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Abstract: The NS3 protease enzyme of the dengue virus is derived 
from the translation of dengue virus RNA genome guided by host cell 
ribosome. Further, the activated NS3 protein helps in viral 
replication in the host cell therefore always a major drug target for 
anti-viral drug therapy against dengue disease. Chemical anti-viral 
drugs are not specific and corporate higher cost of treatment. 
Therefore, our study was focused on finding natural inhibitor against 
NS3 protease enzyme of dengue virus. Molecular docking and 
dynamics approaches were explored for fast screening of natural 
compounds databases. Azadirachtin (A known anti-microbial 
compound) from seeds of the neem tree shows best affinity for NS3 
protease with lowest interaction energy of -111.95 as compare to 
other compounds. The corresponding Z score was found to be 0.015 
which raised confidence interval of 98.50% on the docking affinity of 
Azadirachtin for NS3 protease. Therefore, our computational study is 
able to find natural inhibitor against NS3 protease which may act as 
potential candidate for designing natural anti-viral therapy against 
dengue virus.  

1. INTRODUCTION 

Dengue virus is classified in the family of Flaviviridae 
associated with genus Flavi virus. The transmission of dengue 
virus is taken place to humans by the help of Aedes 
mosquitoes. Dengue virus causes major diseases such as mild 
flu-like syndrome (known as dengue fever), coagulopathy, 
increased vascular fragility, and permeability (dengue 
hemorrhagic fever) in the tropical and subtropical areas [1, 2]. 
In south asia and Indian subcontinent, the dengue virus infects 
the children (< 15 years old) greater than the adult [3-6]. The 
aedes mosquitoes injects the dengue virus into the 
bloodstream of the epidermis and dermis which results in the 
infection of immature Langerhans cells [7, 8] and 
keratinocytes [7]. Then these infected cells migrate from site 

of infection to lymph nodes, where monocytes and 
macrophages are recruited, which become targets of infection. 
The dengue virus utilizes the ribosomes machinery of the host 
cells and translates its genomic RNA to the precursor poly-
protein. Subsequently, the viral poly-protein is cleaved by the 
host cell furin and dengue NS2B-NS3 serine protease (NS2B-
NS3pro) at various regions to produce structural and 
nonstructural viral proteins [9-11]. The NS3 protein is a viral 
non-structural protein that possesses enzymatic activity. The 
N-terminal of this protein contains 180 amino acid residues 
that represent NS3 protease [12, 13]. On interaction with its 
cofactor i.e. NS2B, the NS3 protease forms a NS2B-NS3pro 
complex and activated [14]. Works have been reported about 
disruption of NS2B-NS3pro functions in order to inhibit viral 
replication [15]. Therefore, NS2B-NS3pro is considered as a 
potential target for the design of antiviral drugs against dengue 
virus [16, 17]. In recent years, many investigators focus on 
plants and their derivatives to develop new antiviral drugs [18-
20]. Recently, Ehsan et al 2014 [21] shows that baicalein (5, 6, 
7-trihydroxyflavone, a flavonoid isolated from Scutellaria 
baicalensis) is able to inhibit the in vitro replication of dengue 
virus in Vero cells, functioning at different stages of virus 
replication9. Therefore, in this paper, we are proposing the 
application of molecular docking and molecular dynamics for 
finding natural inhibitor against NS3 protease enzyme. We 
predict that the binding of natural inhibitor at the active site of 
NS3 protease enzyme may inhibit its action to replicate viral 
genome which indirectly inhibits the further infection of 
dengue virus in the host cell. Our computational approach 
detected best affinity of natural compound Azadirachtin for the 
NS3 protease enzyme from dengue virus and may be used to 
design anti-viral drug therapy.  
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2. MATERIALS AND METHODS 

2.1 Receptor file 

The NS3 protease enzyme from Dengue virus was selected for 
our drug discovery study. The 3D structure of ND3 protease 
enzyme has been submitted in RCSB protein data bank with 
PDB ID Code 2M9P. We selected its chain A for our 
Molecular docking and Molecular dynamics studies.  

2.2 Compounds database 

Compounds database was generated from the anti-viral natural 
compounds obtained from plants. Their action mechanism, 
efficacy for treating the viral disease and sources information 
were collected from the literatures. The SMILES strings of the 
compounds were obtained from the PUBCHEM database and 
converted into 3D structure via CORINA server 
(http://www.molecular-
networks.com/online_demos/corina_demo). In addition, the 
3D structures of the natural compounds were also downloaded 
from CHEMDB database and all structures were stored in one 
database in PDB file format. 

2.3 Ligand Binding site  

The PDB structure (2M9P) of NS3 protease enzyme from 
dengue virus is available with bounded serine protease 
inhibitor PRD_001171 at the active site of enzyme. We 
extracted the putative ligand binding site residues at 8Å from 
the ligand where PRD_001171 was taken as center. These 
residues were chosen as potential docking target for our 
docking study.  

2.4 Molecular Docking 

The binding site residues selected by the earlier step was 
chosen for next step of docking process. The compounds 
database was screened against the selected binding site 
residues from 2M9P. All the docking process was performed 
by iGemdockv2.1 software. Genetic algorithm was chosen for 
performing the docking process with the the Drug Screening 
platform with parameters such as Population size: 200, 
Number of generations: 70 and Number of solutions: 3. Later, 
after the docking process, the compounds were ranked based 
on their interaction energies and fitness values with the ligand 
binding site residues. The natural compound that produced 
lowest interaction energy was further selected for Protease-
Ligand complex molecular dynamics study for refinement of 
natural compound interaction with the protease enzyme.  

2.5 Standard score analysis 

Standard score known as the Z score was calculated for the 
interaction energies produced by iGemdock after the docking 
of compounds with the protease enzyme. The Z score is able 
to measure uniqueness and confidence in prediction of 

interaction energies after the docking process and further able 
to find unique compound showing best affinity for the 
protease enzyme which is unlikely to produce by other 
compounds in random population. In extension of the standard 
score, the Z score is associated with the probability score 
known as P value. The P value is able to obtain confidence on 
interaction energy and affinity of the best compound for 
protease enzyme. The standard P value is 0.05 which is 
equivalent to 95% confidence interval. The best compound 
was selected with based on more negative Z score of 
interaction energy and P value less than < 0.05.  

2.6 Protease-Ligand complex Molecular Dynamics  

The Protease-Ligand complex was generated from the best 
natural compound showing lowest interaction energy with the 
protease enzyme. The complex was seeded to classical 
molecular dynamics simulation by GROMACS.v.4.5.5 
software. The MD process was divided into following steps: 
(1): The topology file was prepared for protease enzyme by 
using GROMOS9643A1 atoms force field with the help of 
pdb2gmx command. (2): The 3D coordinates of the ligand was 
submitted to PRODRG server for GROMACS topology file 
generation. We maintained the chirality on and full charges 
were provided to the compound structure during PRODRG 
processing. Later, partial charges were adjusted for the 
compound in the topology file according to the force field. (3): 
Subsequently, both the topology files (for protease enzyme 
and ligand) were merged together and saved in .gro format. 
(4): The molecular dynamics was performed in the condensed 
phase by adding 15472 water molecules in the protease-ligand 
complex system within a cubic periodic boundary condition 
with box size of 1.0 nm using editconf and genbox commands. 
(5): Furthermore, total charge of the system was neutralized by 
adding 10 number of Na+ ions using genion command. (6): 
The system was pre-minimized for 1000 steps using steepest 
descent method by grompp tool. (7): Furthermore, the 
minimized system was slowly heated to constant temperature 
of 300 K using NVT (constant number of particles, volume 
and temperature (300 K) ensemble dynamics for 100 ps (time 
steps, dt=0.002 and nsteps =50000) with leap-frog integrator. 
The temperature of the system was kept constant by using 
Andersen thermostat. (8): Next, NPT (constant number of 
particles, pressure and temperature) ensemble dynamics was 
run for 100 ps where the pressure coupling of 1 bar was 
provided with Berendsen algorithm. (9): Subsequently, 
production phase of the dynamics was performed for 4 ns with 
time steps of 2fs and number of steps of 2000000. 

Post dynamics analysis were performed by using GROMACS 
utility commands such as Total Energy, Potential Energy, 
Temperature ( by using g_energy), Radius of gyration for 
measuring degree of compactness ( using g_gyrate command) 
and root mean square deviation (RMSD) of the complex 
structure from the original complex structure( using g_rms), 
analysis of number of hydrogen bonds between ligand and 
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protease enzyme ( using g_hbond ), Radial Distribution 
Function for analysis of distance of ligand from the protease 
enzyme during the simulation (using g_rdf command ) and 
conformational clustering by g_cluster module of GROMACS 
package.  

 

Fig. 1: Schematic for the overall methodology.  

(1): Downloaded structure of NS3 protease from RCSB data 
bank (PDB Code: 2M9P, chain A) and extracted binding site 
residues at 8Å taking bounded inhibitor as center. (2): 
Obtained natural anti-viral compounds from PUBCHEM and 
CHEMDB and made anti-viral compounds database. (3): 
Screened compounds database against binding site of protease 
enzyme by docking process. (4): Post docking analysis for 
ligand binding pose, interaction energies and binding location 
on protease enzyme. (5): Selected best compound based on 
lowest interaction energy. (6): Made protease-ligand Complex 
for molecular dynamics. (7): Complex refinement by 
molecular dynamics. (8): Post dynamics analysis.  

3. RESULTS  

Total 159 natural compounds were screened with the binding 
site of NS3 protease enzyme from dengue virus via iGemdock 
software. The compound Azadirachtin produced lowest 
interaction energy with the protease enzyme. It produced very 
stable binding with the enzyme binding site and generated 
interaction energy (fitness value) of -111.95 kcal/mole as 
compared to other natural compounds.  

 
Fig. 2: Distribution of the interaction energies produced for 

natural anti-viral compounds. 

Second rank was obtained by the compound Diosmin which 
also produced similar affinity for the protease enzyme with 
interaction energy of -111.94 kcal/mole (Fig. 2). 

The standard score known as Z score was calculated for 
measuring uniqueness of the docking results and selection of 
the best compound. The Azadirachtin and Diosmin natural 
compounds produced Z score of -2.10 as compare to other 
compounds which shows that affinity produced by these 
compounds are unlikely to be produced by other compounds 
(Fig. 3). The corresponding P value for the Z score of 
Azadirachtin and Diosmin are 0.015 which are lesser than the 
standard P value cut off of 0.05 (95% confidence interval). 
Therefore, the confidence interval for the interaction energies 
and affinities of Azadirachtin and Diosmin compounds are 
98.50%.  

 
Fig. 3: Z scores of the docking interaction energies with respect to 

their probabilities distribution (P values) for anti-viral 
compounds.  

Azadirachtin is a natural compound classified in the limonoid 
group. It is the secondary metabolite product of neem ( 
Azadirachta indica ) seeds. It is a highly oxidized 
tetranortriterpenoid which boasts a plethora of oxygen 
functionality, comprising anenol ether, acetal, hemiacetal and 
tetra-substituted oxirane as well as a variety of carboxylic 
esters. Diosmin is a flavone compound, belong to the 
flavonoid family (polyphenol compound) found in Teucrium 
gnaphalodes. 

 
Fig. 4: 2D structure of Azadirachtin and Diosmin compounds.  
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3.1. Binding site Residues 

The binding of Azadirachtin was analyzed at the active site of 
NS3 protease enzyme. After docking the compound 
Azadirachtin binds at the active site of protease enzyme. 
Furthermore, we extracted the amino acid residues making 
hydrogen bonds interaction with the Azadirachtin compound. 
We found that residues Glu 47, Ser 96 and Thr 195 make 
strong hydrogen bonds with the Azadirachtin.  

 
Fig. 5: Amino acid residues making Hydrogen bonds interaction 

with the Azadirachtin compound at the binding site of NS3 
protease enzyme. 

3.2. Molecular Dynamics of Protease 

Azadirachtin complex The complex of Protease-Azadirachtin 
was stabilized after 4 ns of simulation. The stabilized system 
produced average potential energy of -6.795 x10-5 kj/mole. 
Radius of gyration measured degree of compactness of the 
system during the simulation. RDF analysis reveals that the 
system remains compact during the simulation time of 4 ns 
and produced average Rg value of 1.73 nm. This may be due 
to strong affinity of Azadirachtin natural compound for the 
Protease enzyme (Fig. 6).  

 
Fig. 6: Radius of gyration for Protease- Azadirachtin complex.  

The atomic fluctuations were measured by calculating 
backbone-backbone RMSD during the simulation of 4 ns. Fig. 
7 shows the backbone-backbone conformations RMSD and 
predicts that from 0 ps to 2200 ps of the simulation, the 
RMSD slowly increases to 0.35 nm and later becomes 
constant until end of the simulation of 4 ns. (Fig. 7). This 

shows that the numbers of atomic fluctuations are quite low 
after 2200 ps and reveals the stability of the system after 4 ns. 

 
Fig. 7: Backbone-Backbone conformations RMSD for the 

Protease- Azadirachtin complex during the MD simulation of 4 
ns. 

Furthermore, the number of hydrogen bonds formed between 
the Protease enzyme and Azadirachtin during the MD 
simulation was measured. Fig. 8 shows that always minimum 
two hydrogen bonds are established between the protease 
enzyme and Azadirachtin during most of the simulation time 
of 4 ns. From 2000 ps to 2500 ps and from 3000 ps to 4000 ps, 
one addition hydrogen bond is forming between protease 
enzyme and Azadirachtin.  

 
Fig. 8: Pattern of hydrogen bonds formed between Protease and 

Azadirachtin during the MD simulation of 4 ns. 

Fig. 9 represents the distance between the protease enzyme 
and Azadirachtin during the MD simulation.  

 
9: Radial Distribution Function between Protease and 

Azadirachtin. 
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The Radial distribution function analysis reveals that the 
density of protease enzyme and Azadirachtin vary with 
maximum distance of 1 Å.  

The different conformations generated during the MD 
simulation of NS3 protease-Azadirachtin complex was 
clustered using single linkage (nearest neighbor) method 
within RMSD cut off 0.1 nm from the centre structure. All the 
conformations were sorted into two clusters. First cluster 
contains very few structures with all conformations from 0 ps 
to 50 ps are stored in first cluster. Later, after 50 ps until 4 ns, 
all conformations are stored in cluster 2. This shows that there 
are little changes in the conformations of the complex and 
system becomes stable after 50 ps.  

 
Fig. 10: Clustering of different conformations of Protease-

Azadirachtin complex during the MD simulation.  

Snapshot was extracted at the end of the simulation for 
considering stabilized complex system to find hydrogen bonds 
interaction between Protease and Azadirachtin. Fig. 11 reveals 
that Azadirachtin makes hydrogen bonds with the Ser 196, Thr 
195 and Ile 97 amino acid residues of protease enzyme. 
Therefore, the complex molecular dynamics simulation is able 
to find stabilized complex and refined the interaction between 
protease and Azadirachtin compound.  

 
Fig. 11: Stabilized Protease-Azadirachtin complex structure at 

4000 ps of the MD simulation time.  

4. DISCUSSION 

The NS3 protease enzyme from dengue virus was targeted for 
our study. It is a non structural protein present in the dengue 
virus and activated by interaction with the NS2B and forms 

activated NS2B-NS3 pro complex. Therefore, NS3 protease is 
always a major drug target for designing anti-viral drugs 
against dengue. Attempts have been made to find chemical 
drugs that hinder the function of NS3 protease enzyme. 
However, no specific cures have been available to treat dengue 
disease. Therefore, the treatment is becoming very expensive 
and the chemical drugs creating several side effects. In our 
work, we proposed the application of computational molecular 
docking and dynamics to find natural inhibitor for NS3 
protease. Azadirachtin from seeds of the neem tree shows best 
affinity for NS3 protease. Azadirachtin is well known for anti-
microbial activities. Its complex structure interacts with 
different enzymes of microbes and reduces their activity. This 
stops the growth of microbes in the host cell. Similarly, we 
propose that Azadirachtin strongly inhibit the activity of NS3 
protease and hinder the dengue viral replication which 
prevents infection of the dengue virus. Therefore, our 
computational study is able to find natural inhibitor against 
NS3 protease which may act as potential candidate for 
designing natural anti-viral therapy against dengue virus.  

5. CONCLUSION 

Our research work concludes that natural compound 
Azadirachtin finds best affinity for NS3 protease enzyme. 
Azadirachtin is known to have anti-bacterial and anti-fungal 
properties. We are proposing that Azadirachtin may be used 
for anti-viral therapy as well. In addition, our computational 
approach may help in designing novel drugs for treating 
dengue disease. Our application of molecular docking and 
molecular dynamics may help the experimental biologist for 
fast screening of compounds which will reduce the load of 
testing large number of compounds by experiment.  
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