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Cereal allergens: rice-seed allergens with
structural similarity to wheat and barley

allergens

structural similarity to wheat and barley allergens.

Cereals are food or food materials produced and
consumed in large quantities in the world. Cereal
allergy is a serious problem in that cereals are a
staple food and a major nutrient source of not only
carbohydrate but also protein, especially in Asian
countries such as Japan. Many structural data
including ¢DNA sequences on several cereal
allergens have recently accumulated. We princi-
pally describe here the structural and immunologic
properties of major rice allergens, and discuss the
structural similarity of the rice allergens to wheat
and barley allergens in the x-amylase inhibitor
family.

Material and methods

For the isolation of rice allergens, commercially
available dehulled grains of rice (Oryza sativa L.
Japonica var. Nipponbare) were used. Rice pro-
teins were extracted with 1 M NaCl solution, and
allergenic proteins were isolated by ion-exchange
chromatography, as described previously (1). The
scra showing positive RAST values for rice, which
were higher than the mean plus two standard
derivations (SD) of those of control sera from
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asthma (2). A Agtll cDNA library was constructed
with RNA extracted from maturing rice seeds
harvested at 20 days after flowering (3).

Results and Discussion

Structure and IgE reactivity of rice 14-16-kDa
allergens

Using an oligonucleotide probe to the N-terminal
amino-acid sequence of the isolated allergen,
c¢DNA, RAL17, encoding the 16-kDa protein, was
obtained from the cDNA library of maturing rice
seeds (3). Furthermore, by persistent screening of
rice seed ¢cDNA libraries and using RAI7 as a
probe, we have isolated so far more than 10
independent positive ¢cDNA clones, and have
shown the sequences of these clones to be similar.
encoding proteins consisting of 150-170 amino-acid
residues. These results indicate that the 14-16-kDa
proteins in the rice salt-soluble fraction are the
products of a multigene family (4, 5). The
percentage of identities among these sequences
was 70-95% at the amino-acid level, and changes in
amino-acid residues. including deletions and inser-
freanentlv in the nnner
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Fig. 1. Alignment of amino-acid sequences of seven cereal
proteins in a-amylase/trypsin inhibitor family. AI, TI. and A/TI
represent y-amylase inhibitor, trypsin inhibitor, and inhibitor of
both enzymes. Amino-acid residues conserved among seven
sequences are shaded.

rice 14-16-kDa potent allergens showed limited
similarities to wheat and barley allergens belonging
to a family of x-amylase inhibitors (Fig. 2), but their
10-cysteine residues were well conserved (Fig. 1).

The 14-16-kDa proteins were fractionated by
ion-exchange chromatography. of which five pro-
teins were further purified by reverse-phase HPLC
(1). The determined N-terminal amino-acid
sequences of these proteins were similar to each
other, indicating that these 14-16-kDa proteins
have structural similarity with microheterogeneity.
Four of the five N-terminal sequences were
identical to the deduced amino-acid sequences
for the cDNA clones, while no cDNA clone has yet
been obtained for the most basic component of
about 14 kDa.

Three monoclonal antibodies, 25B9, 4D9, and
5D3, were obtained by Immunizing mice with the
rice 14-16-kDa proteins. The antibody 25B9 reacts
to all of the five proteins isolated, while the other
two antibodies do so with four of the five proteins.
The reactivity to three independent monoclonal
antibodies clearly indicates that these proteins are
immunologically cross-reactive.

The reactivity of these five proteins to serum IgE
antibodies was analyzed for patients with a high
RAST score to rice (13). The sera from four
patients contained IgE antibodies reacting to all of
the five proteins, suggesting that these patients had
been sensitized to each of the five proteins or had
IgE antibodies specific for epitopes common o
these allergens. On the other hand, the serum IeE
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Fig. 3. Schematic view of rice 16-kDa allergen.

antibodies from seven patients reacted to the most
basic protein but not to the other proteins,
indicating that these patients’ [gE antibodies
distinguished minor structural differences between
the most basic protein and the other ones. This
result is in contrast to the fact that these 14-16-kDa
proteins, including the most basic one, reacted to
three monoclonal antibodies. The human polyclo-
nal IgE antibodies in some patients might react to
epitopes different from those recognized by these
mouse monoclonal antibodies, or might recognize
delicate distinctions in epitope structures between
these 14-16-kDa proteins.

Structural similarity between rice and wheat
allergens

Rice grains are the source of food allergens in
atopic dermatitis, whereas wheat and barley flours
are the source of inhalant allergens in asthma.
Nevertheless, several proteins with a sequence
similarity in a single protein family were identified
as major allergens in rice, wheat, and barley. These
proteins all contain 10 well-conserved cysteine
residues, which form five intramolecular disulfide
bonds. The polypeptide folding pattern, including
disulfide bridges, predicted for the rice RA17
protein suggested that this allergen is a compactly
folded protein with a small hydrophobic core,
which is rich in sheet and helix structures (Fig. 3).
The five disulfide cross-linkages would limit a
degree of conformational freedom for the major
part of the polypeptide backbone. and at the same
time stabilize the allergen molecule against heat-
and acid-induced denaturation.

A newly identified rice 33-kDa allergen
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to isolate other allergens in the salt-soluble fraction
of rice proteins. A 33-kDa protein was isolated by a
combination of chromatographic separations, and
reactivity of the isolated protein to IgE antibodies
was analyzed for 34 rice-sensitive patients. Most of
the patients showed positive reaction to the 33-kDa
protein, and a high correlation in the IgE reactivity
was obtained between the 33-kDa protein and total
salt-soluble proteins of rice, suggesting that the 33-
kDa protein is one of the major allergens in rice
grains.

Some partial amino-acid sequences were
determined for proteolytic fragments of the
isolated protein. By screening a maturing rice
seed cDNA library with degenerated oligonucleo-
tides as probes, we isolated a cDNA clone
encoding the 33-kDa allergen (unpublished
data). The amino-acid sequence deduced from
the ¢cDNA sequence showed a unique structure
consisting of two tandemly repeated homologous
domains with some well-conserved sequences.
Several sequences for plant glyoxalase I were
retrieved by a search of sequence databases, as
these exhibit sequence similarity to the 33-kDa
allergen.

Cereal allergens

Acknowledgments

This study was supported in part by grants from the Ministry
of Education. Science, and Culture of Japan and the Program
of Basic Research Activities for Innovative Biosciences
(PROBRAIN).

References

1. Nakase M, Adachi T, Urisu A, et al. Rice (Oryza sativa L.)
a-amylase inhibitors of 14-16-kDa are potential allergens
and products of a multigene family. J Agric Food Chem
1996:44:2624-8.

2. Urisu A, Yamada K, Masuda S, et al. 16-Kilodalton rice
protein is one of the major allergens in rice grain extract and
responsible for cross-allergenicity between cereal grains in
the Poaceae family. Int Arch Allergy Appl Immunol
1991:96:244-52.

3. Izumi H. Adachi T, Fujii N, et al. Nucleotide sequence of a
¢cDNA clone encoding a major allergenic protein in rice
seeds. FEBS Lett 1992:302:213-16.

4. Adachi T, Izumi H. Yamada T, et al. Gene structure and
expression of rice seed allergenic proteins belonging to the
s-amylase/trypsin  inhibitor family. Plant Mol Biol
1993;21:239-48.

5. Alvarez AM. Adachi T, Nakase M. Aoki N, Nakamura R,
Matsuda T. Classification of rice allergenic protein cDNAs
belonging to the w-amylase/trypsin inhibitor gene family.
Biochim Biophys Acta 1995:1251:201-4.



