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Introduction

Influenza is a segmented, negative stranded and
enveloped RNA virus of the Orthomyxoviridae
family (Nayak et al., 2009). Influenza A viruses can
infect both human and a wide range of animals e.g.
pigs, horses, wild mammals, and birds (Neumann and
Kawaoka, 2006; Jourdain et al., 2010). There is a
potential threat of transmission of some subtypes of
avian influenza viruses e.g. H5N1, H7N7 and H9N2
into humans (Perdue and Swayne, 2005; Ebrahimi,
and Tebianian, 2010a). The spread of endemic
influenza infections in poultry flocks around the
world and the consequent risk for occurrence of
influenza pandemics and epidemics highlights the

necessity to take some reliable prophylactic,
therapeutic and immunodiagnostic measures suit-
able for different influenza virus strains.

One of the most highly conserved proteins in
influenza virus is a transmembrane integral protein,
which is called M2 .The 23-amino acid extracellular
domain of M2, known as M2e, presents on the surface
of influenza virus alongside Hemagglutinin and
Neuraminidase (Nemchinov and Natilla, 2007).
Unlike HA and NA, M2e is highly conserved among
different subtypes of influenza Aviruses. This makes
M2e as an attractive target for development of
specific antibodies (Fan et al., 2004; Grandea et al.,
2010). 

Since M2e peptide sequence contains only 23
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Abstract:

BACKGROUND: The use of IgYs in a variety of methods in
different areas of research, diagnostics, medical application and
biotechnology should be considered widely. OBJECTIVES:
Development of antibodies against extra cellular domain of
influenza M2 (M2e) protein in egg yolk of laying hens. METHODS:
A Fusion construct harboring C-terminal of bovine heat shock
protein 70 (Hsp70) and influenza M2e coding genes was injected to
laying hens. Serum and egg yolk antibodies were screened for the
presence of anti-M2e antibodies by indirect enzyme-linked
immunosorbent assay (ELISA). RESULTS: Anti-M2e antibodies
were detected in egg yolks and sera of injected hens from 13 and 7
days post injection (PI), with the peak titer detected on 41 and 35
days PI, respectively. CONCLUSIONS: Anti-M2e IgY titers could
be an index for expression potential of pcDNA3.1-M2e-HspC-
terminal construct in laying hens. This construct could be
considered  as a promising tool in production of anti-M2e polyclonal,
monospecific IgY antibodies. Such anti-M2e antibodies could be
exploited for influenza diagnostic and therapeutic measures. 
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amino acids, there is some doubts about the
immunogenicity of this short peptide. However,
highly conserved heat shock proteins have been
considered as immunologic adjuvants (Ebrahimi and
Tebianian, 2010b). Hsp70 is a member of the heat
shock protein family (Hsps). Hsp70 role as an
adjuvant in the induction of  immune response is
highly related to its capacity to present the exogenous
antigens through the MHC class I pathway, a
mechanism known as cross-priming and elicits
cytotoxic T cell (CTL) response (Wang et al., 2002).

Linkage of M2e peptide to an appropriate carrier
such as C-terminal domain of Mycobacterium
tuberculosis Hsp70 (Hsp70 359-610 or Hsp70 C-
terminal) could enhance its immunogenicity and
improve the potency of M2e-based influenza vac-
cines (Ebrahimi et al. unpublished data). 

IgY is a major specific serum immunoglobulin in
chickens. Specific and biologically active IgY
antibodies are transmitted vertically from serum into
the egg yolk, so IgYcould be extracted easily from the
egg yolk. We employed DNAimmunization to obtain
anti-M2e IgY antibodies from laying hens. Produc-
tion of antibodies based on DNA-designed avian IgY
technology is followed by genetic immunization of
hens with a plasmid encoding a given antigen. This is
a useful method for direct generation of antibodies
and eliminates the use of costly and laborious antigen
preparation and purification in the conventional
immunization methods (Rollier et al.,2000; Sun et
al.,2001; Cova, 2005). IgYs have been used succes-
sfully in a variety of methods in different areas of
research, diagnostics, medical application and
biotechnology(Cova, 2005).

The aim of this study was to determine whether
eukaryotic expression plasmid of M2e-Hsp70 C-
terminal, administered via IM route, could elicit
production of anti-M2e antibodies in laying hens. 

Materials and Methods

1. Eukaryotic expression M2e-Hsp70 359-610
plasmid: Recombinant pcDNA 3.1 (+) plasmid
bearing M2e-Hsp70 C-terminal  coding sequence
(pcDNA 3.1-M2e-Hsp70C-terminal) was kindly
provided by Dr. Mahmoud Ebrahimi (Baqiyatallah
Medical Sciences University, Tehran, Iran). M2e
gene has 100% identity with the M2 gene (1-72 bp) of

avian influenza A virus (influenza virus A/ chicken/
Iran/ 101/98, H9N2, GenBank accession number,
EU477375). The Hsp 359-610 gene sequence also
has a 100% identity with Mycobacterium tuberculosis
H37Rv Hsp70 gene (1075-1888 bp) (GenBank ac-
cession number, BX842573).

Chemically competent E. coli strain DH5α was
transformed with this vector. Making chemically
competent bacteria and transformation were done
according to the protocol explained by Sambrook and
Russell (2001). Positive transformants were selected
on LB-agar plates containing 100 mg/ml ampicillin.
In the selected single colonies, the presence of
plasmids was analyzed by colony PCR using BGH
and T7 universal primers. PCR was performed under
the following conditions;  4 min at 95°C, 30 cycles of
94°C for 60 s, 62°C for 60 s and 72°C for 60 s, with a
terminal step of 10 min at 72°C.

Purification of pc DNA3.1-m2e-Hsp 70C-
terminal and pcDNA3.1 was carried out using
endotoxin free plasmid Midi Kit (Qiagen, Germany)
prior to injection. 

2. Immunization of hens: Thirty-week-old white
leghorn laying hens were obtained from a local
breeding unit, the laboratory animal resources of
Amin Abad (Tehran, Iran). These hens received an
inactivated H9N2 influenza vaccine according to the
farm's vaccination schedule. Hens were intramuscular-
ly (IM) injected with pcDNA3.1-m2e-Hsp70C-
terminal. The purified pcDNA3.1 was used for the
negative control group. 

The Plasmids (300 µg in 200 µl of PBS) were
injected in the breast muscle of hens and booster
doses were given 4 and 6 weeks after first injection.
Eggs were collected weekly after first immunization.
Egg yolk antibody was extracted as described
elsewhere (Nikbakht Brujeni et al., 2011) and blood
samples obtained weekly. The separated sera were
stored at -20oC until use for ELISA.

3. Indirect enzyme-linked immunosorbent
assay (ELISA): The M2e peptide, used for ELISA
assay, was synthesized by solid phase technology
(GL Biochem, China) with purity above 95%. For
titration of anti-M2e antibodies in the serum and egg
yolk samples, ELISA test was optimized by
checkerboard titration method. 96-well microplate
(Maxisorp, Nunc, Denmark) was coated with 100µl
of 4 different concentrations, 1, 0.5, 0.25 and 0.125
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µg/ml of synthetic M2e peptide solution in PBS (pH
7.4) and the plate was incubated overnight at 4°C. The
unbound antigens were then removed by washing
with washing solution (1X PBS, 0.05% Tween-20).
Blocking was performed by loading 200 μl of
blocking buffer (1X PBS, 0.05% Tween-20 and 5%
BSA) in each well. Volumes of 100 μl of different
dilutions of serum samples or egg yolk extracted
antibodies were then added to the wells coated with
different concentrations of M2e. Serum or egg yolk
extracted antibodies were prepared as fourfold serial
dilutions, starting from 1:40 and ending at 1:2560.
After 30 min incubation the plate was washed and 100
μl HRP-labeled goat anti-chicken IgG (IDEXX
laboratories, USA) was loaded in each well and left
for 30 min at 37 °C. After washing steps, 100 μl of
TMB (3, 3', 5, 5'-Tetramethylbenzidine) substrate
(IDEXX laboratories, USA) was added, and in-
cubated for 15 min at room temperature. The reaction
was stopped by the addition of 100 μl/well stop
solution (2M H2SO4). Absorbance was measured at
wavelength of 450 nm using a microplate reader (Stat
Fax 2000, Awareness Technology, Inc., USA). 

Sera and egg yolk antibodies from the hens
injected with control plasmid and samples obtained
prior to injections, were included as controls. 

Results

ELISA was used to investigate the production of
antibodies in serum and egg yolk samples. The
checker board ELISAtitration method has been used
to optimize ELISA conditions and obtain the
appropriate concentration of M2e and also dilution of
sera and egg yolk IgYs. Data is shown in figures 3.1
and 3.2. Values for which absorbance is < 0.4 are not
acceptable. Among acceptable values and consider-
ing the ratio of nonspecific binding we chose dilution
of 1:40 for both serum and egg yolk IgYsamples. The
best M2e concentration for serum ELISA was 0.25
µg/ml while that for egg yolk IgY was  0.5 µg/ml. 

Anti-M2e antibody titers in serum and egg yolk
samples were also evaluated. Changes of anti-M2e
antibody titers in two groups of laying hens have been
shown in figures 3.3 and 3.4. These antibodies were
detected in egg yolks and sera of injected hens from
13 and 7 days post injection, with the peak titer at 41
and 35 days PI respectively. No considerable change

was observed in serotiters yolk titers of control group.
Compared to the serum IgY titers, the level of egg
yolk IgY was relatively lower.

Discussion

Influenza M2e has been considered as an
appropriate target for development of antibodies;
although some strategies should be employed to im-
prove the immunogenicity of M2e-based constructs.
C-terminal domain of mycobacterial Hsp70 could act
as an effective natural adjuvant (Nikbakht Brujeni et
al., 2011; Wang et al., 2008; Wang et al., 2009).
Ebrahimi et al. genetically fused influenza M2e to
Hsp70C-terminal and designed pcDNA3.1-M2e-
Hsp70C-terminal expression vector. They showed a
Hsp70 based influenza M2e vaccine could effectively
induce immune response against PR8 infection in mice
(Ebrahimi et al. unpublished data).

According to several studies antibodies produced
against M2e are able to limit influenza virus
replication and reduce morbidity and mortality rates
of influenza infections (Zharikova et al., 2005). Fan
et al. showed that passive transfer of sera from
monkeys immunized with M2e conjugate to mice,
could protect them against lethal  viral challenge (Fan
Liang et al., 2004). Several studies proved that
passive delivery of anti M2e antibodies induced
immunity against lethal challenge of influenza
viruses in mice (Wang et al., 2008;   Liu et al., 2004).
Therefore, M2e-specific antibodies could be con-
sidered as potential candidate in prophylactic and
therapeutic measures against influenza A virus
infections (Wang et al., 2009). Some individuals such
as elderly, young children and immunocompromised
patients might poorly respond to conventional in-
fluenza vaccines; besides in some cases a rapid
induction of protection is crucial, in all these cases
passive immunization is highly recommended
(Beerli et al., 2009). From diagnostic point of view
M2e-specific antibodies have applications in some
tests like Western blot and immune dot blot.

The present study aimed towards assessing the
ability of DNA-based immunization with pcDNA
3.1-M2e-Hsp70 C-terminal plasmid in production of
anti-M2e IgY antibodies in laying hens. 

Bollen and Hau showed that after immunization
of chickens with human IgG the concentrations of
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immunospecific egg yolk or serum IgYs are similar.
The serum antibody appears prior to the cor-
responding egg yolk IgY, because the serum antibody
should reach to a specific level before it could transfer
to the egg yolk (Bollen and Hau, 1997). 

The concentration of IgY in egg yolk reflects
levels of IgYin serum sample of 6-7 days behind. This
gap is due to the time needed for oocyte growth and
development (Hau and Hendriksen, 2005).

The use of laying hens to produce antibodies has
so many advantages over the conventional methods
of immunization using mammalian species. Con-
centration of egg yolk antibodies could reach 100 mg
of IgY per egg (Mine and Kovacs-Nolan, 2002; Lee
et al., 2004; Hau and Hendriksen, 2005). Thus the
capacity of a laying hen to produce IgY is ap-
proximately 10 times greater than the rabbit's IgG
productivity. This means, by simply replacing of
mammals with hens no need for restraining and blood
sampling resulting in the reducing of stress level in
mammals plus saving the time (Hau and Hendriksen,
2005). Beside passive immunotherapy, IgY could be
used for different laboratory techniques such as
protein purification in affinity columns, and also as an
immunodiagnostic tool in Western blot analysis, im-
munoelectrophoresis, immunoprecipitation, ELISA,
and other Abbased assays (Cova, 2005).

However, the antibody response elicited by
plasmid immunization could be affected by multiple
factors such as hen's age (Bollen and Hau, 1999) and
so warranted further studies particularly on the
adjuvant characteristics that can improve the im-
munogenicity of recombinant proteins. 

In conclusion, expression of recombinant M2e-
Hsp70C-terminal peptide is applicable in laying hens
and this peptide is capable of eliciting anti-M2e IgY
antibodies in serum and egg yolks. This promising
tool for induction of anti-M2e polyclonal, mono-
specific IgY antibodies could be nominated as a
potent DNA vaccine candidate against avian in-
fluenza in future studies. 
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