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Introduction 

Dengue virus belongs to family flaviviridae having 
four serotypes of the virus are referred to as DV-1, 
DV-2, DV-3 and DV-4. DV is a positive stranded 
encapsulated RNA virus and is composed of three 
structural protein genes. The virus spread by the 
bite of infected Aedes mosquitoes .It cause a wide 
spectrum of illness from mild asymptomatic illness 
to severe fatal dengue hemorrhagic fever/dengue 
socks syndrome (DHF/DSS). Approximately 2.5 
million people live in dengue risk regions with 
about 100million new cases each year worldwide 

(Clark et al., 2005).  Dengue is an acute viral 
infection with potential fatal complications. Dengue 
fever was first referred as water poison associated 
with flying insects (C.Chaturvedi et al., 2012) 
Dengue fever is also spread by bites of mosquitoes. 
When even an Aedes mosquito bites a patient of 
dengue fever it sucks blood and along with it the 
dengue virus into its body. Mosquitoes become 
infected when they bite infected human and can 
later transmit the infection of other people. Two 
main species of mosquito Aedes aegtypti and Aedes 
albopictus have been responsible for all cases of 
dengue transmitted. Dengue cannot be transmitted 

Dengue viruses (DV) belong to family Flaviviridae and there are four serotypes of the virus referred 
to as DV-1, DV-2, DV-3 and DV-4. DV is a positive-stranded encapsulated RNA virus and is 
composed of three structural protein genes, which encode the nucleocapsid or core (C) protein, a 
membrane-associated (M) protein, an enveloped (E) glycoprotein and seven non-structural (NS) 
proteins.  It   is transmitted   mainly by Aedes aegypti mosquito and also by Aedes albopictus. 
Dengue viruses (DENVs) can cause about 50-100 million infections to humans and up to 50,000 
deaths per annum. The viral Structural envelope protein of dengue virus 4 is involved during the 
infection of dengue fever disease, which made them effective drug targets for treating this disease. 
The Structural envelope protein is a lipid bilayer containing two envelope-associated proteins: the 
Envelope and Membrane proteins. The nucleocapsid is about 30nm in diameter and covered by 
envelope. The Envelope protein is glycosilated and responsible for attachment to the cellular 
receptors and fusion with cell membrane. The Envelope protein contains the main epitopes 
recognized by neutralizing antibodies. Hence an Insilico attempt was made to characterize a viral 
envelope protein of dengue virus -4 to identify the potential drug to inhibit the protein. The plant 
based natural compounds which were used as Ayurvedic medicines in various diseases and Marine 
Animal Sources are used as natural ligands for  molecular docking process with protein drug targets 
using glide (version 5.6) of Maestro (10.2) (Schrodinger suite). The natural anti-viral drugs namely 
Rutin which was isolated from ginger (Boesenberdia rotunda) an herb plant was found to have a 
good inhibitory effect on viral envelope protein. Here by it is concluded that these natural 
compounds were found to have good binding affinity with these target protein and considered to 
be effective drug targets for treatment of dengue fever.  

Key Words: Dengue Envelope Virus Type 4, plant and animal derived Dengue Inhibitors, Molecular 
Docking, Drug Design. 
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from person to person without a mosquito as the 
immediate vector. The signs and symptoms of 
Dengue fever include high fever, up to 105ºF, 
severe headache, retro-orbital (behind the eye) 
pain, severe joint and muscle pain, nausea and 
vomiting, and rash. The rash may appear over most 
of the body 3 to 4 days after the fever begins, and 
then subsides after 1 to 2 days. There may be a 
second rash a few days later.  These symptoms 
include: high fever, up to 105ºF, severe headache, 
retro-orbital (behind the eye) pain, severe joint and 
muscle pain, nausea and vomiting, and rash. 
Symptoms of dengue hemorrhagic fever include all 
of the symptoms of classic dengue plus bleeding 
from the nose, gums, or under the skin, causing 
purplish bruises, which results from damage to 
blood vessels. This form of dengue disease can 
cause death. Dengue vaccines have been under 
development since the 1940s, but a tetravalent 
vaccine which simultaneously provides long-term 
protection against all DV serotypes is round the 
corner. A tetravalent antigen was designed by 
splicing the EDIIIs of DV-1, DV-2, DV-3 and DV-4 
using flexible pentaglycyl linkers. A synthetic gene 
encoding this tetravalent antigen was expressed in 
Pichia pastoris and purified to near homogeneity. 

Molecular docking is a key structural molecular 
biology and computer assisted drug Design. Finding 
chemical structures with feasible physiological 
activities is an area driven by medical and 
pharmaceutical research through drug discovery. 
Molecular docking tries the predict the structure of 
the intermolecular complex formed between two or 
more constituent molecules. The goal of ligand 
protein docking is to the predict the predominant 
binding model (s) of a ligand with a protein of 
known three- dimensional structure. The main idea 
is to dock a database of potential metabolites into a 
protein’s binding site and then rank them based of 
their calculated binding affinities .Due to 
approximation of the stimulations, the calculated 
binding affinity, by itself is used to identify a protein 
cognate ligand amongst a crowd of candidates, and 
this approach can still be useful to experimentalists 
by narrowing down the number of molecules that 
need to be tested in vitro conditions.The objectives 

of the study was based on screening of compounds 
have been performed using natural plant derived 
medicinal compounds. Docking analysis was carried 
out using Maestro(10.2)(Schrodinger suite)between 
these screened compounds and envelope protein 
targets viz. Plant derived natural compounds of 
Dengue Inhibitors were found to posses good 
binding affinity with these proteins and considered 
to be  effective drug targets for treatment of  
dengue fever. 

Materials and Methods 

Proteins 

The Protein Data Bank (PDB) (www.rcsb.org) is a 
worldwide repository for processing and 
distribution of 3-Dimensional biological 
macromolecular structure data. The crystal 
structures of the Structural envelope protein of 
dengue virus-4   of   PDB ID: 4BZ1were downloaded 
from Protein Data Bank. 

Ligands 

Natural compounds 

The natural compounds are collected from plant 
and animal sources such as Alkaloids (Piperidine, 
benzylisoquinotine), flavanoids, clove, citronella 
grass, mazuphal. Marine Drugs (anticholinesterasic, 
antilipidemic), Labdane diterpanes, Inhibitors (ACE, 
glycosidase) etc. are considered as natural ligands. 

482



Sonagunalan et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 3 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752  

Table 1: Natural compounds are derived from plant sources 

Plant  Derived natural compounds 

Flavanoids 7 

Citronella grass 1 

Mazuphal 1 

Clove 1 

Alkaloids 3 

Natural product- derived  drugs 2 

Diterpenes 1 

Animal Derived natural 
compounds 

Drugs from marine 1 

Inhibitors 3 

Total number of leads 20 

 

S. No. NATURAL COMPOUNDS NAME NATURAL COMPOUND STRUCTURES 

1 Quercitin 
OH

OH

O

OH

O  

2 Naringenin 
OH

OH

O

O

OH
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3 Hesperetin 
OH

OH

O

O

OH

 

4 Rutin 
OOH O

OHOH

H3C
O

OH

OH

OH

O

OH

OH

O

OH

OH

O

 

5 Fisetin 
OH O

O

OH

OH

OH

 

6 Baicalein 
OH

OH

OH

O

O  

7 Daidzein 

OH O

O

OH 

8 Eugenol 

H3CO

OH  
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9 Gallic acid 

OH

OH

OH

OHO

 

10 Citronella 

O 

11 Leptophyllin 

o

O

12 Iso-6-Carnavaline 

Ho




 

13 Galanthamine 

o




OH

 

14 Xenazine 

O

2HN

2HN
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15 Campactin o

O

OH O

R  

16 6-alpha acetoxymanoyl oxide 
O

COCH  

17 Ara-a 

N

N N

NH2

o

oH

oH

oH

 

18 1-deoxynojirimycin 

OH

OH

OH

Ho oH  

19 Caprophil 
Hs

O

cH3



cooH 

20 Dimethyl succinyl 

CH3

O

cooH
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Molecular docking 

Molecular docking analysis was performed using 
maestro, Version 10.2, Schrodinger suite.  The 
following are the steps required for docking   
purposes. 

Preparation of protein 

Structural Envelope protein come under the 
classification of Dengue virus 4 consists of 100 amino 
acids in protein length respectively. Using the protein 
preparation Wizard of maestro provided by 
Schrodinger, the crystal structure of the protein was 
prepared and subject for docking studies. Crystal 
structure of the selected protein consists of Water 
molecules, cofactors and Metal ions. These structures 
do not have information on bond orders, topologies, 
ionization and tautomeric states. Docking process 
requires bond orders, ionization states etc, to be 
properly assigned. In order to obtain assigned crystal 
structure, pre process of protein was carried out. The 
waters and hetero atoms present in the crystal 
structure were deleted. Optimization is carried out to 
optimize the protein hydrogen bond which greatly 
decrease the protein preprocess preparation of time. 
Minimization was done to allow hydrogen bonds to 
be freely minimized and it helps sufficient, heavy 
atoms movement to relax strained bonds and angel.   

Preparation of Ligand 

Totally Twenty Compounds were sketched using 
maestro(10.2) scrodienger suite  and ligand 
preparation was done with Ligprep (version 3.4), 
implicit hydrogen atoms were added to the 
compounds, and the geometries were optimized by 
Macro Model. Epik Program (version 3.5) was used 
for generation of ionization states of the compounds. 
After Ligprep was finished, ionization states of the 
compounds were gene finished, ionization states of 
the compounds were generated. For Twenty 
compounds of natural, one hundred and Twenty 
eight ionization states were created. 

Evaluating for ADME: Qikprop 

Qikprop is a quick, accurate, easy to use absorption, 
description, metabolism and excretion (ADME) 
prediction program present in the Schrodinger suite. 

In silico properties and structural descriptors were 
predicted using the program Qikprop (version 4.4.). 

Molecular docking 

Schrodinger implements docking studies using glide 
(version 5.6). Glide runs the docking in tow steps: 

 Receptor grid generation 
 ligand  docking 

Receptor grid generation 

Binding site analysis was carried out with the sitemap 
program and the receptor grids were generated for 
corresponding binding sites of the protein. The 
Structural Envelope protein of DV 4 has natural 
ligands so protein site mapping (version 3.5) is not 
done to form the receptor grid. The grids are defined 
with the dimensions of all the x, y, and z axis, 
selecting the centric of the binding site as the center 
of the grid box. Other parameters such as Vander 
Waals radii scaling factor and partial charge cutoff 
were set as default, 1.0 and 0.25 respectively for grid 
generation. 

Ligand docking 

Ligand docking was performed using XP mode (Extra 
precision) of Glide program. The docking results 
were viewed using glide XP visualizer 

Results 

Proteins 

The crystal structures of the structural envelope 
protein of DV-4 were downloaded from  

Protein data bank. 

Ligands 

Natural compounds collected from various plant and 
animal derived sources such as flavanoids, clove, 
Citronella grass, Mazuphal, Diterpenes and also 
collected from animal sources such as Marine drugs, 
Inhibitors (glycosidase and ACE) were used as 
ligands. These compounds were sketched using 
Maestro(10.2) Schrödinger suite   
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Molecular docking 

Molecular docking analysis was performed using 
Maestro, version 10.2, Schrodinger suite. The steps 
involved in docking Process are as follows: 

Preparation of Protein 

To obtain the assigned crystal structure of structural 
Envelope protein of dengue virus -4, the protein 
preparation was carried out using the protein 
preparation Wizard of Maestro (version 10.2) 
provided by Schrodinger. Structural Envelope protein 
of dengue virus-4 consists FAB 3E31 Heavy and Light 
chains alone and this protein possess water residues.  
All water residues were deleted because no water 
residues were bound with the protein. The proper 
bond order of the protein was assigned all hetero 
atoms and other unwanted chemical moieties were 
deleted during protein preparation. Optimization is 
carried out to optimize the protein hydrogen bond 
which greatly decrease the protein preprocess 
preparation of time. Minimization was done to allow 
hydrogen bonds to be freely minimized and it helps 
sufficient, heavy atoms movement to relax strained 
bonds and angle. 

Preparation of ligands 

The ligands such as plant and animal natural 
compounds for structural envelope protein of 
dengue virus -4 were prepared using Ligprep 
(version 3.4). After ligands preparation implicit 
hydrogen atoms were added to the ligands and the 
Geometries were optimized. Number of ionization 
states was generated for every ligand by Epik 
program (version 5.6).For Sixteen Compounds 
Derived from plant and Four Compounds derived 
from animal Sources. These derived compounds of 
the generated ionization states were One Hundred 
and twenty eight. 

Qikprop 

The absorption, distribution, metabolism and 
excretion ADME properties of all natural compounds 
for Structural envelope protein of dengue virus-4 
were predicted using Qikprop (version 4.4). All 

natural compounds for Structural envelope protein 
were predicted to have very good ADME properties 
and two compounds were failed and skipped during 
the Qikprop. 

Receptor grid generation:  

Docking studies were performed using Glide, version 
(6.7). Structural envelope protein of dengue virus-4 
has natural ligands so protein site mapping (version 
3.5) is not done to form the receptor grid. This 
protein has natural ligands and hence site mapping 
is not done to form the receptor grid. This receptor 
grid act as the active site for these respective 
proteins.

Ligand Docking 

The Ligand docking was Performed using XP mode 
(Extra precision) of Glide program. The docking 
process was made between natural compounds with 
structural Envelope protein of dengue virus-4.  Rutin 
is a  Flavanoids compound which was isolated from 
Finger root (Boesenbergia rotunda)   is   a  common 
species  belonging to the ginger family 
(zingiberaceae) plant  natural  derivatives  has  
become  the  first hit  with  a  glide score  of  -4.65.  
Rutin against to Structural Envelope protein of  
dengue virus -4 (4BZ1).       

  

Figure 1: Ligand Interactions diagram between Active 
site residues of Structural Envelope protein of DV-4 
and Rutin.  
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Hesperetin is a Flavanoids compound which was 
isolated from Finger root  (Boesenbergia rotunda) is a 
common  species  belonging   to the   ginger family  
(zingiberaceae)  plant  natural  derivatives   has   
become  the  Second  hit  with  a  glide  score  of -
4.51. Hesperetin against to Structural Envelope 
protein of dengue virus-4 (4BZ1).  

    

Figure 2: Ligand Interactions diagram between Active 
site residues of Structural Envelope protein of DV-4 
and Hespertein 

Daidzein is a Flavanoids compound which was 
isolated from Finger root(Boesenbergia rotunda) is a 
common species belonging to the  ginger family 
(zingiberaceae)  plant  natural  derivatives   has   
become  the  third  hit  with  a  glide  score of  -3.72.  
Daidzein against to Structural Envelope protein of 
dengue virus-4 (4BZ1). Interactions were observed 
between the protein and ligands. 

 

Figure 3: Ligand Interactions diagram between Active 
site residues of structural envelope protein of DV-4 
and Daidzein. 

The results of screening exhibits natural compounds 
have best inhibitory effect on Structural envelope 
protein of dengue virus-4 with their gliding scores. 
For Structural, among 20 compounds screened the 
first hit was Rutin from Finger root plant natural 
derivatives has proved to be and best hit for 
inhibiting the antigenic activity of structural envelope 
protein of dengue virus -4. Best three hits were 
having the inhibitory antigenic activity such as Rutin, 
Hespertein, and Daidzein. Both were isolated from 
the Finger root an herb plant (Boesenbergia rotunda) 
belonging to the ginger Family. The other natural 
compounds hits such as Naringenin (GS-3.56), 
Leptophyllin (GS-2.94), Fisetin (GS-2.87), 1-
Deoxynojirimycin (GS-2.69), Xenazine (GS-1.88), 
Eugenol (GS-1.81), Baicalein (GS-4.4), Dimethyl 
succinyl (GS-1.34), Campactin (GS-1.23), Ara-a (GS-
1.23), Citronella (GS-1.03), Caprophil (GS-0.96), 
Quercitin (GS-0.41), Galanthamine (GS-0.81) have 
good binding affinity to the Structural envelope 
protein of dengue virus-4 drug target. The animal 
compounds such as 1-deoxynojirimycin, Dimethyl 
succinyl, Ara-a, Caprophil, belongs to Marine drugs, 
Inhibitors. Screening process of these compounds 
was done by using Maestro (Version 10.2), a 
Schrodinger suite. Plant based Natural compounds 
bind to the active sites of structural envelope protein 
of dengue virus-4 and exhibits, higher binding 
affinity with the drug target.    
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Table 3: Glide score for compounds docked with 
Structural envelope protein of DV-4. 

Conclusion 

Structural envelope  proteins  of dengue virus-4 are  
involved  in  the  dengue fever infection  and  can  be  
considered as the best drug targets of dengue fever 
disease. A docking model for this protein have been 
developed with Glide 6.7, an automated docking 
program, successfully reproduced the binding mode 
of crystal structures of Structural envelope protein of 
dengue virus-4 inhibitors. Various medicinal plant 
and animal natural compounds have been screened 
in order to find out the best leads. As a result 
medicinal plants such as Flavanoids, clove, citronella 
derived plant natural compounds were proved to 
have good inhibitory effect on Structural envelope 
protein of dengue virus-4. From this study it was 
concluded that, Rutin has High Binding Affinity which 
was Isolated from Herb Plant of Finger root 

(Boesenbergia rotunda) was proved to be the 
naturally available novel inhibitors for structural 
envelope protein of dengue virus-4 drug targets. 
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