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Abstract

Seven cDNA clones encoding rice allergenic proteins were newly isolated. Comparison of the sequences of ten cDNA clones,
including the previously isolated three clones results in their classification into four subfamilies. Homologies in the nucleotide sequences
among and within subfamilies are 70-85% and above 95%, respectively. A sequence of twenty five amino-acid residues at the C-terminal
proximal region is highly conserved among all clones and resembles that of plant lipid transfer proteins.
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Rice allergens (RAs) have been isolated as antigens to
serum IgE antibodies of patients hypersensitive to ingested
rice [1,2]. These antigens in rice endospermare salt-soluble
proteins with microheterogeneity in molecular size (14-16
kDa) and isoelectric point (p/ 6-8) [3]. Three cDNA and
two genomic clones encoding RAs [4,5] have been iso-
lated, suggesting that RAs are encoded by a multigene
family and that the protein microheterogeneity may not be
due to mere post-translational modification. RAs exhibit
sequence homology with wheat a-amylase and barley
trypsin inhibitors indicating that RAs are members of the
a-amylase /trypsin inhibitor family [5.6]. It is still uncer-
tain whether RAs inhibit a-amylases or trypsin, although a
rice salt-soluble protein of about 14 kDa has recently been
reported to inhibit a-amylases [7].

Because at least seven immunologically cross-reactive
RAs were detected in rice seed proteins [3], the present
study required a further search for members of the RA
multigene family in a cDNA library of maturing rice seeds
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(0. sativa L. var japonica cv Nipponbare) [5]. Therefore,
the library was screened with a 370 bp *P-labeled Sall-
EcoRI fragment of a formerly identified cDNA, RAI17.
The inserts of 450-600 bp from positive clones were
subcloned in pUCI19 and sequenced using the dideoxy-
chain termination method as described previously [4.5,8].
Seven novel RA c¢DNA clones were obtained: three full-
length, referred to here as RASB, RA14B and RA16, and
four clones with truncations in the 5" end (*5'-truncated’
clones), namely RA14C, RA14d, RAl4e and RA14f (Fig.
I and Fig. 2). Several other clones were also isolated, but
they were identical to the seven mentioned.

Table | summarizes the sequence identities among seven
clones, ie., six full-length (three previous clones, RAS,
RA14 and RA17, and three new clones, RA5SB, RA14B
and RAI6) and a new but 5-truncated clone, RA14C.
Although RA14C is truncated, it contains the whole region
coding for a mature protein. Thus it is included in the
seven.

The nucleotide sequences of RA14B and the 5'-trun-
cated clones are more than 95% identical to RA14 while
the sequence of RASB exhibits the same extent of identity
to that of RAS. Apparently, these clones constitute two RA
subfamilies that may be represented by RA14 and RAS.
Among the RAS subfamily, the RA14 subfamily, RA16
and RA17, the identities yield only 70-85%. RA16 and
RA17 might be representatives also of two different sub-
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Fig. 2. Location of differences between the deduced amino acids of RA14 and members of RA [4 subfamily. White boxed area represents the sequence of
RA 14 (reference). Deviations from the amino acids of RA14 are marked with hatched and solid boxes to denote insertion and replacement. respectively.
Solid triangles point to the putative signal peptide cleavage site, while open triangles indicate putative N-glycosylation site (-Asn-Gly-Thr-). Sequence are

aligned to keep maximum identity.

families, even though other members of these potential
subfamilies have not yet been obtained. A comparison of
all sequences shows that the RA14 subfamily comprises
the majority in the RA multigene family. A schematic
representation (Fig. 2) of the deduced amino-acid se-
quences of the members of the RA14 subfamily displays
that changes are concentrated around the middle region of
the polypeptides; however, the C-terminal side is almost
conserved. A putative N-glycosylation site, Asn-Gly-Thr,
exists near the C-terminus of all members of the RA14
subfamily, whereas in the other clones, Thr is replaced by
Pro, Gly or Val.

Alignment of the sequences of RA5B, RA14B, RA14C
and RA16 to the sequence of the original clone, RA17,
manifests that these clones diverge from RA17 due to
various replacements and insertions /deletions occurring
randomly in the sequences except for a 70 bp region near
the 3' end that is highly conserved among the five clones
(Fig. 1). Because this is the only region with a conserved
motif consisting of 25 amino-acid residues and because the
Chou-Fasman analysis [9] predicts a helical structure in
this region, we used a computer search of a protein
sequence database, SWISSPROT, to look for similar se-
quences in other proteins. The search yielded the informa-

Table 1
Percentage identities of RA cDNA clones at the nucleotide (DNA) and deduced amino-acid (AA) levels of the mature protein-encoding region
Isolated cDNA Level RAL4* RA14B RAI4C RA5 ¢ RA5B RAI6® RAL7 ¢
DNA 96.7 97.3 81.2 81.3 75.4 83.0
RA14B .
AA 91.4 94.3 76.5 73.6 69.5 76.4
DNA 97.1 81.1 79.8 76.6 77.1
RA14C D _
AA 95.0 75.5 76.6 70.9 77.1
DNA 81.0 95.1 83.0 779
RASB D D -F
AA 2.7 933 77.6 69.3
DNA 75.6 82.1 735
RAL6 D D D -°
AA 68.7 71.8 67.7

* ¢cDNA clones previously isolated [1.5].
" Same cDNA clones are compared.
D comparison is done in another column.

Fig. |. Comparison of the nucleotide sequences and deduced amino-acid sequences of new RA ¢cDNA clones with reference to RA17. Identical nucleotides
are marked with dots while identical amino acids are marked by asterisks. Arrowhead points to the putative signal peptide cleavage site. The initiation and
termination codons, and the putative N-glycosylation site are boxed. The conserved cysteine residues are shown with double underlines. The
polyadenylation signal is underlined. The conserved domain resembling plant lipid-transfer proteins is marked with an overhead line. The estimated
molecular weights (M,) of the clones are indicated most right of the termination codon.
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Fig. 3. Alignment of the deduced amino acids of RA17 and a lipid transfer protein in carrot (EP2). The conserved region among RA c¢DNAs is marked
with an overhead line. Identical residues (including conserved cysteines) are boxed. Dashes are introduced for maximum alignment. Amino-acid numbers

are assigned based on the (putative) mature protein-encoding sequences.

tion that the homologous sequence of 19 amino-acid
residues is present in plant lipid-transfer proteins. Nine to
twelve out of nineteen (42-63%) amino-acid residues in
different plant lipid-transfer proteins found in maize [10-
12], spinach [13], castor bean [14,15]. barley [16], carrot
[17] and rice [18] are identical to RAs, in which the best
match is the sequence of a carrot lipid-transfer protein,
EP2 (Fig. 3). Comparison of the sequences also reveals
that the positioning of cysteine residues in EP2 as well as
in other plant lipid-transfer proteins is quite reminiscent of
RAs and a-amylase /trypsin inhibitors (Fig. 3). This sug-
gests that the disulfide bonds might be located in similar
positions in lipid-transfer proteins and a-amylase /trypsin
inhibitor family and that they may be grouped into one
superfamily. However, the molecular mass of plant lipid
transfer proteins (9 to 10 kDa) is lower than those deduced
from rice allergen cDNAs.

A role of plant lipid transfer proteins has been proposed
in the transport of cutin monomers through the extracellu-
lar matrix to sites of cutin synthesis on the outer surface of
epidermal cells [17]. Plant lipid-transfer proteins have been
reported to bind various kinds of fatty acids and lipids
[19-22]. They also seem to possess anti-bacterial and
anti-fungal activities in vitro [23,24]. No common or simi-
lar functions between lipid transfer proteins and RAs or
a-amylase /trypsin inhibitors have ever before been re-
ported. Further studies on RA and EP2 /plant lipid transfer
protein functions would be needed to demonstrate the
biological implication of the conserved region in these
proteins.
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