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ORGANIZATION OF THE INSTITUTE

The National Institute for Basic Biology (NIBB) is
an institute in the National Institutes of Natural
Sciences (NINS) that are composed of five independent
institutes. Among them, the NIBB, the Institute for
Molecular Science (IMS) and the National Institute for
Physiological Sciences (NIPS) 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
Center for Integrative Bioscience (CIB) was established
as a common facility of the three Okazaki Institutes in
2000 and began in 2001. The CIB was changed its
name to Okazaki Institute for Integrative Bioscience on
April 1%, 2004, at the beginning of the new
organization.

Policy and Decision Making

The Director-General oversees the operation of the
NIBB assisted by an advisory body, the Advisory
Committee for Programming and Management. The
Advisory Committee, comprised of professors within
the NIBB 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 NIBB. The Director-General selection
committee makes a nomination of Director-General to
the President after hearing the recommendation from
the Advisory Committee. The Advisory Committee
makes recommendations on the Director-General and
on faculty appointments, the NIBB's annual budget and
future prospects.

Administration

Administration of the NIBB is undertaken by the
Administration Bureau of the Okazaki Administration
Center under the direct auspices of the Administration
Office of NINS.

Research

The NIBB conducts its research programs through 30
research units, 4 research support facilities including
Technology Department, and the Research Center for
Integrative and Computational Biology.

Each research unit has its own research project and is

staffed by a professor, an associate professor and two
research associates in principle. A research unit forms
an independent project team. Three of the research
units are adjunct and headed by professors who hold
joint appointments 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 research unit and facility and
to maintain the common research resources of the
NIBB. The Department also undertakes the technical
education of staffs.

Several members of the Okazaki Institute for
Integrative Bioscience jointly work with the NIBB.

Research Support Facilities

The Research Support Facility of the NIBB consists
of six sub facilities, the Large Spectrograph Laboratory,
the Tissue and Cell Culture Laboratory, the Computer
Laboratory, the Plant Culture Laboratory, the Plant Cell
Laboratory and the Experimental Farm. The Research
Center for Integrative and Computational Biology, the
Center for Transgenic Animals and Plants and Technical
Division are also research support system of the NIBB.

In addition, five facilities are operated jointly with
NIPS; they consist of the Electron Microscope 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 are common facilities of the three Okazaki
Institutes.

Campus

The three Okazaki Institutes covers an area of
164,783m” with four principal buildings. The NIBB's
main research building has a floor space of 16,789m’.
Two-thirds of the space was completed in 1982 and the
remaining one-third in June, 1983. The buildings that
have the research support facilities were also completed
in 1983. A building for the Laboratory of Gene
Expression and Regulation (2,577m?) was built in 1996.
A building for Center for Transgenic Animals and
Plants (2,500m®) was built in the new campus at
November, 2003.



NATIONAL INSTITUTE FOR BASIC BIOLOGY

MEMBERS OF THE ADVISORY COMMITTEE FOR
PROGRAMMING AND MANAGEMENT

Chairman
NAGAHAMA, Yoshitaka

Vice-Chairman
MACHIDA, Yasunori

AIZAWA, Shinichi

KOMEDA, Yoshifumi
KONDO, Hisato
KUROSAWA, Yoshikazu
MURAKAMI, Fujio
OKADA, Kiyotaka
SAGA, Yumiko
SEHARA, Atsuko
WADA, Masamitsu

HASEBE, Mitsuyasu
HORIUCHI, Takashi

[IDA, Shigeru
MOROHASHI, Ken-ichirou
NISHIMURA, Mikio
NODA, Masaharu
OHSUMLI, Yoshinori
TAKADA, Shinji

UENQ, Naoto
YAMAMORLI, Tetsuo

Vice Director & Professor, National Institute for Basic Biology

Professor, Nagoya University

Deputy Director & Group Director, RIKEN Center
for Developmental Biology

Professor, The University of Tokyo

Professor, Osaka University

Professor, Fujita Health University

Professor, Osaka University

Professor, Kyoto University

Professor, National Institute of Genetics

Professor, Kyoto University

Professor, Tokyo Metropolitan University

Professor, National Institute for Basic Biology
Professor, National Institute for Basic Biology
Professor, National Institute for Basic Biology
Professor, National Institute for Basic Biology
Professor, National Institute for Basic Biology
Professor, National Institute for Basic Biology
Professor, National Institute for Basic Biology
Professor, Okazaki Institute for Integrative Bioscience
Professor, National Institute for Basic Biology
Professor, National Institute for Basic Biology



NATIONAL INSTITUTE FOR BASIC BIOLOGY

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 five year Ph.D. course as well as
a three year senior course those who have completed a
master’s course or equivalent at any university are
eligible to apply.

The Department consists of the 30 Research Units
appeared in the page 3.

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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Higher plant cells contain several distinct organelles
that play vital roles in cellular physiology. During
proliferation and differentiation of the cells, the organelles
often undergo dynamic changes. The biogenesis of new
organelles may occur, existing organelles may undergo a
transformation of function, while other organelles may
degenerate. Because the dynamic transformation of
organellar function (differentiation of organelles) is
responsible for flexibility of differentiation events in
higher plant cells, the elucidation of regulatory
mechanisms underlying 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
greening of seed germination. Accompanying these
metabolic changes, many constitutive organelles are
functionally transformed. Etioplasts differentiate into
chloroplasts and mitochondria acquire the ability to
oxidize glycine. Glyoxysomes, which are microbodies
engaged in the degradation of reserve oil via B-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
degradation. We now engage in proteomic and
transcriptomic analyses of the reversible peroxisomal
transition in Arabidopsis cotyledons.

II. Transcriptomics, proteomics and phenomics of
plant peroxisomes

Enzymes localized in plant peroxisomes are
synthesized in the cytosol, and function after their
post-translational transport into peroxisomes. Almost all
of the peroxisomal matrix proteins are known to contain
one of two targeting signals (PTS1 and PTS2) within the
molecules. PTS1 is a unique tripeptide sequence found in
carboxyl terminus of the mature proteins. The permissible
combinations of amine acids for PTSI in plant cells are
[C/A/S/P]-[K/R]-[I/L/M]. In contrast, PTS2 is involved in
a cleavable amino terminal presequence of peroxisomal
proteins that are synthesized as a precursor protein with
larger molecular mass. PTS2 consists of a consensus
sequence [R]-[L/Q/I]-X5-[H]-[L].

We identified 256 gene candidates of PTSI1- and
PTS2-containing proteins and another 30 genes of
non-PTS-containing proteins from Arabidopsis genome.
Custom-made DNA microarray covering all these genes
was used to investigate expression profiles of the
peroxisomal genes in various organs. Statistical analyses
revealed that the peroxisomal genes could be divided into
five groups. One group showed ubiquitous expression in
all organs examined, while the other four were classified
as showing organ-specific expression in seedlings,
cotyledons, roots and in both cotyledons and leaves.

In parallel, we made two-dimensional protein map of
glyoxysomes and leaf peroxisomes isolated from
Arabidopsis. Peptide MS fingerprinting analyses allowed
us to identify novel proteins exists in either glyoxysomes
or leaf peroxisomes. Some of these proteins contain no
obvious PTS1 and PTS2. Of these, we characterized
GPK1 as a novel protein kinase in glyoxysomes.

Bioinfomatic analysis of Arabidopsis genome predicted
the presence of 15 kinds of genes for peroxisomal
biogenesis  factors, called PEX genes. We
comprehensively investigated whether these predicted
PEX genes function in peroxisome biogenesis by
generating knock-down mutants that suppress PEX gene
expression by RNA-interference. Phenotypes of these
mutants allowed us to identify the functional PEX genes,
which can be classified into two groups, i.e. PEX genes
regulating for peroxisomal morphology and peroxisomal
protein import.

III. Identification of novel components essential for
peroxisome biogenesis

To better understand peroxisome biogenesis, we
mutagenized seeds of transgenic Arabidopsis, GFP-PTSI,
in which peroxisomes with normal size and number can
be visualized with GFP, and isolated a number of
Arabidopsis mutants having aberrant peroxisome
morphology (apm mutants) based on the different pattern
of GFP fluorescence (Fig. 1).

In one of these mutants, apm!, the peroxisomes are
long and reduced in number, apparently as a result of
inhibition of division. APM] gene encodes DRP3A
(Dynamin-related protein 3A). Interestingly, apml
mutation also caused inhibition of mitochondrial division.
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of lysosomal proteases, cathepsins B, H, and L, from the
single-chain forms into the two-chain forms, and VPE
deficient mice accumulated macromolecules in the
lysosomes.

Plant VPE homologues are separated to two
subfamilies: one seed type and the other vegetative type.
Seed-type VPE is responsible for the maturation of seed
storage proteins. On the other hand, the function of
vegetative-type VPE was obscure. Recently, we found a
novel function of vegetative-type VPE in programmed
cell death (PCD). The plant hypersensitive response (HR),

a type of defense strategy, constitutes well-organized PCD.

The evidences from extensive studies indicate that
caspase activity is involved in plant PCD. VPE is
identified as a proteinase that exhibits caspase activity. No
visible lesions formed on the tobacco mosaic virus
(TMV)-infected leaves of VPE-silenced tobacco plants

(Fig. 2). VPE deficiency prevented the typical
characteristics of PCD, such as cell shrinkage,
cytoplasmic  condensation, and nuclear DNA

fragmentation. An ultrastructural analysis showed that the
disintegration of the vacuolar membranes occurs in the
leaves before visible lesions are formed. The
disintegration of the vacuolar membranes continued,
resulting in complete vacuolar collapse in association
with plasmolysis. On the contrary, vacuoles and vacuolar
membranes remained intact in the VPE-silenced plants.
These results suggest that VPE is involved in vacuolar
collapse, which triggers PCD. Plants evolve a death
strategy mediated by a vacuolar system, which is not seen
in animals. Interestingly, a vacuolar enzyme is this key
player in a plant-specific cell death system.

VI. Role of molecular chaperones on plant cell
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 cell
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), chloroplast co-chaperonins
(Cpn20 and Cpnl0) and a small heat shock protein from
Arabidopsis. Recently, we started to characterize HSP90s.
Their evolutional and functional characterization is now
under experiments.
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The complex morphogenesis of organisms is achieved
by consecutive cell-to-cell interactions  during
development. Recent studies suggest that growth factors
play crucial roles in controlling such intercellular
communications in a variety of organisms. In addition to
secretory factors which trigger intracellular signaling,
transcription factors which act in the nucleus to regulate
gene expression are thought to be essential for the
determination of cell fates. Our main interest is to know
how pattern formation and morphogenesis during
development is regulated by these growth factors and
transcription factors. We address this problem using
several model animals, including frog, fly and acidian,
employing embryology, genetics, molecular and cellular
biology, and biochemistry. In addition, we have recently
introduced genomics technologies to elucidate precise
genetic program controlling early development.

I. Gastrulation movement regulated by Wnt
signaling

Gastrulation is one of the most important processes
during morphogenesis of early embryo, involving
dynamic cell migration and change in embryo shape.
Almost all animals undergo gastrulation to form the gut.
In spite of its importance, the mechanism underlying the
event has just begun to be studied at molecular level.
During Xenopus gastrulation, mesodermal cells migrate to
the inside of the embryo and move on the blastocoel roof.
One of the important mechanisms for this process is the
cell movement called ‘“convergent extension”. As
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convergent extension begins, cells are polarized and
aligned mediolaterally, followed by the mutual
intercalation of the polarized cells. Recent studies suggest
that several extracellualr signals are essential for the
polarization, one of which is fibroblast growth factor
(FGF). We therefore attempted to identify FGF target
genes to understand the molecular mechanism underlying
the FGF function using our Xenopus cDNA microarray.
As a result, we identified a gene encoding a neurotrophin
receptor homolog (NRH) and demonstrated it to be an
essential component of FGF to control protrusive activity
of cells undergoing gastrulation.

Another pathway regulating gastrulation is one of the
Wnt signaling pathways, called Wnt/JNK (c-Jun
N-terminal kinase) pathway is shown to be important for
the regulation of convergent extension. The pathway is
highly conserved among species and initially found to be
essential for the establishment of planar cell polarity
(PCP) of Drosophila wing hair.

We have previously demonstrated that Xenopus prickle
(Xpk), a Xenopus homologue of a Drosophila PCP gene,
is an essential component for gastrulation cell movement.
Subsequently, we identified a protein that binds to XPK
by yeast two-hybrid screening. The XPK binding protein
was found to be a member of the Ste20 kinase family and
named as Xemopus prickle-interacting kinase, XPIK.
Loss-of-function of XPIK resulted in severe defects in
gasrtulation causing spina bifida. XPIK is not only
sufficient to activate JNK in embryo, but also required for
full activation of JNK by Dishevelled. These suggest that
XPIK also plays an essential role in connecting
extracellular Wnt signal to JNK activation through
Dishevelled and XPIK.

In addition, we have been attempting to identify novel
regulatory components controlling gastrulation cell
movements by an expression cloning method based on
morphology of dorsal marginal zone explant (Keller’s
explant) and of embryo. After two thousand clones were
examined by overexpression in the dorsal region of
embryos, approximately 5% of clones were found to
perturb normal gastrulation cell movements. Functional
relevance of identified genes to cell movements is
currently under investigation.

II. Wnt signaling pathway regulates actin
cytoskeletal dynamics during gastrulation

The noncanonical Wnt pathway has been implicated in
the regulation of Xenopus gastrulation movements. Loss
of function of its signaling components, such as
Dishevelled, Rho GTPases and c¢-Jun N-terminal kinase,
leads to a severe gastrulation defect. We investigate the
molecular mechanism of how the Wnt pathway regulates
this morphogenetic process. Convergent extension of the
dorsal mesoderm is one of the important mechanisms
during gastrulation. In this movement, cells are polarized,
elongated and then, intercalated. We have established a
technique to observe this process at the cellular level. This
method enabled us to show that loss of function of the
Wnt signaling components caused a defect in the
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One of the research interests of this laboratory is to
understand molecular mechanism how a cell signaling
molecule, including members of Wnt, BMP and FGF
families, regulates different developmental events. A
number of evidence indicated that each signal is involved
in many aspects of the vertebrate development. For
instance, we have revealed that Wnt-3a, a members of
Whnt family, plays essential roles in a number of aspects of
the mouse development, including somite development,
neural crest formation and neural development. However,
cellular and molecular mechanisms how a cell signaling
molecule regulates these different events. Thus, we are
focusing on precise functional analysis of cell-to-cell
signals and identification of target genes induced by these
signals.

Another interest is to understand molecular mechanism
of development of the vertebrate trunk, especially somite.
One of interesting features of the vertebrate trunk
development is that it proceeds gradually. To understand
how metameric structures of somites are gradually
generated in an anterior to posterior order along the both
sides of embryonic body axis and how each somite are
characterized differently along the anterio-to-posterior
axis, we are also trying genetical approach with the
zebrafish.

I Functional Analysis of molecular targets of Wnt
signaling during development

Wnht signaling plays important roles in many aspects of
vertebrate development. For revealing the molecular
mechanisms underlying each developmental event
triggered by Wnt signaling, identification and functional
analysis of genes activated or repressed by this signal are
important. However, only a few systematic approaches
have thus far been reported for identification and
functional analysis of Wnt-responsive genes in vertebrate
development.

The gene-trap methodology is a powerful strategy for
the systematic identification and functional analysis of

NATIONAL INSTITUTE FOR BASIC BIOLOGY
DEVELOPMENTAL BIOLOGY
genes in the post genomic era,. because this methodology
offers the identification of a novel gene, the analysis of its
expression pattern, and the generation of its functional
mutation in a single experimental approach as described
below. In this methodology, random insertion of a
gene-trap vector leads to the tagging, and frequently to the
disruption, of genes across the genome. Therefore, if ES
cells are used for the generation of insertion events,
embryonic and adult whole bodies containing tagged and
disrupted alleles can be produced. Such an insertion event
affords the following advantages for identification and
functional analysis of a trapped gene. 1) Nucleotide
sequences of a trapped transcript and an insertion site can
be determined by 5° rapid amplification of cDNA ends
(RACE) and plasmid rescue method, respectively. The
process of identification of a trapped gene has been
substantially eased by the recent completion of the
genome database. 2) The expression pattern of a trapped
gene during development can be easily monitored by the
expression of protein tag derived from a gene-trap vector
in embryos generated from trapped ES cells. 3) An
insertion event has the potential to be mutagenic. Because
of these strong advantages, the gene trap methodology has
been applied for several studies, including large-scale
insertional mutagenesis programs.

Although the gene trap methodology basically involves
the random integration of a gene-trap vector, this strategy
has also been expected to be available for identification
and characterization of genes regulated by particular
signals. In a modified gene-trap strategy, called induction
gene trap, genes are selected by their response to specific
secreted signal proteins, including BMP2, activin, nodal,
and FGF, added to the culture of gene-trapped cells.
Although the in vivo correlation between selected genes
and signals has remained unclear in these cases, in vitro
prescreening of trapped ES cell lines with secreted signal
proteins would be effective for enrichment of genes
regulated by specific signals even in normal development.

Here, we examined whether gene trap methodology,
which would be available for systematic identification
and functional analysis of genes, is effective for screening
of genes responsive to Wnt signaling during mouse
development. We screened out 2 individual clones (Clone
43 and Clone 5) among 794 gene-trapped ES cell lines by
their in vitro response to WNT-3A proteins.

To examine whether the in vivo expression of these
trapped genes was actually regulated by Wnt signal, we
examined their expression precisely in mouse embryos.
Expression of Clone 43 was temporarily observed in the
inner cell mass of blastocysts. Later, Clone 43 was
specifically expressed in ductal structures in the
mid-gestation stages. This gene was expressed during a
number of aspects of the ductal morphogenesis in kidney
development. The urogenital expression of Clone 43 was
observed first in the nephric duct and mesonephric tubules
at E10.5 (Figure 1A) and later in the Wolffian duct, the
ureter, the collecting duct, and the distal portion of tubules
connected to the collecting duct in the metanephros
(Figure 1B, C, E). The expression was restricted to the
epithelium, i.e., was not found in the mesenchyme, in
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LABORATORY OF DEVELOPMENTAL REGULATION
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Protein palmitoylation during embryogenesis

Covalent attachment of fatty acids is a feature of many
proteins in eukaryotic cell. The two modifications involve
acylation with myristate and palmitate. Myristate is usually
linked through an amino-terminal glycine residue via an
amide linkage which is relatively stable. Palmitate is usually
linked through cysteine residue via a thioester linkage, and
the post-translational process is referred to as protein
palmitoylation. Protein palmitoylation is a dynamic
modification. The turnover rate of bound palmitate through
thioester linkages is faster than that of the modification with
myristate through amide linkages. Most small GTP-binding,
G proteins and G protein-coupled receptor proteins are
known to be modified with palmitate via thioester linkages.
Protein palmitoylation is thought to be important in the
regulation of signal transduction. However the molecular
mechanisms  how palmitoylation  regulate
development is unknown.

We have previously found that protein palmitoylase is
expressed in neural cells during mouse embryogenesis. In
developing neurons growth associated protein (GAP)-43

protein

and Go, which are palmitoylated proteins, are mainly
concentrated in growth cones. Addition of an inhibitor of
protein palmitoylase to the medium of cultured primary
neural cells reduces the axonal growth of neurons. From
these findings, we speculated that palmitoylation of the
signaling proteins is critical for development of axons.

GAP-43 is a neuron-specific protein. Cys 3 and Cys 4 of
GAP-43 are modified with palmitate in developing neurons.
Transfection of GAP-43 cDNA into non-neural cells such
as COS-7 cells is reported to cause the induction of
filopodia-like formation. Since Cys residues are necessary
for the induction of filopodia-like formation, protein
palmitoylation is discussed to regulate the induction
filopodia-like formation. Filopodial processes is thought be
important for the development of neural growth cones.
Therefore we focused to analyze the regulation mechanisms
of the induction of filopodia-like formation in non-neural
cells.

‘Transfection of protein palmitoylase ¢DNA into
non-neural cells

We prepared the full-length protein palmitoylase cDNA
for the expression in cultured cells. The cDNA contained a
long open reading frame 2,504 amino acids. Protein
palmitoylase and GAP-43 cDNAs were transfected into
COS-7 and HeLa cells and the transient expression of these
proteins were induced.

We confirmed that expression of protein palmitoylase

31

reproducibly alters COS-7 morphology. Filopodia extention
is observed in about 5% of control COS cells, but in 15% of
protein palmitoylase-expressing COS cells under our
conditions. To characterize the effect of protein
palmitoylase on non-neural cells, we examined cellular
morphology at various times after trypsinization and
replating. Before contact with a substratum allowing
adhesion, about 15% of control COS-7 cells exhibit
filopodia. Transfection with protein palmitoylase increases
this to 25%. The presence of filopodia is not significantly
altered by varying the length of time to 120 minutes during
which the cells are maintained in suspension after
trypsinization. After contact with an adherent substratum
the percentage of cells with filopodia rapidly declines in
both the control and protein palmitoylase transfected cells.
The rate of decline is approximately the same in both
groups. The effect of protein palmitoylase is to alter the
initial morphology after trypsinization, and not to alter the
influence of the substratum on the cell shape.

Filopodia are exhibited by few protein palmitoylase
expressing COS cells after 30 minutes of incubation with an
appropriate substratum. However the shape of protein
palmitoylase expressing cells can still be distinguished from
control cells by another attribute, the degree of cell
spreading. Protein palmitoylase expression appears to delay
cell spreading. When control COS cells are plated on
poly-L-lysine-coated glass, cell spreading occurs over 60
minutes. The time required to achieve the same degree of
spreading is prolonged in the protein palmitoylase
expressing cells, although the degree of spreading
eventually reaches the same level. One day after plating,
cell shape is indistinguishable between control and protein
palmitoylase expressing cells.

Induction of filopodia-like formation in cultured
cells by peptide transfection

We have established a method to chemically modify a
biotinylated peptide composed of residues 1-15 of the
GAP-43 N-terminal with fatty acids via thioester linkages.
By using the method, we have prepared the peptides which
are modified with myristate (C14:0), palmitate (C16:0),
stearate (C18:0) and arachidate (C20:0) via thioester
linkages. The method also modified the peptide with
unsaturated fatty acid such as palmitoleate (C16:1). The
modified peptides were separated by reverse phase HPLC
and these peptides were eluted from the column depend on
their chain length.

We are attempting to see the effect of filopodia-like
formation in COS-7 cells by peptide transfection, which
were chemically modified with fatty acids. Since the
efficiency of the induction of filopodia-like formation by
transfection with palmitoylated peptide is low, we are trying
to elevate the efficiency.
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We have been studying the molecular and cellular
mechanisms underlying the development of the vertebrate
central nervous system, mainly using the visual system.
It covers all the major events including the patterning of
the nervous system, neuronal differentiation, axonal
navigation and targeting, synapse formation and plasticity,
and neuronal regeneration. The scope of our interests
also encompasses various functions of the matured brain,
including sensation, behavior, learning and memory.

I. Regional specification in the retina

Topographic maps are a fundamental feature of neural
networks in the nervous system. Understanding the
molecular mechanisms by which topographically ordered
neuronal connections are established during development
has long been a major challenge in developmental
neurobiology.  The retinotectal projection of lower
vertebrates including birds has been used as a readily
accessible model system. In this projection, the
temporal (posterior) retina is connected to the rostral
(anterior) part of the contralateral optic tectum, the nasal
(anterior) retina to the caudal (posterior) tectum, and
likewise the dorsal and ventral retina to the ventral and
dorsal tectum, respectively. Thus, images received by
the retina are precisely projected onto the tectum in a
reversed manner.

Regional specification along the nasotemporal and
dorsoventral axes precedes the topographic retinotectal
projection in the developing retina. To understand the
molecular basis of topographic retinotectal projection, an
overall view of the asymmetrically expressed molecules
in the developing retinas is needed. Since 1992, we have
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been devoting our efforts to searching for molecules with

asymmetrical distribution in the embryonic chick retina,

and to characterization of their roles in the topographic
retinotectal projection.

We performed a large-scale screening using restriction
landmark cDNA scanning (RLCS) in the embryonic day 8
(E8) chick retina several years ago. RLCS is a cDNA
display system, in which a large number of cDNA species
are displayed as two-dimensional spots with intensities
reflecting their expression levels as mRNA. We detected
about 200 spots that gave different signal intensities
between the nasal and temporal retinas or between the
dorsal and ventral retinas. The asymmetric expression
of each gene was verified by Northern blotting and in situ
hybridization. By subsequent analyses using molecular
cloning, DNA sequencing, and database searching, 33
asymmetric molecules along the nasotemporal (N-T) axis
and 20 along the dorsoventral (D-V) axis were finally
identified.

This year, we published the whole of results as one
paper. These included transcription factors, secretory
factors, transmembrane proteins, and intracellular proteins
with various putative functions.  Their expression
profiles revealed by in situ hybridization are highly
diverse and individual (Fig. 1). Moreover, many of them
begin to be expressed in the retina from the early
developmental stages, suggesting that they are implicated
in the establishment and maintenance of regional
specificity in the developing retina. We have already
described on several molecules in published papers, but
the study to know their hierarchical order to establish the
regional specification in the retina is still in progress.
The molecular repertoire revealed by this work will
provide candidates for future studies to elucidate the
molecular mechanisms of topographic retinotectal map
formation.
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Expression is complementary to that of occl and to
parvalbumin immunoreactivity (PV-IR) in primary
sensory areas. ii) In early sensory pathways, the
expression is limited to superficial layers only (in
particular, layer II). With progression into higher
sensory areas, the expression is expanded into layers 3
and then 5. iii) In higher-order association areas, Rbp
is expressed throughout all layers except layer 4. iv)
This characteristic distribution of Rbp is mainly
formed during postnatal development. Rbp probably
regulates the concentration of retinoic acid (RA) by
the delivery of retinol, which is converted into RA in
cells. Although the role of RA in the mature brain is
not yet known, the characteristic expression of Rbp
within association areas may provide a clue to the
molecular basis of the formation and function of the
association areas.

3) We have also further isolated several area
specific genes with RLCS (Restriction Landmark
c¢DNA Scanning). We are now characterizing these
genes to reveal the mechanisms that form neocortical
areas.

In summary, our studies thus far revealed the
following points.

(1) Genes that are specifically expressed within
neocortical areas in the primate neocotex are similar
overall.

(2) We have identified several genes that are
distinctively different among neocortical areas.

(3) These genes are specific in visual, motor and
association areas.

(4) A gene specific in the visual cortex (occl) is
activity dependent and also postnatally regulated.
(5) Rbp is expressed in association areas in a
complimentary manner to the expression of occl.
(6) These results suggest that these genes may be
useful markers to study the mechanisms underlying

neocortical formation.

II. Gene expression under a declarative and a
non-declarative memory

In order to study informational processing
underlying the declarative and non-declarative
memory at molecular and cellular levels in the brain,
we employed c-Fos mapping techniques, for which we
used gene expression of c-Fos. There have been an
increasing number of studies using c-Fos as markers to
examine neuronal activities ever since c-Fos induction
by electrical stimulation was found. However, since
many sensory stimuli per se cause c-Fos induction, we
should be very' careful to distinguish the c-Fos
expression that is caused by learning process from that
caused by sensory stimuli. For this purpose, it is
necessary to use behavioral systems that are able to
distinguish the difference of the two. Although a few
behavioral systems in rodents have been successfully
used for physiology, animal behavior and recently for
analyses of knockout mice, little behavioral systems in
fact distinguish the difference. Therefore, we prepared
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ourselves for using two behavioral systems, which
represent declarative and non-declarative memory.

(1) We have been collaborating with professor
Yoshio Sakurai (Kyoto University) who developed an
audio-visual discrimination task (AVD-task) system.
In this task, a rat was asked to choose either an audio
cue (a high tone or low tone) or a visual cue (a light
from the right or the left) to obtain a food pellet . We
found that the visual and audio tasks enhanced the
specific expression of c-Fos in the visual and audio
cortices, respectively. Among the early visual and
auditory pathways examined, c-Fos was specifically
induced in the cortices but not in the earlier pathways,
suggesting the neural modulation of the neocortex
depending on the types of the tasks. Interestingly, the
task-dependent Fos expression was only observed in
excitatory neurons in the relevant sensory cortices.

Although this AVD task system is quite powerful to
analyze the problem described above and useful for
studying  underlying molecular and cellular
mechanisms because of advantages of using rodents,
one concern was that the auditory stimuli and visual
stimuli are in different positions. Thus we cannot
exclude the possibility that the difference between the
auditory task and the visual task may not completely
depend on the modality (visual Vs auditory)
difference.

We wanted to solve this problem by placing
auditory and visual stimuli in the same position. We
also use nose-poking to measure the reaction time in
which a rat responds to stimuli. By using this
behavioral system, we were able to confirm amodal
recognition of space which means that a rat can
respond to a different modality (visual or auditory) if
the stimuli are in the same position and previously
reported in other systems. We also confirm
multisensory enhancement is indeed observed in rats.
These results suggest that this new modified AVD
system can be used to explore the molecular and
cellular mechanisms  underlying  multisensory
processing in rats (Sakata, 2004).

Stimuli presentation  Target datection
Foreperiod (500ms)
(200~600ms)

Fig.2 Newly developed AVD task.

A rat faces to a panel with a visual cue and/or an
auditory cue located in the same position, being asked
to poke its nose into one of the holes to obtain reward (a
pellet) (The figure is cited from Sakata et al., Exp Brain
Res, 159, 409-417, 2004).
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Various oscillations are observed depending on
brain-states. Spike wave complexes (Sws), 7-11Hz
cortical oscillations with harmonics in awake but
immobile rats, have been widely regarded as a model
of paroxysmal activities in absence epilepsy. However,
several studies have suggested that SWs in the primary
somatosensory cortex are analogous to human mu
rhythms. Because SWs have been frequently observed
depending on vigilance levels, SWs in rats might
represent normal brain-states related to the
sleep-waking cycle. To elucidate behavioral contexts
to induce SWs and temporal relations between SWs
and neuronal ensemble activities, we recorded local
field potentials (LFP) and multi-unit activities
(MUAs) in the medial prefrontal cortex and
electroencephalogram (EEG) in the bilateral regions of
rats. Long-term recordings of EEG revealed that SWs
were prominently generated in frontal and parietal
regions and that SWs frequently followed non-REM
sleeps. Occurrence probabilities of SWs significantly
increased after the rats performed cognitive tasks. Our
results suggest that SWs are one of the
brain-state-specific oscillations rather than
pathological activities. We also observed that MUAs
were organized into phase-locked patterns in cycles of
these oscillations. MUAs recorded from electrodes
apart to each other were synchronized during SWs.
(Sakata et al., SFN Meeting. 2004).

(2) The other task we developed is a wheel running
system in which a water-deprived mouse is asked to
run to obtain water in front because the wheel with the
pegs is turning to the other direction (Kitsukawa et al.,
SFN Meeting, 2002). The pegs can be changed with
various patterns as desired. The task required for the
mouse thus can be regarded to represent a procedural
learning. We examined a various areas of brains
following to the change of the peg pattern. Among the
areas examined, we found marked c-Fos expression in
the striatum, cerebral cortex. The striatum, which is
composed of projection neurons and several
distinguished types of interneurons, is known to play
an important role in a reward-based learning. The
characterization of these subtypes of interneurons has
been progressed. However, their roles in behavioral
tasks have been little known. Combining with c-Fos
mapping technique and neuronal specific markers or
Dil labeling, we revealed specific activation of
bilaterally projecting cortico-striatal neurons and
particular types of striatal neurons upon change of
steps. These results suggesting cortico-striatal circuits
actively participate in complex motor learning
(Kitsukawa et al., SFN Meeting, 2004).
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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. We are also characterizing
various aspects of genetic and epigenetic gene regulations
particularly on flower pigmentation of morning glories. In
addition, we are undertaking reverse genetic approaches
in order to elucidate the nature of dynamic genome in rice,
a model plant for cereals.

I. Spontaneous mutants in morning glories.

Considerable attention has recently been paid to the
morning glory genus Ipomoea because of the
experimental versatility of its floral biology including the
genetics of floral variation, flavonoid biosynthesis, and
transposon-induced mutations. The genus Ipomoea
includes about 600 species distributed on a worldwide
scale that exhibit various flower morphologies and
pigmentation patterns. Among them, three moming
glories, Ipomoea nil (the Japanese momning glory),
Ipomoea purpurea (the common morning glory), and
Ipomoea tricolor, were domesticated well as floricultural
plants, and many mutants displaying various flower
pigmentation patterns were isolated. The wild-type 1. nil
displays blue flowers (Figure 1A) that contain the
peonidin (3’ methoxyl cyanidin) derivative named
Heavenly Blue Anthocyanin or HBA.
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I nil had been introduced into Japan from China
approximately in the 8th century as a medicinal herb, the
seeds of which were used as a laxative, and the plant
became a traditional floricultural plant in Japan around
the 17th century. The plant has an extensive history of
genetic studies, and a number of its spontaneous mutants
related to the color and shape of the flowers have been
isolated. Genetic studies on the color of I. nil have shown
that blue flower coloration was mainly controlled by two
genetic loci, Magenta and Purple. Recessive magenta
and purple mutants bloom magenta and purple flowers,
respectively, and double mutants carrying both magenta
and purple alleles display red flowers (Figure 1C). The
Magenta gene encodes flavonoid 3’-hydorxylase, which
hydroxylates the 3’ position of the B-ring of
anthocyanidin precursors. The Purple gene encodes a
vacuolar Na*/H™ antiporter called INNHX]1 that increases
the vacuolar pH during flower opening, causing a shift
towards the bluer coloration. Among the various colors of
I nil flowers, the most favorite hue for Japanese
floriculturists has been reddish-brown or purplish-grey
petals (Figure 1B and D) since the early 19th century, and
the flower coloration is mainly caused by recessive dusky
mutations. We noticed that the petals in all dusky mutants
often contained intensely pigmented globules, which
appeared to affect flower hue. We found that the Dusky
gene encodes UDP-glucose:anthocyanidin
3-0-glucoside-2’-O-glucosyltransferase (3GGT), which
catalyzes the the conversion of anthocyanidin
3-O-glucosides into anthocyanidin 3-O-sophorosides
(Figure 1E) and that all of the dusky mutants tested carry
the 4-bp insertion mutations GGAT or CGAT at an
identical position near the 3 end of the gene, which
resulted in frameshift mutations (Figure 1F). The
expected 3GGT enzymatic activities were found in the
crude extracts of Escherichia coli, in which the 3GGT
c¢DNA was expressed, and the introduced 3GGT ¢cDNA
could efficiently produce 3GGT that could convert
cyanidin 3-O-glucoside into cyanidin 3-O-sophoroside in
transgenic petunia plants.

In the purple mutant deficient in the /nNHX1 gene for
the vacuolar Na*/H™ antiporter, the vacuolar alkalization
occurs only partially, and reddish-purple buds become
purple open-flowers. While most of the plant NHX genes
characterized are generally expressed in leaves, stems and
roots and induced by NaCl treatment, the JnNHXI gene is
predominantly expressed in the flower limbs at around 12
hour before flower-opening. It is expressed very
scarcely in leaves, stems and roots, and no induction
occurs in response to NaCl treatment. We identified a
novel vacuolar Na*/H" antiporter gene InNHX2, which is
expressed in leaves, stems and roots and is induced in
response to NaCl treatment. In addition, relatively
higher expression of InNHX2 was observed in the flower
limbs shortly before flower-opening. We also
discovered that both the INNHX1 and InNHX2 proteins
could catalyze both Nat and K* transport into vacuoles.
These results suggest that InNHX2 performs dual
functions: to confer salt tolerance on the plant and to
promote partial vacuolar alkalization in the petals.
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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
instability are fully understood. To clarify these aspects,
we are pursuing the following themes using E. coli and S.
cerevisiae: (1) the amplification mechanism of repeated
sequences or genes, especially the rRNA repeated genes,
(2) the mechanism of replication fork block-dependent
recombination, a key reaction that increases or decreases
the copy number of rRNA genes, and (3) development of
in vivo artificial gene amplification systems. In 2004,
work on the following four subjects has advanced our
knowledge of the dynamics of the genome.

I. Transcription-mediated hyper-recombination in
HOQT]1, a recombinational hotspot in S. cerevisiae.

Recombination hotspots are DNA sequences which
enhance recombination around that region. HOT! is one
of the best-studied mitotic hotspots in yeast. HOTI
consists of two elements; I and E. They are two
dis-continuous regions in an rDNA unit. The I-element
corresponds to a RNA polymerase I (Poll) transcription
promoter which is responsible for 35S ribosomal rRNA
gene (tDNA) transcription. The E-element overlaps the
enhancer for Poll transcription, containing a replication
fork barrier site (FRB) where Fobl protein, required for
fork blocking at RFB, binds specifically. ~ HOTI
stimulates recombination when inserted at novel locations
in the genome. For example, when HOT1 is integrated
into one of the repeated khis4 genes, the fragment enhances
recombination between the repeats ~ 100 times. In a Poll
defective mutant the HOT! hotspot activity is abolished,
therefore transcription of HOT/ is thought to be an
important factor for the recombination stimulation.
However, it is not clear whether the transcription itself or
other pleiotropic phenotypes stimulate recombination. To
investigate the role of transcription, we made a highly
activated Pol I transcription system in HOT! by using a
strain whose rDNA repeats are totally deleted (rdnAA). In
the rdnAA strain, HOT! transcription was increased about
14 times compared to wild-type. Recombination activity
stimulated by HOT/ in this strain was also elevated, about
15 times, compared to wild-type. These results indicate
that the level of Pol 1 transcription in HOT! determines
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efficiency of the recombination. Moreover, Foblp, which
is essential for both the recombination stimulation activity
and transcription of HOT!, was dispensable in the rdnAA
strains. This suggests that Foblp is functioning as a Poll
transcriptional activator in the wild-type strain.

II. SIR2 regulates recombination between different
rDNA repeats, but not recombination within
individual rRNA genes in yeast.

In most eukaryotic organisms, the rRNA genes (rDNA)
are clustered in long tandem repeats on one or a few
chromosomes. Although the total number of these
chromosomal rDNA repeats appears to be maintained at a
level appropriate for each organism, genes with such a
repeated structure are in general thought to be unstable
because of a high frequency of recombinational events.
Thus, it might be expected that organisms have developed
systems to regulate recombination within rDNA repeats.

In the yeast S. cerevisiae, approximately 150 copies of
rDNA  are maintained on chromosome  XII.
Recombinational events within the rDNA repeats in
normal growing yeast cells appear to be mostly mediated
by a FOBI-dependent system. FOB/ is the gene required
for fork blocking activity at RFB site, recombination in
the rDNA region, and expansion/contraction of rDNA
repeats. The latter two activities are likely to be triggered
by double-strand breaks at the RFB site and repair of the
breaks via gene conversion. On the other hand, the SIR2
gene plays an important role in decreasing the frequency
of recombination in yeast rDNA. Sir2p is a protein
required for transcriptional silencing at three yeast
chromosomal regions, silent mating type loci, telomeres,
and rDNA. It is generally believed that Sir2p, perhaps
through its NAD"-dependent histone deacetylase activity,
plays an essential role in forming a higher order of
repressive chromatin structure — heterochromatin - which
prevents general access of the Polll machinery and some
other macromolecules, thus causing silencing as well as
decreasing recombination in the chromosomal rDNA
repeats. Therefore, mutations in gene SIR2 increase
recombination within rDNA repeats as assayed by marker
loss or extrachromosomal rDNA circle formation.

We examined the mechanism involved in the increased
frequency of recombination in rDNA repeats that is
observed in mutants defective in SIR2 functions. We
measured the frequency of FOBI-dependent arrest of
replication forks, consequent DNA double-strand breaks,
and formation of DNA molecules with Holliday junction
structures, and found no significant difference between
sir2A and SIR2 strains. Formal genetic experiments
measuring mitotic recombination rates within individual
rRNA genes also showed no significant difference
between these two strains. Instead, we found a significant
decrease in the association of the cohesin subunit Mcd1p
(Scclp) to the rDNA in sir2A4 relative to SIR2 strains.
From these and other experiments, we conclude that SIR2
prevents unequal  sister-chromatid  recombination,
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13 to ~100 copies of leu2d (up to ~730 kb increase) with
novel arrangement present as randomly oriented
sequences flanked by inverted Jeu2d copies. Type-3
products are acentric multi-copy mini-chromosomes
carrying leu2d. Structures of type-2 and -3 products
resemble those of homogeneously staining region (HSR)
and double minutes (DMs) of higher eukaryotes,
respectively. Interestingly, products analogous to these
were generated at low frequency without deliberate DNA
cleavage. These features strongly suggest that the
processes described here may contribute to natural gene
amplification in higher eukaryotes.

VI. Recombination enhanced by replication fork
blockage at the Ter site on E. coli plasmids.

In order to elucidate the effects of replication arrest,
which is of frequent and spontaneous occurrence,
replication blocking sites have been frequently used. In
E. coli, when both bi-directional replication forks are
blocked at the two flanking replication blocking (7er)
sites, the next round of replication forks arrive at the Ter
sites, producing a giant linear DNA molecule, whose
terminus ends lead to recombination and overcome the
blockage at the Ter sites through an unknown mechanism.,
On the other hand, eukaryotic chromosomes, and
probably bacterial plasmids also, do not initiate such a
second round of replication, at least under normal growth
conditions. When plasmid replication is arrested at the
fork blocking Ter site, it remains unknown whether
recombination is enhanced or not.  Therefore, we
investigated whether recombination is stimulated when
plasmid replication is inhibited by a 22 bp Terd site and,
if the recombination is activated, what kinds of
recombinational genes are required for the activation by
using various rec-defective mutants as  hosts.
Furthermore, the recombinational genes involved in the
SOS response, which is induced by plasmid replication
blockage at the 22 bp Ter site, were also examined. The
results were (1) the recombination is enhanced 5 — 7 fold
by the fork block, (2) this enhancement is dependent on
recA, recF recO, recR and recJ, but not recBC and recQ,
(3) SOS induction is dependent on recF absolutely, and
recJ and recQ partially, (4) the recombinational
enhancement is disappeared when the 22 bp Terd
sequence was replaced by the 0.6 kb original
TerA-containing E. coli chromosomal fragment, which is
consistent with the results of SOS induction. The last
result indicates that in plasmids multiple rounds of
replication do not occur, and furthermore fork blocking at
the Ter site induces not only recombination but also the
SOS response. This correlation suggests that there may be
a common process between the initiation steps of the
recombination and the SOS induction. A mechanism by
which recombination and the SOS response were induced
by replication blockage at the 22 bp Terd site, but not the
0.6 kb Terd containing E. coli chromosomal fragment,
was proposed.
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All living organisms evolved from a common ancestor
that lived more than 3.5 billion years ago, and the
accumulation of mutations in their genomes has resulted
in the present biodiversity. Traces of the evolutionary
process are found in the genomes of extant organisms. By
comparing the gene sequences and gene networks of
different organisms, we can infer (1) the phylogenetic
relationships of extant organisms and (2) the genetic
changes that caused the evolution of morphology and
development. The inferred phylogenetic relationships
provide important insights into problems in various fields
of evolutionary bioclogy. Our group focuses on
biogeography, the evolution of morphological traits, and
systematics in a wide range of taxa. Concerning the
evolution of morphology and development, we hope to
explore the genetic changes that led to the evolution of the

plant body plan. We have selected Arabidopsis
(angiosperm), Gnetum (gymnosperm), Ginkgo
(gymnosperm), Ceratopteris (pteridophyte),

Physcomitrella (bryophyte), and some green algae as
models to compare the functions of genes involved in the
development of both reproductive and vegetative organs
in land plants.

I. Origin of the Plant Cell

The first green alga cell evolved via symbiosis between
an ancestral non-photosynthetic eukaryote and a
cyanobacterium. Cyanobacteria now exist as chloroplasts
in the host cell. The factors and mechanisms of
chloroplast movement are being investigated to reveal the
molecular  mechanisms used to  "domesticate"
cyanobacteria as organelles. Analyses of (1) cytosolic
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calcium icon concentration and cytoskeleton organization
during chloroplast movement in the moss Physcomitrella
patens and (2) the functional divergence of photoreceptors
and motor proteins involved in chloroplast movement in
the moss from angiosperms are in progress by a team
directed by Y. Sato.

II. Evolution from unicellular to multicellular
organisms

The first evolutionary step from unicellular to
multicellular organisms is to form two different cells from
a single cell via asymmetric cell division. The first cell
division of a protoplast isolated from the protonemata of
the moss Physcomitrella patens is asymmetric regarding
to its shape and nature, and gives rise to an apical
meristematic cell and a differentiated non-meristematic
cell. A systematic overexpression screening for genes
involved in asymmetric cell division of protoplasts in P,
patens is in progress by a team directed by T. Fujita. After
eliminating genes that are not directly involved in
asymmetric cell divisions, such as photosynthesis genes,
we used 3000 clones as materials for the overexpression
screening. Individual ¢cDNAs were subcloned under a
constitutive promoter and introduced into the protoplasts
of P. patens for transient expression. We observed and
categorized phenotypes of the regenerating protoplasts.
Thus far we identified 58 cDNAs, whose overexpression
caused the defects in asymmetric cell divisions in two
repeated experiments. Overexpression of the genes in
protoplasts with GFP-tubulin or GFP-talin, expression
analyses of each gene-cytrin fusion protein under its
native promoter, loss of function experiments using RNAi
are now in progress to characterize what processes these
genes are involved in. Functional analyses of these genes
should help us to understand molecular mechanisms of
how plants generate distinct cell lineages to build their
multicellular bodies.

II1. Evolution from cells to tissues

The most prominent difference between plant and
animal cells is that plant cells have a cell wall and do not
move during development. Therefore, the plane of cell
division and the direction of cell elongation, which are
regulated by cortical microtubules, determine the
morphology of differentiated tissues and organs.

Organization of microtubules

Cortical arrays of microtubules are essential for
morphogenesis in plants. We found that, by live imaging,
microtubules in the arrays are formed as branches on
pre-existing microtubules. y-tubulin, a protein that is
essential for the formation of microtubules in animal cells,
is located at the branching point and in the cytoplasm, and
a loss of y-tubulin due to gene silencing causes a
malformed organ with irregularly shaped cells. In vitro
experiments using isolated plasma membrane/microtubule
complexes suggested that y-tubulin in cytoplasm attaches
onto the side of existing cortical microtubules, and
initiates a new cortical microtubule from it. The nucleus is
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Land plants are believed to have evolved from a
gametophyte-dominant ancestor without a multicellular
sporophyte; most genes expressed in the sporophyte
probably originated from those used in the gametophyte
during the evolution of land plants. To analyze the
evolution and diversification of MADS-box genes in land
plants, eight MADS-box genes predominantly expressed
in pollen, male gametophyte, are analyzed by a team
directed by N. Aono.

V1. Molecular mechanisms of speciation

Reproductive isolation is the first step in speciation. To
obtain insights into reproductive isolation, several
receptors specifically expressed in the pollen tube are
being studied to screen for the receptors involved in
pollen tube guidance by a team directed by S. Miyazaki.

Polyploidization is a major mode of speciation in plants,
although the changes that occur after genome duplication
are not well known. Polyploid species are usually larger
than diploids, but the mechanisms responsible for the size
difference are unknown. To investigate these mechanisms,
tetraploid Arabidopsis was established and its gene
expression patterns are being compared to those of diploid
wild-type plants using microarrays.

VII. Phylogenetic analysis of land plants

Opinions on the basal relationship of land plants vary
considerably and no phylogenetic tree with significant
statistical support has been obtained. We performed
phylogenetic analyses using 51 genes from the entire
chloroplast genome sequences of 20 representative green
plant species. The analyses, using translated amino acid
sequences, indicated that extant bryophytes (mosses,
liverworts, and homworts) form a monophyletic group
with high statistical confidence, and that extant
bryophytes are likely sister to extant vascular plants,
although the support for monophyletic vascular plants
was not strong. Analyses at the nucleotide level could not
resolve the basal relationship with statistical confidence.
Bryophyte monophyly inferred using amino acid
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(Figure 2) Phylogenetic relationship of representative
lineages in land plants inferred using 8,979 amino acid
residues for 51 genes from 20 chloroplast genomes.
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sequences has a good statistical foundation and is not

rejected statistically by other datasets. We proposed

bryophyte monophyly as the current best hypothesis
(Nishiyama et al. 2004).

VIII. Evolution of RNA editing in land plants

We sequenced transcripts from all putative genes for
proteins, rRNAs, and a selection of those encoding tRNAs
in the chloroplast genome of the fem Adiantum
capillus-veneris. We detected 349 RNA editing sites when
the cDNA sequence was compared to that of the genomic
DNA. The level of RNA editing in this fern is more than
ten times that of any other vascular plant examined across
an entire chloroplast genome. A previous study found
even higher levels of editing in a hornwort (942 sites).
This suggests that the relatively low levels of editing in
seed plants (less than 0.05%) may not be typical for land
plants, and that RNA editing may play a major role in
chloroplast genome processing. Additionally, we found
that 53 editing sites in Adiantum are homologous to
editing sites in the hormnwort, and some other land plants.
This implies that a major component of RNA editing sites
have been conserved for hundreds of millions of years.
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LABORATORY OF MORPHODIVERSITY
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The aim of this laboratory is to observe the variety of
the morphogenetic processes in the course of the
ontogenesis of multicellular ogranisms and to analyze the
mechanisms of such processes mainly by morphological
methods.  Accumulation of such analyses on
embryogenetic processes of related species is expected to
give an insight in the evolution of morphogenetic
processes. This laboratory uses the wings of lepidopteran
species for the material of morphological studies.

Wings of the lepidopteran insects (butterflies and
moths) develop from the wing imaginal disc, which is a
hollow sac made of simple epithelium. Due to its simple
construction, this tissue is a good material to study
cellular interactions in the course of morphogenesis.

The outline shape of the adult wing is often different
from that of the pupal wing. This difference is brought
about by the programmed cell death of the marginal area
of the pupal wing. The marginal dying area is called
"the degeneration region”" and the internal area, which
develop into the adult wing, is called "the differentiation
region".

The cell deaths in the degeneration region proceeds
very rapidly and completes in a half to one day period in
Pieris rapae or several other species examined. It was
shown that the dying cells in the degeneration region have
characteristics common with the apoptotic cell death in
mammalian cells, such as fragmented and condensed
nuclei containing short DNA fragments detected by
TUNEL staining. The cells in the degeneration region are
actively engulfed by the macrophages in the cavity
beneath the wing epithelium. The macrophages seem to
be concentrated beneath the degeneration region by the
strong adhesion between basal surfaces of the dorsal and
ventral epithelium in the differentiation region, which
occurs at the time of prominent cell death and excludes
macrophages out of the differentiation region. Thus
realised concentration of macrophages seems to accelerate
the shrinkage of the degeneration region.

A collaborative work with the laboratory of Dr. K.
Watanabe (Hiroshima University) concerns mostly on the
development of trachea and tracheole pattern in the
swallow tail butterflies. Trachea and tracheoles are both
important in delivering air into the wing and their pattern
coincide with that of the boundary of degeneration and
differentiation zones at the distal end of the wing.
According to the observations, the pattern formation of
wing epithelium is often dependent on tracheal and
tracheole patterns. Basic research on the development of
tracheal pattern formation is being done by the scanning
electron microscopy and the bright field light microscopy
of the fixed or fresh specimens to describe the exact
pathway and the time course of the formation of elaborate
pattern of trachea and tracheoles and to establish the
cytological and developmental relationship between the
formation of tracheal pattern and epithelial cell pattern,
such as scale cell pattern.
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This  laboratory also conduct morphological
observation of several animal tissues by scanning and
transmission electron microscopy and immno-electron
microscopic  analyses. The training of specimen
preparation and instrument operation for such
observations is also given. These activities include the
Division of Sex Differentiation and the Laboratory of
Neurophysiology of our institute.
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(Figure 2). The first step is the photodamage to the
oxygen-evolving complex of photosystem II probably at
the Mn-cluster and its protein environment. The second
step is the photodamage to the photochemical reaction
center II after the oxygen-evolving complex is
inactivated.

V1. Environmental factors do not accelerate the
photodamage to photosystem II, but inhibit the
repair of photosystem 11

Light inactivates photosystem II, and this phenomenon
is referred to as the “photoinhibition”. The extent of
photoinhibition is a result of a balance between
photodamage to and repair of photosystem II. We
developed a system to monitor the photodamage and
repair separately and examined the effect of various
environmental stresses on photodamage and repair. In
contrary to the current concept that environmental stress
accelerates photodamage to photosystem II, we clearly
demonstrated that environmental stresses do not damage
photosystem II directly, but they inhibit the repair of
photodamaged photosystem II at the level of translation of
the psbA genes which encode the D1 protein, an important
component of the photosystem II reaction center.
Furthermore, we found in Chlamydomonas cells that the
repair of photosystem II was inhibited when the Calvin
cycle was inhibited.
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Japonica) takes water through ventral skin. We found that
sex steroids and endocrine disruptors interfere with water
absorption through ventral skin in frogs. Further, using the
amphibian and fish as model animals we aim to analyze
the effects of numerous chemicals released into the
environment on endocrine system function in wildlife,

IV. Molecular Target Search

Abnormalities caused by endocrine disrupting
chemicals are reported but the molecular mechanisms of
the effects are not well studied. Although estrogen
receptor is one of the strongest candidates possibly
responsible for the endocrine disrupting function of many
chemicals, it alone cannot explain the variety of
phenomena induced by endocrine disrupting chemicals.
Thus, we are also looking for new target molecules that
may be responsible for endocrine disruption. In parallel,
we also are studying the ligand-binding mechanisms of
nuclear receptors to hormones and other chemicals.
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Visiting Scientists:

Plants respond to light as an environmental factor to
optimize development and regulate other physiological
phenomena. Phytochrome (phy) and blue light receptors,
such as cryptochrome (cry) and phototropin (phot), are
the main photoreceptors for plant photomorphogenesis.
The goal of our research is to elucidate the
photoperception and signal transduction pathways of
photo-morphogenesis.

I. Chloroplast relocation movement

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
since the gametophytes are very sensitive to light and the
organization of the cells is very simple. We also use
Arabidopsis mutants to identify the genes regulating
chloroplast photo-relocation movement.

1-1 Arabidopsis

In Arabidopsis leaves, chloroplast movement is fluence
rate dependent. Under lower light fluence rate,
chloroplasts accumulate at the cell surface to maximize
photosynthetic potential. Under high fluence rate,
chloroplasts avoid incident light to escape photodamage.
We examined the phenomenon of chloroplast avoidance
movement and demonstrated a proportional relationship
between fluence rate and the velocity of chloroplast
avoidance movement. When a small area is irradiated
with a microbeam, the majority of chloroplasts inside the
beam begin moving towards the outside of the beam.
Some chloroplasts, however, begin to move only after a
relatively long lag time. The length of the lag period
becomes longer under higher fluence rate light and
occurred more frequently with chloroplasts located
nearest the center of the microbeam. In addition, we
showed that the amount of light-activated phot2, the
photoreceptor for the avoidance response, likely plays a
role in this phenomenon, as heterozygous mutant plants
show a reduced avoidance velocity compared to that of
homozygous wild type plants.

1-2  Physcomitrella

Phototropin is the blue light receptor that mediates blue
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and red light induce chloroplast movement in the moss
Physcomitrella patens, which has four phototropin genes,
PHOTAL, PHOTA2, PHOTBI and PHOTB2. These genes
were classified into two groups (PHOTA and PHOTB) on
the basis of their deduced amino acid sequences. Then
phototropin disruptants were generated by homologous
recombination and used for analysis of chloroplast
movement. It was found that blue light-induced
chloroplast movement was mediated by phototropins.
Both photA and photB groups were able to mediate
chloroplast avoidance, although the photA group
contributed more to the response. Red light-induced
chloroplast movement was also significantly affected in
photA2photBlphotB2 triple disruptants. Because the
primary photoreceptor for red light-induced chloroplast
movement in P. patens is phytochromes, phototropins
may be downstream components of phytochromes in the
signaling pathway. The involvement of phototropins in
the phytochrome signaling pathway was reported for the
first time.

1-3  Adiantum

The avoidance movement response in Adiantum phot2
deficient mutants can be restored by transient expression
of non-mutant AcPHOT2 ¢DNA, indicating that
chloroplast avoidance movement in this fern is mediated
by the Acphot2 protein. Further functional analyses of the
Acphot2 protein were performed using this transient assay
for chloroplast avoidance movement. The results suggest
that the LOV2, but not the LOV1, domain of Acphot?2 is
essential for avoidance movement.

I1. Gene targeting and gene silencing

In order to elucidate the role of genes in Adiantum and
rice, we have tried to establish new methods for gene
targeting in these organisms.

2-1 Miniature transposable element

Transposable elements constitute a large portion of
eukaryotic genomes and contribute to their evolution and
diversification. We identified active transposable elements,
miniaturePing (mPing), Ping and Pong in rice. The mPing
element was identified as the first active MITE from any
organism. mPing is a short 430 base pair element with 15
base pair terminal inverted repeats that lacks a transposase.
mPing elements are activated in calli derived from anther
culture and excise efficiently from original sites to
reinsert into new loci. Ping and Pong transposable
elements were isolated as putative autonomous elements
encoding an  IS/PIF/Harbinger  superfamily  of
transposases. Evolutionally, the number of copies of
mPing elements has increased in japonica cultivars, but
not in indica cultivars and their ancestral species, Oryza
rufipogon. Japonica cultivars are the only rice varieties in
which the transposable Ping element can be detected.

The mPing/Ping transposon system may prove a useful
molecular tool for gene isolation and gene knockout in
rice, the most agriculturally important crop in the world.
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LABORATORY OF STRESS RESPONSE

Associate Professor: MIKAMI, Koji

The aim of this laboratory is to understand molecular
mechanisms of the flexibility in modification of the cell
polarity during morphogenesis in plants under the
changes in environmental conditions. As their sessile
nature, growth and development of plants are largely
influenced by environmental factors, thus plants must
percept and response to these factors to regenerate the
growth axis. In the responses to environmental stimuli,
phosphoinositide-specific phospholipase C (PI-PLC)
plays the essential role in the generation of two second
messengers, inositol-1,4,5-trisphosphate and
diacylglycerol through the hydrolysis of
phosphatidylinositol-4,5-bisphospate (PIP,). Plant PI-PLC
is now thought to be involved in responses to gravity and
light, both of which effect the modification of the cell
polarity by generation of a physiological asymmetry. In
moss plants, such as Physcomitrella patens and
Ceratodon  purpureus, changes in cytosolic Ca®*
concentration in caulonemal cells are associated with the
generation of buds, the precursors of gametophores,
which is regulated by blue light and cytokinin. In addition,
the red-light-induced phototropic responses of protonemal
tip cells are mediated by phytochrome. It has been shown
that red-light-irradiation leads to an increase of the
PI-PLC activity and the phototropic bending follows the
production of a dynamic Ca®* gradient in the protonemal
tip cells. Moreover, Physcomitrella is now recognized as a
model system for plants with easy application of
molecular genetic approaches such as gene-targeted
mutagenesis via the homologous recombination.
Therefore, it is reasonable to employ the moss
Physcomitrella for genetical and molecular investigations
of the roles of plant PI-PLCs in the modification of cell
polarity by environmental factors.

I. Structural characteristics
PI-PLCs

Searching of the plant EST databases with BLAST
algorithm against AtPLC1S from Arabidiopsis thaliana
revealed four Physcomitrella cDNA clones, PPU141114,
PPU140521, PPU070504 and PPU161218. For the first
three ESTs derived from the same mRNA, the 5’-race and
the subsequent 3’-race reactions resulted in the isolation
of a corresponding full-length ¢cDNA of 2,424 bp
containing an ORF for a PI-PLC homologue of 633 amino
acids and calculated molecular mass of 70.8 kDa, which
was designated PpPLCl. In addition, a 2,423 bp
full-length cDNA corresponding PPU161218 was isolated
by the 5’-race reaction, which contains an ORF for a
PI-PLC homologue of 639 amino acid and calculated
molecular mass of 71.8 kDa, designated PpPLC2. The
overall structure of PpPLCI and PpPLC2 was similar to
those of known plant PI-PLCs comprising the catalytic
domain and the C2 domain. PI-PLC isoforms in mammals

of Physcomitrella

NATIONAL INSTITUTE FOR BASIC BIOLOGY
ENVIRONMENTAL BIOLOGY
have been divided into four classes, p-, y-, 8- and &-types,
all of which contain the catalytic domain that consists of
X and Y regions and regulatory domains such as
pleckstrin homology (PH), EF-hand and C2 domains. In
contrast, plant PI-PLCs analyzed so far all show &-type
organization but lacking the PH and typical EF-hand
domains. The N domain, which is conserved in
Arabidopsis PLCs as a regulatory domain with structural
similarity to the second loop of the EF-hand domain of rat
PLC81, was found in the N-terminal extensions in
PpPLC1 andPpPLC2, although there was an insertion in
the N domain of PpPLC2. Since the PH and EF-hand
domains are responsible for membrane-localization and
Ca’"-binding in mammals, the mode of activation of plant
PI-PLCs is probably different from those in mammals.

II. Physcomitrella has typical and novel types of
PI-PLCs

The in vitro activity of recombinant His-tagged
PpPLC1 and His-tagged PpPLC2 was examined.
His-tagged PpPLCl1 hydrolyzed PIP, with maximum
activity of 38 nmol/min/mg of protein at a physiological
concentration of Ca** around 10 uM and lower activity at
higher Ca®* concentrations, consistent with other
recombinant plant PLCs. In contrast, His-tagged PpPLC2
hydrolyzed PIP, with very low activity under the same
conditions. When phosphatidylinositol (PI) was used as a
substrate in the reactions with various concentrations of
Ca®, both His-tagged PpPLC1 and His-tagged PpPLC2
showed a very low-hydrolyzing activity of 1.3 and 9.4
nmol/min/mg of protein, respectively, at 10 uM Ca®".
However, at 1 mM Ca®*, His-tagged PpPLC2 hydrolyzed
PI very efficiently (22 nmol/min/mg of protein) than
His-tagged PpPLCl1 (3.5 nmol/min/mg of protein).
Together with their structural characteristics, I conclude
that PpPLCI1 and PpPLC2 are typical and novel types of
plant PLC, respectively.

In the X and Y regions, 11 amino acids have been
identified as essential residues for mammalian PI-PLC
activity via binding to Ca®" and substrate. I found that all
of them are well conserved in PpPLCl, although a
conserved serine residue was replaced by asparagine
residue at amino acid position 409 in PpPLC2. In fact,
PLC-like proteins with amino acid substitutions of
residues important for PLC activity have already been
isolated from rat and human, which have no
PIP,-dependent PLC activity. Thus, it seems that the loss
of PIP,-dependent activity in PpPLC2 may be due to
amino acid substitution in the catalytic domain and/or its
abnormal N domain.

III. PpPLC1 is involved in cytokinin and gravity
responses

To elucidate the physiological functions of PpPLCl,
targeted knockout mutants of the PpPLC! gene were
generated via homologous recombination. To construct a
plasmid for gene targeting, a 35S-promotor-driven
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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 wvarious 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 (intensity) 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).

An advanced irradiation system composed of CW
lasers (364nm, 390-410nm, 440-460nm, 532nm, 655nm,
752nm) and uniform-fluence-rate irradiation optics
interconnected by optical fibers was constructed in 2003.
An advanced observation system for cellular and
intracellular  photobiological responses utilizing a
two-photon microscope (FV300-1x71-TP with a MaiTai
laser) and a microbial photomovement analyzer
(WinTrack2000/Ecotox) etc. was also introduced.

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
experiments.

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
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workstations: biological information analysis server (SGI
Origin 2000), database server (Sun Enterprise 450), file
server (Sun Enterprise 220R), 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
construction for the institute members. At the end of this
year, a new computer system with enhanced performance
was introduced as a replacement for the current system.
The service of the new system will start at the beginning
of the next year.

Comphter laboratory  also  provides network
communication 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 backbone network of Okazaki National
Research Institute (ORION). Many local services
including sequence analysis 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
limited number of rooms with environmental control for
plant culture. In some of these facilities and rooms,
experiments can be carried out at the Pl physical
containment 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
automatic 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
microbial cells in this laboratory. A facility for preparation
of plant cell cultures including an aseptic room with clean
benches, is also provided.
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I1. Research Activities

Cooperative Research Program for the Okazaki
Large Spectrograph

The NIBB Cooperative Research Program for the Use
of the OLS supports about 20 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 artificial organic molecules
have been conducted (Watanabe, 2004, In “CRC
Handbook of Organic Photochemistry and Photobiology,
2nd ed.”. pp. 115-1~115-16).
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Common Facility Group

Research Support Facilities
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NANBA, Chieko (Subunit Chief) <Plant Culture>
NISHIDE, Hiroyo <Computer>
NAKAMURA, Takanori <Large Spectrograph>
SUZUKI, Keiko (Technical Assistant)
MAKIHARA, Nobuko (Technical Assistant)
ICHIKAWA, Chiaki (Technical Assistant)
TAKESHITA, Miyako (Technical Assistant)
NISHIMURA, Noriko (Technical Assistant)

Center for Analytical Instruments
MORI, Tomoko (Unit Chief)
MAKINO, Yumiko (Subunit Chief)
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DODO, Yukiko (Technical Assistant)

Transgenic Animal Facility
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ICHIKAWA, Hiromi (Technical Assistant)
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(MATSUDA, Yoshimi (Unit Chief))

Radioisotope Facility
MATSUDA, Yoshimi (Unit Chief)
SAWADA, Kaoru (Subunit Chief)
IINUMA, Hideko
ITO, Takayo (Technical Assistant)

The Technology Department is a supporting
organization for researchers and research organization
within the NIBB. The Department develops and
promotes the institute's research activities and at the
same time, maintains the research functions of the
institute.

The department is organized into two groups: one, the
Common Facility Group, which supports and maintains
the institute's common research facilities and the other,
the Research Support Group, which assists the research
activities as described in individual reports.

Research Support Group
Chief: KOBAYASHI, Hiroko

Department of Cell Biology
KONDO, Maki (Unit Chief)
KABEYA, Yukiko (Subunit Chief)

Department of Developmental Biology
TAKAGI, Chiyo
UTSUMI, Hideko
OKA4, Sanae
NODA, Chiyo

Department of Neurobiology
OHSAWA, Sonoko (Unit Chief)
TAKEUCHI, Yasushi (Subunit Chief)

Department of Evolutionary Biology and Biodiversity
TANAKA, Sachiko (Unit Chief)
YAMAGUCHI, Katsushi (Subunit Chief)
MOROOKA, Naoki
SUMIKAWA, Naomi

Department of Environmental Biology
MIZUTANI, Takeshi (Subunit Chief)
KONDO, Makiko (Technical Assistant)

Department of Theoretical Biology
MIWA, Tomoki (Unit Chief)

Reception

KATAOKA, Yukari
NAKANE, Kaori
TSUZUKI, Shihoko
HIRONAKA, Tomie
MUKOHDA, Yasuyo
UNO, Satoko

Technical staffs participate, through the department,
in mutual enlightenment and education increase their
capability in technical area. Each technical staff is
proceeded to the fixed division usually and they support
the various research with their special biological and
biophysical techniques.

The Department hosts an annual meeting for
technical engineers who work in various fields of
biology at universities and research institutes throughout
Japan. At this meeting, the participants present their
own activities and discuss technical problems. The
Proceedings are published soon after the meeting.
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