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ABSTRACT

The present study incorporated plant derived compound to intervene the effect caused by SARS-CoV-2 protein using in
silico techniques. Luteolin (Lut) is a significant flavonoid generated from plants that is found in a variety of edible herbs
and vegetables possessing anti-inflammatory, anti-cancer, anti-oxidant, anti-apoptotic, and neurotrophic activities. In
this study, the bioactivity of Luteolin derived from vegetable is studied using advanced Cheminformatics tools. Next, the
SARS-CoV-2 protein sequence is retrieved and applied to an automated docking server in order to identify the molecular
interaction between SARS-CoV-2 protein sequence and Luteolin. The results obtained from docking showed good affinity
between Luteolin and SARS-CoV-2 protein sequence. All the results obtained were analyzed in 3D form using 3D
visualization tools. In conclusion, the molecular dynamic studies clearly revealed that the identified compound Luteolin
is a potential inhibitor for the selected target protein sequence of SARS-CoV-2.
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The World Health Organization (WHO) declared an
unexpected pandemic outbreak of newly identified diseases,
severe acute respiratory disease syndrome corona virus
2(SARS-CoV-2) in December 2019. SARSCoV-2 can cause
serious side effects, such as septic shock and multiple organ
failure, which can be fatal, especially in high-risk individuals,
such as those that are immunocompromised and have
underlying  illnesses  such  malignancies,  diabetes,
cardiovascular disease, and chronic respiratory disorders [1].
The current COVID-19 outbreak was caused by the highly
contagious SARS-CoV-2 bacterium, which has been linked to
an unusually high number of infections and fatalities
worldwide. The major problem confronting our global
healthcare system is the paucity of therapeutic interventions for
COVID-19 [2]. The SARS-CoV-2 spike (S) protein is made up
of two subunits, S1 and S2, and is essential for receptor
identification and cell membrane fusion. The host receptor
Angiotensin-converting enzyme 2 (ACEZ2) is recognized and
bound by the receptor-binding domain of the S1 subunit, while
the two-heptad repeat domain of the S2 subunit facilitates the
fusing of the viral cell membrane [3]. For viral entrance and
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subsequent replication, interactions between the SARS-CoV-2
receptor binding domain and the Angiotensin-converting
enzyme 2 (ACE2) are essential. Finding a suitable small-
molecule drug that can bind and disrupt regulatory processes
has remained challenging due to the broad and featureless
contact surfaces of both proteins [4]. Researchers have
frequently concentrated on ways to interfere with the functional
proteins on the virus's active binding site, the spike that binds
to human cells, in the quest to develop viable treatments for
SARS-CoV-2, the virus that causes COVID-19 [5].

The development of novel drug delivery technologies for
the encapsulation of plant active metabolites, including organic,
inorganic, and hybrid nanoparticles, has made remarkable
progress over the past few decades [6]. There is always a need
for new and innovative medicines. Despite improvements in
synthetic chemistry, nature continues to be a valuable source for
the development of new drugs [7]. Luteolin (Lut) is a significant
flavonoid generated from plants that is found in a variety of
edible herbs and vegetables. Studies using both human and
animal models have demonstrated that Lut possesses a variety
of pharmacological effects, including anti-inflammatory, anti-
cancer, anti-oxidant, anti-apoptotic, and neurotrophic activities
[8-9]. According to several studies, Luteolin's protective
properties are explained by its ability to prevent 2003-emerging
SARS-CoV from entering human receptors and fusing with
them. Therefore, regular consumption of foods that have a
suitable quantity of Lut in our diets may be beneficial in
preventing both the SARS-CoV-2 infection and the ensuing
symptoms in COVID-19 patients [10]. Flavonoids and their
derivatives may represent potential compounds to be
investigated in upcoming clinical trials to bolster the
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pharmacological library against corona virus infections owing
to their pleiotropic effects and lack of systemic toxicity [11].

Our rate and possibility of discovering therapeutic
metabolites have increased as a result of recent developments
in bioinformatics and in silico screening [7]. Drug development
can be conducted more efficient and low expense by using
computational methods to discover compounds early on that
exhibit both favourable and unwanted features. To better
understand the molecular mechanisms of small compounds,
computational techniques like molecular docking, molecular
dynamics (MD), and enhanced sampling methodologies are
frequently utilized in drug design, discovery, and development
[12]. A complete understanding of drug release processes,
material qualities, formulation/device factors, and their
interactions with drug release profiles are necessary for
designing improved drug delivery systems. Quantitatively
achieving the objective goals is challenging without the proper
computational tools. As a result, computational techniques for
dosage form design have been created [13]. The present study
included a range of computational tools owing to the benefits of
computational methods in drug design.

MATERIALS AND METHODS

Ligand-based virtual screening
Virtual screening is one of the most used computer
methods in pharmacological research. These web tools and

databases enable computational professionals as well as wet-lab
researchers to effectively incorporate a wide variety of data
sources and cutting-edge drug design techniques into the
routine research operations [14]. Using the Swiss Similarity
web tool [15] the canonical SMILES of Luteolin molecule that
were retrieved from NCBI PubChem
(https://pubchem.ncbi.nim.nih.gov/) were run for virtual
similarity screening.

Molecular drug docking studies

HDOCK (http://hdock.phys.hust.edu.cn/) server was
employed for docking Luteolin bioactive compound and Spike
glycoprotein of SARS-CoV-2. The HDOCK server is a highly
integrated set of tools for robust and quick protein-protein
docking that includes homology search, template-based
modelling, structure prediction, macromolecular docking,
biological information incorporation, and task administration
[16]. Several biological processes depend critically on
interactions between proteins-proteins and DNA/RNA. It is
useful to determine the intricate structures of these interactions,
and molecular docking has been crucial in this process [17].

Visualization of the docked compound

After molecular drug docking studies of Luteolin
bioactive compound and Spike glycoprotein of SARS-CoV-2,
visualization of their 3D structure was done using Discovery
Studio.

1. Selection of Luteolin
compound and Spike
glycoprotein of SARS-

CoV2 through intensive

literature review

N\

the 3D structure of
the docked
compound using
Discovery Studio

, 5. Visualization of

l

4. Molecular Drug
Docking using
HDOCK server

Figl Work sequence of the present study

RESULTS AND DISCUSSION

An interface for ligand-based virtual screening of
chemical libraries is provided by the online programme Swiss
Similarity (http://www.swisssimilarity.ch), which enables users
to look for compounds that are similar to a query molecule [18].
The fingerprinting technique chosen for the molecular
representation, however, might have a substantial impact on the
similarity values for a given set of compounds [18-19]. As seen

in (Fig 4-6), the output of the query compound is shown with
calculated similarity and scores. All similarity scores, which
were determined using various methods, ranged from O for
completely different compounds to 1 for identical ones.
According to the similarity principle, the Swiss Similarity
output list of molecules should be enriched in compounds that
are anticipated to have comparable protein targets to the query
molecule and can, as a result, be procured and experimentally
examined first [19]. For simple visualization, output
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compounds are displayed in the web browser along with their
calculated similarity to the query compound [17]. Swiss
Similarity provides many compound libraries for screening,
including licensed drugs, identified bioactive molecules,
readily available commercial compounds, and compounds that
can be produced synthetically. Swiss Similarity offers a variety
of 2D and 3D molecular fingerprints that encode compounds in
various digital forms that may be used to calculate molecular
similarity [20]. Molecular Drug docking studies for Luteolin
bioactive compound and Spike glycoprotein of SARS-CoV-2
employing HDOCK server illustrating drug binding affinities
of Ligand and Receptor as seen in (Fig 7) and the docked

compound is viewed using Discovery Studio as seen in (Fig 8-
10). Docking is a sampling and scoring process when two
distinct structures are given, docking seeks to sample every
potential binding mode between them. The sampled binding
modes are then ranked during and/or after sampling using a
scoring algorithm [17]. The results obtained clearly showed that
the intramolecular electrostatic force is based on the binding
affinity between the ligand-receptor complexes. (Table 1)
clearly demonstrates the ligand and receptor interface amino
acid residues which shows that the selected drug compound can
act as an efficient inhibitor for the target corona virus protein.

Table 1 Receptor- Ligand interface residue

Receptor interface residue(s)

Ligand interface residue(s)

Receptor- Ligand interface residue pair (5)

PHE 338A 2995 0 2499 338A - 0 2995
PHE 342A 3.128 342A - 0 3.128
TYR 365A 2.499 365A - 0 2499
LEU 368A 2.999 368A - 0 2.999
TYR 369A 3.154 369A - 0 3.154
ASN 370A 3.539 370A - 0 3.539
SER 371A 3.490 371A - 0 3.490
ALA 372A 2910 372A - 0 2910
SER 373A 4,948 373A - 0 4948
PHE 374A 2.839 374A - 0 2.839
PHE 377A 2918 377A - 0 2918
PHE 392A 3.530 392A - 0 3.530
ILE 434A 3.044 434A - 0 3.044
LEU 513A 3.168 513A - 0 3.168

Fig 2 Basic skeleton structure of Luteolin

>pdb|7TF5|A Chain A, Spike glycoprotein
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHV
SGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPF
LGVYYHKNNKSWMKSEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPI
NLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYN
ENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASV
YAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSTPCNGVQGFNCYF
PLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFL
PFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLT
PTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSRGSASSVASQSIIAYTMSLG
AENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGI
AVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSPIEDLLFNKVTLADAGFIKQYGDC
LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGPALQIPFPMQMAYRFNGIG
VTQNVLYENQKLIANQFNSAIGKIQDSLSSTPSALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDI
LSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLM
SFPQSAPHGVVFLHVTYVPAHEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVA
KNLNESLIDLQELGKYEQGSGYIPEAPRDGQAYVRKDGEWVLLSTFLGRSLEVLFQGPGHHHHHHHHSAW
SHPQFEKGGGSGGGGSGGSAWSHPQFEK

Fig 3 FASTA sequence of Spike glycoprotein of SARS-CoV2
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Fig 4 Bioactive compound- Luteolin screened for similarity using Pharmacophore (2D) sscreening method
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Fig 6 Bioactive compound - Luteolin screened for similarity using Combined (2D&3D) screening method

Fig 7 Molecular docking studies of Luteolin compound and Spike Fig 8 Schematic model view of Luteolin compound and spike
glycoprotein of SARS-CoV-2 employing HDOCK server illustrating glycoprotein of SARS-CoV-2 viewed under visualization tool-
drug binding affinities of Ligand and Receptor. Ligand (Luteolin Discovery studio. Red cylinder like represents Alpha helix, white
compound) indicated in yellow colour and Receptor (Spike thread like represents coiled region, Blue arrow like represents
glycoprotein) of sars-cov-2 indicated in brown colour Beta sheet, and Green represent turns

Fig 9 3D structure of Luteolin compound and spike glycoprotein Fig 10 3D structure of Luteolin compound and spike glycoprotein
of SARS-CoV-2 illustrating the Ligand interaction viewed with of SARS-CoV-2 illustrating Surface around Ligand viewed with
Discovery studio Discovery studio

CONCLUSION

impact on the globe economy. From this research investigation,

A fatal corona virus (CoV) entered human society forthe ~ we conclude that Luteolin efficiently inhibits SARS-CoV-2

third time since the turn of the millennium, causing a global protein. The results obtained from this study play a major role
healthcare catastrophe that overwhelmed the system and had an in the field of current viral informatics studies.
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