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ABSTRACT:

Background: Dengue fever has emerged globally as a major public health concern since the last decade due to its high morbidity and
mortalities. Phytochemicals play an important role as antivirus inhibitors against virus induced diseases. This study aims to an in silico
identification of phytochemicals as potential inhibitors against dengue viral protein NS5 methyltransferase (NS5-MTase), an enzyme
critical to dengue RNA replication (PDB ID 5E9Q). It is an attractive drug target for new antiviral medicines. Materials and Methods: The
bioinformatics tool-AutoDock1.5.6 was used for prediction of binding interactions between ligands and the receptor protein. Lipnki's
rule of five was also used to assess the drug-Likeness properties of ligands. Discovery studio software was used for visualisation of 2D
and 3D interactions. The five phytochemicals selected for this study were rutin, curcumin, D-camphor, quercetin and amentoflavone.
Results: The five phytochemicals were docked with the NS-5 MTase and exhibited hydrogen bonding interactions at the binding pocket
of receptor protein. Among the phytochemicals i.e. rutin (-4.59 kcal/mol), curcumin (-5.20 kcal/mol), D-camphore (-5.21 kcal/mol),
quercetin (-5.41 kcal/mol), amentoflavone displayed the highest docking score -6.05 kcal/mol with the most hydrogen bonds (nine) at
the active site of the target protein. Hydrogen bonding interactions between phytochemical compounds and NS5-MTase's active binding
pocket suggested that phytochemicals may block substrate binding or disrupt its catalytic mechanism in order to inhibit enzyme activity
of NS-5 MTase. All phytochemicals favour drug-likeness properties except rutin and amentoflavone. Conclusion: The docking results
suggested that all five phytochemicals were successfully interacted with the binding residues of NS-5MTase and indicated the binding
affinity with the NS5-methyltransferase by forming hydrogen bonds. Amentoflavone was most potential antiviral NS-5
methyltransferase inhibitor which have high docking score -6.05 kcal/mol among other phytochemicals. However, this study needs an
experimental validation of these phytochemicals for the development of dengue antiviral therapies.
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INTRODUCTION

Dengue fever is a global health issue that
affects millions of people every vyear.
According to the World Health Organization
(WHO), an estimated 390 million dengue
infections occur worldwide each year, and
around half of the world's population is at risk
of infection!™. According to the National
centre for vector born diseases control
(NCvBDC), 2023, India, there were about
1,93,245 cases of dengue fever reported in the
2021 year and approximate 1,10,473 cases in
202212 | Hence, dengue fever is a major public
health concern because it can cause severe
iliness and death, particularly in children and
young adults. In addition to the direct impact
on human health, dengue fever also has
significant economic consequences, including
healthcare costs and lost productivity. Dengue
virus (DENV) is a mosquito-borne virus
belonging to the Flaviviridae family. It is
responsible for causing dengue fever, a viral
infection that can range from mild to severe
and can be fatall®. The genome of dengue
virus is a single-stranded RNA molecule that is
approximately 11 kilobases in length. Dengue
virus genome is composed of three structural
proteins, including capsid (C), precursor
membrane (prM), and envelope (E), as well as
seven non-structural proteins, including NS1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5. Non-
structural 5 (NS5) protein is a AdoMet-

dependent mRNA methyltransferase (MTase)
responsible for adding a 5'-methyl cap
structure to the viral RNA. It is essential for the
stability and translation of the RNA. The
AdoMet-dependent MTase domain of NS5 has
a characteristic fold known as the "SAM (S-
adenosylmethionine) domain", which contains
a central six-stranded beta-sheet flanked by
several alpha-helices. The SAM domain is
responsible for binding to the cofactor S-
adenosylmethionine (AdoMet), which donates
a methyl group for the formation of the
methyl cap structure . The MTase domain of
NS5 also contains a binding site for the RNA
substrate, which is recognized by a conserved
sequence motif known as the K-D-K-E motif.
This motif interacts with the phosphate
backbone of the RNA, positioning it for
catalysis by the AdoMet-dependent MTase
domain. Overall, the AdoMet-dependent
MTase domain of NS5 plays a crucial role in
the replication of the flavivirus RNA genome,
and is an attractive target for the development
of antiviral drugs®® . Hence, it is considered as
a target protein for prevention of dengu virus
growth [® | This genetic diversity makes it
challenging to develop effective vaccines and
antiviral therapies against dengue virus
infection. Currently, there is no effective
medicine and vaccine for the treatment of

dengue viral fever.
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Phytochemicals are naturally occurring
compounds found in plants, and they have a
range of biological activities, including
antioxidant, anti-inflammatory, and
antimicrobial properties. Several research
studies have reported that phytochemicals
have antiviral activity against various viruses,
including influenza virus, human
immunodeficiency virus (HIV), herpes simplex
virus (HSV), and hepatitis C virus (HCV), among
others. Some examples of phytochemicals
with antiviral activity include flavonoids,
terpenoids, alkaloids, and polyphenols [7-101
Our study used a molecular docking approach
to identify antiviral phytocompounds such as
rutin, D-camphor, curcumin, quercetin,
amentoflavone against dengue virus protein
NS5-emthyltransferase using molecular
docking approach. Rutin is a flavonoid, which
is a type of phytocompound with antioxidant
and anti-inflammatory and antiviral properties
(11121 Camphor is a white, crystalline
substance with a strong, aromatic odor. It is
derived from the wood of camphor trees
(Cinnamomum camphora) and can also be
synthesized from turpentine oil. In traditional
medicine, camphor has been used for its
analgesic, antispasmodic, and anti-
inflammatory properties(3-14],

Quercetin is a type of flavonoid responsible for

providing color to fruits, vegetables, and

flowers. It is found in a variety of foods,

including apples, onions, berries, citrus fruits,
and leafy greens. It is known for its antioxidant
properties, which means it can help protect
cells in the body from damage caused by free
radicals. Research has also suggested that
guercetin may have other health benefits,
such as improving exercise performance,
reducing allergy symptoms, and promoting
healthy blood pressure levels 15161 |

Curcumin is a naturally  occurring
phytocompound found in the spice turmeric,
which is commonly used in Indian and
Southeast Asian cuisine. It is responsible for
the bright yellow color of turmeric and has
been used for centuries in Ayurvedic and
traditional Chinese medicine to treat a variety
of health conditions 7! . It is a group of plant-
based compounds known for their antioxidant
and anti-inflammatory properties 18l . Studies
have shown that curcumin may have a range
of health benefits, including reducing
inflammation, improving brain function, and
lowering the risk of heart disease and certain
types of viral diseases!.

Amentoflavone is a naturally occurring
biflavonoid compound found in various
plants?%, including Ginkgo biloba, Hypericum
perforatum (St. John's Wort), cannabis and
selaginella bryopteris Y1 | One of the most
notable properties of amentoflavone is its
antioxidant activity, which makes it a

potentially valuable compound for protecting
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against oxidative stress and reducing
inflammation. Additionally, it has been shown
to have antiviral, antibacterial, and antitumor
properties, and may have potential
therapeutic applications in the treatment of
cancer, viral infections, and other diseases 2%

23]

Molecular docking is the popular
bioinformatics method used in computer-
aided drug designing (CADD) 4. One key
application of bioinformatics in drug discovery
is the use of molecular docking technique to
predict the interaction between drugs and
their target proteins?>2%l, Therefore, the aim
of the present study was to identify binding
affinity of phytochemicals as a antiviral
compounds against dengue virus NS-5
Methyltransferase protein.

MATERIALS AND METHODS

Selection and preparation of receptor protein
X-ray crystal structure of dengue 2- NS5
Methyl transferase (MTase) was retrieved
from Protein Databank (http://www.rcsb.org/)
in PDB format (PDB Id: 5E9Q; resolution 1.79
R). This protein contains two chains: A and C
with bound native ligands (S-adenosyl-L-
homocysteine-SAM and 5KY and 5KY 271, The
protein was initially optimised by removing

water molecules, hetroatoms and chain C

using the discovery studio and the chain A was
considered as receptor protein for docking

study.

MTase

SKY

Fig.1 Crystal structure of DENV NS5 monomer.
The SAM bound with MTase domain is shown
in cyan color (PDB ID: 5E9Q).

Ligand preparation

The chemical structures of ligands - rutin, D-
camphor, quercetin, curcumin,
amentoflavone, were retrieved in sdf
(structure data file) from the Pubchem
database https://pubchem.ncbi.nlm.nih.gov/
(Table 1) and then, sdf of all ligands was
converted to the .pdb format using the

OpenBabel software 28],

256



Arvind Kumar Shakya. Bioactive Phytochemicals as Inhibitors against Dengue virus protein NS-5 Methyltransferase: In

Silico Molecular Docking Approach. Jour. of Ayurveda & Holistic Medicine, Vol.-XI, Issue-Ill (March 2023).

Table 1: List of phytochemicals (ligands)

Name of ligands

with PubChem

Natural sources

Molecular structure

Pubchem Url link

CID
Rutin https://pubchem.ncb
(5280805) i.nlm.nih.gov/compo
und/5280805
Curcumin https://pubchem.ncb
(969516) i.nlm.nih.gov/compo
und/969516
D-Camphor https://pubchem.ncb
(230921) i.nlm.nih.gov/compo
und/159055
Quercetin https://pubchem.ncb
(5280343) i.nlm.nih.gov/compo

Amentoflavone

(5281600)

und/5280343

Selaginella Bryopteris

https://pubchem.ncb
i.nlm.nih.gov/compo

und/5281600
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Active site prediction of protein (5E9Q)

Active site coordinates of NS-5 MTase was
determined by the discovery studio software
2.0 and the active site residue in chain A was
VALSS5, SER56, GLY 58, CYS82, ARG84, GLY86,
THR 104, LYS105, GLY106, HIS 110, GLU111,
ASP131, ASP146, VAL132, PHE 133, ILE147

which were bound to the native ligands-SAM
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through non-covalent interactions such as
hydrogen bond, hydrophobic,Vander- walls,
carbon-hydrogen bonds (Fig.2). These all
active residues were set into the grid box to
allow the ligand interaction within the region
specify in the binding pocket ofNS-5 MTase

protein.

NS5 Methyl transferase bound SAN

Fig. 2 Tertiary structure of DENV2-NS5 MTase with predicted binding sites.

Molecular docking study

AutoDockTools-1.5.6 was used to predict
binding affinity between ligands and the target
receptor protein, NS5MTasel?’l,  Before
docking, water molecules and native ligands
were removed from the A chain of PDB of
5e9qg (NS5 MTase) and then polar hydrogen
atoms and kollman charges were added and
pdb was saved in .pdbqt. Torsion root was set

for the pdb file of ligands and then saved it in

.pdbqgt format. The grid box centre was set
with size 40x40x40 with 0.35A and it was
defined at X=32.02; Y=41.81; Z= -6.094. After
generating autogrid (.dlg), the docking
parameters were set (.dpf) and then run in
two times through a Lamarckian genetic
algorithm. Docking energy was analysed using
AutoDock tools to assess the most ideal
ligands. BIOVIA-

possible docking with

discovery studio 2021 was utilized to visualise
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the 2D and 3D interactions of docked complex.
Surface view of docked complex was prepared
from the PyMol software. The docking results
were expressed in docking score (kcal/mol).
Assessment of Drug-likeness properties of
ligands: The Lipinski rule is widely used in
drug discovery and has been shown to be a
useful tool for predicting the drug-likeness of
small molecules. However, it should be noted
that the rule is not a strict guideline and there
are exceptions to the rule.
The Lipinski rule, also known as the Rule of
Five, is a set of rules used to evaluate the
drug-likeness of a molecule based on its
chemical and physical properties B%. The
Lipinski rule states that a molecule is likely to
be orally active and have good
pharmacokinetic properties if it meets the
following criteria:
e Molecular weight (MW) should be less
than or equal to 500 g/mol.
e The number of hydrogen bond donors
(HBD) should be less than or equal to 5.
e The number of hydrogen bond
acceptors (HBA) should be less than or

equal to 10.

e The octanol-water partition coefficient
(LogP) should be less than or equal to

5.
Drug-likeness  of  phytochemicals  was
predicted by online server of molinsprotion

(https://www.molinspiration.com/).

RESULTS AND DISCUSSION

Docking study

Docking study of ligand-protein interaction
was assessed by docking score and hydrogen
bonding. In the present study, five (05)
phytochemicals have been evaluated for their
binding affinity with theNS-5
methyltransferase. Docking score is a measure
of the quality of the predicted binding affinity
between ligand and protein receptor in a
molecular docking simulation. A higher
docking score indicates a stronger predicted
binding affinity between ligands and the
receptor B NS5- Methyltransferase of
dengue viral protein was commonly used for
prediction of potential drug candidates using
the molecular docking approach 321,

The binding score and interactive amino acid

residues and H-bonds of docked complex were

represented in Table 2.

Table 2: Docking results and binding interactions between ligand molecules and the NS-5

Methyltransferase

Molecule name | Docking score Receptor Interacting amino acid Number of
(kcal/mol) PDBID residues conventional
H-bonds
Rutin -4.59 5e9q GLY109, GLU111, LYS180, 7
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LYS130, GLY 148

Curcumin -5.20 5e9q

LYS130, VAL 132, GLY148, HIS 4
110

D-Camphor -5.21 5e9q

GLY148 1

Quercetin -5.41 5e9q

ARG84, LYS105, GLY148, 4
ASP146

Amentoflavone -6.05 5e9q

LYS 61, CYS 82, GLY86, LYS105, 9
ASP131, SER150, GLU149,
SER150, GLU216

2D and 3D presentation of docked complex of
phytocompounds i.e. rutin, cucurmin, camphor,
quercetin and amentoflavone with the catalytic
site of NS5-methyltransferase were shown in Fig.3-
7 respectively. The binding affinities of the ligands
in the binding pocket of receptor protein can be
explained by number of hydrogen bonds which
predicts stability of docked complex with the
receptor protein.

Rutin is a flavonoid glycoside made up of the
flavonol quercetin and the disaccharide rutinose. It
is also called rutoside. Rutin is made up of two
aromatic rings and a number of hydroxyl groups. A
benzene ring and a pyran ring are the two

aromatic rings in rutin®®! . The benzene ring is
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attached to the pyran ring at position 2. Benzene
and pyran rings are attached to the hydroxyl
groups of rutin. In the present study, the hydroxyl
groups of rutin act as proton donor and interact
with amino acid residues of protein binding pocket
of NS-5 Methyltransferase. Fig. 3a&b showed the
hydrogen bonding interactions between rutin and
NS-5 MTase and this docked complex formed
seven H-bonds with the amino acid residues i.e.
GLY109, GLU111, LYS180, LYS130, GLY148 present
in the receptor binding pocket (NS-5 MTase) (Fig.

4c). Docking score of rutin was -4.59 kcal/mol.

Fig. 3: Binding interactions between rutin and NS-5MTase. (a) 2D binding interaction (b) 3D view

(c) Surface view of the docked complex.
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The curcumin consists of two aromatic rings
connected by a seven-carbon linker. The two
aromatic rings are both phenyl rings, with one
being substituted with two methoxy groups (-
OCHj3) and the other with two hydroxyl groups
(-OH) B4, These aromatic rings with hydroxyl
groups serves as functional group which play
important role in biological activity. Fig. 4 a&b

exhibits the hydrogen bonding interactions

(2D and 3D views) of docked complex of
curcumin and receptor protein respectively.
The curcumin aromatic rings successfully
docked with the binding pocket of NS-5 MTase
and form four H-bonding interaction with
active amino acid residues LYS130, VAL 132,
GLY148, HIS 110 and the dock score of -5.20
kcal/mol was obtained. Surface view of docked

complex is shown in Fig. 4c.

Fig. 4 Binding interactions between curcumin and NS-5MTase. (a) 2D binding interaction and 3D

view (c) Surface view of the docked complex.

The camphor comprises of a bicyclic system
with a fused cyclohexanone ring and a fused
cycloheptene ring which contains a ketone
group (C=0) 1351, Camphor does not contain

any hydroxyl group (-OH) in its chemical

structure. Camphor also showed interaction
with the single amino acid GLY148 of the
docking pocket having docking energy -5.21
kcal/mol (Fig.5).

A:"f.-el?
&S
a
& g@@®@
@@
o0 .
A:110 (a)

Fig. 5: Binding interactions between camphor and NS-5MTase. (a) 2D binding interaction (b) 3D

view (c) Surface view of the docked complex.
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Quercetin is a flavonoid with three rings: two
aromatic and one heterocyclic. The two
aromatic rings are benzene and pyran rings,
which are comparable to the rings found in

rutin 381, Our findings show that quercetin

ILE
A4z

docked with binding pocket amino acids by
interacting with ARG84, LYS105, GLY148, and
ASP146 (Fig.6). With a binding affinity of -5.41

kcal/mol, it creates four H-bonds.

Fig. 6: Binding interactions between Quercetin and NS-5MTase. (a) 2D binding interaction (b) 3D

view (c) Surface view of the docked complex.

The amentoflavone is a biflavonoid consisting
of two apigenin units linked by a benzene ring
and a cyclohexene ring linker [37]. Each
apigenin unit is made up of a flavanone ring
with a hydroxyl group (-OH) at position 5 and
an aromatic ring with hydroxyl groups (-OH) at
positions 7 and 4' [38]. Amentoflavone's
chemical structure has six hydroxyl groups,
four of which are placed on the aromatic rings
of the apigenin units and two on the linker.

According to the results of the docking

investigation, amentoflavone interacted with
active amino acid residue i.e. LYS61, CYS82,
GLY86, LYS105, ASP131, SER150, GLU149,
SER150, GLU216. Fig.7 depicts the docked
complex of amentoflavone with the receptor
protein (NS-5 MTase).The amentoflavone
structure generates nine hydrogen bonds in
the binding pocket, with a binding affinity of -

6.05 kcal/mol due to the presence of hydroxyl

groups.

Fig. 7: Binding interactions between Amentoflavone and NS-5MTase. (a) 2D binding interactions (b) 3D view

(c) Surface view of the docked complex.
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Therefore, based on the docking results, the
amino acid residues of NS-5 MTase binding
pocket  were interacted and successfully
docked with the phytochemicals rutin (GLU
111), curcumin (HIS 110), quercetin (ASP146)
and amentoflavone (GLY86, ASP 131) besides
the D-camphor, and these interactive amino
acid residues are also present within the
binding pocket of native ligands (SAM)
attached with receptor protein NS-5 MTase.

Thus, the docking results suggest that these

5 MTase and therefore could be considered as
potential inhibitors against dengue virus.
Lipinski rule of five

Lipinski rule of five is commonly used for
prediction of suitable drug candidate based on
its molecular weight, number of rotatable
bonds, number of hydrogen bonds acceptor,
number hydrogen bonds donor and logP 139,
The phytocompounds - cucurmin, camphor,
quercetin shows the favourable Lipinski rule

except rutin and amentoflavone which have

phytochemicals could block the activity of NS- Lipinski's violation (Table 3).
Table 3: Drug-likeness properties of phytochemicals
Compounds LogP Molecular | H-bond H bond Rotable Lipinski
Weight acceptor | donor bonds violation
g/mol
Lipinski Rule of | <4.15 =500 10 <5 <10 <1
five
1. Rutin -1.06 610.52 16 10 6 2
2. Curcumin 2.30 368.38 6 2 8 0
3. D-Camphor 2.16 152.24 | 0 0 0
4, Quercetin 1.68 302.24 7 5 1 0
5 5.16 538.46 10 6 3 2
Amentoflavone
CONCLUSION: have strongest inhibitory activity was - 4.59

From these results, it can conclude that all
studied phytochemicals were successfully
docked at the active site of the target receptor
NS5 Methyltransferase due to formation
hydrogen bonding interactions. The rutin,
showed

guercetin, amentoflavone have

maximum hydrogen bonding with the migh be

kacl/mol, -5.20 kacl/mol, -5.21 kacl/mol, -5.41

kacl/mol, -6.05 kacl/mol respectively.
Amentoflavone showed the strongest affinity
in the binding site of the NS-5
Methyltransferase with maximum hydrogen
bonding (8) followed by rutin (7). The docking
score indicates that the amentoflavone could
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have a greater inhibitory potential against NS-

5 MTase followed by other docked

phytochemicals. However, this study needs

further validation through experimental

analysis.
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