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Abstract
In this work, in silico characterized the Hemagglutinin proteins of Influenza A virus [AEN68928]. The
aim of present study was to carry out the homology modeling study of the mentioned protein using 3D-
Jigsawn protein comparative modeling server, Verify-3D structure evaluation server, CHIMERA. The
model was validated by using protein structure checking tools RAMPAGE server for reliability. Hex
6.3 was used for protein (Hemagglutinin) - ligand (Tamiflu) docking to determine the potential ligand
binding sites. These ligand (Tamiflu) binding sites identified can provide an insight to design potential

inhibitors in future.

K ey words: Hemagglutinin, 3D-JIGSAWN, Verify-3D, RAMPAGE, Hex 6.3

Introduction

Swine influenza virus A, HINI subtype (family
Orthomyxoviridae) contains segmented genome
with 8 RNA fragments that enclosed in a lipid
envelope that was identified in 2009 (Abhilash
and Nandhini, 2010). The pig infecting swine flu
strain, acquired the capability for human to
human transmission (Butler, 2009; Cohen and
Enserink, 2009). The envelope glycoproteins,
hemagglutinin (HA) and neuraminidase (NA) are
essential for infection of host cells and also for
the release of newly generated virus particles that
go on to infect the other cells. According to
current reports, Oseltamivir (Tamiflu®) drugs is
effective for treatment (Maurer-Stroh et al.,
2009) of mentioned infection therefore it can be
used as ligand for hemagglutinin.

Therefore, in dlico  characterize  the
Hemagglutinin proteins of Influenza A virus
Hemagglutinin proteins [AEN68928] to develop
3D model and implications on ligand
identification. Docking tool Hex 6.3 was used for
protein (hemagglutinin) - ligand (Tamiflu)
docking to determine the binding sites.

Material and Methods
In present study different bioinformatics tools
and biological database were used for homology

modeling and docking studies, e.g., GenBank-
NCBI, PDB (Protein Data Bank), UCLA-DOE
and Hex, UCSF Chimera etc. The homology
modeling procedure can be divided into four
sequential steps: template selection, target
template alignment, model construction and
model assessment (Marti-Renom et al., 2000).
Hemagglutinin sequence of HINI1 subtype, in
FASTA format was mined from GenBank-NCBI
database ([Influenza A virus
(A/Cambodia/U306/2010(HIN1))] AEN68928])
for homology modeling and docking study with
Tamiflu.

Template selection and sequence alignment:
BLASTp was used (Altschul et al., 2005) to
search against the PDB (Protein Databank) to
find out the related homologues of the
AEN68928 sequence
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The
homology modeling requires a query sequence
with unknown 3D structure and target sequence
that have known 3D structure with at least 35%
similarity. By the BLAST search, we selected the
closest homologue of AEN68928, was 2WR3
(Influenza H2 Duck Ontario Hemagglutinin with
Avian Receptor) with the highest sequence
identity of 63%, Positives 79% and gaps 1%.
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Target sequence
The PDB file of 2WR3 was downloaded from
PDB (http://www.rcsb.org/pdb) and the FASTA
format of AEN68928 sequence was mined from
GenBank-NCBI.

The FASTA sequences of query (AEN68928)
were uploaded on the 3D-Jigsawn (Protein
Comparative  Modeling  Server) for the
construction of its PDB files. 3D-Jigsawn
(bmm.cancerresearchchuk.org/~3djigsaw) sends
the PDB file on the e-mail address that was
assigned to the modeling server. The PDB file of
query and homologous target sequence were
further utilized for 3D model energy validation
and docking studies (Heinrichs, 2008).

Model building

Evaluation and validation: UCLA-DOE server
http://nihserver.mbi.ucla.edu) provides various
softwares for the study of different aspects of
browsed PDB files e.g., Verify3D, Procheck etc.
The Verify 3D and Procheck (Laskowski et al.,
1993) outcomes displayed in the form of profile
search and Ramachandran plots (Prajapat et al.,
2011). In this study the model was checked with
Verified-3D (Goh et al., 2008) server and
Ramachandran plot at RAMPAGE (Lovell et al.,
2003) server.

PDB file of both query and homologous target
proteins were utilized for the structural model
construction using  offline  bioinformatics
softwares e.g., UCSF Chimera.

Docking of Hemagglutinin and Tamiflu

The binding site for tamiflu on hemagglutinin
was identified by using docking program Hex 6.3
(Ritchie et al., 2008). The pdb file of tamiflu was
retrieved from http://www-
jmg.ch.cam.ac.uk/data/molecules/misc/tamiflu.ht
ml for docking study. Regularization is a
procedure for fitting a protein model with the
ideal covalent geometry of residues to the atomic
positions of the target PDB structure (Ritchie et
al., 2008). Based on the energy minimization the
best pose of the docked complex was selected.

Results and Discussion

In this study the 3D structure of Hemagglutinin
[Influenza A virus
(A/Cambodia/U306/2010(HIN1))] protein
[AEN68928] was built by homology modeling
based on the PDB file obtained from 3D
JIGSAW by using UCSF Chimera software. The

secondary structure of AEN68928.pdb has 9 a
helix and 17 B sheets (Fig. 1).

A virus

Fig.l: Ribbon diagram of
(A/Cambodia/U306/2010(HINT)). {AEN68928} designed by using UCSF
Chimera.

Hemagelutinin  [Influenza

hemagglutinin

>0i|345098955|gb|AEN68928.1|
A virus

[Influenza
(A/Cambodia/U306/2010(HIN1))]
MKAILVVLLYTFATANADTLCIGYHANNST
DTVDTVLEKNVTVTHSVNLLEDKHNGKLC
KLRGVAPLHLGKCNIAGWILGNPECESLST
ASSWSYIVETSSSDNGTCYPGDFIDYEELRE
QLSSVSSFERFEIFPKTSSWPNHDSNKGVTA
ACPHAGAKSFYKNLIWLVKKGNSYPKLSK
SYINDKGKEVLVLWGIHHPSTSADQQSLYQ
NADAYVFVGTSRYSKKFKPEIAIRPKVRDQ
EGRMNYYWTLVEPGDKITFEATGNLVVPR
YAFAMERNAGSGIIISDTPVHDCNTTCQTPK
GAINTSLPFQNIHPITIGKCPKYVKSTKLRLA
TGLRNVPSIQSRGLFGAIAGFIEGGWTGMV
DGWYGYHHQNEQGSGYAADLKSTQNAID
KITNKVNSVIEKMNTQFTAVGKEFNHLEKR
IENLNKKVDDGFLDIWTYNAELLVLLENER
TLDYHDSNVKNLYEKVRSQLKNNAKEIGN
GCFEFYHKCDNTCMESVKNGTYDYPKYSE
EAKLNREEINGVKLESTRIYQILAIYSTVASS
LVLVVSLGAISFWMCSNGSLQCRICI.

Fig. 2: Verified 3D graph of Hemagatutinin [[nfluenza A virus A/Cambodia 306/2010(HINL))], protein
[AEN63928].

Profile score above zero in the Verify 3D graph
(Bowie et al., 1991; Luthy et al., 1992)
corresponds to acceptable environment of the
model. The high score of 0.77 indicates that
environment profile of the model is good (Fig. 2).
The high score for homologous 2WR3 was 0.78.

By the BLAST search, we selected the closest
homologue of AEN68928, was 2WR3 (Influenza
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H2 Duck Ontario Hemagglutinin with Avian
Receptor) with the highest sequence identity of
63%, Positives 79% and gaps 1%.

The Ramachandran plot contributes to the final
values of AEN68928.pdb protein e.g., 86.7% of

Table-1: Results summary of the Ramachandran plot

residues comes in the most favoured regions,
9.4% residues in allowed region and 3.8 %
residues in outlier regions (Table 1, Fig. 3a).
Non-proline residues, non-glycine residue
regions were 98.0% and most disallowed regions
were 2.0% in the plot (Fig. 3b).

Accession No. Protein Virus Strain Residues in Residues in Residues in
favoured allowed regions outlier
regions % % regions %
AEN68928 pdb  Hemagglutinin [Influenza A virus 86.7 0.4 3.8
A/Cambodia/
U306/2010(HIN1)]
2WR3.pdb Hemagglutinin = Influenza H2 Duck 91.1 6.8 2.1
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i il . Giyeine
. o s
w1 * lﬂ' \ i . |
o [ pdisin
S i : i
L .
i wemaen L 3 LB u SRR e L
: - ey 51 u
.- i ’ st
Sk E o el -
Voo .-_:4'...'_';.'_‘.;‘. — = e Piab Prokna s
.‘.-l‘.:{;“'.._ L -.'- o l:-
Gl %&' -
.0 ;
.o S
A = .o W 16
-
Ca
v
- AL -
. J 2
g 2N m 3 H | . L R - . .0
° PO —
P—
BED  Ganeral Fre: ProPuokne Favoursd Geenasr ah Pro-FroProkne Allowed Praboin M
- Gilpeine Favourad Glycine Allowed Frosk e Ay

[a]

Fig.3: (a) Ramachandran plot of 3D model of Hemagglutinin [Influenza A wvirus
A/Cambodia/U306/2010(HIN1))], protein [AEN68928], (b) Non-proline residues and non-

glycine residue regions

Table - 2: Predicted binding site amino acids for AEN68928.pdb

Residues Amino acid Contact Av distance JS Divergence
236 Lys 6 0.14 0.79
239 Asp 10 0.40 0.69
240 Gln 12 0.03 0.89

A good quality Ramachandran plot has over 90%
in the most favoured regions (Xiao et al., 2004)
but the Ramachandran plot of AEN68928.pdb
has only 86.7% of residues in the most favoured
regions therefore it is near to good quality model
(Table -1).Homologous 2WR3 has 91.1%
residues in most favoured regions therefore
2WR3 is more stable than AEN68928.pdb. Lys,

Asp and GIn were identified as binding site
amino acids (Table-2) that may be interact with
tamiflu (ligand).

Docking used to identify possible binding modes
for a ligand (Morris and Lim-Wilby, 2008). The
binding sites exhibit chemical specificity and
ligand affinity measure strength of the chemical
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bond (Balakrishnan et al., 2010). The binding site
for AEN68928.pdb protein model was predicted
using Hex 6.3.

The Etotal, Eshape and Eforce values for the
model were -223.7, -223.7 and 0.0. Best start

Fig. 4: Tllustration of spherical harmonic surfaces to order L = 12 for the

orientation was alpha 26 (E = -837.42) was at
17007/1312704 (Emin = -223.90, Emax = -
187.21). On the basis of the RMS and energy
values the best docking orientation was selected.
The better RMS value of docking was -1.00.

AEN68928.pdb protein domain and Tamiflu. Illustration of the
AEN68928.pdb protein (Receptor) and Tamiflu (Ligand) complex shown
as contoured Gaussian density surfaces and coloured by chain colour.

Table -3: Binding site model Hemagglutinin protein

Pocket/ Polar | Apolar | Primary | Primary | Typical | Typical | Average | Surface Triangles
Contouring | probe | probe | surface: | surface: | edge edge radius | area Min | Max | Ave
surface for: Area Volume | arc length | (&) (&)
&)
ACZ06249 | 0.00A | 0.00A | 937581 | 1032629 | 462° 031 391 21156 | 0.21 | 2465 | 2.17
Temiflu | 0.00A | 0.00A | 297.15 298.23 462° 042 4.11 351.00 | 027 | 3233|163

Fig. 4 illustrate spherical harmonic surfaces to
order L=12 for the AEN68928.pdb and
Tamiflu.pdb. Illustration of the AEN68928.pdb
and Tamiflu.pdb complex shown as contoured
Gaussian density surfaces and background modes
(Fig. 4). These docking results suggest that the
tamiflu interact with the AEN68928.pdb of
HINI and inhibit the infection in host cells. The
binding pocket values for AEN68928.pdb protein
model were predicted by using Hex 6.3. The
predicted two pockets by the software with
different primary surface area and volume
showed (Table -3).

A few amino acids were found to be conserved in
AEN68928.pdb, that forming the binding cavity
for the Tamiflu (Table-2). Interaction of

AEN68928.pdb with Tamiflu, stop different
function that carryout by this protein in infected
host cell and this leads to inhibit HIN1 infection.

Conclusion

The summary, provide sequence analysis and
structural ~ modeling,  docking  of  the
Hemagglutinin of the HIN1 swine flu outbreak.
Homology modeling results suggest that
AEN68928.pdb is a stable protein and protein
[AEN68928] - ligand [Tamiflu] docking results
may allows expanding the number of other HIN1
protein analysis. Information obtain by this study
will be used in screening of other inhibitors of
the HINI protein and can be further applied for
in silico drug design.
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