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We produced a monoclonal antibody (mAb) as a
probe for detection of Tri a Bd 27K, a major wheat
allergen. The mAb recognized the allergen purified
from wheat flour, and the epitope on the allergen to the
mAb was determined to be amino acid sequence
154VPWVVVDGKPL164 of Tri a Bd 27K. Of the amino
acid residues on the epitope, the amino acid residues
responsible for the binding to the mAb were found to be
W156, D160, G161, and P163.
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In Japan, patients suffering from allergic responses to
foodstuffs have increased in number, and this has
become a serious social problem. Wheat is one of the
most widely consumed crops in the world, and it is
utilized in the production of various foods. However, it
is also known a major allergy-eliciting food, and it ranks
as the main allergy-inducing food following egg and
milk in Japan.

In Western European countries, bakers’ asthma, an
immediate-type allergic response to the inhalation of
cereal flours, is a major occupational disease among
persons working in the baking and milling industries,
allergens responsible for bakers’ asthma, contained in
the salt-soluble fraction of wheat, has been found to be
�-amylase inhibitors.1,2) In addition to this allergen,
several other allergens have been identified,3,4) but, the
allergens in wheat have not yet been characterized well.

We have carried out systematic studies of wheat
allergens by immunoblotting with the sera of patients
sensitive to wheat, and have found 15 allergens in
wheat.5,6) Among these, Tri a Bd 17K, Tri a Bd 27K, and
Tri a Bd 36K were found to be the major allergens. Tri a
Bd 17K and Tri a Bd 36K have been identified as an
�-amylase inhibitor and a peroxidase respectively.5,7)

Recently, we isolated Tri a Bd 27K from wheat, and
cloned a cDNA encoding it.8) It allergen was found to be
an unknown Asn-linked glycoprotein with 203 amino
acid residues, the molecular mass of which of was
22,803Da.8) A sugar moiety of the allergen was parhaps
be involved in the binding to IgE antibodies in the sera
of patients sensitive to wheat.8) A similar phenomenon

was observed in the case of a soybean allergen, Gly m
Bd 28K.9) It is necessary to produce a probe detecting
the allergen for further elucidation of its allergenicity
and development of hypoallergenic products of wheat.
In the present study, we produced a monoclonal

antibody (mAb) against Tri a Bd 27K as a probe, and we
report a structural characterization of the epitope of the
allergen to mAb and its usefulness as a probe.
In order to obtain the fusion protein of Tri a Bd 27K

with glutathione S-transferase (GST), an expression
vector, pGEX/Tri 27, was transformed in Escherichia
coli JM109, and the recombinant Tri a Bd 27K (rTri a
Bd 27K) was expressed as the fusion protein, as
described previously.8) rTri a Bd 27K was used as an
immunogen. Immunization of 8-week old BALB/c
female mice, cloning of hybridoma cells, and the
production of mAbs against the recombinant protein
were carried out as described as previously.10) rTri a Bd
27K obtained and native Tri a Bd 27K purified from
wheat flour were analyzed by SDS–PAGE by the
method of Laemmili.11) For immunoblotting, the pro-
teins separated on the gel were electroblotted onto a
nitrocellulose membrane. The proteins on the membrane
were immunoblotted with the serum of a wheat-sensitive
patient with a RAST score of 4 or the mAbs, as
described in the previous paper.8)

To elucidate the epitope on the allergen to a selected
mAb, peptide fragments of the allergen were expressed
in E. coli JM109 as fusion proteins with GST, as
described above. The reaction of the mAb with the
fragments obtained was examined in detail by an
immunoblotting technique. Subsequently, designed pep-
tide fragments with 10 and 11 amino acid residues
prepared on a SPOTS membrane by peptide synthesis
were obtained from Sigma-Genosys (St. Louis, MO).
The sequences of the peptide fragments are summarized
in Fig. 3B. We examined the reactivity of the peptides
on the membrane by immunostaining with the mAb.
Several 8-week old female mice were immunized

with the above-mentioned recombinant protein, and the
spleen cells in the mice were fused with P3NS1
myelome cells, as described previously.10) Five hybrid-
oma producing the mAb against the allergen were
established. All of the mAbs were found to recognize the
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allergen purified from wheat flour. However, among the
mAbs, only one, 1H11, strongly recognized the allergen
(Fig. 1). Hence that mAb was used in subsequent
experiments. It was to have � light chains and �1 heavy
chains.

To locate the epitope on the allergen to the mAb, the
amino acid sequence of Tri a Bd 27K was divided into
four fragments, sequences 1–86 (F1), 78–104 (F2),
98–154 (F3), and 147–203 (F4). cDNAs encoding F1,
F2, F3, and F4 were amplified by PCR using forward
primer 1 (ATATTAGGATCCGGGGATGTGGCAAC-
GGGC) and reverse primer 1 (ATAATAGAATTC-
TTAGACCACGGCGTTGCCATA), forward primer 2
(ATATATGGATCCCTCGTCCCCTATGGCAAC) and
reverse primer 2 (GACTAAGAATTCTTAGTTCTT-
CAACACCAGGTC), forward primer 3 (ATATAT-
GGATCCGTGTCGGACCTGGTGTTG) and reverse
primer 3 (ATATAAGAATTCTTAAACGAACTGGT-
GAGGAGG), and forward primer 4 (ATATAT-
GGATCCCTCGTGCCTCCTCACCAG) and reverse
primer 4 (ATATAAGAATTCTTAAAGTCGGCCGTA-
CACATC) respectively. The single and double under-
lining in the above nucleotide sequences indicate BamHI

and EcoRI cleavage sites respectively. The cDNAs were
inserted into expression vector pGEX6p-1, and after
tansformation of the vector the fragment proteins were
expressed in E. coli JM109, as described above. Of the
four fragments, only one, corresponding to region 147–
203 (F4) of Tri a Bd 27K, exhibited binding to the mAb
(Fig. 2A). This suggests that the epitope to the mAb
occurs on sequence 147–203 (F4). Subsequently, the
fragment was divided into the four fragments, sequence
147–164 (F5), sequence 160–177 (F6), sequence 173–
190 (F7), and sequence 186–203 (F8), and the cDNAs
encoding the fragments F5, F6, F7, and F8 were
amplified by PCR with forward primer 1 and reverse
primer 5 (ATAATAGAATTCTTAGAGCGGCTTGCC-
GTCGAC), forward primer 6 (ATATATGGATCCGA-
CGGCAAGCCGCTCTAC) and reverse primer 6
(GACTAAGAATTCTTACTTGCAGATGTAAGCTTT),
forward primer 7 (ATATATGGATCCGCTTACATC-
TGCAAGGCG) and reverse primer 7 (ATATAA-
GAATTCTTAGCTTCGACACGCCTCGAG), and for-
ward primer 8 (ATATATGGATCCGAGGCGTGTC-
GAAGCCTG) and reverse primer 4 respectively. The
single and double underlining in the above nucleotide
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Fig. 1. SDS–PAGE and Immunoblot of Tri a Bd 27K Purified from Wheat Flour and rTri a Bd 27K and Tri a Bd 27K in the Extract of Wheat.
Tri a Bd 27K purified from wheat flour and the extract of wheat were obtained as described previously.8) rTri a Bd 27K was prepared as

described in the text. The extract of wheat was prepared by extraction with 10% NaCl followed by fractionation with solid ammonium sulfate, as
described in a previous paper.8) The purified and recombinant allergens and the extract of wheat were electrophoresed on 15-% gels as described
in the text. Then the proteins on the gel were electroblotted onto nitrocellulose membranes. The proteins on the membranes were stained with
Ponceau S (a). After washing with 1% acetic acid and destaining with 10mM NaOH, the native Tri a Bd 27K and rTri a Bd 27K were
immunoblottted with the mAb (b) and with the serum of a wheat-sensitive patient (c). A, SDS–PAGE and immunoblot of native Tri a Bd 27K.
Lane 1, the purified Tri a Bd 27K; lane 2, rTri a Bd 27K. B, SDS–PAGE and immunoblot of rTri a Bd 27K and Tri a Bd 27K in the wheat
extract. Lane 1, Tri a Bd 27K in the wheat extract; lane 2, rTri a Bd 27K. The open and closed arrows represent bands corresponding to the
purified and recombinant allergens respectively.
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Fig. 2. SDS–PAGE and Immunoblot of the Fragments of rTri a Bd 27K.
The fragments of the allergen were expressed as fusion proteins with GST in E. coli JM109, as described in the text. Each fragment was

separated on a 15-% polyacrylamide gel. After electroblotting on a nitrocelluolose membrane, the fragments on the membrane were examined
with regard to their reactivities with the mAb, as described in the footnote to Fig. 1. Panel A shows the SDS–PAGE patterns of fragments 1–4,
corresponding to lanes 1–4. Panel C shows the electrophoresis patterns of fragments 5–8, corresponding to lanes 5–8. Panels B and D show the
immunoblotting patterns of fragments 1–4 and fragments 5–8 respectively.
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sequences indicate BamHI and EcoRI cleavage site
respectively. Construction of the expression vector with
the cDNAs, transformation of the expression vector, and
expression of the four peptide fragments were done as
described above. The immunoblotting patterns of these
peptide fragments with the mAb are shown in Fig. 2B.
The mAb was observed to recognize only peptide
fragment 5 (F5), corresponding to region 147–164 of Tri
a Bd 27K. This suggests that the epitope to the mAb is
on sequence 147–164.

We further attempted to elucidate the detailed
structure of the epitope to the mAb using a SPOTs
membrane with 10 10-mer peptides prepared by Sigma-
Genosys, which overlapped with 9 amino acid residues.
All of the peptides on the membrane covered perfectly
sequence 147–164. The peptides on the membrane were
examined with regard to their reaction with the mAb,
1H11, by immunostaining. The immunostaining pattern
is shown in Fig. 3A. Only peptides 9 and 10, corre-
sponding to sequences 154–163 and 155–164 of Tri a
Bd 27K respectively, exhibited strong binding activity
to the mAb, and the other peptides were not recognized
by the mAb. These findings suggest that the common
sequence on the two peptides, 155PWVVVDGKP163,
corresponds to the minimum epitope to the mAb. The
sequence 155PWVVVDGKP163 was found to bind to the
mAb, although the peptide showed weak binding
(Fig. 3C). This confirms that sequence 155–163 is
the minimal epitope on the allergen to the mAb.
Furthermore, the occurrence of V155 and L164 probably

made the affinity of the minimal epitope to the mAb
stronger. Hence, sequence 154–164 was used in the
identification of the amino acid residues on the epitope
involved in the binding to mAb. A series of 11-mer
peptides was synthesized on a SPOT membrane with
alanine substitutions at each amino acid residue on
154VPWVVVDGKPL164, and their binding activities to
the mAb were evaluated by immunostaining (Fig. 3D).
Of the 11 amino acid residues on the epitope to the
mAb, alanine substitutions at W156, D160, G161 and
P163 remarkably inhibited the binding to the mAb
(Fig. 3C). These findings indicate that amino acid
residues W156, D160, G161, and P163 were responsible
for binding of the epitope to the mAb.
It is very important to determine whether the mAb,

1H11, can be used to identify the allergen in wheat and
in developing hypoallergenic wheat products. Hence, we
carried out immunoblotting analyses of the allergen in
an extract obtained from wheat. The immunoblotting
pattern obtained with the mAb is shown in Fig. 1B. The
mAb recognized only the protein corresponding to Tri a
Bd 27K in the extract of wheat, and the protein was also
found to react with IgE antibodies in the serum of a
wheat-sensitive patient. This finding indicates that the
mAb is a useful probe for detection of the allergen in
wheat and its products. As described above, Tri a Bd
27K in wheat was found to bind to IgE antibody in the
patient serum, whereas rTri a Bd 27K expressed in
E. coli did not recognize it. Considering that rTri a Bd
27K has no glycan moiety, the difference between the
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Fig. 3. Immunostaining Patterns of the Peptides with the mAb (A and C) and a Series of the Amino Acid Sequences of the Peptides Synthesized on
SPOTs Membrane (B and E).

Panel A shows the immunostaining pattern of one 18-mer peptide (peptide 1) and 10 10-mer peptides (peptides 2–11) covering region F5,
which were manually synthesized on a SPOTs membrane. Of the peptides, the C-terminal amino acid residue (Y) of peptide 11 corresponds to
the N-terminal amino acid residue of fragment 6. Of the above 10-mer peptides, adjacent peptides had 9 amino acid overlaps with each other. In
the experiment for the identification of amino acid residues of Tri a Bd 27K, involved in the binding to the mAb, 11 11-mer peptides, designated
peptides 12–22, were manually synthesized on a SPOTs membrane, as described in the text. The peptides on the membrane, probed with the
mAb and the mAb complexes, were detected by a chemiluminescence method with a rabbit anti-mouse IgG-horse radish peroxidase conjugate.
In order to examine the amino acid residues responsible for the binding of the allergen to the mAb, each amino acid residue on sequence 154–164
(154VPWVVVDGKPL164) was replaced with an alanine residue. The 11 substituted peptides, designated on a SPOTs membrane, are shown in
panel D. In panel D, alanine substitutions are underlined and indicated in bold. The peptides on the membrane were probed with the mAb, and
the mAb bound on the membrane was detected as described above.
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binding of the purified allergen and the recombinant
protein to the IgE antibodies most have been due to the
occurrence of the glycan moiety in the allergen. This
means that the glycan moiety might be responsible for
the binding to IgE antibodies in the serum of the wheat
sensitive patient, as described in the previous paper.8)

At present, futher investigation of the allergenicity of
Tri a Bd 27K is in progress.
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