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Abstract. Malaysia first reported H5N1 poultry case in 2004 and subsequently outbreak in
poultry population in 2007. Here, a recombinant gene encoding of peptide epitopes, consisting
fragments of HA1, HA2 and a polybasic cleavage site of H5N1 strain Malaysia, was amplified
and cloned into pET-47b(+) bacterial expression vector. DNA sequencing and alignment
analysis confirmed that the gene had no alteration and in-frame to the vector. Then, His-
tagged truncated HA protein was expressed in Escherichia coli BL21 (DE3) under 1 mM IPTG
induction. The protein expression was optimized under a time-course induction study and
further purified using Ni-NTA agarose under reducing condition. Migration size of protein was
detected at 15 kDa by Western blot using anti-His tag monoclonal antibody and demonstrated
no discrepancy compared to its calculated molecular weight.

INTRODUCTION

Influenza type A virus is a member of the
Orthomyxoviridae family which consists of
single-stranded eight-segment negative-
sense genomic RNAs that encoding for 10
proteins, including two major antigenic
surface proteins: haemagglutinin (HA) and
neuraminidase (NA). HA functions as the
surface glycoprotein of virus particles that is
capable to bind to sialic acid cell surface
receptors (Wiley & Skehel, 1987), while the
NA protein facilitates the mobility of virions
by removing sialic acid residues from the
viral HA during entry and release from cells
(Palese et al., 1974; Lamb & Choppin, 1983;
Els et al., 1989). Based on their antigenic
characteristics of HA and NA envelope
glycoprotein, influenza A viruses are further
classified into 16 HA subtypes and 9 NA
subtypes (Horimoto & Kawaoka, 2005).

Highly pathogenic avian influenza (HPAI)
viruses are restricted to H5 and H7 subtypes
because these subtypes are capable to mutate

into HPAI and cause severe respiratory
disease and high mortality in poultry
populations (Alexander, 2000). HPAI H5N1
was the main virus caused outbreak in poultry
and reported human fatality in Hong Kong in
1997. However, Malaysia (peninsular) first
reported H5N1 poultry cases in August 2004.
In February 2006, Malaysia reported another
H5N1 case in a free-range poultry (Yee et

al., 2009) and first outbreak in poultry in
2007 (WHO, 2011).

Effective vaccination against H5N1 is
generally considered an important first-line
tool to reduce influenza virus morbidity and
mortality. However, the development of H5N1
vaccines using the embryonated egg-based
method is technically complicated and
requires high biosafety facilities (Lin et al.,
2011). Therefore, several approaches have
been developed as the alternatives (Lin et al.,
2008; Wei et al., 2008; Shoji et al., 2009). One
of them is the recombinant protein expression
in Escherichia coli, which is simple, fast, cost-
effective, robust with the maximal amount
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yielded, and has been used in several H5N1
studies (Shen et al., 2008; Biesova et al.,
2009; Chiu et al., 2009; Khurana et al., 2011).
In this study, we present the methods of
construction, expression and purification
of the truncated HA protein from H5N1
Malaysia strain in bacterial expression
system, E. coli. HA, a major “antigenic
change” envelope protein, is the primary
target for neutralizing antibodies and
therefore becomes the main focus of
influenza vaccines development (Wei et al.,
2012; Kanekiyo et al., 2013; Dilillo et al.,
2014). Recently, Herfst et al. (2012) shows
that only four amino acid substitutions in the
hemagglutinin, and one in the polymerase
basic 2, are capable to transform H5N1 virus
be airborne transmitted between ferrets.
Remarkably, the influenza virus strain
A/Indonesia/5/2005 from our neighbour
was selected in their study as concerns
this virus could initiate a pandemic (Herfst
et al., 2012).

MATERIALS AND METHODS

Amplification and construction of

truncated HA gene

To construct the truncated HA gene, the
forward primer: GTCGACAGGCCTA
GGAGCTACA and the reverse primer:
AAGCTTAGGCCTTTCTTCTGAA (First
base, Malaysia) were used to amplify the
DNA from our lab collection plasmid
pCR®-TOPO®2.1~HANA, which carries the
fusion of truncated haemagglutinin (HA)
(NCBI GenBank accession number:
DQ320934.1) and neuraminidase (NA) gene,
by a standard polymerase chain reaction
(PCR) using recombinant Taq DNA
polymerase (Fermentas, USA). SalI and
HindIII excision sites were indicated in
boldface letters for forward primer and
reverse primer, respectively. The amplified
DNA fragments were cloned into pCR®2.1-
TOPO® vector (Invitrogen, USA), and then
chemically transformed into E. coli strain
TOP10 cells on selected LB agar plate
containing 50 µg/mL kanamycin and 40 mg/
mL X-gal. The selected clones were screened

by restriction analysis and verified by M13
forward and reverse DNA sequencing (First
base, Malaysia). The DNA fragments were
then excised at SalI and HindIII sites and in-
frame ligated to linearized pET-47b(+)
expression vector (Novagen, USA) using
T4 DNA ligase (Fermentas, USA), and
subsequently transformed into E. coli strain
BL21 (DE3).

Protein Expression and Optimization

Escherichia coli strain BL21 (DE3) cells
harbouring plasmids were streaked on
LB agar plate supplemented 150 µg/mL
kanamycin and cultured overnight at 37ºC. A
single colony of bacteria was inoculated into
10 mL LB broth and incubated agitating
overnight at 37ºC. The LB medium (10 mL)
was added with 100 µL overnight bacterial
culture and incubated agitating at 37ºC.
At an OD600 of ≈ 0.5, 1 mM of Isopropyl
β-D-1-thiogalactopyranoside (IPTG) at
final concentration was added to induce
the protein expression, and then continued
incubated agitating and collected at 0 hour,
0.5 hour, 1 hour, 2 hours and 3 hours,
respectively. The harvested cells were
washed three times with ice-cold PBS (2.7
mM KCl, 137 mM NaCl, pH 7.4) and lysed in
urea lysis buffer (7 M urea, 20 mM HEPES,
pH 7). The cells were frozen at -80ºC overnight
and vortexed vigorously. Supernatant was
collected after centrifugation at 9,000 x g for
30 minutes at 4ºC.

Stepwise protein elution

An amount of 600 µL of lysis buffer (7 M
urea, 100 mM NaH2PO4, 100 mM Tris-Cl, 300
mMNaCl, pH 8.0) was used to equilibrate Ni-
NTA Spin Column (QIAGEN, Germany) and
centrifuged for 2 min at 890 x g. Then, 600 µL
of the cleared lysate supernatant was loaded
onto a pre-equilibrated spin column and
centrifuged for 5 min at 270 x g. Flow through
was collected. The spin column was washed
with 200 µL of wash buffer (8 M urea, 100 mM
NaH2PO4, 100 mM Tris-Cl, 300 mMNaCl,
pH 8.0) containing 10 mM imidazole and
centrifuged for 2 min at 890 x g. The eluted
fraction was collected. The wash and
centrifugation steps were repeated with wash
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buffers containing 20, 30, 40 and 500 mM
imidazole, subsequently. All the collects were
analyzed by 12% SDS-PAGE.

Protein purification

A total amount of 6 mL bacterial cleared cell
lysate was loaded on 1 mL bed volume of pre-
equilibrated nickel-nitrilotriacetic acid
agarose, Ni-NTA (QIAGEN, Germany) and
flow through was collected. The column was
then washed with 10 mL wash buffer (30
mMimidazaole, 8 M urea, 100 mM NaH2PO4,
100 mM Tris-Cl, 300 mMNaCl, pH 8.0) and
wash fraction was collected. Purified protein
was eluted 4 times with 500 µL of elution
buffer (500 mM imidazole, 8 M urea, 100 mM
NaH2PO4, 100 mM Tris-Cl, 300mMNaCl,
pH 8.0) and all fractions were collected.

SDS-PAGE and Western blotting

Sample proteins were resolved on reducing
12% SDS-PAGE and then visualized after
Coomassie Brilliant Blue staining. For
Western blotting, the gel was transferred to
Immobilon P polyvinylidenedifluoride filter
(Millipore, USA) by semi-dry electroblotting
(Biorad, USA) for 1 h room temperature at 12
V. The membrane was then blocked with
blocking buffer [1x TBS, 0.5% (w/v) skimmed
milk, 0.1% (v/v) Tween 20] for 90 minutes
at room temperature under agitating. The
membrane was washed three times with
washing buffer [0.5% (v/v) Tween 20, 1 x TBS],
each for 10 minutes at room temperature. The
membrane was probed with an anti-6x His
tag® (ab18184) mouse monoclonal antibody
[His.H8] (Abcam, USA) for overnight at 4ºC
and washed again three times with washing
buffer. Then, the membrane was probed with
a goat anti-mouse antibody (sc-2005) (Santa
Cruz Biotechnology, USA) under agitating for
1 hour at room temperature, followed by three
times washing.  Image was developed using
ECL solution (Millipore, USA) and exposed
to Hyperfilm (Amersham, UK) varied for 1-
10 minutes, processed using Fuji medical film
processor (Fuji, Japan).

Silver Staining

After electrophoresis, the gel was removed
from the cassette and rinsed briefly with

ultrapure water. The staining protocol was
followed according to the manufacturer’s
instructions (SilverQuestTM Silver Staining
Kit, Invitrogen, USA).

Antibody Epitope Prediction Tools

Bepipred Linear Epitope Prediction tool
and Emini surface accessibility scale were
used to design the truncated HA protein.
Both tools can be accessed at http://tools.
immuneepitope.org/tools/bcell/iedb_input.

Pairwise sequence alignment

EMBOSS Needle was used to identify regions
of similarity of truncated HA gene in default
settings (available at: http://www.ebi.ac.uk/
Tools/psa/emboss_needle/nucleotide.html).

Protein molecular weight determination

Theoretical molecular weight of proteins was
computed using Compute pI/Mw tool from
ExPASy (available at: http://web.expasy.org/
compute_pi/). The apparent migration size
of proteins on 12% SDS-PAGE gel was
estimated and referred to the Spectra
multicolor broad range protein ladder or
PageRuler prestained protein ladder
(Fermentas, USA).

RESULTS

Amplification and construction of

truncated HA gene

Based on the HA gene fragment (A/chicken/
Malaysia/5858/2004(H5N1) (Figure 1 a), the
truncated form of HA gene was designed
and showed in Figure 1b. Amplification of
truncated HA gene derived from plasmid
pCR®2.1-TOPO®-HANA was performed using
a standard PCR. Our unpublished work
showed the amplification by a standard
PCR at 55ºC produced a specific band at
the size about 160 bp. Restriction analysis
of cloned HA gene in the expression vector
was shown in Figure 2. DNA sequencing
using T7 promoter and pairwise sequence
alignment analysis of this gene indicated that
the constructed truncated HA gene contained
no alteration.
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Figure 1. Schematic illustration of full-length HA protein and the truncated form.
(a) Primary structure of HA polypeptide: HA1 subunit, a polybasic cleavage site
(RERRRKKR) and HA2 subunit. (b) The 6x histidine-tagged truncated HA protein
and tailed by S•Tag

Figure 2. Digestion of pET-47b(+) expression
vector containing truncated HA gene by enzymes
SalI and HindIII. Lane 1: GeneRulerTM 1kb Plus
DNA Ladder (Fermentas, USA); Lane 2:
Undigested plasmid; Lane 3: Digested plasmid.
An arrow indicates the excised truncated HA
gene. Asterisk indicates the extra DNA band
resulted from the enzyme star activity

Optimizing expression of truncated HA

protein

Expression of truncated HA protein in E. coli

strain BL21 (DE3) was optimized through
small-scale time-course induction study
under induction of 1 mM IPTG at 37ºC. Visual

inspection of the apparent thickest band on
Western blot probed by anti-His tag antibody
was justified as a maximal protein yield.
Figure 3 showed a highest level expression
of truncated protein was obtained at 3 hours
of IPTG-induction at 37ºC. Anti-His tag mouse
monoclonal antibody was validated using a
cleared lysate of non-harbouring plasmid
E. coli strain BL21 (DE3) as a negative
control and zinc fingers of CTCF protein as a
positive control.

Protein Purification and Optimization

Purification of truncated HA proteins was
initially performed through a small-scale
stepwise protein elution study using Ni-NTA
spin column (QIAGEN, Germany). Our
data (Figure 4) demonstrated 6x histidine
tagged recombinant protein was eluted at
500 mM of imidazole. Thus, the large-scale
purification of truncated HA protein was
washed with 30mM imidazole and all purified
proteins were eluted at 500 mM imidazole
buffer. The purification of truncated HA
protein was resolved on 12% SDS-PAGE gel
and then stained with Coomassie Briliant
Blue (Figure 5) or more sensitive silver
staining (Figure 6).

Molecular weight and migration size

determination

Migration of denatured HA protein was
analyzed on reducing 12% SDS-PAGE and
probed by Western blot using anti-His-tag
antibody (Figure 3). The migration size of HA
protein was compared to its theoretical
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Figure 3. Time-course induction study in Escherichia coli

strain BL21 (DE3). Expression of truncated HA protein was
induced by 1 mM IPTG at final concentration and harvested
at 0 min, 30 min, 1 hour, 2 hours and 3 hours. Cleared cell
lysates containing the truncated protein were resolved on
12% gel and probed by Western blot using with anti-His tag
monoclonal antibody in 1:1000 dilution. BL21: cleared lysate
of non-harbouring plasmid E. coli strain BL21 (DE3); Zn-
CTCF: 70-kDa zinc fingers of CTCF protein. An arrow
indicates HA protein detected

Figure 4. 12% SDS-PAGE gel analysis of stepwise elution of truncated HA
protein. Protein was eluted with a stepwise gradient of 10-500 mM Imidazole.
Lane 1: Pre-stained protein ladder; Lane 2: Cleared lysate; Lane 3: Flow-
through fraction; Lane 4-8: Eluted fractions (10, 20, 30, 40, 500 mM imidazole,
respectively). Arrow indicates truncated HA protein
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Figure 5. 12% SDS-PAGE gel analysis of the large-scale truncated HA protein
purification. Lane 1: Pre-stained protein ladder; Lane 2: Cleared lysate; Lane 3:
Flow-through fraction; Lane 4: Wash fraction; Lane 5-8: Eluted fractions I-IV
(500 mM imidazole). Arrow indicates truncated HA protein

Figure 6. Silver staining of the truncated HA protein purification. Lane
1: Pre-stained protein ladder; Lane 2: Cleared lysate; Lane 3: Flow-
through fraction; Lane 4: Wash fraction; Lane 5-8: Eluted fractions I-IV
(500 mM imidazole). Arrow indicates truncated HA protein. Asterisk
indicates a degradation product of truncated HA protein

molecular weight and percentage of aberrant
migration calculated in Table 1. The
percentage of aberrant migration of HA
protein was calculated as following:

SDS–PAGE (kDa) – Theoretical (kDa)

% of Aberrant Migration =  x 100%
Theoretical (kDa)

DISCUSSION

Influenza A viruses can be classified into two
groups: low-pathogenicity (LPAI) and high-
pathogenicity (LPAI) viruses on the basis of
the virulence in chickens. The very virulent
HPAI viruses can cause mortality as high as



798

100%, whereas LPAI viruses cause a mild or
no symptoms (Alexander, 2000). HPAI viruses
differ from all other strains by possessing the
characteristics of polybasic amino acids
motif (-RXR/KR-) in their glycoprotein
haemagglutinin (Kaiyawet et al., 2013).
These polybasic amino acids are also termed
as the polybasic cleavage site because they
are recognized by the ubiquitous host
protease furin and cleaved by the
haemagglutinin precursor (HA0) to HA1 and
HA2 subunits.

Based on H5N1 Guangdong sublineage
(A/chicken/Malaysia/5858) (Chen et al.,
2006) partial cDNA fragment (GenBank:
DQ320934.1) analysis, we had identified that
the polybasic cleavage site (RERRRKKR)
was located at 338-346 amino acid residues
between HA1 and HA2 subunits (Figure 1a).
HA1 subunit functions mediating initial
contact with cell membrane, whereas HA2
subunit is responsible for membrane
fusion (Xu & Wilson, 2011). The activation of
cleaved HA undergoes a conformational
change and mediates the fusion of the virion
envelope with the endosomal membrane,
which is associated to virus pathogenicity
(Stieneke-Grober et al., 1992; Klenk & Garten,
1994). However, the HA2 is more conserved
and hydrophobic than the variable HA1. In
addition, HA2 is poor immunogenic to elicit
the neutralizing antibodies compared to
HA1 and the molecular reason behind this
poor immunogenicity is less clear (Rappuoli,
2011). On the other hand, the polybasic
cleavage site on HA is also highly conserved
among those highly pathogenic H5N1 viruses
and this polybasic peptide is an interesting
candidate as a universal vaccine for
influenza A viruses (Tsai et al., 2012). More

importantly, the acquisition of this artificial
polybasic HA cleavage site into LPAI non
H5/H7 is one of the several alterations that
are necessary for viruses to evolve into HPAI
viruses (Stech et al., 2009).

Since H5N1 virus is highly pathogenic
and requires a high level biosafety laboratory,
we opted to use one-step assembly PCR (Wu
et al., 2006) to generate a synthetic gene
(unpublished work) composed of a hybrid of
HA and NA based on their linear epitope using
Bepipred Linear Epitope Prediction tool
(Larsen et al., 2006) and surface accessibility
using Emini surface accessibility scale
(Emini et al., 1985). Assembly PCR is a
simple, rapid, high-fidelity and cost-effective
PCR-based DNA synthesis techniques (Xiong
et al., 2004). Bepipred Linear Epitope method
is a combination of the hidden Markov model
and the propensity scale methods to predict
linear B-cell epitopes (Larsen et al., 2006).
Emini surface accessibility is a comparative
surface features analysis between VPI
sequences of hepatitis A virus (HAV) and
poliovirus type I  to identify their probable
neutralizing antigenic sites (Emini et al.,
1985).

Thus, in this work, we isolated and cloned
the truncated HA gene (Figure 1b), which are
composed of peptide epitopes of HA1 and
HA2 subunits, and a polybasic cleavage site,
into pET-47b(+) downstream of powerful
T7 promoter. DNA sequencing and pairwise
alignment analysis confirmed that the cloned
gene contained no alteration and in-frame
to the expression vector. Subsequently, we
expressed the truncated HA protein in a
common workhorse E. coli strain BL21
(DE3) under IPTG induction. The small-scale
time-course induction study justified that

Table 1. The molecular weight determination of truncated HA protein. Theoretical molecular weight
of truncated HA protein was calculated from ExPASy compute pI/Mw tool and compared to the
apparent migration on 12% SDS-PAGE. Its discrepancy in migration is shown in percentage

Protein pI
Calculated molecular Migration on 12% Aberrant migration

weight* (kDa) SDS-PAGE (kDa) (%)

HA 8.93 14.87 15 ≈ 0.87%

* Calculation including endogenous pET-47b(+) expression vector containing 6 x His tag and S•Tag
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the maximal yield of protein was obtained
at 3 hours of induction.

Electrophoretic migration size of
denatured truncated HA protein revealed no
aberrant migration and almost identical to
their theoretical molecular weight by Western
blot analysis using anti-His tag monoclonal
antibody. However, further protein N-terminal
sequencing analysis is required to verify this
result. In order to obtain the purified protein,
we employed nickel chromatography to
isolate polyhistidine-tagged protein from
bacterial contaminant proteins due to the
high specific affinity of the Ni-NTA resins for
histidine residues (Janknecht et al., 1991).
Prior to large-scale protein purification
production, a small-scale stepwise protein
elution study was used to determine the
stringency of wash condition using a gradient
concentration of imidazole buffers. Gel
analysis of protein purity (Figures 5 and 6)
confirmed this method was feasible to obtain
the high purified protein. The resultant
protein obtained in this study requires further
study to determine its capability to elicit the
neutralizing antibodies raised in mouse by
using micro-neutralizing assay (Rowe et al.,
1999). If reactive, the truncated HA protein
expressed from bacterial system could be a
potential candidate for the development of a
safe and efficient vaccine for HPAI (H5N1).
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