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The cover photograph shows the interaction of Arabidopsis dynamin-related
protein 3A (DRP3A), which is involved in both peroxisomal and mitochondrial
division, with mitochondria. Green and red signals represent DRP3A and
mitochondria, respectively. See also page 9.
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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 Institute for Molecular
Science (IMS) and the National Institute for
Physiological Sciences (NIPS). 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
Center for Integrative Bioscience that was established
as a common facility of the ONRI in 2000 and began in
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
culture, 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
Director-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 ONRI under the direct
auspices of the Ministry 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
Computational 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
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 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
Bioscience 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
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 became common

" facilities of ONRL

Campus

The ONRI 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 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
(2,577Tm?) was built in 1996. A building for Center for
Transgenic Animals and Plants (2,500m?) was dedicated
in the new campus at November, 2003.
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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 Morphogenesis
and Regulation 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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Director-General:
Associate Professor:

KATSUKI, Motoya
KODAMA, Ryuji

) UENO, Kohji
Research Associates: OHNO, Kaoru

Mechanisms working in the morphogenesis of the
lepidopteran wings
KODAMA, Ryuji

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 re-
gion have characteristics common with the apop-totic
cell death in mammalian cells. The cells in the
degeneration region are actively en-gulfed 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.

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.

In collaboration with the Division of Molecular
Neurobiology, the localization of a sodium channel
protein is being investigated using immunohistological
staining. DAB stained Vibratome section was further
fixed and embedded in epoxy resin and then sectioned
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with ultramicrotome and observed under a transmission
electron microscopy. Electron microscopic observation
was utilized in order to identify the stained cells and
surrounding cells by their ultrastructural characteristics.

Scanning electron microscopic imaging of a mutant
mouse phenotype is also being done according to a
request of another laboratory.

Control of the distribution of palmitoylated
proteins in neuronal growth cones

Kohji Ueno

Signalling proteins such as G proteins and G protein-
coupled receptors are modified with palmitate via
thioester linkages. Protein palmitoylation is thought to
be important in the regulation of signal transduction.
We have. previously found that protein palmitoylase is
expressed in neural cells during mouse embryogenesis.
In developing neurons, growth associated protein
(GAP)-43 and Go, which are palmitoylated proteins, are
mainly concentrated in the growth cones. Addition of
an inhibitor of protein palmitoylase to the medium of
cultured primary neuronal cells reduces the axonal
growth of neurons. From these findings, we speculated
that the localization of the palmitoylated proteins in
growth cones is critical for the development of axons.

In this study, we are attempting to elucidate the
mechanism that determines the localization of the
palmitoylated proteins in growth cones. For
thisanalysis, 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. Cys 3 and Cys 4 of GAP-43 are
modified with palmitate in developing neurons. By
using the method, we have prepared the peptides which
are modified with myristate (C14:0), palmitate (C16:0),
palmitoleate (C16:1), stearate (C18:0) and arachidate
(C20:0) via thioester linkages. The method could
modify the peptide with not only saturated but also
unsaturated fatty acids.

With the acylated peptides, we have assayed the
binding activity of ERM (Ezrin/Radixin/Moesin)
proteins, which are thought to be general cross-linkers
between plasma membranes and actin filaments,
because ERM proteins are reported to be concentrated
in growth cones and ERM proteins contain a domain
which has a similar structure to a fatty acid thioesters
binding protein. Recombinant full-length ERM
proteins, which were expressed in bacteria, had the
binding activity with the palmitoylated peptides,
whereas the binding activity were less with the
synthetic peptides modified with myristate,
palmitoleate, stearate and arachidate. These result
suggested that ERM proteins have a potentiality to
recognize the fatty acid residue of the acylated peptides.
Recombinant erythrocyte membrane protein band 4.1,
which contains a similar structure to ERM proteins, had
low binding activity with the palmitoylated peptide.
From these results we suggested that a domain of ERM
proteins is responsible for the interaction with the
palmitoylated peptide.
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The department consists of two regular divisions and three adjunct
divisions. 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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accumulate no properly processed mature storage
proteins. Instead, large amounts of storage protein
precursors are found in the seeds of this mutant. In
contrast to fvpe-3 seeds, which accumulate both
precursors and mature storage proteins, the other single
(avpe-1 and yvpe-1) and double (avpe-1/yvpe-1)
mutants accumulate no precursors in their seeds at all.
Therefore, the vegetative type VPEs, aVPE and yVPE,
compensates for the deficiency in VPE in Svpe mutant
seeds.

To explore the physiological function of VPE in
mammals, we'generated and characterized VPE-
deficient mice. VPE was abundantly expressed in
kidney and localized in the late endosomes of the
proximal tuble cells. Disruption of the VPE gene led to
the enlargement of lysosomes in these cells in an age-
dependent manner, which suggests that the materials to
be degraded are being accumulated within the
lysosomal compartments. The processing of the
lysosomal proteases, cathepsins B, H, and L, from the
single-chain forms into the two-chain forms was
completely defected in the deficient mice. Thus, the
VPE deficiency caused the accumulation of
macromolecules in the lysosomes, highlighting a
pivotal role of VPE in the endosomeal/lysosomal
degradation system.

VI. Role of molecular chaperones on 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 also characterized a mitochondrial co-
chaperonin (Cpnl0), chloroplast co-chaperonins
(Cpn20 and Cpn10) and a small heat shock protein from
Arabidopsis. In 2003, we started to characterize
HSP90s. Their evolutional and functional
characterization is now under experiments.

Publication List:

Fukao, Y., Hayashi, M., Hara-Nishimura, 1. and
Nishimura, M. (2003) Novel glyoxysomal protein
kinase, GPK1, identified by proteomic analysis of
glyoxysomes in etiolated cotyledons of Arabidopsis
thaliana. Plant Cell Physiol. 44, 1002-1012.

Hayashi, M. and Nishimura, M. (2003) Entering a new era
of research on plant peroxisomes. Cur, Opi. Plant Sci. 6,
577-582.

Kamada, T., Nito, K., Hayashi, H., Mano, S., Hayashi, M.
and Nishimura, M. (2003) Functional differentiation of
peroxisomes revealed by expression profiles of
peroxisomal genes in Arabidopsis thaliana. Plant Cell
Physiol. in press

Kamigaki, A., Mano, S., Terauchi, K., Nishi, Y., Tachibe-

NATIONAL INSTITUTE

Kinoshita, Y., Kondo, M., Nito, K., Hayashi, M.,
Nishimura, M. and Esaka, M. (2003) Identification of
peroxisomal targeting signal of pumpkin catalase and
the binding analysis with PTS1 receptor. Plant J. 33,
161-175.

Kurisu, M., Morita, M., Kashiwayama, Y., Yokota, S.,
Hayashi, H., Sakai, Y., Ohkuma, S., Nishimura, M. and
Imanaka, T. (2003) Existence of catalase-less
peroxisomes in Sf21 insect cells. Biochem. Biophys.
Res. Commun. 306, 169-176.

Matsushima, R., Hayashi, Y., Yamada, K., Shimada, T.,
Nishimura, M. and Hara-Nishimura, 1. (2003) The ER
body, a novel endoplasmic reticulum-derived structure
in Arabidopsis. Plant Cell Physiol. 47, 661-666.

Matsushima, R., Kondo, M., Nishimura, M. and Hara-
Nishimura, I. (2003) A novel ER-derived compartment,
the ER body, selectively accumulates a (3-glucosidase
with an ER retention signal in Arabidopsis. Plant J. 33,
493-502.

Okamato, T., Shimada, T., Hara-Nishimura, 1., Nishimura,
M. and Minamikawa, T. (2003) C-terminal KDEL
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This division aims to understand the autophagy in
respects to its molecular mechanism and its
physiological role in yeast and higher eukaryotes. Cells
execute degradation processes of their constituents
together with biosynthetic processes. These two
processes are well coordinated to regulate the biological
activities. In other word, we must shed light on
degradation process to fully understand the cell,
because the study on the degradation has been retarded
compared to the biosynthetic process. Autophagy is a
major route for bulk degradation of cytoplasmic
constituents and organelles in lysosome/vacuole, and is
well conserved in eukaryotes.

L Background

Upon nutrient starvation, autophagic process starts as
building up a membrane structure, an autophagosome,
in the cytoplasm. The autophagosome sequesters
cytosol and organelles nonselectively. Then it is
delivered to the vacuole/lysosome, and the cytoplasmic
materials inside are degraded by vacuolar/lysosomal
hydrolases. We had discovered autophagy in a simple
model organism, S. cerevisiae and morphologically and
genetically defined the whole process.

II. In vitro reconstitution of Atg8-PE conjugation
system

In yeast, S. cerevisiae, Atg8 plays an important role
during autophagosome formation. We have previously
reported that the Atg8 is covalently attached to
phosphatidylethanolamine (PE) via a ubiquitin-like
conjugation system. The C-terminal Arg of newly
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synthesized Atg8 (Atg8%'") is removed by Atg4d
protease to expose a Gly residue at the C-terminus
(Atg8<'"¢). The Apg8°"¢ is then activated by Atg7 (El
enzyme) and transferred to Atg3 (E2 enzyme).
Following these reactions, the Apg8°"¢ conjugates to PE
through an amide bond between its C-terminal Gly and
the amino group of PE. The subsequent deconjugation
reaction by Atg4 is necessary for the normal
progression of autophagy. We developed in vitro Atg8-
PE reconstitution system. The Atg8-PE was
successfully reconstituted simply with Atg8°"¢, Atg7
and Atg3 by using in vivo in E. coli and in vitro system.
These results suggested that Atg7 and Atg3 are
necessary and sufficient for the Atg8-PE conjugation
reaction. The in vitro Atg8-PE reconstitution system
using recombinants and liposomes demonstrated that
the efficiency of Atg8-PE conjugation was strongly
affected by lipid composition. Further, the Atg8 was
linked to the PE in liposomes, but not to the PE in the
presence of detergent, suggesting that the lipid bilayer
of membrane is essential for the Atg8-PE conjugation.

III. Molecular dissection of Atgl2

Atgl2 is activated by Atg7, transferred to AtglO and
attached to Atg5 in a manner similar to the
ubiquitination. Although Atgl2 has scarcely sequence
similarity with ubiquitin, its secondary structure was
predicted to have ubiquitin-like domain in the C-
terminus region. We prepared N-terminally truncated
Atg12 mutant of the yeast S. cerevisiae according to the
predicted secondary structure. Truncated form of Atgl2
having only a predicted ubiquitin-like domain
conjugated with Atg5 was still active in autophagy.
While a truncated Atgl2 mutant lacking the first beta
strand in the ubiquitin-like domain didn’t conjugate
with Atg5. These results showed that the ubiquitin-like
domain of Atgl2 is necessary and sufficient for
conjugation and autophagy. Furthermore, we altered
several hydrophobic amino acid residues in the
ubiqutin-like domain of Atg8 and found a certain amino
acid residue is critical for autophagy, even though still
active for conjugation with Atg5.

IV. Preferential degradation by autophagy

In contrast to the ubiqutin/proteasome pathway,
autophagy is thought to be non-selective protein
degradation process. We surveyed the changes of
protein profiles after nitrogen starvation of wild-type
and Aatg7 cells using 2D-PAGE, and we found that
cytosolic acetaldehyde dehydrogenase (Ald6p; Figure
1) was degraded more rapidly than other cytosolic
proteins in an autophagy dependent manner. We
observed that Ald6ép was enclosed in the
autophagosome and delivered to the vacuole
preferentially. The Ald6p may be harmful to cells
during nitrogen starvation, since disruption of ALD6
improved the loss of viability of the Aatg7 mutant. This
is the first report of the preferential degradation of a
detrimental protein via autophagy.
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The department is composed of three divisions and one adjunct
division. Department members conduct molecular analysis on various
aspects of developmental phenomena including (1) gonadal sex
differentiation and gametogenesis, (2) gene regulation in cell
differentiation and growth, and (3) molecular basis of body plans.
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Unlike estradiol-17f (genomic action), 17a., 208-DP
binds to a novel, G-protein-coupled membrane receptor
(non-genomic action), leading to the de novo synthesis
of cyclin B, the regulatory component of maturation-
promoting factor (MPF), 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. 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.

An endocrine-disrupting chemical, diethylstilbestrol
(DES), a nonsteroidal estrogen, triggers oocyte
maturation in fish. The morphology (the time course of
the change in germinal vesicle breakdown) and an
intracellular molecular event (the de novo synthesis of
cyclin B) induced by DES were indistinguishable from
those induced by 17a., 20B-DP. A synergistic action of
DES on 17, 208-DP-induced oocyte maturation was
observed. Both 17a, 208-DP- and DES-induced oocyte
maturation was inhibited by an antibody against the
17a, 208-DP receptor. These results suggest that DES
may act on the 170, 20B-DP receptor as an agonist of
17a, 20B-DP.

Publication List:
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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, transcription factors which act cell-
autonomously 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 ascidian,
employing embryology, genetics, molecular and
cellular biology, and biochemistry. In addition, we have
recently introduced genome-wide approaches to
elucidate precise genetic program controlling early
development.

I. Gastrulation movemeént 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 convergent extension. As convergent
extension begins, cells are polarized and aligned
mediolaterally, followed by the intercalation of these
cells. As described above, one of the Wnt signaling
pathways, called Wnt/INK (c-Jun N-terminal kinase)
pathway, is shown to be important for the regulation of
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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. Both gain-of-function (GOF) and loss-
of-function (LOF) of Xpk severely perturbed
gastrulation and caused spina bifida embryos without
affecting mesodermal differentiation. We also
demonstrated that XPK binds to Xenopus Dsh as well as
to JNK. This suggests that XPK plays a pivotal role in
connecting Dsh function to JNK activation. To
understand the molecular mechanism, we identified
proteins which binds to XPK by yeast two-hybrid
screening. One of XPK binding protein was found to be
a member of the Ste20 kinase family and named as
Xenopus prickle-interacting kinase, XPIK.
Developmental expression pattern of XPIK is
reminiscent of that of XPIK, suggesting functional
interaction between XPK and XPIK. GOF and LOF of
XPIK resulted in perturbation of gastrulation, leading to
shortened or spina bifida embryo. Furthermore, we
have found that 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 1,500 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. Regulation of actin cytoskeletal dynamics
during Xenopus gastrulation

Because gastrulation movements are accompanied by
dynamic changes in cell polarity, morphology, and
motility, it is very likely that actin cytoskeleton is
carefully regulated. Thus, we analyzed the regulatory
mechanism of actin cytoskeletal dynamics during this
process. Among several factors implicated in the
regulation of the actin cytoskeleton, we decided to
focus on myristoylated alanine-rich C kinase substrate
(MARCKS). MARCKS is an actin-binding, membrane-
associated protein previously implicated in the
regulation of F-actin dynamics. It has been investigated
mainly in tissue culture cells and biochemical analyses.
MARCKS knock-out mice has been reported to show
neural tube defects. Yet, its molecular mechanism has
not been elucidated. We demonstrate that MARCKS is
essential for gastrulation movements and neural tube
closure in Xenopus embryos. Cell biological analyses
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that incubation of Synechocystis cells with 0.25 mM
H,0, dramatically changed the pattern of gene
expression. This treatment induced the expression of 77
genes and repressed the expression of 55 genes with
induction factors > 4.0. A half of the H,O,-inducible
genes were specifically induced by H,O, but by no other
stress, such as heat, cold, light, salt and hyperosmotic
stress. These findings suggest that the oxidative stress
may be distinct from the general stress. Screening for
mutants in the disruptant library of histidine kinases that
exhibit null response to the H,O,-inducible expression
of genes identified four histidine kinases, Hik33, Hik34,
Hik2 and Hik41, as sensors of H,0, signals. They
regulate the expression of 25, 1, 6, and 2 H,O,-inducible
genes, respectively (Fig. 2).

In Bacillus subtilis, the transcription factor PerR
perceives H,O, signals and regulates the expression of a
group of H,O,-responsible genes. We also examined the
genome-wide patterns of gene expression in the mutant
of PerR homolog in Synechocystis by DNA microarray
analysis. We found that PerR regulates the expression
of five H,O,-inducible genes. These findings indicate
that histidine kinases act as major sensors of H,O,
signals in Synechocystis.

H,0, stress conditions
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Fig.2. Schematic presentation of four histidine kinases
and a transcription factor PerR involved in the perception
of H,O, stress and regulation of gene expression.
Numbers in each box correspond to the number of H,O,-
inducible genes with induction factors > 4.0 whose
expression was regulated by each histidine kinase or the
transcription factor PerR.

III. Multi-stress sensing by Hik33 in
Synechocystis.

Our previous study indicated that Hik33 is involved
in the regulation of gene expression by cold and
hyperosmotic stresses. We applied the DNA microarray
technique to examine whether Hik33 also perceives
stress signals other than cold and hyperosmotic stresses.
The results clearly showed that Hik33 is involved also
in the perception of salt, H,O., and strong-light stresses.
However, it does not regulate the gene expression
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caused by heat and nutritional stresses. Nevertheless,
Hik33 regulates distinct sets of genes under different
stress conditions. Therefore, it is possible that Hik33

senses the various kinds of stress to differentially

regulate the gene expression in a stress-specific manner.
However, it should be noted that Hik33 regulates the
expression of genes which are induced commonly by
various kinds of stress. Interestingly, Rre31 which is a
cognate response regulator of Hik33 in the gene
expression due to hyperosmotic and salt stress is not
involved in the signal transduction pathway of cold and
H,0, stresses. These results may suggest that Hik33
perceives various kinds of stimulus and sorts their
signals to the stimulus-specific downstream pathways.
These findings suggest that the two-component signal-
transduction system is more complex than a currently
accepted scheme where a single sensory histidine
kinase is tightly coupled with a cognate response
regulator.

IV. Environmental stress inhibits the repair of
photosystem II by suppressing the
transcriptional and translational activities.

Strong light impairs the photosynthetic machinery, in
particular, photosystem II (PSII), via a process known
as photodamage or photoinhibition and the PSII
reaction center protein D1 is most sensitive target of
photodamage. However, photodamaged PSII can be
repaired by replacement of the photo damaged D1 with
light-dependently synthesized D1 de novo.

Under natural conditions organisms are exposed to
combinations of various kinds of environmental stress,
such as light, salt, oxidative, heat, and cold stress, that
may synergistically act on the damage to PSII. We have
found that the effects in vivo of light on PSII are
completely different from the effects of the other kinds
of stress. Strong light induces photodamage to PSII,
whereas the other kinds of stress inhibit the repair of the
photodamaged PSII and do not accelerate damage to
PSII directly. Results of molecular-biological analysis
reveals that these kinds of stress inhibit either or both of
the transcription and translation of several genes, in
particular, psbA genes for D1, whose turnover is
essential for the repair of PSII. These results suggest
that stress inhibits the repair of PSII via suppression of
the activities of both transcriptional and translational
machineries. We also elucidated that the requirement of
light for the repair can be explained by sustenance of
the intracellular concentration of ATP via the
photosynthetic transport of electrons.

V. Transformation of plants to enhance the stress
tolerance of reproductive organs to salt and
cold stress.

We showed previously that transformation with the
codA gene for choline oxidase allows plants to
synthesize glycine betaine (GB) and enhances their
ability to tolerate various kinds of stress during
germination and vegetative growth. In these years, we
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Plants respond to light as an environmental factor to
optimize development and regulate 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 elucidate the photoperception and
the signal transduction pathways of photo-
morphogenesis.

1. 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

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. We identified the photoreceptors in
Arabidopsis. Phototropin2 (phot2) mediates the
avoidance response under strong light and photl and
phot2 mediate, redundantly, the accumulation response
under weak light. However, components of signal
transduction pathways still remain to be identified. A
mutant called chupl is deficient in chloroplast
movement and consequently chloroplasts gather at the
bottom of cells. CHUPI is a novel gene that has a
hydrophobic region in the N-terminus and an actin
binding domain, a prolin-rich region, and two leucin
zippers. It was confirmed that the actin-binding domain
binds F-actin. When fusion proteins of the N-terminal,
hydrophobic region of CHUPI with GFP were
expressed transiently in chupl mutant cells,
fluorescence of the fusion proteins were found in the
outer part of chloroplasts, likely on the outer membrane
of chloroplasts. CHUPI is proposed to play an
important role on chloroplasts movement of both
accumulation and avoidance responses.
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1- 2 Adiantum phy3

Adiantum phytochrome3 (PHY3) is a unique
chimeric protein with phytochrome structure in the N-
terminal half and phototropin structure in the C-
terminal half. Transient expression of PHY3 or
modified PHY3 genes in rap (red light-induced
aphototropic) mutants of Adiantum reveal that phy3 is
the photoreceptor of red light-induced chloroplast
photorelocation movement, and that the phy3 signal
might be transferred through the C-terminal,
phototropin region.

The phot region of phy3 has not yet been shown to
function as a blue light photoreceptor, but the above
method of transient expression of modified PHY3 in rap
and phor mutants may provide experimental evidence of
this possibility soon.

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.” Miniature inverted-repeat
transposable elements (MITE) constitute one of the
main groups of transposable elements. MITEs have
been found in wide range of organisms but active
MITE:s have not been identified. We found a new class
of MITE:s in rice and named them miniature Ping
(mPing). mPing was identified as the first active MITE
from any organism and the first active DNA transposon
from rice. mPing is a short 430 base pairs 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. The mPing-
associated Ping element which has a putative
transposase sequence was also found and shown to
transpose within the rice genome.

Rice is the most agriculturally important crop in the
world. mPing/Ping transposon system is a useful
molecular tool for gene isolation and gene knockout in
rice.

2- 2 Expression sequence tag in Adiantum

To understand the genetic information of a fern,
Adiantum capillus-veneris, a normalized cDNA library
was constructed from prothallia grown under white
light and analysis of expressed sequence tags (EST)
were carried out. Approximately 10,000 clones were
sequenced and clustering of these obtained sequences
was performed. As a result, 7,132 non-redundant
groups were generated. These groups were subjected to
similarity searches to identify putative function.
Approximately 1,600 EST groups were found to be
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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 plants.

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. A large number of Ipomoea
species can be found in the Americas, particularly in
Mexico. Among the genus Ipomoea, three morning
glories, Ipomoea nil (the Japanese morning 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.
Among these morning.glories, I. nil and I. purpurea
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belong to the same subgenera Ipomoea, whereas I.
tricolor was classified into another subgenera,
Quamoclit. Both I. nil and I. tricolor display blue
flowers (see Figure 2A) that contain the peonidin (3’
methoxyl cyanidin) derivative named Heavenly Blue
Anthocyanin (HBA), and I. purpurea produces dark
purple flowers containing a cyanidin derivative that
lacks one glucose molecule and a methyl residue from
HBA. All of them produce dark-brown seeds. As
floricultural plants, spontaneous mutants of I. purpurea
and . tricolor displaying either white or reddish flowers
were obtained while various spontaneous mutants of .
nil exhibiting many different flower colorations were
generated.

Although I. nil has long been believed to have
originated from Southeast Asia, a hypothesis that I. nil
may have arrived in Asia from tropical America was
also recently proposed. In either case, the plant had
been introduced into Japan from China approximately
in the 8th Century as a medicinal herb. The seeds were
used as a laxative, and the plant became a traditional
floricultural plant in Japan around the 17th Century. I.
nil 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. It was also
used extensively for physiological studies of the
photoperiodic induction of flowering.

The wild-type I. purpurea plant, which originated
from Central America, was probably introduced to
Europe in the 17th Century, and cultivars with white
and red flowers were already recorded in the late 18th
Century. Like I. purpurea, I. tricolor originated from
Central America, and several spontaneous mutants
exhibiting various flower pigmentations were obtained
in the mid-20th Century.

As Figure 1 shows, the spontaneous mutants of I. nil,
I purpurea, and 1. tricolor carrying the magenta, pink,
and fuchsia alleles, respectively, produce reddish
flowers containing pelargonidin derivatives, and all of
them are deficient in the gene for flavonoid 3’-
hydroxylase (F3’H). The magenta allele in 1. nil is a
nonsense mutation caused by a single C to T base
transition generating the stop codon TGA, and the
cultivar Violet carries the same mutation. Several tested
pink mutants in I. purpurea carry inserts of the 0.55-kb
DNA transposable element Tip201 belonging to the
Ac/Ds superfamily at the identical site. No excision of
Tip201 from the F3’H gene could be detected, and both
splicing and polyadenylation patterns of the F3'H
transcripts were affected by the Tip20! integration. The
Sfuchsia allele in I. tricolor is a single T insertion
generating the stop codon TAG, and the accumulation
of the F3’H transcripts was drastically reduced by the
nonsense-mediated RNA decay.

The I. tricolor spontaneous mutant Blue Star carrying
the mutable ivory seed-variegated allele exhibits pale-
blue flowers with a few fine blue spots and ivory seeds
with tiny dark-brown spots (Figure 2). The mutable
allele is caused by an intragenic tandem duplication of
3.3 kb within a gene for transcriptional activator
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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 and S. cerevisiae: (1) the
amplification mechanism of repeated sequences or
genes, especially rRNA repeated genes, (2) the
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.
Structural and functional analyses of the E. coli genome
are also being carried out. In 2003, work on the
following three subjects has advanced our knowledge of
the dynamics and structure of the genome.

I. The replication fork barrier site forms a unique
structure with Foblp and inhibits the
replication fork.

The DNA replication fork blocking sites are found in
genomes of various organisms. In E. coli, the fork
block site, called Ter, has the fork blocking activity in a
polar fashion. For the blocking activity, two
components are required, one is a cis-element, Ter, the
other is the Ter-binding protein, called Tus protein. In
eucaryotes, the similar blocking site, called RFB
(replication fork blocking barrier), has been identified
in the ribosome RNA gene (tDNA) cluster from yeast
to human. In S. cerevisiae, about 150 copies of IDNA
are clustered in a specific region on the chromosome
XII. The RFB is an approximately 100-bp DNA
sequence located near the 3' end of the rRNA genes in
the yeast Saccharomyces cerevisiae. This site inhibits
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the progression of the DNA replication fork coming
from the direction opposite to 35S rDNA transcription.
However, the RFB-binding protein has not been
identified so far. The most likely candidate for the
RFB-binding protein is Foblp, because it had shown to
be required for the replication fork blocking activity at
the RFB site. Furthermore, it was found later that it is
essential for recombination in the ribosomal DNA
(rDNA), including increase and decrease of rDNA
repeat copy number, production of extra-chromosomal
rDNA circles, and possibly homogenization of the
repeats. Despite the central role that Foblp plays in both
replication fork blocking and rDNA recombination, not
only the molecular mechanism by which Foblp
mediates these activities, but also its RFB-binding
activity had not been determined. We have shown by
using chromatin immuno-precipitation, gel shift, foot-
printing, and atomic force microscopy assays that
Foblp directly binds to the RFB (see Figure A and B).
Foblp binds to two separated sequences in the RFB
(Figure D). A predicted zinc finger motif in Foblp was
shown to be essential for the RFB binding, replication
fork blocking, and rDNA recombination activities. The
RFB seems to wrap around Foblp, and this wrapping
structure may be important for function in the rDNA
repeats (Figure B, C and D).

II. Transcription-mediated hyper-recombination
in HOT1

Recombination hot-spots are DNA sequences which
enhance recombination around the region. HOT! is one
of the well-studied recombination hot-spot in mitotic
yeast cells. Because HOTI includes a transcription
promoter sequence of RNA polymerase I (Poll) which
is responsible for the 358 ribosomal RNA gene (rDNA)
transcription, and the HOTI activity is abolished in a
Poll defective mutant, transcription of HOTI was
thought to be an important factor for the recombination
stimulation. However, it is not clear whether the
transcription itself or other phenotypes shown in the
Poll mutant activates the recombination. To understand
the role of transcription, we used a highly-activated Poll
transcription system for HOT! in a strain whose TDNA
were deleted (rdnAA). In the rdnAA cells, it is known
that the nucleolus disappears and Poll, which is
normally localized to the nucleolus, diffuses into the
cytoplasm. In the rdnAA strain, the HOT] transcription
was increased by about 25 times as compared with the
wild type. Recombination activity stimulated by HOTI
was also elevated by about 15 times as compared with
that of wild type. These results indicate that frequency
of Poll transcription in HOT! determines efficiency of
the recombination. Moreover, Foblp, which is essential
for both HOT1I recombination and transcription
activities, was dispensable in the rdnAA strains, thereby
suggesting that the protein may be functioning as a Poll
transcription activator in the wild type strain.
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biochemically and genetically. Of all E. coli strains, E.
coli K12 W3110 has probably been used most
frequently as the wild-type strain in these experiments.
Recently, we determined the complete nucleotide
sequence of the genome of strain W3110, mainly by
sing lJambda phages from Kohara’s bank. Previously a
US group determined the genomic sequence from
another K12 wild-type derivative, MG1655. Both
strains were derived from a common ancestor strain,
W1485, probably about 50 years ago. Comparing the
two sequences, we obtained the following results.

The total number of nucleotides in the W3110
genome is 4660170 bp. There were 349 bp conflicts
between the sequences of W3110 and MG1655. Re-
sequencing of the conflict sites by a PCR method using
genomic DNA as templates revealed that only eight
sites (9 bp) were true conflicts. Seven of them are base-
change type conflicts and one is a two base frame-shift.
All of these differences reside within genes, seven in
ORFs and one in a 23S rRNA gene.

We attended the E. coli K12 annotation workshop
held at Woods Hole Marine Biology Research Institute,
Mass., USA, 2003, Nov. 13-18, which was organized
by Dr. Monica Riley. In this workshop, we discussed
(1) the definition of the starting point of the E. coli
genome sequence, (2) boundaries of ORFs, that is start
and end points of ORFs, and (3) the descriptions of
gene names and their function. We agreed there to make
an effort to complete a new annotation version using
our revised sequence by the coming February. We can
safely say that the revised sequence and the annotation
will be among the most accurate of all the genomes
whose sequences have been determined.

Publication list:

Takeuchi, Y., Horiuchi, T., & Kobayashi, T. (2003)
Transcription-dependent recombination and the role of
fork collision in yeast IDNA. Genes Dev. 17, 1497-1506

Higuchi K, Katayama T, Iwai S, Hidaka M, Horiuchi T,
Maki H.(2003). Fate of DNA replication fork
encountering a single DNA lesion during oriC plasmid
DNA replication in vitro. Genes Cells 8, 437-49

Kobayashi, T. (2003) The replication fork barrier site
forms a unique structure with Foblp and inhibits the
replication fork. Mol. Cell. Biol. 23, 9178-88.

43


















FOR BASIC BIOLOGY

being analyzed.

Land plants are believed to have evolved from a
gametophyte (haploid)-dominant ancestor without a
multicellular sporophyte (diploid plant body); 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,
gametophytic MADS-box genes were screened using
macroarray analyses for 105 MADS-box genes found in
the Arabidopsis genome (Kofuji et al. 2003). Eight
MADS-box genes were predominantly expressed in
pollen, male gametophyte, and analyses of their
function are in progress by a team directed by N. Aono.

VI. Evolution of life cycles

The mosses and flowering plants diverged more than
400 million years ago. The mosses have haploid-
dominant life cycles, while the flowering plants are
diploid-dominant. The common ancestors of land plants
are inferred to have been haploid-dominant, suggesting
that genes used in the diploid body of flowering plants
were recruited from the genes used in the haploid body
of their ancestors during the evolution of land plants.

To assess the evolutionary hypothesis that genes used
in diploid body of flowering plants were recruited from
the genes used in haploid body of the ancestors, a team
directed by T. Fujita constructed an expressed sequence
tag (EST) library of Physcomitrella, and T. Nishiyama
mainly worked on the comparison of the moss
transcriptome to the genome of Arabidopsis. We
constructed full-length enriched cDNA libraries from
auxin-treated, cytokinin-treated, and untreated
gametophytes of Physcomitrella, and sequenced both
ends of more than 40,000 clones. These data, together
with the mRNA sequences in the public databases, were
assembled into 15,883 putative transcripts. Sequence
comparisons of Arabidopsis and Physcomitrella showed
that the haploid transcriptome of Physcomitrella
appears to be quite similar to the Arabidopsis genome,
supporting the evolutionary hypothesis. Our study also
revealed that a number of genes are moss specific and
were lost in flowering plant lineage. Our full-length
cDNA library will be a good resource for functional
genomic studies in plants. Our EST data together with
some information on the moss is open to public at
PHYSCObase (http://moss.nibb.ac.jp).

VII. Molecular mechanisms of speciation

Reproductive isolation is the first step in speciation.
To obtain insight into reproductive isolation, several
receptors specifically expressed in the pollen tube are
being studied to screen for the receptors that are
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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.

VIII. Phylogenetic analysis of land plants

We determined the complete nucleotide sequence of
the chloroplast genome of the leptosporangiate fern,
Adiantum capillus-veneris L. (Pteridaceae) as a
collaboration work with P. Wolf and C. Rowe from
Utah State University (Wolf et al. 2003). Phylogenetic
analysis of basal land plants using the sequence is in
progress by T. Nishiyama. Many unusual start codons
and internal stop codons were found, suggesting that
extensive number of RNA editing exists in the genome.
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The neutral theory of molecular evolution, the basic
theory for explaining evolutionary changes at the
molecular level, claims that most evolutionary changes
at the molecular level are caused by random drift of
neutral mutants. This is sharply contrasted to the
evolution at the organismal level, where it is generally
thought that natural selection is the major driving force
by which evolutionary changes occur. How can we
explain the evolutionary changes at the two levels in a
unified way. This is the major problem that remains
unsolved for molecular evolutionists. As a first step for
understanding the final problem, we are investigating
relationships of evolutionary diversifications between
molecular and organismal levels, based on molecular
phylogenetic approach.

I. Divergence pattern of animal gene families and
relationship with the Cambrian explosion

In multicellular animals, a variety of gene families
involved in cell-cell communication and developmental
control have evolved through gene duplication and gene
shuffling, basic mechanisms for generating diverse
genes with novel functions. Each of these animal gene
families is thought to have originated either from a few
ancestral genes which are shared with plants and fungi
or from an ancestral gene created uniquely in animal
lineage. The major groups of bilateral animals are
thought to have diverged explo-sively at or prior to the
Vendian - Cambrian boundary. No direct molecular
evidence has been provided to date as to whether the
Cambrian explosion was triggered by a dramatical
increase in the number of genes involved in cell-cell
commu-nication and developmental control either
immediately prior to or in concert with the Cambrian
explosion.

A molecular phylogeny-based analysis of several
animal-specific gene families has revealed that the gene
diversification by gene duplication occurred during two
active periods interrupted by a long intervening
quiescent period. Intriguingly, the Cambrian explosion
is situated in the silent period, indicating that there is no
direct link between the first burst of gene diversification
and the Cambrian explosion itself. The above result also
suggests the importance of gene recruitment as a
possible molecular mechanism for morphological
diversity.

To understand a possible origin of animal-specific
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gene families, we have carried out cloning and
sequencing of genes related to the animal-specific
protein tyrosine kinase (PTK) genes from
choanoflagellates, a group of unicellular plotists known
to be the closest relatives of multicellular animals.
Many PTK related genes including both the receptor
and non-receptor type genes have been identified, some
of which are likely to be orthologous to animal PTKs. A
molecular phylogenetic tree of the PTK family
members including those from animals and
choanoflagellates showed an unexpected pattern of the
PTK gene family: Most gene duplications that gave rise
to different PTK subfamilies recognized in all animal
groups occurred at very ancient times before the
divergence of animals and choanoflagellates.

II. The origin of land vertebrates and
evolutionary relationships among the
coelacanth, lungfishes, and tetrapods based on
nuclear DNA-coded genes

The phylogenetic relationships among tetrapods and
two living groups of lobe-finned fishes, the coelacanth
and the lungfishes are still unsolved and debated,
despite many studies based on morphological and
molecular data. Recent analyses based on complete
mitochondrial sequences resulted in confusing
phylogenetic trees, which are obviously inconsistent
with generally accepted trees. To resolve this difficult
phylogenetic question at statistically solid bases, we
have cloned and sequenced ten nuclear DNA-coded
genes from fourteen major groups of vertebrates,
including the coelacanth and the three lungfish species.
These sequences, together with sequences available
from databases, have been subjected to phylogenetic
analyses based on the maximum likelihood (ML)
method, using a cyclostome and a lancelet as an
outgroup. The obtained ML tree supports the close
association of the coelacanth and the lungfish,
suggesting that the coelacanth and the lungfish equally
closely related as sister groups of tetrapods.
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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 (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 ez 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-Ix71-TP with a MaiTai
laser) and a microbial photomovement analyzer
(WinTrack2000/Ecotox) efc. 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
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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 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 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 P1 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 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 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-
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 devoted to the topic of
stress resistant transgenic plants.
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In addition to these developments, we are also trying
to apply the computational methods to real data
analyses, especially to the comparative genomics with
some closely related organisms. In collabolation with
Dr. Takami's group (JAMSTEC), we are comparing
genomic sequences of some Bacillus-related organisms
that live in several different environmental conditions.

2. 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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TECHNOLOGY DEPARTMENT

Head: HATTORI, Hiroyuki

Common Facility Group

Chief : FURUKAWA, Kazuhiko

Reseach Support Facilities
HIGASHI, Sho-Ichi (Unit Chief) <Large Spectrograph>
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)
HARADA, Miyuki (Technical Assistant)

Center for Analytical Instruments
MORI, Tomoko (Unit Chief)
MAKINO, Yumiko
TAKAMI, Shigemi
MORIBE, Hatsumi (Technical Assistant)

Transgenic Animal Facility
HAYASHI, Koji (Subunit Chief)
YAMAMOTO, Mamiko (Technical Assistant)

Disposal of Waste Matter Facility
MORI, Tomoko (Unit Chief)
FURUKAWA, Kazuhiko

Radioisotope Facility
MATSUDA, Yoshimi (Unit Chief)
SAWADA, Kaoru (Subunit Chief)
IINUMA, Hideko
ITOH, 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 commeon research facilities and
the other, the Research Support Group, which assists
the research activities as described in individual reports.

Technical staffs participate, through the department,

Research Support Group

Chief : KOBAYASHI, Hiroko

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

Developmental Biology Group
TAKAGI, Chiyo
OKA, Sanae

Regulation Biology Group
YAMAGUCHI, Katsushi
TAKEUCHI, Yasushi

Gene Expression and Regulation Group I
TANAKA, Sachiko (Unit Chief)
MOROOKA, Naoki

Gene Expression and Regulation Group Il
OHSAWA, Sonoko (Unit Chief)
SUMIKAWA, Naomi

Integrated Bioscience Group
MIWA, Tomoki (Unit Chief)
MIZUTANI, Takeshi
UTSUMI, Hideko
NODA, Chiyo
KONDO, Makiko (Technical Assistant)

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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CENTER FOR INTEGRATIVE BIOSCIENCE
(jointly managed by NIBB)

Chairperson: KITAGAWA Teizo

DEPARTMENT OF DEVELOPMENT, DIFFERENTIATION AND REGENERATION
DIVISION OF DEVELOPMENTAL GENETICS
DIVISION OF MOLECULAR & DEVELOPMENTAL BIOLOGY
DEPARTMENT OF BIO-ENVIRONMENTAL SCIENCE
DIVISION OF BIO-ENVIRONMENTAL SCIENCE
DIVISION OF PLANT DEVELOPMENTAL GENETICS
DIVISION OF BIOINFORMATICS

The center is jointly managed by NIBB and two other institutes in
Okazaki, IMS (Institute for Molecular Science) and NIPS (National
Institute for Physiological Scienées). The following projects will be the
main focus of the center: 1) Development, Differentiation and
Regeneration. 2) Strategic Methodology. 3) Bio-Environmental Science.
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DIVISION OF BIOINFORMATICS

Professor (Adjunct): NAKAMURA, Haruki

(Osaka University)

The aim of this laboratory is structural bioinformatics
covering molecular modeling and design of proteins
and other biological macromolecules: Development of a
new database, eF-site, for protein surface geometry with
the physicochemical properties, and identification of
protein functions using the database, and Development
of new algorithms and softwares for large scale
simulation calculations by parallel computers to
examine free energy landscapes of biomolecular
systems. A new hybrid method of Quantum Mechanics
and Molecular Mechanics has also been developed for
analysis of the electronic state in biological
macromolecular systems.

75
Publication list:

Kinoshita, K., Nakamura, H. (2003) Protein informatics
towards function identification. Curr. Opin. Struct. Biol.
13, 396-400.

Kinoshita, K., Nakamura, H. (2003) Identification of
protein biochemical functions by similarity search using
the molecular surface database, eF-site. Protein Science,
12, 1589-1595.

Kim, J. G., Fukunishi, Y., Kidera, A., Nakamura, H.
(2003) Determination of multicanonical weight based on
stochastic model of sampling dynamics. Phys. Rev. E
68, 21110.

Fukunishi, Y., Mikami, Y., Nakamura, H. (2003) The
filling potential method: a method for estimating the
free energy surface for protein-ligand docking. J. Phys.
Chem. B, 107, 13201-13210.

Fukuda, I., Nakamura, H. (2003) Deterministic generation
of the Boltzmann-Gibbs distribution and the free energy
calculation form the Tsallis distribution. Chem. Phys.
Lett. 382, 367-373.









http://www.nibb.ac.jp

Nishigonaka 38, Myodaiji, Okazaki
444-8585 Aichi, Japan

(238G Printed on 100% Recycled Paper



