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The hemagglutinin (HA), the major envelope glycoprotein of influenza, plays an important
role during the early stage of infection, and changes in the HA gene prior to the emergence of
pathogenic avian influenza viruses. The HA protein controls viral entry through membrane
fusion of the viral envelope with the host cell membrane and allows the genetic information
released to initiate new virus synthesis. Sharp antigenic variation of HA remains the critical
challenge to the development of effective vaccines. Therefore, we highlight the role of HA in
need of review: structure of HA, the fusion process and the HA receptor binding specificity
in interspecies transmission and the impact of multiple mutations at antigenic sites and host
antibodies to the parental virus, and the host susceptibility to productive infection by the drift
strains.
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1. Introduction

the most important protein of influenza virus that it encoded by
gene segment 4 of influenza virus gene[2].

The genome of influenza viruses is composed of eight

HA
Neuraminidase

segments, which encode at least 10 different viral proteins. The
structural proteins are hemagglutinin (HA), neuraminidase, and
membrane ion channel. The internal proteins are matrix protein

Genome
segments
4

6

7 5

1

Ion channel
2

3 8

Lipid envelope

and nucleoprotein. The RNA polymerization complex consists
Matrix

of polymerase basic protein (PB) 1, PB 2 and polymerase acidic
protein[1]. The non-structural (NS) proteins (NS1) and (NS2), are

RNA
Nucleoprotein

collectively known as nuclear export protein (Figure 1). HA is

PB1, PB2, PA
Transcriptase complex
NEP non-structural
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Interferon antagonist NS1 is expressed within the
cell and is not present in the virion.

Figure 1. Structural proteins in the mature virion.
PA: Polymerase acidic protein; NEP: Nuclear export protein.

To date, 16 HA (1–16) subtypes have been detected in aquatic
birds and poultry[3]. The first critical step in viral infection is
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attachment of the virus HA protein to the host cell receptor,

in a process called antigenic drift. Finally, multiple mutations at

The HA gene is the initial determinant of

antigenic sites may lead to a virus strain that is no longer effectively

high pathogenicity in hosts. The cleavage of the HA into the HA1

neutralized by host antibodies to the parental virus, and the host can

and HA2 proteins is critical for the virus to be infectious and produce

be also susceptible to productive infection by the drift strain[9-14].

including sialic

acid[2].

multiple cycles of replication[4].
The HA receptor binding specificity is changed early after

3. Virus attachment

interspecies transmission of an aquatic birds virus to humans and
pigs and, therefore, may be a requisite for the highly effective

The HA proteins control fusion of the viral envelop with the host

replication and spread which are characterized by epidemic strains[5].

cell membrane and allow the genetic information released to initiate
new virus synthesis. The highly conserved HA fusion peptide also
mediates this process[15].

2. Structure

The fusion peptide exists on the HA2 region of the mature protein
The crystal structure of HA molecule is a trimer that consists of

and exposes on further cleavage into HA1 and HA2 subunits

two structurally different regions: a stem, a triple-stranded coiled-coil

(Figure 3). After the virus particles go in an endocytic vesicle by

of α-helices, and a globular head of antiparallel β-sheet, positioned

endocytosis and the pH is decreased, the HA2 undergoes a striking

atop the stem (Figure 2)[4]. The head is composed of the sialic acid

conformational change that brings the fusion peptide close to the

receptor binding site that is surrounded by the predicted antigenic

vesicle membrane, allowing fusion and extrusion of the contents into

variation determinants and these sites are designated by A, B, C, and

the cellular cytoplasm. Therefore, cleavage of the HA polyprotein is

D in the H3 subtype, while for H1 subtype, sites are designated by

critical for the exposure of the fusion peptide and the released fusion

Sa, Sb, Ca1, Ca2, and Cb[4].

peptide is utterly crucial for the initiation of infection. Influenza

A

viruses identify N-acetylneuraminic acid on the host cell surface.

B

Sialic acids are nine-carbon acidic monosaccharide usually found
at the terminal of many glycoconjugates. Thus, they are ubiquitous
in many cell types and in many species of animal. The carbon-2
of the terminal sialic acid can attach to the carbon-3 or carbon-6
of galactose, forming α-2, 3- or α-2, 6-linkages; these distinct
linkages lead to a unique steric configurations of the terminal sialic
acid (Figure 4). The HA spikes on the surface of influenza viruses
distinguished and bound to the sialic acid moiety, which have a
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preferentially specificity for α-2, 3- or α-2, 6-linkages. In human
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tracheal epithelial cells, α-2, 6-linkages are prevalent, while α-2,
3-linkages are most common in gut epithelium of duck. Sialic acids
with terminal α-2, 3-linkages are also presented in human respiratory
epithelium, however, they are less abundant than those with α-2,

5

6-linkages[16-18]. Consequently, avian influenza viruses can involve
HA0

N
C

HA

N

humans and other primates are less efficiently involved than human

Figure 2. Structure of the precursor (R239Q HA0s) cleavage site before

strains[19,20].

and after cleavage[6].

A

B

During virus replication, influenza virus HA, biosynthetic
precursor HA0 is cleaved by serine proteases into HA1 and HA2 and
this post-translational modification is essential for viral infectivity.
The HA2 portion of HA molecule is assumed to mediate the viral
envelope fusion with host cell membranes, while the HA1 portion

N-terminal
HA2
HA1
C-terminal

contains the antigenic and receptor binding sites[7,8]. Antibodies
against HA can neutralize the virus infectivity, so virus strains evolve
frequent amino acid alterations at the antigenic sites; however, the
stem-head region of the HA molecule remains conserved between
subtypes and strains. The accumulation of minor changes is involved

Figure 3. A surface cavity in HA0 adjacent to the cleavage site filled by
the fusion peptide after cleavage[21].
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6. Receptor-binding specificity of the HA protein
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A comparison of complete amino acid sequences of influenza A
viruses in various hosts indicated six amino acids in the HA receptorbinding site, which are highly conserved among avian viruses (138A,
190E, 194L, 225G, 226Q, and 228G) (Figure 5).
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Figure 4. In human tracheal epithelial cells.
α-2, and 6-linkages predominate, while α-2 and 3-linkages are more
common in duck.

Helix A
Helix B

4. Infectivity
The HA0 is a glycoprotein held in the viral envelope by a
trans membrane anchor sequence near its COOH terminus.
The cleavage of the HA0 results in the formation of HA1 and
HA2, disulfide bond-linked subunits, elimination of an arginine
residue, R329 , which separates them in the precursor [4] . The
newly generated amino terminal of HA2 is a nonpolar sequence
called the fusion peptide. Cleavage is necessary for infectivity as
it triggers the potential of the HA to undergo a low-pH-induced
and irreversible conformational modification in endosome
which plays an essential role for viral entrance by membrane
fusion [4,22-25]. Intracellular cleavage is associated with virus
pathogenicity and the inhibition of cleavage process presents a
target for antiviral drugs[26]. The conformation of the precursor
HA0 has stable state at low pH, whereas cleaved HA is apparently
metastable. Once cleaved, HA is sensitive to pH, undergoing an
irreversible conformational change at the low pH of endosomes
that is required for membrane fusion[15]. The low-pH-induced
conformation melts at a higher temperature than the original
conformation [27]. The low-pH-induced structural alteration is
a dramatic refolding of HA2 that both projects the N-terminal
fusion peptide 100 A° to the end of a long coiled-coil rod and
relocates the C-terminal anchor, by a fold-back mechanism, to the
same end of the rod-shaped molecule[28]. In the membrane fusion
process, this conformational change brings the target membraneinserted fusion peptide close to the trans membrane sequence
anchored in the virus membrane[29].

5. Precursor cleavage and pathogenicity
Pathogenic influenza virus strains cause anatomically localized
infections as a result of the restricted range of cells secreting a
protease that can cleave the HA0 precursor extracellularly [30].
Highly pathogenic avian strains, however, are cleaved by a family
of more widespread intracellular proteases, resulting in systemic
infections. This difference in pathogenicity is associated with
structural differences at the HA0 cleavage site: pathogenic strains
have inserts of basic amino acids at the site or other sequence
modifications in its vicinity [26]. A typical HA cleavage site for
low pathogenicity H9 subtype influenza A viruses has the amino
acid sequence (PARSSR/GLFG), where the actual cleavage point
is between the R (arginine) and G (glycine), with the R being
lost in the cleavage. The N-terminal region of the fusion peptide
includes the GLFG, which ultimately allows fusion with the host
membrane[31].

Fusion peptide

Figure 5. Diagram of an uncleaved hemagglutinin.
The head contained the sialic acid receptor-binding site, which was
surrounded by the five predicted antigenic sites (Sa, Sb, Ca1, Ca2, and
Cb). The stem comprised helices A and B and the fusion peptide[32].

The mutations in these positions have been identified as required
for adaptation of the avian virus HA to human hosts[33-35]. However,
the role of individual mutations at most of these positions in the
alteration of the HA receptor-binding properties were not clearly
well-defined. Both H2 and H3 human viruses experienced the same
substitutions, Q226L and G228S, with respect to the avian consensus
sequence[36-43]. The single mutation Q226L in the H3 human virus
HA changes its specificity from preferential Neu5Aca2-6Gal
recognition to preferential Neu5Aca2-3Gal binding[36-43]. Mutations
at position 228 of the human H3 HA have impact on HA binding
to erythrocytes[11,20]. However, the effects of such mutations on the
ability of the HA to recognize the type of Neu5Ac-Gal linkage were
not clearly identified. Notably, some H2N2 viruses isolated from
humans during the first year of the 1957 pandemic carry 228G as do
most avian viruses, as some avian H3 viruses include human 228S.
The receptor-binding properties of such atypical avian and human
viruses have not been characterized. Therefore, the contribution of
substitutions at position 228 to the adaptation of avian viruses to
human receptors remains unknown[17-20].
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