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ORGANIZATION OF THE INSTITUTE

The National Institute for Basic Biology (NIBB) is
an Institute in the Okazaki National Research Institutes
(ONRI) that are composed of three independent
organizations, NIBB, the National Institute for Physio-
logical Sciences (NIPS) and the Institute for Molecular
Science (IMS). They located on a hill overlooking the
old town of Okazaki. NIBB was established in 1977 and
its activities are supported by Monbukagaku-sho (the
Ministry of Education, Culture, Sports, Science and
Technology: Mext) of Japan. The Division of Devel-
opment, Differentiation and Regulation in the Center
for Integrative Bioscience that was established as a
common facility of the ONRI in 2000 began in 2001.
The Center for Integrative and Computational Biology
began in NIBB in April, 2001.

Policy and Decision Making

The Director-General oversees the operation of the
Institute assisted by two advisory bodies, the Council
and the. Advisory Committee for Programming and
Management. The Council, comprised of distinguished
scholars representing various fields of science and cul-
ture, advises the Director-General on principles and
policies governing the activities and operations of NIBB.
The Advisory Committee, comprised of professors
within the Institute and an equal number of leading
biologists outside NIBB advises the Director-General,
upon his request, on planning joint research programs
and other important matters in NIBB, as well as on the
scientific activities of the Institute. The Council
makes a nomination of Director-General and
Committee also makes recommendations on the Direc-
tor-General and on faculty appointments, the Institute’s
annual budget and future prospects.

Administration

Administration of the Institute is undertaken by the
Administration Bureau of the Okazaki National Re-
search Institutes under the direct auspices of the Minis-
try of Education, Culture, Sports, Science and
Technology.

Research

‘The Institute conducts its research programs through
three departments and one laboratory subdivided into
17 divisions and the Center for Integrative and Com-
putational Biology.

Each division has its own research project and is
staffed by a professor, an associate professor and two
research associates in principle. A division forms an
independent project team. Six of the divisions are
adjunct and headed by professors who hold joint ap-
pointments with other universities. Adjunct divisions
have a resident research associate. This arrangement
facilitates exchange in research activities in Japan.
The Technical Department manages the activities of
research technicians and helps to promote research
activities of each division and to maintain the common
research resources of the Institute. The Department also
undertakes the technical education of staffs.

Several members of the Center for Integrative Bio-
science jointly work with the NIBB.

Research Support Facilities

The research support facilities of the NIBB consist of
the Large Spectrograph Laboratory, the Tissue and Cell
Culture Laboratory, the Computer Laboratory, the Plant
Culture Laboratory, the Plant Cell Culture Laboratory,
the Experimental Farm, the Laboratory of Stress-
Resistant Plants and the Center for Transgenic Animals
and Plants. In addition, five facilities are operated
jointly with NIPS; they consist of the Electron Micro-
scope Center, the Center for Analytical Instruments, the
Machine Shop, the Laboratory Glassware Facilities and
the Low-Temperature Facilities. = The Radioisotope
Facilities, the Computer Center and the Animal Care
Facilities became common facilities of ONRI.

Campus

"The Okazaki National Research Institutes covers an
area of 150,000m’ with four principal buildings. The
NIBB’s main research building has a floor space of
10,930m>. Two-thirds of the space was completed in
1982 and the remaining third in June, 1983. The
buildings which have the research support facilities
were also completed in 1983. A building for the Labo-
ratory of Gene Expression and Regulation (2,577m?)
was built in 1996.
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GRADUATE PROGRAMS

The NIBB sponsors two graduate programs.

1. Graduate University for Advanced Studies

NIBB constitutes the Department of Molecular
Biomechanics in the School of Life Science of the
Graduate University for Advanced Studies. The
University provides a three year Ph. D. course. Those
who have completed a master’s course or equivalent at
any university are eligible to apply.

The Department consists of the following Divisions
and Fields:

Divisions Fields
Molecular Cell Biomolecular Systems
Biology Cell Dynamics
Developmental Gene Expression

Gene Expression
and Regulation

Morphogenesis
Transgenic Biology

Regulation Biological Regulation
Biology Biological Information

2. Graduate Student Training Program

Graduate students enrolled in other universities and
institutions are eligible to conduct research for fixed
periods of time under the supervision of NIBB
professors.
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DEPARTMENT OF CELL BIOLOGY

Chairperson: OHSUMI, Yoshinori

DIVISION OF CELL MECHANISMS

DIVISION OF BIOENERGETICS

DIVISION OF CELL PROLIFERATION (ADJUNCT)
DIVISION OF CELL FUSION (ADJUNCT)

DIVISION OF CELLULAR COMMUNICATION (ADJUNCT)

The department consists of two regular divisions and three adjunct di-
visions. The department conducts studies on molecular dynamics of the
cell in eukaryotes such as organelle differentiation, autophagy, cell

motility, cytokinesis and neural development.
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DiviSioN oF CELL MECHANISMS

Professor: NISHIMURA, Mikio
Associate Professor: HAYASHI, Makoto
Research Associate: MANO, Shoji
Technical Staff: KONDO, Maki
NIBB Research Fellow: = SHIRAHAMA, Kanae
Post doctoral Fellows: HAYASHI, Yasuko (~March 15)

HAYASHI, Hiroshi (~March 31)

MITSUHASHI, Naoto (~March

31
Graduate Students: NITO, Kazumasa

WATANABE, Etsuko

FUKAO, Youichiro

KAMADA, Tomoe (Aprill~)

HATSUGAI Noriyuki (April 1~)
Technical Assistants: KUROYANAGI, Miwa (~March

31)

NAKAMORI, Chihiro

TAKEI Rie (~April 30)

YAGI, Mina (March 1~)
Secretaries UEDA, Chizuru

KOMORI, Akiko

Higher plant cells contain several distinct organelles
that play vital roles in cellular physiology. During prolif-
eration and differentiation of the cells, the organelles of-
ten undergo dynamic changes. The biogenesis of new
organelles may occur, existing organelles may un-dergo a
transformation of function, while other organelles may
degenerate. Because the dynamic transformation of
organellar function (differentiation of organ-elles) is re-
sponsible for flexibility of differentiation events in higher
plant cells, the elucidation of regulatory mechanisms un-
derlying organelle transformation are currently studied in
this division. '

I. Reversible transformation of plant peroxisomes

Dramatic metabolic changes which underlie the shift
from heterotrophic to autotrophic growth occur in green-
ing of seed germination. Accompanying these metabolic
changes, many constitutive organelles are functionally
transformed. For example, etioplasts diffe-rentiate into
chloroplasts and mitochondria acquire the ability to oxi-
dize glycine. Glyoxysomes which are microbodies en-
gaged in the degradation of reserve oil via -oxidation and
the glyoxylate cycle, are transformed into leaf
peroxisomes that function in several crucial steps of
photorespiration. After the functional transition of
glyoxysomes to leaf peroxisomes during the greening of
pumpkin cotyledons, the reverse transition of leaf
peroxisomes to glyoxysomes occurs during senescence.
The functional transformation between glyoxysomes
and leaf peroxisomes is controlled by gene expression,
alternative splicing, protein translocation and protein deg-
radation.

To investigate the roles of peroxisomal membrane pro-
teins in the reversible conversion of glyoxysomes to leaf
peroxisomes, we characterized several membrance pro-
teins of glyoxysomes. One of them (PMP38) was identi-
fied a putative ATP/ADP carrier protein. Cell fractiona-
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ton and immunocytochemical analysis using pumpkin
cotyledons revealed that PMP38 is localized on
peroxisomal membranes as an integral membrane protein.
The amount of PMP38 in pumpkin cotyledons increased
and reached the maximum protein level after 6 d in the
dark but decreased thereafter. Illumination of the seed-
lings caused a significant decrease in the amount of the
protein. These results clearly showed that the membrane
protein, PMP38 in glyoxysomes changes dramatically
during transformation of glyoxysomes to leaf perox-
isomes, as do the other glyoxysomal enzymes, especially
enzymes of the fatty acid B-oxidation cycle, that are lo-
calized in the matrix of glyoxysomes. An ascorbate per-
oxidase (pAPX) was also identified as one of glyoxysomal
membrane proteins. Its cONA was isolated by immuno-
screening. The deduced amino acid sequence encoded by-
the cDNA insert does not have a peroxisomal targeting
signal (PTS), suggesting that pAPX is imported by one or
more PTS-independent pathways. Subcellular fractiona-
tion of 3- and 5-d-old cotyledons of pumpkin revealed
that pAPX was localized not only in the glyoxysomal
fraction, but also in the ER fraction. A magnesium shift
experiment showed that the density of pAPX in the ER
fraction did not increase in the presence of Mg?*, indi-
cating that pAPX is not localized in the rough ER. Immu-
nocytochemical analysis using a transgenic Arabidopsis
which expressed pumpkin pAPX showed that pAPX was
localized on peroxisomal membranes, and also on a un-
known membranous structure in green cotyledons. The
overall results suggested that pAPX is transported to
glyoxysomal membranes via this unknown membranous
structure.

II. Peroxisomes defective mutant of Arabidopsis.

It has been suggested that the functional conversion
between glyoxysomes and leaf peroxisomes is controlled
by gene expression, protein translocation, and protein
degradation. A genetic approach is an effective strategy
toward understanding the regulatory mechanism(s) of
peroxisomal function at the level of gene expression,
protein translocation, and protein- degradation. We
isolated and characterized 2.4-dichloro-phenoxybutyric
acid (2,4-DB)-resistant mutants. It has been demonstrated
previously that 24-dichlorophe-noxybutyric acid (2,4-
DB) is metabolized to produce a herbicide, 2,4-D, by the
action of peroxisomal fatty acid B-oxidation in higher
plants. To isolate mutants that have defects in
peroxisomal fatty acid B-oxidation, we screened mutant
lines of Arabidopsis seedlings for growth in the presence
of toxic levels of 2,4-DB. Genetic analysis revealed that
these mutants can be classified as carrying alleles at three
independent loci, which we designated pedi, ped2, and
ped3, (where ped stands for peroxisome defective). The
pedl mutant lacks the 3-ketoacyl CoA thiolase, an
enzyme involved in fatty acid p-oxidation during
germination and subsequent seedling growth, while
AtPex14p, the PED2 gene product, is a peroxisomal
membrane protein that determines the peroxisomal
protein targeting. PED3 gene was recently identified by
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are transported constitutively from the endoplasmic
reticulum to the Golgi complex and then to vacuoles, with
intervention of vesicle-transport machinery, such as a
vacuolar-sorting receptor or a syntaxin of the SNARE
family. Thus, the ER bodies appear to be a novel
proteinase-storing system that assists in cell death of the
vegetative organs of higher plants.

IV. Role of molecular chaperones in organelle
differentiation.

Molecular chaperones are cellular proteins that
function in the folding and assembly of certain other
polypeptides into oligomeric structures but that are not,
themselves, components of the final oligomeric structure.
To clarify the roles of molecular chaperones on organelle
differentiation, we have purified and characterized
chaperonin and Hsp70s and analyzed their roles in the
translocation of proteins into chloroplasts.

Previously, we characterized a mitochondrial co-
chaperonin (Cpnl0) and a chloroplast co-chaperonin
(Cpn20) from Arabidopsis thaliana. In 2001, we charac-
terized a third co-chaperonin. The cDNA was 603 base
pairs long, encoding a protein of 139 amino acids. From a
sequence analysis, the protein was predicted to have one
Cpnl0 domain with an amino-terminal extension that
might work as a chloroplast transit peptide. This novel
Cpnl0 was confirmed to be localized in chloroplasts, and
we refer to it as chloroplast CpnlQ (chl-Cpnl0Q). The
phylogenic tree that was generated with amino acid se-
quences of other co-chaperonins indicates that chl-Cpnl0
is highly divergent from the others. In the GroEL-assisted
protein folding assay, about 30% of the substrates were
refolded with chl-Cpn10, indicating that chl-Cpn10 works
as a cochaperonin. A Northern blot analysis revealed that
mRNA for chl-Cpnl0O is accumulated in the leaves and
stems, but not in the roots. In germinating cotyledons, the
accumulation of chl-Cpnl0 was similar to that of
chloroplastic proteins and accelerated by light. It was
proposed that two kinds of co-chaperonins, Cpn20 and
chl-Cpn10, work independently in the chloroplast.
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DivisioN OF CELL PROLIFERATION
(ADJUNCT)

Professor: KATSUKI, Motoya
Research Associate: ITO, Kei
NIBB Research Fellow:  OKADA, Ryuichi .
JSPS Research Fellow: AWASAKI, Takeshi (PRESTO)
Graduate Student: TANAKA, Nobuaki
(Graduate Univ. Advanced
Studies)
OTSUNA, Hideo
(Nagoya University)

The aim of this adjunct division is to understand the
basic rules by which elaborate neural circuits develop
and function. With less than 10° neurones, and subject
to powerful molecular and genetic techniques, the brain
of the fruit fly Drosophila melanogaster is a good
model system for investigating the whole of an easily
accessible nervous system that shares certain of the
architectural and functional features of the more
complex vertebrate brains.

I. Comprehensive identification of cells in the
adult brain

In spite of the hundred years of efforts using Golgi
and other anatomical techniques, the circuit structure of
higher-order associative regions of the brain is still
essentially unresolved. The GAL4 enhancer-trap system,
which is widely used for mutagenesis and gene cloning
of Drosophila, is also a powerful tool for obtaining a
vast array of transformant strains that label specific
subsets of brain cells. We screened such strains from a
stock of 4500 GAL4 lines made by the NP consortium,
a joint venture of eight Japanese fly laboratories
organised by us. In the first step, all the lines were
crossed with the flies carrying the UAS-GFP transgene,
which fluoresces only in GAL4-expressing cells. Their
patterns were recorded from freshly dissected, unfixed
adult brains with a high-speed confocal microscope. In
June 2001, we finished making the image database of
131,406 photographs depicting the confocal sections of
3,939 GAL4 strains. From July 2001, we started
making a similar database of the late larval brain using
the same set of GALA4 strains.

In the second step, useful lines were selected from the
database, and fixed and clealised brains were subjected
to more precise serial sectioning with conventional
confocal microscopes and to three-dimensional
reconstruction with UNIX workstations. Although our
long-term aim is to get the comprehensive overview of
the fly brain neural network, at the initial stage a few
brain regions are chosen for intensive study. The first
target is to identify projection interneurones that
connect lower-level sensory processing sites and
higher-order associative regions. These fibres convey
olfactory, gustatory, auditory and visual sensory
information.

For visual pathways, we identified another 10 types
of interneurones that project from the optic lobe to the
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central brain. The total number of identified neurone
types of this kind now became 40. Their structures, as
well as their role in the controlled movement of flies,
are under investigation.

For olfactory pathways, we selected 34 strains that
label various subsets of antennal lobe projection
neurones, which transmit information from the first-
order olfactory processing site (antennal lobes) to the
second-order sites (mushroom bodies and lateral horns).
We found that the terminals of these PNs form clear
zonal separation in both second-order sites. We
identified three zones in the mushroom bodies and nine
zones in the lateral horns (Fig. 1). Projection neurones
from several glomeruli, each deriving from a single
glomerulus of the antennal lobe, converge at selective
zones. Another type of neurones, each contributing
multiple glomeruli, terminate at zones that overlap with
the zones of uniglomerular neurones. The olfactory
code across glomeruli is thus both distributed to, and
convergent at, discrete zones of the second-order sites.

These  stereotypic  projection  patterns  were
established before adult eclosion, and surgical ablation
of olfactory sense organ caused no significant
reorganisation. These suggest that distinct odortypic
pathways are established and maintained genetically
rather than in an activity dependent manner.

II. Mapping of neurotransmitters and receptors
in the adult brain

To understand the function of the identified neural
network, it is also important to get the information
about the types of neurotransmitters and receptors used
in these cells. Previously, such information is obtained
by staining brain tissue with various antibodies. This
approach, however, has the limitation due to the
availability of good antibodies.

Taking the advantage of the completion of
Drosophila whole genome sequence, we employed a
novel approach. From the database, we first search
genes that code receptors and enzymes associated to
transmitter synthesis. Cells that express those genes are
labelled by using in-situ RNA hybridisation. We then
screen GAL4 enhancer-trap strains that label cells in the
corresponding area, and perform double labelling to
certify the colocalisation of GAL4 expression and in-
situ label. Second year of this project, we concentrate
on GABA, a major inhibitory transmitter, and are
mapping the GABA-generating cells and cells that
express three types of GABA receptors (Fig. 2).

0. Analysis of the cell lineage-dependent
modular structures in the brain

The central brain of Drosophila melanogaster is
produced by an average of 85 stem cells (neuroblasts)
per hemisphere. We visualised the innervation patterns
of the progeny of single neuroblasts in the adult brain
using the FRT-GALA4 system. In most cases, cell bodies
form a tightly packed cluster and their neurites
fasciculate to form a single bundle to innervate a
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The research in this laboratory is aimed at an under-
standing of the molecular mechanisms that regulate the
assembly and function of cytoskeletal proteins. Specifi-
cally, we are currently studying the functional properti-
es of axonemal dynein and actin in Chlamydomonas, an
organism ideally suited for genetic and molecular bi-
ological studies.

L. Function of Multiple Axonemal Dyneins

It is well established that the beating of cilia and
flagella is based on sliding movements of outer-doublet
microtubules driven by motor proteins dyneins, but how
the sliding is converted into axonemal oscillatory
bending movement has not been made clear. Recently,
various lines of evidence have suggested that dynein is
crucially important also in the sliding-bending conver-
sion mechanism. Thus our research effort is now fo-
cused on the properties of various dyneins.

Biochemical studies by us and other laboratories have
established that a single flagellar axoneme contains at
least eleven kinds of dynein heavy chains in inner and
outer arms. An important question is how different
dynein heavy chains differ in function. To answer this
question, we have been isolating and characterizing
mutants that lack different kinds of axonemal dyneins.
During the last ten years, we have isolated as many as
15 genetically different mutants lacking various subsets
of dyneins. The isolation of these mutants greatly ad-
vanced our understanding of the function and organiza-
tion of various dyneins within the axoneme, because
only three mutants had been known to lack dynein
heavy chains before we started mutant isolation.

The motility phenotypes of the isolated mutants have
indicated that different dynein species differ in function
in a fundamental manner. For example, the outer-arm
heavy chains are important for flagellar beating at high
frequency, whereas the inner-arm heavy chains are
important for producing proper waveforms. Indirect
evidence also suggests that the force generation proper-
ties differ greatly among different heavy chains. Inter-
estingly, the axoneme can beat without some of these
heavy chains, but cannot beat if certain combinations of
heavy chains are lost. It appears that simultaneous
presence of dyneins with different properties is neces-
sary for the axonemal beating. Thus, it should be im-
portant to understand the mechano-chemical property of
each dynein. To this end, we are currently trying to
directly measure the force production in wild-type and
mutant axonemes that lack various combinations of
dyneins.

In addition to exploring the functional properties of
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individual dyneins, we have been studying the mecha-
nism by which various dyneins are regularly arranged
within the axoneme. In particular, we have concentrated
our effort on understanding why outer dynein arms are
attached to a particular protofilament in outer doublet
microtubules, with a constant spacing of 24 nm. Such a
regular arrangement of dynein should be important for
the axoneme to beat with regular waveforms. Our study
has indicated that a protein complex called the outer
dynein arm docking complex (ODA-DC) is particularly
important. We found that this complex, made up of
three different protein subunits, is transported to the
axonemes independently of outer arms and attaches on
to the microtubule protofilament, providing the docking
site for outer arms. Interestingly, the periodicity of 24
nm appears to originate from the periodicity in ODA-
DC binding (Fig. 1). An attractive hypothesis is that
ODA-DC has a tendency to longitudinally associate
with each other and serves as a molecular ruler with a
24 nm spacing. Our study has also shown that the outer
doublet microtubule contains an unidentified structure
that can specify the ODA-DC binding site among dif-
ferent protofilaments of a single outer doublet. We are
currently trying to elucidate this structure, as well as to
prove the molecular ruler hypothesis.

II. Function of Actin and an Actin-related Protein
in Chlamydomonas

The inner dynein arms are known to contain actin as
a subunit. Hence the two independent motility systems
of eukaryotes - the actin-based and microtubule-based
motility systems - should somehow cooperate in the
inner arm dynein although the function of actin in
dynein arms is totally unknown at present. We have
found that the mutant ida5, lacking four out of the seven
subspecies of inner-arm dyneins, has a mutation in the
actin-encoding gene. Intriguingly, Chlamydomonas has
been known to have only a single gene of conventional
actin, and the mutant ida5 was found to express no
conventional actin at all. On close inspection, the cyto-
plasm and axonemes of this mutant were found to con-
tain a novel actin-like protein (NAP) which displays
exceptionally low homology (64%) to conventional
actin. The mutant ida5 is deficient in the formation of
the fertilization tubule and thus has a low mating effi-
ciency. However, it displays normal cell division and
grows as rapidly as wild type, possibly because NAP
can substitute for actin in important cellular functions.
Thus conventional actin and NAP may overlap in some,
but not all, cellular functions. It is interesting to note
that NAP is expressed in significant amount only in the
mutant lacking actin; i.e., the expression of NAP ap-
pears to depend on the presence of actin. We are cur-
rently investigating how such regulation takes place.

What is the function of NAP in wild-type cells?
Recently, we found NAP is expressed even in wild type,
specifically during the re-flagellation process after
flagellar amputation. The expression of NAP mRNA
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Cytokinesis in animal and some primitive eukaryotic
cells is achieved by the progressive contraction of the
cleavage furrow. The cleavage furrow contains a con-
tractile apparatus, called the contractile ring, which is
composed of a bundle of actin filaments that lies in the
furrow cortex beneath the plasma membrane. It has
been established that the contractile ring contracts as the
result of interaction between actin filaments and myosin.
However, little is known about process of its formation,
mechanism that controls its formation, protein constitu-
ents, and its ultrastructure. The goal of our research is to
solve these problems and thereby clarify the molecular
mechanism of cytokinesis. For this purpose, we use
three kinds of cells, namely, sea urchin egg, Xenopus
egg, and the fission yeast Schizosaccharomyces pombe.

S. pombe is an excellent system to investigate the
changes in the actin cytoskeleton during cell cycle since
F-actin patches, F-actin cables and F-actin ring are only
visible structures in the cell. The F-actin ring is consid-
ered to correspond to the contractile ring in animal cells.
It is formed during anaphase in this organism. We have
examined process of formation of the F-actin ring by
optical sectioning and 3-D reconstitution fluorescence
microscopy. In wild type cells, both formation of an
aster-like structure composed of F-actin cables and
accumulation of F-actin cables was recognized at the
medial cortex of the cell during prophase to metaphase.
The formation of the aster-like structure seemed to
initiate by branching of the longitudinal F-actin cables
at a site near the spindle pole bodies which had been
duplicated but not yet separated. A single cable extend-
ed from the aster and encircled the cell at the equator to
form a primary F-actin ring during metaphase. During
anaphase, the accumulated F-actin cables were linked to
the primary F-actin ring, and then all of these structures
seemed to be packed to form the F-actin ring. These
observations suggest that formation of the aster-like
structure and the accumulation of the F-actin cables at
the medial region of the cell during metaphase may be
required to initiate the F-actin ring formation. We fur-
ther examined F-actin structures in both cdcl2 and
cdcl5 early cytokinesis mutants. As a result, Cdcl2
seemed to be required for the primary F-actin ring for-
mation during prophase, while Cdcl5 may be involved
in both packing the F-actin cables to form the F-actin
ring and rearrangement of the F-actin after anaphase. In
spgl, cdc7 and sid2 septum initiation mutants, the F-
actin ring seemed to be formed in order.

In large eggs which undergo unilateral cleavage, it
has been proposed that localized elevation of cytosolic
free calcium jons ([Ca®™]i) at the growing end of the
cleavage furrow (CF) triggers CF formation by the
activation of myosin ATPase activity through the my-
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osin light chain kinase. However, data regarding the
relevance of Ca waves in CF formation is contradictory
or incomplete. We have improved the method to visu-
alize Ca wave in dividing Xenopus eggs: we removed
the fertilization membrane and labeled the egg surface
with rhodamine-wheat germ agglutinin (WGA) to visu-
alize the growing ends of the early CF. We imaged
wave type Ca signal with Calcium Green-1 dextran
from the animal hemisphere of the egg. In addition to
the Ca wave, which is the orchestrated Ca release from
a global area of the cell, smaller classes of Ca signal
have been described. These are Ca puffs, which are
thought to be Ca release from 10-30 of coordinately
opened Ca channels, and Ca blips, which are Ca re-
leased from single opened Ca channel. These signals
were also examined during the furrow formation. Con-
sequently, we could not detect any Ca wave, Ca puff, or
Ca blip at the growing end of the CF, although we could
detect two Ca waves at later stages of cytokinesis.
Furthermore, we lowerd [Ca®}i in the egg by injection
of Ca-chelators. However, it did not affect cleavages of
the egg. Therefore, we concluded that Ca signals are not
involved in CF formation in Xenopus egg.

We also concentrate our study on function of actin-
regulatory proteins, including ADF/cofilin family pro-
teins, during cytokinesis using Xenopus eggs and em-
bryos. ADF/cofilin family proteins exist in all animals
and plants examined and have been shown to be essen-
tial. We found that ADF/cofilin family proteins are
essential for cytokinesis. Recent studies revealed that
ADF/cofilin accelerates turnover of actin filaments both
in vitro and in vivo. Most recently, we found a novel
actin-regulatory protein which induces disassembly of
actin filaments cooperatively with ADF/cofilin. cDNA
analysis revealed that this protein is a Xenopus ho-
mologue of yeast actin interacting protein 1 (AIPI).
Thus, we designated this protein as Xenopus AIP1
(XAIP1). Purified XAIP1 itself binds to pure actin fila-
ments to some extent, but it induces a rapid, drastic
disassembly of actin filaments associated with cofilin.
Microinjection of this protein into Xenopus embryos
arrested development by the resulting actin cytoskeletal
disorder. XAIP] represents the first case of a protein
cooperatively disassembling actin filaments with
ADF/cofilin family proteins. In addition, we also identi-
fied the second protein which functions with
ADF/cofilin. That was a Xenopus homologue of cy-
clase-associating protein (CAP), originally reported as
an actin monomer-binding protein. Our biochemical
analyses, however, suggest that XCap accelerates nu-
cleotide exchange of actin monomer and induces actin
polymerization from actin-cofilin complex at steady
state.
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dependent upon germ cell differentiation and sex. We
have also generated medaka transgenic lines with green
fluorescent protein (GFP) fluorescence controlled by
the regulatory regions of the olvas gene in the germ
cells. The intensity of GFP fluorescence increases
dramatically in PGCs located in the ventrolateral region
of the posterior intestine around stage 25 (the onset of
brood circulation). Whole-mount in situ hybridization
and monitoring of ectopically located cells by GFP
fluorescence suggest that 1) the increase in zygotic
olvas expression occurs after PGC specification and 2)
PGCs can maintain their cell characteristics ectopically
after stages 20-25. The GFP expression persists
throughout the later stages in the mature ovary and
testis.

In tilapia, mitosis of germ cells begins around 10
days post-hatching in genetic females, but can not be
confirmed until after sex differentiation in testes of
genetic males. Steroid-producing cells in ovaries, but
not testes, at the undifferentiated and differentiating
stages express all of the steroidogenic enzymes required
for estradiol-173 biosynthesis from cholesterol.
Transcripts of estrogen receptors (ER) o and B first
appear in both female and male gonads of fry 5-10 days
post-hatching. These results strongly suggest that
endogenous estrogens act as the natural inducers of
ovarian differentiation in tilapia. This hypothesis is
further supported by evidence of masculinization of
genetic female tilapia by inhibition of estrogen
synthesis using an inhibitor of cytochrome P450
aromatase. In contrast, the ability of steroid-producing
cells to synthesize steroid hormones in the testes only
appears at the time of testicular differentiation.
Transcripts of androgen receptors are not present in
gonads of genetic males during sex differentiation. We
have isolated two DM (Doublesex/Mab-3 DNA-binding
motif)-domain ¢cDNAs from tilapia testis and ovary,
named DMRT! and DMO, respectively. DMRTI is
expressed only in Sertoli cells and DMO is detected
only in oocytes by in situ hybridization. The correlation
between expression of DMRTI! and testicular
differentiation of both normal XY-male and sex
reversed XX-males suggest that DMRT] is a candidate
testis-determining gene in tilapia. In contrast, abundant
DMO expression in pre- and early vitellogenic oocytes
in XX- and sex reversed XY-females indicates a
relationship between DMO and oocyte growth.

III. Endocrine regulation of spermatogenesis

Spermatogenesis is an extended process of differen-
tiation and maturation of germ cells resulting in haploid
spermatozoa. Using an organ culture system for eel
testes consisting of spermatogonia and inactive somatic
cells, we have shown that the hormonal regulation of
spermatogenesis in eel testes involves the gonadotropin
stimulation of Leydig cells to produce 11-ketotesto-
sterone (11-KT), a potent androgen in fish. In turn,
11-KT activates Sertoli cells to stimulate the production
of activin B. Addition of recombinant eel activin B to
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the culture medium induced proliferation of
spermatogonia, producing late type B spermatogonia,
within 15 days in the same manner as did 11-KT.
c¢DNAs encoding two androgen receptors (ARa and
ARp) have been cloned, for the first time in any verte-
brates, from eel and tilapia testes. /n situ hybridization
reveals that although both AR mRNAs are present in eel
testes prior to human chorionic gonadotropin (hCG)
injection, only ARa transcripts increase during
hCG-induced spermatogenesis suggesting that ARa and
ARB play different roles in spermatogenesis. Activin B
binds to activin type I and II receptors on
spermatogonia to stimulate de novo synthesis of G1/S
cyclins and CDKs leading to the initiation of mitosis.
Interestingly, cyclin Al transcripts are first detected in
primary spermatocytes during hCG-induced spermato-
genesiss in eel testes suggesting an important role for
cyclin Al in the progression to meiosis of male germ
cells.

IV. Endocrine regulation of cocyte maturation

Meiotic maturation of fish oocytes is induced by the
action of maturation-inducing hormone (MIH). 17a,
20B-dihydroxy-4-pregnen-3-one  (17c,203-DP)  has
been identified as the MIHs of several fish species. The
interaction of two ovarian follilce cell layers, the thecal
and granulosa cell layers, is required for the synthesis of
17a,20B-DP. The theal layer produces 17a-hydroxy-
progesterone that is converted to 170,20B-DP in
granulosa cells by the action of 20B-hydroxysteroid
dehydrogenase (20B-HSD). The preovulatory surge of
LH-like gonadotropin is responsible for the rapid
expression of 20B-HSD mRNA transcripts in granulosa
cells during oocyte maturation. In tilapia, Northern blot
and RT-PCR analyses reveal that the expression of
20B-HSD in ovarian follicles is not detectable in
postvitellogenic follicles. A distinct expression is evi-
dent at the day of spawning. In vitro incubation of
postvitellogenic follicles with hCG induced the
expression of 203-HSD mRNA within 1-2 hrs, followed
by final oocyte maturation of oocytes. Actinomycin D
completely blocks both hCG-induced 20B-HSD
expression and final oocyte maturation, indicating the
involvement and transcriptional regulation of 203-HSD
in final maturation.

17a,20B-DP induces oocyte maturation by acting on
a pertussis toxin-sensitive G-protein-coupled membrane
receptor. The early steps of 17c,208-DP action involve
the formation of downstream mediator of this steroid,
the maturation-promoting factor or metaphase-
promoting factor (MPF) consisting of cdc2 kinase and
cyclin B. 17¢,20B-DP induces oocytes to synthesize
cyclin B which activates a preexisting 35-kDa cdc2
kinase via phosphorylation of its threonine 161 by a
threonine kinase (MO15), thus producing the 34 kDa
active cdc2. Polyadenylation of cyclin B mRNA is
involved in 17a,20B-DP-induced initiation of cyclin B
mRNA translation. The Mos/MAPK pathway is not
essential for initiating goldfish oocyte maturation
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despite its general function as a cytostatic factor (CSF).
Upon egg activation, MPF is inactivated by degradation
of cyclin B. We showed that the 26S proteasome
initiates cyclin B degradation through the first cut of its
NH, terminus at lysine 57.
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Cell and tissue differentiation proceeds systemati-
cally based on orchestrated expressions of sets of genes.
The expressions commence successively along with the
passage of time. As the consequence, a single fertil-
ised egg develops into a variety of tissues and organs,
which consist of specialised cells in terms of their
structures and functions. Accordingly, it is reasonable
to assume that investigation of the mechanisms under-
lying the cell and tissue-specific gene expression at a
molecular level is essential for understanding molecular
frameworks for genetic cascades proceeding along with
cell and tissue differentiation. Based on the concept
above, our division of Cell Differentiation has focussed
on sex differentiation of the gonads and differentiation
of the steroidogneic tissues form the aspect of functions
of tissue-specific transcription factors and growth fac-
tors.

Several transcription factors are involved in the proc-
ess of gonadal differentiation. Some of these factors,
such as SRY, WTI-1, DAX-1, and SOX-9 have been iden-
tified as the responsible genes for various human dis-
eases that display structural and functional defects in
tissues including the gonads. The essential functions of
other transcription factors such as Ad4BP/SF-1, Emx-2,
M33, and Lhx-9 were identified by phenotypes of their
gene disrupted mice. In addition, the expression pro-
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files with respect to their distribution and sexual dimor-
phism strongly suggest the functional significance at the
early stage of gonadal differentiation. However, it
remains to be clarified how the transcription factors
above regulate their target genes and how the genes
encoding the transcription factors are regulated. When
considering a gene regulatory cascade that supports
differentiation of the gonadal tissues, studies of the
above two directions are quite important. Based on
this background, we investigated mainly the functions
of Ad4BP/SF-1 and Dax-1, and the mechanism of gene
regulation encoding these factors.

I. Gene regulatory cascade in the steroidogenic
tissue differentiation

When a differentiation process of a tissue is consid-
ered, it is possible to assume that certain genes encod-
ing transcription factors are involved in a gene regula-
tory cascade as the critical components. As the com-
ponent in the cascades required for the steroidogenic
adrenocortical and gonadal differentiation, Ad4BP/SF-1
is locates at the upstream of tissue-specific genes, in-
cluding the steroidogenic CYP genes, and should locate
at the downstream of other transcription factors regu-
lating Ad4BP/SF-1 gene. When considering that the
cascade flows from upstream to downstream along with
the tissue differentiation and moreover Ad4BP/SF-1 is
an essential transcription factor in the adrenocortical
and gonadal cascade, identification of the components
functioning with Ad4BP/SF-1 and regulating
Ad4BP/SF-1 gene transcription is essential for fully
understanding the molecular mechanisms underlying
the tissue differentiation. Thus, some of the members
in this division have investigated gene regulation of
Ad4BP/SF-1 and Dax-1, both of which are quite im-
portant for the tissue differentiation.

Based on the aspect above, the regulatory region of
the Ad4BP/SF-1 gene has been investigated in vivo by
making transgenic mice. A genomic DNA fragment
longer than 480 kb containing four genes including
Ad4BP/SF-1 has been examined if they have tissues-
specific enhancer element. Our survey for the ge-
nomic DNA revealed that particular regions in the
Ad4BP/SF-1 gene are responsible for the gene expres-
sion specific for the adrenal cortex and ventromedial
hypothalamic nucleus.

Dax-1 is another transcription factor of our interest,
which is also implicated in the steroidogenic tissue
differentiation. Our previous study revealed that the
factor acts as a suppressor against Ad4BP/SF-1. How-
ever, regulation of the suppressive effect has remained
to be clarified at the molecular level. We recently
uncovered the function of particular sequences, LXXLL
motifs, located at the amino terminal half of Dax-1.
When Dax-1 functions as the suppressor, the amino acid
sequences in the repeats are essential for a protein-
protein interaction with target nuclear receptors, and
thereby the transcription mediated by the nuclear re-
ceptors are largely inhibited. The LXXLL motif was






FOR BASIC BIOLOGY

of both sexes, the mechanisms of other transcription
factors such as Sox-9 and Emx-2 are not fully under-
stood. In addition, it should be noted that other growth
factors as well as other forms of Wnt molecules are
expressed in the developing gonads and mesonephros.
Further studies of the functional relationship between
growth factors and transcription factors should identify
the fine and sophisticated mechanisms underlying the
sex differentiation of the gonads.

Male Gonad Female Gonad

FGF9 > FGF9

v v

Sox9 > Sox9
wnt4 < Wnt4

Ad4BP/SF-1 | > iAd4BP/SF—1

'

i Dax-1 < Dax-1

1 1
3g-HSDand MIS > 3p-HSD and MIS

Fig 2
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involve Dsh/Dv!l and c-Jun N-terminal kinase (JNK).
Although these signaling pathways have been
investigated extensively, it is still unknown exactly how
the Fz receptors generate signals to regulate gastrulation
cell movement. Thus, we screened for proteins which
interact with the cytoplasmic domains of Fz using the
yeast two-hybrid assay. So far, we have cloned two
Xenopus genes. One encodes a protein which contains
two PDZ domains. This gene is expressed ubiquitously
during gastrulation, and later in the central nervous
system. Our preliminary results suggest its role in the
Fz signaling, particularly in the PCP pathway. (a) It
binds Fz-7, an important receptor in the PCP signaling
pathway in Xenopus embryos, more strongly than other
Fzs. (b) Overexpression of a predicted dominant-
negative mutant, causes severe gastrulation defect, a
typical phenotype seen by the inhibition of the PCP
pathway. These results suggest that this protein may be
an essential component for gastrulation cell movement
acting in the PCP pathway.

III. Genetic screening for novel DPP/BMP
signaling components utilizing Drosophila
model system

Drosophila is one of the ideal model organisms to
dissect signal transduction pathway by genetic methods.
We have carried out dominant suppressor screening for
two transgenic mutant flies expressed constitutively
activated DPP/BMP type-I receptors in wing imaginal
discs. We isolated 19 suppressor mutants, Suppressor of
constitutively activated Dpp singnaling (Scad). Alleles
of punt, Mad, shn and dCrebA were found in isolated
Scad mutants. We now focus to study a novel locus
Scad67. Scad67 encodes a protein with a SP-RING
motif. SP-RING motif was originally found in PIAS-
family proteins including Drosophila PIAS homolog
Su(var)2-10/Zimp. Recent studies have shown that
PIAS-family proteins function as a E3-SUMO ligase
and enhance SUMO conjugation against specific sub-
strates. Scad67 is an evolutionary conserved molecule
and we found two Scad67 homologous genes in human
and also in other vertebrates. Homozygous Scad67 mu-
tants show embryonic to pupal stage lethality. The most
severe zygotic mutant shows embryonic head structure
and segmentation defects. Detailed Scad67 function
analysis especially in the SUMO mediated biological
processes and also in DPP signalling are ongoing.

We also have been interested in the in vivo function
of the TGF-P activated kinase-1 (TAK1) in Drosophila.
We succeed to isolate d7AK] null mutant in collabo-
rated with B. Lemaitre’s group (CNRS, France). Inter-
estingly, dTAKI mutation does shows morphological
and viability defects. However, we observed an im-
pairment of antibacterial peptide gene expression in
dTAK1 mutants. Genetic studies of dTAKI suggested an
evolutionary conserved role for TAK] in the control of
rel/NF-xB dependent innate immune responses.
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IV. Brachyury downstream notochord
differentiation in the ascidian embryo

Ascidians, urochordates, are one of the three chordate
groups, and the ascidian tadpole is thought to represent
the most simplified and primitive chordate body plan.
It contains a notochord, which is a defining characteris-
tic of chordate embryo composed of only 40 cells. To
understand the morphogenesis in this simple system, we
have focused on a gene, Brachyury, which is known to
play an important role in the notochord development.
In ascidian, Brachyury is expressed exclusively in the
notochord and the misexpression of the Brachyury gene
(Ci-Bra) of Ciona intestinalis is sufficient to transform
endoderm into notochord. This gene encodes a se-
quence-specific activator that contains a T-box DNA-
binding domain, and in vertebrates, it is initially ex-
pressed throughout the presumptive mesoderm and
gradually restricted to the developing notochord and
tailbud. The phenotype of the Brachyury mutants in
mice and zebrafish revealed that this gene is essential
for notochord differentiation. Our goal is to elucidate
the down stream pathway of this important gene in
ascidian in order to set the stage for understanding not
only the formation and function of the notochord but
how this important structure has evolved. We conducted
the subtractive hybridization screens to identify poten-
tial Brachyury target genes that are induced upon Ci-
Bra overexpression. Out of 501 independent cDNA
clones that were induced cDNAs, 38 were specifically
expressed in notochord cells (Fig. 2). We characterized
20 of them by determining the complete nucleotide
sequences and in siru hybridization analyses which
show the spatial and temporal expression patterns of the
cDNAs. These potential Ci-Bra downstream genes
appear to encode a broad spectrum of divergent proteins
associated with notochord formation and function.

V. TGF-f family in nematode

We have previously shown that DBL-1, a member of
TGF-f superfamily regulates body length in C. elegans.
To understand molecular mechanism of body length
regulation by DBL-1, we examined tissue-specific re-
quirement of a DBL-1 receptor SMA-6 by rescuing
sma-6 mutation with tissue specific expression of the
receptor. We found that hypodermal expression of
SMA-6 is sufficient to rescue the sma phenotype, sug-
gesting that hypodermis is the most critical target tissue
of DBL-1 to regulate body length. Next we screened for
target genes regulated by DBL-1 in hypodermal cells,
and identified a gene yk298h6 whose disruption by
dsRNAi resulted in long worm. yk298h6 was later
found to be identical with lon-1, a gene encoding a type
II membrane protein belonging to the PR family con-
served from plant to human. LON-1 appears to suppress
hypodermal polyploidization and thus negatively regu-
late body length.
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Plants use light as an environmental factor which
controls their development as well as their other
physiological phenomena. Phytochrome and blue light
receptors, such as cryptochrome and phototropin (phot),
are the main photoreceptors for plant photomorphogenesis.
The goal of our research is to clarify the signal
transduction pathways of photomorphogenesis. One of our
major subjects is chloroplast photo-relocation movement
which is thought to be one of the simplest phenomena in
this field. We use the fern Adiantum capillus-veneris and
the moss Physcomitrella patens as model plants for our
cell biological approach not only because the gameto-
phytes are very sensitive to light, but also because the
organization of the cells is very simple. We also use
Arabidopsis mutants to clarify the genes regulating
chloroplast photo-relocation movement.

I. Cloning and characterization of blue-light
photoreceptors

We have described many blue-light induced
photomorphological responses in gametophytes of the fern
Adiantum capillus-veneris. As the first step in under-
standing the molecular mechanisms of these blue-light
responses, we are cloning and sequencing the genes of blue
light receptors, and are studying intracellular distributions
of the gene products and their function in Adiantum and
Physcomitrella

1-1 Cryptochromes

Cryptochrome functions were studied using CRYIa and
CRYI1b double mutant of Physcomitrella patens. It was
revealed that blue light cryptochrome signals regulate
many steps in moss development including induction of
side branch of protonemata, and regulation of gametophyte
induction and its development. In addition, the disruption
of cryptochrome altered auxin response, including auxin-
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inducible genes. Cryptochrome disruptants were more
sensitive to external auxin than wild type in a blue light-
specific manner, suggesting that cryptochrome light signals
repress auxin signals to control plant development.

1- 2 Phototropin

Phototropin (photl) is another blue light photoreceptor
isolated recently in higher plants, and is a flavin binding
protein with light sensitive protein kinase activity. A cDNA
of Adiantum PHOT?2, a homologue of phototropin has been
sequenced. Photocycle of FMN binding LOV domains of
the photl and phot2 expressed in E. coli were studied.

II. Chloroplast relocation movement

2-1 Arabidopsis

Chloroplasts accumulate at the cell surface under weak
light and escape from the cell surface to the anticlinal wall
under strong light to optimize photosynthesis. The mecha-
nism of chloroplast relocation, however, is not known. We
screened several mutants from T-DNA tagging lines as
well as EMS lines of Arabidopsis. By mutant analysis, we
found last year that photl and phot2 were photoreceptors
of chloroplast relocation movement induced by blue light.
This year, we clarified that the photl and phot2 were also
the photoreceptors redundantly working on stomatal
opening in Arabidopsis, in collaboration with the Prof.
Shimazaki’s group of Kyushu University. Gene analysis of
mutants defective in chloroplast accumulation response are
also under way.

2-2 Adiantum

Adiantum phytochrome3 (PHY3) is a unique kimeric
protein with a phytochrome structure in the N-terminal half
and a phototropin structure in the C-terminal half, PHY3
gene analysis of EMS-induced rap (red light-induced
aphototropic) mutants of Adiantum which do not show
phototropic response and chloroplast photorelocation
movement under red light revealed that five rap mutant
lines tested have a mutation in the PHY3 gene. Moreover,
over expression of PHY3 genes in a rap mutant rescued the
red light-induced chloroplast movement, indicating that
phy3 is the photoreceptor of this phenomenon. PHY3 is
not yet known whether it works as a blue light photore-
ceptor.

Adiantum mutants which do not show chloroplast
avoidance movement under strong blue light were iso-
lated. Gene analysis of these mutants revealed that
they have a mutation in Adiantum phot2 gene, suggest-
ing that Adiantum also use phot2 as a photoreceptor of
blue light-induced avoidance response as in the case of
Arabidopsis.
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The vertebrate nervous system contains a large num-
ber of neurons that are connected to each other by spe-
cific axonal projections. We are interested in how the
complex but precise neuronal network, which is indis-
pensable for functioning of the nervous system, is con-
structed during development. The goal of our research
in this division is to elucidate the cellular and molecular
mechanisms underlying the neuronal network formation
in vertebrates, with current focuses on the mechanisms
of axon guidance and neuronal migration.

I. Mechanism of Axonal Guidance

During development of the nervous system, growing
axons are guided through specific pathways to correct
targets. Our research interest focuses on the cellular
and molecular mechanisms of axon guidance in the
vertebrate nervous system. We are particularly inter-
ested in how guidance mechanisms operating in differ-
ent phases of axonal growth are assembled to generate
the complex but precise axonal wiring patterns in the
brain. To address these issues, we are first trying to
understand axonal wiring patterns during development
with reference to the structural organiza-tion of the
brain. Using whole-mounted preparations of embry-
onic rat brains, we will reveal whole axonal trajectories
by labeling with neuronal tracers, such as Dil, or by
immunohistochemical staining with antibodies against
molecular markers expressed in a subset of neurons.
We will next explore the axonal guidance mechanisms
generating these wiring patterns. Following questions
will be addressed. 1) What structures along the path-
way have key roles in axonal guidance? 2) What
guidance cues exist in these structures? Are these
attractive cues or repulsive cues? Are these short-
range cues or long-range cues? 3) What molecules are
responsible for these cues? 4) How do multiple guid-
ance mechanisms work in concert to generate specific
wiring patterns? To answer these questions, we use
neuroanatomical techniques, in vitro culture techniques
including dissociated cell, explant and whole-mount
cultures, and biochemical and molecular biological
techniques.

II. Mechanism of Neuronal Migration

A variety of neurons migrate from their birthplace to
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the position where they finally settle. Neuronal mig-
ration in the vertebrate central nervous system occurs
both along the radial axis and along the tangential axis
of the neural tube. Another interest of our research
focuses on the cellular and molecular mechanisms un-
derlying the radial and tangential neuronal migration.
In many regions of the central nervous system, neurons
migrate radially from the ventricular zone where they
are born toward the pial surface. We are investigating
the mechanisms of radial migration, using neurons in
the neocortex as a model system. In addition to the
radial migration, some neurons in the brain, such as
interneurons in the forebrain, move tangentially for a
long distance. We are also investigating how tangen-
tially migrating neurons are guided for a long distance
through specific routes to the final positions, using neu-
rons that migrate from the rhombic lip at the dorsal rim
of the hindbrain, such as cerebellar granule cells and
precerebellar neurons.

To address these issues, we developed in vitro culture
systems that reconstruct migratory events occurring in
vivo. We labeled migrating neurons with green fluo-
rescent protein (GFP) by transplantation of small piece
of explant taken from a transgenic rat expressing GFP
or by introducing GFP ¢DNA into limited regions of the
brain by electroporation. Slices of the brain or flat-
mounted brain preparation are then cultured on perme-
able membrane filters. These culture systems enable
us to analyze migration pattern of neurons in real time
(Fig. 1). Using these in vitro culture systems, we are
currently investigating the cellular and molecular
mechanisms of neuronal migration.
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The main interest of the group is in understanding the
biology of the dynamic genome, namely, genome
organization and reorganization and its impact on gene
expression and regulation. Although there are many
elements affecting organization and reorganization of
the genomes, we are currently focused on mobile
genetic elements in general and plant transposable
controlling elements in particular. Since plant transpos-
able elements are known to be associated with both
genetic and epigenetic gene regulations, we are charac-
terizing various aspects of genetic and epigenetic gene
regulations. In addition, we are also undertaking reverse
genetic approaches in order to elucidate the nature of
dynamic genome in plants.

I. Spontaneous mutants in the Japanese
morning glory.

The Japanese morning glory ([pomoea nil or Pharbi-
tis nil), displaying blue flowers, is believed to be origi-
nated from southeast Asia and has an extensive history
of genetic and physiological studies. The plant had been
introduced into Japan from China in about 8th century
as a medicinal herb, seeds of which were utilized as a
laxative, and has become a traditional horticultural plant
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in Japan since around 17th century. A number of its
spontaneous mutants related to the color and shape of
the flowers and leaves have been isolated, and about
10% of these mutants carry mutable alleles conferring
variegated phenotypes. All of the mutants available are
spontaneous mutants and most of them were isolated
more than 60 years ago. Several lines of evidence
indicate that an En/Spm-related transposable element
Tpnl and its relatives, which we termed TpnI-family
elements, are a common spontaneous mutagen in the
plant. Indeed, we have succeeded to identify three of
these mutable alleles for flower pigmentation, flecked,
speckled and purple-mutable (pr-m), which are caused
by integration of Tpnl-related elements, Tpnl, Tpn2
and Tpn4, respectively. All of them are non-
autonomous elements and their transposition is mediat-
ed by a Tpnl-related autonomous element which ap-
pears to be subjected to egigenetic regulations. Due to
epigenetic inactivation of the autonomous element, rare
excision of these non-autonomous elements could occur
and such lines displayed apparently stable mutant
flowers. In accordance with this notion, an apparent
stable r-/ allele conferring white flowers is also caused
by insertion of a non-autonomous Tpn/-family element,
Tpn3, into the CHS-D gene encoding a chalcone syn-
thase for anthocyanin biosynthesis.

II. Spontaneous mutants having 7pnli-related
transposons inserted into the gene encoding
anthocyanidin synthase in the Japanese morning

glory.

The anthocyanidin synthase (ANS) catalyzes 2-
oxoglutarate-dependent oxidation of leucoanthocya-
nidins to yield anthocyanidins in the anthocyanin
biosynthesis pathway. The ANS gene was first isolated
from maize and snapdragon, mutants of which are
deficient in pigmentation: the A2 mutations caused by
insertion of transposons in maize control coloration in
the aleurone layer of the kernel and a large deletion
mutation including the candi gene in snapdragon con-
fers completely acyanic flowers. Out of 23 mutants of
the Japanese morning glory displaying white flowers
examined, three were found to carry an identical inser-
tion of a 6.6-kb Tpnl-related transposon, 7pn8, at the
promoter of the ANS gene (Fig. 1). In addition, we also
characterized a mutable line Shibori-chidori exhibiting
white flowers with red sectors, obtained from a red
flower line Beni-chidori about 3 years ago, and found
that the mutable allele was caused by integration of a
6.4-kb transposon, Tpn9, into the ANS gene. Interest-
ingly, Tpn9 is almost identical to the Tpnl sequence
found at the mutable flecked allele. To our knowledge,
the ANS mutations characterized here are the first ANS
insertion mutations, including the mutable allele, that
affect flower pigmentation. Since the mutable line
Shibori-chidori was isolated as a spontaneous mutant
very recently, Tpnl-related elements still act as active
spontaneous mutagens that would generate new inter-
esting traits in the Japanese morning glory.
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The genomes of higher organisms contain significant
amounts of repetitive sequences, which in general, are
unstable. At present, neither the physiological function(s)
of repeated sequences nor the mechanism controlling the
instability is fully understood. To clarify these aspects,
we are pursuing the following themes using E. coli, S.
cerevisiae and plants: (1) An amplification mechanism
of repeated sequences or genes, especially rRNA repeated
genes, (2) a mechanism of replication fork block-
dependent recombination, a key reaction that increases or
decreases the number of repeats, and (3) development of
in vivo artificial gene amplification systems. Functional
and structural analyses of the E. coli genome are also
being carried out. In 2001, work on the following three
subjects has advanced our knowledge of the dynamics and
structure of the genome.

I. Amplification of Hot DNA

Escherichia coli

segments in

In yeast, about 150 copies of rDNA are located at a
specific locus on chromosome XII. A replication fork-
blocking site, called a replication fork barrier (RFB), is
located in each rDNA unit. To block the replication fork
at RFB, another trans-acting factor, named Fobl protein,
is required. Our recent work indicated that amplification
of rDNA repeats requires a DNA replication fork-
blocking event. Furthermore, Fobl protein is essential
for rDNA region specific homologous recombination and
the production of circular rDNA molecules, as well as
rDNA amplification.  Such fork blocking dependent
recombination was first identified in recombinational
hotspot (Hot) in E. coli. The eight kinds of Hot DNAs
(HotA-H) were identified using an E. coli rnhA” mutant.
Among these, enhanced recombination of three kinds of
Hot DNAs (HotA, B and C) was dependent on fork
blocking events at Ter sites. Then, we examined
whether E. coli HotA DNAs are amplified when circular
DNA (HotA plus a drug-resistance DNA segment) is
inserted into the homologous region on the chromosome
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of an E. coli mhA" mutant. The resulting HotA DNA
transformants were analyzed using pulsed field gel
electrophoresis, fluorescence in situ hybridization, and
DNA microarrays. The following results were obtained.
(1) HotA DNA is amplified by about 40-fold on average.
(2) While 90% of the cells contain 6-10 copies of HotA
DNA, the remaining 10% of cells have as many as several
hundred HotA copies (Fig. 1). (3) Amplification is
detected in all other Hot DNAs, among which HotB and
HotG DNAs are amplified to the same level as HotA.
Furthermore, HotL DNA, which is activated by blocking
the clockwise oriC-starting replication fork at the
artificially inserted TerL site in the fork-blocked strain
with a rmh* background, is also amplified.

II. Yeast RNA polymerase I enhancer is dispensable
for both transcription of the chromosomal rDNA
gene and cell growth, and its apparent transcription
enhancement from ectopic promoters requires Fobl
protein.

Previously we developed a system in which various
deletions can be introduced into each rDNA repeat in S.
cerevisiae. Each rDNA repeat consists of the 35S rRNA
gene, the NTS1 spacer, the 5S rRNA gene, and the NTS2
spacer. The FOBI gene was previously shown to be
required for replication fork block (RFB) activity at the
RFB site in NTS1, for recombination hot spot (HOTI)
activity, and for rDNA amplification and contraction.
We have constructed a strain in which the majority of the
rDNA repeats are deleted, leaving two copies of IDNA
covering the 5S-NTS2-35S region and a single intact
NTS1. Growth of the strain is supported by a helper
plasmid, carrying, in addition to the 5S rRNA gene, the
35S rRNA coding regions fused to the GAL7 promoter.
This strain carries a fob! mutation, and an extensive
expansion of chromosomal rDNA repeats was
demonstrated by introducing the missing FOBI gene by
transformation. The budding yeast 35S I1DNA
transcription enhancer, which is located at the end of the
358 rRNA gene within the rDNA repeats, has been shown
to greatly stimulate rDNA transcription in an ectopic
reporter system. By removing the single enhancer
region remaining in the single NTS1 in the two rDNA
copy strain, followed by rDNA amplification, we
constructed a yeast strain which was deleted of all of the
enhancers from the rDNA repeated genes. We found
that this strain did not show any defect in growth or rRNA
synthesis. This result suggests that transcription activity
measured in the ectopic site is not exactly parallel to that
in the rDNA cluster.

Ectopic transcription has an effect on recombination.
HOTI DNA enhances recombination at the nearby site
when it inserted into a non-rDNA region. HOTI! DNA
consist two non-contiguous DNA fragments, called E and
I, which are the enhancer and initiator of 35S rDNA
transcription, respectively. Thus, it was speculated that
HOT! recombinational enhancement was caused by
transcription from the HOTI region. Later it was proven
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CNTF, a member of the IL-6 family, attracts quite
attentions of developmental neuroscientists because
it shows various effects on neurons and glial cells.
The CNTF knockout mice, however, only indicates
moderate motor neuron deficiency in the adult, but
no apparent phenotype in the development. In order
to explore the function of the IL-6 family, we
extensively examined the expression of members of
the family and their receptors and found the specific
expression of CNTF in the embryonic pineal glands
and eyes. Since sympathetic neurons are known to
innervate pineal glands and be responsive to CNTF,
our observation suggests that CNTF plays a role
when sympathetic neurons innervate pineal glands.
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All living organisms evolved from a common ances-
tor more than 3.5 billion years ago, and accumulated
mutations on their genomes caused the present biodi-
versity. The traces of evolutionary processes are found
in the genomes of extant organisms. By comparing the
genomes of different organisms, we can infer (1) the
phylogenetic relationships of extant organisms and (2)
the genetic changes having caused the evolution of
morphology and development. The inferred phylo-
genetic relationships give important insights on prob-
lems in various fields of evolutionary biology, and our
group focuses on biogeography, evolution of morpho-
logical traits, and systematics in wide range of taxa.
On the evolution of morphology and development, we
aim to explore genetic changes led the evolution of
plant body plan. We selected Arabidopsis (angio-
sperm), Gnetum (gymnosperm), Ginkgo (gymnosperm),
Ceratopteris (pteridophyte), Physcomitrella (bryophyte),
and some green algae as models to compare the gene
functions involved in development of the reproductive
organs and shoot apical meristem of land plants.

L Evolution of reproductive organs in land plants

A flower is the most complex reproductive organ in
land plants and composed of sepals, petals, stamens,
and gynoecium. Female haploid reproductive cells are
covered with a sporangium (nucellus) and two integu-
ments, and further enclosed in a gynoecium. Male
haploid reproductive cells (pollens) are covered with a
sporangium (pollen sack). On the other hand, gymno-
sperms and ferns have simpler reproductive organs than
angiosperms and lack sepals and petals. Female spo-
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rangia (nucellus) of gymnosperms are covered with
only one integument. Sporangia of ferns have no in-
teguments and are naked on the abaxial side of a leaf.

The development of floral organs is mainly regulated
by A-, B-, C-function genes, which are members of the
MADS-box gene family. These genes are transcrip-
tion factors containing the conserved MADS and K
domains. MADS-box genes of angiosperms are di-
vided into more than 10 groups based on the gene tree.
The LEAFY gene is the positive regulator of the MADS-
box genes in flower primordia.

What kind of changes of the MADS-box genes
caused the evolution of the complex reproductive or-
gans in the flowering plant lineage ? Comparisons of
MADS-box and LFY genes in vascular plants suggest
that the following sequential changes occurred in the
evolution of reproductive organs. (1) Plant-type
MADS-box genes with both MADS and K domains
were established. (2) The number of MADS-box
genes increased, and the three ancestral MADS-box
genes that later generate A-, B-, C-functions genes were
likely originated before the divergence of ferns and seed
plants. (3) Specifically expressed MADS-box genes in
reproductive organs evolved .from generally expressed
ones in the seed plant lineage. (4) The ancestral gene
of the AG group of MADS-box genes acquired the C-
function before the divergence of extant gymnosperms
and angiosperms. (5) The gene duplication that
formed the AP3 and PI groups in MADS-box genes
occurred before the diversification of extant gymno-
sperms and angiosperms. (6) The ancestral gene of
angiosperm A-function gene was lost in extant gymno-
sperm lineage. (7) LFY gene became positively regu-
late MADS-box genes after the divergence of ferns and
seed plants, because the fern LFY gene does not directly
regulate MADS-box genes (Himi et al. 2001). The
FLO/LFY gene phylogenetic tree indicates that both
duplication and loss of FLO/LFY homologs occurred
during the course of vascular plant evolution. The
inductive pathway from the LFY gene to the MADS-
box genes already existed in the common ancestor of
angiosperms and gymnosperms, because overexpression
of Gnetum LFY homolog in transgenic Arabidopsis
promoted a conversion of a shoot meristem to a floral
primordium and the Arabidopsis LFY null mutant, [fy-
26, with a malformed flower, was complemented by
overexpression of Gnetum LFY gene. (8) Spatial and
temporal patterns of A-, B-, C-function gene expression
were established in the angiosperm lineage (Shindo et al.
2001).

II. Homology of reproductive organs in seed
plants

The morphological variation among reproductive or-
gans of extant seed plants makes assessment of organ
homology difficult. Comparisons of expression pat-
terns of homeotic genes that control organ development
will yield new information about the homology of or-
gans to assess inferences deduced from previous mor-
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RESEARCH CENTER FOR INTEGRATIVE AND
COMPUTATIONAL BioLoGY

(Staff of the Center are in the process of selection.)

This center aims to integrate biology and bio-
informatics through elucidation of various biological
phenomena at the molecular level employing the follow-
ing: (1) Computational analysis using accumulating data
related to biological information; (2) analysis using
mathematically model and simulations; (3) comprehen-
sive functional analysis of genes, genomes and proteins
by new technology and application of novel concepts.
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L. Facilities

1. The Large Spectrograph Laboratory

This laboratory provides, for cooperative use, the
Okazaki Large Spectrograph (OLS), which is the largest
spectrograph in the world, dedicated to action spectro-
scopical studies of various light-controlled biological
processes. The spectrograph runs on a 30kW Xenon arc
lamp and has a compound grating composed of 36 smaller
individual gratings. It projects a spectrum of a wavelength
range from 250nm (ultraviolet) to 1,000nm (infrared) onto
its focal curve of 10m in length. The fluence rate (inten-
sity) of the monochromatic light at each wavelength is
more than twice as much as that of the corresponding
monochromatic component of tropical sunlight at noon
(Watanabe et al., 1982, Photochem. Photobiol., 36, 491-
498).

A tunable two-wavelength CW laser irradiation system
is also available as a complementary light source to OLS
to be used in irradiation experiments which specifically
require ultra-high fluence rates as well as ultra-high spec-
tral-, time-and spatial resolutions. It is composed of a
high-power Ar-ion laser (Coherent, Innova 20) (336.6-
528.7 nm, 20W output), two CW dye lasers (Coherent,
CR599-01) (420-930nm, 250-1000mW output), A/O
modulators (up to 40MHz) to chop the laser beam, a beam
expander, and a tracking microbeam irradiator (up to 200
pm s in tracking speed, down to 2 pm in beam diameter)
with an infrared phase-contrast observation system.
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2. Tissue and Cell Culture Laboratory

Various equipments for tissue and cell culture are
provided. This laboratory is equipped with safely rooms
which satisfy the P2/P3 physical containment level. This
facility is routinely used for DNA recombination experi-
ments.

3. Computer Laboratory

Computer laboratory maintains several computers to
provide computation resources and means of electronic
communication in this Institute. Currently, the main
system consists of three servers and two terminal work-
stations: biological information analysis server (SGI Ori-
gin 2000), database server (Sun Enterprise 450), file
server (Sun Enterprise 3000), data visualization terminal
and molecular simulation terminal (both are SGI Octanes).
Some personal computers and color/monochrome printers
are also equipped. On this system, we provide various
biological databases and data retrieval/analysis programs,
and support large-scale data analysis and database con-
struction for the Institute members.

Computer laboratory also provides network communi-
cation services in the Institute. Most of PCs in each
laboratory as well as all of the above service machines are
connected each other with local area network (LAN),
which is linked to the high performance multimedia back-
bone network of Okazaki National Research Institute
(ORION). Many local services including sequence analy-
sis service, file sharing service and printer service are
provided through this LAN. We also maintain a public
World Wide Web server that contains the NIBB home
pages (http://www.nibb.ac.jp).

4. Plant Culture Laboratory

There are a large number of culture boxes, and a lim-
ited number of rooms with environmental control for
plant culture. In some of these facilities and rooms, ex-
periments can be carried out at the Pl physical contain-
ment level under extraordinary environments such as
strong light intensity, low or high temperatures.

5. Experimental Farm

This laboratory consists of two 20 m* glass-houses with
precise temperature and humidity control, three green
houses (each 6 m?) at the P1 physical containment level, a
small farm, two greenhouses (45 and 88 m?) with auto-
matic sprinklers, The laboratory also includes a building
with storage and work space.

6. Plant Cell Laboratory

Autotrophic and heterotrophic culture devices and
equipment for experimental cultures of plant and micro-
bial cells in this laboratory. A facility for preparation of
plant cell cultures including an aseptic room with clean
benches, is also provided.

7. Laboratory of Stress-Resistant Plants

This laboratory was found to study transgenic plants
with respect to tolerance toward various environmental
stresses. It is located in the Agricultural Experimental
Station of Nagoya University (30 km from National In-
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stitute for basic Biology). The laboratory provides a vari-
ety of growth chambers that precisely control the condi-
tions of plant growth and dacilities for molecular biologi-
cal and physiological enaluations of transgenic plants.

The laboratory is also a base of domestic and
international collaborations devorted to the topic of stress
resistant transgenic plants.

II. Research Activities

1. Faculty

The faculty of the Research Support Facility conducts
its own research as well as scientific and administrative
public services.

(1) Photobiology: Photoreceptive and signal trans-
duction mechanisms of phototaxis of unicellular algae are
studied action spectroscopically (Watanabe 1995, In CRC
Handbook of Organic Photochemistry and Photobiology)
by measuring computerized-videomiceographs of the
motile behavior of the cells at the cellular and subcellular
levels. Photo-receptive and signal transduction mecha-
nisms of algal gene expression were also studied by action
spectroscopy.

(2) Developmental Biology: Replacement of the
ankyrin repeats of mouse Notch2 gene with E.coli b-
gactosidase gene induces early embryonic lethality around
E10.5. The lethality was suggested due to defects in
extraembryonic tissues, because the mutant embryo grew
and differentiated further in vitro. Histological exami-
nation and in situ hybridization analysis with trophoblast
subtype-specific probes revealed that the development of
giant and spongiotrophoblast cell layers are normal in the
mutant placenta, while vasculogenesis in the labyrinth
layer apperaed compromised at E9.5. Since the lethality
was circumvented by production of chimeric mice with
tetraploidy wild type embryos, we concluded that the
embryonic lethality is due to defect in growth and/or
differentiation of labyrinthine trophoblast cells. The
mutant embryo, however, could not be rescued in the
tetraploid chimeras beyond E12.5 because of insurfficient
development of umbilical cord, indicating another role of
Notch2 signaling in the mouse development. Chimeric
analysis with diploid wild type, however, revealed
contribution of mutant cells to these affected tissues by
E13.5. Thus, Notch2 are not cell autonomously required
for the early cell fate determination of labyrinthine
trophoblast cells and allantoic mesodermal cells, but plays
an indispensable role in the further formation of
functional labyrinth layer and umbilical cord.

(3) Computational Biology: Comparative genomics is a
useful approach to find clues to understanding complex
and diverse biological systems from rapidly growing
genome database. We have constructed a database
system for comparative analysis of many of microbial
genomes ever sequenced and are developing new compu-
tational techniques for large-scale genome sequence
comparison. Especially, we are developing a method for
orthologous grouping among multiple genomes, which is
a crucial step for comparative genomics. In addition to
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splitting fusion genes into orthologous domains, we are
also enhancing the grouping algorithm to incorporate the
information of gene arrangement on the genome.

In parallel, we have developed a tool to incorporate
various sequence features such as G+C contents, codon
usage bias and locations of repetitive elements into the
genome comparison. By this approach, we made detailed
comparison of closely related microbial genomes to
investigate the genomic polymorphisms or evolutionary
changes in collaboration with Dr. I. Kobayashi’s group
(Univ. Tokyo), including comparative genome analysis of
two strains of Staphylococcus aureus.

2. Cooperative Research Program for the Okazaki
Large Spectrograph

The NIBB Cooperative Research Program for the Use
of the OLS supports about 30 projects every year
conducted by visiting scientists including foreign scien-
tists as well as those in the Institute.

Action spectroscopical studies for various regulatory
and damaging actions of light on living organisms,
biological molecules, and organic molecules have been
conducted (Watanabe, 1995, In “CRC Handbook of
Organic Photochemistry and Photobiology”. pp, 1276 -
1288).
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mtsTRNA are both localized in the polysomes formed
on the surface of polar granules during a short period
(embryonic stage 2) prior to pole cell formation (Fig. 1).
Furthermore, mitochondrial ribosomal proteins (S12
and L7/L12) are enriched in germ plasm (Fig. 2). They
are present in the polysomes on the polar granules as
well as in mitochondria. In the polysomes around polar
granules are there smaller ribosomes, of which size is
almost identical to that of mitochondrial ribosomes but
is smaller than that of cytosolic ones. We conclude that
mitochondrial rRNAs form mitochondrial-type of ribo-
somes on polar granules, cooperating with mitochon-
drial ribosomal proteins.

II. Role of Nanos protein in pole cell
differentiation

Pole cells differ from the soma in regulation of
mitosis and transcriptional activity. Pole cells cease
mitosis at gastrulation and remain quiescent in the G2
phase of the cell cycle throughout their migration to the
gonads, while somatic cells continue to proliferate
during the rest of embryogenesis. Furthermore, pole
cells are transcriptionally quiescent until the onset of
gastrulation, although transcription is initiated in the
soma during the syncytial blastoderm stage. Consistent
with this, RNA polymerase II (RNAP II), but not RNA
polymerase I, remains inactive in early pole cells. Thus,
the ability to express zygotic mRNA-encoding genes is
suppressed only in pole cells in early embryos.

Among the maternal components of germ plasm,
Nanos (Nos) is essential for the germline-specific events
occurring in pole cells. nos mRNA is localized in the
germ plasm during oogenesis, and is translated in situ to
produce Nos protein after fertilization. Nos is only
transiently present in the posterior half of embryos
during the preblastoderm stage, and is required there for
posterior somatic patterning. Nos in the germ plasm is
more stably inherited into the pole cells at the
blastoderm stage, remaining detectable in these cells
throughout embryogenesis. Pole cells that lack Nos (nos
pole cells) are unable to follow normal germline
development; they fail to migrate properly into the
embryonic gonads, and consequently do not become
functional germ cells. In nos pole cells, mitotic arrest at
G2 phase is impaired, and they undergo premature
mitosis. Furthermore, nos pole cells fail to establish
and/or maintain transcriptional quiescence, and
ectopically express somatically-transcribed genes,
including fushi tarazu (fiz), even-skipped (eve) and Sex-
lethal (SxI).

Nos represses translation of mRNAs with discrete
RNA sequences called Nos response elements (NREs).
In the pathway leading to posterior somatic patterning,
Nos acts together with unlocalized Pumilio (Pum)
protein to repress translation of maternal hunchback
(hb) mRNA. This translational repression is mediated
by binding of Pum to NREs in the 3’-untranslated
region (UTR) of A6 mRNA. In pole cells, Nos also acts
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with Pum to regulate germline-specific events. Pum,
like Nos, is required in pole cells for their migration to
the gonads and their mitotic quiescence. We have
reported that a regulatory target for Nos-dependent
translational repression in pole cells is maternal cyclin B
mRNA which contains an NRE-like sequence within its
3'-UTR. Nos, cooperating with Pum, inhibits mitosis of
pole cells by repressing translation of maternal cyclin B
mRNA. In contrast, pole cell migration and gene ex-
pression in pole cells are independent of the
translational repression of cyclin B, suggesting the ex-
istence of another target mRNA for Nos-dependent
translational repression in pole cells.

We found that Nos, along with Pum, represses
translation of importin 02 (impo2) mRNA in early pole
cells. The impa2 mRNA contains an NRE-like
sequence in its 3-UTR and encodes a Drosophila
importin o homologue that plays a role in nuclear
import of karyophilic proteins. We found that Nos
inhibits expression of a somatically-transcribed gene, ftz,
in pole cells by repressing Impa2-dependent nuclear
import of a transcriptional activator for ftz, Ftz-Fl.
Furthermore, the expression of another somatic gene,
eve, and RNA Polymerase II activity are also repressed
by Nos in pole cells through its effects on Impo2-
dependent nuclear import. Finally, we found that the
repression of Impa2 production in pole cells is needed
for proper migration of pole cells and the expression of
a germline-specific marker, vasa (vas).
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Though intermediary metabolism common to most or-
ganisms has been deeply investigated so far, variety of
species specific pathways in secondary metabolism,
which may work only in specific environmental condi-
tions, are still unclear. The aim of this laboratory is to
develop a database system for environmental biology,
which integrates knowledge about organic compounds,
chemical reactions between these compounds in vivo,
enzymes (genes) involved in these reactions, and species
whose genomes contain these genes. Through this data-
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base combining with data from transcriptome or proteome
analyses in various environmental conditions, we intend
to elucidate the principle of interactions between organ-
isms and environmental chemical compounds to predict or
design novel interactions.
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