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ABSTRACT

Dengue virus contains two structural proteins and five non-structural proteins and Rabies virus contains three
proteins structural and one non-structural protein, which are considered to be the most effective for drug designing.
Recent studies have shown that these proteins can effectively cause the inactivation of dengue and rabies infection
in humans. The entire parts of the plant Coriandrum sativum L like seeds, leaves, flower, fruits are found to have
anti-oxidant and anti-mutagenic and anti-microbial properties. In this particular study, the binding efficiency of 7
compounds that are present in the Coriandrum sativum L with the selected structural proteins of Dengue virus and
rabies virus were performed through Insilico methods. By our molecular docking result found that the

hexadecanoic acid,methyl ester have highest binding affinity with the proteins.

KEYWORDS: Coriandrum sativum L, structural proteins, molecular docking, amino acids.

1. INTRODUCTION

From many years human are using different parts of
plants for medicinal purposes, as a source of food and
feed. Humans are highly dependent on natural resources
since years ago for their survival as these plants have
been used to treat many illnesses, served as food and
shelter too. Medicinal plants are the backbone of the
traditional medicine.™ Higher number of plant species
has the ability to inhibit the various tumours. Plants are
an important element of indigenous medical systems in
all over the world. The ethno botany provides a rich
resource for research and development of natural drug.™
Coriandrum sativum L is one of the medicinal plants
which belong to the family Apiaceae, species
Umbelliferae. Its seeds are great source of secondary
plant metabolites such as polyphenols, like phenolic
acids and flavanoids. This Coriandrum is a popular
ingredient in the preparation of the Ayurvedic
Medicines.®! It is used as Stomachic, Spasmolytic,
Carminative and thus having a great bioactive property.
Seeds, leaves, flower; fruit the entire parts of the plant
possess antioxidant, anti-mutagenic, anti-microbial
activity.™ The modern research on the seeds of the
Coriandrum plant have shown to decrease the blood
sugar and reduce insulin resistance, this is likely due to
flavonoids and polyphenols present. The leaves of the
plant are shown to reduce the symptoms in arthritis. The

leaves phenolic content specifically ethanolic extract
shown to protect against the liver damages in rats.>%7®!

GC-MS chromatogram of the methanolic extract of
Coriandrum L reveals the presence of benzofuran,2,3-
dihydro, hexadecanoic acid, methyl ester (10.32 %),
2,4a-epioxy-3,4,5,6,7,8,-hexahydro-2,5,5,8a-tetramethyl-
2H-1-benzofuran (9.35%), 2- methyoxy-4-vinylphenol
(8.8%), 2,3,5,6-tetrafluroanisole (8.62%), 2,6-dimethyl-
3- aminobenzoquinone (6.81%) and dodecanoic acid
(5.00%). Benzofuran, 2, 3-dihydro having antiangiogenic
property. Hexadecanoic acid, methyl ester used as
cosmetics, antipsychotic  medication, antioxidant,
hypocholesterolemic  nematicide, pesticide, anti-
androgenic flavor, haemolytic and 5- Alpha reductase
inhibitor.  2,4a-epioxy-3,4,5,6,7,8,-hexahydro-2,5,5,8a-
tetramethyl-2H-1-benzofuran shows  anti-malarial
activity. 2- methyoxy-4-vinylphenol used as aroma
flavour. 2, 3, 5, 6-tetrafluroanisole act as Fungicide. 2, 6-
dimethyl-3- aminobenzoquinone and dodecanoic acid
possess anti-microbial activity.!

The causative agent for Dengue is Dengue virus
(DENV), which is a mosquito-borne flavivirus. This
virus is a single stranded RNA positive-strand virus of
the family Flaviviridae, genus Flavivirus. This includes
also the West Nile virus, Tick-borne Encephalitis Virus,
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Yellow Fever Virus, and several other viruses which may
cause encephalitis. DENV causes a range of diseases in
humans, from a self limited Dengue Fever (DF) to a life-
threatening syndrome called Dengue Hemorrhagic Fever
(DHF) or Dengue Shock Syndrome (DSS)."? There are
four antigenically different serotypes of the virus.
Dengue disease is an emerging arboviral,
arthropodborne. The viral infection with 1 of 4 serotyes
produces ranging clinical illness from an asymptomatic
mild illness to severe forms of illness Dengue
hemorrhagic fever (DHF) which is transmitted within
humans through Aedes Female mosquitoes subgenus
Stegomyia. Ae. aegypti which is the most epidemic
vector. Dengue vaccine development has become a
challenging due to the four serotypes each capable of
eliciting cross-reactive and disease enhancing antibody
response against the three remaining serotypes. The viral
genome consists of positive sense of RNA which
encoding for three structural proteins Capsid (c),
premembrane (prM), envelop (E), and seven non-
structural proteins (NS1, NS2A, NS2B, NS3, NS4A,
NS4B and NS5).*Y NS2B-NS3 protease is a hetero
dimeric protein of NS2B and NS3 protein, which play an
important role in the viral replication process.*? The N-
terminal of the NS3 protein in association with the NS2B
cofactor forms crucial for the viral replication. NS2B/
NS3 protease enzyme has a role in the viral life cycle ™!
Envelope protein (structural protein) which has a major
role in the assembly of virus. The protein which is
utilised for this study is the envelope protein domain |11
of the dengue type 4 viruses (strain Dominica / 814669 /
1981). It is classified under structural protein immune
system.'! The capsid protein (structural proteins),
having the major function in the viral genome
encapsidation. The capsid protein used for this study was
from dengue virus type 2 (strain Puerto Rico/PR159-
$1/1969).! The protein used for this study was the
trans-membrane domain of the NS2A of dengue virus
type 2. NS2A which is a non structural protein is a
component of viral replication complex which is
functionally active in the assembly of the virion and also
it acts as an antagonist to the host immune response.!*®!
NS3 helicase belongs to the non-structural and a multi-
domain dengue virus replication protein.*”! The protein
used for this study is the non-structural 5 (NS5) protein
from the dengue virus type 3 (strain Sri Lanka / 1266 /
2000). This protein is classified under the transferases.
The RNA dependent RNA polymerase (RdRp) domain
of the NS5 protein plays a crucial part in the replication
of the viral genome. RNA is synthesized via “de novo”
by NS5 protein.™*®!

Rabies Virus (RABV) is a deadly zoonotic disease of
public health importance caused by lyssa viruses,
belonging to Rhabdoviridae family and is a neuro
invasive human and animal pathogen. RABV is a
negative-sense; non-segmented, single-stranded RNA
virus measures approximately 60 nm x 180 nm. The
Rabies virus is composed of an internal protein core or
nucleocapsid, which contains the nucleic acid, and an

outer envelope, a lipid-containing bilayer covered with
transmembrane glycoprotein spikes. The viral genome
encodes five proteins either associated with the complex
ribonucleoprotein or the viral envelope. The proteins
includes nucleoprotein (N), Phosphoprotein (P), matrix
protein (M), glycoprotein (G) and polymerase (L).The
two major structural components includes a helical
ribonucleoprotein core (RNP) and a surrounding
envelope. Two other viral proteins, the phosphoprotein
and the large protein (L-protein or polymerase) are
associated with the RNP. Only the encapsidated genomic
RNA will be a template for replication of the viral
genome and transcription of the viral mRNAs by the
RNA-dependent RNA polymerase, L protein. The P
protein functions as a cofactor of the viral RNA
polymerase binding to both N and L proteins. During
virus assembly, the RNP is wrapped into an envelope
containing an inner layer of the M protein and the
transmembrane spike protein, G protein.!”! The principal
host cell response for the viral infection activation is type
—I interferon (IFN alpha/Beta) mediated immune
response. Due to the capacity of P protein binding to
STATs via CTD, these P proteins are major IFN
antagonists of these viruses.”™ P-proteins can thereby
inhibit activation of IFN-dependent reporter genes in
protein expression studies. The M protein has the ability
to bud from the cell surface in the form of lipid-
enveloped virus-like particles, even in the absence of any
other viral components; this information provides strong
evidence that M protein plays a major role in the late
budding step of the virus life-cycle.®™ G Protein-
attaches the virus to the host cellular receptor, induces
the endocytosis of the virion. L protein which is RNA
dependent RNA polymerase has the potential to be
therapeutic target for rabies as this protein is essential for
the production of all viral proteins. It also conducts the
replication of viral genomic RNA through its replicase
activity. To act as a viral RdRp, the L protein needs to
bind with its essential cofactor, P protein, existing in a
viral ribonucleoprotein (RNP) complex which is formed
by encapsidation of viral genomic RNA by N proteins.??
Zoonotic infection begins with the bite of an infected
animal into a muscle, followed by spread of virus
particles through peripheral nervous system (PNS)
somatic motor neurons and into the central nervous
system (CNS). Spread of the infection from the CNS to
salivary glands facilitates transmission to other hosts.*!
RABYV initially infects peripheral tissues, followed by
invasion of the innervating axon termini. Virus particles
must undergo long distance retrograde axonal transport
to reach the neuron cell bodies in the peripheral or
central nervous system (PNS/CNS). In most cases,
RABYV in mammals reaches the brain causing the fatal
encephalitis.® RABV infection which is a
mitochondrial disorder initiated by interaction of the
RABYV P and Complex I. It is reported that mitochondrial
dysfunction produces oxidative stress in neurons causing
acute degenerative changes affecting neuronal processes
resulting in severe clinical disease. This information
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could be an important for the future development of
novel therapies for rabies.*!

Bioinformatics in its broad sense involves computer
application for solving biological problems. It is a
computational tools needed to effectively and efficiently
process large amounts of data which are generated as a
result of recent innovations in biology and medicines like
wide variety of clustering and classification algorithms,
including self-organized maps (SOM), artificial neural
networks (ANN), support vector machines (SVM), and
hyphenated techniques as neuro-fuzzy networks. These
bioinformatics tools are being evaluated and applied in
various medical areas including early detection, risk
assessment, classification, and prognosis of cancer.?®! It
is an interdisciplinary branch of science which utilizes
statistics, computer and mathematics to analyse
biological data.”! Bioinformatics has been used now for
many researches to identify many aspects such as
evolution. Protein Data Bank (PDB) is a protein storage
bioinformatics tool. It contains the structures of large
numbers  of  proteins, ligands and  other
macromolecules.® Docking analysis is conducted for
the protein and the ligand for analyzing the fitness and
the interaction with each other in the form of energy.
This interaction could be used as the pharmaceutical
approach for drug production.?%

The aim of our study is to compare the best docking fit
for the selected Coriandrum sativum L flower
constituents with the selected Dengue and Rabies viral
structural proteins.

3. RESULTS

2. MATERIALS AND METHODOLOGIES

2.1. Preparation of viral proteins

The protein data bank (PDB) was used to obtain the
three-dimensional structure of the macromolecule. PDB
contains large number of proteins which are
experimentally determined and stored in this site. The
structures are downloaded and saved either in mm CIF or
PDB format. Proteins of dengue and rabies virus were
used for this study. The 3D structure of all the fourteen
proteins were downloaded from PDB and saved in PDB
format. The downloaded proteins were viewed in Py-Mol
viewer.!

2.2. Preparation of ligands

Ligands selected were from the previous studies on
GCMS analysis on Coriandrum sativum L flower
extract.”! 7 ligands were used for the study. Ligands
were constructed using ChemSketch.B" The constructed
ligands were optimized to add the hydrogen bonds and
the obtained structures were saved in mol for docking
analysis and named as A, B and C respectively.

2.3. Docking study

Docking studies were conducting using iIGEMDOCK
software. IGEMDOCK (Generic Evolutionary Method
for molecular Docking) is a graphical-automatic drug
design system for docking, screening and post-
analysis.*?! The proteins and the ligands were loaded and
the out path was set. Standard docking parameters were
used for docking (population size=200, generations =70
and Number of solutions =2). The docking process was
initiated. After the docking process, the best docking
pose for the individual ligands can be obtained for all the
seven dengue viral proteins. The best binding pose, the
binding affinity and the total binding energy values were
saved in the output folder. The saved files were
visualized in Py-Mol viewer.F*]

3.1. Total Binding Energy (kcal/mol) profile for Dengue and Rabies viruses proteins with 7 ligands.
Table 1: The Total Binding Energy (kcal/mol) profile for Dengue and Rabies viruses structural proteins with 7

ligands.
Dengue Virus Rabies Virus
Ligand | Compound name Envelope Glyco Polymerase Phospho
protein protein L. protein
A Benzofuran,2,3-dihydro -54.47 -55.16 -57.86 -54.07
B 2-Methyoxy-4-vinylphenol -68.32 -63.87 -66.6 -70.57
C 2,6-Dimethyl-3-aminobenzoquinone -67.56 -67.72 -71.15 -68.61
D 2,3,5,6-Tetrafluroanisole -64.06 -70.38 -64.21 -61.29
E Dodecanoic acid -71.92 -65.62 -63.36 -81.06
2,4a-Epioxy-3,4,5,6,7,8,-hexahydro-
F 2,5,5,8a-tetramethyl-2H-1- -57.81 -57.54 -54.63 -55.31
benzofuran
G Hexadecanoic acid,methyl ester -74.21 -76.08 -91.81 -81.99

www.wijpls.org

121




Balasubramanian et al.

World Journal of Pharmaceutical and Life Sciences

3.2. H — Bond profile for Dengue and Rabies viruses protein with 7 ligands
Table 2: H —bond profile for Dengue and Rabies virus structural proteins with 7 ligands.

Dengue Virus | Rabies Virus
Ligand | Compound name Envelope Glyco Polymerase | Phospho
protein protein L protein
A Benzofuran,2,3-dihydro H-M H-S H-M Eg/l
. H-S H-S
B 2-Methyoxy-4-vinylphenol H-M Ry, H-S Ry,
. . . H-M H-M H-M
Cc 2,6-Dimethyl-3-aminobenzoquinone RS H-M RS RS
2,3,5,6-Tetrafluroanisole H-M H-S H-S H-M
. H-M H-S
E Dodecanoic acid RS H-M H-M RV
2,4a-Epioxy-3,4,5,6,7,8,-hexahydro- ) ) i i
F 2,5,5,8a-tetramethyl-2H-1-benzofuran H-S H-M
L H-S H-S
G Hexadecanoic acid, methyl ester RV, HoM H-M H-M

3.3. Amino acid position profile for Dengue and Rabies viruses protein with 7 ligands
Table 3: Amino acid position profile for Dengue and Rabies virus structural proteins with 7 ligands.

Dengue Virus Rabies Virus
Ligand | Compound name Envelope Glyco Polymerase | Phospho
protein protein L protein
A Benzofuran,2,3-dihydro Arg (629) GIn(565) Thr(248) Ifl.(;ur((zzsgi))
GIn(565) Asp(289),
B 2-Methyoxy-4-vinylphenol Arg (629) val (566)’ GIn(288) Ser(220),
Gly(221)
Thr(248),
Lys(625), Lys(242),
o | 26Dimethyi-3- Val(626), &yﬁgﬁg Val(244). | Leu(257),
aminobenzoquinone Arg(629), val (566)’ Gly(246), Arg(260)
11e(630) ALg ((249)),
Thr(248
Gly(628),
D 2,3,5,6-Tetrafluroanisole Arg(629), GIn(565) GIn(288) Iiru(é%?)’
11e(630) g
. Arg(619), Lys(214),
E Dodecanoic acid Lys(625) Met(540) Gly(246) Arg(260)
2,4a-Epioxy-3,4,5,6,7,8,- Trp(2)
F hexahydro-2,5,5,8a-tetramethyl- Lys(625) G I% (3)’ - -
2H-1-benzofuran
. Ser(582),
G Hexadecanoic acid,methyl ester Asn(663) Trp(2) Arg(249) Lys(214)

4. DISCUSSION

Considering all the tables from Table — 1, to Table - 3,
the 3D structure coordinates of one protein of dengue
virus and three proteins of Rabies virus are optimized
and 7 compounds from Coriandrum sativum L flower
extract are identified. The total binding energy of the
compounds with all the four proteins was calculated
using iIGEMDOCK. Evaluations of binding conformation
of these 7 compounds with one dengue as well as three
Rabies viral proteins are performed using iGEMDOCK.
From docking study, we listed binding affinities of 7
compounds based on ligand binding energy (Table- 1).

The binding pose for each ligand molecule into the
dengue and rabies viral proteins are analyzed and the one
having lowest ligand binding energy with these proteins
among the different poses are generated. The lower
energy scores represent better protein-ligand target
binding affinity compared to higher energy score.
Considering the structural proteins of Dengue virus, the,
compound “G” is found to have lower ligand binding
energy (binding energy value -74.21 kcal/mol), than
other analogs for Envelope protein. The structural
proteins of rabies virus had following binding energies,
Glycoprotein (‘G’ binding energy value -76.08kcal/mol),
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Polymerase (‘G” binding energy value -91.81 kcal/mol),
Phosphoprotein(‘G’, binding energy value -81.99
kcal/mol). We further analyzed the docked pose for
finding the binding mode of compound “G” in to one
dengue and three rabies viral proteins to validate the
reasonable binding conformations.

4.1. Structural proteins of Dengue Virus
4.1.1. The Total Binding Energy for Dengue virus
Envelop protein with 7 ligands

From Table — 1, Table — 2 and Table — 3, the docking
simulation of 7 ligands were performed for Dengue virus
Envelop protein. From the docking study, we observed
that compound — G has best binding affinity with the
target Envelope protein with the binding energy value of
-74.21 kcal/mol. Interaction analysis of binding mode of
compound —G in dengue virus Envelope protein reveals
that it forms two hydrogen bond with low energy, with
Ser(582), Asn(663) residue. A close-up view of the Total
Binding Energy (kcal/mol) profile for Dengue virus
Envelope protein with 7 ligands: is shown in Fig.1.

Fig. 1: The Total Binding Energy for Dengue virus
Envelope protein with 7 ligands.

4.2.  Structural proteins of Rabies virus
4.2.1. The Total Binding Energy for Rabies virus
Glyco protein with 7 ligands

From Table -1, Table — 2 and Table — 3, the docking
simulation of 7 ligands were performed for Rabies virus
Glycoprotein. From the docking study, we observed that
compound — G has best binding affinity with the target
Glycoprotein with the binding energy value of -76.08
kcal/mol. Interaction analysis of binding mode of
compound -G in dengue virus Glycoprotein reveals that
it forms two hydrogen bond with low energy, both with
Trp(2) residue. A close-up view of the Total Binding
Energy (kcal/mol) profile for Rabies virus Glycoprotein
with 7 ligands: is shown in Fig.2.

Fig. 2: The Total Binding Energy for Rabies virus
glycoprotein with 7 ligands.

4.2.2. The Total Binding Energy for Rabies virus

Polymerase L protein with 7 ligands
From Table — 1, Table — 2 and Table — 3, the docking
simulation of 7 ligands were performed for Rabies virus
Polymerase L protein. From the docking study, we
observed that compound — G has best binding affinity
with the target polymerase L protein with the binding
energy value of -91.81 kcal/mol. Interaction analysis of
binding mode of compound -G in dengue virus
polymerase L protein reveals that it forms one hydrogen
bonds with low energy, with Arg(249) residue. A close-
up view of the Total Binding Energy (kcal/mol) profile
for Rabies virus polymerase L protein with 7 ligands: is
shown in Fig.3.

Fig. 3: The Total Binding Energy for Rabies virus
Polymerase L protein with 7 ligands.

4.2.3. The Total Binding Energy for Rabies virus
Phosho protein with 7 ligands

From Table — 1, Table — 2 and Table — 3, the docking
simulation of 7 ligands were performed for Rabies virus
Phosphoprotein. From the docking study, we observed
that compound — G has best binding affinity with the
target Phosphoprotein with the binding energy value of -
81.99 kcal/mol. Interaction analysis of binding mode of
compound —G in dengue virus Phosphoprotein reveals
that it forms one hydrogen bond with low energy, with
Lys(214) residue. A close-up view of the Total Binding
Energy  (kcal/mol) profile for Rabies virus
Phosphoprotein with 7 ligands: is shown in Fig.4.
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Fig. 4: The Total Binding Energy for Rabies virus
Phosphoprotein with 7 ligands.

5. CONCLUSION

Our molecular docking studies explored the possible
binding modes of 7 compounds that are present in
Coriandrum sativum L flower extract with one envelope
proteins of Dengue virus and three proteins of Rabies
virus. Dengue virus consists of envelope protein; Rabies
virus consists of Glycoprotein, Phosphoprotein and
Polymerase L protein. It revealed that all the 7
compounds show minimum affinity with all the proteins.
The compound G (hexadecanoic acid, methyl ester)
shows best results compared to other compounds. On
comparing the binding energy and the binding site
residues, we found that all the compounds will differ in
either of them for hydrogen bond formation. The
conclusion which is drawn from our virtual screening
and docking result are that the Compound G has highest
binding affinity with most of the selected structural
proteins of Dengue virus as well as Rabies virus.
Therefore it can be used as an effective drug target for
Dengue virus as well as Rabies virus. However,
validation of our results through invivo and invitro
experiments and also with animal models will enlighten
hope for the future development of more potent drugs for
the treating Dengue and Rabies.
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