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Identiˆcation of a Wheat Allergen, Tri a Bd 36K, as a Peroxidase
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A 36-kDa allergen, Tri a Bd 36K, was puriˆed from
wheat albumin and characterized. The protein was simi-
lar to barley peroxidase BP-1 both in its amino acid se-
quence and peroxidase activity. The enzyme seemed to
contain L-fucose and D-mannose and the glycan moiety
reacted with IgE antibodies in a patient's serum.
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Food allergy is a critical social problem. Egg, milk,
wheat, buckwheat, and shrimp have been reported to
be representative allergy-inducing foods in Japan.
The allergens in eggs and milk have been character-
ized.1,2) Inhalation of wheat ‰our can cause baker's
asthma, an occupational allergic disease. Baker's
asthma is mainly a type I allergy in which IgE antibo-
dies speciˆc to the allergen appear. James et al. has
found that a 15-kDa protein responsible for allergic
reaction after ingestion of wheat is an a-amylase inhi-
bitor; it is a sensitizing allergen whether it is ingested
or inhaled.3) IgE antibodies reactive to a number of
wheat-‰our components have been detected in sera
from allergic bakers.4–7) Tanabe et al. has shown that
the allergens are in the gluten fraction of wheat and
that an epitope of the allergens contains a QQQPP
motif.8) Maruyama et al. also showed that the motif
reacted with patients' sera.9) Salcedo and colleagues
have reported that a strong major allergen that elicits
anaphylactic symptoms found in some bakers be-
longs to the family of a-amylase inhibitors and that a
glycosylated form of some members may be more
potent than the nonglycosylated form.10,11) Earlier,
we examined wheat proteins responsible of wheat al-
lergy in 65 wheat-sensitive patients and found 15 an-
tigens recognized by IgE antibodies in the patients'
sera.12) Among those allergens, Tri a Bd 17K has been
identiˆed as a-amylase inhibitor CM16, with an Asn-
linked sugar chain.12) Weiss et al. reported that reac-
tivity was strongest with the fraction containing albu-
min and globulins6) in which the a-amylase inhibitor

family is included; however, characterization of the
albumin and globulins has not been reported. More
information about these allergens is of importance,
not only for the development of better diagnostic
methods, but also for the prevention of this disease
by the use of less allergenic ‰our.

In this study, we focused on wheat albumin,
purifying a 36-kDa allergen from this fraction and
characterizing it. The precipitate that formed with
30–70z (NH4)2SO4 from 200 mg of albumin was col-
lected by centrifugation at 10,000×g for 30 min, dis-
solved in 20 mM Tris-HCl buŠer (pH 8.0; buŠer A),
dialyzed against buŠer A, and put on an SP-
Sepharose column (5 ml) equilibrated with the same
buŠer. After being washed with buŠer A, the pro-
teins on the column were eluted successively with
buŠer A containing 50 mM, 0.1 M, 0.2 M, and 1 M

NaCl. (NH4)2SO4 was added to the active fraction to
a ˆnal concentration of 1 M, and the mixture was put
on a Phenyl-Sepharose column (4 ml) equilibrated
with 10 mM sodium phosphate buŠer (pH 7.4) (buŠer
B) containing 1 M (NH4)2SO4. After being washed
with the same buŠer, the proteins on the column were
eluted successively with buŠer B containing 0.9, 0.8,
0.7, 0.5, 0.3 M (NH4)2SO4, or without (NH4)2SO4.
The fractions containing the allergen were pooled,
dialyzed against 50 mM sodium phosphate buŠer (pH
7.4) containing 0.15 M NaCl, concentrated with an
Amicon ˆlter, and put on a gel- ˆltration column
(P30) equilibrated with the same buŠer. After gel
ˆltration, the 36-kDa protein was puriˆed to near
homogeneity (Fig. 1-A, B). The N-terminal amino
acid residues of the puriˆed allergen obtained were
found to be AEPPVARGLXFDFYR, which was
similar to the N-terminal amino acid sequence of
barley peroxidase BP-1, AEPPVAPGLSFDFYR.13)

We then assayed the puriˆed allergen by the method
of Putter,14) and found it to have peroxidase activity
(0.21 unitWmg protein). Sanchez-Monge et al.15)

reported this allergen previously, but it has not been
characterized in detail. Many allergens from major
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Fig. 1. SDS-PAGE (A), Immunoblotting of the Puriˆed Allergen with Serum of a Wheat-sensitive Patient (B), and the Reactivity with
Various Lectins (C).

A, B: Lane 1, molecular weight markers; lane 2, wheat albumin fraction; lane 3, 30–70z ammonium sulfate precipitate; lane 4, SP-
Sepharose column eluate; lane 5, Phenyl-Sepharose column eluate; lane 6, P-30 gel ˆltration fraction. (A) Proteins in the samples were
separated on a 12z polyacrylamide gel and stained with Coomassie brilliant blue (CBB). (B) After electrophoresis, the proteins on the
gel were electroblotted onto nitrocellulose membranes. After blocking of the membranes with 1z bovine serum albumin (BSA) in
20 mM Tris-HCl buŠer (pH 7.3) containing 0.9z NaCl and 0.05z Tween 20 (TBS-T) at room temperature for 1 h, the membranes were
incubated with a patient's serum diluted 1:4 with TBS-T containing 1z BSA for 16 h at 49C. The membranes were next treated with
biotinylated anti-human IgE for 1 h at room temperature, and then treated with peroxidase-conjugated avidin at room temperature for
1 h. The immunocomplexes on the membranes were detected by treatment with 4-chloro-1-naphthol and H2O2 as the substrates. (C) Af-
ter SDS-PAGE, a nitrocellulose membrane onto which Tri a Bd 36K was electroblotted was cut into several strips, and the allergen on
each strip was reacted with one of the biotinylated lectins (2 mgWml) indicated in the ˆgure (AAL, Aleuria aurantia lectin; ConA, con-
canavalin A; WGA, Triticum vulgaris lectin; RCA, Ricinus communis lectin; PNA, Arachis hypogaea lectin; LCA, Lens culinaris lec-
tin). The membranes were treated with peroxidase-conjugated avidin at room temperature for 1 h, and then the immunocomplexes on
the membranes were detected by treatment with 4-chloro-1-naphthol and H2O2.
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crops are defence-related proteins such as the mem-
bers of the a-amylaseWtrypsin inhibitor family. The
wheat peroxidase might function in defence-related
system as well.

Garcia-Casado et al.16) showed that the glycan
moieties of a-amylase inhibitors are involved in their
binding to IgE antibodies in the sera of patients.
Some pollens have antigenicity or allergenicity
because of the glycan moieties of their glyco-
proteins.17–20) The glycan moieties of Tri a Bd 36K
was examined with several lectins that recognize
speciˆc glycan moieties, and this allergen reacted
with Aleuria aurantia lectin (AAL), speciˆc for a-L-
fucose, and concanavalin A (ConA), speciˆc for a-D-
mannose (Fig. 1-C), suggesting that this 36-kDa pro-
tein is a glycoprotein and may contain L-fucose and
D-mannose. To ˆnd if the glycan moiety of Tri a Bd
36K was involved in its binding activity to IgE an-
tibodies, we investigated the eŠects of a patient's se-
rum on the binding of AAL with Tri a Bd 36K. AAL
recognized the allergen (Fig. 2-A1), but the binding
of AAL to Tri a Bd 36K was reduced when the mem-
brane was preincubated with the patient's serum
(Fig. 2-A2). The binding of rabbit polyclonal anti-

horseradish peroxidase (HRP) antibodies, which
recognize N-linked glycan moieties with an a1,3-
fucose branch, to Tri a Bd 36K was also inhibited
by preincubation with the patient's serum21–23)

(Fig. 2-B). These ˆndings indicate that the binding of
IgE antibodies in patient's serum might be closely
related to a glycan moiety containing L-fucosyl
residue in the Asn-linked sugar chain of the protein
as was seen for a-amylase inhibitor CM16.

Food-speciˆc IgE antibodies bind to high-a‹nity
IgE receptors (FceRI) on mast cells or basophils.
When food allergens bind to IgE antibodies on these
cells, mediators like histamine that elicit symptoms
of immediate hypersensitivity are released in a type I
IgE-mediated reaction. For IgE-mediated reactions
by a type I allergy, allergens that bind with IgE an-
tibodies on the cells must contain at least two epi-
topes.24) Whether one or all of these epitopes are
related to the glycan moiety is not known. Elucida-
tion of the chemical structure of these epitopes in
major crops would help to achieve the hypoallergeni-
zation of these crops for susceptible subjects.
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Fig. 2. Inhibition by Patient's Serum of Reactivity of Tri a Bd
36K with AAL and Anti-Horseradish Peroxidase.

Tri a Bd 36K was electroblotted onto a nitrocellulose mem-
brane and the membrane was cut into four strips. Two of the
strips were treated with AAL (A1) or anti-horseradish peroxi-
dase (HRP) (B1), and the other two were incubated with
patient's serum and then treated with AAL (A2) or anti-HRP
(B2). The reaction with AAL was as in the legend of Fig. 1-C.
For the reaction with anti-HRP, the membranes were incubated
with anti-HRP (20 mgWml) at room temperature for 1 h, and
then with peroxidase-conjugated anti-rabbit IgG at room tem-
perature for 1 h. The immunocomplexes on the membranes were
detected by treatment with 4-chloro-1-naphthol and H2O2.

2489Identiˆcation of Tri a Bd 36K as a Peroxidase

References

1) HoŠman, D. R., Immunochemical identiˆcation of
the allergens in egg white. J. Allergy Clin. Immunol.,
71, 481–486 (1983).

2) Lebenthal, E., Cow's milk protein allergy. Pediatr.
Clin. North Am., 22, 827–833 (1975).

3) James, J. M., Sixbey, J. P., Helm, R. M., Bannon,
G. A., and Burks, A. W., Wheat a-amylase inhibitor:
a second route of allergic sensitization. J. Allergy
Clin. Immunol., 99, 239–244 (1997).

4) Sutton, R., Skerritt, J. H., Baldo, B. A., and
Wrigley, C. W., The diversity of allergens involved in
bakers' asthma. Clin. Allergy, 14, 93–107 (1984).

5) Walsh, B. J., Wrigley, C. W., Musk, A. W., and
Baldo, B. A., A comparison of the binding of IgE in
the sera of patients with bakers' asthma to soluble
and insoluble wheat-grain proteins. J. Allergy Clin.
Immunol., 76, 23–28 (1985).

6) Weiss, W., Vogelmeier, C., and Gorg, A., Elec-
trophoretic characterization of wheat grain allergens
from diŠerent cultivars involved in bakers' asthma.
Electrophoresis, 14, 805–816 (1993).

7) Baldo, B. A., and Wrigley, C. W., IgE antibodies to
wheat ‰our components: studies with sera from sub-
jects with baker's asthma or coeliac condition. Clin.
Allergy, 8, 109–124 (1978).

8) Tanabe, S., Arai, S., Yanagihara, Y., Mita, H.,
Takahashi, K., and Watanabe, M., A major wheat
allergen has a Gln-Gln-Gln-Pro-Pro motif identiˆed
as an IgE-binding epitope. Biochem. Biophys. Res.

Commun., 219, 290–293 (1996).
9) Maruyama, N., Ichise, K., Katsube, T., Kishimoto,

T., Kawase, S., Matsumura, Y., Takeuchi, Y.,
Sawada, T., and Utsumi, S., Identiˆcation of major
wheat allergens by means of the Escherichia coli
expression system. Eur. J. Biochem., 255, 739–745
(1998).

10) Sanchez-Monge, R., Gomez, L., Barber, D., Lopez-
Otin, C., Armentia, A., and Salcedo, G., Wheat and
barley allergens associated with baker's asthma:
glycosylated subunits of the alpha-amylase-inhibitor
family have enhanced IgE-binding capacity.
Biochem. J., 281, 401–405 (1992).

11) Armentia, A., Sanchez-Monge, R., Gomez, L., Barb-
er, D., and Salcedo, G., In vivo allergenic activities of
eleven puriˆed members of a major allergen family
from wheat and barley ‰our. Clin. Exp. Allergy, 23,
410–415 (1993).

12) Kimoto, M., Yoshikawa, M., Takahashi, K., Bando,
N., Okita, M., and Tsuji, H., Identiˆcation of aller-
gens in cereals and their hypoallergenization. I.
Screening of allergens in wheat and identiˆcation of
an allergen, Tri a Bd 17K. Ann. Report Interdiscipl.
Res. Inst. Environ. Sci., 17, 53–60 (1998).

13) Johansson, A., Rasmussen, S. K., Harthill, J. E.,
and Welinder, K. G., cDNA, amino acid and carbo-
hydrate sequence of barley seed-speciˆc peroxidase
BP1. Plant Mol. Biol., 18, 1151–1161 (1992).

14) Putter, J., Peroxidase. In ``Methods of Enzymatic
Analysis'', ed. Bergmeyer, H. U., Academic Press,
New York, pp. 685–690 (1974).

15) Sanchez-Monge, R., Garcia-Casado, G., Lopez-Otin,
C., Armentia, A., and Salcedo, G., Wheat ‰our
peroxidase is a prominent allergen associated with
baker's asthma. Clin. Exp. Allergy, 27, 1130–1137
(1997).

16) Garcia-Casado, G., Sanchez-Monge, R., Chrispeels,
M. J., Armentia, A., Salcedo, G., and Gomez, L.,
Role of complex asparagine-linked glycans in the
allergenicity of plant glycoproteins. Glycobiology, 6,
471–477 (1996).

17) Batanero, E., Crespo, J. F., Monsalve, R. I., Martin-
Esteban, M., Villalba, M., and Rodriguez, R., IgE-
binding and histamine-release capabilities of the main
carbohydrate component isolated from the major
allergen of olive tree pollen, Ole e 1. J. Allergy Clin.
Immunol., 103, 147–153 (1999).

18) van Ree, R., HoŠman, D. R., van Dijk, W.,
Brodard, V., Mahieu, K., Koeleman, C. A., Grande,
M., van Leeuwen, W. A., and Aalberse, R. C., Lol p
XI, a new major grass pollen allergen, is a member of
a family of soybean trypsin inhibitor-related proteins.
J. Allergy Clin. Immunol., 95, 970–978 (1995).

19) Petersen, A., Vieths, S., Aulepp, H., Schlaak, M.,
and Becker, W. M., Ubiquitous structures responsi-
ble for IgE cross-reactivity between tomato fruit and
grass pollen allergens. J. Allergy Clin. Immunol., 98,
805–815 (1996).

20) AŠerni, C., Iacovacci, P., Barletta, B., Di Felice, G.,
Tinghino, R., Mari, A., and Pini, C., Role of carbo-
hydrate moieties in IgE binding to allergenic compo-
nents of Cupressus arizonica pollen extract. Clin.
Exp. Allergy, 29, 1087–1094 (1999).



24902490 H. YAMASHITA et al.

21) Kurosaka, A., Yano, A., Itoh, N., Kuroda, Y.,
Nakagawa, T., and Kawasaki, T., The structure of a
neural speciˆc carbohydrate epitope of horseradish
peroxidase recognized by anti- horseradish peroxidase
antiserum. J. Biol. Chem., 266, 4168–4172 (1991).

22) Prenner, C., Mach, L., Glossl, J., and Marz, L., The
antigenicity of the carbohydrate moiety of an insect
glycoprotein, honey-bee (Apis mellifera) venom
phospholipase A2: the role of a1,3-fucosylation
of the asparagine-bound N-acetylglucosamine.

Biochem. J., 284, 377–380 (1992).
23) Wilson, I. B., Harthill, J. E., Mullin, N. P., Ashford,

D. A., and Altmann, F., Core a1,3-fucose is a key
part of the epitope recognized by antibodies reacting
against plant N-linked oligosaccharides and is present
in a wide variety of plant extracts. Glycobiology, 8,
651–661 (1998).

24) Ishizaka, K., Basic mechanisms of IgE-mediated
hypersensitivity. Curr. Opin. Immunol., 1, 625–629
(1989).


