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Abstract

Purpose: Identification of protein functions of Influenza B virus to understand the biological processes and networks of the virus
which lead to novel way of diagnostics and vaccine designing. Methods: The protein sequences of Influenza B virus was
retrieved from NCBI and Swiss Protein Databank. Prediction and analysis of different protein function family of proteins of
Influenza B virus was done by the software, SVMProt, Support vector machine which classifies a protein into functional families
from its primary sequence based on physico-chemical properties of amino acids.Results: The studies from SVMProt on
Influenza B proteins suggest quite disparity of protein functions between structural and non-structural classes of proteins. ATP
Binding cassette is a protein function shared by both the classes of proteins. Functions performed exclusively by Structural
proteins are aptamer binding, these proteins belong to major facilitator family and transferases- transferring one carbon groups,
whereas non-structural proteins performs functions like nuclear receptor and zinc-binding.Discussion and Conclusion: Protein
function predictied by SVMProt is different for structural and non-structural protein of Influenza B virus, some of which may be
responsible for virulence or pathogenicity of the virus and others for replication of the virus in the host. Functional classification
of the proteins helps to facilitate the study of various biological processes and search for new therapeutic targets for vaccine
designing.

INTRODUCTION

Influenza B virus is exclusively a human pathogen. The only
other animal known to be susceptible to influenza B virus
infection is the seal [1]. The virus mutates at a rate 2–3 times

lower than Influenza A virus and consequently is genetically
less diverse, with only one influenza B virus serotype. As a
result of this lack of antigenic diversity, a degree of
immunity to influenza B is usually acquired at an early age.
However, influenza B mutates enough that immunity is not
lasting [2]. Influenza Type B viruses are not differentiated

into subtypes but several strains are known. The Influenza
Type B viruses can cause morbidity and mortality in
humans.[34]

The Influenza B virus capsid is enveloped while its virion
consists of an envelope, a matrix protein, a nucleoprotein
complex, a nucleocapsid, and a polymerase complex. It is
sometimes spherical and sometimes filamentous. It has
nearly 500 surface projections, which are made of
hemagglutinin and neuraminidase [5]. The influenza B virus

genome is 14648 nucleotides long and consists of eight
segments of linear negative-sense, single-stranded RNA .
The multipartite genome is encapsidated, each segment in a

separate nucleocapsid and the nucleocapsids are surrounded
by one envelope [5].

The influenza B virus genome consists of 8 separate
segments covered by the nucleocapsid protein. Together,
these build the ribonucleoprotein (RNP) and each segment
codes for a functionally important protein [6]. These proteins

are Polymerase B2 protein (PB2) , Polymerase B1 protein
(PB1) , Polymerase A protein (PA) ,Hemagglutinin (HA or
H) , Nucleocapsid protein (NP) ,Neuraminidase (NA or N) ,
Matrix protein (M): M1 and M2 proteins together constitute
the matrix protein. The matrix protein M2 (BM2) plays a
vital role in virus assembly. Non-structural protein NS1 and
NS2.

The RNA-dependent RNA polymerase of influenza virus is
composed of three viral P proteins (PB1, PB2, and PA) and
involved in both transcription and replication of the RNA
genome. The PB1 subunit plays a key role in both the
assembly of three P protein subunits and the catalytic
function of RNA polymerization. [7].

Hemagglutinin(HA) is a glycoprotein containing either 2 or
3 glycosylation sites. It spans the lipid membrane , HA
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serves as a receptor by binding to sialic acid (N-
acetylneuraminic acid) and have antigenic sites. Antigenic
drift occurs in HA.

The Nucleoprotein (NP) is translated from segment 5 and is
named after its major function, which is to bind and protect
RNA.. NP and RNA together constitute the RNP. NP
contains 498 residues and has a nuclear localization signal
that allows the protein to actively migrate to the nucleus.

Like HA, Neuraminidase (NA) is a glycoprotein, which is
also present as projections on the surface of the virus. The
NA molecule presents its main part at the outer surface of
the cell, spans the lipid layer. NA acts as an enzyme,
cleaving sialic acid from the HA molecule, from other NA
molecules and from glycoproteins and glycolipids at the cell
surface. It also serves as an important antigenic site, and in
addition, seems to be necessary for the penetration of the
virus through the mucin layer of the respiratory epithelium.
Antigenic drift can also occur in the NA.

Non-structural protein NS1 inhibit splicing of pre-mRNA
and is probably able to suppress the interferon response in
the virus-infected cells leading to unimpaired virus
production [8]. Whereas NS2 function is believed to be to

facilitate the transport of newly synthesized RNPs from the
nucleus to the cytoplasm to accelerate virus production [6].

Among the two structural protein M1 and BM2 , M1 forms a
coat inside the viral envelope. It binds to the viral RNA and
binding to ribonucleocapsids (RNPs) in nucleus seems to
inhibit viral transcription. The second structural protein
BM2 protein is a proton selective ion channel protein,
integral in the cell membrane of the influenza virus and also
plays a crucial role in the virus assembly of Influenza B
virus [9].

The purpose of the study is to classify the different Influenza
B virus proteins into protein functional families. SVMProt
used in the study assign certain functional properties to each
protein. Novel vaccine candidates can be prepared targeting
the functions of these proteins.

MATERIAL AND METHODS

RETRIEVAL OF THE PROTEIN SEQUENCES OF
INFLUENZA B VIRUS

The protein sequences of Influenza B virus was retrieved
from NCBI (www.ncbi.nlm.nih.gov) and Swiss Protein
Databank (http://us.expasy.org/sprot).

PREDICTION AND ANALYSIS OF PROTEIN
FAMILY FUNCTION

Prediction and analysis of different protein function family
of proteins of Influenza B virus was done by the software,
SVMProt [10], Support vector machine (SVM) which

classifies a protein into functional families from its primary
sequence based on physico-chemical properties of amino
acids. SVMProt shows a certain degree of capability for the
classification of distantly related proteins and homologous
proteins of different function and thus is used as a protein
function prediction tool that complements sequence
alignment methods .

SVMProt classification system is trained from representative
proteins of a number of functional families and seed proteins
of Pfam curated protein families. The protein functional
families included in SVMProt are families of enzymes from
BRENDA [11], G-protein coupled receptors from GPCRDB

[12], nuclear receptors from NucleaRDB [12], tyrosine

receptor kinases derived from NCBI [15], families of

channels and family of transporters from TCDB [13] and

LGICdb [14] and DNA- and RNA-binding proteins derived

from SWISS-PROT [16].

Scoring of SVM classification of proteins has been estimated
by a reliability index and its usefulness has been
demonstrated by statistical analysis [17]. R-Value is a scoring

function for estimating the accuracy of support vector
machine classification. It is defined as: where d is the
distance between the position of the vector of a classified
protein and the optimal separating hyperplane in the
hyperspace. P-Value is expected classification accuracy
(probability of correct classification). It is derived from the
statistical relationship between the R-value and actual
classification accuracy based on the analysis of 9,932
positive and 45,999 negative samples of proteins. As in the
case of all discriminative methods, the performance of
SVMProt classification can be measured by the quantity of
true positives (TP), true negatives (TN), false positives (FP),
false negatives (FN) and the overall accuracy

(Q) given below:

Q = TP + TN / TP + TN + FN + FP.

RESULT AND DISCUSSION

There has been no computational analysis done for the
proteins of Influenza B virus. The study assigns the role of
all the proteins of the virus. The functional analysis helps to
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specify the role of the proteins in the life cycle of the virus.
The protein function family prediction done by SVMProt is
given in the Table 1 for the proteins of Influenza B virus.

Figure 1

Table 1: SVMProt predicted protein function families for the
different proteins of Influenza B virus.

The study from SVMProt shows that three Polymerase PB1,
PB2, PA of Influenza B virus shows multiple functions in
which certain functions are shared by the three polymerases
and the other are performed individually by the three
subunits of polymerases. The common functions are
Transferases activity- transferring Phosphorous containing

groups, iron binding and zinc binding. Analysis of PB1
shows that it is metal binding, acts enzyme in
Oxidoreductases - acting on iron-sulfur proteins as donors
(78.4%), Lyases - Carbon-Carbon Lyases (71.3%). PB2 is
involved in mRNA capping (99%), enzyme for Hydrolases -
acting on Acid Anhydrides. The acidic subunit of
polymerase PA is all DNA binding (92.1%), it may also act
as Channels/Pores - Pore-forming toxins (proteins and
peptides) (58.6%).

Analysis of Hemagglutinin reveals it acts as envelope
protein (99.0%), transmembrane (92.1%), that it is involved
in manganese-binding (65.4%), all lipid binding (65.2%),
Copper-binding (58.6%), lyases - carbon-carbon lyases.
Nucleoprotein is metal binding, iron binding, Transferases -
transferring phosphorus-containing groups, Transferases –
acyltransferases.

The influenza B virus NB glycoprotein is abundantly
expressed at the surface of virus-infected cells.NB spans the
membrane once and has an 18 amino acid ectodomain, a 22
amino acid transmembrane domain, and a 60 amino acid
cytoplasmic tail [18].The functional analysis by SVMProt

also reveals it as transmembrane protein (90.3%). NB is
mRNA-binding protein (58.6%)and involved in
Channels/Pores - alpha-type channels (68.5%). SVMProt
analysis Neuraminidase to be transmembrane protein
(96.1%) with metal binding(65.4%), calcium binding
(62.2%), magnesium binding properties (58.6%).

Matrix protein M1 is classified as structural protein (99.0%)
having enzymatic activity of Transferases - transferring
phosphorus-containing groups, Transferases - transferring
one-carbon groups. Whereas matrix protein BM2 is
transmembrane protein (65.4%) which is all lipid binding,
metal binding, aptamer binding and have ATP -binding
cassette (ABC) family. Non-structural protein NS2 acts a
nuclear receptor and shows zinc- binding property. Protein
family predicted by SVMProt shows Nonstructural and
structural protein are different just share one common
function of ATP -binding cassette (ABC) family.

From the above analysis it is evident that there is network of
functions performed by Influenza B virus which accounts for
the replication of the virus in the host and the virulence and
pathogenesis of the virus. Knowing the biological function
and the processes would help to understand the biology of
the virus which will lead for better diagnostics and vaccine
development.
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