized in Discovery Studio Visualizer and depicted below.

i. Chromophilone I, iso
ii. F13459
iii. Stachyflin, acetyl
iv. A-108836
v. Integracide A (A-108835)

The above figures contain the interaction plots of (a) Hydrogen
bond, (b) Hydrophobicity and (c) 2D interaction. In Fig. 3, the com-
pound Chromophilone I, iso lead molecule shows a binding affinity
of —7.8 and the amino acids interacting with the protein RdRp are
Tyr619 interacting at a distance of 1.92 A, Trp617 at 2.55 A and
2.48 A Asp761 at 2.11 and 2.53 A, Lys551 at 2.32 A with conven-
tional hydrogen bond and the amino acid Asp618 was interacting
at 4.85 A distance with pi-Anion bond. In Fig. 4 F13459 which

Journal of King Saud University — Science 34 (2022) 102147

shows an interaction score of —7.7 and amino acids interacting
were, GIn573 had a distance of 2.13 A, Arg569 at 2.19 A and
2.58 A, Gly683 at 2.50 A and Val560 at 2.31 A by making interac-
tion with hydrogen bond and at 5.09 A, Ala685 had formed a pi-
alkyl bond. From Fig. 5 Stachyflin, acetyl has shown a binding affin-
ity of —7.5 and amino acids Asn496 was interacting with conven-
tional hydrogen bonds and Arg569 was interacting with Vander
Waals bonds at a distance of 2.04 A and 3.08 A respectively. In
Fig. 6 the lead molecule A-108836 showed binding energy of
—7.4the amino acids were Ala558 at a distance of 2.62 A, Arg
624 at 2.66 A, Ser682 at 2.71 A and Thr556 at 2.77 A interacting
with conventional hydrogen bond and Asp623 at 3.02 A interacting
with carbon hydrogen bond.

In Fig. 7 the molecule Integracide A (A-108835) showed binding
energy of —7.3 and the amino acids interacting were Lys500 at
1.91 A, Thr565 at 2.02 A, Arg569 at 2.27 A, at 2.24 A and at
2.79 A, Lys577 interacting at a distance of 2.32 A and at 2.49 A were
shown to interact with conventional hydrogen bond and Asn496
interacting at 1.53 A and 5.06 A by making unfavorable donor
bond.
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Fig. 3. Chromophilone I, iso - (a) Hydrogen bond interaction; (b) Hydrophobicity interaction; and (c) 2D interaction.
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Fig. 4. F13459- (a) Hydrogen bond interaction; (b) Hydrophobicity interaction; and (c) 2D interaction.

3.3. Molecular dynamics of computer simulation with Desmond

The binding affinity and structure of the ligand-protein com-
plex (Wang and Zhu, 2016) can be predicted via molecular docking
(Wong and Lightstone, 2011; “Novel Antibiotics Database. Avail-
able at: https://www.antibiotics.or.jp/english/data-base/data-
base-top/ (Accessed: January 30, (2022)). To assess the stability
of the protein-ligand complex, MD simulates the dynamic behav-
ior of the molecular system because docking is merely a static view
of the molecules arranged in the active site of the protein
(Choudhary et al., 2020). Simulations of molecular dynamics esti-
mate how each atom in a protein or other molecular system will
move over time (Hollingsworth and Dror, 2018; Muddapur et al,,
2022; Muhsinah et al., 2022) which was accessed using Schrodin-
ger Desmond (Alam, 2021, Duong et al., 2020) simulation. In silico
molecular docking is used to identify important structural features
for binding as well as for in silico screening efforts to find suitable
binding partners (Al-Wasidi et al., 2020; Igbal et al., 2021; Shaikh
et al., 2022). Molecular docking is extensively utilized in the
computer-assisted drug design process. It can be used to: (1) antic-
ipate the binding mode of previously recognized ligands; (2) iden-
tify novel and potent ligands; and (3) predict binding affinity at

various stages of the drug development process (Zhou et al.,
2020). The data thus obtained will guide researchers to find new
leads for developing novel potential strategies for the management
of malignancies, diabetes and other chronic metabolic disorders
(Hosseini et al., 2021; Kumar et al., 2021; Liu et al., 2020; Al-
Wasidi et al., 2020).

For simulation studies, the ligand Chromophilone I, iso was
selected and performed simulation study since it shows negative
for toxicity studies.

A simulation was performed to access the structural conforma-
tion of protein RDRP and Ligand Chromophilone I, iso. Simulations
were subjected for 50 ns, during the complete simulation time the
protein-ligand tends to be stable and are in contact with each
other and it was observed that there is no considerable fluctuation
found during the simulation run time since the stability of a
protein is relative to its conformation, as depicted in Fig. S1
(supplementary file), which infers the RMSD evolution of a protein
(left Y-axis) and ligand (right Y-axis).

In addition, the RMSF of the protein was also obtained with fluc-
tuations, i.e. in the range of 1-5. These changes suggest that the
ligand has a significant impact on silencing the receptor and, hence
decreasing its function, as shown in Fig. S2 (supplementary file).
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The timeline of all the hydrogen bonds, hydrophobic contacts,
ionic contacts, and water bridges formed during PL interactions
and the amino acids involved in the interaction has been depicted
in Fig. S3 (Supplementary file). Two types of interaction graphs are
displayed here: the top panel displays the total number of individ-
ual connections the protein makes with the ligand during the
length of the trajectory simulation, and the bottom panel depicts
a good contact.

In each trajectory frame, the second section of the bottom panel
illustrates how 24 residues interact with the ligand. According to
the scale to the right of the plot, some residues have multiple
specific contacts with the ligand, which is shown by darker orange
shading, namely Arg349, Phe396 and Val675 interacting constantly
when compared to other amino acids.

PL interactions (or 'contacts’) are usually categorized into four
types: Hydrogen Bonds, Hydrophobic, lIonic and Water Bridges
which is shown in histogram in Fig. S4 (Supplementary file). The
stacked bar of three amino acids Arg349, Phe396 and Val675 have
greater than or equal to 60% of simulation time the specific inter-
action is maintained with water bridge formation. While other
amino acids interacts by making hydrophobic bonds with 0-28%
of simulation contacts.

The ligand RMSF displays the ligand’s fluctuations by atom,
based on the 2D structure’s top panel as depicted in Fig. S5
(Supplementary file). It could reveal how ligand fragments interact
with proteins and serve an entropic function in the binding pro-
cess. The fit ligand to protein line in the bottom panel shows fluc-
tuations of the ligand concerning the protein at a rate of 0.6 to
1.5. The PL complex is thus aligned on the protein backbone first,
and then the ligand RMSF on the ligand heavy atoms is calculated.
Overall, the docked complex and the dynamic interactions
involved appear to be very stable.

4. Conclusions

In the search for a cure for COVID-19, the exploration of nat-
ural resources is necessary. Antiviral effects of fungal metabolites
were investigated in this work, which focused on the protein
RdRp, a vital enzyme for the life cycle of RNA viruses. Five
metabolites namely Semicochliodinol A; Semicochliodinol B; SQ-
02-S-L2; Chromophilone I, iso; L-696,474 were examined using
docking, Lipinski’s, and ADMET analysis to determine binding
affinity and toxicity. Chromophilone I, iso - C23H25ClO5 was
subjected to further study, such as a 50 ns MD simulation of
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the protein to determine the alterations taking place. The docking
data for this molecule revealed that it has the optimum binding
affinity. Research on ADMET showed that the ligand could be
used as an oral drug. MD simulation showed stable ligand-pro-
tein interaction. Lastly, this ligand can be used to make treatment
options that fight SARS-CoV-2. Fungal metabolites that have been
tested may be an excellent source to make future lead candi-
dates. Further research into this chemical could lead to the devel-

opment of an antiviral medication to combat the SARS-CoV-2
virus.
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