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Abstract: Spike proteins are a functional component in the viral infections of the SARS-CoV-2 virus
that binds to the ACE2 receptors of the human cells. The naturally derived drugs like hesperidin show
a higher affinity to avoiding the binding of the spike protein. Inhibition of the spike protein study
represents the development of a new drug for SARS disease. Along with the hesperidin and its analogs
have been found effective medicine to control SARS-CoV-2; the entire drug bank database was
screened for strong analogous remedy like compounds as hesperidin. Virtual Screening and docking
studies were intended for these molecules against spike protein with auto dock virtual screening tool
and auto dock vena. The docking outcome showed that the compounds hesperitin, silibilin, and
dihydromyricetin were having the highest binding energies, like -8 and -6.2. The current study indicates
that the lead molecules have to be evaluated to improve prospective drug molecules.
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1. Introduction

A health emergency and rapid infection transmission rate were created by the amid an
outbreak of global pandemic COVID-19. There is a spent argument on the origin of the virus,
where it comes from and affecting almost all countries levels of spread and severity of the
certain alarming levels as mention by WHO, characterized as a pandemic.

The novel corona is creating a panic situation worldwide due to inadequate risk
assessment, research, and treatment regarding the pandemic's urgency. Due to increased
globalization, intra-regional and country travels to make the global epidemics threaten public
health, with a very little preventive measure and antiviral therapies revealing viral infections
remained only with few antiviral drugs adopted for medical practice.

Naturally occurring large groups of biochemicals such as terpenoids, flavonoids,
phenolic compounds, etc., from the plant sources, may look at potential drug molecules to treat
the deadly diseases [1]. One such compound hesperidin, which is a glycosidic phenolic
flavonoid compound and it is abundant in citric fruits such as lemons, grapefruits, etc., This
flavonoid shows anti-inflammatory, anti-fungal, antibacterial, antiviral, antioxidant, and free
radical scavengers against many pathogenic and immunomodulatory activities [2-4]. The
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molecular studies and docking studies refer to the potential application of hesperidin in treating
microbial infections [4], neurological disorders like Parkinson and Alzheimer's disease [5,6],
anti-inflammatory activity [7], anti-cancer activity [8], and other in-silico studies of the
modified to nanoparticles in the application of antioxidant activity [9].

In-silico studies in identifying the antiviral drugs against COVID-19 are processed in
recent literature, where hesperidin is one of its kind shows the potential application in inhibiting
the protease [10-12] and other related proteins of the Coronavirus 2 [13]. After considering the
potential application of hesperidin, in this study, we have found the antiviral activity of
hesperidin and its derivatives as listed in the drug bank using the in-silico analysis.

2. Materials and Methods
2.1. Protein preparation.

The target protein crystal structure, the spike core protein, was acquired from the
protein data bank with pdb id1WNC along with other target proteins include1QZ8, 6W4Band
3EE7 (which are Nsp9 RNA binding proteins structures), and 6W63 (main protease) [14].
Using the discovery studio client, the targeted proteins' molecular coordinates were estranged,
and its geometry was optimized for the ligand interactions during the docking workplace in
.pdbgt format [15].

2.2. Binding site prediction.

Finding molecular coordinates is the most critical step in molecular docking in the
modern era of drug design. A large number of online algorithms are available to find the active
sites for the selected target proteins; in this study, to find the active site for the respective
receptors, we acknowledged using the online platform playmolecule_Deep Site server [16].
This program, playmolecule_Deep Site, is used to locate and measure protein pockets and
cavities mechanically and is based on accurate computational geometry methods and alpha
form, and distinct flow theory.

2.3. Ligand preparation.

In this study, plant-based flavanone glycoside hesperidin, abundant in citrus fruits, was
used to study the activity against the SARS-COV-2. We acquired the requisite files (.sdf and
.pdb) from the drug bank with ID DB04703 for hesperidin. With hesperidin compound, its
potential analogs were used in an assay for the binding on the viral in targeted proteins [17].
Using auto dock tools 4.0, the ligands are optimized for docking by creating the atomic
coordinates with .pdbgt formats [18].

2.4. Virtual screening.

In this study, the most powerful yet reliable platform, Auto dock 4.0, was implemented
for the virtual screening of the hesperidin and its analogs to the targeted proteins of COVID-
19. Based on the standard operations’ Auto dock execution, provide a list of outcomes to be
ordered in the rank based on the affinity-based grading system.
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2.5. Structural analysis and visualization.

The powerful tools represent analysis and illustration of the protein-ligand interactions
include PyMol from Schrédinger [19] and Discovery studio client from the Dassault Systemes
[15].

3. Results and Discussion

Playmolecule_Deep Site server provides the possible coordinates for the active site for
the respective protein molecules, where IWNC has core three active sites with active amino
acids include THR 921, GLY 928, ASP932, GLN 931, LYS 946, GLN 1161, ASN 1168
involves in considerably in binding and catalytic activity. The Virtual screening of the ligands
in Fig 1 includes hesperidin and its structural analogs Hesperetin, Taxifolin, Sakuranetin,
Silibinin and Dihydromyricetin were capable approach in potential inhibitors in the ACE 2
(Angiotensin 2 Receptor) binding in the SARS COV?2 virus based on the values obtained in the
order -8, -5.7, -6.1, -5.3and -6.2 Kcal/Mol.

When comparing the other protein structure include Nsp9 RNA binding proteins
structures of positive-strand of SARS COV?2 virus with PDB IDs 1QZ8, 6W4B and 3EE7,
3EE7 had better binding affinities than the other Nsp9 binding protein. This may occur due to
the available active site amino acids' potential to form the higher affinity binding in the 3EE7
rather than that of other Nsp9 Proteins based on this docking study. The binding of the ligand
on the targeted Nsp9 protein suggests that hesperidin and its analogs have a considerable
function in the self-assembly of the proteins during the replication of the virus for the RNA
binding, which may provide an effective drug model for the treatment of COVID-19 patients
to stop the intracellular transmission of the viruses.
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Figure 1. Molecular docking of the 1WNC, the spike protein core structure, had profound activity in the binding
on the angiotensin receptor 2 (ACE 2). (a) Hesperetin with -8.0 Kcal/Mol, (b) Taxifolin with -5.7 Kcal/Mol, (c)
Sakuranetin with -6.1 Kcal/Mol, (d) Silibininwith -5.3 Kcal/Mol, and (e) Dihydromyricetin with -6.2 Kcal/Mol
affinities for arbitrary activities include inhibition and inactivation of the protein.
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Protease, also called the main protease, is the potential source of infections of SARS-
COV-2 viruses. The inhibitory activity was well studied and understood from the recent
investigations by in-silico analysis states the enzyme inactivation and blocking the cellular
receptor for the protease activity [12]. Based on this source, our targeted main protease protein
with PDB ID 6W63 had reproduced similar results with hesperidin analogs with values ranges
from -5.4 for hesperetin, -5.6 for dihydromyricetin, and -5.8 for taxifolin.

The virtual screening results for the targeted protein with respective ligands for the
presented study are listed and compared in Fig 2 (detailed discussion is elaborated in Table 1),
where for the overall study, the highest binding affinity was higher with -8.0 Kcal/Mol in the
1WNC with hesperidin molecule. 1WNC spike core protein variance in the amino acid residual
functions are studied using the molecular simulations with references to the RMSF with
minimal changes in the residual fluctuations, which refers to the binding affinity for respective
ligands are shown in Fig 3. This shows the functional activity of IWNC during its bindings to
the respective ligands include hesperidin and its structural analogs.

Among the docked ligands of hesperidin and its analogs on the Nsp9 protein, main
protease and Spike core protein had a very higher tendency, which may have arbitrary effects
include inhibition of the protein to bind the ACE 2 receptor on the COVID-19 patients to block
the infections of the SARS COV2 virus. To understand the core activities for the present study
of protein-ligand interactions, wet lab analysis may provide deep insights into the application
of this flavonoid and its analogs in treating this current pandemic.
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Figure 2. Molecular docking of the IWNC, 1QZ8, 3EE7, 6M3M, 6W4B, and 6W63 protein structures affinities
for arbitrary activities include inhibition and inactivation of the protein, where 1WNC has a higher affinity
towards the hesperidin.
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Figure 3. Molecular dynamics studies of the IWNC, the spike protein core structure which had profound
activity in the binding on the angiotensin receptor 2 (ACE 2) RMSF with minimal changes in the residual
fluctuations, which refers to the binding affinity for respective ligands.
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Table 1. Molecular docking of the IWNC, 1QZ8, 3EE7, 6M3M, 6W4B, and 6W63 protein structures affinities

for arbitrary activities include inhibition and inactivation of the protein.

Ligands 1QZ8 1WNC 3EE7 6M3M 6W4B 6W63
DB01094_ Hesperetin -5.1 -5.7 -6.2 -6.1 -4.9 -54
DB02224_Taxifolin -5.4 -6.1 -5.8 -6.3 -4.3 -5.8
DB04703_Hesperidin 5.7 -8.0 -7.0 -5 9.9 38.3
DB08517_Sakuranetin -5 -5.3 -5.9 -5.9 -4.7 -3.9
DB09298_Silibinin 3.6 -6.2 -4.7 -3.2 24.9 1.8
DB15645_Dihydromyricetin -5.3 -6.2 -5.9 -6.4 -4.4 -5.6

4. Conclusions

The current pandemic situation created an emergency state that is looking for a potential

anti virtual drug for the COVID-19 treatment. Our efforts were kept in this study to determine
the activity of the natural products such as hesperidin. A flavonoid compound in the citrus fruit
may help treat the SARS-CoV?2 infection by inhibiting the protein such as protease, Nsp9 RNA
binding protein, and Spike protein through an in-silico study. Our study provides a promising
application of hesperidin and its analogs. We expect this study to be supportive in designing
novel and effective inhibitors against COVID-19 and other severe acute respiratory diseases.
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