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Surtmary. A cDNA library constructed from mRNAs ob-
tained from developing rice endosperm was screened with
a cDNA clone (ARM?7) of highest frequency of occurrence
(1.8%). The translation product directed by the mRNA
which was hybrid-released from ARM7 cDNA in a wheat
germ cell-free system showed a molecular size of 13 kDa
when coexisting with the protein body fraction of develop-
ing maize endosperm. A polypeptide sequence composed
of 156 amino acids was deduced from the nuclectide se-
quence. By comparison with the 19 N-terminal amino acids
obtained from Edman degradation of the isolated rice
13 kDa prolamin fraction, the signal sequence was deter-
mined as consisting of 19 amino acids. The deduced poly-
peptide is rich in hydrophobic amino acids such as Leu
and Val, and also in Gin, but lacks Lys. Hence, the amino
acid composition is consistent with that of rice 13 kDa pro-
lamin. By homology with previously reported cereal prola-
ming, only a single octapeptide sequence, Gin-Gln-Gln-Cys-
Cys-GIn-Gln-Leu, which was observed in 15kDa and
27 kDa zein, B- and p-hordein, o/f- and y-gliadin, and y-
secalin was conserved in the rice 10 kDa and 13 kDa prola-
min. No repetitive sequences and/or sequences homologous
to other cereal prolamins, except the above octapeptide,
were observed for the mature 13 kDa prolamin polypeptide.
The signal sequence region of the 13 kDa prolamin, how-
ever, shows homology of more than 65% in both the nucle-
otide sequence and the amino acid sequence with rice
10 kDa prolamin and maize zein.
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Introduction

Plant seed storage proteins are unique in that they are ex-
pressed at a very specific stage after pollination, and then
only by a specific cell type. Many legumes generally express
their storage proteins in the cotyledons. In contrast, cereal
storage proteins are expressed strongly in scutellar and/or
endospermal cells. The storage proteins are compartmenta-
lized within subcellular organelles, known as protein bodies,
which serve to stabilize the protein reserves for the next
generation (Pernollet 1978). Such storage proteins are also
important as food for animals, including humans and as
such are agronomically important.
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Enormous amounts of biological and nutritional infor-
mation have been accumulated about these proteins,
especially information concerning the types of proteins and
their amino acid compositions for agronomically important
seeds. Storage proteins typical of cereals and legumes have
been investigated extensively and their amino acid se-
quences have been determined. Generally, however, it is
difficult to elucidate full-length amino acid sequences by
conventional methods, such as Edman degradation (Edman
and Begg 1967), even when using the recently developed
automated amino acid sequencers. The major difficulty in
the sequencing of seed storage proteins stems from their
microheterogeneity which hinders the isolation and purifi-
cation of individual storage polypeptides. However, using
DNA cloning techniques, information on the amino acid
sequence for a single storage polypeptide can be obtained
even though microheterogeneity exists in the original
mRNA fraction. Thus, the amino acid sequences for many
of the globulins of legumes and the prolamins of cereals
have been deduced by cDNA analysis. Such accurate infor-
mation on individual storage polypeptides is essential to
understand fully the detailed mechanisms responsible for
the deposition of polypeptides to form a storage protein
body.

In the case of rice, prolamin accumulates within 1- to
2-um-diameter spherical protein particles with a concentric
ring structure as observed by thin section electron microsco-
py (Yamagata and Tanaka 1986). This type of protein body
originates directly from the endoplasmic reticulum mem-
brane and is called a type 1 protein body, PB-I (Yamagata
et al. 1982). On the other hand, glutelin accumulates within
3- to 4-pm-long ovary-shaped protein bodies which are
stained more intensely than PB-I by osmium tetroxide and
lead acetate staining, and they lack the concentric ring
structure (Yamagata and Tanaka 1986). This type of pro-
tein body appears to originate from a vacuolar membrane
and is called a type Il protein body (PB-I1I) (Bechtel and
Juliano 1980; Yamagata et al. 1982). Existence of the two
types of protein bodies within a single cell is quite unique.
Rice endosperm is the only case of such protein body poly-
morphism reported to date.

Information on the nucleotide sequence of rice storage
polypeptides is rare. Takaiwa et al. (1986, 1987a, b) re-
ported on the amino acid sequence of rice glutelin, and
the major rice polypeptides were studied by Kim and Okita
(1988a, b). We recently reported the amino acid sequences
of a 10 kDa prolamin polypeptide (Masumura et al. 1989 a)
and a major glutelin polypeptide (Masumura et al. 1989b)
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as deduced from the cDNA sequences. Accurate amino acid
sequences deduced from nucleotide analysis reinforce our
understanding of the mechanisms of storage protein biosyn-
thesis, transport, processing, and deposition. In the present
work we describe the nucleotide sequences corresponding
to the polypeptide of the major rice prolamin (13 kDa) to-
gether with the deduced amino acid sequence. The biologi-
cal significance of the information derived through analysis
of the amino acid sequence is indicated.

Materials and methods

Plant materials. Oryza sativa L. japonica cv Nipponbare
was grown in the experimental field of Kyoto Prefectural
University from the end of May to September. The rice
seeds harvested at 8, 10, 16, 22, and 29 days after flowering
(DAF) were stored under liquid nitrogen until extraction
of the RNA.

Construction of cDNA library. Poly(A)™ RNA was prepared
from 22 DAF seeds following the method reported pre-
viously using sodium dodecylsulfate (SDS)-phenol extrac-
tion and oligo(dT) column chromatography (Yamagata
et al. 1986). The synthesis of cDNA was carried out using
commercially available cDNA synthesis kits (Pharmacia)
and following the instructions in the supplier’s manual. A
c¢DNA library consisting of 1.4 x 10° independent clones
was prepared using Agtl! and transfecting host cells of
Escherichia coli Y1088 (Huynh et al. 1985) with double-
stranded cDNAs ligated with EcoRI adaptor sequences.

Screening of the library by use of 3? P-labeled single-stranded
c¢cDNA. The following screening procedure was used to
isolate a cDNA clone for the rice 13 kDa prolamin which
was preferentially expressed at the later stage of rice seed
development. Single-stranded c¢DNA probes (8 pCijug
DNA) were prepared by reverse transcription with AMV-
reverse transcriptase (Life Science) and 3000 Ci/mmol [o-
32P]dCTP (ICN) (Grunstein and Hogness 1975). Duplicate
nitrocellulose filters (NCFs) for screenings using both the
10 DAF probe and the 22 DAF probe were prepared by
transferring 2.0 x 10° independent plaques from agar plates
with a lawn of E. coli Y1088 host cells. Positive clones
were selected which produced much stronger signals with
the 22 DAF probe than with the 10 DAF probe. Finally,
5 clones possessing an insert of >500 bp and which did
not hybridize to glutelin or to 10 kDa prolamin ¢cDNAs
were selected for further analysis.

Subcloning and the population of ARM?7 sequence in the libr-
ary. cDNA inserts were subcloned into Bluescript M13*
KS (Stratagene) after the inserts were recovered by EcoRI
digestion. The subclone of interest was named pARM7. The
population of the cloned DNA in the library was deter-
mined using insert DNA 32P-labeled with a random primed
DNA labeling kit (Boehringer Mannheim) (Feinberg and
Vogelstein 1983, 1984). The ARM7 clone exhibited the high-
est frequency of appearance of 1.8%, and was used for
further investigation.

Hybridization-released translation. This procedure was car-
ried out essentially according to the method of Maniatis
et al. (1982). The denatured insert cDNA (about 620 bp,
5 ug) was fixed onto a NCF which was treated with the

poly(A)* RNA fraction obtained from 22 DAF rice seeds.
The poly(A)* RNA specifically hybridized to the fixed
cDNA insert was eluted with water and then translated
in an in vitro translation system using wheat germ extract
(Roberts and Paterson 1973). The translation product was
fractionated by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) (Laemmli 1970), and then fluorographed
(Booner and Laskey 1974). To remove the signal sequence
from the nascent polypeptide, the protein body fraction
obtained from developing maize seeds (28 DAF) was used
(Masumura et al. 1988).

DNA sequencing. The supercoil sequencing method of Chen
and Seeburg (1985) was used for nucleotide sequence deter-
mination after the cDNA insert was digested with Pst1 en-
donuclease and the fragments subcloned.

N-terminal sequencing. The rice prolamin fraction was ex-
tracted with 60% (v/v m-propanol from protein-rich rice
bran which had both the albumin and globulin fractions
removed by conventional solvent extraction (Hibino et al.
1989). The prolamin fraction was further fractionated by
high performance liquid chromatography (HPLC) (Japan
Optic, Model Tri Roter) using a reverse phase column
(Chemco SORB 300-7C,, 4.6 x 150 mm) and eluting with
a 10% (v/v) to 95% (v/v) n-propanol gradient at 8 ml/min.
The major peak was recovered and subjected to N-terminal
amino acid sequence determination (19 cycles) on an au-
tomated protein sequencer (Applied Biosystems Model
470A) and PTH amino acid Analyzer (120A) (Hunkapiller
and Hood 1983).

Northern blot analysis. Total RNA fractions from 8, 16,
and 29 DAF developing seeds were prepared using SDS-
phenol (Brawerman 1974). Samples of 10 pg of each total
RNA were fractionated on a 1.5% (w/v) agarose gel, then
blotted onto a nitrocellulose filter according to Maniatis
et al. (1982). The 3?P-labeled cDNA probe for the cDNA
insert from pARM7 was hybridized to the filter. The hybrid-
ized filter was then washed twice at 42° C for 45 min in
3xSSC (1 xSSCis 0-15M NaCl, 15 mM sodium citrate),
0.1% (w/v) SDS, and subjected to autoradiography.

Southern blot analysis. Genomic DNA was isolated from
rice germ (Ausubel et al. 1987) and aliquots digested with
each of three restriction endonucleases (BamHI, EcoRI, and
HindIIl). Each 10 ug DNA sample was fractionated on
0.8% (w/v) agarose gel, then blotted onto a NCF. Samples
of BamHI-digested pARM7 DNA, and the equivalent
amount of 0.5, 1, 2, 4, and 8 copies/haploid genome (Do-
money and Casey 1985), were loaded on the same gel. The
32p.labeled probe for the cDNA insert from pARM7 was
then hybridized to the filter. The hybridized filter was
washed twice at 65° C for 45 min in 0.2 x SSC, 0.1% (w/v)
SDS and then autoradiographed.

Results

Identification of the polypeptide encoded by ARM7

Poly(A)* RNA that specifically hybridized to the ARM7
cDNA sequence directed the synthesis of a polypeptide of
approximately 15 kDa in a wheat germ cell-free protein bio-
synthesizing system (Fig. 1, lane 3). The in vitro synthesized
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Fig. 1. Identification of cloned cDNA using hybridization-released
translation. Lane 1, in vivo-labeled storage proteins of developing
rice seed at 15 days after flowering (DAF); lane 2, total translation
products; lane 3, translation products of mRNA released from
ARMT7 cDNA; lane 4, in vitro processing products of lane 3 using
maize protein body (PB) membrane; lane 5, in vitro translation
products using maize PB fraction without mRNA (no exogenous
polypeptides). The mRNA was translated in a wheat germ system
and the 3H-labeled products were separated on 13.5% SDS-poly-
acrylamide gel and fluorographed. The precursor of the 13 kDa
prolamin is marked by open stars. The mature sized polypeptide
of the 13 kDa prolamin is marked by solid stars. The sizes given
at the left refer to polypeptides appearing in the developing rice
endosperm

peptide was 2000 dalton larger than the major rice prolamin
polypeptide and coincides with the size of the previously
identified precursor polypeptide for the 13 kDa prolamin.
When protein synthesis took place in the presence of the
protein body (PB) fraction obtained from developing maize
endosperm, a new band appeared that was about 2000 dal-
ton smaller (Fig. 1, lane 4). This new band was the same
size as the 13 kDa prolamin that was prepared in vivo using
3H-leucine (Fig. 1, lane 1). However, the new band was not
synthesized in the presence of the PB fraction only (Fig. 1,
lane 5). Thus, the in vitro process seems to reproduce com-
pletely the events that occur during 13 kDa prolamin for-
mation within the developing rice endosperm cell. There-
fore, the ARM7 insert must be coding for one of the 13 kDa
prolamin polypeptides. The frequency of appearance of the
ARM?7 insertion sequence in the library was 1.8%. This
value is fairly large considering that the values of the
10 kDa prolamin sequence and one of the glutelin se-
quences, ARG2, in this library were 0.9% and 1.3%, respec-
tively.

DNA sequence of ARM7

The whole nucleotide sequence comprising 609 bp was de-
termined and is shown in Fig. 2. The sequence has a long
open reading frame starting at ATG at nucleotide number
28 and ending at TGA at position 496. The AACAATGAA
sequence at the initial Met codon resembles the plant con-
sensus initiation codon of AACAATGGC (Lutcke et al.
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Fig. 2. Nucleotide and deduced amino acid sequences of the rice
13 kDa prolamin cDNA clone ARM7. The arrowhead indicates
the cleavage site of the signal sequence; a unique octapeptide is
shown by the dashed underiine; the stop codon is indicated by
an asterisk; the putative polyadenylation signals are underlined

1987). No ATG codon is present upstream of position 28
and a stop codon, TAG, is observed at position 10. Thus,
the first ATG must correspond to the initiation codon. The
two AATAAA sequences at positions 530 and 586 are con-
sensus poly(A) signals found in eukaryotic mRNA (Nevins
1983). From the deduced amino acid sequence, the precur-
sor polypeptide of the rice 13 kDa prolamin consists of
156 amino acids and has a molecular weight of 17890 dal-
ton. As shown in Fig. 3 the split site of the signal sequence
is between Ala'® and Arg?°, the mature polypeptide con-
sisting of 137 amino acids with a molecular weight of 15828
dalton. Within the polypeptide, Gln is present in the highest
concentration at 21.7%, the Leu content is 10.1% and the
Val content is 7.3%. The content of hydrophobic amino
acids such as Ala, Ile, Pro, and Phe is about 5% each.
No Lys residue was found. The nature of the deduced poly-
peptide coincides well with those of cereal prolamins al-
ready reported (Lasztity 1984). These facts are consistent
with the inference that the nucleotide sequence of ARM7
is that of one of the 13 kDa prolamin polypeptides.

Homologous sequences with other prolamins

A unique octapeptide, ’?GIn-GIn-Gln-Cys-Cys-Gln-Gln-
Leu®*, is contained in the rice 13 kDa prolamin amino acid
sequence. This octapeptide is a unique repetitive sequence
reported in rice 10 kDa prolamin (Masumura et al. 1989 a),
maize 15 kDa zein (Pedersen et al. 1986) and 27 kDa zein
(Prat et al. 1985), barley B-hordein (Forde et al. 1985) and
y-hordein (Mills and Brandt 1988), wheat o/$-gliadin (Okita
et al. 1985) and y-gliadin (Scheets et al. 1985), and y-secaline
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Fig. 3. Comparison of the deduced amino acid sequence of rice 13 kDa prolamin cDNA clone ARM7 with two sets of the N-terminal
amino acid sequences of a mixture of rice 13 kDa prolamin fraction. I, Deduced amino acid sequence from ARM?7 insert. II, N-terminal
amino acid sequences of rice 13 kDa prolamin polypeptide fraction purified by HPLC after propanol extraction, and obtained as
the major peak in each cycle (a) or as the second major peak (b). The arrowhead indicates the cleavage site of the signal sequence.
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Fig. 5. Comparison of homology in the N-terminal sequences of rice prolamins, maize zeins, rice glutelins, and oat globulin. The

protein bodies are classified into two types (rice PB-I type and rice PB-II type). Signal peptide sequences and partial N-terminal amino
acid sequences of rice 13 and 10 kDa prolamins, maize 10, 19, and 22 kDa zeins, rice glutelins (Masumura et al. 1989b), and oat
globulin (Shotwell et al. 1988) are compared. The homologous amino acids are boxed. An arrowhead indicates the cleavage site of

the signal peptides

(Kreis etal. 1985) (Fig. 4). A strong homology between
JRM7 and the major rice prolamin cDNAs, pProl. 14 and
17 (Kim and Okita 1988b), of more than 70% was ob-
served. Lack of homology noted upon comparison of the
nucleotide sequences of the three cDNAs corresponds to
amino acid deletions rather than substitutions.

It is clear that rice prolamin polypeptides show microhe-
terogeneity. The homology previously noted between the
mature polypeptide and the corresponding nucleotide se-

quence of ARM7 and other cereal prolamins was not ob-
served. However, homology of more than 60% of the nucle-
otide sequence, was observed in the region corresponding
to the signal sequences of ARM7, rice 10 kDa prolamin,
and maize zein. The amino acid sequences of the signal
sequence regions for ARM7, rice 10 kDa prolamin, and
maize zeins of 10 kDa (Kirihara et al. 1988), 19 kDa (Peder-
sen et al. 1982), and 22 kDa (Marks and Larkins 1982) are
compared in Fig. 5.



Determination of N-terminal amino acid encoded by ARM?7

The signal sequence comprising 24 amino acids for rice
10 kDa prolamin was previously determined by comparing
the N-terminal amino acid sequence deduced from the nu-
cleotide sequence of 10 kDa prolamin cDNA with 4 amino
acid sequences obtained by Edman degradation from an
isolated rice 10 kDa prolamin polypeptide (Masumura et al.
1989a). The signal sequences for 10, 19, and 22 kDa zein
have also been reported (Kirihara et al. 1988; Pedersen
etal. 1982; Marks and Larkins 1982; Esen et al. 1987).
Comparing the homology observed in the signal sequence
regions of the deduced polypeptide (ARM7), 10 kDa prola-
min, and 10, 19, and 22 kDa zein, we predicted the cleavage
site of the signal sequence from the proprolamin encoded
by ARM7 as shown in Fig. 5. Thus, proprolamin has a
signal sequence comprised of 19 amino acids.

We determined the sequence of the 19 N-terminal amino
acids for rice 13 kDa prolamin using an automated amino
acid sequencer. The 13 kDa prolamin extract prepared as
described in the materials and methods was fractionated
by HPLC and the major fraction recovered. Due to the
nature of cereal prolamins, the fractionated prolamin was
expected to be a mixture of several polypeptides. Actually,
each cycle of Edman degradation resulted in two major
peaks, except in the 7th and 8th cycles (Fig. 3, II). The
cleavage site of the signal sequence in the deduced amino
acid sequence of the 13 kDa prolamin precursor was deter-
mined. The N-terminal amino acid sequences obtained from
the isolated 13 kDa mature prolamin fractions were aligned
with the deduced amino acid sequence obtained from the
ARM7 insert, as shown in Fig. 3: 14 amino acids of the
13 kDa deduced amino acid sequence were found in the
19 N-terminal amino acids of the 13 kDa mature prolamin.
The signal-sequence cleavage site of the deduced 13 kDa
precursor polypeptide was determined as Ala'®-Arg?°.
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Fig. 6. Northern blot analysis of rice seed mRNA with a cDNA
probe. Ten micrograms of total RNA isolated from 8, 16, and
29 DAF developing endosperm were separated by agarose gel elec-
trophoresis in the presence of formaldehyde, and transferred to
a nitrocellulose filter. The blot was probed with a 3?P-labeled
cDNA insert of pARM7. The length of hybridizing RNAs was
estimated using the RNA molecular weight marker I1T (Boehringer
Mannheim)

Northern blot analysis

Northern blot analysis was carried out using RNA obtained
from three different DAF seeds to elucidate exactly when
the mRNAs corresponding to the ARM7 sequence are ex-
pressed. As shown in Fig. 6, the 32P-labeled probe for the
pARM7 cDNA insert hybridized exclusively at the position
corresponding to 900 nucleotides. The concentration of the
RNA hybridizing with pARM7 probe increased with seed
development from 8 DAF through 29 DAF. The increase
in hybridizing RNA corresponds with one of the 13 kDa
prolamin polypeptides that is strongly expressed in the late
stage of seed development.

Genomic organization of the 13 kDa prolamin genes

Rice genomic DNA was digested with BamII, EcoRI, and
HindIlI restriction endonucleases for Southern blot analysis
(Fig. 7). The *?P-labeled probe for the cDNA insert of
pARM7 was hybridized with the blotted filter prepared from
each digest. The presence of several additional hybridizing
fragments suggests that the 13 kDa prolamin consists of
a multi-gene family. The number of genes for the 13 kDa
prolamin is large (7-10 copies/haploid genomes) under high
stringency conditions.
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Fig. 7. Southern blot analysis of rice genomic DNA. Ten micro-
grams of rice germ DNA was digested with BamHI, EcoRI, and
HindIII, separated by agarose gel electrophoresis, and transferred
to a nitrocellulose filter. The blot was probed with a 32P-labeled
c¢DNA insert of pARM7. The number of gene copies of the 13 kDa
prolamin indicated are 0.5, 1, 2, 4, and 8 copies/haploid genome.
The numbers at the left indicate the position of DNA size markers
in kb



Discussion

The importance of improving the protein of PB-I has been
described elsewhere (Kumamaru et al. 1988). Knowledge
of the molecular characteristics of polypeptides accumulat-
ing in PB-I is indispensable to accomplish this objective.
However, deduction of the entire amino acid sequence di-
rectly from the isolated polypeptide is essentially impossible
because of the difficulty of isolating the individual polypep-
tides. The only currently known method to determine the
amino acid sequence of plant storage proteins involves us-
ing a cDNA for the corresponding mRNA of the polypep-
tide.

Kim and Okita (1988a,b) recently reported a cDNA
sequence and the deduced amino acid sequence for a major
rice prolamin. They did not, however, describe the corre-
sponding polypeptide observed in SDS-PAGE analysis. The
hybridization-released translation product accumulated in
the present work, using ARM7, clearly illustrates that the
polypeptide coded by ARM7 is a 13 kDa type, as shown
in Fig. 1. This is the first report of a cDNA sequence eluci-
dated for the rice 13 kDa prolamin.

Rice endosperm 13 kDa prolamin seems to be expressed
strongly in the late stage of seed development. Therefore,
a cDNA library constructed of mRNAs from late stage
seeds should be used for screening for 13 kDa prolamin
cDNA clones. The hybridization release experiment using
clone ARM?7 clearly confirmed that the inserted ¢cDNA is
derived from the mRNA coding for the rice 13 kDa prola-
min. Moreover, treatment of the more slowly migrating
in vitro translation product with the protein body fraction
from developing maize, to form a protein migrating as a
13 kDa polypeptide strongly suggests that the prolamin en-
coded by ARM7 clone is the 13 kDa prolamin. The forma-
tion of a large precursor protein in vitro is consistant with
the slower mobility on SDS-PAGE of proteins isolated
from rice PB-I (Ogawa et al. 1987). It is difficult to correlate
the cloned cDNA sequence with a specific polypeptide on
SDS-PAGE, because the 13 kDa prolamin is composed of
at least 7 different types of polypeptides (Hibino et al.
1989). The screening technique used is an efficient method
for finding strongly expressed polypeptides. Actually, popu-
lation analysis showed that the occurrence of the ARM7
insert sequence is more than 1.8% of the clones in the
c¢DNA library prepared from 22 DAF rice seeds. This fre-
quency seems quite large compared with the population
number of one glutelin cDNA sequence that constituted
only 0.9% of a 10 DAF ¢DNA library similarly analyzed.
These results suggest there is no doubt that the cDNA se-
quence in ARM7 encodes one of the major rice prolamin
sequences.

As previously reported, rice prolamin polypeptides are
biosynthesized on the rough endoplasmic reticulum (Yama-
gata and Tanaka 1986). Therefore, amino acid sequences
of prolamin deduced from the cDNA sequences were ex-
pected to contain signal sequences usually consisting of
about 20 amino acids (Watson 1984). The cleavage site from
the prolamin precursor to form the mature prolamin poly-
peptide can be predicted as described by Heijne (1986). Ide-
ally, amino acid sequence information from the N-terminal
of the isolated target prolamin is required to determine the
signal sequence. Although the polypeptide sample subjected
to N-terminal sequencing was not pure, the information
obtained from the polypeptide mixture was extremely help-

ful. As shown in Fig. 3, the N-terminal sequences of 19
amino acids were obtained. The result suggests that the
prolamin sample subjected to sequencing was composed
mainly of two major sets of polypeptides. When the de-
duced N-terminal amino acid sequence was compared with
those actually determined on the major rice 13 kDa prola-
min fraction, 14 of the 19 amino acids were found in the
N-terminals of the rice 13 kDa prolamins. This result con-
clusively locates the signal-sequence cleavage site between
Ala'® and Arg?° as predicted in Fig. 2. However, the N-
terminal amino acid is Gln or Ala when chemically deter-
mined. This suggests that there must be a ¢cDNA clone
that corresponds to prolamin polypeptides with Gln or Ala
as the N-terminal amino acid of the mature polypeptide.
Kim and Okita (19881b) proposed that the signal-peptide
cleavage site of the amino acid sequence deduced from rice
prolamin cDNA clones (pProl. 14 and 17) was between
Ala'* and Cys'. However, in consideration of the present
results, the cleavage site should be between Ala'® and Gln2°
and the N-terminal amino acids of the two clones isolated
by Kim and Okita (1988b) i.e., pProl. 14 and 17 must be
Gln.

The polypeptide sorting which operates in the develop-
ing rice endosperm is particularly noteworthy. The rice en-
dosperm cell is unique in containing two types of protein
body: PB-I and PB-1I. The mechanism by which PB-I accu-
mulates only prolamin polypeptides and PB-II accumulates
glutelin polypeptides remains to be elucidated. Similarities
in the type of protein body and the highly homologus signal
sequence of cereal storage proteins are demonstrated in
Fig. 5. These observations suggest that the signal sequences
may play an essential role in the process of polypeptide
accumulation into the protein bodies.
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