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Abstract

Superoxide dismutase (SOD) is responsible for the removal of superoxide anion from living organisms. In this study, cONA encoding the
manganese~containing SOD (MnSOD) from the silkworm, Bombyx mort, was isolated by reverse transcriptase-polymerase chain reaction and
sequenced. The deduced amino acid sequence of the MnSOD revealed 62% identity to that of the Drosaphila melanogaster; both were close to
cach other in a phylogenetic trec. The MnSOD was overproduced in Escherichia coli and purified. The internal structure of the recombinant
MnSOD was confirmed by peptide mass fingerprinting method. The recombinant MnSOD facilitating the reduction reaction of superoxide anion
Tetained 75% of its original activity afer incubation at pH 4-11 for 24 b at 4 °C. Its activity was never affected by incubation at pH 7 for 30 min

below 50 °C.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Bombyx mort; Manganese; Phylogenetic tree; Silkworm; Superoxide dismutase

1. Introduction

Superoxide dismutase (SOD, EC 1.15.1.1) is a metalloen-
Zyme, which catalyzes the conversion of the superoxide
radicals into molecular O; and H;0,. The family of SODs is
involved in defense reaction to reactive oxygen species (ROS)
such as superoxide amion (0;) and H,0, (McCord and
Fridovich, 1969; Bannister et al, 1987; Fridovich, 1975).
ROS is produced by the exposure of tissues and cells to
environmental stress and chemical agents (Davies and Dean,
1997; Rauen et al, 1999; Parkes et al,, 1999). ROS is also
generated by normal metabolism such as B-oxidation of fatty
acid and electron transport in peroxisome (Sohal et al, 1990;
Om and Sohal, 1994). Since ROS causes damage to biological
molecules including proteins, nucleic acids, membrane lipids
and other cellular components, it is necessary for aerobic

* Corresponding suthor. Tel.: +81 92 621 4991; fax: +81 92 624 1011.
E-mail address: yamamok@agr-kyushu-u.acjp (K. Yamamoto).
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organisms to regulate ROS (Hermes-Lima and Zenteno-Savin,
2002). SOD has been isolated from various species (Fridovich,
1986). In eukaryotes, there are two distinct isoforms of SOD
that are distinguished by the type of metal bound at their active
sites: copper- and zinc-containing SOD (Cw/Zn-SOD) and
manganese-containing SOD. We already cloned a cDNA
encoding CwZn-SOD of the silkworm (Yamamoto et al.,
2005a). Although MnSOD ¢DNAs have been cloned from
diverse organisms (Hunter et al., 1997; Duttaroy et al., 1994;
Beck et al., 1987; Ho and Crapo, 1987; Hallewell et al., 1986),
the cDNA encoding MnSOD of the silkworm has not yet been
available. The domesticated silkworm, Bombyx mori, is an
economically important animal. Therefore, the studies on
defense reaction of silkworm are useful for the maintenance.

To understand the biochemical aspects of defense reaction to
ROS, in this paper, we cloned, sequenced the cDNA encoding
MnSOD from the silkworm, B. mori and overexpressed the
recombinant enzyme in Escherichia coli. Furthermore, we
reported the tissue distribution of the transcript of B. mori
MnSOD.
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Proteomic Studies of Isoforms of the P25 Component of Bombyx mori Fibroin
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1t is recognized that P25 is one of three polypeptide
components of the fibroin synthesized in the larval silk
gland (SG) of silkworm, having two glycosylated iso-
forms. In the present study, however, eight P25 isoforms
were separated by proteomics, including two-dimen-
sional gel electrophoresis of whole SG proteins, and
were identified by the peptide mass fingerprinting
method. Four of the eight isoforms were identified as
Bombyx mandarina P25s, although the SG of Bombyx
mori has never been considered to contain the P25 from
B. mandarina. 1t is suggested that this diversity of P25
isoforms depends on phosphorylation modification in
addition to glycosylation.

Key words: proteomics; silkworm; P25 isoform; fibroin

Silk proteins comprising fibroin and sericin are
synthesized in the silk gland (SG),” SG is divided into
the following three sub-organs: posterior silk gland
(PSG), middle silk gland (MSG), and anterior silk gland
(ASG). In the larva of the silkworm, Bombyx mori,
fibroin is synthesized in the PSG, secreted into the
lumen of the PSG, and associated with a sericin in the
lumen of the MSG. The resulting silky fibers are
secreted outwardly through the ASG, forming a cocoon.
Fibroin comprises the heavy chain, the light chain, and
the P25 glycoprotein (fibrohexamerin).>* These com-
ponents, are also distributed in other silk-producing
insects, Bombyx mandarina, Dendrolimus spectabilis,
and ‘Papilio xuthus.® B. mori fibroin is formed in the
following manner: a disulfide bond links a heavy chain
with a light chain, yielding a dimer; six sets of the dimer
are non-covalently attached to a molecule of P25 and
form a [(H-L)¢-P25] complex.” P25 has N-linked
oligosaccharide chains, and its molecular size has
30kDa and 27kDa, depending on the degree of
glycosylation.>® This encouraged us to examine the
isoforms of P25 extensively in the course of our
proteomic studies of whole proteins in the B. mori SG. .

The synthesis of fibroin accompanies changes in mo-
lecular forms of component polypeptides.” Hence we
had a question as to whether the distribution of P25
isoforms differs depending on the site within the SG.

In this study, we dissected the SG into six parts and
extracted proteins from each part. Samples prepared in
this way were separately resolved by two-dimensional
gel electrophoresis (2-DE) and analyzed by the peptide
mass fingerprinting (PMF) method, including in-gel
tryptic digestion and matrix-assisted laser desorption/
ionization-time of flight mass spectrometry (MALDI-
TOF MS). In an extract from the MSG, we detected a
total of eight P25 isoforms, including six newly found.
Four of the eight were unexpectedly the P25 isoforms
of B. Mandarina. Further dephosphorylation analysis
on P25 isoforms indicated that this diversity of P25
apparently ascribes to phosphorylation other than gly-
cosylation.

Materials and Methods

Reagents, insect, and tissue dissection. Unless other-
wise noted, all chemicals used were of the highest
analytical grade. Pharmalyte Immobiline Drystrip
(pH 3-10) and the IPGphor isoelectric focusing unit
used for isoelectric focusing were from Amersham
Pharmacia Biotech (Uppsala, Sweden). Reductively
methylated porcine trypsin was of sequencing grade
from Promega (Mannheim, Germany). Calf intestinal
alkaline phosphatase was obtained from Invitrogen
(Carlsbad, CA) and used without further purification.
B. mori larvae of FL50 strain (yellow cocoon) main-
tained at the Institute of Insect Genetic Resources of
Kyushu University (Fukuoka, Japan) were reared on
mulberry leaves. SGs were dissected from the larvae at
day 5 of the fifth instar, in 0.75% NaCl at 4°C. The SG
was divided into the following parts: ASG, MSG1,
MSG2, MSG3, MSG4, and PSG (Fig. 1).” Every part of
the SG was blotted on filter paper, frozen with liquid

t To whom correspondence should be addressed. Fax: +81-92-621-1011; E-mail: Fujii @agr.kyushu-u.ac.jp
Abbreviations: 2-DE, two-dimensional gel electrophoresis; MALDI-TOF MS, matrix-assisted laser desorption/ionization-time of flight mass

spectrometry; PMF, peptide mass fingerprinting; SG, silk gland
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Identification and Overexpression of Y-box Protein Isoform of the Silkworm,

Bombyx mori
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Abstract The Y-box proteins are a family of nucleic acid binding proteins, which

interact with the particular nucleotide sequence. Thus, they are thought to be
involved in both transcriptional and translational regulation. Here we report
the cloning and sequensing of cDNA encoding Y-box protein isoform from an
experimental strain of the silkworm, Bombyx mori. The deduced amino acid
sequence showed the cold-shock domain and RGG repeats were highly
conserved, and was estimated to be close to the protein from Drosophila
melanogaster in a phylogenetic tree. We constructed overexpression and
purification system of silkworm Y-box protein. The overproduced protein was
migrated at about 31 kDa in SDS-polyacrylamide gel corresponding to a
predicted molecular weight of Y-box protein. Recombinant Y-box protein was
detected in the soluble fraction and was purified to homogeneity by
ammonium sulfate fractionation and an anion exchange chromatography

Key words: Bombyx mori, silkworm, Y-box protein, cloning, sequencing

Introduction

The Y-box proteins (YBPs) are a family of
nucleic acid binding proteins and play a
multifunctional role in the regulation of
transcription, chromatin modification, translational
repression and RNA packaging (Wolffe, 1994).
It is reported that YBPs bind to both RNA and
DNA (Izumi, et al., 2001). For example, YBP
interacts with promoters containing the particular
nucleotide sequence, so-<alled Y-box element
and control gene expression (Fukuda and

._12_

Tonks, 2003). YBP is present abundantly in
messenger ribonucleoprotein particles (mRNPs)
and regulates translation for a RNA-binding
protein (Minich and Ovchinnikov, 1992). Mouse
Mus musculus YBP (Tafuri et al., 1993) and
Xenopus YBP (Matsumoto et al., 1996) could
hold the transcribed mRNA.

The cold-shock domain (CSD) is responsible
for the interaction to nucleic acid and evolutionarily
highly conserved in the sequences of YBPs. It
is known that the domain is related to
Escherichia coli cold-shock proteins (Jiang, et
al,, 1997). The human Homo sapiens YBP
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'Ah:tract

This study focused on glutathione S-transferase (GST), one of the detoxification enzymes, from the silkworm, Bombyx mori (GSTT1). A
c¢DNA encoding a putative GST was amplified by reverse transcriptase-polymerase cham macuon and sequenced. The deduced amino acid
sequence revealed 59%, 57% and 56% identities to theta-class GSTs of M d gambiae and Drosophila melanogaster,
respectively. GSTT] was also estimated to be close to those GSTs in a phylogeneuc lree Recombmant GST (rGSTT1) was functionally
overexpressed in Escherichia coli in a soluble form, purified to homogeneity, and characterized. The pH-optimum of rGSTT1 was broad
from pH 4 to 9 and rGSTT! retained more than 75% of its original activity after incubation at pH 5-11. Incubation for 30 min at
temperatures below 50 °C also affected the activity insignificantly. The Michaelis constant for 1-chloro-2,4-dinitrobenzene was 0.48 mM.

© 2005 Elsevier Inc. All rights reserved.

Keywords: Antioxidant; Bombyx mori; Cloning; Glutathione conjugation; Glutathione §- ferase; Overexpression; S

Silkworm

1. Introduction

Glutathione S-transferases (GSTs, EC 2.5.1.18) are
detoxifying enzymes found in vertebrates, plants, insects,
yeasts and aerobic bacteria (Shechan et al., 2001; Ketterer,
2001). GSTs catalyze the conjugation of glutathione (GSH)
to hydrophobic substrates, for example, herbicides and
insecticides (Armstrong, 1997). The conjugation of GSH to
the substances facilitates the following metabolism (Shee-
han et al,, 2001; Mannervik and Danielson, 1988; Hayes

and Pulford, 1995; Eaton and Bammler, 1999). GST is also’

able to conjugate GSH to endogenous compounds. Toxic
aldehydes were produced by the lipid peroxidation and the
resulting o, B-unsaturated aldehydes, 4-hydroxynonenal (4-
HNE), was established to be a substrate for GST (Alin et al.,

* Corresponding author. Tel: +81 92 621 4991; fax: +81 92 624 1011.
E-mail address: y k@agr kyushu-u.ac.jp (K. Yamamoto).

1096-4959/8 - see front matter © 2005 Elsevier Inc. All rights reserved.
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1985a; Halliwell and Gutteridge, 1999). Since these
aldehydes are highly reactive, specific modification of
proteins by 4-HNE could inhibit the protein function
(Schneider et al., 2001; Esterbauer, 1993). Cytosolic GST
from rat river was shown to give specific activity with 4-
HNE (Alin et al., 1985a). The Drosophila GST has also the
ability to conjugate GSH to 4-HNE for detoxification
(Sawicki et al.,, 2003).

GSTs have been purified from more than 24 individual
insect species and the enzymes are expressed at high levels
(Yu, 1996; Zhou and Sylvanen, 1997). Two distinct classes
were generally recognized and designated class I and 1I
according to the classification system for insect (Foumnier et
al,, 1992; Syvanen et al, 1994). On the other hand, the
mammalian GSTs can be divided into seven distinct classes
named alpha, mu, pi, sigma, theta, zeta and omega (Hayes
and Pulford, 1995; Board et al., 1997). It is known that
amino acid sequence identity within a class is 50%, while
identity between other classes is less than 30% (Sheehan et
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Abstract

Living organisms require mechanisms regulating reactive oxygen species (ROS) such as hydrogen peroxide and superoxide anion.
Catalase is one of the regulatory enzymes and facilitates the degradation of hydrogen peroxide to oxygen and water. Biochemical
information on an insect catalase is, however, insufficient. Using mRNA from fat body of the silkworm, Bombyx mori, a cDNA
encoding a putative catalase was amplified by reverse transcriptase-polymerase chain reaction and sequenced. The deduced amino
acid sequence comprised 507 residues with more than seventy residues forming a scaffold for a heme cofactor conserved. The
sequence showed 71% and 66% identities to those of the Drosophila melanogaster and Apis mellifera catalases, respectively; the
catalase from B. mori was estimated to be phylogenetically close to that from 4 mellifera. The transcripts of the gene and the
catalase activity were distributed in diverse tissues of B. muori, suggesting its ubiquitous nature. Using the gene, a recombinant
catalase (rCAT) was functionally overexpressed in a soluble form using Escherichia coli, purified to homogeneity, and characterized.
The pH-optimum of rCAT was broad around pH 8.0. More than 80% of the original rCAT activity was retained after incubation in
the following conditions: at pH 8-11 and 4 °C for 24h; at pH 7 and temperatures below 50 °C for 30 min. The Michaelis constant for
hydrogen peroxide was evaluated to be 28mM at pH 6.5 and 30 °C. rCAT was suggested to be a member of the typical catalase
family.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Bombyx mori; Silkworm; Cgtalase; Antioxidant; Hydrogen peroxide

proteins, nucleic acids, and lipids (Hermes-Lima and

1. Intreduction
: Zenteno-Savin, 2002). In this context, ROS has been

The exposure of radiation, ultraviolet rays, and some
chemicals to tissues and cells results in the production of
a reactive oxygen species (ROS) such as hydrogen
peroxide and superoxide anion (Davies and Dean,
1997). In general, ROS is harmful to living organisms
because ROS tends to give oxidative damages to

*Corresponding author. Tel.: +81926214991;
fax: +81926241011.
E-mail addresses; yamamok @agr.kyushu-u.acjp (K. Yamamoto),
yaso@agr.kyushu-u.acjp (Y. Aso).
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recognized to be related to aging and life span (Orr and
Sohal, 1994; Parkes et al., 1999; Sohal et al., 1990). ROS
stimulates a signal transduction and mediates various
responses such as cell growth and apoptosis (Suzuki
et al., 1997). On the other hand, ROS plays a helpful
role in the innate immunity system of an insect (Kumar
et al., 2003; Hao et al.,, 2003). Living organisms thus
require a regulatory system for ROS. Antioxidant
enzymes are typical factors facilitating the scavengery
of ROS. Catalase (H;02:H;0, oxidoreductase; EC
1.11.1.6, CAT) is one of the antioxidant enzymes and
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Superoxide dismutase (SOD) is an enzyme facilitating
the removal of superoxide anions from living organisms.
This study focused on SOD from the silkworm, Bombyx
mori (bmSOD). ¢cDNA encoding bmSOD was amplified
by reverse transcriptase—polymerase chain reaction.
The deduced amino acid sequence of bmSOD indicated
that the residucs forming the Cu/Zn binding site are
conserved and that the sequence is in 60% identity to
that of the Drosophila melanogaster. B. mori SOD was
also close to the D. melanogaster SOD in a phylogenetic
tree. The bmSOD mRNA and the enzyme activity were
widely distributed in diverse tissues. bmSOD function-
ally overexpressed in Escherichia coli in a soluble form
was purified, and its stability was examined. bmSOD at
4°C retained almost all of its original activity after
incubation at pH 4-11 for 24 h. Incubation (pH 7) for
30min at temperatures below 40°C also affected
activity insignificantly.

Key Words Bombyx mori, silkworm; superoxlde dismu-
tase; antioxidant; oxidative stress

Exposure to radiation, ultraviolet rays, and chemical
agents of tissues and cells results in the production of
reactive oxygen species (ROS) such as superoxide anion
(O2™) and H,0,.” ROS is toxic to living organisms,
because its high reactivity causes oxidative damage to
proteins, nucleic acids, and lipids.? In this context, it is
believed that ROS is related to aging and life span.3%
On the other hand, ROS plays a significant role in the
innate immunity system of insects.5® It stimulates
signal transduction and mediates different responses
such as cell growth and apoptosis.” Tissues and cells
experience oxidative stress even during normal metab-
olism such as S-oxidation of fatty acids and electron
transport in peroxisome.® Hence, it is necessary for
aerobic organisms to control ROS. Superoxide dismu-

tase (SOD, EC 1.15.1.1) is a ubiquitous metalloenzyme
in aerobic organisms that plays a crucial role in
protecting organisms against toxic effects caused by
ROS1® SOD catalyzes a dismutation reaction that
converts the superoxide radicals into molecular O, and
H,0,.!V SOD is widely distributed in eukaryotes.!?
Since the overexpression of SOD in the fruit fly,
Drosophila melanogaster was found to extend its
lifespan, SOD has been considered to be involved in
lifespan extension.>*1¥ cDNAs encoding SODs from
diverse organisms have been cloped, some of which
were overexpressed in various hosts.!*?) In spite of its
important role in the regulation of ROS, the cDNA
encoding a SOD of the silkworm is not yet available.
In this study, we cloned, sequenced the cDNA
encoding a SOD from the silkworm, Bombyx mori
(bmSOD), and overexpressed the recombinant enzyme
in Escherichia coli. We found that both the bmSOD
mRNA are distributed in diverse tissues. This is the first
report to identify SOD of the silkworm, B. mori.

Materials and Methods

Insect and tissue dissection. Silkworm larvae (pS0)
maintained at the Institute of Genetic Resources Tech-
nology, Kyushu University (Fukuoka, Japan) were
reared on mulberry leaves. On d3 at the 5th instar, fat
body, midgut, silk gland, ovary, and testis as well as
hemocyte were dissected in ice-cold 0.75% NaCl,
immediately frozen with liquid N, and stored at
—80°C until use.

Cloning of ¢cDNA encoding SOD. Total RNA was
extracted from fat bodies with Sepasol-RNA 1 (Nacalai
Tesque). The first strand cDNA was synthesized from

. the total RNA (5ug) using Super Script I reverse

transcriptase (Invitrogen) and oligo-dT primer. It was

t To whom pondence ghould be addressed. Fax: +81-92-624-1011; E-mail: yamamok @agrXkyushu-u.ac.jp
bbreviations: RT-PCR, transcrip poly chain reaction; SOD, superoxide di ROS, reacnveoxygcn species; WST-1,4-[3-
(4-1ndophenyl)—2-(4—nnmplenyb¢2ﬂ S-tetrazoho]-l 3-benzene disulfonate; PAGE, po!yacryhlmde gel electrop IPTG, isopropyl 1-thio-g-p~
gal ide; PMSF, phenylmeth Ifonyl fiuorid
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Complementation of sugary-1 Phenotype in Rice
Endosperm with the Wheat Isoamylasel Gene
Supports a Direct Role for Isoamylasel in

Amylopectin Biosynthesis

Akiko Kubo, Sadequr Rahman, Yoshinori Utsumi, Zhongyi Li, Yasuhiko Mukai, Maki Yamamoto,
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To examine the role of isoamylasel (ISA1) in amylopectin biosynthesis in plants, a genomic DNA fragment from Aegilops
tauschii was introduced into the ISA1-deficient rice (Oryza sativa) sugary-1 mutant line EM914, in which endosperm starch is
completely replaced by phytoglycogen. A. tauschii is the D genome donor of wheat (Triticum aestivum), and the introduced
fragment effectively included the gene for ISA1 for wheat (TaISA1) that was encoded on the D genome. In TaISAI-expressing
rice endosperm, phytoglycogen synthesis was substantially replaced by starch synthesis, leaving only residual levels of
phytoglycogen. The levels of residual phytoglycogen present were inversely proportional to the expression level of the TaISA1
protein, although the level of pullulanase that had been reduced in EM914 was restored to the same level as that in the wild
type. Small but significant differences were found in the amylopectin chain-length distribution, gelatinization temperatures,
and A-type x-ray diffraction patterns of the starches from lines expressing TzISA1 when compared with wild-type rice starch,
although in the first two parameters, the effect was proportional to the expression level of TaISA. The impact of expression
levels of ISA1 on starch structure and properties provides support for the view that ISA1 is directly involved in the synthesis of

amylopectin.

Amylopectin is generally the major constituent of
starch, accounting for about 65% to 85% of storage
starch. The remainder is amylose, which is essentially
linear. Amylopectin has a defined structure composed
of tandem linked clusters (approximately 9-10 nm each
in length), where linear a-1,4-glucan chains are regu-
larly branched via a-1,6-glucosidic linkages, whereas
the glycogens of bacteria and animals have a more
randomly branched structure (Thompson, 2000). The
distinct structure of amylopectin (referred to as a
tandem-cluster structure) contributes to the crystalline
organization of the starch granule (Gallant et al., 1997).
Variation of the cluster fine structure is considered to
cause variations in starch functional properties be-
tween species (e.g. maize [Zea mays] starch versus
potato [Solanum tuberosum] starch), tissues (e.g. storage
starch versus assimilatory starch), and genetic back-
grounds (e.g. japonica rice [Oryza sativa] starch versus

* Corresponding author; e-mail nakayn@akita-pu.ac.jp; fax 81-
18-872-1681.

Article, publication date, and citation information can be found at
www.plantphysiol.org/cgi/doi/10.1104/pp.104.051359.

indica rice starch). However, genetic engineering could
remove such species-specific limitations of starch func-
tional properties by modifying the fine structure of
amylopectin in a variety of ways. s‘

According to our current understanding, the struc-
ture of amylopectin is determined by four classes of
enzymes: ADP-Glc pyrophosphorylase (AGPase), sol-
uble starch synthase (SS), starch-branching enzyme
(BE), and starch-debranching enzyme (DBE; Van den
Koornhuyse et al., 1996; Smith et al., 1997; Kossmann
and Lloyd, 2000; Myers et al., 2000; Nakamura, 2002;
Ball and Morell, 2003; James et al., 2003). A current
focus of research in starch biosynthesis is to evaluate
the metabolic functions of individual enzymes in-
volved in amylopectin biosynthesis and examine
how manipulation of the enzymes can produce novel
starches with distinct physicochemical properties. This
will help to clarify the contribution of each enzyme to.
the structure of amylopectin and the impact of expres-
sion level on the structure and functionality of the
starch.

Higher plants are known to have two types of DBE,
isoamylase (ISA) and pullulanase (Lee and Whelan,

Plant Physiology, January 2005, Vol. 137, pp. 43-56, www.plantphysiol.org © 2004 American Society of Plant Biologists 43
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The structure of starch can be manipulated by changing
the expression levels of starch branching enzyme lib in
rice endosperm

Naoki Tanaka', Naoko Fujita®?, Aiko Nishi?, Hikaru Satoh®, Yuko Hosaka?, Masashi Ugaki®, Shinji Kawasaki’
and Yasunori Nakamura?3*

National Institute of Agrobiological Sciences, Kannondai, Tsukuba, Ibaraki 305-8602, Japan

2Department of Biological Production, Akita Prefectural University, Shimoshinjo-Nakano, Akita-City 010-0195, Japan
3Japan Science Technology, Kawaguchi, Saitama 332-0012, Japan

“Department of Agriculture, Kyushu University, Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan

SDepartment of Agriculture, University of Tokyo, Yayoi, Bunkyo-ku, Tokyo, Japan

Received 12 April 2004;

revised 11 May 2004;

accepted 14 May 2004.
*Correspondence (fax +81 18 872 1681;
e-mail nakayn@ackita-pu.ac.jp)

Summary

When the starch branching enzyme Iib (B8E/lb) gene was introduced into a BEllb-defective
mutant, the resulting transgenic rice plants showed a wide range of BE!b activity and the
fine structure of their amylopectins showed considerable variation despite having the two
other BE isoforms, BEI and BElla, in their endosperm at the same levels as in the wild-type.
The properties of the starch granules, such as their gelatinization behaviour, morphology
and X-ray diffraction pattern, also changed dramatically depending on the level of BEIIb
activity, even when this was either slightly lower or higher than that of the wild-type. The
over-expression of BEIb resulted in the accumulation of excessive branched, water-soluble
polysaccharides instead of amylopectin. These results imply that the manipulation of BEIlb
activity is an effective strategy for the generation of novel starches for use in foodstuffs and
industrial applications.

Keywords: amylopectin, endosperm,
starch, starch branching enzyme,
transgenic rice.

antisense technology (Safford et al., 1998) or by introducing

Introduction bacterial BEs (Kortstee et a/., 1996). Changes in the expres-

Starch branching enzymes (BEs) play an essential role in
starch biosynthesis by introducing o-1,6-glucosidic linkages
into a.-1,4-glucosidic chains. Branching by BEs is specific as the
branches in amylopectin are regularly arranged and account
for amylopectin tandem-cluster structure (Thompson, 2000,
Nakamura, 2002; Blennow et al., 2004). This structure is
responsible for the differences in physicochemical properties
between starch and glycogen, and variations in the structure
are thought to be responsible for the differences between
the starches of a variety of plant species, tissues and genetic
backgrounds.

Plants have two types of BE, historically designated as
BEI and BEIl in cereals (Boyer and Preiss, 1978) or as type B
and type A in legumes and tubers, respectively (Burton et a/.,
1995). Attempts have been made to alter the amylopectin
fine structure of potato tubers by manipulating BEs through

© 2004 Blackwell Publishing Ltd
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sion of the genes encoding BE! and BEIl were found to affect
the physicochemical properties of tuber starches (Safford
et al., 1998; Jobling et al., 1999; Schwall et al., 2000).
Dicotyledonous plant tissues, such as pea embryo (Burton
et al., 1995), kidney bean embryo (Hamada et a/., 2001) and
potato tuber (Larsson et al., 1996), have only a single BEIl-
type isoform, which has also been referred to as A-type BE in
the literature. On the other hand, two BEll isoforms, BElla and
BElib, have been identified in the endosperm of cereals such
as maize (Boyer and Preiss, 1978}, rice (Mizuno et al., 1992;
Nakamura et al., 1992), barley (Sun et al., 1997) and wheat
(Morell et al., 1997). BElb is specifically expressed in the
endosperm of maize (Fisher et al., 1996, Gao et al., 1997),
rice (Yamanouchi and Nakamura, 1992; Mizuno et al., 1993)
and barley (Sun et a/., 1998), whereas BElia is present in alt
organs examined (Yamanouchi and Nakamura, 1992). It is
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Update on Endoplasmic Reticulum-Derived Compartments in Plants

Targeting of Proteins to Endoplasmic Reticulum-Derived
Compartments in Plants. The Importance of

RNA Localization!
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The targeting of proteins to the endoplasmic re-
ticulum (ER) is a topic of considerable interest since
this organelle serves as an entry point for proteins
destined for other organelles, as well as for the ER
itself. A unique feature of plants is that they are able
to store proteins in the ER in addition to other endo-
membrane compartments, and the deposition of such
storage proteins provides important sources of both
human and animal nutrition. Thus, increasing our
knowledge of the mechanisms required for the target-
ing of storage proteins to this crucial organelle will
ultimately allow the modification of critical steps,
leading to improvements in plants as a protein source
as well as in crop yield and productivity.

The entry of proteins into the endomembrane
system is dependent on the presence of a transient
N-terminal signal peptide. However, recent develop-
ments indicate that the localization of RN As to specific
ER subdomains may facilitate protein targeting within
the endomembrane system. The aim of this Update is to
introduce RNA localization as a means of targeting
protein synthesis to specific intracellular locations
with a focus on the localization of prolamine mRNA,
and thus protein, to the ER-derived compartment
known as the protein body. In addition to summariz-
ing published research concerning prolamine mRNA
localization, unpublished data showing the existence
of multiple RNA localization pathways to specific ER
subdomains and the role of mRNA targeting with
respect to protein localization will be discussed.

! This work was supported by the National Science Foundation
(grant no. 0235140), by the U.S. Department of Agriculture (grant no.
USDA-NRICRG 2003-00934), by the Agriculture Research Center,
Washington State University (Project 0590), and by the Ministry of
Education, Science and Culture of Japan (grant nos. 10660009 and
1213826).

* Corresponding author; e-mail okita@wsu.edu; fax 509-335-
7643.
www.plantphysiol.org/cgi/doi/10.1104/ pp.104.048934.

RNA TARGETING: AN INTRODUCTION

In recent years, it has become clear that mRNA
localization is a widespread and efficient means of
targeting gene products to specific intracellular re-
gions (for review, see Jansen, 2001; Kloc et al., 2002;
Van de Bor and Davis, 2004; and for plants by Fedoroff,
2002; Okita and Choi, 2002). The localization of mRNA
within the cytoplasm dictates cell polarity in both
somatic. cells and oocytes in addition to playing
a central role in pattern formation and cell fate de-
termination during embryonic development. This is
often the result of site-specific translation of a protein
that results in the formation of a morphogen gradient,
typically transcription factors, that determines the
overall body plan after fertilization (Ephrussi and St
Johnston, 2004).

Historically, the most complete and best-
characterized model systems for RNA localization
are axis specification in the Drosophila cocyte and
pole definition in the Xenopus embryo (Jansen, 2001;
Kloc et al., 2002; Ephrussi and St Johnston, 2004).
Other well-studied examples include the localization
of mRNAs in polarized somatic cells such as fibro-
blasts and neurons (Jansen, 2001; Kloc et al., 2002).
More recently, localization of Ashl mRNA that en-
codes an inhibitor of mating-type switching has been
found to be targeted to the budding tip of yeast
daughter cells (Chartrand et al., 2001). The latter
suggests that the process of RNA localization may be
common to all eukaryotes. Despite the current lack of
mature model systems from the plant kingdom,
several examples of RNA localization in plants are
known. These include the differential segregation of
expansin mRNAs to the apical or basipetal end of
xylem precursor cells, and the targeting of actin
mRNA during the establishment of cell polarity
and early cell divisions in embryos of the brown
alga Fucus (for review, see Okita and Choi, 2002).
The RNA-dependent localization of rice (Oryza sativa)
seed storage protein mRNAs is well characterized
and will be discussed in more depth below.

3414 Plant Physiology, November 2004, Vol. 136, pp. 3414-3419, www.plantphysiol.org © 2004 American Society of Plant Biologists
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As shown in the previous report (Tian ez al., 2001), we have identified seven 57H mutants
genes, esp2 and Glupl to glup6. However, the detail genetic behavior of Glup5 remained to
be described. In this report, we describe the inheritance mode of Glup5 mutant character and
the genetic relationship between Glup5 gene and other 5 genes involving in 57H mutation.

The three independent Glup5 mutants, EM675, EM 677 and PMT 19, were so far isolated
by the screening of mutant lines derived from the mutation treatment of fertilized egg cells of a
rice cultivar Taichung63 (TC65) with MNU. SDS-PAGE and western blot analyses of seed
storage proteins in three kinds of 57H mutants showed that Glup5 mutations increased signifi-
cantly the amount of glutelin precursor protein with M.M 60kD and decreased the accumula-
tion of both of 40kD acidic and 20kD basic mature glutelins (Fig. 1). In addition, Glup5
mutations decreased markedly the accumulation level of 26kD globulin and 13kD prolamin.
All of Glup5 mutations exhibited the opaque phenotype in grain in which the central potion was
transparent as same as the normal grain while the outer potion was translucent and floury. F,
seeds derived from crosses between the wild type cultivar TC6S as a female parent and a Glup5
mutant EM675 as a male parent was normal in the SDS-PAGE profile of seed storage protein as
well as in grain appearance. However, F, seeds from crosses between Glup5 mutants as a
female parent and TC65 as a male parent showed 57H in the seed storage proteins and opaque
in the grain phenotype. InF, seeds derived from the self-pollinated F, plants, the segregation

(kD)

12 3 4 5 6 7

Fig. 1. SDS-PAGE profiles of seed storage proteins in six 57H mutants.
lane 1: Total storage protein of Kinmaze (Wild type), lane 2: CM1787 (esp2), lane 3: EM61 (Glupl),
lane 4: EM305 (glup2), lane 5: EM856 (glup3), lane 6: EM956 (glup4), lane 7: EM675 (GlupS5).

Table 1. Segregation modes of 57H and opaque endosperm in F, seeds derived from reciprocal crosses
between EM675 (57H) and the wild type cultivar Taichung65.
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Mutants are one of the useful tools elucidating the genetic mechanism involving in above
events. 57H mutants are characterized by the increased amount of proglutelin with an appar-
ent molecular size of 57 kD while amount of mature glutelin subunits decrease (Kumamaru et
al. 1988). Biochemical and histochemical analysis of these 57H mutants indicated that 57H
mutations are caused by the lesion of genes encoding respective factors involving in the events
from the translation of glutelin mRNA to the deposition in protein storage vacuole (Takemoto et

al. 2002).  So far 110 independent 57H mutants were isolated by MNU treatment and seven
independent gene loci, that is, esp2, Glupl to glup6 involving in 57H mutation have been iden- |
tified (Tian et al. 2001). In this report, we describe a novel gene glup7 for 57H mutation.

A kind of 57H mutant, CM935 was derived from the MNU treatment of a rice cultivar
Kinmaze (Kumamaru ez al., 1988). The seed storage protein of this mutant was characterized :
by the abnormal accumulation of 57kD proglutelin with less amount of both of acidic and basic |
mature glutelin in addition to decreased amount of 26kD salt soluble protein (Fig. 1). The
prolamin seed storage proteins were less affected by this mutation. The grain did not exhibit
any aberration in appearance. F, seeds derived from crosses between Kinmaze and CM 935 |
showed the normal phenotype in the SDS-PAGE profiles of seed storage protein. The ratio of |
normal to 57H mutant in the F, seeds was 3:1 that fitted well to the expected ratio of single
recessive inheritance, indicating that the 57H mutation in CM935 is controlled by a single
recessive gene (Table 1).

Recombinarnts exhibiting the normal phenotype segregated in all of F2s derived from crosses
between CM935 and each of marker lines for 7 kinds of 57H mutant genes (Table 1), indicating
that the 57H mutant gene of CM935 is independent from other seven 57H mutant genes. glup7
was named to the gene of 57H mutation in CM935 from these results. F, seeds from the cross
of glup7with esp2 segregated into a ratio of 9 (normal): 3 (glup7): 4 (esp2) without double
mutant type, suggesting that esp2 gene is epistatic to glup7 gene. Similar segregation modes
were observed in F,s from cross combinations between glup7and glup4 and between glup7and
glup6, suggesting that glup4 and glup6 are epistatic to glup7. Glup5 is an incomplete domi-
nant gene and shows the dosage effect in the proglutelin accumulation. In F,s derived from a
cross combination of glup7 with Glup5, the segregation of both mutant types fitted the expected
ratio of 3 (normal): 4 (Glup5): 1 (glup7), suggesting that Glup5 is also epistatic to
glup7.  Although double mutant types being higher in proglutelin content than both of paren-
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The role of mRNA and protein sorting in seed
storage protein synthesis, transport, and
deposition’

Andrew J. Crofts, Haruhiko Washida, Thomas W. Okita, Mio Satoh,
Masahiro Ogawa, Toshihiro Kumamaru, and Hikaru Satoh

Abstract: Rice synthesizes and accumulates high levels of 2 distinct classes of seed storage proteins and sorts them to
separate intracellular compartments, making it an ideal model system for studying the mechanisms of storage protein
synthesis, transport, and deposition. In rice, RNA localization dictates the initial site of storage protein synthesis on
specific subdomains of the cortical endoplasmic reticulum (ER), and there is a direct relation between the RNA local-
ization site and the final destination of the encoded protein within the endomembrane system. Current data support the
existence of 3 parallel RNA localization pathways leading from the nucleus to the actively synthesizing cortical ER.
Additional pathways may exist for the synthesis of cytoplasmic and nuclear-encoded proteins targeted to organelles, the
latter located in a stratified arrangement in developing endosperm cells. The study of rice mutants, which accumulate
unprocessed glutelin precursors, indicates that these multiple pathways prevent ponproductive interactions between
different classes of storage proteins that would otherwise disrupt protein sorting. Indeed, it appears that the prevention
of disruptive interactions between different classes of storage proteins plays a key role in their biosynthesis in rice. In
addition to highlighting the unique features of the plant endomembrane system and describing the relation between
RNA and protein localization, this minireview will attempt to address a number of questions raised by recent studies
on these processes.

Key words: mRNA localization, protein localization, endomembrane system, seed storage proteins, rice.

Résumé : Le riz synthétise et accumule de grandes quantités de protéines appartenant & 2 classes distinctes de
protéines de réserve de la graine, et les trie vers des compartiments intracellulaires séparés, ce qui en fait un modele
idgal pour I’étude des mécanismes de synthese, de transport et de dépdt des protéines de réserve. Chez le riz, la locali-
sation de I’ARN détermine le site initial de synthése des protéines de réserve dans des sous-domaines spécifiques du
reticulum endoplasmique (RE) cortical de sorte qu’il existe une relation directe entre le site de localisation de I’ARN
et la destination finale de la protéine codée, & 'intérieur du systeme endo-membranaire. Les données actuelles appuient
Pexistence de 3 voies paralleles de localisation d’ARN, allant du noyau jusqu'au RE cortical actif en synthése. Des
sentiers additionnels peuvent exister pour la synthése de protéines cytoplasmiques ou nucléaires ciblées vers les
organelles, ces derniéres étant se trouvant dans un arrangement stratifié dans les cellules de P’endosperme en dévelop-
pement. Chez le riz, 'étude de mutants qui accumulent des précurseurs de glutéline non mature indique que ces multiples
voies préviennent les interactions non productives entre différentes classes de protéines de réserve qui, sinon, pourraient
désorganiser le tri des protéines. En effet, il semble que la prévention de telles interactions entre les différentes classes
de protéines de réserve joue un réle clé dans leur biosynthése chez le riz. En plus de souligner les caractéristiques
uniques du systéme endomembranaire chez Ja plante et de décrire les relations qui existent entre I’ARN et la localisa-
tion des protéines, cette mini-revue tentera de traiter d’un certain nombre de questions soulevées par des études récen-
tes sur ces processus.
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Abstract

Bangladesh rice genetic resources collected from six distinct regions of the country were examined to obtain
the diversity in glutelin acidic subunit polypeptides. Seed glutelins from 576 Bangladesh rice cultivars
representing seven ecotypes were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), isoelectric focusing (IEF) electrophoresis and two-dimensional electrophoresis (2-DE: SDS-
PAGE/IEF) analyses. Glutelin acidic subunit was separated into four bands, a-1, a-2, -3 and «-4, and the
variation in each of bands was detected by SDS-PAGE analysis. A higher molecular size component of o-
1(a-1") was identified in the cultivars tested. In case of a-2, «-2H with high molecular mass, «-2L with low
molecular mass and a-2H/L were detected. «-3 band variation showed a-3H, a-3L, and a-3H/L, while for a-
4, 0-4H, «-4L bands were identified. In IEF analysis, a total of 16 bands with independent p/ ranging from
p/ 6.30 to 7.52 were identified for the glutelin acidic subunit among the cultivars. The maximum and
minimum numbers of IEF bands found were 13 and 9, respectively. The «-2L less cultivars were also
lacking in pJ 6.80 polypeptide in IEF. Result of 2-DE showed that pl 6.80 polypeptide was the main
component of «-2L. band. Transplanted Aman ecotype was the most diverse with respect to glutelin
variation. Geographical distribution of glutelin variation in the Transplanted Aman ecotype differed
according to the regions. The above results indicate that Bangladesh rice cultivars possess great genetic
diversity in glutelin acidic subunit polypeptides. This study of indigenous rice cultivars from Bangladesh
provides useful information regarding their breeding potential.

Introduction cially to those in developing countries where ani-

mal protein is not affordable. Rice contributes

Rice is the world’s single most important food
crop and a primary food source for more than a
third of the world’s population (Khush 1997). Rice
plays a very significant role in providing protein to
a large segment of the world’s population, espe-

about 28-54% of the proteins in the Asian diet
(Duff 1991).

It is thus important to improve the quality and
nutritional value of seed proteins in rice. Seed
storage proteins can be divided into four classes
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The TILLING (Targeting Induced Local Lesion in Genome) system is one of the most efficient methods to screen mutants in a |
large-scale mutant population (Till et al. 2003). The original TILLING system is composed of PCR amplification of interest genes
with fluorescence-labelled primers, CELI digestion and a LI-COR gel electrophoresis. However, these steps take a fair amount of labor
and time. To simplify and reduce these steps, we have modified the methods and reconstructed another efficient way for high-
throughput TILLING. The new system is modified in two major steps; one is replacement of fluorescence primers with non-labelled
primers in PCR amplification, and the other is a use of capillary gel electrophoresis. The electrophoresis is carried out by the HDA-
GT12 (eGene corp., USA) that can separate DNA fragments below 2 kb within eight minutes.

The modified system could detect SNPs at any DNA regions examined between Indica and Japonica varieties. All SNPs could be
detected clearly after amplification followed by digestion with CEL] as two to four DNA fragments (Fig. 1). SNPs could also be
detected using mixed genome DNAs of the Japonica and Indica varieties at 11:1 ratio (Fig. 2). This indicates that presence of one
heterozygous mutant in a pool of six plants is sufficient to detect SNPs by the non-fluorescence TILLING. The modified TILLING
method was then applied for mutation screening of an MNU-induced mutant population. We used over 700 M2 mutant lines in which
six individuals were pooled for screening of mutations in a 600 bp coding region of a known gene. The first screening detected 10
candidate mutant lines. We examined sequences of six individual plants of all candidate lines and identified mutations in six lines.
Additional screening and identification are now in progress and the results obtained so far showed that the mutation ratio per I kb
region would be around 0.8 % for this mutant population. From these results, we can expect about eight different mutations for every
1 kb genome sequence in 1000 mutant lines. The mutant population with this high mutation ratio should serve as a promising
TILLING resource and reverse genetic studies in rice.
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Fig. 1. Detection of six SNPs between Japonica and Indica varieties. Fragments of indicated bp length were amplified with specific
primers (left panel), digested by CELI after denaturation and annealing, and electrophoresed in an HDA-GT12 capillary gel apparatus.
The amplified fragments were digested at the SNP positions indicated in the left figures. Nucleotides above the DNA bars are Japonica
(Nipponbare: N) and below bar are Indica (93-11; 9) at the indicated nucleotide position. Right panel shows pseudo images of
electrophoresed DNA fragments. Appearance of clear fragments of expected length in the right panel revealed correct recognition and
digestion of the DNA fragments at the SNP positions. N; Nipponbare, 9; 93-11, H; Mixed N and 9 by 1:1.

N:K=7:5 ' Fig. 2. SNP detection between Nipponbare (N) and Kasalath (K)
20 . genomes. A 1002 bp fragment (blue arrow) was amplified and applied
‘ { ' for SNP detection by capillary gel electrophoresis. A SNP at 433rd base
(LR ] v R 4 i 3 was digested and two fragments of 432 and 569 bp long (red arrows)
A i l A were detected. The genome DNAs of N and K were mixed at the ratio of
p 7:5 (top), 11:1 (middle) and 1:0 (bottom). Black arrows are marker
z00 B v DNAs of 15 (left) and 5386 bp (right).
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Structural Characteristics, Properties, and In Vitro Digestibility of Rice

Masaki Okuda,'? Isao Aramaki,' Takuya Koseki,' Hikaru Satoh,* and Katsumi Hashizume!

ABSTRACT

Using rice samples derived from normal rice cultivars and endosperm
starch mutant, we investigated key factors contributing to the enzyme
digestibility of steamed rice grains. The chemical composition of polished
rice grains, structural features of endosperm starch, and enzyme digesti-
bility of steamed rice grains were examined. The protein content of
polished rice grains was 4.6-9.1%, amylose content was 4-27%, the DP,
of purified amylose was 900~1,600, the amylopectin short/long chain
ratio was 1.2-5.9, and the enzyme digestibilities of steamed polished rice
grains were 0.9-12.6 °Brix. Amylose content and RVA parameters (vis-
cosity, breakdown, and setback) correlated significantly with enzyme
digestibility of steamed rice grains. Multiple regression formulas were

Cereal Chem. 82(4):361-368

constructed to predict digestibility of steamed rice grain as a function of
the molecular characteristics of the starch. When both amylose content
and the short/long chain amylopectin ratio were used as predictor variables,
they accounted for >80% of the observed variance in digestibility of
steamed rice grains. Multiple regression revealed that the more digestible
rice samples had starch with a lower amylose content and more short-
chain amylopectin. Reassociation of amylose-lipid complex and recrys-
tallizatjon of amylopectin in the stored steamed rice grains was monitored
by differential scanning calorimetry (DSC), and the observed retrogradation
properties were related to the structural characteristics of starch and to the
enzyme digestibility of steamed rice grains.

In the production of sake, a traditional alcoholic beverage in
Japan, polished rice grains are soaked in water, steamed, and fer-
mented with Koji mold and water. During production, starch in
the endosperm is gelatinized and saccharified into glucose through
the action of enzymes secreted by Aspergillus oryzae, the fungus
in Koji. Simultaneously, liberated glucose is fermented into ethanol
by Saccharomyces cerevisiae. Unlike production of other alco-
holic beverages, enzyme digestibility of the steamed rice grains is
an important property because the rate of the alcoholic fermentation
is dependent on the digestion step. Because undigested or incom-
pletely digested rice grains cannot be used as a carbohydrate source
by S. cerevisiae, digestion ultimately determines the efficiency of
the starch-to-alcohol conversion.

The moisture content of steamed rice grains, fermentation tem-
perature, and enzyme activity (saccharification enzyme and proteo-
lytic enzyme) are the major factors that influence enzyme diges-
tion of steamed rice grains in sake production. These factors have
already been used as indices of saccharification control. Crude
protein content, histological structures of rice grains, and properties
of endosperm starch have been considered additional key factors
influencing enzyme digestibility of rice grains in sake mash (Ito
et al 1988; Yanagiuchi et al 1996; Wakai et al 1997; Aramaki et al
2004a,b; Yoshizawa 2004). Wakai et al (1997) reported that
amylose content of rice grains correlated negatively with enzyme
digestibility of steamed rice grains. Mizuma et al (2003) showed
that steamed rice grains of low amylose content were more
digestible than rice with a normal amylose content. Chen et al
(2003) reported that the outer portions of rice amylopectin suitable
for sake production had more long chains (<DP 13-23) and fewer
short chains (=DP 6-12) relative to cooked rice Koshihikari.
Aramaki et al (2004b) reported a positive correlation between
amylopectin short chains (DP 6-9) and enzyme digestibility of
steamed rice grains but a negative correlation between amylo-
pectin long chains (DP 35-41) and enzyme digestibility of the
steamed rice grains. In spite of previous studies that focused
independently on amylose content or on amylopectin structure,
critical factors that affect enzyme digestibility of steamed rice grains
remain poorly understood. Several investigations have demon-
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strated that the ratio of amylose to amylopectin and the structure
of amylopectin influence the texture of cooked rice, staling of
starchy food, and retrogradation of starch (Lu et al 1997; Taka-
hashi et al 1998; Jane et al 1999; Jobling et al 2002; Okamoto et
al 2002).

Rice endosperm starch mutants that are impaired in endosperm
starch biosynthesis, have been induced by N-methyl-N-nitrosourea
(MNU) treatment (Satoh et al 1981). The mutants vary in
amylose-to-amylopectin ratio, starch content, and endosperm struc-
ture. Additionally, the properties of mutant gelatinized starches
differ from those of their parents (Yano et al 1988; Kawasaki et al
1996; Nakamura et al 1997; Nishi et al 2001).

In the present study, we examined these rice endosperm starch
mutants and other rice samples to elucidate relationships between
structural characteristics and properties of endosperm starch and
the enzyme digestibility of steamed rice grains. Amylose and
amylopectin were fractionated, their molecular characteristics were
analyzed, and physical properties of the starches and the enzyme
digestibility of steamed rice grains were evaluated.

MATERIALS AND METHODS

Materials

Five endosperm starch mutants, sugary-1 mutant EM5 (Naka-
mura et al 1997), amylose extender mutant EM10 (Nishi et al
2001), dull mutant EM12 (Yano et al 1988), floury-2 mutant EM36
(Kawasaki et al 1996), EM790 (unknown mutant locus), and the
parents Kinmaze (the parents of EMS, EM10, EM 12, EM36) and
Taichung65 (the parent of EM790) were harvested in Fukuoka,
Japan. Milky Queen (low amylose rice) was harvested in Hiro-
shima, Japan.

Brown rice (150 g, moisture content of 13.8%) was polished to
70% of original weight using a milling machine (TM-05; Satake
Co. Ltd., Higashi-Hiroshima, Japan) at a rate of 1,000 rpm. The
moisture of the polished rice was adjusted to 13.5% in a humidity
chamber. Rice flour was prepared by milling the polished rice
using an automated crusher (ACIA, Satake). Rice flour was
passed through a 300-um mesh sieve.

Starch was isolated from 70% polished rice grain flour by the
alkali method (Yamamoto et al 1981). Fractionation of the rice
endosperm starch into amylose and amylopectin was performed
under a nitrogen atmosphere to avoid oxidative degradation (Lansky
et al 1949) with modifications (Takeda and Hizukuri 1986). Amy-
loses were purified by ultracentrifugation, and purities were deter-
mined by gel-filtration chromatography (Takeda et al 1984) on
Toyopearl HW-75S (Toso, Tokyo, Japan).
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Summary

Amyloplast-targeted green fluorescent protein (GFP) was used to monitor amyloplast division and starch
granule synthesis in the developing endosperm of transgenic rice. Two classical starch mutants, sugary and
shrunken, contain reduced activities of isoamylase1 {ISA1) and cytosolic ADP-glucose pyrophosphorylase,
respectively. Dividing amyloplasts in the wild-type and shrunken endosperms contained starch granules,
whereas those in sugary endosperm did not contain detectable granules, suggesting that ISA1 plays a role in
granule synthesis at the initiation step. The transition from phytoglycogen to sugary-amylopectin was gradual
in the boundary region between the inner and outer endosperms of sugary. These results suggest that the
synthesis of sugary-amylopectin and phytoglycogen involved a stochastic process and that ISA1 activity plays
a critical role in the stochastic process in starch synthesis in rice endosperm. The reduction of cytosolic ADP-
glucose pyrophosphorylase activity in shrunken endosperm did not inhibit granule initiation but severely
restrained the subsequent enlargement of granules. The shrunken endosperm often developed pleomorphic
amyloplasts containing a large number of underdeveloped granules or a large cluster of small grains of
amyloplasts, each containing a simple-type starch granule. Although constriction-type divisions of amylo-
plasts were much more frequent, budding-type divisions were also found in the shrunken endosperm. We
show that monitoring GFP in developing amyloplasts was an effective means of evaluating the roles of
enzymes involved in starch granule synthesis in the rice endosperm.

Keywords: rice endosperm, starch biosynthesis, isoamylase, ADP-glucose pyrophosphorylase, GFP, amylo-

plast.

Introduction

The two major components of starch in rice endosperm are
amylose and amylopectin, which are stored together in the
form of starch granules in the stroma of amyloplast. The
shape and size of granules are characteristic of the tissues
as well as species (Jane et al., 1994). Amyloplasts in the rice
endosperm contain up to 80 starch granules per amyloplast
and the granule size is generally larger in the inner endo-
sperm (Hoshikawa, 1968). A series of mutants deficient in
starch biosynthesis, generated with the chemical mutagen
N-methyl-N-nitrosourea (NMU), have provided new
insights into the complex mechanisms of starch biosyn-
thesis in rice endosperm (Satoh and Omura, 1981; Satoh
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et al., 2003). The sugary {sug) mutants produce water-soluble
a-glucan, referred to hereafter as phytoglycogen, which
contains more frequent and randomly located branches
throughout the molecule compared with amylopectin with
repeated unit structure referred to as amylopectin cluster
(Kubo etal, 1999; Nakamura et al., 1997; Wong et al.,
2003). The production of phytoglycogen is caused by the
reduced activity of isoamylase1 (ISA1), a starch debranch-
ing enzyme {Kubo et al., 1999), encoded by a single copy
gene on chromosome 8 (Fujita et al., 1999). Another char-
acteristic of sug is that the outer endosperm of some, but
not all, mutant lines develops amyloplasts containing

© 2005 Blackwell Publishing Ltd
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INTRODUCTION

Streptomycetes are well known for the biosynthesis of
secondary metabolites such as antibiotics, and for a com-
plex cycle of morphological differentiation on solid media.
The cycle begins with a spore, which germinates to give
rise to a branching network of multinucleoid hyphae
known as the substrate mycelium. Morphological differ-
entiation commences with the formation of specialized aer-
ial hyphae, which grow into the air away from the surface
of the colony. Later these aerial hyphae undergo septation
into uninucleoid compartments, and metamorphose into
chains of strain-specified pigmented spores. However, in
many Streptomyces species grown in liquid culture, such
complex morphological differentiation has not been
observed. They generally exhibit two shapes that dispersed
nutrient mycelia and pellets (a spherical dense collection
of mycelia) depending on the respective culture conditions
and characteristics of the strains?.

Pock formation is a well known phenomenon in mor-
phological differentiation of Streptomyces species that rise
into small circular areas of retarded growth in lawns. Bibb
et al. first reported it as the transient inhibition of growth
of a Streptomyces culture with conjugation, and called it
“lethal zygosis” by analogy with the situation involving
the F plasmid of E. coli®. The reaction is believed to be
a direct consequence of the conjugation of the plasmid
from donor to recipient. If a plasmid-harboring donor is
plated onto agar plates together with an excess of plas-
mid-free recipient, plasmid transfer is associated with the
formation of characteristic pock structures due to macro-
scopically visible growth inhibition zones. Within this
pock structure, the morphological differentiation of the
recipient that has newly acquired a plasmid is temporari-
ly retarded. Originally this effect was assumed to be an
actual killing of the recipient by the conjugation process.
Thus, kil genes were identified on many Streptomyces con-
jugative plasmids, and these genes have since been referred
to as kil/tra in relation to their new function of intercel-
lular plasmid transfer>®, :

Ogata er al. first reported another kind of pock, a spon-
taneously developing pock, in Streptomyces azureus
ATCC14921, and then in Streptomyces hygroscopicus

JCM4213%. In this pock, lysis of aerial and sporulating
hyhae is observed with the production of a large number
of defective phage or phage-like particles, but neither lysis
nor phage particle production in the substrate mycelia has
observed. The spontaneously developing pocks often
appear during serial subcultures of normal plate cultures.
The number of spontaneously developing pocks in eroded
colonies go on increasing with repeated transplantation in
solid media. The eroded cultures can be readily restored
to normal conditions using liquid shaking cultures®. The
formation of spontaneously developing and conjugative
pocks might share certain similarities; this because plas-
mids play important roles such as site-specific integration,
intermycelial transfer, intramycelial transfer and growth
inhibition®.

In this paper, I introduce the structural and functional
characters of integrative and conjugative plasmids in S.
azureus and Streptomyces laurentii. Especially, I analyze
and describe the temporal and spatial expression of the
sporulation-inhibitory (spi) gene in plasmid pSA1.1 dur-
ing morphological differentiation in S. azureus.

Integrative and conjugative plasmid related with pock
formation in S. azureus

Wild-type strain, PKO, of thiostrepton-producing S.
azureus carried one copy or less of plasmid pSA1, which
elicited pocks at 0.1 to 1.0%. The UV-irradiated mutant
of strain PKO, strain PK100, carried 30 or more copies of
pSALl.1, a derivative of pSA1”. The plasmid pSA1.1 elicit-
ed pocks at 100% and inhibited sporulation and thiostrep-
ton production. No evident differences between pSA1 and
pSAL.1 were detected by restriction analysis and Southern
hybridization. A point or small mutation on a low copy
number plasmid pSA1 might devolve to a multi copy
derivative, pSAl.l. The size of pSAl.l is 9,014bp
(GenBank; AB010724), and 11 genes and 3 sites were
identified on the plasmid (Fig. 1)®. The sporulation
inhibitory (spi) genme (1,326 bp) was identified by its
intermycelial transfer and sporulation-inhibitory functions
that differed from the Kil functions of other Streptomyces
conjugative plasmids such as pLlJ101 and pSN22%1%1D_ The
putative polycistronic operon containing the impSA and
impSB genes was identified upstream of the spi gene from

*Corresponding author. Phone: +81-92-642-3059. Fax: +81-92-642-3059. E-mail: doi @agr.kyushu-u.ac.jp
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Sakano, D., Li, B,, Shigeoka, Y., Nakamura, S., Yamamoto, K., Banno, Y., Fujii, H. and Aso, Y.: Small heat shock

protein of the silkworm, Bombyx mori.
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IR - WARES - B B (KR - B

N A A FEEEHRIL, RESEHLTFREND 28 HEFO O B, 27 BETHHLMI &,
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BRSPS OME S IERFE P ) Ty A Y EE S —CI-8 OREKRLEXbND
BRI URIVENREET S, Thb0OWN, —Did 30kDa VR I ET7 IV —ICR
TARAZLVRIBThHoTe, ZDF X7 BEOBETOREFR LA,

CREDE RV ERREEN L AR TFEICL Y . PEEO 30kDa U RF 37
BEREBERICFEEL WA L 2R L, ¥k, RES D 30kDa Y RF 37 HidH
BEOHE THBEA GBI SN2V, REEEAFITAW L, TOZLLY, 30kka Y
RE LNy BRPBOBY V7 RE LTHET S Z LB FREhE, &I, bY7vy
I XY BEEAH S 30kDa VB X LRy BOMKES K AL VEARDOSTF FEGEREXE
fr. WEERTF RE2GBILKEETEIRE, XAy THtr L, 30kDa VARF /37
BOMEN KA A U RRE LT, b, BHE~TF RO CI-8 KHTET 74 =F 42
nv b5 74—, B LERTF RO Rwy BV 7 #Tok, TOMR, 30kDa
YRY LRI BED CI-8 FEAWOLITMAASL F A A D C KRR & KB L, BLEORERY
5. PR 30kDa YRZ X7 BIIES 0B - L CEREH o P A R I 7RTE L
Z DRI B A A 2D CRBMBAI RN LTHIED CI-8 LEATOREHRL LTHETS
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H 4 1L, homology HTIZL V. B4 24/ A Scaffold 2 14 FEERD sHSP BIZTBHFE
THLHBRE L, ZRETIC 6 MO sHSP BEF27n—=V7 L, EOTEROEE
BFIZRE LI, T b®D ORF IZIXZENEFN 199, 20.1, 204, 208, 214, 23.7kDa @
SFET, sHSP 77 I U —IZiEh R AL Ry R U iEHERESIc ERE 2R3 2 —
FERTWE, EHIZ, BA ML RICHTS mRNA BREOISZIZOWTHRNLEZEZ
A, BA PLRIZLY 21.4kDa @ sHSP 2L 9T D sHSP @ mRNA OFEBREHHEMN
FTARZLEBALMI LK, sHSP Z v N7 BI3MBRERNOMD F 37 BORBILLEHE
IZ L AUEDREICED A FIryRuer LTHRELTWS EEXLNS,

FIT, INLDOF AT EOBBERMENT T 570IT, 3 50 sHSP &2FID N K 6-
His BFIZMMLEZY 2 b sHSP 2 KIBE THRIB I &, sHSP 2oLz, =
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A1 A 2@ small heat shock protein (sHSP)®D 5 1 sHSP 20.8 # KIFEAN TRIEIE~, =D
FERY 37 B (sHSP20.8) MY+ R UM R AT B - L R BEICRE LTWS,

sHSP BB K- TREANBFTHINHBENEEGEHR T Z L8 —BBzamsTY
D0, HEEDOBNWT A Y 74— AREEGFEL, TNORTERL B WEAT o BT
BTRZETRTFUY B L LTOFEESBSH INZ 2 LRBEINTNWE,

T T, A A 2T sHSP20.8 & LD sHSP AR AR TH DM EH. £ LT s HSP
EAREAERT S sHSP LSO S 3y W EHRTZAMT, 5 3 BOS:m,LIEHER
LOBREHRIRE M L. sHSP20.8 ICHFMERRT# L EREI L, BIR L4
URVEIRIZRTERIKEIL, 36 HOARy hERHLE, ThbDARY MEF LR
THrITV AL, RPFR2RT 4o H =TV b 3{Toinb 2 A, SHSP ¢E 25
NDARY P 6 BFEELEZLENL, AEKNTO sHSP A BB OFEELHOMIZ L
720 E72 sHSP LASMZ b rsHSP20.8 L HBEIERT B 7 Ly BRBRH &Nt = L 225, sHSP
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DIeOIT, REUMRIETHEE L/ sHSP O_TF v T 4 v H—TVY o 24T,
TO®, TAHVMERT 7 8 —EBEBAVRTF ROBRY VECAES T-> TER 2 RIE
Lic, HEN 8 ODalAdhud, U UEtM LY B LED sHSP # X7 ¢ 5, D
R, BELHERED 11 D sHSP o 8 #D sHSP (3 U VEBLAE R L THL_TF ROE
BIZEDDBRD oz ole, L L, 245 kDa, 254 kDa & 26.3 kDa 0 sHSP |3 ) >
BACLEE LTS FORRICBOBEBD b, Li=dok. mhb 3fED sHSP I
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RENTNHI 2 DEBEELB->TWAEEZ LN TWAR, £ b OBEEIZE LTI,
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Wiz, Z0 rCI-bl 3% V#FE2EHTHFEN 10kDa T, £&NO CI-bl L IZIER—0
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BeREOBIEE ~DIERIC X » TE U ISEBRILIE. RE(LEHTH Y RICHED & < £ &N
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H3, ROS ZRA—NR—FFL Ry =%
CRRILKRFNFEND, ROS i3, R
ZEORA, KR, A8 EDANR
BiEo>THELS, i, EENORBK
B, SIAEBTFEERCRRSE OHEK
BTHDASZALICE->THEL S, Th
5OERICL D&KL ROS &, ¥/
JH, RK{LHPBIERICMEEZRIET.
ROS ITR9 SIS 2T 3728, |
FiX, B1 3 (Bombyx mori) L ROS ¥
REZATIHEORBLER (X—N—
FFRIZALY—Y (SOD), H¥ 55—
¥ (CAT) ZELTHNIFF > EBBER

(GST) #REL T& /. GST I3EEOH

ABRYREOLEERY NI F A
(GSH) $4% 17\ RHITH < AR BIEE
RTYdB. TR, EENRAFST
&Ere, W OHDOWRILEERIC DWT O
RHNEELE B, FRRBBRELTOH
B GST IZDWNTRAERERGNL
7=,

(1) AREBRORE

SOD (EC 1. 151. 1) i3, X—N—AF
YRYZF Y (0) ERER{LKkKEBEK
IZ/HHRL, 7= CAT (EC 1. 11. 1. 6) I3,
BRICKREKEBRRICHRT 5 KIS 2t
W5, HA2ICBI1TSD ROS HEwEEE
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B $HZY SOD; Cu/ZnSOD, < > # % SOD ;
MnSOD) 725 TNTAALKEESE CAT %[FE
L7z, CwZnSOD 725 T/T MnSOD cDNA
DHEEMFNI a vV auNnT, REBL
KRETS574a0FNE 60% DR
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ko TNHOT I MEFIHICE, THhE
NOSBESY A M MBECHEEINTL
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K72 ROS fHREMEMEED S, ,

SOD/CAT iZ X D MR T E /o7 ROS
i3, BIER~MEERIET, TORKEEL
BIREGARIEDIL, RISHEMHE < Afkpic .
BWTHETHS. TOIREGERICYRE
BWENBZEEHMEL, B3 GST
(EC 2.5.1.18) 2FEL, 0D mBIT
%177, GST cDNA OHEERFNZ1 TN
IBEUYavIZaUNTOENEK 0%
DHREEERLE, KBEEZRAWTHERX
GST 2{EMLrE T3, ABKORESY >
NTBEMEENI, HFBLT GST i3, 1-2
OO-24-Y=hOX>¥> (CDNB) %%
WAL TH 3 4L RoF /%
F—J)v (4HNE) "DINT F4+ L
#EHL, Km #HiIZENFN 184 uM B L
U 144 uM Tholk. PO ELDHA
3 GST i3, MIEE OREMBEEOERIC
BET 2 &I NE.
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HAAD7T 4 T OA 8BRS P25 Isoforms
BT 37A74AZI MR

ORI - FRERR— - KEFAN® - EAHR -
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[B®] P25 iX, A1 a0fRRT

BRENDT 4 TOA 2 [H-L)P25S| DR

R7FRD 1 DTHB, 7470125 >
NOE (HEPLY KREOEREMN
FEL,ENS ORESTATDNE, L
MUAMS, P25 KBELTIX 30kDa &
27kDa D 2 5y F DFENRE S N TN B2,
ERBOFERFTATH S, £IT, BRX
X7« 704 D HRRHD—DTHS P25
O7aFAI v IR ERTY, TOERE
[ faAt _
(BREFE] BRRIIAMNKE
BY¥EBETREMRBWHR L Y —RED
FLS01 T&%. S5 HOMARBREZML,
BER, PERELTEREK DAY > NY HHh

AWML, IPGphor ¥ AFA (FI—

e AT FNIVT) BRAWTA PV
HECHEUTSEREIXRB 2T . =
KITEIL, 15% SDS - PAGE LS
KBV EITo . Bk TOFMS SR DR
ATy FEBWTEBHEZRAL, X
Ry NEYIDEY, 510 ngul D MY T
A Y IV &R o =%, MALDL
TOFMS 2HNWTARTFRIZAT 4 VU H—
7Y L o ETo k.

[BREZR] 1) ERBOME,
FEE U THERK DAY NS BIIHEE
ARL, TOFAIZARIDANEET
%, HERARBIZ 8 DD p25 fX4y (isoforms)
MEETHT 2RO, SEAREZC
LT, P25 (pI7.14), II (7.38), I (7.70)
E IV (805) M4 —TiciHELE. &
Y NV—7Ix, 30kDa & 27kDa O —Xxf D
isoforms 2 g A TWE. 2) TFNEHOD
isoform ZRTFRIZA T4 > H—T1Y
NEEHOTRIF L& T 5, P2SI & IV
i3 B. mori DKW TPH S B. mandarina O
P25 &—¥ U7, B. mori 85\ B. man-
darina O P25 EHET DT EEHSMITL
oo TORFRRR, ToTOAOMEEE
AZLTHBRD SR THS. 3) [soform
DEUBFERD 1 DOREEELTY V&
{ERNFBASNEDT, RAT 75 —HEUR
2fFok&T B, P25 @ 30kDa 13U >
B{LEnTWiAL, P25-IV 0 30kDa 13D >
B{tEhTwiaholk, P25 OEHRER,
VAV LT CBELIRERT?Z
EEPLEMITL,

Zhang, P., Aso, Y., Sakano, D., Wang, Y., Yamamoto, K., Banno, Y. and Fujii, H.: Proteomic studies of isoforms of

the P25 component of Bombyx mori fibroin.
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FREFENUTO ALY

EESY—CI-8IckB

HAALRAFA>7A5F 77— BCP OEE

OLBEE  LEEE®-HIE £ % 80 LEER B
CAKBEARR - 2IOKE - *AKEE)

[BB] R, ERHBEREOY
HEBNICEBEFERNIS T OA10RE
F—, C18 KL VEEENS 3 WEO 7D
F7—EERWELE, TO—DR, A4
AVAFA>SOF7—H,BCP TH o,
BCP RUVY—LHRTOF7—EDO—DT
HB3HFTY> L Oh4aFEO—HT,
SRTHRER&E LU THEEL, BitS&eTH
CEEET3 &N TNS, C8 1k
ENVESRA O ESY—THY, U
DF7—¥EHAGERRL TEOERE
HETA > EMNABENTVWS, F, TO
RSB TV E > OBEREN S C Ki
RO7 ) BREFNKHEND ZENES5
hTwa. CI8 RN AF1 > FoF7—+
BCP Z[HHF T 2 HMEmir L.

(BHEFE]  CL8 Gl E D ER
Ue. BCP IZSRK DEEH L g 2Ok
FEAELEEE, LEFEEBLVES
LTWEEWESDTH B, in vitro 12k
% CI-8 @ BCP DHEMH#RITIZ CI-8 1T
4k BCP, mEi#{t BCP #BALKEH
T=BRB O CI-8, i BCP. HikEH
IZF 7oy hEERMIICE DT,

[BREEE] MUK CL8 &5,
SHEL & HTBUE BCP &\ T2 DHE
B E T L, CI-8 RTER{E BCP %
&%, BCP ZiEiE({LLH#A, CI-81XBCP
EHAHEMRL, BCP OB OB EE
IEEH7, Ek, BB BCP &5,
CI-8 &ML EHe, CL8 Ik BCP &#4E
hEFR LT BCP JHH2EHF LA, ML

w5, C-8 RENtEY > IoF7—vYEE

EFETBED5IZ BCP OHTEME{LOBEHER
EFEETHENHBLL, £k, TOK
BTHHENE CI-8 ® C RKE7TI B
TFROBREMILE, TORE, RT
FRORBRBYPBENERNOZEREY >
077 —FOlEFICL->TELS CL8 O
R7F REREA—YA X THo L. L
Mo T, CI8 REWEY > 7/uF7—¥%
B#HT2HE EFAUBEESRLZAWT BCP
REFLEEEZAB NS, QLEDT EMD,
Cl:8 13, kY > SuF7—EL/A—0
REiEY, YA51 a5y —+H BCP
2AETIEEZILNS,

Ueno, Y., Yamamoto, Y., Takahashi, S., Banno, Y., Yamamoto, K. and Fujii, H.: Inhibition of a Bombyx cysteine

protease, BCP by a humoral chymotrypsin inhibitor, CI-8.
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REM gvIy /808 sHSP20.8 D
SOSRECETAIWER
OF @il  REFAN? - BEMG—" - 1LuESR - 45 8.

w18 RER—T
Cﬁk%éﬁ%-’hkﬁﬁ)

By av 7 EMTBE, £ MER
VIAZ NI Ba- 2V AYY CORER
BRALY (a-ZVAFY s RAA)
CHREEZAL, HBENATFRONIR
b—bay ¥ NI (sHSP) MiFH
Ehd, BRAIL, K&\ (Bombyx mori) I
12, 72 &b 6 fD sHSP #0—RT3
BEFHEETH>EERMH LR, Tk,
SHSP20.8 (208kDa) % KBBEI TABRREH
SHDHRLEMWEL, sHSP208 % pH IT&HF
LTEHETZIED, JIURARBRD
MEERNETO L EREL .

AWK T, 4V 5E (Sephacryl S-300)
& NiNTA 715 LZEHHL, KBEO LB
#E# 1L LY, 83mg @ sHSP20.8 %753
KBRWHARZHLL =, sHSP20.8 Zid a-
ZURFY Y« RAA S N RERIC 1
@D Cys BEND S, TIT, SDS-RY
TZUNT I RS NVEBINREEICIDET
BLUFEBTGRETTO sHSP20.8 DRE
RN, BESHATTR, BELTO
sHSP20.8 IIHREAE LTHRHENE, —
#, ERTERETTIL, KER5r@ sHSP20.8

MONAT 12 REEIRED 2 BEEFAL,
—BROBDNERETH B EINM o,
Kiz, PANT 4 RigA % DIT TExL,
N-TF)IVTIVA X REMA Cys Rk %5
Uie, {&ff sHSP20.8 IXE5TH L URFERTT
GHETOVTROHE S TRTHERKEL
TREENE, LAURIS, DIT 85
ERDOTIRENLEZDDIZ, FEBEMHODBD
LRABKONBRBE LR oKk, F/z, DIT
®5Tth, IAEDANS BE#MAWT Cys B3
ERNHAEM L7 b OREBTERHET TRIE
BBATHDIENMD o, IBIT, B
WD % B W T TR EE PR IT & M DR
B OIDANT 4+ RESOFEEIT sHSP208
DEARBITKERFEEZRFEL THARL
b LRI NI,

Teshiba, S., Sakano, D., Shigeoka, Y., Yamamoto, K., Bano, Y., Fujii, H. and Aso, Y.: Studies on assemblage of
sHSP20.8 small heat shock protein from the silkworm, Bombyx mori.
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S01-5(S5)
Ti;&7%V%E&EKﬁ?6%%ﬁE$%77
2

PAMR A, ERET, N, ARERTFLPB.
Francisco, Jr2, KB We 502, 0% '"BKER K - £ &
¥, °CREST, JST, > AL K - &

BYMOT 1oy FUoREECRINEDH 5 EE (B
BOISAZ—BNE L FARICER LI-Z VT LT TR
& AL TBY, §RICIRA X T4 52
(AGPase; Starch synthase, SS; Branching enzyme, BE;
Debranching enzyme, DBE) | 21 OBR BB A5
THRBUAT AEME L T D, FHRBEFHSXAIE
LI BEEOBRITERICESWTT VA o LB EER
AXDT 7 UEBEIN CHE SN ABEROBE IO
T~ 5%, #IZSSlla, BElb, 1 ¥ 7 I 5 —+1 (ISA1)
i3, 77 RS —OERBEOERICHERMICEb-TE
D, ZOFEEL~UGE L TEERBEDO A =—o 3
YHREL, EOZENBERLTT Y 7L omEesT v
CHIOREREELRLT D, BYRBICEEAD Y T X
g—%%ﬁ%wenéﬁ\%oﬁﬂuowfﬁﬁﬁf

S01-6(S6)
A RF T T RO HHE R

PEBE !, P AR H12, Tomas W. Okita®; ' JU K5 - &, 2%k @
RK - £ EIR, Inst. Biol. Chem. Washington State U.

A REILEH L, MEEN CEE DADP-Glu % &5
%, 7In7T X NATEEAMEEREESSS), BHEE
b BESR(BE) & U5 8) » BER(DBE)D FERMERIC L -
THEREND, LML, ZhbOBRILIIELEHOT
AIFA ABFEL, F OB L BBV TIXRAR
BIBE, T I TERHAESROBEHHEES OfRH
Z BHRYICMNUSZ R IRALEE 2 1TV, LT B - B84
SERBEREBEER L, 21T,

shrl B Ushr2i3 & 4 ADPase-LS R IA-SSIZBI4+ 3R ThH
D, BRHEEBZHAROISUTICET 7, Mz
T, BRI THHRT I3EOBES 4 T EE K% B, BEL
ERIIDPI3~24RUDPITLL LD T I m 20 F U458 %
RRANCED &€, BEIIBIRUBMEOHRBICE ST 5
EEZ bz, F{EICBEINLZE RIIDPI7EL T D& 8 % 1
RO BAD S D2 b, BEIIAYOFRKIZED
EEZ b, BELaERiZ. MR CIIEESHIC
HHEERERZRE o7, L L., BRI
DPI2ELFOT I a0 F o2 E LS b XE5
Ln, ABRIEEOERICEETS Z ENFEREHR
Too THBMZ, sugl Rdul ~dus, flol ~flod. Wcl ~
wod, opqEHHNBECHER R ER T EBOBRFOEE
ERRB LU, BE. ZRBIRDVTHETFLED T3,

&
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42001 Mis-targeting of rice a-globulin and glutelin RNAs to distinct
endoplasmic reticulum subdomains disrupts ER export and transport to
the storage vacuole

Washida, Haruhiko-presenter was@wsu.edu (a) Sugino, Aya (a) Satoh,

Mio (b) Crofts, Andrew J (a) Crofts, Naoko (a) Katsube-Tanaka, Tomoyuki

(a) Ogawa, Masahiro (c) Kumamaru, Toshihiro (b) Satoh, Hikaru (b) Okita,
Thomas W (a)

Available evidence from this laboratory has demonstrated a close relationship
between the localization of seed storage proteins within the endomembrane
compartment and the targeting of their respective RNAs to specific ER sub-
domains in developing rice endosperm. Prolamine RNAs are targeted to the
PB-ER which bound the spherical-shaped prolamine intracisternal inclusion
granules (called PB-l), whereas glutelins RNAs are distributed to the cister-
nal ER whereupon the newly synthesized polypeptide is transported to the
irregular-shaped protein storage vacuole (PB-1). Similarly, the maize 10 kD &-
zein and sunflower 2S (SSA) RNAs are targeted to the PB-ER and cisternal
ER, respectively and their protein localized to PB-1 and PB-I, respectively.
When the 10 kD &-zein RNAs are re-directed from the PB-ER to the cisternal
ER by addition of a glutelin 3'UTR, zein proteins are dispiaced from PB-i to
PB-Il. Likewise, partial mis-localization of SSA RNA to PB-ER by the addition
of 10 kD 3-zein zipcode sequences results in protein localization to PB-| as
well as PB-Il. This relationship between RNA localization on specific ER sub-
domains and protein localization within the endomembrane system is seen
for all RNAs examined with one exception, the 26 kD a-globulin RNA. Like
glutelins, globulins are exported from the ER to PB-Il where they occupy the
rqatrix region and surround the crystalline glutelin region of this organelle. in
situ RT-PCR and confocal microscopy, however, revealed that globulin RNAs
are not located on the cisternal-ER, as expected, but instead distributed on
the PB-ER. Analysis of mRNA targeting of the rice Glup5 mutant reveals that
_globulin RNA is mis-localized to the cisternal-ER. Immunofiuorescence and
mmunocytochemistry analysis shows a major disruption in PB-li formation.
Both glutelin and globulin proteins are observed within large proliferating

ER membrane complexes and considerable amounts of both proteins are
secreted. Likewise, mis-localization of glutelin RNAs to PB-ER shows a simi-
lar disruption in PB-Il formation. Overall, these results indicate that globulin
and glutelin are transported to the protein storage vacuole PB-I| by distinct
Pf'-lthways and that co-localization of their RNAs to the same ER subdomain
disrupts their normal export and transport to the storage vacuole.

(a) Ins'titute of Biological Chemistry, Washington State University (b) Faculty
of Agriculture, Kyushu University (c) Department of Life Science, Yamaguchi
Prefectural University

450 Rice a-globulin RNA is targeted to PB-ER and its mis-targeting
results in disrupting protein transport to the protein storage vacuolt
Washida, Haruhiko-presenter was@wsu.edu (a) Sugino, Aya (a) Satoh,

Mio (b) Crofts, Andrew J (a) Crofts, Naoko (a) Katsube-Tanaka, Tomoyuk

(a) Ogawa, Masahiro (c) Kumamaru, Toshihiro (b) Satoh, Hikaru (b) Okite
Thomas W (a) '
Available evidence from this laboratory has demonstrated a close relation
between the localization of seed storage proteins within the endomembra
compartments and the targeting of their respective RNAs to specific ER
subdomains in developing rice endosperm. Prolamine RNAs are targeted

to the PB-ER which bound the prolamine ER-lumenal inclusion aranules
(called spherical protein body, PB-1), whereas glutelin RNAs are sorted to the

cisternal ER whereupon the newly synthesized polypeptide is transported

fo the irregular shaped protein storage vacuole (PB-Il). Mis-targeting of

maize zein and sunflower 2S Albumin RNAs from their normal sites on the
PB-ER and cisternal ER, respectively, results in the mis-sorting of the newly
synthesized polypeptide to the PB-It and PB-l, respectively. In addition to
prolamine and glutelin, rice also accumulates significant quantities ofa 26

kD a-globulin. Like glutelins, this protein is exported from the ER to PB-il
where it occupies the matrix region and surrounds the crystalline glutelin
region of this organelle. in sifu RT-PCR and confocal microscopy, however,
revealed that globulin RNAs are not located on the cistemal-ER, as expected,
but instead distributed to the PB-ER. Analysis of mRNA targeting of the rice
Glup5 mutant reveals that globufin RNA is distributed to the cisternal-ER.
Immunofluorescence and immunocytochemistry results indicate that both glu-
telin and globulin proteins are observed in ER lumen and at the periphery of
the cells. These results indicate that globulin and glutelin are transported to
the protein storage vacuole PB-Ii by distinct pathways and that co-localization
of their RNAs to the same ER subdomain disrupts their normal transport.

(a) Institute of Biological Chemistry, Washington State University (b) Faculty
of Agriculture, Kyushu University (c} Department of Life Science, Yamaguchi
Prefectural University
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220 OfFm ## L HE BF L EF B L oL &IE L A SR 2 TW. Okita®,
6 QAKRB, 20UO0BRY KREFERSE, 3.0 N MK EMREH) 1R ERM

PDI RBER esp2 OBy O N BERMCRIFTHE
Sato,M.!, Y.Takemoto?, A.Sugino!, T.Kumamaru!, M.Ogawa?, T.W.Okita®, H.Satoh!(1.Fac.Agr.,

Kyushu U., 2.Fac.Life Sci., Yamaguchi P.U., 3.Inst.Biol. Chem.Washington State U.)

Effects

of esp2 mutation deficient in endosperm specific protein disulifide isomerase on seed storage

proteins in rice.

I RETHERY ONJEINFY > ET7053
i, ®725 Protein body (PRI 4815, LiL,
esp2 BRZ. VT U UHMEB&EE OS5I RN
FEERBRD PB Wiz U2V 7 4 RG-S)kE %
NMUERBTERTS. —H, 2ZERIE S-S f&&
2935 Protein disulfide isomerase (PDI)%
REL. BEENBRITORE Esp2 BEFH 60kD
PDI OEERETTH B Z EANEREINAE (102 [E
AE). TOfEFRIE. 60kD PDI O&RiEHS, ER AT
OEEY N BOHNCEERRREE-TI %
RLTWS, £ C. Esp2 BETE 60kD PDI &
BFLORRIWNT Esp2 BiEFOESEREE B8
2. 7'/ 5 DNA EAfic L5 esp2 BETFOLTRE
MOBERVA RICHEET S PDI REOVORE
B EITo -,

(R Y A0YiT:) esp2 ZRRH CM1787, EM44,
EM747 R B AR OBRMET, ERVHEER W,

ENSHH U/ DNA & cDNA 3% ETFhE
O ¢cDNA 2HW\WT PDI OBEERFIZBF L, &
BRFTOZDIc, BEMOET, %2, #HH5 RNA
ERME,. 540 PDI WBERARSSTIv—%2H
Wiz RT-PCR %155 /=,

[BERUER] BAERIZBITS 60kD PDI &z
FO4 ) DNA RBATLRR, MBI RO 05
BiEDRET 3,310bp THo%k, 51T cDNA
BRI LI#SR. PDI BETH 10 BoTsy b
SHEEIN 512 BOF7I JBEI—-RLTWE,
‘esp2 BRAED 60kD FPDI #EBETF DA ) LSBT
Bffo, CMLI787 13831 vickika kY
O, EM44 R1X EM747 11, B8 IV LR
OENENETRCE 8 1V FOVDATSA 3
VEBRDA Y AR~ HER AR &
HhFig ). FOE U ABRRBRTSALLH
ZFRIVTNHE®Z mRNA ORREMH T &
LAAENTED., ThE0 esp2 BRAOKL T
T60kD PDI O REMNBH SNz &
{Takemoto et al.,2002) & &< —&T 5, LlEo

%ﬁﬁ%ﬁf%ﬂ (B1-2), 2005
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&G, Esp2 #fz T, PDI OBERETTH S
TEMBHLMNERS T,

BRICBWT PDI REBERGIEEERD &
PHEINTVD, esp2 BRIT 60kDPDI 2K
THZZHOMDOT, BFERRETERT. 2o
T, 1XKEFHETS PDI FEQVEF—HR—2
Ik TRELU-ER. 60kD PDI LSz 8 Bl
PDI REOSMRHI N, REMTOKE, T4
R T3 9 B O PDI O RBEMNZBH 5. ho,
60kD PDI LISMIEELHTHRENRD 5N,
—H. esp2ZRTiE 60kD PDI LSt PDI tvED
FORFEERESTORB TCHER L IFIERETH-
oo TNLORERIT, esp2 BENERICETTS
ZEREEO PDI FEOVOFEERT S Z &
ZRLTWVW3, XI5, esp2 TEKYTIL PB
NOMBABEIZIETEETHoFLTEND,
60kD PDI 13frES oV BRENICERTE Z &
ERBLTNWS,

Wild type AAG (Lys146) TA$

TAA
*

GA «-- jfm
GA »--Cd ATA
*

EM44

esp2mutant  TAG (Stop)
*

Line name cM1787 EM747

Nonsense mutation RNA splicing mutation

Fig.1. Sites of mutation in three kinds of esp2 mutant genes

ATG and TAA indicate the initiation and termination codons.
Open Reading Flame is consisted of 1,533 bp and deduced
511amino acids of rice 60kD PDI. Gray boxes indicate the

position of exon,

BEM : Takemoto Y., S. I. C., T. W. Okita, H. Satoh, M.
Ogawa, and T. Kumamaru 2002. The Rice Mutant esp2
Greatly Accumulates the Glutelin Precursor and Deletes the

— 141 -
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OBBET . BAkEE' HFRRRE' KK X' & 7' BHEZFF'. KEHF—
MNURBIZ L D54 XD TNT T —ERBEROEM

Y. Toyosawa', T. Tokunaga'. Y. Ihara', H.Satoh!, A.Nishi', M. Tasaki', K. Ohtsubo? (1.Fac. Agr.,
Kyushu U., 2.Natl. Inst. Food Sei.,) Induction of mutation deficient in a debranching enzyme,

pullulanase in rice by MNU treatment.

EHORHALREKIT, 7TIaSZ7XAMAT
ADP-Z v a—2%FEE LT, BHERER
(sS). W¥yiE v BER (SBE) R UBRMEY
Y B8 (DBE) O B REMIC L » TR &R B,
DBE k22 Tid,84kD DA Y 7 25— (ISA)
& 100kD D7) 5 F—8 (PUL) DAL L H
2ERBDHLNATV S, [SA 2XRBTHIER
% sugl L LTHEHIGNTWS, sugl BREOIE
BT T IaRIFroEHDOEL WY
KERBEOBILBBEDLNDHZ L, YHER
DaLF¥ [SA X AHEEREDIIHAERIC
#IR$ 2 (Kubo et al., 2005) Z & 45, ISA
REHO MY I VT EERLIELAOBERET
HAEZEDHENEROTWE, —FH, 4%
12T 100kDPUL iXREEL TV FEBAER
oL, FORBMERICBTHERICS
WTHB B TRV, £ T A FICBNT,
100kDPUL 2B+ 2FEROEMER AL Z
A RERA*EOREOERGKEB LN
T& Tz, ARETIHE, 4% PUL XEBRERD
BL RISV TRET S,
{(HERUTFIE]
MEHTIIRTRSTE (B9 655 O MNUXH
PRALER A 1, 200 B#EE AV I,

100kDPUL ZZER OB IT, BRARUCFTRET
@ 10% acrylamide 0.1% bis % A W 7=
SDS-PAGE HEWC L W {TFoTe, VxR F Ty
raFFIZIE, AR LD ER L 75T 100kDPUL
piiEE Ao, PUL &4, BB HRET
WOWT ULy RIAVIFVRERTFT IaRsFv
# 7z Native-PAGE FEHERBIZ L > THT»
2. BHOMICEBEOHEIIRENMLELA
Wiz,

[RERUVEZR]

MNU 2RSS0 ER % 049 1, 200 RFEIZ OV T,
BRE T ABEE S R BET O SDS-PAGE

BFREENF7 (511 2), 2005
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SYH 4T o o, 100kD & 28 R ITiE, KRR
1 %% (EM1003) (Fig.1A) 2%, £< O
DRHBEBBOLNIZ, BAOBDE XL, Flo2,
flo3 . sugl R X sug2 BERTHHoT=, Fi-.
LAMEZRTERRECBLOBEBED Nk,
ZH S OE R TIX 100kDPUL 2 2. M OREE
FURIJBEOBLHBRBDLENE, —F. XA
A ¢ L SDS-PAGE 437 T i 100kD »3 > KELSHiC
BRELREETRT AV FEIBEDON o1,
100kD KX BB E R FH EMI003 v = A7 T
oy AR L 2 A PUL OFEERR
Wohkmok (Fig 1B), & 5, EN003 0 |
LBEMORBEFERVT. Ly FT7AT Y
UG 73iuvosFrr 2EHHELE
Native-PAGE/TEMERE T AT ol L T 5.
FMBICBWTEESY FERD, L
RHELLBYPTA ZENALMIRoE, Z
Lk v EM1003 % 100kDPUL 2 X< EREKTH
BIEBRALNERST,
BABMEBERIVTRLLOAESLHESEDZ
Wi sugary S RBEFBORDER LD
{oxf L. PUL R EERERITHEOR KD D VX
HNEREECEHELREIRD b2 hoTz,
AERERALBHORBHCEE L, FEH
CHEERERIIBOON o,
THOLORERMNS ., EMI003 T4 F D

100kDPUL XBER THDHZ &, LI PULE
HORKIIRERMTORBOBEIZEZRIZEYX
XRhEBYEZRVWbDLEELON,
A B
WT EMI1003

WT  EM1003

A:SDS-PAGE  B:Western Blot
Fig.1 Mutants deficient in 100kD Pullulanase in rice.
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915 OffkEs" - HPRA - HERF' - BT - BEBETF - AFEH— 2 £BEX% (1. fuk
Be, 2. BT MNULEIC L2 FEERNS REER(SSIDRBE ROVER & it
Tokunaga T' , Y. Tanaka',Y. Thara',A. Nishi', Y. Toyosawa', K. Ohtubo? and Satoh H! (1.
Fac.Agr., Kyushu.U,, 2. Natl.Food Res.Inst) Induction of mutations for solble starch synthase I

in rice by MNU treatment

[EB] A FBEABHOLEESRKIT, 7IvTFTA b
NT ADP-Za—2 #EEL L THHEERRS
EEER(SS), oI MR (BE) RUBEMEY YK
# OBE)D—EOMRRIKSIZ L VITTbhbd L EL
b TW3, ZHE T BE R DBE DWTERE
PEBIL, FOMBEMRALED TE-, SSIZ7 I
RIFUDBERERT 1,4 PORRICHEb 28R
THDHP. AR T 10 BOT A V¥ A LBTEET
5, BATIR4AFBORBERRDOLN TV BN, Fh
FhOBREIZ OV TR A EV, 2R T,
SSHM DOEEREAREA % HA9IC, MNU SEESSRAER %R &
h SSMFEMHREERDBKREITY L L b, TDOH
T 21T 5 1=,

[(MRROFE] PR ARRE (A% 65 &)
(TC65) BT* MNU ZRIFRBIZL > THERLE
HEHLRRER 500 % & AV 72, SS ERDBEKIZ.
native-'PAGE/CBB 2 & U} native-PAGE/F& {4 I
&% (Nishi et al. 2000IC L W Fore, T 7 e
RiI% 4 ORBETFE A TA~F Y 2 F— PRI L
WVHELE, TI o~ F U O@ER#EIxvES
J—BERKENEIC L 2R Y Th v OGRS RN
EVITo72, BT OT In—2E5BORE
. FUVRBEREEANTITo R,
(BRRUCER] BERMEBET OEMRESH T
. 4D SSIIRLIBHBELRL, SSITHK DL
BRIEN B, T2 THRALERER 500 BHIZHOWV
T native-PAGE/CBB 5347 % 17\, SSHI &tz
HIET DAL CBB Rea Ry FIZ oW TREZ1T
oIk A BEOERE®/E., Zhbo SSTR
2T native-PAGERE MR8 5347 247 » - 4 2.

FEFHET (BI1-2). 2005
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EM679 R} EM790 i3 % 1L E4L SSII iM% K
LLBELLBYITHZEBHALNE ST (Fig
1), ¥/, Zhbo SSMER T SSI R SSIIa
DR OEESEMT 2 EMBED Sz, & SS
MERZEOBEAITIHIN AL T L, BHE
EERLREA Lz, EM790 ORMHTO7 I o—
AEHBRIL20% & FAER (24%) I H~E L HL
EHREBRKRINHEESS 620nm TOR HEBV620)
LAEEICEN 7=, PYFual o SSMAELR
(DHRENMTOT In—AEFREBEL D 2 LR
BEINTKY., AEROBRLBL—%T5, 7
IS FUOERSMIIFERICI RSV a—2E
S EDP)37 U LOREMNEEIIHL L, DP10—
DP35 OHHSEHNAEREITHEM L7, Zhb ORI,
SSMiz7 I vy FrEEOMEICEETBZ &
ERBL TV,

Fig.1 Screening of SSII mutant by native-PAGEs

of developing seed in rice.
A:Native-PAGE/CBB staining of SSs.
B:Native-PAGE/activity staining of SSs.

W:TC65 M:EM790
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(1. KB, 2885, SBHERIKEVEERE X0

Nishi, A. !, H. Satoh !, K. Ohtsubo 2, Y. Nakamura ? (1. Fac. Agric., Kyushu U., 2. Natl. Food Res. Inst. 3. Fac.
Bioresource Sci, Akita pref. U.) Effects of Jug mutation on endosperm starch properties in rice

A ROHLBS OBHEREIL. I AOBRBRPINIAHEIC K Z
SEBESAD, 1> T, MIAEORZZBNORSEII A
DORSIKICERCE 3 &8 6N5. €2 T MNU SR
BER L D BST A ERERRKICDONT, REICLDMH
SREEE AW THUEEO R A EREOREEIT o2 LT
2, amylose-extender (ae) BREIIF28RHEERT lug
FEREE JITR lug BRAHBHOREIOW TS
5, .

(PPEER OS] MR, BFEUKRRAE [@RIEU & 2O MNU
SHIRERICE DBSIVE lug ZR& EM420 V= pH %
6.0 IR L I RBFRIC L DT ERIE U, Ee. ©F
ERAZEDEY I 0 REERGRRY ac BRAHEOBER
WEfTol. BNTO7I0-XER. 7I0RIF L O#E
SIS K BMESRICEE T 5BROY LAY > Tay b
S, BRSO Tk

(ERRUER] lug R EM420 OIFRAIIBGEEFRON A%
KUz, REBHERNTHUS It ERE L&A, BER
DECHIRANS M TRHEEBRET 2O L. lug ZRROEAR
B3 SM THHEZBRIA L=, L LIS, SM RETIHE<H
{E% L TWahEE, BELARnEIcoBELR. £ 8
{HEOBREOEEIER R EFEE > Fe. . lug BRE
EHRICEEEERONEEETS 5 8O dull 8 (dul~dub)
OIFHFENT, M R TWHLEBIEL. FFAEROIAIG L0
BOBHEBEERT I 2T TIREL TS, i Bk
%RT ae BROFHRBNI SM T THLZ £/ 89
EAR). TNHDOIENS, lug EROFTHBINI. du BRK
Y ae EROFHBIN L IR DMEEET D LEA NS,

lug ZRAEXEFER [&HE) O F, BTONEREE LI
B g BEFRE—OSEEETICEINTNS I A5
mElEolz. i, lug BREEE du KU ae TR L OHFRE
BEEToAE A, lug MEFZINOORETF LU TS
ok, TOTEDD. lug BETIL EHBSON S ELE
T oHTTIBETF THD T LATRR SN,

ZNETIT, 7 I0RT F U O#HEHENR AR GICE
Br5X, BICEHOFENKE<HEI L E2BEL TS,

HHEEHE7 BU1-2), 2005
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2T lug BRGSO EORRZHS T2
BOIZ. BHEOBBHEICKESBET DY I ORI F L O/
L CGREE T o1, lug BROY I uRIF L. ac RO
FIORIF L EERICI N - A EEE OPA 17 UTFOE
HWDOL TV FOREIL ae BRI D H/hIH -7 Flg
2o TOTEMD, TIORYFLOEBEOEIN lug TRE
BOSHEHEORREEZ S

Urea
concentration ¢ 1 2 3 4’ 56789 (M

Kinmaze

(WT)

EM420
(lug)

Fig. 1 Effect of ug mutation on gelatinization propesties of starch fiom
endosperm of mature seod.  Starches from Ag mutant and the wild type
were gelatinized in wea soltion with different concentrations.
Armowhead shows the urea solution by which sterch is gelatinized.

W EM20 (lugh -iOnmaze

A Relative Peak Area (%)

3 0O EM10(ae) Kinmare

8 1z 16 20 24 28 32 38 40 44 48 52 56
[s 4

Fig.2 The difference in amylopectin chain lengths between kg mutant

and the wild type. The columns show the area of each peak for iug mutmnt

minus the area of the comesponding peak with the same DP for the wild

type.
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(LAVKE, 2888, 3KERT X

EMERFY) A FEHF ADP-glucose pyrophosphorylase large subunit (2883 3 E RO /ER
Thara, Y. !, Y. Yoshida 1, H. Satoh 1, K. Ohtsubo 2, Y. Nakamura 3 (1. Fac. Agr., Kyushu U., 2. Natl. Food

Res. Inst., 3. Fac. Bioresource Sci, Akita pref. U.)

pyrophophorylase large subunit in rice.

[E#] ADP-glucose pyrophosphorylase(EL F AGPase)
. A XBEAFORBEARRICB N TREL RS
ADP-glucose DERKIG & MK T 5. BEMY TIX
AGPase 3 ENETHRLDIBEF Ca—FIhBE KR 2
DEODYT 2=y bW oRDAT O 4BETRRELT
W5, EMRNICERERERL I AF FRERD
2EEVFET D, ZhE COBFEH 5 small subunit(SL
T SORBRRIEORIEH L&A L, large subunit(BL F
LOEROTuR7Y v 7 HEICED S Z L RTHRE
hTnd, LaLl, AYy7a2=y OBRBDEEESLEK
DHBICEZ ZEBCOVTIRBAL» TR, £2TH
B, BREISORBMICEDZ LRSS, ZhE THE
BERD 720 AGPase'LS OEEHZ BN L LT . ER
ROVERL & FERRIT 21T o 72,

(B OHE] HEHIIIARAEE (A4 65 51 RUE
O MNU ZHWIRLEIZ & > TER L /- shrunken B R
¥z Hv e, AGPase'LS ZRDEHKIT, FREHLH
AGPase LS fufk % Fiv 7z Western blot i & 0 1o 72, %

MEEBRIAI—RTIF—PHE, TIo—2EEHR
RaUREBAHEBRIZL - THELE,

[HRREUEE] i AGPase-LS Hifk%x AV 7= Western

blot DR, shrunkenls BZZ EM541 i AGPase-LS

WT

EM541

AGPase-LS

AGPase-SS

Fig.1 Western blotting analysis of AGPase-LS and
AGPae-SS in EM541 and WT(TC65)

BREERHE T (511 -2), 2005
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Isolation of a mutant for ADP-glucose

ERETDHIIENERSNE, —F., XER&D
AGPase-SS DHEBRIIFAR L F%E T, MELRERIED
Lo - (Fig.1),

Fig.2 {Z EM541 D ZKDOABREE LR LI, RERV
RBRIFAREFEELRERIRBO O o728, NE
RECROTRRMEBEEZR Lz, EREHL-BY
BRERE 2ok, BHEHELHELLER, XER
AT ESFERON 60%I2HA LTV, Zhit
AGPase'lS RHEIC L VB AERBROER L2 3
ADP-glucose DARBT|HIEN b LEX NS,

TIn—2EHELRELLER, XERGKIFE
HEBERAETHY . LSERIEHIN BN OHBEI
ENEERERERE S ARV EEELX LN,

HMAEREDORER, FERIT shrl BETFEOERCH
LWL ETo, MAT, LS RIBL shriBE
RICESE#ANBO b, TOZ &, & shrlTBREN
LS Rz E T 5 Z & 2| TR LTV 5, shrl @i5TF
REEE 1 ICERT 52 EBRESR TV 5 Matsuo et
al. 1986), E-LEE 1 ICIIELMBOME CREAT
% OsAGPL2BETHEFE L. (31F shrl &L R—8HIC
BT D, hbDZ &b, shrlit OsAGPL2&IZF
DERTHDAEENEZ LR S,

WT  EMS541

Fig.2 Kernel phenotype of EM541 and WT(TC65)
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(o< iEm)

' (LAKE., 2KEHEK - E9ER)

Kiryu Y.!, A. Nishi!, Y. Nakamura? H.Satoh'(l1.Fac.Agr., Kyushu U., 2.Fac.Biores., Akita
P.U.) Rice flol mutation being caused by the lesion of a gene encoding PPDK.

(% & K EM] Pyruvate Orthophosphate
Dikinase (PPDK)iX. FAKRIL/—)VENE >
BPEP)EENECBOMELHRE WA H
BIoBETHIN, FAFBITIEHCD
WTHIhETicgEIN TR, 1 X flo]
ZRIIMAY CTEZXETEROBLVERLE
HEEFIRIREESICERET D, MNU ZHH
MBI E>THERLE flol EROELT. B
ARPOSTE 94kD ¥ UV HOREMRRD
5Nz, PPDK BRE OREREALFTTED S
1. 94kD DX FBR%#RY. PEP RUEIE >
B #EROEERTHIETHI NG,
PPDK B#EWMORAFITBWT, F>oTU &
BROBOEBHBPLI RN X—HRICBEDDHA
FTEZWMEEZ SN TWE, £ CHEHE
T, BRFEBIAL0EMART T AR
BEOBEEBMEL. flol TREZAVE
PPDK D #EERIT AT o /.

(BERUTHFE] OMBICIIEFRARSE
T&BE] R I&H 65 51 ¥ MNU 4
Bizko>THERLE flol TRSEHE EM17T RO
EM710, i1 > F s B ARRE
Kasalath Z W/,

Q@5 1) 1 XEHRSD PPDK # /878D
#¥|EX TOF-MS 2HWET I /BESNSHIC
X Dfrof. i) Flol #fETF& PPDK BnFD
REIARBAIL RFLP S#ric &k 7o 7. ili) PPDK
DMRRABER 0.8M VIVE =Ny 77—
EFHOCTEAMBROSEET>AE. 1 35
PPDK Hi#EZ2HAWAE D IR > Tay Fa >
JHEC LD L. iv) PPDK ORALAR®
RECHEOSREBOLE(IE RT-PCR RUU LT
AFZTawF a4 TR EDfFo k. V) T
VI UVEBRMER/INIATIS—FEHICEDT
27,

(BRRUVER] BEMEASTO 94kD ¥ >

FREEMZE7 (31 2), 2005
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NIBESBRL., 72/ BEAMET &
ZAH, A RF—FR—A LD PPDK 85T
BEWiHREERLE, £/, Flol BEF &
PPDK BEFORRMEE RFLP #4FickD
fioksZ A, MRABAEIIRDSNT, Flol
B=Fid PPDK 23— F32HEBGTFTH
HrENHeNERD T,

Ri. FRLMEREZHEBEE RS 7I0SS
AMESICTHE L. PPDK OfilaRNBIEICD
WTHEREEZA, MBBCRETS 2 E0NH
EhEizol, RAMBEAIZB TS PPDK @
RERIZ. BTORZICHE-> THIML A (Fig.
. =K. flol ZRTIE. HFEREEX, 7>
ToEEN 10~20%BEHI LTV, £k,
FRO-AEEERVTIORIFOOHEN
AT FAMEKZRERIBD SN,

INS5DZEM5, PPDK . BADOZTHR
RN S BTN T, MiEETTORXE LG
Kb TWARTFTEZVWMAEEZL SN,

DAF 3 5 79 1113M 3 57 9 1113 M
TC65 EM710

Fig. Temporal expression of PPDK in endosperm cell during
seed development. A. SDS-PAGE profile of the crude protein
extract of rice endosperm. The arrowhead shows PPDK. B.
Western-blot analysis of PPDK in rice endosperm. M shows

mature seed.
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(o< IEH)

(OLAKEZE. 2. BB,

JUIORIKAEFERE) AR TNT ) CRBEEEET S STH ZREET Gups BE W glup7 DR Y 3 o

D 534

Ueda, Y. !, Y. Takemoto!, T. Kumamaru !, K. Ohtsubo?, M. Ogawa® and H. Satoh! (1.Fac. Agr. Kyushu U.,2 NFR I,
3.Fac. Human Life Sci. Yamaguchi P. U.) Trisomic analysis of 57H mutant gene, Glup5 and glup7, in rice

LSS T - P AVIAC/S - ) L I = (N
H&EER LT 57 kD ZIV 5 VEiBEE L TER
SN, wiadkoSor4 RF4 0 (PBI)
WTRBEZ )T R VERT S, YT >
DOk  EMRROBEHFHBEORHEEZBEN S
LT, MNU SESLBIZE D 7L 5 SR %
Z<EMITHSTHERZEHRL. ThETIC9R
EFEEREL . Glups R glup? ZRIZ TN
TUCHRBEESRBICERL. JurU L EHES
BPEE3, glup? DBRESWIZEL T TICR
&Lk (2002)., €T T, glup5 BT OHEEZEHE
ET 20T, BEOREGTFEOHEEREREITL
o ¥z MUV I wIRWIZLY Glups RN
glup?7 HBEFOERREHEOREET o=,

(MR R FEE] MNU 08Ik > TH~ Glups
ZRMEEM675 KU PMT19. glup7 ZE 4 CM935
RV BEETZIERO 57TH £ R esp2, Glupl,
glup2, glup3. glup4 RV R&FE IR 65 8] &
DR F2 BT %AW, SDS-PAGE K X DEFE
BYNRIBEMMTLUE. MUY I v, R
fifk 4~12 O MY VIV IHEMED F2EFD
SDS-PAGE #rtic & D177,

(HRKUER] Glup5 R EM675 R U PMT19
BHEMERT. GupSERGEHFAER LD F2 &
MOER., BERME 57TH BARELEHEEO”
FE(AAA,A223) : (Aaa,aaa)=1:1 IZEE T2 9EE%
~Ul7z. F2 THHEEZRTHOREESY 78RN
2TSTH MRy, FAFENTERDO D DI,
Y NV ADHEMERLE, ZOZENS,
Glups BETFRAZ2BHEEETTHY . FARE
KEEMRBEDREAETHIENHSME T,

HEE TIZ Esp2 B Glupd BIZTFIX ER Wiz B
FB7N7) D RBEETOII > ORRICHEE
L.glup1 R Gup2 BIEFIITINTY L HRGD
ER 2 SRR~ O8EIZ. Glup3 BETIIEEAT

BFREEWET7 (311 -2), 2005
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DFNTY VAR EOBRESRICEb-oTWS
EMTREEINTWS, esp2 & Glup5 EEEE D F2
T Glups & : esp2 B! : BF AR esp2 BEEFN
U THBHRFL 3:2:3 KEETH0EEZRL =,
glupd ERAEE DO F2 TR, ZEFRBNHRETE
Fez et s, MRETFAMMIERTS 2 &R
MEhi. Glupl RO glup2 EREED F2 TR, |
FHEN Glup5 B:Glup]l B : BARM 4:3:1,
Glup5 Bl:glup2 B : BFAERIS 4:1:3 &, WB#IT
Glup5 S EALICI2 2 MG HICEE T 5082 RL
7o glUpSERE LD F2 T, Glup5®!: glup3
B SRR Glups B TFM LM TH 558k,
413 HETHHEBEERLE. 26D ENS,
glups BEFIRTIVF U VEIEED ER S Ozt
KB ERTERT 2 EHEBINE,

MY I v I RRORE. Glups ZRIT Triplol12
EOREHEAEDORIZBVWTMNIVI v I EES
&L (Table.1). Triplod~11 TRY 1V I v o708k
ERLz. @5 T. Glups #iET Ik 12 105
RIDEMNHERINE. TIT YU CHIEAD ER
MSRENOERICEET 5 E3IND glup? TR
13, Triplod &P F2 ThUYI v I REEETRL
(Table.1), Triplo5~12 IZBNWTIEFIV I v o5
BERUE. S, glup7 BETFIERAKLICE
RTBHZEERT,

Table.l Segregation of 57H in F2 seeds from crosses
between Triplo4 and CM935,Triplo12 and PMT19.

Segregation in F2

Cross combination  Fl + 57H Total X0 a
Triplo12 x PMT19  2n+1 102 69 171 6.37*
Glup3)  9n 54 ss 109 0.00
Triplo4 x C?/[935 2n+1 113 10 123 18.67*
P on 61 18 79 021

*: Significant at 0.5%
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P316
Mutation in starch branching enzymes in rice

H. Satoh, A. Nishi, H. Hatae, K. Yamashita, A. Kubo, Y. Nakamura
Faculty of Agriculture, Kyushu University, Hakozaki 6-10-1, Fukuoka 812-8581, Japan

At least four kinds of enzymes are involved in the biosynthesis of amylopectin in the amyloplast, i.e.,
ADPglucose pyrophosphorylase (AGPase), soluble starch synthase (S8S), starch branching enzyme
(BE) and starch debranching enzyme (DBE). Three forms of BE, i.e., BE!, BElla and BElib, have
been identified in endosperm of rice. Mutants participating in each of BEs were isolated by NMU
treatment. BE IIb mutation decreased specifically the short chains with less than DP 17, suggesting
that the BE lib contributes the synthesis of A chains of amylopectin. The amylopectin of BE | mutant
was characterized by the significant decrease in long chains with more than DP 38 and the short
chains with DP 12 to 23, suggesting that BE| specifically synthesizes B1 chains as well as B3 chains.
Notable alteration on the chain length distribution profile was not observed in BE Ila mutation. The
endosperm starch from the BE | mutant had the lower onset temperature for thermo-gelatinization.
By contrast, BE lIb mutant showed the higher onset temperature for thermo-gelatinization. BE ila
mutation did not influence on the gelatinization of starch but exhibited the highest enthalpy.

P288g;

Genetic and histochemical analysis of glutelin precursor accumulating mutant, glup7, in
rice

: Ueda,1Y.‘, Y. Takemoto', M. Sato’, T. Kumamaru', K. Tanaka®, K. Ohtsubo®, M. Ogawa*, H.
Satoh ~
'Faculty of Agriculture, Kyushu University, Hakozaki, 6-10-1, Fukuoka 812-0058 Japan, Faculty
Agricuiture, Kyoto Prefectural University, “National Food Research Institute, “Faculty Human Life
Sciences, Yamaguchi Prefectural University

Rice glutelins are synthesized as a 57kD glutelin precursor on ER, which are transported to
protein storage vacuole (PSV) by vesicle, and then accumulated in PBIl. We induced the highly
accumulated 57kD glutelin precursor mutant (57H mutant) by MNU treatment and identified
seven 57H mutant genes, esp2 and Glup1 to glup6. The Biochemical and histochemical analyse
of them indicated that 57H mutations are caused by the lesion of genes encoding respective
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704 O Hoai. T, A. Nishi, T. Kumamaru and H. Satoh ( Grad. Fac. Agric., Kyushu U. ) Diversity of starch properties

in Northern Vietnam local rice cultivars

Genetic resources on starch properties in rice are
important not only to improve the quality but also to
understand the starch structure and its biosynthesis. This
study dealt with characteriiing the endosperm starch
properties of Vietnam local rice cultivars to provide the
useful information to rice quality breeding program as well
as the conservation of rice genetic resources.

185 local rice cultivars, which were collected from
mountainous areas of Northern Vietnam and consisted of
97 waxy and 88 non-waxy rice, were used in this study.
The apparent amylose content of endosperm starch was
estimated by the colometric method of iodine-starch
complex. The expression level of granule bound starch
synthase (GBSS) was determined by SDS-PAGE and
western blotling analyses. The alkali digestibility of
endosperm starch was determined by 1.3% KOH. The
amylopectin chain length distribution was analysed by
HPAEC-PAD.

In rice endosperm, GBSS is mainly responsible for the
amylose biosynthesis. Based on the expression level of
GBSS, 185 rice cultivars were classified into four groups
of absent, low, intermediate and high. 97 waxy rice
cultivars were subdivided into three groups of low,
intermediate and high based on the iodine staining
intensity, though they were missing in GBSS, suggesting
that the variation in iodine staining intensity is caused by
the amylopectin structure. 88 non-waxy cultivars were
subdivided into three groups with low, intermediate and
high GBSS level. The apparent amylose content in non-
waxy rice of Vietnam varied from 9 to 32% (Fig.1)and they
were grouped into low (9-12) , intermediate (13-18) , high

(19-24) and very high (Z25) . The correlation was
observed between the GBSS level and the apparent
amylose content. However, the continuous variation on
the apparent amylose content was found in the cultivars
with intermediate and high GBSS level.

A gelatinization property, which is one of the most

important determinants of cooking quality of rice, was

BHEFMES (B 1), 2006

_48_

estimated by alkali digestibility test. The wide range in the
alkali spreading scores was also observed in both of the
(Fig.2) . 45% of the accession
had the intermediate alkali digestibility (alkali score 4 to
8) , while 30% showed high (1 to 3) and 25 % contained
(7to 8) .

The amylopectyin fine structure was significantly varied

waxy and non-waxy rice

low alkali digestibility

in Vietnam local rice cultivars not only on the ratios of
shorter chains with DP =18 to longer chain with DP=19
but also on the amount of longer A chains with DP=9,
The good correlation was observed between the longer A
chains and the alkali digestibility. Since the chain length
distribution of amylopectin affects to the rheological
properties of cooked rice, the further genetic analysis
should be focus in the diversity of amylopectin structure
and the relationship with physical behaviour of endosperm

starch in Vietnam local rice cultivars.

60
50

GBSS level
O absent W ow

2

o

2

3 40 Hintermediate B high
5 30

g 20

E 10

z

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
Apparent amylose content (%)

Fig.1. Frequency distribution of apparent amylose content and
the relationship between apparent amyldse content and GBSS

level in northern Vietnam local rice cultivars.
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540 W Non-waxy

£ 30 O Waxy

3

o2
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éo
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Alkali digestibility score

Fig. 2. Frequency distribution of alkali digestibility in northern

Vietnam local rice cultivars.
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125 O—@FZ ' WEEZ . B8 . &8 X2 BXx I QO.ERAEBKASAA. 2NKR)
AXMET S N—RERE dull DRERE THRE & BEERN

Isshiki M.!, M. Matsuda', A. Takasaki', H. Satoh’, and K. Shimamoto' (1. Lab. Plant Mol. Genet., NAIST, 2. Agri.,

Kyushu U.) Identification and functional analysis of dull genes, determinants of rice amylose content.

KOBERICEITHR7IO-RETIARIT D
SEROLN. AAEZBELCEORKDEND—
DOBETHAILIIL<HSNTINS, WDRWS
SENKEEDIhTNS I A Y FEERCLEA
TE%7IO0—-ASERMLEN, O 70—
ZAESRKICHARBEFI-RLTWSDM waxy
BEFTHD, 4130 waxy REFICIT, RRBO
823 2 DORNIREFE. We & W HESh
TW3, 1T HAFXRBELRRBOS N Wee
bbb, SrRZAMXEIRRBOEBED W ED
D, CORRBOBNCLY., 41T 1 hXKEBNRS
NRSLERBICRD, WERE1(42hOYD Y
ATSARBUD GT A8 TT 1243 1 EROERE
DD, ATSA U IDEHETL. RERNS
W ICEERTHEL 2> T2 (Plant J. 1998),

duli(du)i3., E7 S N—AKOERFERTER
TRETHY, HICIIBEI>AERBEERIA,
waxy REFEIIRTIRETFEICRERETF S
Y. S DOREFENSESNTING, ChETOHES
OMEICLY, dul BLUL du2 18 W DRTS5A
SV BERRFTHIIENTRRENTVA
(Plant J. 2000), €I T, 4 dul ORERE
FREFED&H Map-based cloning 2707, €D
BR ATSALUTEFTSI U NOREER. R
TS54— AOBBEFTH S S.pombe? PRP1
REOQOS/HREARGFTHIEMbrok (B
1), PRP1T O#EEERBEF(CDOVTIE, BEPE L

FREEOES (Bl1), 2006
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TRIFSNATNELED, 1 RDTF—FR—-LYE
DREASERRL, sO0-—=>J Lk, BE, €
hoDRTS4AL Y IRFE DUl 2 /ROROME
EERAEBHAPTH S,

o, du3 ([TDOWT, BRAD Wx mRNA &>
NRORBEBFLILET S, dul BEICRXTS5A
SUOUMBOETERRTSERER/L. €T
du3 REFORE%E{T>/ & %, Cap-binding
protein 20kD subunit(CBP20)D € 0O Y HRE
REFTH-/ (B 2), CBP20 (3 CBP8O &£&b
{Z. Cap-binding complex £ L. mRNA OF
vy 7HECESEL. MRNA DRTS14 27,
SRR, REHSLICHAELTVS, RE S
oy MEIRICEY., Wx mRNA AOERERE
BinPTH S,

] PRP1. (5. pombe)
108 U5-102kD (Human)
At4g03430 (Arabidopsis)
QU

QOsPRP1B

1 PRP1REDSDORKH

* CBC2 (8. cerevisiae )
x * CBP20 (Arabidopsis)
Du3
CBP20 (Drosophila)

CBPI0 (Human)

2 CBP20 skEOY DREEH
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O-15  Streptomyces azureus 7> DNA translocase =R 0 RIEMR L OVE BMHT

OXfE mE, AMRHE h—BF. &5 ik
FNKRERES BEHIEN BEFERTERM, S2ERE E0EmEn
doi@agr.kyushu-u.ac.jp

(B8] Streptomyces azureus DHEEHETS X I FpSALL EiCiX 75 2 3 FOEEEHER
BT D spi BIEFHERL TV D, ABGEFEVIREKLEICH D spolllEfisK S
FEMERBIRET 22 L CHEEOMFHELHET S, ME I DNA translocase |2 J&
THLEEIONDD, BMEOBGFRE NS — PR ETEYDORBESMITRATH -7,
LTI T, ABFETIZ spi & spolllE/fisK BinF DREEL L BETEH O BEMIZHOWTE
L7, '

[Tk LURR] =3 spi TIIC 6xHis 234 L7-B&®ET % plI702 35 L 18 pRESIS
HFIZT u—= 7L, Ik Streptomyces lividans TK24 BRICTEBE M LT, AR S M4
B AR L ORI TR, WM LR BT L, BEOOBIC L 5T
RISy & AEPEBI I A0 LTz, ZH 525 Histag AR V-T2 22T w5 o
fﬁ&btklé\&ﬁﬁyﬂﬁgm%@ﬁﬁﬁﬁfélkﬁ%éhto:@:&WE\Wi
TEAECEOR EEEICE > T75 X FDNA 22 AKICER XS - b BRI NI,
ET7o. pSALL ZRFFL, KFHEAEZ4A U B S azureus PK100 #6554 mRNA % £5 D
%&%T%&LJ@MR%ﬁotﬁummJMﬂwa;ofqmﬁiwwdmmmﬁﬁ
FENENOEEEZHIE LT,
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“Induction of mutations modifying starch properties in rice” Annual Meeting of

Korean Society of Food Science and Technology(KoSFoST)
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“Mutants for Storage Protein and Starch in Rice Endosperm” Workshop of Genetic

Resources in Rice
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INSTITUTE OF GENETIC RESOURCES

The institute of Genetic Resources had been established in May, 1987, and
was then reorganized in April, 1997, within the Faculty of Agriculture,
Kyushu University. The Institute is devoted to basic and applied studies on
genetics with special interest in the stock maintenance of agriculturally
important organisms. Silkworm, rice and fermentative microorganisms are
chosen as the main materials from the viewpoint that their scientific
researches have been carried out and developed chiefly in Japan. Emphasis
has also been placed on studies at molecular level to contribute to the
development of biotechnology and to establish gene libraries of these

biological resources.

Silkworm Genetics Division
BANNO, Yutaka - Ph.D. Associate Professor
YAMAMOTO, Koiji Ph.D. Assistant Professor

a) Linkage analysis of silkworm

b) Mutagenesis and teratogenesis in silkworm

c) Analysis of gene expression

d) Maintenance of the mutant stocks

e) Construction of a genetic linkage map of silkworm genome

f) Cytological studies of the deficient and translocated chromosomes
Plant Genetic Division
SATOH, Hikaru Ph.D. Professor

KUMAMARU, Toshihiro Ph. D. Associate Professor

a) Collection, evaluation and preservation of rice genetic resources



Microbial Genetics Division
HARA, Toshio Ph.D. Associate Professor
DOI, Katsumi Ph.D. Associate Professor

a) Survey, development and preservation of microbial genetic resources

b) Genetics and breeding of industrial bacteria: Streptomyces, Lactobacillus,
Bacillus, etc

c¢) Functional analysis and application of novel and useful genes found in
industrial bacteria

d) Differentiation, antibiotic production and pock formation in Streptomyces

e) Genetic engineering in insect cells: Baculovirus expression vector
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