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ARTICLE INFO ABSTRACT

Keywords: The novel coronavirus 2019 is spreading around the world and causing serious concern. However, there is lim-
ADME/T ited information about novel coronavirus that hinders the design of effective drug. Bioactive compounds are rich
Ne“"’f’rk analysis source of chemo preventive ingredients. In our present research focuses on identifying and recognizing bioac-
Docking . tive chemicals in Lantana camara, by evaluating their potential toward new coronaviruses and confirming the
Molecular Dynamic . . . . - s . .

SARs-CoV findings using molecular docking, ADMET, network analysis and dynamics investigations.. The spike protein re-

ceptor binding domain were docked with 25 identified compounds and 2,4-Ditertbutyl-phenol (-6.3kcal/mol)
shows highest docking score, its interactions enhances the increase in binding and helps to identify the biological
activity. The ADME/toxicity result shows that all the tested compounds can serve as inhibitors of the enzymes
CYP1A2 and CYP2D6. In addition, Molecular dynamics simulations studies with reference inhibitors were carried
out to test the stability. This study identifies the possible active molecules against the receptor binding domain
of spike protein, which can be further exploited for the treatment of novel coronavirus 2019. The results of the

toxicity risk for phytocompounds and their active derivatives showed a moderate to good drug score.

1. Introduction

The novel coronavirus 2019 is an active viral epidemic and increas-
ingly outbreak globally [1]. The most specific symptoms of this disease
are cough and sore throat [2-3]. The causative agent of this outbreak
is the coronavirus, which belongs to group coronaviridae and order
Nidovirales. The coronavirus is a large, enveloped, positive-stranded
RNA virus with the largest genome ranging from 27 to 32 kb. They can
be split into four genera: «a, f, y and 6. The a, # and 6 coronavirus infect
all humans, y coronavirus infects avians [4]. In the viral assembly, mem-
brane protein and enclosed protein are involved, while the spike protein
settles at the entry of the virus into host cells. The spike is a central de-
terminant of tissue tropism and viral host and a major inducer of host
immune response. It first binds through its S1 subunit to a receptor on

the outside of the host cell and through S2 subunit, fuses viral and host
membranes. Two domains of S1 from various corona viruses identify an
array of host receptors that are pivotal to the viral attachment. There
are two structurally diverse conformations of the spike protein, prefu-
sion and post-fusion, which is a crucial determinant of the coronavirus’s
pathogenicity [5].

The use of herbal medicine for therapeutic purposes should not be
underrated, since so many herbal drugs have antiviral properties. Since
conventional therapies have not been successful in suppressing SARS-
CoV-2, well-known herbal medications with antiviral properties are now
being employed as a supplementary therapy [6]. In contrast to synthetic
antibiotics, the use of plants as natural, safe, accessible and economical
materials for the treatment of bacterial infections has been expanding.
In addition, as compared to chemical treatments, herbal medicines are

Abbreviations: ADME/T, Absorption Distribution Metabolism and Extraction Toxicity; PDB, Protein Data Bank; VS, Virtual Screening; GC-MS, Gas Chromatography-
mass spectrography; 2D, Two Dimensional; 3D, Three dimensional; SAR, Specific Absorption Rate; MD, Molecular Dynamic; RMSD, Root mean square deviations;
SSE, Secondary structure elements; RMSF, Root means square fluctuation; LC, Lantana camara; GO, Gene Ontology; BP, Biological process; MF, Molecular Function;

SPC, Simple point charge.
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2-hydroxy-1-(hydroxymethyl) ethyl ester

7-Hexadecenal

Fig. 1. Phytocompound compositions structure of Lantana camara leaf.

more popular among general public. Ayurvedic medicines gain immense
recognition in the wake of COVID-19, it plays the powerful role against
the corona virus. Currently, significant suggestions for potential phyto-
compounds act as inhibitor for various stages of tumor genesis and its
inflammatory process and making them a promising therapeutic candi-
date [7]. Compared to modern medicine, herbal medicine contains life-
saving properties with fewer side effects. Natural products are used for
centuries as medicinal therapeutics, which are leading as a source of im-
perative remedies with pharmacognosy, dominating the improvement of
rational drugs until the gradual development of target-based drugs over
the last 50 years [8,9]. Different valuable herbal medicine can interfere
with COVID-19 pathogenesis by inhibiting SARS-CoV-2 replication and
entry to its host cells. Different phytocomponents are the most desir-
able herbal drink or fruit that can be introduced as effective adjuvant
components in COVID-19 management and to reduce fever and cough
as the most common complication of COVID-19 via anti-inflammatory
effect. Computational methods are effective tool for developing drugs
for targeted diseases. In our current research, we have selected phyto-
compounds from Lantana camara species, evaluate their effectiveness
against to novel coronavirus 2019 through molecular docking, ADMET,
network analysis and molecular dynamics.

2. Material and Methods
2.1. Plant material and Extraction

In the during August and September 2019, Lantana camara leaves
were collected from Karuppur in Salem (Latitude of 39°34’18.41"N and
a longitude of 75°281.71"W), Tamil Nadu, India. 100 gm of powdered
leaf sample was extracted in a soxhlet apparatus for 8 hrs with solvent
methanol [10]. The extract was filtered, pooled and solvent was evapo-
rated in rotary evaporator (Heidolph, Germany) under reduced pressure
at 40°C, crude extract was stored at 4°C in refrigerator for further anal-
ysis.

2.2. Identification of bioactive molecules in Lantana camara

The methanol leaf extract of Lantana camara species was done by
GC-MS (Model; Agilent technologies 7890A) fitted with a fused silica
capillary column of 30 m length, 0.25 mm diameter and 0.25 mm film

thickness. An electron ionisation device with 70eV ionisation energy
was employed for GC-MS detection. At a flow rate of 1 ml/min, helium
gas (99.99 %) was employed as a carrier gas. Line temperatures were
set at 220 and 200°C degrees, respectively. After 2 min at 10°C/min, the
oven temperature was scheduled to hold at 240°C for 6 min. In the split-
less mode, 2 ml of water solution was manually introduced in the split
ratio of 1:40 and with a mass scan of 50-600 amu. The GC-MS ran for a
total of 35 minutes. Peak area normalization was used to calculate the
relative concentration of each extract ingredient. Analysis of the plant
extracts mass spectrum was carried out using the National Institute of
Standards and Technology’s library, which has more than 62,000 pat-
terns. According to NIST library database, the compound’s spectrum was
evaluated towards the compound’s spectrum (Fig. 1).

2.3. Preparation of protein and phytocompound structure

The spike protein receptor binding domain three-dimensional struc-
ture (ID: 6W41) retrieved from protein data bank, water molecules
were removed and hydrogen molecules added into the structure.
The phytocompounds 2,4-Ditert-butylphenol (ID: 7311), E,E,Z-1,3,12-
Nonadecatriene-5,14-diol (ID: 5364768), 2-hydroxy-1-(hydroxymethyl)
ethyl ester (ID: 59327317), 9-Octadecenoic acid (ID: 637517) and 7-
Hexadecenal (ID: 5364438) retrieved from pubchem database.

2.4. Molecular docking studies

The molecular docking performed in Auto Dock 4.2, using Lamarck-
ian genetic algorithm and the default protocols for docking a versatile
ligand to a stiff protein. We ran docking calculations on the binding cat-
alytic sites of each protein target. The 15 phytocompounds were docked
to spike protein receptor binding domin and to determine the most
probable and most energetically desired binding conformations. Using
Autodock 4.2 [11], a grid box was employed to perform robust docking
simulations. The e’completeness score for each protein-compound pair
was 20. Active site encloses a docking array of 32 A3 with a grid spac-
ing of 0.375 A. For 2,4-ditert-butylphenols, AutoDock Vina supplied a
free energy binding hypothesis (in kcal/mol) that was used to calculate
affinity scores (more negative value means greater binding affinity). A
visual examination of the results using the Discovery studio DS Visualize
2.5 (http://www.dsbiovia.com/products) was carried out to verify the
interactions.
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Fig. 2. Three dimensional structure of spike protein receptor binding domine
(ID: 6W41).

2.5. Drug Likeliness Prediction

"Lipinski drug philtres" (http:/www.scfbio-iitd.res.in/utility/
Lipinskifilters.jsp) was used to forecast the ligand property. The Lip-
inski rule of five aims to differentiate drug-like and non-drug-like
characteristics and forecasts a strong likelihood of molecular perfor-
mance or failure attributable to drug likeliness. The Lipinski filters aims
to prevent expensive late-stage preclinical and clinical errors in early
preclinical evaluation.

2.6. SWISS- ADME/T
ADME and toxicity of the measured compounds was pre-

dicted using a large catalogue on the Swiss ADME web server
(http://www.swissadme.ch/), and the server speculate with high pre-
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cision on physiochemical assets, lipophilicity, water solubility, pharma-
cokinetics, drug-like and therapeutic properties.

2.7. Network pharmacology analysis

The network pharmacology analysis identifies the relationship be-
tween drug targets and investigate and characterize the small molec-
ular inhibitor’s multi-targeted existence. The network pharmacologi-
cal method is commonly used to classify the future targets of organic
products. A direct network interaction studies the relation between
drug targets (https://string-db.org/). This site offers one potential bi-
ological data interaction for targeted organisms by creating multiple
nodes and edges. The interaction between molecules and target pro-
teins were subsequently chosen (docking scores were chosen to pro-
duce a target drug-target network virus) in which control points rep-
resent the molecules of the target protein virus and the properties of the
network.

2.8. Molecular dynamics

The Desmond 2020.1 version of molecular dynamics simulations
was used to analyze the structural integrity and stability of the recep-
tor -ligand inclusion complex in an aqueous context. The apo -form
spike receptor binding domain and the complex receptor binding do-
main of 2,4 Ditert butyl phenol have been explored. MD simulations
were carried out using the force field of the OPLS-3e. The Simple point
charge (SPC) [12] water model in an orthorhombic box with a ten-
by-ten-by-ten-inch gap solved the systems. There were counter ions
(Na+ and Cl-) in the salt solution that neutralized both processes and
brought the salt concentration to 0.15 M. For 50,000 steps, the sys-
tems used the steepest descent strategy to reduce capacity. The sys-
tems were heated to 310K in a series of 100 ps NVT steps with pro-
tein backbone constraint using 100 kcal/mol constant forces. To bal-
ance the systems even further, NPT steps with a protein backbone con-
straint of 100 kcal/mol were used. It was maintained by the Nose-
Hoover chain thermostat [13] and the Martyna-Tobias-Klein barostat
[14]. At a wavelength of 10.0, the coulombic interactions with Van
der Waals are terminated. To complete the NPT ensemble, MD simu-
lations at 310K and 1.63 bar pressure for 50ns were run in the NPT
ensemble using a 2 fs time step. Graphs and analyses were developed
with Maestro and Xmgrace’s Desmond simulation interaction diagram
tool [15].

PHE
C:464
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Fig. 3. Three dimensional structure of 2,4-Ditert-butylphenol interact with targeted protein.
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Fig. 4. Protein and ligand interactions plot.

25 so 75 100 125

Row Index

2.9. Binding free energy

PRODIGY-LIG (PROtein binding enerGY prediction - LIGands) was
used to quantify the binding free energy (AG), which is a structure-based
tool for predicting binding free energy in protein-ligand complexes [16].
To measure the binding free energy, it utilizes inter-molecular elec-
trostatic energy, protein and ligand atomic contacts inside a 10.5 A
gap cutoff. By taking snapshots from the last 5 ns MD simulation tra-
jectory, the binding free energy of the RBD and ligand complex was
computed.

3. Results and Discussion
3.1. Molecular Docking analysis of bioactive compounds
Clinical trials were used to determine the effectiveness of drugs with

the purpose of maximizing societal benefit while reducing time and
expenditure in the area of drug development. Additionally, the dock-

Fig. 5. Toxicity level for 2,4-Ditert-butylphenol interact
with targeted ligand.

ing effects were used to create the target network and investigate the
pharmacological properties of desired selective antiviral inhibitors. Ear-
lier studies indicated that ion channel is needed for the propagation
of viruses; therefore, inhibitors targeting the E-protein can help to pre-
vent the development of virus production [17]. Earlier reports indicated
that it was active against SARS-CoV, despite the fact that antiviral ac-
tivity had not been previously recognised. [18]. The study results ex-
ecuted for spike protein receptor binding domain (6W41) protein re-
ceptor with 25 compounds and the best five compounds was tabulated
in Table 1. The binding energy of 2,4-Ditert-butylphenol, E,E,Z-1,3,12-
Nonadecatriene-5,14-diol, 2-hydroxy-1-(hydroxymethyl) ethyl ester, 9-
Octadecenoic acid and 7-Hexadecenal are -6.3, -6.1, -6.0 and -5.8
kcal/Mol respectively. (Figs. 2,3 and 4) In this protein-ligand interac-
tion, the carbon and hydrogen interaction (Fig. 2) chain interacts well in
the active pocket of the receptor, as shown in Figs. 3 and 4. The efficacy
of a compound in patients with the disease proved that, the mentioned
compound have more potentiality to treat, but there is a need to exam-
ine and determine the most suitable dose and route of administration.
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Table 1
Docking score results of 25 compounds with antiviral protein target

S.NO NAME BIO ACTIVE COMPOUNDS Binding energy in

(6W41)kcal/mol

1 DODECANE -5.0
2 Tetradecane -5.2
3 2,4-DITERT-BUTYLPHENOL -6.3
4 HEXATRIACONTANE -4.9
5 EICOSANOIC ACID, METHYL ESTER -5.6
6 n-Hexadecanoic acid -5.0
7 Behenic alcohol -5.3
8 Heneicosane -5.4
9 9,12-OCTADECADIENOIC ACID (Z,Z)-, METHYL -6.0

ESTER
10 E,E,Z-1,3,12-Nonadecatriene-5,14-diol -6.1
11 2-HEXADECEN-1-OL, 3,7,11,15-TETRAMETHYL-, -5.4

[R-[R*,R*-(E)]]- 18 22.478 1602201 3.37

694357 3.67 9-Octadecenoic acid, (E)-
12 Oleic Acid -5.3
13 9-OCTADECENOIC ACID (Z)- -5.8
14 Ethyl Oleate -5.6
15 1-Heneicosanol -5.5
16 Dotriacontane -4.8
17 1-Heptacosanol -5.3
18 7-Hexadecenal, (Z)- -5.5
19 Hexadecanedinitrile -1.2
20 Heptadecane -5.5
21 2-Methylhexacosane -5.5
22 Undec-10-ynoic acid, undec-2-en-1-yl ester -1.8
23 1H-INDENE, 1-HEXADECYL-2,3-DIHYDRO- -5.8
24 2-Methylhexacosane -5.3
25 Hexadecanoic acid, -5.7

2-hydroxy-1-(hydroxymethyl)ethyl ester

Finding a compound with the least toxicity or non-toxicity from all as-
pects is one of the key tasks of drug discovery [19,20]. Natural herbal
drugs focus more on improving the immunity of the host as a whole,
while allopathic drugs focus on the treatment of infectious agents [21].

3.2. Prediction of ADME/T studies

Many of these molecules have high gastrointestinal absorption,
which enables them to be dose dependent internally and pass the
most important drug discovery standard of decision-making. Both of
the compounds would pass the blood-brain barrier permeability test.
Consequently, they are known as the “fundamental drug delivery in-
dex”. The binding of the metabolic enzymes CYPD1A2, CYP2C19,
CYP2C9, CYP2D6 and CYP3A4 can cause the toxicity of the com-
pounds inside the body to degrade (Table 2a-2c). The 4-Ditertbutyl-
phenol, 9-Octadecenoic acid (Z), 7-Hexadecenal, (Z), E, E, Z-1,3, 12-
Nonadecatriene-5,14-diol and 2-hydroxy-1-(hydroxymethyl ethyl ester)
compounds are unable to bind CYP2C19, whereas they can bind to
CYP3A and CYP2C9. Therefore, the degradation of these key molecules
within the body is highly likely, leading to the production of toxicity
(Fig. 5). In a drug molecule, the bioavailability score of all the com-
pounds is an indicator of high potential. Predicting the toxicity of the
compounds under investigation is also a requisite this analysis. Various
toxicity parameters, were tested for all the molecules. All these parame-
ter values are in the region found for the successful molecule of the drug.
This makes it really similar to molecules like narcotics (Table 2). The
leading cause for confirming their efficacy is the bioactive compound

3.3. Network analysis of against the antiviral inhibitor’s targets

A PPI network (27 nodes and 11 edges) play a leading role in the
pharmacological antiviral effects and enrich p value (0.05). FAM3B and
TMPRSS4 are two targets that do not interact with other targets. The
two distinct nodes with high confidence ratings were FKBP5 and ETV4,
AR, NKX31, PTEN, and ERG, DRD2 (Fig. 6a-d).
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Table 2
ADMET screening of selected compounds derivatives for Lantana camara.
S.No Compounds name Fraction BBB CNS CYP2D6 CYP3A4 CYP1A2 CYP2C19 CYP2C9
unbound permeability Permeability substrate substrate inhibitor inhibitor inhibitor
(Human)
1 Hexadecanoic acid, 2-hydroxy-1 0.201 -0.263 -3.316 No No No No No
(hydroxymethyl)ethyl ester
2 9-octadecenoic acid (Z)- 0.054 -0.142 -1.6 No Yes Yes No No
3 7-Hexadecenal, (Z)- 0.085 0.809 -1.511 No Yes Yes No No
4 E, E, Z-1,3,12-Nonadecatriene-5,14 diol 0.107 -0.426 -1.981 No Yes Yes No No
5 2,4-Ditert Butylphenol 0.044 0.478 -848 No Yes Yes No No
Table: 2a
ADMET screening of selected compounds derivative of Lantana camara
S.No Compounds name CYP2D6 CYP3A4 Total Renal OCT2 AMES Max. tolerated hERG I hERG II
inhibitor inhibitor Clearance substrate toxicity dose (human) inhibitor inhibitor
1 Hexadecanoic acid, 2-hydroxy-1 Yes No 2.004 No No 0.332 No No
(hydroxymethyl)ethyl ester
2 9-octadecenoic acid (Z)- No No 1.936 No No 1.936 No No
3 7-Hexadecenal, (Z)- No No 1.884 No No 0.013 No No
4 E,E,Z-1,3,12-Nonadecatriene-5,14-diol No No 2.152 No No -0.096 No No
5 2,4-Ditert-Butylphenol No No 0.759 No No 0.42 No No
Table 2b
ADMET Screening of selected compounds derivatives of Lantana camara
S.No Compounds name Oral Rat Acute Oral Rat Chronic Hepatotoxicity Skin T.Pyriformis Minnow
Toxicity (LD50) Toxicity (LOAEL) Sensitisation toxixity toxicity
1 Hexadecanoic acid, 2-hydroxy-1 1.537 2.722 No Yes 0.608 -0.487
(hydroxymethyl)ethyl ester
2 9-octadecenoic acid (Z)- 1.429 3.187 Yes Yes 0.701 -1.31
3 7-Hexadecenal, (Z)- 1.478 1.172 No Yes 1.963 -1.07
4 E,E,Z-1,3,12-Nonadecatriene-5,14-diol 1.504 2911 No Yes 1.895 -0569
5 2,4-Ditert-Butylphenol 2.351 1.696 No Yes 1.572 0.006
Table 2¢
ADMET Screening of selected compounds derivatives.
S.No Compound name Water CaCo, Human Skin Perme- P-Glycoprotein  P-glycoprotein I P-glycoprotein I VDss
solubility permeability  Intestinal ability substrate inhibitor inhibitor (human)
absorption
1 Hexadecanoic acid, 2-hydroxy-1 -5.334 0.439 90.277 -2.797 No Yes No -0.261
(hydroxymethyl)ethyl ester
2 9-octadecenoic acid (Z)- -5.862 1.57 92.329 -2.723 No No No -0.587
3 7-Hexadecenal, (Z)- -7.144 1.485 92.839 -2.398 No No No 0.458
4 E,E,Z-1,3,12-Nonadecatriene-5,14-diol -6.14 1.586 90.725 -2.675 No No No 0.276
5 2,4-Ditert-Butylphenol -3.924 1.666 92.034 -2.301 No No No 0.611

3.4. Molecular and pathway analysis

In order to further investigate the relevance of 27 targets, a gene
ontology (GO) enrichment analysis was employed, which comprised of
three parts: BP (Biological process), molecular feature, and biological
process. As seen in the enrichment reports, a total of 433 results were
provided for Gene ontology enrichment (0.893), including branch point
prediction enrichment (59 and Molecular Functio 431). Lantana camara
was mainly involved in four biological processes that included biologi-
cal value management, androgen receptors, steroid hormone receptors
which are ligand-activated transcription factors, that regulate eukary-
otic gene expression The receptor-binding domain (RBD) in the spike
protein is the most variable part of the coronavirus. It has antiviral
property because it regulates four major MF: equivalent protein bind-
ing, protein homodimerization, and protein homodimerization function.
The findings showed that, KEGG pathways analysis AR, TMBRSS2, and
ETV1 were significantly enriched by pathways. The number of target
charting pathways was higher than the viral ways (hsa05215, number=5
(hsa05202, number=5), (hsa05206, number=2), and the influenza virus
(hsa05164, number=2).

3.5. Compound-targetpathway interaction analysis

The compound-target-pathway network has 27 nodes and 11 edges,
with nodes conforming to the active molecules, goals or pathways and
binding to the edges. Many Lantana camara compounds not only oper-
ate on the same target protein, but also on several target proteins, and
several pathways act on a single compound, illustrating the synergistic
impact of LC’s "multiple components, multiple targets and multiple path-
ways. Finally, our research aims to demonstrate the detection of novel
structures that have different structural properties with similar behavior
with respect to the best energy level compounds 2,4-Ditert-butylphenol.

3.6. Molecular dynamics simulation

In order to test the stability of protein-ligand complex, one com-
pound 2,4-Ditertbutyl-phenol derivative (-6.3 kcal/mol) with good bind-
ing energy was selected and subjected to molecular docking study and
MD stimulation. After molecular simulation and refining, it is apparent
that all complexes have been configured to the full extent and that the
complex’s total energy has also been stabilized for all structures with
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Fig. 7. Protein Ca atoms (A) time dependent RMSD
plot, (B) RMSF plot over the 50 ns trajectory.

k24

(v) sy puebi

o
o

-
N

A
NCoEN(Lig) fit on Prot
3.6
3.2
| W”W'
< M ‘ I
3 J
0
= 20
o
=
D 1.6
L
<
-
1.2 4
0.8
0.4
0 10 20 30 40 50
Time (nsec)
B
BC-alphas
5.6
4.8
4.0
—
-
w 3.2
[¥))]
=
o 2.4
1.6 A
0.8
0 25 50 75 100 125 150 175

Residue Index

high RMSD performance in docking outcomes. The stability of protein
validate by RMSD, used to examine the integrity of the ligand-protein
complex during MD simulations. The C Alpha Atoms RMSD value of the
apo and ligand bind form indicates all the most comparable partners
across the 50 ns MD simulation. We also calculated C alpha RMSF to
comply with local level stability, which measures the amino acid residue
fluctuation at the time of MD simulation (Fig. 7, 8). For the apo and com-
plex shape, no significant difference was found, which shows that lig-
and binding does not influence protein stability and reflects our RMSD
findings. SSE comprising alpha-helical and beta-strand regions are cor-
respondingly emphasized with red and blue backgrounds. SSEs regions
are characterized by helices or strands that survive for simulation of over
70 percent and related patterns in verification of SSE binding affinity. A
further time-dependent residue wise secondary structure chart has been
determined for both structures and no major improvements have been
found. This outcome confirms the analysis and experimental validation
of SSEs.

3.7. Intermolecular Interactions

The ligand molecule forms links (PHEc515 THR ¢430) to the ac-
tive amino acid site. Interaction of hydrogen with PHE515 in molec-

ular docking at distances of 3.0, 4.96, A and 3.0, respectively. The
relationships between PHE.515 and THR (c430) did not differ signif-
icantly in the MD simulation (3.55 10\). For the inhibition of 6w41,
this relationship is essential. Likewise, in molecular docking, the THR
atom shapes hydrogen associations with PHE515 (2.5A); during the
MD simulation, this association is unchanged (5.00 i\). Amino acid
residues that are part of the active site’s structure interact with the lig-
and molecules (PHEc515) and THR (c430). In molecular docking, hy-
drogen interacts with PHE515 at wavelengths of 3.0, 4.96, and 3.0.
The interactions between PHE.515 and THR (c430) were not par-
ticularly large in the MD simulation (3.55). This relationship is es-
sential for the inhibition of 6w41. Similarly, the THR atom devel-
ops hydrogen associations with PHE515 (2.5A) in molecular dock-
ing; and this relationship is unchanged during the MD simulation
(5.00 A).

The time-based intermolecular contacts were computed over the 50
ns MD simulation. The values over 1.0 suggest that there are residues
forming several contacts with the ligand. During the simulation of 50
ns MD, up to 4 contacts are identified (Fig. 9). In biological systems,
hydrogen bonds are one of the main components responsible for molec-
ular interactions. Although many residues are involved in the creation
of h-bonds, one of the main components responsible for molecular inter-
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Fig. 8. Protein secondary structure prediction over the 50 ns MD simulation (A) Apo-protein, (B) ligand bound protein complex.

Fig. 9. Total number of contacts between protein and lig-
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actions in biological processes during MD simulation is hydrogen bonds.
Changes in the secondary structures, which were in turn regulated by
hydrogen bonds, were responsible for the protein-ligand interactions.
The H bonds play a significant role in ligand binding throughout the
course of the pathway to represent the encounters and experiences in
the timeline. A critical body for determining their partnership is the
mandatory free energy (AG) of the protein complex. The protein and
ligand complex’s binding free energies were calculated by taking 7 snap-
shots of the last 5 ns MD simulation trajectory and calculating it to be
-92.3 kecal/mol using the PRODIGY-LIG method. According to available
reports, several plant components can be used effectively as stimula-
tors of non-specific immunity as well as for their curative properties to
get rid of infective diseases [22-23]. In addition to host and pathogenic
macromolecules, designed drugs based on structure and functions have
high value in molecular medicine [24]. The most variable component
of the coronavirus was classified as an imperative protein with consid-
erable significance values based on the network topology analysis of
the spike protein. The amino acids have been shown to be important
for binding to ACE2 receptors and determining the host range of SARS-
CoV-like viruses [25]. Similarly, our research [26] found a synergis-

B e o

IIIII-IIIII

ToNts et

tic multi-effect result in the recommendation of TCM, CMs, and CMs,
suggesting that anti-COVID-19 has more substantial benefits. An earlier
article [27] discussed s "the neuroprotective properties of AP may be
partially linked to its APP-BACE1-GSK3B signal axis regulation and ir-
ritation. At the needed site, the dynamic site filtrate was plotted, and
it was determined that all of the extracts included the active portion
of each target structure. The study of molecular structure has been the
most important way to understand the molecular mechanism of drug
activity today [28]. Although certain residues are involved in forming
h-bonds, ASN388, GLU516, and LEU517 still have full occupancy dur-
ing the MD simulation. Analysis has resulted in novel findings about the
SARS-CoV cell entry mechanism [29]. Via two separate pathways: pro-
teolytic cleavage of ACE2, which can facilitate viral uptake, and cleav-
age of coronavirus spike infection, TMPRSS2-human SARS coronavirus
infection [30,31].

Molecular docking offers static poses in the binding pocket of a pro-
tein to express a stable complex of the most favored molecule conforma-
tions. The other primary structures required in maintaining a protein’s
stability are not visible in static pictures. These characteristics include
the flexibility of residues and structural secondary components [32]. The
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conformational changes resulting from the dynamic output of a protein
can have an effect on its actual biological function [33-36]. Molecular
docking and dynamics are the most important aspects of manipulating
and exhibiting new bioactive compounds. [37]. Hydrogen bond is con-
sidered as a crucial type of interaction in drug discovery and develop-
ment process, as of their strong influence on drug likeliness properties
[38-39]. So finally our results work aims to demonstrate in identifying
novel structures which are having similar structural feature with similar
activity with respect to the compounds 2,4-Ditert-butylphenol that are
shown best binding energy with the receptors spike protein respectively.

4. Conclusion

Phytochemicals derived from Lantana camara were docked with the
SARS-CoV-2 6W41 virus to see whether it exhibits antiviral poten-
tial and also to search for the active components. Based on molec-
ular docking, ADMET, network analysis, docking, and molecular dy-
namic research, we suggest that 2,4-Ditert-butylphenol might be em-
ployed as powerful inhibitors against coronavirus. The molecular dock-
ing, ADME/T and Lipinski’s rule of five are fully filled with these in-
hibitors. Thus the interactions are important to inhibit the spike protein
enzyme. The overall study will helpful do design a new potent inhibitor
against enzyme. Due to the established history of 2,4-Ditert-butylphenol
as a medication, the final suitable derivatives are quite likely to suc-
ceed in avoiding viral inhibitors infections. However, more in vitro and
in vivo research are required to establish the drugs’ antiviral efficacy
against SARS-CoV-2019.
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