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Nucleotide and primary sequence of a major rice prolamine 
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A recombinant cDNA clone encoding a major rice seed storage prolamine was isolated by antibody screening of a cDNA 
Igt I 1 library. This clone contained a single open reading frame encoding a putative rice prolamine precursor (Mr 17 300). 
In contrast to other cereal prolamines, the primary sequence of the rice prolamine was devoid of any major tandem repeti- 
tive sequences, ‘a feature prevalent in all cereal prolamines studied to date. No significant homology was detected between 
the rice prolamine and other cereal prolamines, indicating that the rice gene evolved from unique ancestral DNA seg- 

ments 

Rice; Storage protein; Prolamine: cDNA 

1. INTRODUCTION 2. MATERIALS AND METHODS 

Most cereal grains synthesize as major storage 
proteins of endosperm tissue prolamines with their 
characteristic solubility in alcohol-water solutions. 
In contrast to this, the prolamines of the rice grain 
comprise only 5-10% of the total grain protein 
which instead consists of up to 80% of glutelins 
[ 1,2]. The prolamine fraction obtained by differen- 
tial extraction procedures of rice endosperm was 
found to contain a major component of 
13-14 kDa [3-51 and immunoprecipitation of in 
vitro translation products using partially purified 
rice prolamine antibody revealed the synthesis of a 
16 kDa precursor form presumably containing a 
signal peptide [5]. As the first step to study the 
molecular aspects of these genes, we have isolated 
and sequenced a near full-length cDNA clone. The 
derived primary sequence of this protein is unique 
among cereal prolamines as it lacks significant 
tandem repetitive sequences, a feature displayed by 
all cereal prolamine genes isolated to date. 

Rice (Oryta sutiva L. cv. Biggs M-201) was grown in an 
environment-controlled growth chamber described in detail [S]. 
Poly(A)+ RNA was isolated from developing seeds (15 days 
after flowering) by the method of Reeves et al. [6]. A cDNA 
library of rice seed poly(A)+ RNA was constructed using a 
lambda gt 11 expression vector and clones screened by using a 
partially purified rice prolamine antibody as described by 
Huyhn et al. [7]. Northern blot analysis using glyoxal agarose 
and nick-translated cDNA insert was performed as described in 
[S]. DNA sequencing was accomplished using the procedures of 
Henikoff [9]. 

3. RESULTS AND DISCUSSION 

Correspondence address: T.W. Okita, Institute of Biological 
Chemistry, Washington State University, Pullman, WA, 
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The nucleotide sequence presented here has been submitted to 
the EMBL/GenBank database under the accession number 

YO0747 

In a previous study 151, the specificity of a par- 
tially purified rice prolamine antibody was exa- 
mined by immunoprecipitation of in vitro 
translation products of rice seed poly(A)+ RNA as 
well as Western blot analysis of seed protein ex- 
tracts. The prolamine antibody exhibited high 
specificity and showed no cross-contamination 
with other polypeptides. This antibody was used to 
screen the rice seed cDNA library constructed in 
the hgt 11 expression vector [7]. Several cDNA 
clones containing inserts of 500-870 bp were 
isolated and one clone, pProl.7, containing a 
870 bp insert, was used for subsequent ex- 
periments. 
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Fig.1. Northern blot analysis of rice seed mRNA. Two gg of 
poly(A)+ RNA from 15 DAF rice seeds was glyoxylated and 
resolved on a 1% agarose gel using glyoxylated EcoRl/ScuI 
fragments of pUC19 as size markers. The gel was blotted onto 
nitrocellulose followed by hybridization to the nick-translated 

rice prolamine cDNA clone. 

Poly(A)+ RNA obtained from 15 DAF of seed 
development was analyzed by the Northern blot- 
hybridization technique using a 32P-labeled 
purified cDNA insert as a probe. As shown in 
fig. 1, only a single band of about 900 nucleotides 
was detected, suggesting the cDNA insert of 
pProl.7 was near full-length. 

DNA sequence analysis showed that the pro- 
lamine transcript contained a single long open 
reading frame encoding 149 amino acids. The pro- 
lamine mRNA possesses a relatively long 
5’-untranslated region of about 200 bases followed 
by the 447 nucleotides coding region (fig.2). The 
5’ -untranslated region was highly enriched for G- 
C nucleotides and was devoid of any potential 
AUG translational initiation sites. The 
3’-untranslated region contained about 100 bases, 
and two putative polyadenylation signals 
(AATAAG and AATAAA) were present. The en- 
coded protein was 17.3 kDa which was in good 
agreement with the value obtained by SDS- 
polyacrylamide gel electrophoresis of the pro- 
lamine precursor [5]. The first 14 amino acid 
residues are characteristic of a typical signal pep- 
tide containing a penultimate basic amino acid, 
lysine, followed by 12 hydrophobic amino acids. 
Cleavage of the signal peptide is likely to occur be- 
tween alanine (residue 14) and cysteine since this 
site confirms best to Von Heijne’s rules [lo]. The 
deduced mature protein was 15.4 kDa and possess- 

TTGCTCCTTC -2oo 

CCGTCCTCCCCGCTTGGGCTCTTGGGCGCCCGTTCCGGGCCCCCC 

GGCCGCCCCGGGCCGCGCCCCATCCCGGTGCGCGACCCATA 

ATGAAGATCATTTTCGTCmGCTCTCCTTGCTATTGCTGCAGC 

MKI IFVFALLAIAACRPL‘PSLMFLGQSYRQYQ 

TGCAGTCGCCTGTCCTGCTACAGCAACAGGTGCTTAGCCCTC 

LQSPVLLQQQVLSPYNEFVRQQYG IAASPFLQS 

AGCTGCATTTCAACTGC~GTCTGGCAACATCAG~TGGTG~~C~T~CGCTATCAG~CATT~CATTGTTCAGGCCATAGCG 

AAFQLRNNQVWQHQAGGQQSRYQDINIVQAIA 

TACGAGCTACAACTCCAGCAATTTGGTGATCTCTCTTTGG 

YELQLQQFGDLYFDRNQAQAQALLAFNVPSRY 

GTATCTACCCTAGGTACTATGGTGCACCCAGTACCATTAC~TTAC~CCCTTGGC~TGT~TGT~TGTGTTTT~CAGTATAGTGGTTCG~GTT~ 

GIYPRYYGAPSTITTLGGVL 

~CTCAGATATCATCATATGTGACATGTGAAACTTTGGGTGATATAAATA WGTTGCCTTTCATATTT polyA 
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Fig.2. Nucleotide sequence and deduced amino acid sequence for rice prolamine cDNA clone. Numbers are bp relative to the 
translation start site. Putative polyadenylation signals are underlined. Arrowhead indicates the possible cleavage site for signal peptide. 
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Table 1 

Amino acid composition (o/o) 

Ala 
Val 
Leu 
Be 
Pro 
Phe 
Trp 
Met 
Lys 
His 
GlY 
Thr 

Cys 
Tyr 
Asp 
Ghl 

pProl.7 1111 WI 

8.9 6.6 9.5 
5.2 6.5 7.0 

11.9 12.8 12.3 
4.4 5.0 4.4 
5.9 6.1 5.5 
5.2 6.4 4.4 
0.7 0.6 1.6 
0.7 0.0 0.8 
0.0 0.0 1.0 
0.7 trace 1.7 
6.7 5.2 5.1 
2.2 2.2 1.3 
0.7 0.0 trace 
8.2 9.6 6.4 
6.7 7.6 8.3 

19.3 25.2 19.9 

ed a typical prolamine composition, a high mole 
percentage of glutamine, proline and aromatic 
amino acids and relatively low levels of charged 
residues (table 1). The amino acid composition is 
in good agreement with the known prolamine com- 
position [ 11,121 confirming the identification of 
this clone. The primary sequence of the mature 
prolamine protein was devoid of any large (27 
amino acids) tandemly repeated peptides, a com- 
mon feature prevalent in all prolamine genes 
analyzed so far from maize, wheat, barley and rye 
[ 131. The prolamine protein does contain small 
repetitions dispersed throughout the primary se- 
quence; 12 doublets of amino acids, one triplet, 
and three consecutive Gln-Ala peptides (at 
348 bp). Homology matrix plots revealed that the 
rice prolamine displayed no significant homology 
at the DNA or protein level with prolamines of 
wheat (gliadin) or maize (zein). This result shows 

that the rice prolamine is structurally distinct from 
other cereal prolamines. In view of these dif- 
ferences at both the DNA and protein level, the 
rice prolamine gene probably evolved from a dif- 
ferent ancestral DNA segment responsible for the 
origin of the prolamine genes of the other major 
cereals [ 131. 
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