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Cloning and Expression of HA1 Gene of H1N1 Influenza Virus 2009 Pandemic
(H1n1pdm09) Indonesia Strain in the Pichia pastoris Expression System for the
Development of Influenza Vaccine
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Among influenza viral proteins, hemagglutinin 1 (HA1) is the target for neutralizing antibodies which inhibit
virus binding to receptor of target cells. This protein is widely developed as subunit recombinant vaccine. In this
research, we expressed HA1 protein recombinant from DKI271/2011 Indonesian strain in Pichia pastoris. The
identity of this protein was confirmed by western blotting using anti-His Tag and mouse specific antibody HA
H1N1pdm09. The use of yeast P. pastoris as an alternative strategy to solve the problems which commonly found
in influenza vaccine productions. Expression protein in E. coli has been known to have many problems, while
mammalian and insect cells requires special skills and relatively high cost. The analysis of HA1 gene sequences
showed no mutation in epitope region which recognized by T dan B cells. Further, this recombinant protein can
be used as vaccine candidate in influenza vaccine development.
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Dari sejumlah protein virus influenza, hemagglutinin 1 (HA1) adalah target antibodi penetralisasi yang
menghambat pelekatan virus pada reseptor sel target. Protein ini banyak dikembangkan sebagai vaksin subunit
rekombinan. Pada penelitian ini, telah diekspresikan protein rekombinan HA1 dari strain Indonesia
DKI271/2011 pada Pichia pastoris. Identitas protein telah dikonfirmasi dengan western blotting menggunakan
anti-His Tag dan antibodi spesifik HA H1N1pdm09 tikus. Penggunaan P. pastoris berperan sebagai strategi
alternatif yang dapat mengatasai masalah umum pada produksi vaksin influenza. Ekspresi protein di E. coli
diketahui memiliki banyak masalah, sementara sel mamalia dan insekta membutuhkan teknik khusus dan relatif
mahal. Analisis sekuens gen HA1 menunjukkan tidak adanya mutasi di daerah epitope yang dikenali oleh sel T
dan B. Selanjutnya, protein rekombinan ini dapat digunakan sebagai vaksin kandidat dalam pengembangan
vaksin influenza.
Kata kunci: H1N1pdm09, hemagglutinin 1, Pichia pastoris, vaksin, virus influenza

H1N1 Influenza A viruses in pandemic 2009 are
from Mexico, South of America (Xu et al. 2010). This
virus firstly emerged in early April 2009 and spread
rapidly around the world in June (Belser et al. 2011;
Strengell et al. 2011). World Health Nation (WHO)
assed the impact of this virus was moderate because the
majority of infected patients experienced mild
influenza like illness, but sporadic death found in
individual with poor pre-existing immunity to H1N1
influenza virus. According to WHO, 18.000 cases of
death caused by H1N1 in the world. (Xu et al. 2010).
H1N1 influenza A viruses belong to the
Orthomyxoviruses family (Setiawan 2008; Athmaram
et al. 2011). This virus is an enveloped virus with eight
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segmented negative sense RNA genome surrounded by
a helical symmetry shell. Influenza A virus genome
encode eleven viral proteins which has a specific
functions. Hemagglutinin (HA), Neuramidase (NA),
Matrix M1 and M2 are known to have effects on the
morphology of influenza virus particles. Internal to the
M1 matrix are found the nuclear export protein (NEP;
also called nonstructural protein 2, NS2) and the
ribonucleoprotein (RNP) complex, which consists of
the viral RNA segments coated with nucleoprotein
(NP) and the heterotrimeric RNA-dependent RNA
polymerase, composed of two “polymerase basic” and
one “polymerase acidic” subunits (PB1, PB2, and PA)
(Bouvier and Palese 2008).
H1N1 influenza A was a novel influenza virus
which derived it gene from human, classical swine, and
avian influenza (Nelli et al. 2010). Currently, available
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control measures for this virus are by antiviral and
vaccine. However, because of drugs resistance and
difficulties in threatening patient with severe, make
antiviral is become not effective in controlling H1N1
virus in population (Zu et al. 2012). So vaccine is
another alternative tools to solve this problem (Maikel
et al. 2012). It is because not only can prevent the
spread of viruses, vaccine also can mitigate the severity
of illness and the impact of the disease. Unfortunately,
current available vaccine was produced in chicken
embryo and cell culture which has a risk of allergic
reaction, time consuming, and relative high cost. It has
been a challenging task for pandemic influenza
because of the insufficient time in preventing wide
scale morbidity or mortality (Athmaram et al. 2011).
An approach to overcome the problem is development
of vaccine based on genetic engineering.
Among viral proteins, HA1 is the target for
neutralizing antibodies which inhibit virus binding to
receptor of target cells. Previously, we reported no
substitution on 7 amino acid of HA1 gene of viruses
isolated in 2009 (Yasmon et al. 2012). Recently, in
2013 we also reported the phylogenetic tree of virus
isolated from 2009-2011 (Sulfianti, 2013). Based on
this studies, all of viral strain showed conserved region
of HA 1 gene particularly on 7 amino acid 2009 that are
playing an important role in viral attachment to the host
receptor.
Previous studies on bacterially-expressed HA
protein of H5N1 avian influenza virus (AIV) reported
an absence in it post translational modification such as
glycosylation. This newly synthesized HA protein also
showed are not likely to fold properly or trimerize like
native HA molecule, which change the conformational
epitope used to be recognized by immune responses.
Commonly, E. coli expressed recombinant protein is
also characterized as inclusion bodies and requires
careful optimization of the refolding condition. This
may have an impact on the loss of recombinant protein
and an increased costs of manufacture (Sahdev et al.
2007; Khow et al. 2012).
Other protein expression system that used in HA1
production is by mammalian and insect cells. But
because the systems are still under development and
clinical trial, these two systems are rarely used
(Athmaram et al. 2011). Recently, Pichia pastoris
yeast become a new ideal organism to express viral
antigens. This yeast has many advantages as eukaryotic
expression (eg: protein processing, folding and posttranslational modification) and are technically faster,
easier, and cheaper than another eukaryotic expression
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systems, such as mammalian and baculovirus (Krainer
et al. 2007). Pichia pastoris can also express protein as
secreted protein. This protein comprises the vast
majority of the total protein in the medium, and serves
as the first step in purification of the protein
(Athmaram et al. 2011).
As one of the strategy to control pandemic
influenza virus in Indonesia, in this research we have
demonstrated the cloning and expression of HA1 from
HA1 DKI271/2011 Indonesian strain in Pichia
pastoris. The purpose of this research is to produce
HA1 subunit recombinant protein which used as a
subunit vaccine candidate in the development of
influenza vaccine in Indonesia.

MATERIALS AND METHODS
Viral HA1 Gene. The HA1 gene of H1N1pdm09
strain A/Jakarta/271/2011(H1N1pandemic2009) was
amplified from pPICZα-A-HA1-02 recombinant
vector. It was obtained from the Department of
Microbiology, Faculty of Medicine, Universitas
Indonesia.
Cloning of HA1 Gene into pPICZα-A. The HA1
gene was re-amplified from pPICZα-A-HA1-02
following standard PCR conditions using a forward
and reverse primer consisting of EcoRI and SfiI
restriction sites at their 5' end, respectively. pPICZα-AHA1-02 was a recombinant vector contains tree fused
genes, namely HA1, MA2, and NS1 of H1N1pdm09.
The probability of mutation during amplification of
HA1 gene was minimalized by used Pfu High fidelity
DNA polymerase which has good accurate as DNA
polymerase. The amplicon was then digested by EcoRI
and SfiI, and cloned into pPICZα-A in E.coli. The
bacterial clones containing new recombinant vector
were verified by restriction digestion (EcoRI dan NotI)
and DNA sequencing. This new recombinant vector
was named by pPICZα-A-HA1 (H1N1pdm09).
Pichia pastoris Transformation and Selection of
Transformants. The recombinant vector (pPICZα-AHA1 (H1N1pdm09)) was linearised by BstxI, and
integrated at 5'AOX1 locus on the P. pastoris GS115
genome (Invitrogen) by electroporation (25 µF, 200 Ω,
1500 V) (Biorad, CA). This yeast was then plated onto
yeast extract peptone dextrose (YPD) agar plates
containing 100 µg/ml of zeocin (Invitrogen, USA). The
yeast transformants were subcultured on YPD broth.
Gene integration was verified by yeast genomic DNA
PCR with specific primers (5'SWFLSEQF2 5'A
GCTCAGTGTCATCATTTGAA-3' and SWFLSEQ-R2
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5'-CCGGCTCTACTAGTGTCCAG-3'). Selection of
putative transformants and differentiation a copy number
of integrated were did by streaked this yeast
transformants on the replica YPD agar plates containing
-1
of 500 µg ml zeocin. The incubation was performed at
30 °C for two days.
Expression of rHA1 in P. pastoris. The positive
yeast transformants were inoculated into 2 ml of YPD
broth + ampicillin 50 µg ml-1 and grown at 30 °C for 48
h at 250 rpm. Addition of ampicillin to inhibit bacterial
contamination during the protein expression. After 48
h, the cells were harvested by centrifugation at 5000
rpm for 5 m. The cells were washed three times with
distillated water and moved to 10 ml buffered with 100
mM potassium phosphate medium pH 8,2 (BMMY).
The cultures were induced with 1% methanol (v/v) for
every 24 h until 120 h. After 120 h, the cells were
harvested by centrifugation at 5000 rpm for 5 m in
room temperature. The pellet contained cells were
stored in -80 °C, and the supernatant contained soluble
protein in medium were analyzed on 12% SDS-PAGE.
Western Blot. The expressed of HA1 protein was
confirmed by western blotting using Anti-His detector
TM
nickel-HRP (KPL) and mouse anti HA1 polyclonal
antibodies. 20x concentration of supernatant protein by
PEG (Polyethylene glycol) was run on SDS gel and
transferred onto a nitrocellulose membrane. The
membrane was blocked with blocking buffer
containing BSA 1% and TBST 1X (KPL) at 4 °C for 1618 h. The membrane was then incubated with a 1:8000
anti His (His detector TM nickel-HRP) or 1:8000 mouse
anti HA1 polyclonal antibodies at room temperature
for 1 h. The membrane was washed twice with washing
buffer containing TBST 1X for 5 min. Membrane was
then incubated in TMB membrane substrate at room
temperature for 5-15 min. For membrane that detected
by mouse anti HA1 polyclonal antibodies, it was
incubated with Hrp anti mouse IgG as secondary
antibody at room temperature for 30 min after washing
twice. The reaction was terminated by adding sterile
distillated water after protein band was detected in the
membrane.

RESULTS
HA1 amplicon was showed as an expected single
DNA band corresponding to 1.076 bp (Fig 1). The
DNA fragment consisted of HA1 gene (1.071 bp) and
extension sequences (25 bp) at 5 and 3' end for EcoRI
dan SfiI sites. The amplicon was digested with EcoRI
dan SfiI and cloned into similary digested pPICZα-A
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vector (Invitrogen). The clones which brings
recombinant plasmid (pPICZα-A-HA1
(H1N1pdm09)) were confirmed by restriction
digestion with EcoRI dan and NotI. It released a 3.593
bp pPICZα-A for vector and 1.129 bp for rHA1 (Fig 2).
Based on DNA sequencing, this recombinant plasmid
showed an inserted HA1 gene which had a correct inframe with vector (data not shown).
Electroporation P.pastoris with recombinant
plasmid yielded ≥ 300 transformant per 2 µg of DNA
used. Selection of this transformants resulted in 44
colonies showing resistance to YPD plate with 500 µg
-1
ml zeocin. Genomic DNA PCR was performed by
using specific primers resulted in amplification of 384
bp of HA1 gene (detection of HA1 gene). Of 44
selected transformants, 23 clonal cells showed positive
results (Fig 3). The DNA from non-recombinants did
not show any amplification. Unfortunately, variations
in the amplicon band intensities of different clones
cannot be attributed to difference in the transgene copy
number. It happened because there was no
standardization in DNA templates which were used in
PCR reaction.
Of 23 clones positive integration, only one clone
(number 41) showed better expression of the HA1
recombinant protein. The HA1 recombinant was
detected as a single band on SDS-PAGE with
approximately 40 kDa (Fig 4). Confirmation by
western blotting using HA1 H1N1 polyclonal antibody
from mice serum specific H1N1 and anti-his tag also
showed a protein band with size of approximately 40
kDa. The weight of the protein was smaller than the
amino acid sequence prediction which yielded 48 kDa.

DISCUSSION
Pichia pastoris expression system in this research
has been successfully expressed HA1 protein as
soluble protein in supernatant culture. This protein
comprises the vast majority of the total protein in the
medium, and serves as the first step in purification of
the protein (Athmaram et al. 2011). The identity of this
protein was confirmed by western blotting using antiHis Tag and mouse specific antibody HA H1N1pdm09.
Based on these detections, HA1 recombinant showed
as a protein band with lower than 40 kDa. This anti-tag
recognized the marker of poly His tag on the
downstream of recombinant HA1 protein, and the
mouse specific antibody HA H1N1pdm09 detect the
recombinant HA1 protein in supernatant culture.
The size of these recombinant proteins was smaller
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Fig 1 Amplification of HA1 gene from pPICZα-A-HA1-02 by PCR. Lane 1: PCR with pPICZα-A-HA1-02 as
DNA template, Lane 2: PCR negative control, Lane M: DNA ladder. bp: base pair.

Fig 2 Restriction analysis of recombinant pPICZα-A-HA1 (H1N1pdm09) using EcoRI and NotI. Lane 1-10:
digestion product of DNA recombinant plasmid. Lane WT: digestion product of wild type DNA pPICZα-A
vector. Lane HA1: amplification product of HA1 gene. Lane M: DNA ladder. bp: base pair.
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Fig 3 Amplification HA1 gene from genomic DNA of 44 yeast transformants by PCR. Lane 1-44: amplification
product of genomic DNA PCR from Pichia pastoris that transformed by pPICZα-A-HA1 (H1N1pdm09),
clones no. 1 to 44. Lane K+: amplification product of DNA recombinant plasmid (pPICZα-A-HA1
(H1N1pdm09). Lane K-: amplification product of DNA genomic yeast which transformed by pPICZα wild
type (negative control). Lane M 100BP: DNA ladder. bp: base pair.
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Fig 4 Detection of HA1 expression secreted from recombinant P. pastoris by western blot using anti-His Tag (A)
and mouse specific antibody HA H1N1pdm09 (B). Lane 41: yeast clone no. 41, showed HA1 recombinant
protein band HA1 approximately 40 kDa, Lane K- : yeast was transformed by pPICZα wild type (negative
control), Lane M (Fig 4A): protein ladder (See blue Plus2TM), Lane M (Fig 4B): protein ladder (Chromatein
prestained protein ladder). kDa: kilo dalton.

than amino acid sequence prediction, 48 kDa. Flint et
al. (2000) described that it might happened because
during the secretion of the recombinant HA1 protein,
there was a process of cutting in the protein's alpha
signal factor sequence. The cutting process resulted in
a smaller protein size. The alpha signal factor cutting
involves a signal peptidase enzyme and it happens
during translocation in the reticulum endoplasm.
The HA1 protein was only found in one clone
(number 41). It was suggested that there had been a
multicopy integration between HA1 gene and Pichia
genome in that particular clone. The multicopy
integration caused the protein to be expressed and
secreted more to the medium culture (Athmaram et al.
2012).
The recombinant protein was not expressed in the
other clones. The first possible reason is spontaneous
mutation in the AOX1 locus or in the alpha signal factor
sequence. Spontaneous mutation in the AOX1 locus of
the recombinant plasmids prevented the process of
homolog recombination between the plasmid and the
yeast genome. Therefore, the HA1 gene cannot
integrate to the yeast genome and resulted in no protein
expression (Athmaram et al. 2012). The second reason

is mutation in the alpha signal factor by means of PCR
process. This mutation causes a failure to cut and bring
the recombinant protein into the reticulum endoplasm.
It prevents the protein in entering the reticulum
endoplasm and therefore cannot be secreted through
normal secretory pathway (Murugan et al. 2013). The
third reason is HA1 protein was retained in the
reticulum endoplasm as inclusion bodies. This
accumulation of this recombinant HA1 protein in the
ER limits the yield of HA1 secreted into the
extracellular environment (Athmaram et al. 2012).
Analysis of HA1 gene sequence showed variation
that cause 4 amino acid differences to HA1 from
influenza strain isolated in Mexico 2009. Two of these
amino acids were suggested in changing the structural
protein because it changed the hydrophobicity of the
protein's amino acids (data not shown). Comparison of
amino acid sequences between HA1 recombinant,
HA1 from Mexico 2009, and several other HA1
sequences which were isolated in 2010 and 2011 (from
Jakarta, Surabaya, China, India, Thailand, and
Vietnam) showed no mutation on epitopes for B and T
cells (data not shown); therefore, the recombinant HA1
protein will induce immunity responses that are cross-
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reacted with other viral strains.
With this ability, the subunit vaccine derived from
this recombinant HA1 has a potential to be in charge in
neutralization of influenza virus H1N1 pandemic 2009
that circulated in future. The recombinant HA1, which
was secreted as an extra-cellular protein, also gives
several advantages, such as easier and more
economical method of isolation. It can increase
effectivity of vaccine production, which in turn can
prevent mortality and morbidity of the H1N1 influenza
patients (Murugan et al. 2013).

ACKNOWLEDGMENT
The authors express their gratitude to National
Strategic Research Consortium as a funding research.

REFERENCES
Athmaram TN, Saraswat S, Santhosh SR, Singh AK,
Suryanarayana WS, Priya R, Gopalan N, Parida M, Rao
PV, Vijayaraghavan R. 2011. Yeast expressed
recombinant Hemagglutinin protein of Novel H1N1
elicits neutralizing antibodies in rabbits and mice. Virol J.
8(524):1-13. doi: 10.1186/1743-422X-8-524.
Athmaram TN, Saraswat S, Singh AK, Rao MK, Gopalan N,
Suryanarayana VV, Rao PV. 2012. Influence of copy
number on the expression levels of pandemic influenza
haemagglutinin recombinant protein in metyhlotrophic
yeast Pichia pastoris. Virus Genes. 45(3):440-51. doi:
10.1007/s11262-012-0809-7.
Belser JA, Jayaraman A, Raman R, Pappas C, Zeng H, Cox
NJ, Katz JM, Sasisekharan R, Tumpey TM. 2011.
Effect of D222G mutation in the hemagglutinin protein
on receptor binding, pathogenesis and transmissibility
of the 2009 pandemic H1N1 influenza virus. PLoS
ONE. 6(9):1-7. doi: 10.1371/journal.pone.0025091.
Bouvier NM, Palese P. 2008. The biology of influenza
viruses. Vaccine. 26(4):D49-53.
Flint J, Enquist LW, Racaniello VR, Skalka AM. 2003.
Principles of virology: Molecular biology,
pathogenesis, and control of animal virus, 2nd edition,
ASM Press, Washington.

93

Lakdawala SS, Lamirande EW, Suguitan Jr AL, Wang W,
Santos CP, Vogel L. Matsuoka Y, Lindsey WG, Jin H,
Subbarao K. 2011. Eurasian-origin gene segments
contribute to the transmissibility, aerosol release, and
morphology of the 2009 pandemic H1N1 influenza
virus. PLos Pathogenes. 7(12):1-14. doi:
10.1371/journal.ppat.1002443.
Murugan S, Ponsekaran S, Kannivel L, Mangamoori LN,
Chandran D, Villuppanoor Alwar S, Chakravarty C, Lal
SK. 2013. Recombinant haemagglutinin protein of
highly pathogenic avian influenza A (H5N1) virus
expressed in Pichia pastoris elicits a neutralizing
antibody response in mice. J Virol Meth. 187(1):20-25.
doi: 10.1016/j.jviromet. 2012.07.026.
Nelli RK, Kuchipudi SV, White GA, Perez BB, Dunham SP,
Chang K. 2010. Comparative distribution of human and
avian type sialic acid influenza receptors in the pig.
BMC Vet Res. 6(4):1-9. doi:10.1186/1746-6148-6-4.
Sahdev S, Khattar SK, Saini KS. 2008. Production of active
eukaryotic proteins through bacterial expression
systems: a review of the existing biotechnology
strategies. Mol Cell Biochem. 307(1-2):249-264.
Setiawan IM. 2008. Vaksin virus influenza. Majalah
Kedokteran Indonesia. 58(12):517-524.
Strengell M, Ikonen N, Ziegler T, Julkunen I. 2011. Minor
changes in the hemagglutinin of influenza A (H1N1)
2009 virus alter its antigenic properties. PLos ONE.
6(10):1-13. doi: 10.1371/journal.pone.0025848.
Sulfianti A. Pengklonaan dan ekspresi gen HA1 virus
influenza H1N1 pandemi 2009 (H1N1pdm09) galur
Indonesia pada sistem ekspresi Pichia pastoris untuk
pengembangan kandidat vaksin influenza. Jakarta:
Universitas Indonesia; 2013.
Van der Velden MV, Aichinger G, Pöllabauer EM , LöwBaselli A, Fritsch S, Benamara K, Kistner O, Müller M,
Zeitlinger M, Kollaritsch H, Vesikari T, Ehrlich HJ,
Barrett PN. 2012. Cell culture (Vero cell) derived
whole-virus non-adjuvanted H5N1 influenza vaccine
induces long-lasting cross-reactive memory immune
response: homologous or heterologous booster
response following two dose or single dose priming.
Vaccine. 30(43):6127-35. doi:10.1016/j.vaccine.2012.
07.077.

Khow O, Suntrarachun S. 2012. Strategies for production of
active eukaryotic proteins in bacterial expression
system. Asian Pacific J Trop Biomed. 2(2):159-162.
doi: 10.1016/S2221-1691(11)60213-X.

Xu L, Bao L, Lv Q, Deng W, Ma Y, Li F, Zhan L, Zhu H, Ma
C, Qin C. A single-amino-acid substitution in the HA
protein changes the replication and pathogenicity of the
2009 pandemic A (H1N1) influenza viruses in vitro and
in vivo. Virol J. 7(325):1-7. doi:10.1186/1743-422X-7325.

Krainer FW, Dietzsch C, Hajek T, Herwig C, Spadiut O,
Glieder A. 2012. Recombinant protein expression in
Pichia pastoris strain with engineered methanol
utilization pathway. Microb Cell Fact. 11(22):1-14. doi:
10.1186/1475-2859-11-22.

Yasmon A, Yulianti M, Vivi S, Beti ED, Budiman B, Fera I.
2012. Five unique amino acide residues of
hemagglutinin (HA) proteins of swine influenza A
(H1N1) detected in 2009 in Jakarta, Indonesia.
Microbiol Indones. 6(2):69-76. doi: 10.5454/mi.6.2.3.

96 ELFITA ET AL.
Zu M, Yang F, Zhou W, Liu A, Du G, Zheng L. 2012. In vitro
anti-influenza virus and anti-inflammatory activities of

Microbiol Indones
the aflavin derivates. Antiviral Res. 94(3):217-224. doi:
10.1016/j.antiviral.2012.04.001.

