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ABSTRACT:
Influenza is a contagious disease caused by the influenza virus having high fever, runny nose, sore throat, muscle
pains, headache, coughing etc. as common symptoms. Influenza virus is associate myxovirus composed of two
compound proteins Haemagglutinin and Neuraminidase. RNA polymerase-II (RNA pol-II) of the host is one of the
foremost necessary enzymes responsible for transcription of mRNA from a DNA template strand. Viruses obstruct
with the host RNA pol-II mechanism either by its ubiquitination and subsequent proteasomal degradation, or inhibit
RNA pol-II phosphorylation thereby lowering its performance. Host transcription suppression eventually leads to
shutoff of host proteins expression and provides viruses transcripts a combative edge for access to the cellular
translation machinery. In this paper, to counteract the antiviral response; a strategy is used by preventing the
expression of the host protein along with this the homology modeling and structure based virtual screening were
performed to discover new ligand on the basis of 3D structure of target receptor.
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[I] INTRODUCTION
Influenza, commonly known as the flu, is an
infectious disease caused by influenza virus. This
virus was not as equivalent as the 2009 H1N1
outbreak but it was similar insofar as it was
associate contagious disease that had similarities
to the swine flu virus. H1N1 flu virus inflicting
some deaths among a younger population early in
the spring of 2009.
It is a myxovirus that is composed of two
conjugated
protein,
Haemagglutinin
and
Neuraminidase. Various studies have been
conducted
on
Haemagglutinin
(HA),
Neuraminidase and RNA polymerase protein

which is essential for virus to attach and infect
cells, especially making RNA polymerase as a key
target for developing neutralizing antibodies and
vaccines to prevent the infection [1].
Influenza is an old disease caused by influenza
virus strains A, B or C. Of these, A is the
predominant strain that causes human disease,
while B and C do not cause any severe
complications in human.
By nature Influenza viruses are unstable and
unpredictable, and have the unique capability of
antigenic drift by mutation [2].

Influenza A (H1N1) virus is the subtype of
influenza A virus that was the most common
cause of human influenza (flu) in 2009, and is
associated with the 1918 outbreak called as the
Spanish Flu.
For this reason, depending on the type of H or N
antigen express with metabolic synergy, these
molecules are described as H1N1, H1N2 etc. Red
blood cells form clump together due to presence
of Haemagglutinin, which in return binds the virus
to the infected cell. Neuraminidase is a kind of
organic compound hydrolase accelerator that
helps to move virus particle through the infected
cell and assist in budding from the host cell.
RNA polymerase-II (RNA pol-II) of the host is
one of the most important enzymes responsible for
transcription of mRNA from a DNA template
strand. Viruses interfere with host RNA pol-II
function, its ubiquitination and subsequent
proteasomal degradation or inhibit RNA polIIphosphorylation thereby lowering the efficiency.
The proposed works suggest that certain antiviral
compounds discovered function at least in part by
targeting RNA polymerase.
The task of this study is to perform the Homology
Modeling and Structure based virtual screening to
discover and design the optimal inhibitors of
H1N1 Influenza virus.
[II] MATERIALS AND METHODS
In order to predict and identify the RNA
polymerase of H1N1 Influenza virus, design of its
ligand and optimal inhibitor, the following steps is
used that shown in fig. 1.
A) Identification of gene sequence of RNA
polymerase of H1N1 Influenza virus
B) Prediction of structure of RNA polymerase of
H1N1 Influenza virus using Modeller9.15 by
Homology Modeling
C) Blind docking
D) Focused docking for identification of ligand
E) Refinement of docking result
F) proposed optimal inhibitor
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Fig.1: The proposed framework prediction and
identification of RNA polymerase of H1N1 influenza
virus, their ligand and Design of their optimal
inhibitors.

2.1. Identification of gene sequence for RNA
polymerase of H1N1 Influenza virus:
One of the most important steps for comparative
modeling is the search for a structural template,
which is represented by a protein with a
previously
determined
three
dimensional
structure.
To guide the search for such template, one can
rely on similar sequence identification algorithms,
such as Basic Local Alignment Search Tool
(BLAST [4]).
The sequence of RNA polymerase of H1N1
influenza virus was downloaded from NCBI
nucleotide database (accession no. 134048665)
and a sequence similarity search for the nucleotide
against other such sequences was performed using
the NCBI BLAST server [3].
2.2. Prediction of structure of RNA polymerase
of H1N1 Influenza virus using Modeller9.15 by
Homology modeling:
Homology modeling techniques is powerful
approaches that can be utilized to construct the
three-dimensional structure of RNA polymerase
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of H1N1 Influenza virus. The three dimensional
structure of the protein was chosen for subsequent
homology modeling simulations.
The Modeller (Fig. 2), a python based software
was used to build peptide backbone automatically
on a template structure, with subsequent
refinement by molecular dynamics and energy
minimization.
For finding the best templates and calculating a
good alignment, Modeller is necessary before
submitting the job to the grid. The work of
processing multiple, slightly models is divided
among different slave clusters increasing the
workflow efficiency [5].

Fig. 2: The workflow to generate the files necessary for
MODELLER [5]

2.3. Validation of structure:
After completing the homology modeling,
validation of the structure is done by RAMPAGE
online tool.
2.4. Blind docking:
To ensure that the ligand orientation and positions
obtained from the arrival studies represents valid
Ankita Srivastava, et al.

and affordable potential binding modes of the
inhibitors, the docking ways and parameters used
were valid [2]. In the present study, the method is
tested on a bunch of drug-sized compounds and
proteins with up to a thousand amino acid
residues. Both proteins form complex structures
and ligand- free proteins were used as targets. It is
concluded that blind docking can be used for
unbiased mapping of the binding patterns of drug
candidate.
2.5. Focused docking for ligand identification:
Predicted binding sites (binding sites calculated
from the protein structure alone) is used to judge
here as a tool to focus the arrival of little molecule
ligands into protein structures, simulating cases
where the real binding sites were unknown. The
focused approach used to identify the correct
binding site more frequently than blind docking,
produce more accurate docking poses for the
ligand with less computational time.
2.6. Refinement of Docking Results:
After a set of candidate structures is generated by
Modeller (or a similar algorithm), one must be
able to evaluate the accuracy, native-like
properties and overall quality of each structure in
order to define the best ranked model [4].
2.7. Virtual Screening Using NCI Diversity Set:
NCI database was provided by National Center for
High performance Computing. The database
included 365602 compounds. Pharmacophore
hypothesis is used to map and align the
compounds from NCI database by the Catalyst
compare/fit algorithm [3]. All the files necessary
for virtual screening were prepared by software
Raccoon. It is a graphical programme for
AutoDock
virtual
screening
(autodock.scripps.edu/resources/raccoon).
Raccoon can split multiple- molecule matter files,
convert them into the AutoDock format, and filter
them by using common criteria (e.g., Lipinskis
rules, fragment-like rule of 3, and drug likeness).
A validation check of the input files is performed
at every step, which includes checking for the
presence of non- customary atom sorts and
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making certain that parameters, input filenames,
and grid maps have a coherent format [2].
2.8. Proposed optimal inhibitor:
An inhibitor is a substance that delays, slows or
prevents a chemical reaction. In case of this work,
it can also be said that the optimal inhibitors are
the most potent inhibitors that can halt the
mechanism of formation of RNA by RNA
polymerase enzyme by inhibiting or reducing its
binding affinity.
2.8. Evaluation of Physicochemical Properties
of Lead Compounds:
The top thirteen screened ligands are used for
RNA polymerase of H1N1 Influenza virus are
evaluated
for
important
physicochemical
properties such as calculated partition coefficient
(ClogP), 2D-Polar surface area (2D PSA),
molecular weight, hydrogen bond donor and
acceptor sites etc. by using Marvin Sketch
software.
2.9. Drug Score and Toxicity of Lead Molecules
Prediction:
The top thirteen lead molecules were used for
finding the toxicity and drug score by TEST
(Toxicity estimation software tool) tool. There are
different drug relevant properties are calculated by
TEST tool like cLogP value, molecular weight,
drug likeness, drug score and toxicities like
mutagenicity, tumerigenicity, irritant effects and
reproductive effect in lead molecules on the basis
of functional group present in lead molecules
structure.
[III] RESULTS
3.1. Identification of gene sequence for RNA
polymerase of H1N1 Influenza virus:
Extract the nucleotide sequence of RNA
polymerase of H1N1 Influenza virus (Through
http://www.ncbi.nlm.nih.gov/).
3.2. Prediction of structure of RNA polymerase
of H1N1 Influenza virus using Modeller9.15 by
Homology modelling:
After getting the sequence of RNA polymerase of
H1N1 Influenza virus, prediction of its 3D
structure was done through Modeller9.15 tool.
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The predicted molecule was obtained by
comparative modeling of target and the template
sequence. The 3D structure of predicted protein is
shown in Fig. 3.

Fig. 3: Structure of predicted protein.

3.3. Validation of structure:
As after modeling of the structure is done,
validation of the modeled structure is done by
RAMPAGE online tool, which shows the
accuracy of this structure is 81.7%.
3.4. Blind docking:
In blind docking whole structure of RNA
polymerase is covered under 3D grid box for
docking. The coordinates of grid box of RNA
polymerase are given in Table 1 and the grid box
used for blind docking is shown in Fig. 4.
Receptor
x-D
y-D
z-D
Spacing(Angstrom)
X center
Y center
Z center

RNA Polymerase
48
76
50
1.000
-7.27
-18.344
6.875

Table 1: The coordinates of grid box used in blind
docking.

Fig. 4: Grid box used for blind docking of RNA
polymerase covering whole molecule involve in
binding of ligand.
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3.5. Focused docking for ligand identification:
Obtained binding sites from blind docking is again
covered by the grid box coordinates given in
Table 2 and the grid box used for focus docking is
shown in Fig 5.
Receptor

RNA Polymerase

x-D

48

y-D

50

z-D

50

Spacing(Angstrom)

0.286

X center

-3.82

Y center

0.138

Z center

12.155

Table 2: The coordinates of grid box used in focus
docking.

Fig. 5: Grid box used for focus docking of RNA
polymerase of H1N1 covering whole molecule involve
in binding of ligand.

3.6. The proposed top lead molecules:
After performing the virtual screening, thirteen
lead molecules were obtained that will be further
used for the prediction of most potent inhibitors
shown in Table 3.

S.No.

ZINC ID

1.

ZINC05124931

-9.01

2.

ZINC01689932

-8.16

3.

ZINC00608128

-8.13

4.

ZINC01674410

-8.01

5.

ZINC13597368

-7.99

6.

ZINC06576501

-7.97

7.

ZINC00728291

8.

ZINC12671904
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Structure

Binding energy

-7.80

-7.75
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ZINC01629421

-7.71

ZINC01711028

-7.69

11.

ZINC01707109

-7.67

12.

ZINC05180959

-7.65

13.

ZINC12671898

-7.62

9.

10.

Table 3: Thirteen screened lead molecules with their respective binding energies.

After the screening was over, a script summarize results.py from Scripps Research Institute was utilized
to sort the binding energies of the docked ligand and select the best hits.
The results of all dockings were evaluated based on hydrophobic and polar interactions between ligand
and protein active site residues and the binding energy which must come in the empirical range -5 to -15
kcal/mol. Binding affinity is calculated from the formula: Ki = e[(G/(RT)] where G=change in free
energy upon binding, R=gas constant and T=temperature.
3.7. ADME and Toxicity Profiling:
The toxicity and drug scores of all thirteen screened lead molecules predicted by using the OSIRIS online
tool for RNA polymerase of H1N1 and select those lead molecules which show no toxicity. Five lead
molecules are found to have no toxicity are shown in Table 4.
ID

Mutagenic

Tumorigenic

Irritant

Reproductive effect

Drug score

ZINC05124931

No

No

Low

No

0.08

ZINC01689932

No

No

No

Low

0.57

ZINC00608128

No

No

No

No

0.81

ZINC01674410

No

No

No

No

0.27

ZINC13597368

No

No

No

No

0.49

Table 4: Toxicity and drug score prediction of five lead molecules.

3.8. Physicochemical Properties of Lead Molecules:
In physiochemical properties, the Lipinski’s rule of five criteria of five lead molecules has been evaluated
in Table 5.
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Lead ID
ZINC05124931
ZINC01689932
ZINC00608128
ZINC01674410
ZINC13597368

ClogP
6.68
-0.19
2.1
5.0
4.86

PSA
84.74
76.48
53.01
25.16
32.67

Mol.Wt
424
269
328
311
368

HBD
0
2
1
1
0

HBA
2
6
4
1
2

Table 5: Physiochemical Properties of proposed lead molecules.

[IV] CONCLUSION:
On the basis of predicted values, it can be
concluded that these five lead molecules
ZINC05124931,
ZINC01689932,
ZINC00608128,
ZINC01674410,
ZINC13597368, can act as potential inhibitors
against the RNA polymerase of H1N1 Influenza
virus as all the five lead molecules are having a
good binding energy and having the capability to
stop the mechanism of Influenza virus. All the
five lead molecules are obtained by molecular
docking simulation based virtual screening
technique. These five lead molecules can inhibit
growth of Influenza virus species by targeting its
RNA polymerase enzyme, and this RNA
polymerase sequence has not been reported in
human beings. Therefore, these designed lead
molecules are not likely to interact with
mammalian mRNA. These predicted lead
molecules can be used for pharmacophore design
by Biomedical and pharmaceutical researchers.
[V] ACKNOWLEDGEMENT:
This research was partially supported by Mr.
Shant swarup Jaiswal. We thank our colleagues
from M.A.N.I.T who provided insight and
expertise that greatly assisted the research. I will
thank Dr. Usha Chouhan, assistant professor,
M.A.N.I.T for assistance with Modeling, docking
and virtual screening technique, for comments
that greatly improved the manuscript.
REFERENCES
1. Chinh T.T. Su, Chee-Keong Kwoh, Christian
Schnbach, Stephanus D. Handoko2010, A
Possible Mutation that Enables H1N1
Influenza A Virus to Escape Antibody
Recognition, IEEE International Conference

Ankita Srivastava, et al.

2.

3.

4.

5.

6.

7.

8.

on Bioinformatics and Biomedicine; 978-14244-8305-1/10,.
Manish Sharma, Ruchi Malik Somdutt
Mujwar2015, Virtual screening of large
chemical libraries for discovery of newer
H1N1 swine influenza-A viral neuraminidase
inhibitors Asian Journal of Molecular
Modeling,Vol. 1.
Chen-hsiung Chan , Yeng-Tseng Wang,
Combining molecular simulation techniques
to predict the binding modes of oseltamivir,
zanamivir and natural herb products with the
neuramindase of the H1N1 influenza A, 2010
virus IEEE; 978-1-4244-6775-4/10.
Gloria Regina Franco and Maina Bitar, A
Basic
Protein
Comparative
ThreeDimensional
Modeling
Methodological
Workflow Theory and Practice 2014,
IEEE/ACM
TRANSACTIONS
ON
COMPUTATIONAL
BIOLOGY
AND
BIOINFORMATICS; VOL. 11, NO. 6.
Blaine l. Beaman and Lovelle beaman (1994)
Nocardia
Species:
Host-Parasite
Relationships, clinical microbiology reviews,
Daniel Li, Brian Tsui, Charles Xue, Jason H.
Haga, Kohei Ichikawa, Susuma Date Protein
Structure Modelingin a Grid Computing
Environment
IEEE
9th
International
Conference on e-Science; 2010.
Chien-Yu Chen a, Da-Tian Bau, Ming-Hsui
Tsai , Yuan-Man Hsu a, Tin- Yun Ho b,
Hung-Jin Huang a, Yea-Huey Chang a, FuuJen Tsai d, Chang- Hai Tsai , Calvin YuChian Chen2009,
Drug Design for the
Influenza A Virus Subtype H1N1, IEEE
;978-1-4244-4134-1/09.
Jhang-Wei Huang,Chun-Chen Chen,JinnMoon Yang 2008,
Identifying Critical
Positions and Rules of Antigenic Drift for
Influenza A/H3N2 Viruses, IEEE; 978-14244-1748-3/08.
Phillip D. Pham, Marshall J. Levesque, Kohei
Ichikawa, Susumu Date1, Jason H. Haga,

1060

Identification of a Specific Inhibitor for the
Dual-Specificity Enzyme SSH-2 via Docking
Experiments on the Grid; 978-0-7695-3535-7
2008 Fourth IEEE International Conference
on e-Science.
9. Masahiro Mukai and Ayae Honda Analysis of
Promoter Binding Proteins of Ebp1 that is
Inhibitor Protein of Influenza Virus RNA
polymerase
;978-1-4244-5095-4/09
2009IEEE.
10. Xiaoqian Huo, Ludi Jiang, Xi Chen, Yusu He,
Yongqiang Yang, Yanling Zhang A
combination of pharmacophore modeling,
molecular docking and virtual screening for
NPC1L1 receptor inhibitors from Chinese
herbs ;978-1-4799-7294-4/14 2014 IEEE.
11. Surabhi Johari1 , Panchamita Basumatary,
Kanwar Narain, Pratap Parida, N.C.Barua
LIGAND-BASED
PHARMACOPHORE
MODELING, VIRTUAL SCREENING AND
MOLECULAR DOCKING STUDIES FOR
DISCOVERY OF NOVEL INHIBITORS
AGAINST
STAPHYLOCOCCAL
INFECTIONS ; 978-0-7695-5013-8/13 2013
IEEE.
12. Lifen Li, Ruisheng Zhang, Jiuqiang Chen,
Ying Zhang, Lian Li, Zhili Zhao
ChemDataBase 2: An Enhanced Chemical
Database Management System for Virtual
Screening ; 978-0-7695-4106-8/10 2010
IEEE.
13. Kannas C. C., Achilleos K. G., Antoniou Z.,
Nicolaou C. A., Pattichis C. S, Kalvari I.,
Kirmitzoglou I., Promponas V. J. A Workflow
System for Virtual Screening in Cancer
Chemoprevention ; 978-1-4673-4358-9/12
2012 IEEE.
14. Pengfei LIU2, Shoubin DONG2, Yicheng
CAO3, Zhengping DU3, Zhike MAO2 A
Complex Virtual Screening Computing
Platform based on SOA1 ; 0-7695-3051-6/07
2007 IEEE.
15. Marshall J. Levesque, Kohei Ichikawa,
Susumu Date, Jason H. Haga Bringing
Flexibility to Virtual Screening for Enzymatic
Inhibitors on the Grid ; 9th Grid Computing
Conference.
16. Jincheol B. Kim, Nguyen Dang Nhan, Sehoon
Lee, Soonwook Hwang Drug Screener-G:
Towards an Integrated Environment for Gridenabled Large-scale Virtual Screening and

Ankita Srivastava, et al.

Drug Discovery ; 978-0-7695-3535- 7/08
2008 IEEE.
17. Minghe Piao, Sang Boem Lim, Jong Hyun
Lee GREE-VS: A Gridbased Remote
Execution Environment System for Virtual
Screening ; 978-0-7695-3925-6/09 2009
IEEE.
18. Paraskevi Gkeka, Emmanouil Athanasiadis,
George Spyrou and Zoe Cournia Enhancing
the effectiveness of virtual screening by using
the Chem BioServer: Application to the
discovery of PI3K inhibitors ; 978- 1-46734358-9/12 2012 IEEE.
19. JiuQiang Chen, RuiSheng Zhang, ShiLin
Chen, LiFen Li, Ying Zhang, Cheng Da Yuan,
Lian Li A Data Management System for PreDocking in Large-Scale Virtual Screening ;
978-0-7695-4106-8/10 2010 IEEE.
20. Ying Zhang, Ruisheng Zhang, Jiuqiang Chen,
Chengda Yuan, Jingwei Li, Yan Zhang
Guangcai Liu A Data Management Tool for
Virtual Screening on Grid ; 978-0-7695-44724/11 2011 IEEE.
21. Protein
Data
Bank:
1R9O:
http://www.rcsb.org/pdb/explore/explore.do?
structureId=1r9o(Accessed May 16, 2014).
22. Phillip I. Lerner (1996) Nocardiosis, Clinical
Infectious Diseases, 22:891-905.
23. Shrasti
Gupta1,VijayLaxmi
Saxena1,
Brijendra Singh Homology Modeling and
Docking Studies of Neuraminidase Protein of
Influenza a Virus (H1N1) virus With Select
Ligand A Computer Aided Structure Based
Drug Design; 2319 6718, ISSN (Print): 2319
670X International Journal of Pharmaceutical
Science Invention 2013.

1061

