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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 nutr ient source of not only
carbohydrate but also protein, especially in Asian
countries such as Japan. Many structural data
including cDNA sequences on several cereal
al lergens 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

.qnd barley allergéns in the r-uqlyJuse irfri6ìTó*r
family.

Material and methods
For the isolat ion of r ice al lergens. commercial ly
avai lable dehulled grains of r ice (Orltza sativa L.
Japonica var. Nipponbare) were useci. Rice pro-
teins were extracted with I  M NaCl solut ion. and
allergenic proteins were isolated bv ion-exchange
chromatographv,  as descr ibed prev iouslv  (1) .  Thc
sera showing posi t ive RAST values for  r ice.  which
were h igher  than the mean p lus two standard
der ivat ions (SD) of  those of  contro l  sera f rom
h ^ n l l h r t  r r n l r r n t o r - r c  r r / ^ r o , - r h t . r i n r ' r l  f r n r n  n l t i r . n t c
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asthma (2) .A ) ,g t11cDNA l ibrary was constructed
with RNA extracted from maturing rice seeds
harvested at20 days after f lowering (3).

Results and f)iscussion

Structure and IgE reuctivity of rice I4-16-kDa
ttllergens

Using an ol igonucleotide probe to the N-terminal
amino-acid sequence of the isolated al lergen,
cDNA, RA17,  encoding the 16-kDa prote in,  was
obtained from the cDNA l ibrary of maturing r ice
seeds (3). Furthermore, by persistent screening of
r ice seed cDNA l ibraries and usins RA17 as a
probe, we have isolated so far more than 10
independent posit ive cDNA clones, and have
shown the sequences of these clones to be similar.
encoding proteins consist ing of 150-170 amino-acid
residues. These results indicate that the 14-16-kDa
proteins in the r ice salt-soluble fract ion are the
products o[ a mult igene familv (;1, 5). The
percentage of  ident i t ies anlong these sequences
was 70-95o/" at the amino-acid level.  and changes in
amino-ac id rcs idues.  inc luding delet ions and inser-
f i r - r n c  n r - r - r r r r e r l  n î r l r e  f t r e n r r e n f l r r  i n  t h r .  n n r ì r ' r
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Fig' l  '  Al ignment of amino-acid sequences of seven cerear
proteins in a-amylase/trypsin inhibitor family. AI, TI. and A/TI
represent a-amvlase inhibitor. trvpsin inhibitor, and inhibitor of
both enzymes. Amino-acicl residues conserved among seven
sequences are shaded

r ice 14-16-kDa potent ai lergens showed l imited
simiiari t ies to wheat and barley al lergens beronging
to a family of a-amvlase inhibi iors (Flg. 2). but rheir
10-cysteine residues were well  conserved (tr ig. 1).

The 14-16-kDa proteins were fractionatJd bv
ion-exchange chromatography. of which five pro_
teins were further purified by-reuerse-phase HPLC
(1). The determined N-terminal amino_acid
sequences of these proteins were similar to each
other, indicating that rhese 14-16-kDa proreins
have structural simirarity with microheterogeneity.
Four of the five N-ierminal sequencei *...
identical to the deduced amino-aóid sequences
for the cDNA clones. while no cDNA clone iu, y.t
been obtained for the most basic component of
about 14 kDa.

Three monoclonal antibodies, 2589, 4Dg, and
5D3, were obtained by immunizing mice witir the
rice 14-16-kDa proreins. The anribóoy zsnl reacrs
to all of the five proteins isolated. wúile the other
two antibodies do so with four of the five proteins.
The reactivi ty to three independent monoclonal
antibodies clearly indicates that these proteins are
i  mmunologica l  ly  cross-react ive.

The reactivity of these five proteins to serum IgE
antibodies was analyzed,for patients with a nign
RAST score to r ice (13). The sera from four
patients contained IgE antibodies reacting to ai l  of
the five proteins, suggesting that these patlents had
been sensit ized to each of the f iue proieins or had
IgE antibodies specif ic for epitopes common to
these al lergens. On the other Àund, the serum IsE
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Fig.  3.  Schemat ic v iew of  r ice 16-kDa al lergen.

antibodies from seven patients reacted to the most
bagic protein but not to the orher proteins,
indicating that these patients' IgE antibodies
distinguished minor strucrural diffeènces 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 recognizàd by these
mouse monoclonal antibodies, or might recosnize
delicate distinctions in epitope strucùres betiueen
these 14-16*kDa proteins.

Structural similarity between rice and wheat
allergens

Rice grains are the source of food allersens in
atopic dermatitis, whereas wheat and barlei flu,r^
are the source of inhalant al lergens in àsthma.
Nevertheless. several proteins with a sequence
similarity in a single protein familv were identified
as major al lergens in r ice, wheat, and barlev. These
proteins al l  contain 10 well-conserved tysteine
residues, which form five intramolecular dísulfide
?gr9: The polypepride folding paftern, including
disulf ide bridges. predicred fof the r ice RA17
protein suggested that this al lergen is a compactly
folded protein with a small  hydrophobic core,
which is r ich in sheer and hel ix strucrures (Fig. 3).
The five disulfide cross-linkages would tiniit a
degree of conformational freeàom for the major
part of the polypeptide backbone. and at the same
time stabi l ize the al lergen molecule asainst heat-
and ac id- induced denaturat ion.

A new,ly identifierl rice 33-kDtt allersen

6 .8%



to isolate other allergens in the salt-soluble fractton
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 anaiyzed 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 part ial amino-acid sequences were
determined for proteolytic fragments of the
isolated protein. By screening a maturing r ice
seed cDNA l ibrary with degenerated ol igonucleo-
t ides as probes, we isolated a cDNA clone
encoding the 33-kDa al lergen (unpublished
data). The amino-acid sequence deduced from
the cDNA sequence showed a unique structure
consist ing of two tandemly repeated homologous
domains with some well-conserved sequences.
Several sequences for plant glyoxalase I were
retr ieved by a search of sequence databases, as
these exhibit  sequence similari ty to the 33-kDa
allersen.
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