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The same nuclear proteins bind to the 5f-flanking regions of genes for the rice 
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Abstract  

Expression of rice seed storage-protein genes is dramatically regulated over a short period of seed maturation. To 
characterize the expression mechanism of the rice seed storage protein genes, their expression of major storage 
protein genes (16 kDa albumin, 13 kDa prolamin and type II glutelin) were compared by RNA blot analysis. 
Their coordinate expression suggests that the transcriptional regulatory machinery is shared among the glutelin, 
prolamin and albumin-genes. We isolated two novel genomic genes for prolamins (PG5a and PG5b) and obtained 
the promoter region of the glutelin gene by PCR. The 5'-flanking regions of these three rice seed storage protein 
genes were found to contain some similar conserved sequences. Nuclear extract partially purified from maturing 
rice seeds was used for the gel shift assay of the 5 t region of the RA gene. We identified two DNA sequences of 
RA gene which were recognized by independent DNA-binding proteins. The complexes of these DNA sequences 
and DNA-binding proteins were inhibited by the fragments containing the 5' regions of the prolamin and glutelin 
genes, suggesting that these three genes share transcription factors. 

Introduct ion 

The major function of plant seed storage proteins 
is to provide nitrogen, sulfur and carbon sources to the 
seed embryo during germination. Rice seeds contain 
a large amount of storage proteins classified into glu- 
telin, prolamin, globulin and albumin, and their genes 
have been cloned and characterized in this decade [ 1, 
15, 17, 23, 30, 33]. Some proteins belonging to these 
classes of globulin and albumin have been identified 
as allergenic proteins [19, 21, 28]. We have isolated 
several 14-16 kDa albumins (RAs) belonging to the 
a-amylase/trypsin inhibitor family, which were recog- 
nized by sera from patients allergic to rice [1, 15]. 
Besides rice RA, in wheat, barley and rye, several 
proteins belonging to this family have been identified 

The nucleotide sequence data reported will appear in the EMBL, 
GenBank and DDBJ Nucleotide Sequence Databases under the 
accession numbers D73383 (PG5a) and D73384 (PG5b). 

as allergens, suggesting that proteins belonging to this 
family might be potential allergens [5, 11, 21]. In addi- 
tion, 2S storage proteins reveal structural homology 
to the a-amylase/trypsin inhibitor family [9, 27], of 
which castor bean 2S storage protein has been reported 
as allergenic protein [31 ]. They might share a common 
ancestor [ 18], and these proteins seem to exhibit prom- 
inent allergenicity. So far there is no good therapy for 
patients allergic to these proteins. It may be helpful for 
them if a hypo-altergenic crop would be generated by 
gene engineering techniques. To achieve this object- 
ive, it is necessary to further understand the properties 
of allergenic proteins including their gene expression 
mechanisms. 

We have already characterized some properties of 
RAs at the molecular level [i, 15]. RAs are homolog- 
ous proteins derived from a multigene family; several 
cDNAs and two genomic genes (RAG1 and RAG2) 
in this family have been isolated [1, 4, 15]. Compar- 
ison of the cloned cDNA sequences allows a classi- 
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fication of RAs into at least four subfamilies (RA5, 
RA14, RA16 and RA17) with identities in the nucle- 
otide sequences among and within subfamilies of 70- 
85% and above 95%, respectively [4]. Based on the 
results of the cDNA and protein sequences obtained so 
far, the RA14 subfamily seems to be dominant. Fur- 
thermore, although functional similarity is yet unclear, 
a region conserved among RA subfamilies is homo- 
logous to that of lipid transfer proteins [4]. The 5'- 
flanking regions of the genomic genes (RAG1 and 
RAG2) contain several direct-repeat sequences (con- 
sensus: ATGCAAA/T) [1] similar to those of glutelin 
gene [23] (consensus: TTGCAAAA), implying that 
these gene expression mechanisms resemble each oth- 
er. Transcriptional regulatory factors have been stud- 
ied in maturing soybean, tobacco, and maize seeds 
[3, 8, 13, 26], and recently in maturing rice seeds [14]. 
Although some cis-acting elements of the glutelin gene 
have been characterized [16, 34, 42, 43], those of other 
rice storage protein genes have not been analyzed so 
far. 

In this study we attempted to identify the sequence 
in the 5'-flanking region of the RA gene that is recog- 
nized by DNA-binding proteins in maturing rice seed. 
In addition, we also analyzed the promoters of other 
rice seed storage protein genes. 

Materials and methods 

Genomic DNA cloning and DNA sequencing 

The rice genomic DNA library used has been described 
previously [ 1 ]. Rice 13 kDa prolamin cDNA was used 
as a probe for the screening of the genomic library. The 
DNA sequence was determined by the dideoxy-chain 
termination method [25]. 

PCR amplification 

Two primers (5'-TTCTGTAGTACAGACAA-3' and 
5'-CTCAAATGCTTGCAAC-3') for the amplification 
of the 944 bp glutelin (Gtl) gene fragments (nucle- 
otide number from - 7 4 0  through +204 in Okita et al. 
[23] were synthesized in an ABI 381A DNA synthes- 
izer (Applied Biosystems). PCR was performed with 
Taq DNA polymerase under standard conditions in the 
DNA Thermal Cycler (Perkin Elmer Cetus). The PCR 
product was subcloned into pUC plasmid vector. 

RNA preparation and RNA blot analysis 

Preparation of total RNA from maturing rice seed and 
RNA blotting were performed as described previously 
[ 1]. 32p-labeled cDNA fragments of RA [15] and pro- 
lamin [ 17] were used as probes. In the case of glutelin, 
the 32p-labeled PCR fragment described above was 
used as a probe. 

Preparation of nuclear proteins 

Ground rice seeds 15 days after flowering (DAF) were 
homogenized in NB2 buffer (1 M hexylene glycol, 
10 mM PIPES-KOH pH 7.0, 10 mM MgCI2, 10 mM 
2-mercaptoethanol, 0.1 mM PMSF) by polytron and 
lysed in the NB2 buffer containing 0.5% Triton X- 100. 
After removing the debris by filtration with Miracloth, 
nuclei were collected by centrifugation at 100 x 9- 
Nuclei pellets were suspended in the NB2 buffer and 
washed three times. Then, nuclei were isolated by per- 
coll density stepwise gradient (40%, 60% and 95%) 
centrifugation at 3000 x 9. The collected nuclei were 
washed with the NB2 buffer, suspended in 1 ml of 
the NB2 buffer containing 20% glycerol, and stored 
at - 8 0  °C until use. Nuclear proteins were extracted 
from nuclei by adding 9 ml NLB buffer (100 mM KC1, 
15 mM HEPES-KOH pH 7.6, 5 mM MgCI2, 0.1 mM 
EDTA, 1 mM DTT, 5 #g/ml antipin and 5 #g/ml leu- 
peptin) and KC1 (final concentration 0.5 M). After 
removing debris by centrifugation at 50 000 x 9, nuc- 
lear proteins were precipitated by (NH4)2804 (final 
concentration 80%), dissolved in 0.5 ml of the NEB 
buffer (40 mM KC1, 25 mM HEPES-KOH pH 7.6, 
0.1 mM EDTA, 1 mM DTT and 20% glycerol), and 
dialyzed against the same buffer. 

Gel mobility shift assay 

Nuclear extracts from maturing rice seeds of 15 DAF 
were prepared as above, and then purified partially 
by Heparin Sepharose column with a linear gradient 
of KC1 (40-1000 mM). The proteins eluted from the 
column with 400-500 mM KC1 bad binding activity 
to the 5' region of the RA gene (RA-b fragments in 
Fig. 3). Furthermore, to optimize the interaction of 
the DNA/protein complex by using the RA-b probe, 
the effect of MgCI2 concentration (0-300 mM) on 
the DNA-binding specificity was examined and strong 
activity was observed at the concentration of 20- 
50 mM of MgC12. For further experiments, the binding 
buffer containing 30 mM of MgC12 was used. 
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DNA fragments, RA-a and RA-b, G-a, and P-a 
(Fig. 3), were prepared from the 5' regions of RAG1 
(for RA-a and RA-b), Gtl (for G-a), and PG5a (for 
P-a). In addition, each set of complementary oligo- 
nucleotides, 5'-GATCCTAACCATCTGTTGTCCAG- 
3' and 5'-GATCCTGGACAACAGATGGTTAG-3 ' 
for RA-I, 5 '-GATCCTTGCAAAAG-3' and 5'- 
GATCCTTTTGCAAG-3' for RA-II, and 5'-GATCCT 
TTCGTGTACG-3 t and 5'-GATCCGTACAGAAAG- 
3' for GLU-I were synthesized, tandemly ligated and 
subcloned into pUC vectors. Inserted fragments of 
those vectors together with the prepared fragments 
above were used for gel shift assay. 32p-labeled probes 
were incubated with nuclear extracts in binding buffer 
(25 mM HEPES pH 7.6, 40 mM KC1, 30 mM MgC12, 
1 mM EDTA, 0.4 #g/ml poly[dI-dC] and 10% glycer- 
ol) for 15 min at room temperature. Reaction mixtures 
were loaded on a 4% polyacrylamide gel and electro- 
phoresed in TAE buffer (40 mM Tris-acetate pH 8.0, 
1 mM EDTA). The gel was dried and exposed to X-ray 
film. Competition assay was carried out by mixing nor- 
mally 200-fold molar excess amount of unlabeled com- 
petitor with nuclear extract for 15 min before adding 
probe. 

Results 

Preparation of the potential promoter fragments of 
the rice storage protein genes 

RAG1 gene [1 ] and the PCR fragment o fGt l  gene [23] 
were used as RA and glutelin genes, respectively. In 
addition, we tried to clone a 13 kDa prolamin gene from 
a rice genomic library. A rice genomic DNA library of 
about 2 × 105 clones was screened by plaque hybridiz- 
ation with the prolamin cDNA probe. Sixteen positive 
clones were obtained, and one clone possessing two 
prolamin genes was further characterized. Two prolam- 
in genes termed PG5a and PG5b are tandemly arranged 
as shown in Fig. 1A. The nucleotide sequences of two 
prolamin genes were determined and shown in Fig. 1B. 
Each of PG5a and PG5b genes encodes an open reading 
frame consisting of 149 amino acid residues. Neither of 
the genes contain introns as the prolamin gene repor- 
ted before [17]. Although there are some deletions, 
insertions, and replacements, the coding regions of 
these two genes are highly similar to each other (about 
98% identity). The PG5a gene was used for further 
analysis. In the 5'-flanking region of the PG5a gene, 
putative TATA and CAAT boxes ( -31  through - 2 8  

and - 8 8  through -85 ,  respectively) are present. The 
5'-flanking region of PG5a gene including the putative 
transcriptional initiation site is almost identical with 
that of LProl 4a [17], so that PG5a gene seems to be 
functional. 

Stage-specific expression of rice seed storage protein 
genes 

To obtain a clue in the transcriptional regulation of the 
rice storage protein genes, total RNA was prepared 
from maturing rice seeds at different stages (5, 10, 15, 
20 and 25 DAF). RNA blot analysis was performed and 
the results are shown in Fig. 2. Although the probes 
used here could not distinguish the subfamilies of each 
gene, all of their genes were expressed strongly at 
15 DAF and their expression patterns were almost the 
same. This result suggests that transcriptional regula- 
tion is shared among RA, prolamin and glutelin genes. 

Structure of 5' regions of rice seed storage protein 
genes 

As mentioned in an earlier report [1], the 5'-flanking 
regions of RAG! and RAG2 contain several con- 
served sequences (consensus: ATGCAAAA); simil- 
ar sequences are also found present in the 5' regions 
of Gtl (consensus: T T G C A A A A , - 3 0 3 / - 2 9 6  and 
- 2 0 4 / - 1 9 7 )  and PG5a (consensus: ATCCAAAA, 
- 5 7 2 / - 5 6 5  and -153 / -146) ,  though such sequences 
did not exist in the 5'-flanking region of the c~-globulin 
gene [22]. Several fragments containing putative cis 
elements from rice storage protein genes were prepared 
as shown in Fig. 3. 

Analysis of DNA-binding proteins 

We prepared nuclear proteins as described in Mater- 
ials and methods and performed a gel shift assay by 
using RA-a and RA-b as probes. Each probe formed 
the DNA protein complex (lanes 2 in Fig. 4A and B). 
When excess unlabeled probes were added into reac- 
tion mixtures, signals were disappeared depending on 
their dose (lane 3 and lanes 3 and 4 in Fig. 3A and 
3B, respectively). To confirm specific binding activity, 
pUC was added in the reaction mixtures in addition to 
poly (dI-dC) for gel shift assay. Results show that there 
was no inhibition in the formation of the DNA/protein 
complex of RA-a (lane 4 in Fig. 4A) and RA-b (lane 
7 in Fig. 4B) by the addition of pUC DNA, indicating 
that the binding is sequence-specific. Gel shift assays 
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A 
S E 

P G 5 a  
l k b  

1 P G 5 b  

B 
a AAGCTTGCG CGCGGAATACGGTGGTGGAGATGGGTTGGG -603 

a AACCCTGGATTCCAAACACAGC~CAAGTCTATCCAAAATGTTTAGACAAGAAAATACGTAACAAGTTGGTTTACAGAAATAGC~ATTAGATCAATC~TGCACTACAAGTAGAGTAAAGTG -483 

a GTGATTTCTCTTAAATCTCTCGAATGGTGATTTAAGAATTCAGTGCAAAC~TC~TTGCTATAA~~ACC~A~C~T~G~GCTACCAT~ -363 

a TTTTGTCATTCTTCTTCAATTTGTAATTTAAGATGCATGAGGCCACACGACCTTAATGTTCAACGTGTCA~A~T~TAGCT~C~C~C~TATAG~AGAT~ -243 

a CGGTTGCAATCCTTACCAAACTAACGTATAAAGTGAGCGATTAGTCATATCATTATCTCCCGCCTGCTAACCATCGTGTACACCATCCGATCCAAAAATGACAACTTCTAGGGA~CC -123 

a TGGACAAGGTTTAGGGTTTAGGGATGAATC TGG~5-~--~ATTGTTCAG G TTCATC C C TAGATGTTGCTTTC TC CTTACGGGAC GGAGGGAC~'~.GTGATGGAeAC~G~AC~ -3 

a ATGATGAAAGGAAAGGGGATTTG TTGGGGCAC TAATAGAACATC TGTC CAAATGGCATGACTCAC TTATATCC TAATAGGACATCCAAGAAAAACTAACACTCT~GC~C CGA~AGG 118 

a AATT(3AAAGAAAATACGTGCCACCGCATCTATAAATGGACAAGCGCAATGGAAACCCTCCTCATCGTTCACACAGTTCAAGCATTATACAGCAAAATA~TA~TCCCAGAGCA 238 

M K I i F V F A L L A I A A C S A S A Q F D V L G Q S Y R Q y Q L Q S P V L L Q 40 
a ATGAAGATCATTTTCGTCTTTGCTCTCCTTGCTATTGCTGCATGCAGCGcCTCTGCGcAGTTTGATGTT~AGGTCAAAGTTATAGGCAATA~GC~CAGTCGCC~TCC~CTAcA G 358 
b ........................................................................................................................ 

Q Q V L S P Y N E F V R Q Q Y G I A A S P F L Q S A A F Q L R N N Q V W Q Q L A 80 

a CAACAGGTGCTTAGCCCATATAATGAGTTCGTAAGGCAGCAGTATCvGCATAGCGG•AAGCCCCTTCTTGCAATCAGcTGCGTTTCAACTGAGAAACAA•CAAGTCTGGCAACAG•TCGCT 478 

b ..... T ......................................................................................................... ACT.G .... 

H H R 

G G A Q S H Y Q D I N I V Q A i A Q Q L Q L Q Q F G D L Y F D R N L A Q A Q A L 120 
a GGTGGCGcACAATCTCACTATCAGGACATTAACATTGTTCAGGCCATAGCGCAGCAGCTACAACTCCAGCAGTq~GGTGATCTcTACTTTGA~GG~~GC~GCT~ 598 
b . . . . . .  CA ................................................................................................................ 

Q 

L A F N V P S R Y G I Y P R y Y G A P S T I T T L G G V L * 149 

a TTGGCTTTTAACG TGCCATCTAGATATGGTATCTAC C C TAG G TAC TATGGTG CACC CAGTACCATTAC CACCCTTC.GCGGTGTC TTGTAATGAGTTTTAACAGTATAG TGG TTCGGAAGA 718 
b ........................................................................................................................ 

a TAAAAATAAGCTCAGATATCAT-ATATGTGACATGTGAAACTTTC.GGTGATATAAATAGAAAAAAAGTTGTCTTTCATATTTAAATACCATGCCTCTATAAGGATATATCCTAGCA~GT~ 838 

b . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . .  T . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . . . . . . . . . . . . .  T . . . . . .  

a T C G T G A C T A A T T A C c A T C A T c G G T A ~ T C T A C A A ~ . s ~ / ~ T T A C ~ . ~ T G ~ I ~ C T T A C A T T C c ~ T C c C 4 ~ A G C T A C ~ A A G A T A G A A A % . x ~ ` ~ G C G T A T ~ A ~ T ~ A ~  9 5 8  

a CAATAAGAACAAACACAAAGCACATATGGAAAATACTAAATCCACTACAACAAAATCATAGACCATACAAAGCAGGTAAAGATGTAGCAATCCA•ATTGATTCTTCATCCACTACTA•AA 1078 

a CAGGCGCATATGAAAGGCCGCATATGCATGATCATTGTGAATATGACAT•CCCTTGTCGAGCAAACGTGTCACTTCATGCAAATATGTTATTTCAAGCGACATCAATATATGGTTACAAA 1198 

a ATTTTAAACATTGGTATATTAATGACTTTCATATATGCATATTAATTTCAATTGAAAGACATCTTGTTGTCCATCATTCCTAACAAGAGGTA(~TGTACAAGGCA~A~AG~A~TC 1318 

a TCGCTCACTTTGCATCACAGAAGCATAACCTAGACATAGGTAATTCATTATAGTATCAAAAACTGCAG 1386 

Figure 1. Structure and nucleotide and amino acid sequences of  the PG5a and PG5b genes. A. Shaded bars indicate the coding regions for 
prolamins. Horizontal arrows indicate the direction of transcription. Abbreviation: E, EcoRI; P, PstI; S, SalI. B. Amino acid sequence deduced 
from the PG5a and PG5b are shown above and under the nucleotide sequences, respectively 'a' and 'b' on the left side of the nucleotide 
sequences stand for those of PG5a and PG5b genes, respectively. Identical nucleotide sequences of PG5b to those of PG5a are denoted by 
dots (.) and only different amino acid residues from those of PG5a are shown. The nucleotide sequence data of PG5a and PG5b will appear in 
the EMBL, GenBank and DDBJ Databases under the accession numbers D73383 and D73384, respectively. Nucleotide numbers are based on 
the putative transcriptional initiation site, which is denoted by an asterisk. TATA and CAAT boxes are boxed. Conserved sequences with the 
5'-flanking regions of  glutelin (Gtl) and albumin (RAGI) genes are overlined. 



Figure 2. Coordinate expression of RA, glutelin and prolamin genes. 
Total RNA (10 #g) prepared from rice seeds at 5, 10, 15, 20 and 
25 days after flowering (DAF) were used for the RNA blot analysis. 
The 32p-labeled fragments of RA [15] and prolamin [17] cDNAs 
were used as probes. In the case of glutelin, the 32p-labeled PCR 
fragment described in Materials and methods was used as a probe. 
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in Fig. 4 showed that partially purified nuclear proteins 
contain DNA-binding factors that bound to the RA-a  
and RA-b fragments. In addition, the competi t ion gel 
shift assay showed that the same nuclear protein bind- 
ing to the RA-b fragments also bound to the G-b and 
P-b fragments (lanes 5 and 6 in Fig. 4B). 

A comparison of  the nucleotide sequences among 
RAG1, Gt l  and PG5a, led us to find several simil- 
ar sequences in their 5'  regions, which are summar- 
ized in Fig. 3. We designed oligonucleoties as shown 
in Materials and methods to examine whether or not 
these conserved sequences are recognition sites for the 
DNA-binding proteins. Two complementary oligonuc- 
leotides, RA-I,  containing the sequence similar to the 
cis element  of  the glutelin gene [34] were synthes- 
ized, and subcloned tandemly polymerized fragments 
were used for gel shift assay. Another  fragment, RA- 
Il, containing the conserved sequence (TGCAAAA)  
among the 5' region of  RAG1, Gt l ,  and PG5a genes, 
was prepared in the same way. Both fragments were 
recognized by the nuclear proteins (lanes 2 in Fig. 5A 
and 5B), and their complexes were not inhibited by 
the DNA fragments derived from the multiple clon- 
ing site of  pUC (lanes 4 in Fig. 5A and 5B). The two 
sequences recognized by the DNA-binding proteins 
were localized within the sequences of  RA-I  and RA- 
Il. Moreover,  the DNA/protein complex of  the RA-I  
was inhibited by RA-b,  G-b or P-b (lanes 6, 7 and 8 in 
Fig. 5A, respectively), and that of  RA-II  was inhibited 
by RA-a,  G-a, G-b o rP -a  (lanes 6, 7, 8 and 9 in Fig. 5B, 
respectively). 
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Figure 3. A. Schematic structures of the 5'-flanking regions of 
RAG1, Gtl and PG5a genes. The sequences corresponding to B 
are shown by open box and hatched box. Numbers are based on 
the transcriptional initiation sites. DNA fragments used for gel shift 
assays are shown by bars below each gene. The coding regions 
are denoted by pentagons. Restriction enzyme recognition sites are 
indicated as follows; E, EcoRI; Hc, HinclI; Hd, HindlII; Hf, Hinfl. 
B. Conserved motifs in the 5'-flanking regions of RAG1, Gtl and 
PG5a genes. Numbers are based on the putative transcriptional ini- 
tiation sites. Identical sequences among three genes are indicated by 
underlines. 

Together with these two fragments derived from oli- 
gonucleotides,  GLU-1 containing the previously iden- 
tified cis element for the glutelin trans-acting factor 
[34] was also prepared as described above to analyze 
whether or not this factor also binds to the 5' region 
of  RAG1. 32p-labeled GLU-I  and G-b were used for 
the gel shift assay. When labeled GLU-I  was used 
for the assay, the DNA/protein complex was inhibited 
by the GLU-I  and G-b fragments (lanes 3 and 4 in 
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Figure 4. Nuclear protein binding to the 5 ~ region of RAG1. The DNA/protein complexes and free probes were denoted by C and F, respectively. 
A. The 32p-labeled fragment, RA-a was incubated without nuclear extract (lane 1) or with nuclear extract of rice seed (lanes 2 to 4). As 
competitors unlabeled RA-a (lane 3) or pUC118 (lane 4) were incubated before adding probes. B. The 32p-labeled fragment, RA-b was 
incubated without nuclear extract (lane 1) or with nuclear extract of rice seed (lanes 2 to 7). As competitors unlabeled RA-b (50-fold) (lane 3), 
RA-b (lane 4), G-b (lane 5), P-b (lane 6) or pUC118 (lane 7) was incubated before adding probes. 

Figure 5. Determination of the nuclear protein-binding sites in the RAG1, Gtl and PG5a genes. The DNA/protein complexes and free probes 
were denoted by C and F, respectively. A. The 32p-labeled fragment, RA-I was incubated without nuclear extract (lane l) or with nuclear extract 
of rice seed (lanes 2 to 9). As competitors unlabeled RA-I (lane 3), RA-b (lane 5), G-b (lane 7), P-b (lane 8) or pUC118 (lanes 4 and 9) were 
incubated before adding probes. B. The 32p-labeled fragment, RA-II was incubated without nuclear extract (lane 1) or with nuclear extract of 
rice seed (lanes 2 to 10). As competitors unlabeled RA-II (lane 3), RA-a (lane 6), G-a (lane 7), G-b (lane 8), P-a (lane 9) or pUC118 (lanes 4 
and 10) was incubated before adding probes. 



Fig. 6A), indicating that GLU-I contains the nuclear 
protein binding site [34]. The DNA/protein complex 
was also inhibited by the G-b and RA-b fragments 
(lanes 4 and 5 in Fig. 6A), suggesting the RAG1 is also 
recognized by the same nuclear factors. 

The DNA/protein complex of G-b was inhibited 
by GLU-I (lane 3 in Fig. 6B) and not by pUC (lane 
5 in Fig. 6B), showing that this binding is specific as 
reported previously [34]. 

When the film was exposed longer, however, a 
minor band marked as C2 in Fig. 6B was also detec- 
ted, and this complex was inhibited by RA-II, but not 
by pUC118 (lanes 8 and 9 in Fig. 6B, respectively). 
Furthermore, the DNAYprotein complex of the labeled 
RA-II was inhibited by G-b (lane 8 in Fig. 5B). These 
results are consistent with the fact that G-b contains the 
conserved sequence (TGCAAAA) in the 5'-tlanking 
region of the RA gene. This conserved sequence also 
exists in the P-a fragment of the PG5a gene as shown 
in Fig. 3. The DNA/protein complex of the labeled P-a 
fragment was observed (lane 2 in Fig. 6C), and this 
complex was inhibited by RA-II (lane 3 in Fig. 6C). 
From these results, it can be concluded that the DNA 
binding factors recognizing the sequence, TGCAAAA, 
are the same factors for the glutelin and prolamin genes. 

Discussion 

Storage proteins have been widely studied in seeds and, 
in the past years, genetic and molecular analyses have 
been employed to their corresponding genes. The cis  or 
t rans  regulatory element of the rice seed storage protein 
genes, however, have not yet been studied in great 
detail, except for those of the glutelin gene [34, 37, 40, 
41]. Therefore, in this study, DNA-binding proteins 
for other rice seed protein genes including the 16 kDa 
albumin, and 13 kDa prolamin were analyzed. We 
showed that the Y-flanking regions of the RA (RAG1), 
type II glutelin (Gtl) and PG5a genes possess at least 
two nuclear protein-binding sites. 

One of these DNA sequences (CTTTCGTGTA) is 
similar to the promoter sequence of the glutelin gene 
reported before. This sequence that is located between 
- 1 3 0  and -120  in the glutelin gene has been identi- 
fied as a tissue-specific nuclear protein binding site, in 
which the nucleotide A at position -120  was shown 
to be important for the binding of the nuclear protein 
[34]. The nucleotide A at this position is conserved 
among RAG1, PG5a (Fig. 3B), and other glutelin and 
prolamin genes [17, 23]. As shown in Fig. 6B, the 

627 

nuclear extract prepared in this study also contained 
the DNA-binding protein which recognizes the same 
sequence determined by Takaiwa et  al. [34]. Moreover, 
we examined whether or not this DNA-binding protein 
can interact with other storage protein genes such as 
RA (RAG1) and prolamin (PG5a) genes, because we 
found that similar recognition sequences exist in their 
5' regions. Indeed GLU-I containing this sequence 
inhibited DNA/protein complexes of RA (RA-b) and 
prolamin (P-a), suggesting that the DNA-binding pro- 
tein for the 5'-flanking regions of the RA and pro- 
lamin genes is the same with that of the glutelin gene. 
Although a sequence (CTTTGGTCTT) resembling the 
nuclear protein binding site of the glutelin gene is 
present in the RAG1 promoter region ( -65 / -56 ) ,  this 
sequence was not recognized by this DNA-binding pro- 
tein (data not shown). 

Another DNA-binding protein that recognizes the 
sequence ATGCAAAA/T might be also involved in the 
regulation of the glutelin and prolamin gene expression 
because RA-II containing the sequence, ATGCAAAA, 
inhibited the DNA/protein complexes of G-b and P- 
a. Both fragments contain the nuclear protein-binding 
sites. The other RA gene (RAG2) also contains this 
sequence existing in two locations of its 5' region [ 1 ]. 
Furthermore, similar sequences are also contained in 
the 5' regions of other cereal storage protein genes [ 10, 
23, 38]. This nuclear protein has lower affinity or is less 
abundant than the one which recognizes the sequence, 
CTTTCGTGTA, because only a minor DNA/protein 
complex of G-b fragment was competed with the 
RA-II fragment containing the ATGCAAAA sequence 
(Fig. 6B). The DNA/protein complex of RA-II could 
not be observed when the nuclear extract from shoot 
was used instead of that from the maturing seeds (data 
not shown), suggesting that the ATGCAAAA sequence 
is recognized by a nuclear protein specific for maturing 
seed. Moreover, this sequence shows some similarity to 
the consensus sequence, TG(T/A/C)AAA(G/T), which 
has been shown to be essential for endosperm-specific 
expression of the cereal prolamin genes in transgenic 
plants [6, 20], and this resemblance is agreeable to the 
proposed function of this sequence as an enhancer-like 
element in the pea legumin gene [29]. These sequences 
have been referred as the -3 0 0  element which is con- 
served in cereal prolamin gene promoters [7, 24, 39]. 
In addition, although the sequence was referred to as 
the CCAAT box, nuclear proteins (high mobility group 
proteins) from maize endosperm have been shown to 
interact with the sequence, TTGCAAAT, of the 19 kDa 
zein gene in maize [12]. This sequence is highly homo- 
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Figure 6. The DNA-binding proteins are shared among the RAGI, Gtl and PG5a gene promoters. The DNA/protein complexes and free probes 
were denoted by C and F, respectively. A. Nuclear protein binding to GLU-I. The 32p-labeled fragment, GLU-I was incubated without nuclear 
extract (lane 1) or with nuclear extract of rice seed (lanes 2 to 6). As competitors, unlabeled GLU-I (lane 3), G-b (lane 4), RA-b (lane 5) and 
pUC118 (lane 6) were used. B. Nuclear protein binding to G-b. The 32p-labeled fragment, G-b was incubated without nuclear extract (lanes 
1 and 6) or with nuclear extract of rice seed (lanes 2-5 and 7-9). As competitors, unlabeled GLU-I (lane 3), G-b (lane 4), RA-II (lane 8) 
and pUC118 (lanes 5 and 9) were pre-incubated with probes. C. Nuclear protein binding to P-a. The 32p-labeled fragment, P-a was incubated 
without nuclear extract (lane 1 ) or with nuclear extract of rice seed (lanes 2 to 4). As competitors, unlabeled RA-II (lane 3) and pUC118 (lane 
4) were used. 

logous  to the sequence  that was identif ied as nuclear  

protein binding site in the 5 ' - f lanking region of  the 
R A G  1. Thus these h o m o l o g o u s  sequences  are present  

in the p romote r  o f  cereal  s torage protein gene,  and the 

conserva t ion  among  them suggests  that the h o m o l o g -  
ous sequence  plays an impor tant  role  for gene  expres-  

sion. 

Glutel in  is the most  dominan t  protein (about 80%) 

in total rice seed proteins whi le  a lbumin and pro lamin  

are compr i sed  in much  lesser amounts.  However ,  the 

copy number  o f  the glutel in  gene,  suggested to be 5 to 
8 [23], is less than those o f  the a lbumin and pro lamin  

genes [1, 4, 17]. Consider ing  this fact, glutelin gene  

should be expressed more  efficiently than the albu- 



min and prolamin genes. Hence, although these three 
genes share the same DNA-binding protein, the DNA 
sequence of the glutelin gene(s) might have stronger 
affinity to the DNA-binding protein than that of the RA 
and prolamin genes. The binding sequences of these 
three genes are not completely identical, so that prob- 
ably they show different affinity to the DNA-binding 
protein. Another possibility is that there is an addi- 
tional control element which elucidates the expression 
of the glutelin gene, for example, the AACA motif 
(AAACAACTCTATC), the conserved sequence com- 
mon to all glutelin genes [36] but not present in RAG1 
and PG5a promoters appears to be the glutelin-specific 
cis element [37, 40, 41]. Furthermore, despite the use 
of heterologous system, the region between - 4 1 1  and 
- 2 3 7  has been identified as an essential region for the 
expression of the glutelin gene [35]. From this result, 
the DNA-binding protein which recognizes the region 
between - 130 and - 120 might be not enough for the 
full promoter activity. 

Recently we have isolated a genomic clone for c~- 
globulin [22] in which the cis sequences identified in 
this study as the DNA-binding protein recognition sites 
do not exist. Although c~-globulin is one of the major 
seed proteins in rice, its genetic organization is dif- 
ferent from those of glutelin, prolamin and albumin, 
i.e., the globulin gene is a single copy whereas each of 
other three genes consists of a multigene family. 

Altogether, we conclude that at least some of the 
transcriptional machinery is shared among RA, glu- 
telin and prolamin genes. Thus it seems difficult to dis- 
criminate the expression of RA gene from those of the 
other storage protein genes. Judging from these results, 
antisense construct or gene targeting technique might 
be useful to generate a hypoallergenic rice. We have 
already examined the quantities of RA in cultivated and 
wild rice species wherein most of them contain certain 
amounts of albumins except for the wild species with 
poor endosperm [2]. However, even in glutelin genes, 
the expression of Gt3 does not coordinate with the 
expression of Gt l  and Gt2, showing that they are reg- 
ulated differently [23]. Based on these results, there 
might still be certain differences in the transcription- 
al regulation between RA and other storage proteins. 
Further analysis will be necessary to clarify the gene 
expression mechanism for the rice seed storage pro- 
teins. 
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