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Abstract

Covid-19 (SARS-CoV-2), a new type of coronavirus, first appeared in the Chinese city of Wuhan in December 2019 and has
become the main cause of the pandemic today. Although molecular studies continue, vaccination studies are not sufficient. In
this Covid-19 process, which provides further increase in antiviral drug discoveries, we perform ligand-protein interactions
in order to find an antiviral active substance with this study, Autodock. We present the analyzes based on the comparison of
8 different ligands(3',5-Dihydroxy-4',6,7-trimethoxyflavanone, Isovitexin-2'-O-rhamnoside, Solafuranone, (R)-5,3'-Dimethyl
hesperidin, Phloretin 3',5'-Di-C-glucoside, Isomargaritene, Margaritene and Clemomandshuricoside B) based on the 6LU7
protein. It was observed that the molecules were bound by interacting with the main protease of Covid-19. Thus, we aim to be
a reference with you in this article for further studies that enable ligands to create drug potential. Our results will serve as a
reference for this molecular docking study.
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Introduction

The coronavirus responsible for the 2019 pandemic,
officially named SARS-CoV-2, originated in Wuhan, China’s
Hubei Province, and has since spread globally, causing a
significant impact on public health and the world economy.

Coronaviruses are a family of viruses known for their
crown-like spikes on their outer surfaces, from which they
got their name (“corona” means crown in Latin). They are
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classified within the family Coronaviridae and belong to the
order Nidovirales. Viruses in this family have a nucleic acid
genome, which can be RNA or DNA. Coronaviruses, including
SARS-CoV-2, are single-stranded RNA viruses [1].

The genome size of coronaviruses can vary, but they
usually have nucleic acid genomes ranging in length from
26 to 32 kilobases. Despite their relatively large genome
size, coronavirus particles are quite small and typically have
diameters ranging from 65 to 125 nanometers [1,2].
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Coronaviruses are further divided into four different
subgroups: alpha, beta, gamma, and delta. SARS-CoV-2
belongs to the beta-coronavirus subgroup. Other well-
known coronaviruses such as SARS-CoV (responsible for the
Severe Acute Respiratory Syndrome outbreak 2002-2003)
and MERS-CoV (responsible for the Middle East Respiratory
Syndrome outbreak 2012) are also beta-coronaviruses.
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The genetic diversity and classification of coronaviruses
is crucial to understanding their epidemiology, pathogenesis,
and potential to cause disease outbreaks. As the ongoing
pandemic has shown, coronaviruses, especially those in the
beta subgroup, can pose significant public health problems
and require extensive research and global collaboration for
containment and mitigation efforts [1-3].

Dec 2019 through July 17 2023 (https://covid19.who.int/).

Figure 1: COVID-19 confirmed cases reported weekly by (World Health Organisation) WHO region and worldwide deaths, 31

Various coronaviruses that cause respiratory illness can
be transmitted to humans. SARS-CoV-2 is a virus that stands
out with its higher mortality rate than other coronaviruses
and its ability to cause acute respiratory syndrome. Since
SARS-CoV-2 is a highly pathogenic coronavirus strain, the
second group of the Beta-coronavirus genus is included [2,3].
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SARS-CoV-2 is an enveloped virus with positive single-
stranded RNA. This virus has also been detected in bats and
has 96.2% genetic similarity to a virus isolated from bats
called CoV RaTG13. It also shows 88% identity with the bat
SL-CoVZC45 and bat SL-CoVZXC21 sequences [4].
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The most distinctive feature of the coronavirus shows
that the virus can be transmitted to humans from different
animal species. These animals include hosts such as snakes,
turtles and pangolins. These animals have the potential to
transmit the virus from Malaysia to China [5].

In particular, transmission of SARS-CoV-2 to humans
occurs through airborne droplets and contact. Therefore, it
is important to take precautions such as hygiene measures,
wearing masks, social distancing and vaccination to prevent
transmission. Research continues to understand user origin
and infection groups [6,7].

In silico studies include computational methods and
simulations to analyze biological and chemical interactions,
and these have become common in various scientific fields,
including medicine, molecular biology, pharmacology, and
toxicology.

In the context of SARS-CoV-2, researchers have found
sequence similarities between its protein-coding gene
structures and those of other coronaviruses such as MERS-
CoV and SARS-CoV [8]. While the similarity with MERS-CoV
is 51%, the similarity with SARS-CoV is 79.5%. SARS-CoV-2,
similar to SARS-CoV, uses the ACE2 receptor in the human
body for its functioning. Understanding these similarities
and receptor interactions is crucial for developing inhibitor
studies and potential treatments for Covid-19 [9].

In silico research uses molecular docking and dynamics
to analyze how potential drug candidates interact with target
molecules and receptors. Computer-aided software allows
researchers to calculate the proximity of receptors and
target structures and test compounds with physics-based
equations [10].

Plants contain bioactive compounds with various
chemical properties, such as terpenes, alkaloids, phenolics
and flavonoids, which display various biological properties.
Throughout history, these compounds have been used in the
treatment of various diseases. In the aforementioned study,
the potential of specific bioactive compounds to be used as
drugs in the treatment of Covid-19 was analyzed by in silico
docking analysis, molecular dynamics, pharmacokinetic
analysis, and binding free energy calculation [11,12].

In silico studies provide valuable information and can
serve as a starting point for further in vivo and in vitro studies.
However, it is important that findings from in silico analyzes
be confirmed by rigorous laboratory and clinical trials before
evaluating any bioactive compound as a potential drug for
the treatment of Covid-19. The drug development process
is complex and requires careful evaluation and testing to
ensure safety and efficacy [13,14].
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Material and Methods

Molecular Docking Analyzes

Calculations required for molecular docking were
performed with Autodock Vina software [15]. Water
molecules and cofactor structures were extracted from
the protein via software to view and analyze the linkage
between protein and ligand in detail [16]. The main protease
of the virus belonging to Covid-19 and used as a protein
was retrieved from the RSCB Protein Data Bank as a three-
dimensional theoretical model (PDB ID: 6LU7). Accordingly,
eight ligands were tested. Tested ligands and their properties
are presented in Table 2 (https://pubchem.ncbi.nlm.nih.
gov/). The binding potentials of hydroxychloroquine and
chloroquine were reviewed as control ligands and used
in the software. The two-dimensional form of the ligand
structures was transformed into an energy-minimized
three-dimensional conformation. All proteins and ligands
used in the study were confirmed before performing in silico
calculations [17].

Molecular Dynamic Analyzes

The ligand-protein complex was simulated using the
WebGro tool [18]. To assess the stability of the complex,
molecular dynamics (MD) simulation was conducted over
a duration of 50 nanoseconds [19-23]. We optimized the
MM/PB(GB)SA performance for accurate ligand binding
conformations, utilizing both the Schrodinger package and
the Amber package [24].

Drug Similarity and ADMET Prediction for
Potential Covid-19 Inhibitor

Today, computer-based ADME analyzes have created
an important study potential for drug discovery. The drug
similarity, pharmacodynamics, and pharmacokinetics of the
drug candidate molecule or molecules were performed with
Swiss ADME, an online software (http://www.sib.swiss)
(http://www.swissadme.ch/index. php) [25,26]. In addition,
these toxicological and pathological estimates were also
applied to the Ghose, Veber, and Lipinski subjects and their
bioavailability scores [27,28].

Results and Discussion

For SARS-CoV-2, AutoDock Vina was screened with
protein ligands and Covid markers to screen for potential
drugs through a molecular insertion containing structural
and non-structural protein regions. The pharmacokinetic
properties of 8 ligands bound to 6LU7 of SARS-CoV-2
were determined. It has been observed that the molecular
insertion results obtained with this study show a good
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interaction with the COVID-19 protease as potential drug
candidate molecules. Function identification was performed
using a scoring based on the Lamarckian General Algorithm
of attachment strength. In the study, a molecular insertion
based on antiviral mechanism was in question, as the
flavonoid, Sesquiterpenes, Phenylpropanoids provide high
affinity in the same regions of the main protease of SARS-
CoV-2 as the control molecule. Bonding free energy is found
in hydrogen bonding, van der Waals forces, and electrostatic
identification. Identifying the lowest binding energy signifies
the most stable interaction between the ligand and protein
[29]. The computed binding energy outcomes usingAutodock
vina are presented in Table 1. After positioning, all structures
were visualized in VMD. It has comparable binding affinity
(-5.9 to -11.7 kcal/mol) for all ligands, respectively (-11.7
and -11 kcal/mol). RSMD is a very important parameter
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used to analyze the stability of MD trajectories. Estimation of
backbone atoms of protein and ligand-protein complexes is
obtained by RSMD. Backbone RMSD measurements allowed
us to gain insight into the conformational stability for the
complexes. The RMSF of the backbone atoms of each residue
in the 6LU7-linked ligand-protein complex was analyzed
to gain insight into the flexibility of the enzyme backbone
structure. A high RMSF value indicates more flexibility, while
a low RMSF value indicates limited movements.

According to the analysis of molecular dynamics results,
the residual number C mean square deviation (RMSD), root
mean square fluctuation (RMSF), MD, which is a function of
the simulation time, were used in the simulation to analyze
the stability of the modeled areas.

H bound Energy
. , . 4
3’,5-Dihydroxy-4',6,7-trimethoxyflavanone (Leul41;Ser144;His163;Gly143) -8.5 kcal/mol
'S°‘"te’l§‘l::lzn I'lg;)ryl‘rf::s‘;?f;gtégf)‘pha'L' 5(Thr199(2);Asn238;Leu287;Arg131) -11.7 keal /mol
Solafuranone 0 -5.9 kcal/mol
- N 8
(R)-5,3-Dimethyl hesperidin (Tyr239(2);Leu287;Lys137;Arg131;Asn238;Asp197(2) | >/ Keal/mol
o . 4
Phloretin 3’,5’-Di-C-glucoside (Asp197; Asp289;Leu287; Tyr 239) 10.3 kcal/mol
. 8
Isomargaritene (Met276;Tyr239(2);Thr199;Asp289;Asp197;Tyr237(2) |~ 1 Keal/mol
. 3
Margaritene (Glu166;GIn189;Leu141) -9.9 kcal/mol
o 5
Clemomandshuricoside B (LysS; GIn127; Lys137; Glu290; Glu288) -10.1 kcal/mol

Table 1: Results of the molecular docking between the target protein and the candidate drug molecules (ligands).

Figure 2: Representation of Solafuranone molecule at the active site of 6LU7 in molecular docking.
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Figure 3: Representation of Phloretin 3’,5’-Di-C-glucoside molecule at the active site of 6LU7 in molecular docking.

Figure 4: Representation of Margaritene molecule at the active site of 6LU7 in molecular docking.

Figure 5: Representation of Isovitexin-2"-0-rhamnoside (2”-0-alpha-L-Rhamnopyranosyl-isovitexin) molecule at the active
site of 6LU7 in molecular docking.
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Figure 6: Representation of Isomargaritene molecule at the active site of 6LU7 in molecular docking.

Figure 7: Representation of (R)-5,3’-Dimethyl hesperidin molecule at the active site of 6LU7 in molecular docking.

Figure 8: Representation of 3’,5-Dihydroxy-4',6,7-trimethoxyflavanone molecule at the active site of 6LU7 in molecular docking.
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Figure 9: Representation of Clemomandshuricoside B molecule at the active site of 6LU7 in molecular docking.
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Figure 10: Clemomandshuricoside B and 6LU7 Molecular dynamic results.
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Figure 11: 3’5-Dihydroxy-4’,6,7-trimethoxyflavanone and 6LU7 Molecular dynamic results.
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Figure 12: (R)-5,3’-Dimethyl hesperidin and 6LU7 Molecular dynamic results.
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Figure 13: Isomargaritene and 6LU7 Molecular dynamic results.
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Figure 14: [sovitexin-2”-0-rhamnoside (2”-0-alpha-L-Rhamnopyranosyl-isovitexin) and 6LU7 Molecular dynamic results.
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Figure 15: Margaritene and 6LU7 Molecular dynamic results.
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Figure 16: Phloretin 3’,5’-Di-C-glucoside and 6LU7 Molecular dynamic results.
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Figure 17: Solafuranone and 6LU7 Molecular dynamic results.
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As performing molecular insertion scoring did not reveal binding affinities. The binding free energy of MM /PB(GB)SA
an available estimate for ligand binding affinities, MM/ on behalf of ligands, including the Amber and Schrédinger
PB(GB)SA analyzes were performed to predictively analyze package (http://cadd.zju.edu.cn/farppi) was defined [30].

~

Figure 18: MM /PB(GB)SA graph of Clemomandshuricoside B.

Figure 19: MM /PB(GB)SA graph of 3’,5-Dihydroxy-4’,6,7-trimethoxyflavanone.

Figure 20: MM /PB(GB)SA graph of (R)-5,3’-Dimethyl hesperidin.
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Figure 21: MM /PB(GB)SA graph of [somargaritene

Figure 22: MM /PB(GB)SA graph of Isovitexin-2”-0-rhamnoside.

Figure 23: MM /PB(GB)SA graph of Margaritene.
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Figure 24: MM /PB(GB)SA graph of Phloretin 3’,5’-Di-C-glucoside.

Figure 25: MM /PB(GB)SA graph of Solafuranone.

ADME properties of ligand structures were analysed
i SWISS-ADME and results were shown in Figure 26-33
(http://www.swissadme.ch/). In addition to drug similarity
results, depending on Lipinski’'s five rules (RO5, Pfizer
rule), molecular weight (MW)<500, LogP<5, hydrogen bond
acceptors <10, including the violation of at most one of the
following features [31]. For the active drug, the hydrogen
bond total should tend to be <12, the rotatable bonds <10, and
the polar surface area <140 oral, and 220 for bioavailability,
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given Veber’s rules. In short, only half of all FDA-approved
small molecules comply with both the rule of five. Based on
this, these analyzes reflect the potential to be used as a drug
in drug development studies that are currently leading the
way [32]. According to the results obtained, Solafuranone
and 3’5-Dihydroxy-4’6,7-trimethoxyflavanone molecules
have the potential to be drugs according to the Lipinski
Ghose and Veber rules.
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Molecules Plant Phytochemicals 3D structure
3 ,_5-D1hydroxy-4,6,7- Salvia plebeia Flavanoid
trimethoxyflavanone
Isovitexin-2"-0- Crataegus pinnatifida
rhamnoside (2”-0-alpha-L- gus b Flavanoid
L Bunge
Rhamnopyranosyl-isovitexin)

Solafuranone Solanum indicum Sesquiterpenes
(R)-5,3’-Dimethyl hesperidin Citrus sinensis Flavanoid
Phloretin 3',5’-Di-C-glucoside Nothofagus fusca Flavanoid

Isomargaritene Vitex trifolia L., Flavanoid

Margaritene

Vitex trifolia L., Flavanoid
Clemomandshuricoside B Catalpa fargﬁsn f. Phenylpropanoids
duclouxii

Table 2: Ligands used in the study and their properties.

Serap Yalcin, et al. The Molecular Docking and Dynamic Analyses of 3',5-Dihydroxy-4',6,7-
Trimethoxyflavanone, Isovitexin-2'-0-Rhamnoside, Solafuranone, (R)-5,3'-Dimethyl hesperidin,
Phloretin 3',5'-Di-C -glucoside, Isomargaritene, Margaritene and Clemomandshuricoside B for
Potential COVID-19 Therapy. Virol Immunol ] 2023, 7(2): 000326.

Copyright© Serap Yalcin, et al.


https://medwinpublishers.com/VIJ

Virology & Immunology Journal

Figure 26: ADME results of 3’,5-Dihydroxy-4’6,7-trimethoxyflavanone.

Figure 27: ADME results of Isovitexin-2"-0O-rhamnoside.
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Figure 28: ADME results of Solafuranone.

Figure 29: ADME results of (R)-5,3’-Dimethyl hesperidin.
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Figure 30: ADME results of Phloretin 3’5’-Di-C-glucoside.

Figure 31: ADME results of [somargaritene.
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Figure 32: ADME results of Margaritene.

Figure 33: ADME results of Clemomandshuricoside B.
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Conclusion

A research study was conducted involving the use of
molecular docking and simulation techniques to explore the
drug potential of various active substances in the context
of SARS-CoV-2, the virus responsible for the COVID-19
pandemic. These techniques include proteases, enzymes
that play a crucial role in viral replication and infection
of different molecules. It is widely used in contemporary
medicine and molecular biology to understand how it
interacts with biological targets. The study identified eight
active substances that may have the potential to act as drug
candidates for the treatment of COVID-19. Using molecular
docking and simulation software, the researchers analyzed
the interactions between these active ingredients and SARS-
CoV-2’s proteases. These in silico studies allow for virtual
evaluation of the binding affinities, structural compatibility,
and potential efficacy of compounds as antiviral agents. After
in silico analysis, the next steps may enable in vivo and in
vitro testing to confirm the findings and evaluate the actual
efficacy and safety of the compounds in living organisms
and biological systems. These studies will be necessary to
determine whether the identified active substances can
effectively inhibit viral proteases and potentially serve
as therapeutic agents for COVID-19. These study results
may provide a reference for other scientists and medical
professionalsinterested in studying these compounds further.
It will also contribute to ongoing efforts to find effective
treatments for COVID-19 and other viral diseases. However,
it is important to note that in silico research is only the first
steps in drug discovery and development. Subsequent in
vivo and in vitro testing are required to confirm the potential
of these compounds as real drug candidates, followed by
rigorous clinical trials to determine their safety and efficacy
in human patients.
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