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ABSTRACT

Influenza A Viruses are the most virulent human pathogens among the three influenza types (Influenza A, B, C) and cause the most
severe disease. The influenza A virus are subdivided into different serotypes based on the antibody response to these viruses and they
resulted in many number of human pandemic deaths. The known flu pandemics are from 1918 Spanish flu, which is the serious
pandemic in recent history and the most recent one was the 2009 flu pandemic. In each of the pandemics, different subtypes of H &
N of Influenza A virus strain are involved. The process of antigenic shift in between species as well subtype combinations are leading
to the novel strains which are highly virulent. As the subtypes are based on two important proteins viz. Hemagglutinin and
Neuraminidase (H&N), our focus is to identify the amino acid changes/mutations in the epitopes of H1-H16 and N1-N9 strains
which are evolved through time. The epitopic regions are predicted using Immune Epitope DataBase, and the predicted epitopic
peptide is modeled using the CPH modeling server and each of the modeled epitope(s) are subjected to structural stability analysis
using Hyperchem program. Epitope modeling and energy value comparison studies of Influenza A Virus epitopes showed that recent
(2010) strains - H5 and N6 are possessing higher energies indicating their instability and thereby are more prone to mutations and
may become highly pathogenic (virulent) in the near future than the earlier H1 and N1 strains.
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proposed to be a disease related to human influenza during the

INTRODUCTION

1918 flu pandemic [4]. The key proteins involved in causing the

Influenza viruses are classified into three types (species), A, B flu are hemagglutinin (H) and/or neuraminidase (N) [5]. As flu

and C, on the basis of identity of the major internal protein viruses are more prone to mutations, there were gradual

antigens such as nucleoprotein (NP) and matrix proteins (M1). changes introduced in the proteins of H & N leading 16

Influenza A viruses are the most virulent of the three and cause numbers of H subtypes (H1-16) and 9 numbers of N subtypes
(N1-9). Among those subtypes the HIN1 form of swine flu,

one of the descendants of the strain which caused the 1918 flu

severe and fatal acute respiratory disease, which is epidemic and
sometimes worldwide pandemic [1, 2]. Influenza A viruses have

been isolated from humans and various animals, including pigs, pandemic [6, 7]. Avian influenza viruses in aquatic birds serve

horses, sea mammals such as seals and whales, wild waterfowl,

including ducks, and poultry [3]. Swine influenza was first
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as the natural reservoir for all known subtypes of influenza A
virus and probably are the ultimate source of human pandemic
influenza strains [8]. The objective of the current study is to
identify the mutations in the predicted epitopic regions of
hemagglutin (H1-H16) & Neuraminidase (N1-N9) subtypes of
Influenza A virus and to analyze the epitopic structural stability
through Epitope modeling studies. Hence to perform epitope

analysis, we have employed Immunoinformatic resources which
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include searchable databases of epitopes and immune-related
molecules, as well analysis tools for T cell and B cell epitope

prediction [9].

METHODS

Retrieving the Protein Sequences of Influenza A Virus (H1-
H16) & (N1-N9) using Swiss-Prot Database:

Swiss-Prot is a high-quality, manually annotated, non-redundant
protein sequence database. It combines information extracted
from scientific literature and biocurator-evaluated
computational analysis [10]. The protein sequences of both
hemagglutinin (H1-H16) and neuraminidase (N1-N9) subtypes
of first isolated in the year of nineties to the recent (upto 2010)
are comparatively searched in swiss-prot database and found
that only H1, H3, H5 and N1, N2, N6 subtypes are evolved
through various mutations continuously till 2010 year. The
protein sequences of first isolated and recent isolated subtypes
of hemagglutinin (H1, H3, H5) and neuraminidase (N1, N2,
N6) are retrieved for further analysis.

T-cell Epitope Prediction Using IEDB Database:

The Immune Epitope Database and Analysis Resource (IEDB)
contains data related to antibody and T cell epitopes for
humans, non-human primates, rodents, and other animal
species [9]. The Protein sequences retrieved from Swiss-Prot
Database were submitted to IEDB which gives the Epitope
sequences (9 aminoacids length each) with Percentile Scores.
The Epitope Sequences with Low Percentile Scores were
selected since they are Good Binders and have High Affinity for
MHC Class I molecules.

Tertiary structure prediction using CPH Model Server:

CPH models-3.0 is a web-server predicting protein 3D-structure
by use of single template homology modeling. The server
employs a hybrid of the scoring functions of CPH models-2.0
and a novel remote homology-modeling algorithm [11]. The
Epitope Sequences obtained using IEDB were submitted to
CPH Model which gives the PDB model for the submitted

Epitope sequences.

VRI Bioinfo & Proteo 2014; Volume 2 (Issue 1): Pages 15-20

Comparative Single Point Energy Computation Studies of
Influenza A Virus subtypes (H1, H3, H6) and (N1, N2, N6)
Epitopes using HyperChem:

HyperChem is a powerful computational software package that
is capable of examining potential energy surfaces of molecules.
HyperChem can perform an energy minimization or geometry
optimization of a molecule using a variety of computational
methods [7, 12]. The PDB models of the Epitope sequences
downloaded from CPH Model were uploaded in HyperChem
for the single point energy calculations each epitope sequence.

Construction of Phylogenetic tree using MEGA:

Molecular Evolutionary Genetic Analysis is an integrated tool
for conducting automatic and manual sequence alignment,
inferring phylogenetic trees, mining web-based databases,
estimating rates of molecular evolution, inferring ancestral
sequences, and testing evolutionary hypotheses [13]. All the
Protein sequences of Hemagglutinin (H1-H16) and
Neuraminidase (N1-N9) previously retrieved from Swiss-Prot
Database were subjected to MEGA which constructs
Phylogenetic Tree.

RESULTS AND DISCUSSION

Prediction of Epitope regions in Hemagglutinin &
Neuraminidase subtypes: The protein sequences of both
Hemagglutinin and Neuraminidase subtype(s) are subjected to
Tecell epitope prediction analysis using IEDB. The sequences
information are given in the Table 1 & 2. The epitope regions
are predicted on the basis of IC50 values for respective alleles.
Low IC50 values are good binders. The epitopes which are
having low IC50 values are chosen for epitope mutation
analysis. From results of the IEDB analysis which are tabulated
in the Table 3 & 4, it can be inferred that the change in
sequence patterns of the epitopic regions of all the subtypes of
the first isolate and recent isolate strains are differing, which
suggests a residue specific antigenic shift. The change in the
residues / epitope sequence mutations of the first isolate and
recent (2010) isolate subtypes are indicated in red-colored bold.
The percentile indicates the prediction score of the epitope
sequence/region. Many different epitopic regions are predicted

Table 1: Hemagglutinin protein sequences retrieved from Swiss-prot database

Recent (2010) strains were found only for H1, H3, and H5 subtypes

Strain  Year Accession Organism Length
Subtype Number (AA)

H1 1918  Q9WFX3 Influenza A virus (strain A/Brevig Mission/1/1918 HIN1) 566
2010  EOV1GO Influenza A virus (A/Egypt/N00277/2010(HIN1))

H3 1963 P03442  Influenza A virus (strain A/Duck/Ukraine/1/1963 H3NS) 566
2010  EITXU6 Influenza A virus (A/Managua/4009.02/2010(H3N2))

HS 1959  P09345 Influenza A virus (strain A/Chicken/Scotland/1959 H5N1) 564
2010 E1B535  Influenza A virus (A/duck/Egypt/106d/2010(H5N1)) 567
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using IEDB database, among those the lowest percentile based
epitope region is considered as it is the good binder to the
MHC molecules for antigen presentation. The percentile scores
for the predicted epitopes in Haemaglutinin (recent-2010) H1,
H3 & H5 subtypes are 0.15, 0.30 & 0.10 and for Neuraminidase
(recent 2010) N1, N2 & N6 are 0.20, 43.95 & 0.60 respectively.

Comparative Energy Profile analysis of Epitope & Phylogeny
of H & N Subtypes:

Using Hyperchem, the Single Point Energy computation for H
& N subtypes are performed. The energy values are tabulated in
the Table 3 & 4. The highest energy among the first isolate/
older strains and recent strains is exhibited by H5 subtype i.e.,
556.99 kcal/mol, followed by H1 subtype. Although there is an
increase in the energy of 2010-H3 subtype but comparatively the
energy profile of H5 and H1 recent subtypes/strains are greater
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indicating the instability of the mutation which may leads to
further rapid frame shift mutation in the sequence. From the
obtained percentile scores, it can be further inferred that the
recent H5 strain epitopic region is a good binder to the MHC
molecules comparatively with the other HI & H3 strains.
The Phylogenetic Analysis (Figure 1) further supports the
inference as the H5 and H1 subtypes/strains are clustered

together than the H3 subtype.

In the case of Neuraminidase subtypes, the subtype N2 recent
(2010) isolate is exhibiting the highest energy i.e., 145.93 kcal/
mol among the other subtypes but the predicted epitope
percentile score is 43.95, which is comparatively very higher
than N1 & N6 subtypes and hence it can be inferred that it is a
poor binder to the MHC molecule for the antigenic
presentation. Hence, by considering the lowest percentile score

Table 2: Neuraminidase protein sequences retrieved from Swiss-prot database

Recent (2010) strains were found only for N1, N1, and N6 subtypes

P03470 | Influenza A virus (strain A/Wilson-Smith/1933 HIN1)
M 2010 | EOUYR?7 | Influenza A virus (A/Athens/INS390/2010(HIN1)) 469
1957 | QIK9Q1 | Influenza A virus (strain A/Japan/305/1957 H2N2)
i 2010 | EITXS7 | Influenza A virus (A/Managua/4763.03/2010(H3N2)) 7
1956 | Q6XV27 | Influenza A virus (strain A/Duck/England/1/1956 H11N6)
e 2010 | D7UT70 | Influenza A virus (A/duck/Vietnam/OIE-2334/2010(H9N6)) 70

Table 3: [EDB results of Peptide Binding to MHC Class [ Molecules and Identified Mutations in Epitopes of Haemagglutin (H1, H3,
H5 subtypes) and Single point Energy obtained from HyperChem

@
Press

Hl1 1918 Q9WEFX3 1:358-366 WTGMIDGWY 0.15 553.89
2010 EOV1GO  1:358-366 WTGMVDGWY 0.15 551.93
H3 1963 P03442 1:106-114 RSNAFSNCY 0.30 56.56
2010 EITXU6 1:106-114 RSKAYSNCY 1.15 505.56
H5 1959 P09345 1:15-23 KSDQICIGY 0.10 556.99
2010  E1B535 1:15-23 KSDQICIGY 0.10 556.99
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of 0.60 for N6 subtype and the single point energy value of
144.06 kcal/mol it can be deduced that the N6-2010 subtype is
unstable form in nature and can led to further mutations in the
future at the same epitopic region. The comparative changes in
the N2 subtype epitopic residues in both the 1957 & 2010
isolates are very clear indication for the instability in the year of
1957 which is involved of five amino acid residue mutations,
which resulted in higher energy profile of single point
calculation.  The Phylogenetic Analysis (Figure 2) further
supports the inference as the N6 and N2 subtypes/strains are
clustered closer than the N1 subtype.
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GONGLUSIONS

Due to the mutations occurring in the Epitope Positions of
Old and Recent 2010 strains of Hemagglutinin and
Neuraminidase proteins, there are changes in the Energy Levels
as well. From the Energy Comparisons, it is apparent that
among the Recent 2010 strains, H5 and N6 are possessing
higher energies indicating instability of the sequence/structure
conformations, by which we can infer that the mutations
possessing pathogenicity (Virulence) in the future evolving
strains is comparatively higher than H1 and N1 subtypes/

Table 4: IEDB results of Peptide Binding to MHC Class I Molecules and Identified Mutations in Epitopes of Neuraminidase (N1,
N2, N6 subtypes) and Single point Energy obtained from HyperChem

1933 P03470 1:288-296  VSFDQNLDY 0.20 119.08
2010 EOUYR7 1:304-312 VSFNQNLEY 0.20 93.85
N2 1957 Q1K9Q1 1:302-310 VIDINMEDY 0.25 583.33
2010  E1TXS7  1:302-310 IVDINIKDH 43.95 145.93
N6 1956  Q6XV27  1:384-392 ETDIQSGPI 1.15 120.29
2010 D7UT70 1:384-392 ETDTQSGPV 0.60 144.06

Figure 1: Phylogeny of Influenza A Virus - Hemagglutinin (H1-H16) using Maximium Likelihood Method
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strains respectively. The currently available vaccination for
highly variable Influenza virus is of seasonal type consisting of
antigens representing trivalent vaccine or quadrivalent vaccine
influenza virus strains with the combinations such as: one
influenza type A subtype HIN1 virus strain, another influenza
type A subtype H3N2 virus strain, and either one or two
influenza type B virus strains. As there is no vaccine still under
development for the other subtypes of virus strains such as H5
& N6, our studies can be helpful in understanding the
mutational rate of the Haemagglutinin & Neuraminidase
proteins and the strains variability leading to highly pathogenic
future outbreak of the Influenza pandemics.
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