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Abstract

Chicken ovalbumin is one of the major egg white allergens which causes IgE-mediated food hypersensitivity. A
gene encoding for chicken ovalbumin (Gad d1) was isolated from chicken oviduct by PCR amplification and was
cloned under the control of T5 promoter fused with a six-histidine tag at the N-terminal end. Escherichia coli
harbouring this construct expressed high quantities of the recombinant protein in the form of soluble fraction.
The protein was purified using affinity chromatography on a Ni2+-nitrilotriacetic acid agarose column and was
further purified to homogeneity by ion exchange chromatography. Homogeneity was confirmed through SDS-
PAGE, Western blot and secondary conformation analysis. The reactivity of the recombinant and native protein
was tested against six egg allergic human patient’s sera and the IgE and IgG binding activity was tested using both
Western blot and ELISA. When compared to native ovalbumin, the recombinant protein had similar binding activity
in immunoblotting, but slightly increased activity by ELISA. Circular dichroism revealed that the recombinant
protein had a slightly less compact structure than the native form. Both antigens exhibited a similar immunogenicity
in mice.

Introduction

Egg allergy is more frequent in young children than in
adults (Anet et al. 1985). All major allergenic proteins
in hen’s egg white are well characterized (Holen &
Elsayed 1990). Out of 40 different egg white proteins,
only four major allergens, ovalbumin, ovomucoid,
ovotransferrin and lysozyme, are associated with egg
allergy (Hoffman 1983, Hefle 1996, Mine & Zhang
2002). The presence of hen’s egg-specific IgE against
ovomucoid seemed to be a predictive marker at early
infancy for allergic sensitization to common aller-
gens that cause asthma, allergic rhinitis and atopic
dermatitis (Aabin et al. 1996, Urisu et al. 1997, Cooke
& Sampson 1997). Ovalbumin is the most abundant
globular protein of egg white. It is a disulfide protein
and a member of the serpin super family (Huber &
Carrel 1989). The molecular weight of ovalbumin is
45 kDa and it has 385 amino acids (Nisbet et al. 1981).

Most studies in the last few years have focused on al-
lergenic structures of ovalbumin (Kahlert et al. 1992,
Honma et al. 1996). A number of studies have been
done on its structural (Stein et al. 1990, Takahashi
et al. 1991), functional (Doi & Kitabatake 1997) and
immunological properties (Kim et al. 2002).

Many recombinant food allergens have been pre-
viously expressed and characterized (Lorenz et al.
2001). However, recombinant proteins are in general
not identical copies of their respective native analogue
and they may have slight modification in their struc-
tures. Therefore, it is a critical step to investigate the
immunological comparison of native and recombinant
allergens before subjecting to further studies (Baldo
1990, Petersen et al. 1997). Ovalbumin has been
cloned and expressed earlier to study its structural
attributes (McReynolds et al. 1978, Takahashi et al.
1995) but, somewhat surprisingly, studies on the aller-
genic properties of recombinant ovalbumin have not
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been documented. The IgE-mediated immunological
reaction is the most frequent and the best known form
of food allergy. Comparative investigations of recom-
binant food allergens and their natural counterparts
may offer a better understanding into the structural
basis of allergenicity. Here, the chicken ovalbumin
gene was cloned and expressed as a soluble fraction
and comparative studies with native ovalbumin were
carried out using ELISA and Western blot analysis,
using human sera from egg allergic patients. The an-
tigenicity and allergenicity recognized by the human
sera in response to the recombinant antigen was de-
termined. IgG and IgE binding properties of both the
recombinant and the native ovalbumin are discussed.

Materials and methods

Reagents

All restriction enzymes and DNA size markers were
purchased from New England Biolabs (Beverly, MA).
Antibiotics, IPTG, Freund’s complete and incomplete
adjuvants were obtained from Sigma. The kits for PCR
and DNA purification were obtained from Promega
(Madison, WI). The gel elution gene clean spin kit was
purchased from Bio 101 (Bio/Can Scientific, Vista,
CA). The QIA express UA Cloning kit was purchased
from Qiagen (Qiagen GmbH, Hilden, Germany).

PCR amplification and cloning

Poly(A+) RNA was isolated from chicken oviducts
using PolyATtract mRNA isolation kit (Promega),
following the manufacturer’s protocol. The first-
strand cDNA was synthesized from 1 µg poly(A+)
RNA using random primers and AMV reverse tran-
scriptase. Following reverse transcription, the oval-
bumin gene cDNA was amplified by PCR using
the first-strand cDNA as template and oligonuc-
leotide primers 5′-AGCTCGAAAGACAACTCAGA-
3′ and 5′-GCAGCAGAGAACATACTTTT-3′. The
PCR parameters were 40 cycles of denaturing, each
for 1 min at 94 ◦C, 1.5 min annealing at 57 ◦C and
1 min elongation at 72 ◦C. Chicken ovalbumin en-
coding gene obtained from PCR amplification was gel
purified using Gene Clean Spin Kit (BIO 101, La
Jolla, CA) and directly cloned into pGemT-easy vec-
tor (Amersham Pharmacia Biotech, Uppsala, Sweden)
and sequenced. pQE-30 UA cloning vector (QIA ex-
press kit, Qiagen, Hilden, Germany) for direct cloning
of the PCR product was used to clone the amplified

cDNA. This vector allows the direct insertion of the
amplified fragment into the prelinearized ends which
has a U overhang on each 3′-end. The gene was cloned
under the control of T5 promoter with a N-terminal 6X
Histag.

Expression of the recombinant construct

The gene encoding the protein sequence to be ex-
pressed was ligated using T4 DNA ligase under stand-
ard conditions (Sambrook et al. 1989). The con-
struct harbouring the ovalbumin gene was expressed
by transforming the plasmid into competent E. coli
M15 [pREP4] cells. The cells containing the plasmid
were grown in Luria broth (LB) at 37 ◦C overnight
with ampicillin (100 µg ml−1) and kanamycin (25 µg
ml−1). The culture was inoculated into fresh LB media
and grown at 37 ◦C until the optical density reached
0.3–0.6 at 600 nm when the expression was induced
by adding 1 mM IPTG. After allowing the culture to
grow for 4 h, the soluble and insoluble fractions were
separated by centrifugation at 7000 g for 5 min. The
expression levels were checked on 12.5% SDS-PAGE
gel (Laemmli 1970). Un-induced culture fractions
were run as controls. The specificity of the recombin-
ant protein was further confirmed by immunoblotting
the sample with antibody raised in rabbit against native
ovalbumin.

Purification of the recombinant protein

The recombinant ovalbumin protein, which con-
tained a 6×-His affinity tag, was purified on Ni2+-
nitrilotriacetic (Ni-NTA) resin according to manu-
facturer’s instructions (Qiagen GmbH). In brief, the
6×-His tagged ovalbumin soluble protein was loaded
on the Ni-NTA resin equilibrated with the lysis buffer
(50 mM NaH2PO4, 300 mM NaCl and 10 mM im-
idazole, pH 8). The resin was washed with the wash
buffer (50 mM NaH2PO4, 300 mM NaCl and 20 mM
imidazole, pH 8) and elution was done using the elu-
tion buffer (50 mM NaH2PO4, 300 mM NaCl and
250 mM imidazole, pH 6.3). The eluate was dialysed
against 20 mM Tris/HCl buffer, pH 8 and the protein
was loaded onto a Mono Q column (Amersham Phar-
macia Biotech) on HPLC (Waters, Ventura, CA) and
eluted with 20 mM Tris/HCl buffer containing 1 M
NaCl, pH 8. The fractions were analysed on 12.5%
SDS-PAGE gel.
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Fig. 1. Expression and purification of recombinant ovalbumin. (A) SDS-PAGE. Lane 1 represents the uninduced control fraction (no IPTG)
and lane 2 represents the lysate of the IPTG induced fraction. Lane 3 represents the flow through after column binding and lane 4 represents the
purified protein. (B) Immunoblotting for expression and purification of the recombinant ovalbumin. Lane 1 represents the uninduced fraction
and lane 2 represents the IPTG induced fraction. Lane 3 represents the flow through fraction after column binding and lane 4 represents the
purified protein. M denotes the molecular weight markers. Arrow points to the recombinant protein.

Western immunoblotting

SDS-PAGE was performed on a 12.5% (v/v) polyac-
rylamide gel, after heating the samples at 95 ◦C in 1%
SDS and 5 mM 2-mercaptoethanol. The proteins were
immediately electrophoretically transferred to nitro-
cellulose membrane (Micron Separations Inc., West-
borough, MA) using slight modifications of the earlier
published method (Towbin et al. 1979). The mem-
brane was blocked with 2% bovine serum albumin
(BSA) in 20 mM Tris/buffered saline (TBS, pH 7.5)
and probed with pooled human egg allergic patients
serum. The serum was diluted 1:100 in TBS contain-
ing 0.05% Tween (TBST) for IgG blot and 1:20 for
IgE blot. The membrane was washed twice with TBST
and probed with alkaline phosphatase-conjugated goat
anti-human IgG (1:2000 dilution) and IgE (1:1000
dilution) antibodies (Sigma) and was further washed
with TBST and stained with nitro-blue tetrazolium/5-
bromo-4-chloro-3-indolyl phosphate substrate solu-
tion (Life Technologies). Colour development was
terminated by washing the membranes with deionized
water.

Immunization

Immunization with the recombinant and the native
ovalbumin antigens were done using Balb/c mice.
Four mice for each group of antigen were used at 6–8
weeks of age. 100 µg of the antigen was injected sub-

cutaneously with complete Freund’s adjuvant (Sigma).
Control mice were injected with normal saline (0.9%
NaCl). Fourteen days after the primary immunization
the mice were administered a booster consisting of
100 µg of protein in incomplete Freund’s adjuvant.
The animals were bled 7 d after the primary and sec-
ondary immunization. Blood from mice was stored at
4 ◦C for 24 h to form a clot. Antisera were collected
from each blood sample after clot formation. The total
and specific IgG and IgE levels were checked using
an enzyme-linked immunosorbent assay (ELISA) as
described below.

Determination of IgG and IgE production

To determine the production of total IgG and IgE
levels in the antisera raised in mice against the nat-
ive and recombinant ovalbumin, a sandwich ELISA
was performed. One hundred micro litres of goat anti-
mouse IgG (Cedarlane, Hornby, ON, Canada) and
anti-mouse IgE monoclonal antibodies (BD Bio Sci-
ence, San Diego, CA) (1 µg well−1) in 50 mM sodium
carbonate buffer, pH 8.5 was added to each well of a
96-well ELISA microtiter plate (Corning, Cambridge,
MA). The plate was kept at 4 ◦C overnight. The plate
was washed three times with TBST, followed by in-
cubation with 150 µl of 2% BSA in TBS for 2 h at
37 ◦C. The plate was washed with TBST three times
and incubated for 2 h at 37 ◦C with 100 µl of the serum
(× 500 diluted each) obtained from mice. Standard
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Fig. 2. Western immunoblot for reactivity of recombinant and nat-
ive ovalbumin against egg allergic patients’ sera. (A) Immunoblot
for IgG reactivity. Lane 1 represents the native ovalbumin and lane
2 represents the recombinant ovalbumin. M represents the molecular
weight markers and the arrow points to the protein. (B) Immunoblot
for IgE reactivity. Lane 1 represents the native protein and lane 2
represents the recombinant ovalbumin. M denotes the molecular
weight markers and arrow points to the protein.

Fig. 3. Circular dichroism spectra of recombinant and native oval-
bumin. The far-UV spectra was measured by scanning four times
from 190 nm to 250 nm. The proteins (0.2 mg ml−1) were dissolved
in 10 mM phosphate buffer, pH 7 and blank containing phosphate
buffer was measured and subtracted from the spectra. A bold line de-
notes the recombinant ovalbumin spectrum and a faint line denotes
the native obalbumin spectrum.

pure mouse IgG and IgE antibodies (BD Bio Science)
were used as controls. After the plate was washed
with TBST four times, 100 µl of alkaline phosphatase-
conjugated rabbit anti-mouse IgG (Sigma) (1:2000
dilution) for measuring IgG level and monoclonal
anti-mouse IgE conjugated to biotin (1:1000 dilution)
(Sigma) for determining IgE level were added to each
well and incubated 2 h at 37 ◦C. For IgE assay, the
plate was further incubated with avidin conjugated al-

kaline phosphatase (1:3000 dilution) (Sigma) for 1 h at
37 ◦C. The plate was washed six times and developed
with 100 µl of ρ-nitrophenol phosphate (1 mg ml−1)
(Sigma) in 0.1 M diethanolamine buffer (pH 9.8) for
60 min at 37 ◦C. The reaction was terminated by
adding 25 µl of 3 M NaOH. Absorbance at 405 nm
was read by microplate reader (Model 550, Bio-Rad
Laboratories). For specific IgG and IgE determination,
recombinant and native ovalbumin was coated (1 µg
well−1) instead of anti-mouse IgG and IgE antibodies
and the same procedures followed.

Circular dichroism

Circular dichroism (CD) spectra of the recombinant
ovalbumin and native ovalbumin were determined in
20 mM phosphate buffer, pH 7.5 using a Jasco J 600
spectropolarimeter (Easton, MD). Each sample was
scanned four times from 190 to 250 nm in a quartz cu-
vette with a 0.1 cm path length. A buffer baseline was
substracted from the spectra of each sample. The per-
centages of the different secondary structures (α-helix,
β-structure and random coil) were calculated using a
Jasco protein secondary structure estimation program,
based on earlier published method (Yang et al. 1986).

Enzyme-linked immunosorbent assay to measure
allergenicity and antigenicity

Indirect ELISA was performed to determine the aller-
genicity and antigenicity of the native and recombin-
ant protein, according to a modification of the earlier
published method (Engvall & Permann 1972). In brief,
medical grade high binding polystyrene 96-well mi-
croplates (Corning, Cambridge, MA) were pre-coated
with 100 µl of the native and recombinant ovalbumin
(1 µg well−1 in 100 mM carbonate buffer, pH 9.6) and
incubated overnight at 4 ◦C. The plates were washed
three times with TBST. The plates were blocked with
2% BSA in TBS for 2 h at 37 ◦C and washed with
TBST three times. The plates were then incubated
with 100 µl of pooled sera from egg allergic patients
(diluted 1:20 for IgE and 1:100 dilution for IgG in TBS
containing 1% BSA). The plates were further washed
three times with TBST and incubated with 100 µl
of alkaline phosphatase-conjugated rabbit anti-human
IgG (Sigma) diluted to 1:2000 and monoclonal anti-
human IgE conjugated alkaline phosphatase (Sigma)
diluted to 1:1000 for 2 h at room temperature. The
plates were washed six times and developed with
p-nitrophenol phosphate (Sigma) in 0.1 M diethano-
lamine buffer (pH 9.8) for 60 min at room temperature.
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Fig. 4. Comparison of the binding activity of human specific IgE (A) and IgG (B) with native and recombinant ovalbumin. Open box represents
recombinant antigen reactivity and closed box represents the native antigen reactivity. N denotes the normal serum and numbers 1–6 denote
different patient’s sera. Data are average of triplicate measurements ± SD.

The reactions were terminated by adding 3 M NaOH
(25 µl well−1) and the plate was read at 405 nm using
a Bio-Rad Microplate Reader.

Human patient’s sera

Human serum was collected from six patients exhib-
iting class 2–4 radioallergosorbent test towards egg.
All the patients showed high degree of allergenicity to
egg white. All serum samples were kindly provided by
Dr A. Urisu (Department of Paediatrics, Fujita Health
University, Japan) and stored at −80 ◦C until use.

Production of anti-ovalbumin polyclonal antibodies

Two rabbits (Central Animal Facility, University of
Guelph) were injected intramuscularly with 0.2 mg
native ovalbumin that had been re-suspended in
0.2 ml of 0.9% sterile saline and emulsified with an
equal amount of Complete Freund’s Adjuvant (CFA;
Sigma). Two weeks later the rabbits were given a
second intramuscular injection, again with the same
proteins in CFA. Two more injections were admin-
istered in the subsequent two weeks. Antibody titers
were monitored by ELISA. The collected antisera
were precipitated with saturated ammonium sulfate to
a final saturation of 35%. The precipitates were dis-
solved in PBS, dialyzed against PBS for 48 h, and then
stored at −80 ◦C until use.

Statistical analysis

The significant difference in binding of the human sera
to the antigens were estimated by analysis of variance
test (ANNOVA-SPSS version 7.5 Software for Win-
dows: SPSS, Chicago, IL) and the level of significance
was defined at p < 0.05.

Results and discussion

Expression of a protein fused to a short polypeptide tag
can provide an affinity handle by which purification of
the fusion protein can be facilitated, or it can provide
a function by which the fusion protein can be detected
(Bujard et al. 1987). The ovalbumin gene was cloned
from the chicken oviduct with the histidine tag at the
N-terminal end under the control of the T5 promoter.
E. coli cells harbouring the plasmid upon expression
with 1 mM IPTG, showed a predominant band of
45 kDa corresponding to the expected size of ovalbu-
min in the total cell extract (Figure 1A, lane 2). These
data suggest that the expression of the recombinant
protein was efficiently directed by the T5 promoter.
Fractionation of the induced culture revealed that the
protein was secreted in soluble form and the histidine
tagged fusion protein was purified to homogeneity by
affinity chromatography and ion exchange chromato-
graphy (Figure 1A, lane 4). Heterogeneous proteins
are highly prone to proteolysis which may result in
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Fig. 5. Total and specific levels of IgG and IgE in mice antisera (A) Represents the IgE levels and (B) represents the IgG levels. The closed box
represents the levels of native ovalbumin and the open box represents the recombinant ovalbumin. Data are average of duplicate measurements
± SD of four mice each.

Table 1. Secondary structure of native and recombinant ovalbumin analysed by circular
dichroism.

Secondary structure (%)

Forms α-Helix β-Sheet β-Turn Random coil

Native ovalbumin 40.2 39.3 10.2 10.3

Recombinant ovalbumin 38.2 37.2 10.5 14.1

The percentage of each of the secondary structures were estimated using the Jasco
protein secondary structure estimation program, based on the method of Yang et al.
(1986).

complete hydrolysis of the product, and different ap-
proaches to prevent this have been tried (Enfors 1992).
However, in our study no such degradation of the
recombinant protein was detected.

The possible transfer of a gene coding for an
allergen was confirmed for its authenticity by im-
munoblot analysis using polyclonal anti-ovalbumin
antibody raised in rabbit (Figure 1B, lanes 2 and 4).
We showed that recombinant ovalbumin has structural
and functional properties similar to those of the nat-
ural protein, including the conservation of its antigenic
and allergenic properties. Specific protein recognition
by the human immune system was shown by immun-
oblotting the native and the recombinant protein with
egg white patient’s sera against human IgG and IgE
antibodies (Figure 2). Binding of the native and the
recombinant antigens to human patients’ sera revealed
that the immunoreactivity of both antigens was the
same, suggesting that the recombinant ovalbumin has
sequential epitopes similar to that of the native form.

Changes have been revealed earlier in the antigenic
and allergenic properties of ovalbumin after heat and
gamma irradiation treatment (Kim et al. 2002). But the
recombinant ovalbumin did not show any change in its
reactivity.

The secondary structure of ovalbumin, using dena-
tured protein in comparison to the native protein, has
been discussed earlier (Takahashi et al. 1991, Onda
et al. 1997). However, the comparison of native and
recombinant ovalbumin using CD technique has not
been conducted. Figure 3 shows CD spectrum of nat-
ive and recombinant ovalbumin. The n-π∗ transition at
222 nm of the recombinant ovalbumin was decreased
compared to the native analogue. Based on CD ana-
lysis, the CD ellipticity in our study showed that the
α-helix and the β-structure content of the recombinant
ovalbumin was slightly lower than the native ovalbu-
min (Table 1), which indicates that the recombinant
protein may have a slightly less compact structure
than the native form. It has been previously suggested
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(Lorenz et al. 2001) that recombinant food allergens
are, in general, not identical copies of the natural ana-
logue, since changes to the IgE binding properties of
the recombinant protein may occur. In this study, the
6×-Histag at the N-terminus of recombinant ovalbu-
min may decrease the α-helix of the molecule and
reduced its similarity to the native form.

The IgG and IgE class antibodies have been shown
to exist in sera from patients with allergy (Fallstrom
et al. 1986). To define the allergenic epitopes of oval-
bumin against patient’s sera the reactivity of IgG and
IgE were determined using ELISA. The binding activ-
ities of six patients’ sera against the native and the
recombinant ovalbumin antigens were compared. The
IgG and IgE-binding activity of the recombinant oval-
bumin was found to be increased (p < 0.05) against
some of the human patients sera samples (serum num-
bers 2–4 for IgE and numbers 2–6 for IgG-binding
activity) in comparison with that of the native pro-
tein (Figure 3). The increased binding activity of the
sera against the recombinant antigen could be due to a
structural change in the recombinant protein. During
sensitization, antigen-presenting cells in the human
body are presented with denatured form of allergens to
be processed (Kaminogawa 1996). It is also expected
that food allergens could be partially hydrolyzed or de-
natured before being absorbed from the intestine and
following sensitization by the gut immune system. In
fact, we previously reported that human IgG antibody
from egg allergic patients sera recognized partially de-
natured ovalbumin more strongly than its native form
(Mine & Zhang 2002).

We also compared immunogenicity of native and
recombinant ovalbumin in mice. The total and specific
IgG and IgE levels in the antisera raised in mice is
shown in Figure 4. All mice studied showed a similar
total IgG and IgE response against both the native and
recombinant ovalbumin and this was further confirmed
by the reactivity of both the antigens towards the de-
tection levels of specific IgG and IgE. This indicated
that both the recombinant and native ovalbumin could
have similar immunogenicity.

In conclusion the recombinant ovalbumin pro-
duced was similar to its native analogue and could
be used as a tool to characterize sequential and con-
formational epitopes and to discuss food allergy with
regards to the IgE binding specificity. More recently,
our group has completely mapped immunodominant
IgE allergenic sequential epitopes in ovalbumin (per-
sonal communication). The results of this study are
important to develop molecular approaches to determ-

ine structural variants using site directed mutagenesis
for the study of structure-function relationships of
allergenic epitopes in ovalbumin.
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