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The life sciences are entering a new era where rapid discoveries are pushing the boundaries of our understanding further and further. Now, the 3 billion bases in the
human genome can be read within a few days; the structure and dynamics of various molecules can be visualized inside a cell; and the revelation of the mechanisms
driving our immune system, cell development and differentiation, and neural growth have reshaped the field. Much of this is due to incorporating techniques from
physics and engineering into the more traditional techniques used in the biological and medical sciences, which has enabled new experimental methods and models
to advance our understanding of complex biological systems.

Osaka University, seeking to continue its strong work in bringing industry and academics together to push interdisciplinary research, founded the Graduate School
of Frontier Biosciences (FBS) in 2002, assigning it the task to be a leader in research by incorporating more of the quantitative sciences in order to sprout a new
interdisciplinary approach to the life sciences. Our latest major plans involve two large-scale collaborative projects: one with the National Institute for Communication
Technology and the Advanced Telecommunication Research Laboratory to start a new line of research on brain-machine communication technologies; and the
other with the new RIKEN Computational Systems Biology center. The ultimate goal being to understand how information is transmitted within a living organism,
beginning with single molecules up to and including the brain for the purpose of building energy efficient machines and more advanced medical treatments.

To achieve our goal, we have brought together faculty and students from a wide variety of scientific backgrounds. The education system at the FBS is organized
to promote interaction between different laboratories in order to promote new, unique ideas to one’s own research. The Global COE program (2007-2011) is a symbol
of our endeavor, as it allows us to push this vision further by providing broad scientific experiences and training in an international environment, all for the purpose
of pushing the boundaries of life sciences research. Our graduates have not only become academic leaders, but have also moved on to take leading roles in the
industrial community, including pharmaceutical, food, semiconductor and environmental technologies.

Life has always instilled curiosity in people of all ages. This is the charm of doing life sciences, as it allows one to indulge in questions that are of interest to
everyone. It is hoped that one’s time here allows them to not only advance their research but also themselves. It is with this attitude that the FBS expects to make
the next generation of scientific leaders.
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Graduate School of Frontier Biosciences
Osaka University
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Cell motility and protein export are basic cellular activities
that are supported by intricate mechanisms of self-assembly,
conformational switching, force generation and energy
transduction by macromolecular assemblies. They are
dynamic nanomachines for which individual atoms are used
for the structural and functional designs and therefore work
at very high precision, even with energy at the thermal noise
level. We develop and use methods of x-ray diffraction,
electron cryomicroscopy and image analysis, and single-
molecule nanophotometry and physiology to analyze the
structures and dynamics of these molecular assemblies and
unravel these mechanisms, which hopefully leads to future
nanomachine designs and nanotechnology applications.
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Many bacteria move by rotating
helical propellers with rotary motors
at their base with a rotation rate at
around 20,000 rpm.
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The flagellar motor is a nanomachine
made of many different proteins. The
proton motive force across the cell
membrane is the energy source of
torque generation.

»» http://www.fbs.osaka-u.ac.jp/labo/09a.html
»» http://www.fbs.osaka-u.ac.jp/eng/labo/09a.html
»» http://www.fbs.osaka-u.ac.jp/labs/namba/npn/
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In our retina, there are two types of photoreceptors, rods and
cones. The photoresponse characteristics differ in rods and
cones from at least two aspects. One is the light-sensitivity: it is
very high in rods so that they can detect a single photon, but in
cones, it is 100-1000 times lower. For this, rods mediate twilight
vision and cones daylight vision. The other difference is the
response time course: it is much briefer in cones than in rods.
For this, our vision is good in daylight to see objects moving
rapidly but not in dim light. We study the mechanism
characterizing the rod and cone responses. We also study the
vesicular transport mechanism in photoreceptors which are
known to be highly polarized.
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(Left) An isolated carp rod and cone. (Upper right) Family of
photoresponses elicited by various intensities of light flash. (Lower right)
Intensity-response relations.

»» http:/www.bio.sci.osaka-u.ac.jp/bio_web/lab_page/kawamura/
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It is well known that post-translational modifications as well as
binding to prosthetic groups are crucial for proper function of
proteins in many cases. We are studying ubiquitin conjugation
and dynamism of iron and iron-prosthetic groups such as heme
or iron-sulfur cluster. In the ubiquitin research, we are
analyzing the mechanisms underlying timely and selective
ubiquitin conjugation to substrates and its pathophysiological
roles. Iron is an essential nutrient, at the same time it is toxic
when excess. We are also studying intracellular dynamism of
iron and iron-prosthetic group, regulation of cellular iron
metabolism and roles of perturbation of iron metabolism in
diseases.
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Identification of a ubiquitin ligase
5 complex which assembles a novel head-
HOIP ) E2 to-tail linear polyubiquitin chain.
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Cells regulate iron metabolism by sensing the

availability of iron via heme or Fe-S cluster, which s .
are generated in mitochondria. . -
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In eukaryotic cells, cell functions are maintained through the
continuous nucleocytoplasmic traffic of a variety of
macromolecules such as proteins and RNAs via the nuclear
pore complexes. We focus on the biological significance of the
nucleocytoplasmic signaling network. We are now
investigating the molecular mechanism of nucleocytoplasmic
transport of proteins, nuclear export of mRNA, and
intracellular localization of mRNA and intracellular signaling
between the synapse and the nucleus in neurons. Currently,
we are trying the live imaging of intracellular signaling,
especially in neurons. In addition, we are analyzing the
functional organization of the biologically significant nuclear
architectures.
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Nucleo-cytoplasmic transport is mediated by transport factors (importin,
exportin, TAP etc) and Ran.

»» hitp://www.anat3.med.osaka-u.ac.jp/
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Our group focuses on two principal problems of animal
development: how cells differentiate into such diverse cell
types, and how cell differentiation is so finely coordinated in a
spatio-temporal order. Our investigation of early neural and
sensory organ development indicates that a group of
transcription factors, e.g, SOX, Pax and POU factors, interact
pair-wise and produce combinatorial codes for selecting a set
of genes to activate and, thus, for determining the cell type to
differentiate. The genes for these transcription factors are
furnished with an array of enhancers that individually
respond to heterogeneous extracellular signals and, in
consequence, organize cell differentiation in a particular order.
This research effort should also provide a strong basis for
regenerative medicine currently being exploited.
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SOX2 regulates different sets
R - of target genes depending on
its partnering factors.
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Heterogeneous activities of region- ‘
specific enhancers (green) of Sox2,

pieced together for uniform neural l
expression (purple).

»» http://www.fbs.osaka-u.ac.jp/labo/01a.html
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The cell nucleus provides a physical framework for genetic
activities of the chromosome, and yet dynamically changes its
organization to achieve the functions. As cellular functions are
achieved by orchestrated interactions of a number of proteins, it
can be essential to observe their behaviors in living cells. By
using microscopic imaging in conjunction with molecular
genetic approaches, we try to understand functional
organization of the nucleus within a spatial and temporal
context of the cell.

A% I OEEIBMY RE T 3 - DREN LG 2 1RHET 5, BIFIHHROR
BIE, 7/ L DNA O—RcEFI 2 Th <, MO =RHEEOH
THIEEh, RCYT / LGSR, SHEEDRL 2% EY H T,

The cell nucleus provides a physical framework for genetic activities. Genetic
activities are regulated not only by the DNA sequences alone but also by the
spatial and temporal context of the nucleus, generating differentiated cells
from the same genome.
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Laboratory of Stem Cell Pathology
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Prof. Toru Nakano
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Epigenetic regulation defined by the gene regulation without
alteration of DNA sequence plays critical roles in cell
differentiation and development. The epigenetic regulation
mainly consists of DNA methylation and histone modifications.
Recent advances of the field have verified the importance of
the regulation in various aspects of not only physiological
phenomena but also diseases such as cancer and metabolic
syndrome. Our major goal is the elucidation of the molecular
mechanisms of DNA methylation in differentiation and
development. We are especially concentrating on the
involvement of small RNAs in transcriptional gene silencing
and the global demethylation in the early embryos.

ES #ifa 5 MM DA EFEE
ES#ifax X hOV#ifg & HEREET
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In vitro differentiation from ES cells
to blood cells

TR DBEAME
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De-differentiation of germ cells

»» http://www.fbs.osaka-u.ac.jp/labs/nakano/
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Kokoro-Biology Group
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Our investigations are aimed toward understanding the
biological mechanisms underlying the generation of brain
function (KOKORO). The generation of brain function occurs
through genetically programming as well as by acquisition
via environmental stimuli during brain development. Studies
in our laboratory focus on the identification of molecular
groups that regulate neuronal diversity and organization. We
hope to employ these molecules in order to understand the
biological mechanisms involved in neural circuit generation
and reorganization, as well as memory, emotion,
consciousness and mental disorders. Using mouse
developmental technology, we examine gene diversity, gene
regulation, cellular interaction and neural network formation
for generating brain function at the individual level.

B FSEPTE  Fer CNR 773U —I3, REEROZH
= {kAFECTHY. ¥/ LLTHEET
s TIZAL—EWHRL T3,
CNR/protocadherin families are
diverse genes in the brain system.
oy The genes are constituted with gene
""" L clusters in the vertebrate genomes.

1&Eh. EEBICH D DB EIEREE
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Using gene-converted mice, we are
examining gene information for
regulating emotion and memory.
Figure shows behavior analysis for
memory.

»» hitp://www.fbs.osaka-u.ac.jp/labo/06a.html
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Laboratory of Pattern Formation

wiim WTHE %%
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Our aim is to understand the “logic” of animal morphogenesis

by the combination of molecular biology and mathematical
analysis. The most fascinating point in the animal development
is the autonomy of morphologic processes. Many important
molecules functioning in the process were already isolated.
However, they are just the parts of the mechanism. In 1952, a
British mathematician, Alan Turing presented a hypothetical
mechanism called reaction-diffusion system that can generate
some positional information as the “wave” of combinatorial
chemical reactions. Existence of such wave was found by us
(1995) in the skin of tropical fish. Our temporal attempt is to
identify the molecular identity of the Turing Pattern in the
zebrafish skin and to find another example of the Turing
Pattern that functioning in the process of morphogenesis.

long-range
negative feedback

2R
*:I S 4 o e

short-range
positive feedback

Y7771y 21 DERMIREICIE. EORO&
DEMEEERAN HBZ ENERTRINTVE
To COBREHATRLYI2L—Y32T3
EABFOBEEEE FATEIEN TEET, ”
Shown above is the interaction network of
pigment cells in zebrafish. Simulation of the
network can predict the dynamical movement
of the pattern induced by artificial disturbance.
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Laboratory of Intracellular Membrane Dynamics
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Eukaryotic cells are equipped with the intracellular traffic
network, by which a variety of macromolecules
intercommunicate busily among organelles. The traffic is
executed by the proteins-regulated dynamic membrane
movement, so-called “membrane traffic”, which is involved in
diverse biological activities from cellular viability to the higher
functions such as immune or nervous system. We aim to
unravel molecular mechanisms and physiological roles,
especially in diseases, of two mysterious membrane traffic
routes, autophagy and the endocytic pathway, by using
multiple methodologies of molecular cell biology and
biochemistry.

A2TULP STy 7D “A—-FR
<y 7

The “road map” of membrane
traffic.
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The autophagosomal membrane is
engulfing the invading bacteria. The
sequestered bacteria are transported
into lysosomes to be degraded.

»» http://www.biken.osaka-u.ac.jp/lab/cellreg/
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Laboratory of Developmental Immunology
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Prof. Toshio Hirano
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Our aim is a better understanding of the underlying
molecular mechanisms that determine the fate and responses
of immune cells, which are regulated by extracellular
signaling through cell to cell interactions and/or soluble
factors such as cytokines. The specific research topics in our
laboratory are 1) clarification of the roles of cytokines, zinc
and zinc signaling in immune responses including
autoimmune diseases and allergic responses and 2)
clarification of the signaling mechanisms of zinc and
cytokines. Zinc is an essential nutrient and required for many
enzymes and transcription factors for their activity, but it has
not been considered as a signaling molecule, like calcium. We
found that zinc acts as a signaling molecule lately and are
making a great effort to clarify the molecular mechanisms of
the zinc signaling at present.

E= L A a2—0O4% 2 6 DERL—TIEERMHRICHTE
. | ETB3NITNPRET D LACRBRBERET 2.

Over-drive of IL-6 amplifier induces autoimmune
| diseases.

FMT L IAR—%—Zip13 &
BMP/TGFb {5 (Z AN Smad %
FOEMEEHHE L TREEEBOES
HER- TV D,

A zinc transporter Zip13 regulates
the homeostasis of connective
tissues via controlling of Smad
activation.

»» http://www.med.osaka-u.ac.jp/pub/molonc/www/index.html
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Developmental Genetics Group

iz 7BH 185

Prof. Hiroshi Hamada
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My lab is interested in molecular and cellular mechanism of
mouse development. In particular, we focus on 1) generation
of morphological asymmetries such as left-right asymmetry
and anterio-posterior body axis formation, 2) regulation of
organogenesis by retinoic acid, 3) pluripotency of embryonic
stem cells, and 4) role of novel secreted factors in
neurogenesis. We wish to address these problems by
employing genetic and biochemical approaches as well as
biophysics and theoretical biology.

ZHEESHBYYXRIIH TS
Lefty2 @Iz F DAEBAIEN 4 FIE,
ERDHTRBEL TW3,

Left-right asymmetric expression of

Lefty2 in the mouse embryo at
embryonic day 8.0.

GFP-Nodal ER& % / — FTHRET
B3rhILATVIZYITIR,
Transgenic mouse embryo expressing
GFP-Nodal protein in the node.

»» hitp://www.imcb.osaka-u.ac.jp/hamada/
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Human Cell Biology Group
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Prof. Kiyoji Tanaka
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DNA carrying genetic information is constantly challenged by
various damaging agents from exogenous and endogenous
origin, leading to cell death and mutations, and to aging and
cancer. Every organisms acquired versatile and complex DNA
repair mechanisms to maintain the genetic information. We
are interested in the molecular analysis of DNA repair
network, and in the pathogenesis of human genetic disorders
which have a defect in DNA repair network such as
xeroderma pigmentosum, Cockayne syndrome, UV sensitive
syndrome and Fanconi anemia. Our goal is to elucidate how
human life is protected from various DNA damage.
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BRULEE G (XPG) EAHEIR. &5 - BERT TFIIH ERELBEHR
&R L. TFIH OREL. Z0BEEELICEET 5, aREREECIT
1 AEERHE ST 25 XP-G/CS BE T, TRIHPAREE &Y. AL+
T2 —DFEMHEPEZ 5T, CSHEENRBICERT 2 & ERET 3,
Xeroderma pigmentosum group G protein (XPG) forms a stable complex with
TFIIH. XPG mutations in XP-G/CS patient prevented the association with
TFIIH, and resulted in the dissociation of CAK and XPD from the core TFIIH. As
a consequence, transactivation of nuclear receptors was disturbed, indicating
that the clinical features of XP-G/CS are due to transcriptional abnormality.

»» http://www.fbs.osaka-u.ac.jp/labo/03a.html
»» http://www.fbs.osaka-u.ac.jp/eng/labo/03a.html
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The establishment of compositionally distinct fluid
compartments by various types of epithelial and endothelial
cell sheets is crucial for the development and function of most
organs in multicellular organisms. Specified mechanisms are
required for highly organized cell adhesion to create two-
dimensionally arranged cell sheets. These mechanisms are
thus essential for morphogenesis of the multicellular system.
Cell-cell adhering junctions primarily including cell-cell
adherens junctions (Adherens J.) and tight junctions (Tight J)
are now believed to be directly involved in this mechanism.
Our current research is aimed at analyzing the molecular
bases for the epithelial sheet formation through cell-cell
adhesion and also for the function of apical membranes,
common and/or specified in various organs.
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»» http://www.fbs.osaka-u.ac.jp/labs/tsukita/
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Visual Neuroscience Group
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Developmental Neuroscience Group
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Cognitive Neuroscience Group
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Cellular and Molecular Neurobiology Group
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Prof. lzumi Ohzawa
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The long-term objective of our research is to elucidate how
the visual part of the cerebral cortex analyzes information
that enters through the two eyes. By using advanced visual
stimuli, recordings responses of multiple single neurons and
optical imaging techniques, neural mechanisms for visual
perception located within and beyond the primary visual
cortex are analyzed. Since vision is an active process in which
humans and animals move their eyes and capture selected
visual information, joint understanding of both the sensory
and oculomotor aspects is essential. For this reason, we are
also conducting research on oculomotor control mechanisms

and learning.

REMBRIMED 2D DRE S X7 L
Data acquisition and experiment control system for studying responses of
visual neurons.

»» http://ohzawa-lab.bpe.es.osaka-u.ac.jp/
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Higher brain functions relies upon information processing by
neuronal circuits. Individual neurons are connected by axons
that form synaptic connections with appropriate postsynaptic
cells in appropriate locations in the nervous system.
Establishment of correct neuronal circuits is therefore crucial
for achievement of proper brain functions. During
development, neurons have to migrate from their site of origin
to correct positions whereby they are innervated by
presynaptic axons. By developing brain tissue culture
preparations that can faithfully recapitulate cell migration and
neuronal circuit formation as well as live imaging of these
dynamic events, we are studying molecular and cellular
mechanisms for development of the brain, in particular,
neuronal migration and axon pathfinding.

FERDAREE DR ()
Neural stem cells in the cerebral wall
(green)

Khsi & BEROIEIENE= 2 —O >
Migrating interneurons in the
cerebral cortex

»» http://square.umin.ac.jp/murakami-lab/
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We study the neural mechanisms underlying visual
perception and recognition. No retinal image can ever be
reproduced exactly, because our visual world is forever
changing, from moment to moment. Retinal images change
owing to many factors including changes in illumination and
vantage point, or motion and articulation of objects. The
retinal image also lacks a large part of information along the
depth direction. The retinal image is thus changing and
imperfect in many ways, and yet based on visual information
conveyed by the retina, our brain is able to perceive and
recognize objects, people, and scenes. We focus our attention
on the “ventral visual cortical pathway”, which is responsible
for object recognition. We are interested in how the visual
information from objects is processed along this pathway, and
what neuronal architecture supports this function.

TREEREICH T2 27 LEE
MAEDBEICEDIHBERROREEE TH 2 TREEFEICH VT,
184 DM T B L EFRBERICRIE L. ZORIST 2 RERMAFHIC
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Columnar organization of the inferior temporal cortex.

»» http://www2.bpe.es.osaka-u.ac.jp/
»» http://www.fbs.osaka-u.ac.jp/labo/19a.html
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We are interested in how neuronal connections are formed
during development of the brain. It has been suggested that
fundamental patterns of neuronal circuits are established by a
precise developmental program, whereas fine connections are
modified by electrical activity which consists of spontaneous
firing and evoked neural responses. We are exploring the
cellular and molecular mechanisms that underlie these
processes, focusing on neocortical connections. The present
investigations are as follows. 1) Searching for the genes that
are expressed in a layer-specific manner and analysis of their
possible functions. 2) Axonal branching in an activity-
dependent manner and its possible molecular mechanism.

i
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»» http://www.fbs.osaka-u.ac.jp/labo/20a.html
»» hitp://www.fbs.osaka-u.ac.jp/eng/labo/20a.html
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One of the most important functions of the brain is memory.
New memory is assumed to be established through the
formation of new neural connections following a new
experience. This is called the synaptic plasticity. Although
the mechanism of short-term plasticity (lasting for minutes-
hours) became rather well understood in recent decades, that
of long-term plasticity (lasting for more than days) remains
il nearly unanalyzed. Using cultured brain preparations, we
found recently that the repetitive application of the short-
term-plasticity-inducing stimulus (i.e. stimulus that activates
protein kinase A) provoked the long-term plasticity, the
cellular mechanism of which is under our present pursuit.

7y MEE (KREEO—8) Y1k 0iE
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Cultured slices of the rat hippocampus
(a part of the cerebral cortex),
prepared from 1W neonates and
maintained for 2W.

BEY R ORGEFIEMEG
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Dark field micrograph of the cultured
hippocampal slice, stimulated and
examined for the long-term changes.

»» http://www.fbs.osaka-u.ac.jp/jp/seminar/21a.html
> hitp://www.bio.sci.osaka-u.ac.jp/io_web/lab_page/ogura/index.html
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Organisms respond to various stimuli from environment and
the response ceases with adaptation to new environmental
condition. Such process consisted of stimulus reception,
response and adaptation occurs on the individual cells. Our
group is using sensory receptor cells, culture cells of tissue,
unicellular organism Paramecium and plant cells, and
studying molecular dynamics of the cellular components that
are included in the process of reception, response and
adaptation.

HREEOETILE L TORE - REOKRE >4 —

»» http://www.fbs.osaka-u.ac.jp/labo/22a.html
»» hitp://www.fbs.osaka-u.ac.jp/eng/labo/22a.html
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M Pattern Formations in Nonequilibrium Systems

We study the mechanisms of order formation processes in
Belousov-Zhabotinskii reaction, density oscillator, colloidal
crystal, liquid crystal, and egg cleavage from experimental
and theoretical approach.

B Laser Spectroscopy of Macroscopic Fluctuations in Liquid
and Soft Mode

We investigate the dynamical properties of disordered
material such as liquids and the soft mode behaviors in phase
transitions by means of linear and nonlinear spectroscopy.

M Structural Coloration ins Nature

In nature, tremendous nanostructures are created through
self-organization processes, which interact complicatedly with
light to produce various chromatic effects. We investigate
these phenomena from a physical standpoint.

b
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Pattern Formation under abrupt temperature change in cholesteric liquid
crystal

»» http://mph.fbs.osaka-u.ac.jp/

Nano-Biophotonics Group
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Prof. Yasushi Inouye

FI)Frouv—nN4tn
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TwE§, &I TEGRE)5O6E%Z A L7z DNA
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We carry out research on nano-biophotonics, a new research
field that spans the fields of nanotechnology, biology and
photonics. We develop techniques to observe living cells and
biomolecules with ultra-high spatial-resolution and sensitivity
by utilizing emerging nanotechnology such as scanning probe
techniques and non-linear photonics. Nanometric analysis of
DNA, molecular imaging and ultra-high sensitive molecular
detection are performed by using surface plasmon resonance.
We are also interested in observation of intra- and intercellular
communication and nanometric sensing of cell membrane
activity by using nonlinear spectroscopy.

EESIE—-L NP OFA—T X
< CRELTEMEE £ WV TERZE L 72 DNA
v 7=, TFZLOHFIRE & ]
#81E L. 15nm DZRRE S HRRE & ZERL.
DNA network observed by using a near-
field coherent anti-Stokes Raman
scattering microscope. Molecular
T vibration of adenine is visualized with the
@ masn el AN M gpatial resolution of 15nm.

Raman Prensity

BRE/INVAL-—H—(CLBMRTFY >
JDFER. MRMERRDOAINS T LA A
BEP LY -RBEHMEERE LTLER
Cell signaling induced by irradiation of ultra-
short laser pulses. The concentration of Ca
ion in a neuronal cell was increased at the
laser irradiation point and propagated.

»» http://www.fbs.osaka-u.ac.jp/labo/25a.html
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Laboratory of Intercellular Communications

ge B HNHZE

Prof. Eisuke Mekada
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P 5 2 1 5 D1 R R B e I 1 & A L 7= R R s
HAZE B M R e Al BB (D W TR 2 1T o T
%o HB-EGF &\ Bl &A1 & 2B 5 B
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AW, ALY, BABEBFNTET, Thooy 8
7 E DL, R L OB, HTLP T o5 TRk
WZOWTHET 2 DTV 5,

Intercellular communication is essential for multi-cellular
organisms. Our studies focus on the intercellular signaling
and regulation of cell growth mechanisms triggered by
growth factors and adhesion molecules. We are particularly
interested in the mode of action and physiological role of
membrane-anchored growth factors and their association
molecules. We are pursuing the following experiments.

(I)Physiological role and mode of action of HB-EGF, a
member of EGF family growth factor

(2)Mechanism for conversion of membrane-anchored
HB-EGF to secreted HB-EGF (ectodomain shedding) by
ADAM family metalloproteases.

(3) Molecular function of tetraspanin family proteins in
plasma membrane.

sy kb l T ENEEREEEN
HB-EGF BIZFICHEEMA T, A7 7 —EDEAA LICHiE HB-EGF
EERTBEYIATIREROEL VBFKE5 ST,

Mice synthesize the soluble form of HB-EGF shows severe hyperplasia in

the skin.

»» http://cell-biology.biken.osaka-u.ac.jp/
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Laboratory of Genetic Engineering

e HE 18

Prof. Hiroshi Nojima

BUAZ AW o MR FE W GRil R 43
2 BT B o BF
78, L ICHRADRILZ
Lats2, Cyclin G, GAK DIfiZLB)
YHINZ B 5 DNA 58S = v 7 K4 ¥ b #iskfk (
OMK) BEF = v 7R ALV B IOMBIBHNCBIF 5%
HOMNAEHIBL TV D, TR ENRE LR
B A HIMBEREOMZE b DTV D, S 51T, MACH
LIS REMLEZIRH LT, BiskE P12 EH50
B, B LR MEZW 2 A7 2 O (HOE
PEEING) LI EMMEMEDRML TS,

We are studying on cell cycle regulation of eukaryotic cells
(mitosis and meiosis), particularly on exit from mitosis and
checkpoint controls such as DNA damage checkpoint and
spindle (centrosome) assembly checkpoint of mammalian
cells using Lats2, Cyclin G and GAK which we previously
discovered in our laboratory. We are also conducting
functional analysis on the meiosis-specific genes of fission
yeast (S. pombe). We also aim to synthesize efficient anti-
metastasis drugs, and construct a novel diagnostic system
using blood cells from autoimmune disease patients, as
examples of the potential industrial applicability of the newly
developed technique denoted as “stepwise subtraction”.

GFP-Lats2 Aurora-A Merge

M H#i% 7 —+ Lats2 I3 Aurora A & & HIZRDEICRET 2.
A mitotic kinase Lats2 colocalizes with Aurora A at the centrosome.

»» http:/www.biken.osaka-u.ac.jprkenkyu/bio/dmg-021208/dmg-021107.htm
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Laboratory of Biocatalysis Science

NG TAduatciSchoollogETonticiBioscicnces, Osaka University

Az oy B
Biomedical Engineering Laboratories
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Laboratory of Protein Synthesis and Expression

iz BIE AT
Prof. Katsuyuki Tanizawa
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Institute of Scientific and Industrial Research, Department of
Structural Molecular Biology, Prof. Katsuyuki Tanizawa

We are studying active-site structures and catalytic mechanisms
of cofactor-dependent enzymes by using various methods,
including site-directed mutagenesis, pre-steady-state kinetics,
spectrophotometry, and X-ray crystallography. Current research
programs are: 1) Biogenesis and catalytic functions of novel
built-in type quinone cofactors. 2) Structural and functional
analysis of bacterial two-component system (TCS) aiming at
development of novel anti-bacterial drugs. 3) Development of the
new method of pin-point gene and drug delivery system using
bionanocapsules derived from hepatitis B virus surface antigen.
4) Structural biology of multi enzyme complex.

X/ CHERENTFARGES
CT7IUBEARBROY YTz
~ DiEE

Structure of amine dehydrogenase
y subunit containing a new

quinone cofactor and crosslinks

W bl
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wiz
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BIEFEHEERNIAS /BT L i
I DRI oy -
Engineering of bio-nanocapsule for *ﬂm.
changing in vivo targeting ability in + B
pin-point gene/drug delivery system w—

»» http://www.sanken.osaka-u.ac.jp/labs/smb/

iz @K EF—
Prof. Junichi Takagi
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Cellular response to the extracellular environment depends
on the “sensing” the extracellular cues by use of the receptor-
ligand system. Binding of ligands to the extracellular domain
of the receptors transduce signals into cells that initiates
various cellular events, ultimately changing the cell fate. Our
study focuses on questions such as how receptors recognize
their specific ligands, how this recognition leads to structural
change in the receptor complex, and how the information
cross the plasma membrane without transporting chemical
entity. Using structural as well as chemical approach, we
would tackle on this difficult problem to obtain insights into
the mechanism of transmembrane signaling. Such
information would eventually be used for drug development
and benefit medical as well as biological research in general.

Lo S BOBMBTRET reelin 0E R
A ;.@:«- T BA A0 X s

; el I_\ i ¥ %, Structure of receptor-binding

A L hA fragment of reelin determined by X-

L ray crystallography (2.0 - resolution).

A XTI AINWABEF 1 —T
DEFRINETTT71—
Electron tomography on an
infectious tubule containing rice
dwarf virus.

»» http://www.protein.osaka-u.ac.jp/rcsfp/synthesis/
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Laboratory of Supramolecular Crystallography

N iz bl B

Prof. Atsushi Nakagawa
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VIEIPRBETHIEICEST
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Macromolecule assemblies, consisting of proteins, nucleic acids,
and other substances, play key roles in all living system. Our
laboratory works on the structure determination of biological
macromolecular assemblies and biological macromolecules
using X-ray diffraction technique. Development of tools for
X-ray crystallography of biological macromolecular
assemblies, including the synchrotron radiation beamline at
SPl'ing-8, is also one of our main works. We are also working
on the “Target Protein Research Program” by the Ministry of
Education, Culture, Sports, Science and Technology in the
fields of the “Technology Development on Structural Analysis”
and the “Targeted Proteins Research”.

SPring-8 DR FHEERENT E —
LT 4> (BL44XU)
Synchrotron radiation beamline for
supramolecular crystallography at
SPring-8 (BL44XU)

—ERMEEEEOSFE 7000 TN
1 XEMET A IV ZDILFEE
Atomic structure of a double-shelled
virus, Rice dwarf virus

> hitp://www.protein.osaka-u.ac.jp/resfp/supracryst/index.html
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Laboratory of Protein Infomatics
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Prof. Haruki Nakamura

RGeS Tl & AE AR
#“F— ¥ X—2 (PDB) DO
% L ® E 1t Z PDB Japan
(PDBj) ¢ L C#EDTED,
EUESB L BT 5 A%
T oW - Wk - MEMEHZ, 57— % X— 2@ & K
HEY I 2L —va Vil X T LT L, Mk
NAFTA VT =T 4 7 AMECL>TTRTF —
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G FyIal—varvEERL, BEAOEEELE
FIRED SN T B DTV 5B,

Our laboratory constructs and manages the international
protein structural database (PDB), and develops the advanced
database, as the PDB Japan (PDB;j). The aim of our laboratory
is to elucidate the relationship between structures and
functions of biological macromolecules, and their mutual
interactions (proteomics) by database analysis, molecular
simulation, and structural bioinformatics. In particular,
analyses for protein-protein, protein-DNA, and protein-ligand
interactions are our main research theme. We are also
developing a hybrid method of Quantum Mechanics and
Molecular Dynamics (hybrid-QM/MM) that is applicable to
the latest super computer system, so as to reveal the
electronic state of the protein active sites for understanding
of precise protein functions.

S—DREFEFI (B) TREN S cellulosomal scaffolding protein A
(PDBID: 2CCL) &. FDUKRY (&) EXEL2DEFET I (B)
TREhdE - 127512 (PDBID: 1TXV)) #, @& THEBIL %
DIV LIEESLEET 30l Ca? 1d, RBOERTRLTWS, UH
S FEEDBEEF — 7 IS T 2 REDMBENEIARICEL > TRES
Nn 7=, (Kinjo, A. R. & Nakamura, H., STRUCTURE, in press.)

Ca?* binding sites of Clostridium thermocellum cellulosomal scaffolding
protein A displayed with the blue ribbon and the ball-and-stick model
with CPK color (PDBID: 2CCL), and of human integrin a -llo with the
red ribbon and with the magenta ball-and-stick model (PDBID: 1TXV).
Green balls show the Ca?* atoms. The Both proteins have very different
folds, but share the common Ca?* binding sites, which are revealed by
our recent comprehensive analysis of the ligand binding motifs in
proteins. (Kinjo, A. R. & Nakamura, H., STRUCTURE, in press.)

»» hitp://www.protein.osaka-u.ac.jp/rcsfp/pi/
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Department of Oncogene Research

weam 2H IXZ

Assoc.Prof. Shigeyuki Nada
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The primary focus of this department is to understand the
functions and regulatory mechanisms of proto-oncogene
products, which play crucial roles in the cell signaling
pathways involved in the development and differentiation of
animal cells. Understanding the critical functions of these
proto-oncogenes would provide insights into the molecular
basis of normal cell development as well as oncogenesis, which
can be considered as an aberrant form of differentiation.
Presently, we are focusing on the proto-oncogenes encoding
protein tyrosine kinases, particularly the Src family of tyrosine
kinases (SFK). SFK is known to be involved in regulating cell-
cell and cell-substrate adhesion and cell migration. Malignant
cancer cells often have elevated SFK activity, suggesting the
potential role of SFK in the progression of cancer metastasis.

(e Tt =]

e

SFK OJEMEHIHEE, C RIHDHIE Tyr v Csk ICE > T > BEEh 3
ERTEME! (Inactive) fi ) VEAMES h 5 &iEME (Primed) (CZEH#T 5,
fmEa AR » 5 ORI (EGF 4 & DIEERF MM~ b v 7 X)
SR, EMEE SFK PR L THENGEEEQED Y VBt %
BLTHRIEEEE

Regulatory mechanism of SFK. SFK activity is regulated by phosphorylation
of its C-terminal regulatory Tyr residue. Phosphorylation by Csk leads to
inactivation of SFK, while dephosphorylation by certain phosphatases
converts SFK into the primed state. Upon stimulation with extracellular
factors, primed SFK becomes functionally activated and exerts its biological
function.

»» http://www.biken.osaka-u.ac.jp/biken/oncogene/index.htm
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Laboratory of Structural Proteomics
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Assoc. Prof. Takahisa lkegami
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Nuclear magnetic resonance (NMR) is a powerful tool for the
analyses of protein structures and dynamics at atomic
resolutions. This group determines the three-dimensional
structures of proteins using NMR, studies dynamics of proteins,
and develops methodology of related NMR techniques. We are
particularly interested in slow dynamics occurring in a micro- to
milli-second time range, which are very important to biological
functions, such as catalyses, folding-unfolding events, and
recognition of other molecules.

- : }ﬂ 800MHz D K FEH% RIS 2 1B 18 & b D%
SRR, BEE S5 LI B0,

WIERREEIED > TV D,

NMR at a proton resonance frequency
of 800MHz, equipped with a cryogenic
probe that can enhance the sensitivity.
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A two-dimensional 1H-15N correlation spectrum of a protein labeled with
15N stable isotope. The interaction region and affinity with a ligand can be
detected from the peak shifts in this titration experiment.

> hitp:/www.protein.osaka-u.ac.jp/rcsfp/structure/nmr/index_jap.html
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Soft Biosystem Group
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SA Prof. Toshio Yanagida
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Biomolecules assemble to form molecular machines and their
collaboration allows the activity of biosystems. Molecular
machines do not overcome but use Brownian noise to operate
with high efficiency of energy conversion. Operation of
molecular machines, however, is not accurate but fluctuates.
“Fluctuation” is a negative factor for man-made machines but
such fluctuating elements are wisely composed so as to form
flexible and adaptive biosystems. The aim of our research is
to develop new technologies such as single molecule nano-
technology to approach the essential engineering principles
of the flexible and adaptive biomachines.

-1}
PFE-F—1EDOH E ATP SO 3FF /EHEE
13FAA=T 2T & fE- RFRITE,

Simultaneous measurements of mechanical and ATPase

events of a single molecular motor using single molecule
imaging and nanotechnology.

HREREARAEOWE £ FHT 3 WEARETF (NGF)
D1HFHEIAA -T2 T,

Single-molecule visualization of NGF that induces
neurite outgrowth of nerve cells.

»» http://www.phys1.med.osaka-u.ac.jp/
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Cellular Biology Group
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Assoc. Prof. Chikahide Masutani
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As a basis for the normal life, it is important to maintain the
stability of genome and replicate it precisely. DNA is
continuously damaged, however, and the DNA lesions
interfere with normal DNA metabolism, especially
transcription and replication, leading to cancer, aging, and
abnormalities in various vital functions. To prevent from the
seriousness, cells have multiple mechanisms to tolerate for
DNA lesions including translesion synthesis in which
unrepaired DNA lesions are replicated by using special DNA
polymerases. We wish to contribute for the comprehensive
understanding of the DNA damage tolerance mechanisms of
human cells.
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Cells have multiple mechanisms to tolerate various kinds of DNA
lesions. DNA polymerase n, the responsible gene product of xeroderma
pigmentosum variant, prevents UV-induced skin cancers by catalyzing
accurate translesion synthesis past UV-induced cyclobutane pyrimidine
dimers.
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Laboratory of Chromosome Function and Regulation

sz A S AR
SA Assoc. Prof. Kojiro Ishii
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On one hand, the chromosome is emphasized to contribute to
a species’ conservation by stably-maintaining the genome
DNA, so-called the blueprint of life. On the other hand, the
chromosome potentially shows ability to accommodate the
structural deficiencies, such as massive chromosome
translocation and foreign element invasion, by actively-
changing its functional framework. The latter ability is
envisaged from the speciation and evolution, and we would
like to elucidate such higher order regulation of chromosome
function. In particular, we focus on the flexible nature of
chromosome reorganization upon crisis, the chromosomal
regulation on the foreign RNA element previously integrated
into the host genome, and the molecular basis of structural
order in the functional cell nucleus.
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Centromere disruption in chromosome | is lethal in fission yeast, but a
genetic assay enables us to identify low frequent yeast survivors that
went through the lethality by the chromosome reorganization.
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Laboratory of Mitochondrial Dynamics
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SA Assoc. Prof. Koji Okamoto
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Mitochondria are energy-converting organelles that act as

“the power plants of the cell”, but also accumulate oxidative
stress due to their own by-products, reactive oxygen species
during electron transport. Numerous studies suggest that
cells employ diverse quality control pathways against
oxidative damage, and that defects in these pathways are
associated with various human diseases. Our group focuses
on “mitophagy”, a mechanism that sequesters and eliminates
mitochondria as whole organelles. We have recently
established a model system to analyze this phenomenon, and
identified a key factor that determines the selectivity of
mitochondrial degradation. The aim of our study is to expand
the current projects, uncovering the molecular basis and
general principle of mitophagy, and elucidating the
physiological function of this degradation process as an
intracellular quality control system.
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The landmark protein Atg32 is induced in response to oxidative stress,
and localized on the surface of mitochondria to recruit Atg8 and Atg11,
two proteins critical for cargo recognition. Atg11 acts as a scaffold for
assembly of other Atg proteins that cooperatively mediate formation of
isolation membranes surrounding mitochondria.
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Laboratory of Immune Regulation

s BN B=
Prof. Tadamitsu Kishimoto

¥ A b h A V3RO ERERE
DMEFRICLIHD S FTH Y,
ERICBWTEE L HZ R/
LTwa, ZhETiZbhbivbi
DOMEETIHIL6 DIEHR. ¥
T F VAREZE D B 5T O
Wi, I ORI 22 &2 W 5 02 L Z OGS I PR P38
DHRIZD DO %D 5720 Z D\ T NF-IL6 25 cytidine
deaminase, APOBEC3G OMEERT-THAZ L 2L
MLy TA ARMOEYE - H e EOWEBOFHi R
FBRICEEZRLS T MEEZ B LoOod b, T25 44
FT vVt 7%— (Ahr) H#STATI EMHBELEHLTHA
MIAYIYTZFNVEREITAZEZRWAL, Ahr 21X
L EFTARNL Ty —I2 X 5 GEHEEER MY %
HigL T3,

Cytokine is one of the most important factors that regulate
the immune system. We have identified the IL-6 signaling
components including IL-6, gp130, NF-IL6, Stat3, SOCS and so
on. On the basis of these studies, we have developed
humanized anti-IL-6 receptor antibody which shows
therapeutic effect on inflammatory autoimmune diseases. We
recently demonstrated that NF-IL6 would be a cellular
inhibitor for cytidine deaminase, APOBEC3G. Now we focus
on the molecular basis of mechanism how IL-6 signals and
NF-IL6 control virus infection and cancer through regulation
of cytidine deaminase activity. We have recently found that
dioxin receptor, Ahr, regulates cytokine signals through
interacting with Statl. Our study focuses to clarify how
nuclear receptors including Ahr regulate immune responses
through regulating cytokine signals.

M APOBEC family IXi#ZFICG>ADERER

] e AU TAVZERDL O S Y 3

T T BET A BEEROSRECRELHY

= . ¥3. APOBEC family H#llBIEET T 5
=_ NF-IL6 &HE&L, ZDEEERD,

Pt APOBEC family inhibits viral replication and
M retrotransposons but induces the diversity of
3 h‘ genomic information and malignancy by

o introducing G — A hyper-mutation in DNA.
el e = However, APOBEC family loses their activity
"H"‘*‘-*'-""':.‘-.t- === by binding to the cellular inhibitor, NF-IL6.

Ahr 1 T #B2ICHWTIL-6 & TGF-
BIC&WFEEEh Stat! £FEELZ
DEEENMH TS ETILT EE
ERELTWD, —AX7OT7—
JIZHEWTAhr lE LPS IC &) FE
& h, Statl EHEMEHETSHZET
IL-6 8 EORFEMEY 1 FHA D
EEEHEL W3,

Ahr participates in Th17 cell differentiation through regulating Stat1
activation. In macrophages, Ahr inhibits LPS-induced pro-inflammatory
cytokines such as IL-6 by interacting with Stat1.
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Cooperation Program
RIET AT N
Immune system

M ATBOEN RIKEN Research Center for
L= Allergy and Immunology

BAvngiz AR —BB  Prof. Ichiro Taniuchi
BAVERE FAEH E£&  Assoc. Prof. Keigo Nishida

RIE T AT L O Z BT 2 2 213, BEY 2T 2O
Lo TRIET IR DEIHERTENEDBDD £ WES X T L
EZOHA H = XL OMPNEMEEE, TLVF—, HOMWE
BRI 2 H 2 R HHEOIIE. 4 b CITHINL MR & 7K
EEL7-0OBMENEZHIEL T E T, FRIC, RERROBE
A A = X RNRRIEFLROTBIR & MEFF, i SR_E SR 513
EAEHRIFRT D 2 RIZFITHB T 2 RAROMEICHIR L T E 5,

Hi st A

Systems Neuroscience

Eﬂigﬁ:i\ﬂ‘ $ 4 Y AW Osaka Bioscience Institute

BAVER g R Prof. Shigetada Nakanishi
BAVWEHE AN FOHE  Assoc. Prof. Kazuo Funabiki

JARERIEZ ORI D e+ v b7 — 2 (RikEmEs) 2B L.
IR ISR AR R O CRIES T2 FT L o THEL TS
LAEZ { OINEERESS T-25H S I S E L7zAs Al i 42 1]
HORAR IR A IEDO LN LR TH L 12D b 5§ 7
BELAWEMHOF EFRERENTVET, COREEBRT 2720,
Wi & St ORI - 2 R OEBN RIS HO BRI 2 R Ly o
MFETE A D AT & NI AIWIRELZSHNT T & 2 KINHLHEAL & /NI Ol
Wl % 2 AFFERT AR O T 2 fJE LIFJEZ D TV 9

H U BRRE TR AR

Protein Function and Bioinformatics

National Institute of
ISR FE T Biomedical Innovation

BAvEE KO BT Prof. Kenji Mizuguchi

BAWEE TIF%R  7FE  Prof. Hiroshi Takemori
BAVERE fh  #E  Prof. Tetsuharu Naka
BAVWHEZEE Shandar Ahmad Assoc. Prof. Shandar Ahmad

[ DR, N TR ERONAL AL VT 4T A9 7 A%
FH L7 RSO D720 O] Fii, Laiikicrrb s
HAGREIZOWT, A OFTEOMESL X O ERAEAMOMEIEH
B B Y b T — 27 OWMA S BACO N HRF 2 Bk L 72
WoezEfmL TV E T,
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ARG RIS ChoolO BETOntieBIOsCich ces, Osaka University

To development innovative therapeutic approaches for
allergies and autoimmune disease, we are focusing on the
elucidation of regulatory mechanism of the immune
system. Beside with the strong focus on the basic
immunology research, we aim to contribute to develop
new therapeutic approaches against allergic disease and
autoimmune disease and new methods that enable to
control harmful immune reactions to cells or tissues
transplanted. We are investigating currently developing
research area in immunology as well as classical
profound unresolved paradigms, such as how the
immunological self and immunological memory is
regulated.

The research project is to explore integrative and regulatory
mechanisms of the neural network, which are a central theme
of neuroscience. The project is directed towards the network
of the basal ganglia and the cerebellum, which are not only
essential for rewarding and aversive learning and motor
coordination but also can be quantitatively assessed with
respect to input/out relationship of information transmission.
Our own novel techniques that allowed reversibly silencing or
eliminating particular neurotransmission in the targeted
network were developed and effectively used in our project.

Our research efforts are towards drug development utilizing
genomics, proteomics and bioinformatics. In particular, we
make intensive use of advanced information science and
study protein families of biological importance, both in terms
of the function of individual proteins and the protein-protein

network.
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ARG RIS ChoolO BETOntieBIOsCich ces, Osaka University

EGREMAROZEL, AIRCOERBE, HHBE. FHEEOMAEDE LIS,
TR, REHE, FEHE. BANVBEOT COMAEZEEZ T ENTEET,

B, HFARBR—LN—-UA,
http://www.fbs.osaka-u.ac.jp/labo/ken-nin.html
http://www.fbs.osaka-u.ac.jp/labo/kyakuin.html
ZSHBL TS,

Iﬁ% T : e Protein Molecular Engineering
(AR SR A A e 2723 B )

T3 fEse

Tt WBICELEYE TS5 U7 ESTITEE L, 20400
T BERE LRI BT 2 BRI & H ISR 24T 5 T %o BE,
ATE R IS S A BN AR, MR o 2 - I S5
LRGN, AT AR RIS RIS 2 A RICEH L, 2
NoOkERE. Bi%. BRI CO VT O A S, M. M4,
BV BORIE X A= XL ZWSPIIL XD EEETT > TWw
%o BT, INLH O HELNEHZINH L, BB
L PBIRHR L IRBREOMEE A L2 D TWwh, hE
T ALEWAZ ) ==V 7V AT A ORSEIORI L. BIE, E3
& LTHEMBRILEMOBRZED TV 5,

Trustee. Takefumi Doi

HEEpE 7R

Graduate School of Science

WA H Y

R L Department of Physics
iz B R JEZRAL Prof. Yasuhiro Akutsu

F & L THREMIISIBILE D S, HRRICBT M4 2 B4 0
WzDE LR WIRTELEFDT) 2ToTwh, [Hh—Fik]
(WP - WEA 2N R) F—<IZmAT, [V 7 bl 57—~ (JE
PR RLIEE) COMIED DTV S,

AR
o TR S5

w2 A AR

BIETERE EMEICHERT 2 2 L I3EMICL > TEDLOTHETH S,
Tt FOEAROMFICBELRISTH 5. Gtttk DNA OB
BT, 5 L7 T + — 7 OF B, I A~ v FBHL Gea kg,
trbaXA TR, TuXTEREOGT A A A LFERNEHIRLT
Wb,

Laboratory of Molecular Genetics
Department of Biological Science

Prof. Hisao Masukata

ERYEE R
ARSIk aR AT RS

Laboratory of Structural and
Functional Analyses on Biomolecules

Prof. Seiki Kuramitsu

iR Bt R

1) BEFREALISE -7 Yy VRN GG ORI
f#dT— (http://www.thermus.org)

2) BB (LFEo Thermus thermophilus HB8) @ DNA 15
TEREHE DS

3) FUNRZHLE (5 2 HomBb. B &)
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We are focusing on the proteins which are closely related to
disease and investigating their physiological functions in
health and disease. One of our goals is to propose novel
mechanisms of metabolic syndrome, thrombocytopenia and
tumor angiogenesis by investigating functions of an
endothelial cell-specific receptor and transcriptional
regulation of nuclear receptors and transcription factors. The
other goal is to establish a novel strategy to cure disease and
develop a novel medicine. We have established a drug
screening system and are now searching useful compounds.
http://www.phs.osaka-u.ac.jp/homepage/b018/

Research field: statistical physics and computational science
http://wwwacty.phys.sci.osaka-u.ac.,jp/index-a.html

Stable inheritance of genetic information is essential for life.
Our research goal is to reveal the molecular mechanisms of
initiation of DNA replication, restart from the stalled
replication fork, mismatch repair, sister chromosome
cohesion, centromere function and telomere replication,
which are required for genomic stability.

http://www.bio.sci.osaka-u.acjp/bio_web/lab_page/masukata/

1) structural and functional whole-cell study of an extreme
thermophile, Thermus thermophilus HB8
(http://www.thermus.org),

2) DNA repair systems of T. thermophilus HB8, and

3) protein engineering.
http://www.bio.sci.osaka-u.acjp/bio_web/lab_page/
kuramitu/index2.html
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Graduate School of Medicine
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Department of Metabolic Medicine

TAHFE—ER

Prof. lichiro Shimomura

A, BERAR. BIRIMAE. RIE. BImVE R, i vo 724k
IHEEROWREIC, ThETHTWEHRL LTELAONTI Lo
TR SRS WM SN D X FEFRNSWNT (7571 B
L A4 Y) PEETHLILERL. ROLDKPEDW L ONIT
EZEBHNEE o TWD, S, JRI7ZZT Th <, MoK T
HHHA - I - NBEE LTS 2 5 b AR ER IS Db 2872
BNSWBNTZHET 5o SIS NN T2 4 L 72 lifes i B o fif
Wl F7BNZR WS L OGN TRl 2 4 LT, A0 I
T HH B OMREE HIET

far B T AR 2 e

JETE B2 Department of Orthopaedic Surgery
WIANEL 2 epartment of Orthopaedic Surgery

wiz &I FH

BRPR T TiE, PR R B B W COEB S ORI 2 47> T
WAA, BIERTIR, 1) N4 F~eFU 7 (EILEEECE 5 AT
M, BEAEOOO NI, NI - 83 - AR oBs. 2)
A= =TT (aRXF 1 v 7 AT, FEF—Ya v T
i) OB%E. 3) - WEEERT OS5 TEWRNEN. 4) B -
g FAERBEOMIE. 5) HRBESOEET - 7 MENT. 6)
B v < F OBIET - BEBER. 7) SEBEEOM., m
TEOMIE R E2 T\, ZOWFER R 2 BB e BRI RIS
T5ZEZHFLTV S,

Prof. Hideki Yoshikawa

A A L PR 22 BT Department of Integrative
i RaA TR Physiology
Prof. Yasushi Okamura

% R R

INF THEBOBLRLE 5OMAMA L LTIiE, AR 0GB B 2
ERIBRT B 237 THDENARGFEA v F ¥ ZAUHBERLH
ONTE TRADVBEIYT ) AL RWRE LM EAZ. 14
VF X ANVOB/MEL V= FAL 2 VIREOBRY VEBbEE%
PrfEonAg 7Y v FRGFC. BAB T EMMA Y 7 F M REIC
VV—95KEEb0, FBEMEIF—F AL v OAELD
VSOP (voltage-sensor only protein) (& fHINL TOMGYEREEEA
b EBUNAKGEETO P Y F X R2 NV ThHD, CNODHTITHH
LG CEEM I T A EN L v ¥ v ZEfER 71 b Vil
RO A HIE — . BVERZEILEAORB LR LICX
D, ShETHBITEINTEZERTORSE T OMAMAZINH S 2
ICF5ZEEHBLTVS,

Department of Molecular
Neuroscience

Prof. Toshihide Yamashita

5 TR

i T BE

BAEZE, I, FREIRGE 7 ZIC X 0 5 & S0 2 AR A R R e
FEE L v HEHIRERASY A7 5 LCHBEIT 57201213,
O & 7 5135 Th 545, HHRMEBRE IR o
B LT Wy, ARFZESE T, Aokl o fd 2 B4
HZRFEOBPIICRY MA, TV ITFYFadf boIz) vHirun
X RN ISR BLT 2 BB OB AEMERAE L Zh 512X D
BRINDHIEN T 7 F Nz fE Lz, WIZ S Ol A e
T 2RO THEEE. Lo 2R, AR o 518
FRICBUIBMRNBEDO Y4 F I 7 AL W) PEICHGN T 7a—F
THALEZLZHIELTWS,
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In developed countries, obesity-related disease, including
diabetes, hyperlipidemia, hypertension, atherosclerosis and
cancer, has become a huge social problem. We revealed that
adipose tissue is an endocrine organ, producing and secreting
various bioactive hormones, conceptualized as
Adipocytokines. Dysregulated production of adipocytokines,
such as adiponectin, leptin, and TNF a , lies upstream of
obesity-related disease. Our current research is aimed at
identifying the new hormonal factors from other peripheral
organs including skeletal muscle, liver, intestine, and
vasculature, and clarifying the significance of each
transcriptional factor in the pathophysiology of obesity-related
disease. Through these basic research, our destination is set
to develop new therapy tackling the human diseases.

http://www.med.osaka-u.ac.,jp/pub/imed2/www/home/toppage.html

Clinically, we have treated the patients with bone and joint
diseases in the Osaka University Hospital. We also have
many research projects as follows: 1) development of new
biomaterials (new joint prosthesis, artificial bone, tendon,
ligament, and meniscus), 2) development of computer-
assisted surgery (robotic surgery, navigation surgery), 3)
molecular biology of bone and cartilage, 4) tissue engineering
for bone and cartilage, 5) gene/genome analysis for bone/soft
tissue tumors, 6) gene/decoy therapy for rheumatoid
arthritis, 7) molecular analysis and treatment of bone
metastasis. Our projects are not limited to basic research,
but aim at clinical applications for treatment of bone and
joint diseases.

Membrane voltage and proton signals are conserved
membrane mechanisms in cells. Voltage-gated ion channels
have been well studied as key molecules for neuronal
excitation and propagation. VSP is a hybrid between voltage
sensor domain and enzyme domain and transduces electrical
signal into chemical signal at membranes. VSOP is a voltage-
gated proton channel that is mainly expressed in phagocytes
such as neutrophils and macrophages. Despite the lack of
apparent ion permeation pathway, it exhibits activities of
proton permeation. Most of cells that express these voltage
sensing proteins have been thought as “nonexcitable” cells. By
studying mechanisms of those proteins, we aim at revealing
novel roles of electrical signals. We also improve a method to
visualize membrane potential by designing a fluorescent
protein probe fused with the voltage sensor domain.

In the adult mammalian CNS, injured axons exhibit very limited
regeneration ability. Due to this lack of appropriate axonal
regeneration, a traumatic damage to the adult brain and spinal cord
frequently causes permanent neuronal deficits. We identified
several axon growth inhibitors in the CNS in the myelin and
immune cells. Downstream of these inhibitors, activation of RhoA
and its effector Rho-kinase has been shown to be a key element for
neurite growth inhibition and growth cone collapse elicited by
these inhibitors. Inhibition of RhoA or Rho-kinase in vivo promotes
axon growth and functional recovery after spinal cord injury. Thus,
multiple axon growth inhibitors seem to contribute to inability of
the injured axons to regenerate, and therapeutic strategy to block
the multiple axon growth inhibitors may provide efficient tools that
produce functional regeneration following injuries to the CNS.
http://www.med.osaka-u.ac.jp/pub/molneu/index.html
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ARG RIS ChoolO BETOntieBIOsCich ces, Osaka University

SR YL ORI IR Al R Department of Microbiology and Immunology,
Rk E) gL Laboratory of Immunodynamics

iz =ik Bz Prof. Masayuki Miyasaka

EROBERIWFETH LY V28R U Vo5, PK. 754 =
Wiz EOMZRZEMN2HEE2Z3 285BI L. ShICXD,
BWoNED) Y RBRZ7u—URNEHon) YoSHlEIC 2
Mmaha b b, MESOEMILELL Y =7 ¥ —Hille. Fif
A, OSSR AT R EL XD IC kb, TOBGITY V5B
=3I vy Xidh, REROEEEMERRB X ORER IS OFE -
HEFRIC I TH Do BhT2Bid. D) VY 8EkG— 3 ¥ 7 D51 HkE
gﬁ}%lxg_‘wf‘lﬂ S, ALWICHIET 2 kBT sI L
HE$ %,
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Graduate School of Medicine

il BE 2 R — B2 Department of Health and Sport
S s A B 2 Sciences, Applied Physiology Group

Prof. Yoshinobu Ohira

58 KF KB

TR E 72 AR OB - BERRIAEE L. BT - RE. Bk,
MG B O FEEE R BB 4 &, BAEIC KIS LCTEILT 52 &
B CHMBENTW S, MO IZEh 2 iRl 288 = 2
— 0 Y OEE BBICHME LTS, UL, Mk - HRoH
AN XBERIBZICAWTH %0 RIEDOWIRICBT L7225 HNO
—lF, MR - BRORE - BB AWM EINGH X HRYIT
Hbo WITIX. WM. MsEsb. Ak - HRonE - BAICE
1} % key factor(s) Dt %2 HR L 72098 d Ehih TH %

e % 4 — Bl
AT R

Department of Cognitive and
Behavioral Neuroscience

Prof. Hiromichi Sato
Assoc. Prof. Satoshi Shimegi

iz AR BE
ERIE A=K

ik X b THMERITEHRLI Y 257 A ThHEH,. BREERLTED
THMEY 7TV 74 LA TRBL CTITEIC KM S & 572012, ZOME
B REIE SN TWD, SHEWDEB L 2SR o gL
BIORELOWmE E WE D, BIFFEE TSR (BURSMI
JERAE, — R 2 &) I2B 2 HHLIL X 7 = X4 )RR =
22— VIGHOMAE A B = XL RSB KON PR 2 Tk
T LT e IMOABERICA ML — MZHZ,

gD e
Graduate School of Dentistry

IR LRl 2 Division of Oral Biology and Disease
171 53~ 5 2 ) 27 e P Control

Prof. Toshiyuki Yoneda

i KH KRz

FATAZANORRALIZ X D, FE. v BYEsSE L, 2hod
ENEE OG~OERED, BRMICKEZMEELT7e—-XTy
TENTVE T, UHETIE, BUEEOTEEOS T X=X A
B L FIEIB T ORI OFRERF OB 7. TR ol
WMEHRE LT, FEEIToTwE T, 72, BB EFWINDS
T-HIEEERE. B X OIS EE R ORI X /= X A OffIZE L
TORIWICHIZEZ 1TV REA O EREIE S OFRICHE VIR L
Tw5, FHEE. ZREEE% R & oREETREICTT 2 4%)
HRBERY T A ERZHELTVE T,
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Lymphocytes continuously travel from the blood to
secondary lymphoid tissues and then return to the blood.
This phenomenon, which is termed lymphocyte recirculation,
is essential for the generation and propagation of immune
responses and ensures the coordinated expression of
immunological functions by the lymphoid tissues in vivo.
While accumulating evidence indicates that this interesting
cellular event is under the tight control of chemokines and
adhesion molecules, how these molecules function in vivo
remains to be fully explored. We focus on the molecular
mechanisms underlying lymphocyte trafficking, hoping to
elucidate efficient methods for the induction of immune
responses toward various pathogens.

http://www.med.osaka-u.acjp/pub/orgctl/www/index-jp.html

It is well-known that the morphological and functional
characteristics of skeletal muscle or fibers are altered in
response to various factors, such as growth and development,
aging, the levels of contractile activities, or environmental
stimuli. The properties of muscle fibers are also closely
related to the characteristics of motoneurons. However, the
regulatory mechanism responsible for the neuromuscular
plasticity is still unclear. One of the major purposes in the
recent studies is to investigate the role of gravitational loading
in the growth and development of neuromuscular system.
Studies have been also carried out to investigate the key
factor(s) for induction of muscle atrophy, fiber differentiation,
or recovery and regeneration of neuromuscular system.

Neural circuitry of the brain is optmized physiologically and
anatomically to achieve the best performance of information
processing which has to be utilized to control behavior. To
clarify the brain strategies, we study underlying mechanisms
of the stimulus-specificity and integration properties of the
early visual system with electrophysiological and
psychophysical experiments.
http://www.vision.hss.osaka-u.ac.jp/index.htm

We are investigating the molecular mechanisms of bone
metastases of malignancy such as breast and prostate
cancers. Particularly, we are interested in the relationship
between cancer cells and bone microenvironment. More
recently, we are attempting to understand the mechanisms of
bone pain associated with bone metastases using molecular
and cellular approaches. We are also studying the molecular
mechanisms of bone metabolisms. In this project, we focus on
investigating the molecular basis of bone formation and bone
resorption, and enchondral ossification. We hope that our
findings provide novel insights into the bone metabolisms and
contribute to develop the new therapeutic agents for bone
diseases.

T2 TERt

Graduate School of Engineering

ﬁ%‘?ﬁ‘ﬂﬂi’ o oY B 22 B Department of Applied Physics

B AIE B8

Prof. Satoshi Kawata

2B OMERIE. FIAF— VORI 270 v OREND T + b
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V=¥, 7z A ML =W —H, 5 TOREB 7 & & B L
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— 7, BEEERY =% BEMOT I MEWEOET - 5T LR
VOB O E HIFL TV E 3,

Division of Electrical, Electronifc and
information Engineering

Prof. Tetsuya Yagi
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Graduate School of Engineering Science
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Department of
Materials Engineering Science

Prof. Masahito Taya
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ELTOFH,

B HE AN B Department of Mechanical Science and
H AR T 24 I8 Bioengineering

Prof. Taishin Nomura
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Professor Satoshi Kawata's Laboratory for Scientific
Instrumentation and Engineering has targeted a diverse range
of research topics at the forefront of applied physics and
biology. The laboratory is now doing some of the world’s
frontier research in photonics, nanotechnology, and bio-related
areas. Laboratory members enjoy a diverse working
environment with regular visiting researchers from around the
world. Topics of research in the laboratory include ultrahigh
resolution microscopy, photonic nanofabrication, photonic
crystals, nanoparticles, laser-induced anisotropy,
photochemistry, live-cell spectroscopy and imaging, and laser-
cell interactions. Bio-related research is carried out jointly with
the Laboratory for Biophysical Dynamics in the graduate
school of Frontier Biosciences.
http://lasie.ap.eng.osaka-u.acjp/

The brain computes the sensory information with a
completely different algorithm/ architecture from the one that
the current engineering systems employ. We are aiming at
understanding the computational principles and underlying
neuronal mechanisms in visual perceptions in the brain and
designing neuromorphic devices that are applied to robotics
and neuronal prostheses.

Our group philosophy is to contribute to the quality of life
(QOL) through knowledge of bioscience and bioengineering.
Keeping the keywords, “health”, “foodstuff” and “environment”
in mind, the following research projects are actively ongoing.
(1)Production of cultured human tissues for clinical application.
(2)Utilization of microorganisms with ability of self-relieving
from stresses.

(3)Development of TiO2 photosterilization system under
ambient light conditions.

(4)Utilization of photoautotrophic plant hairy roots as tools for
environmental evaluation.
http://www.cheng.es.osaka-u.acjp/tayalabo/

We aim to establish a bridge between bio-dynamics (changes
in state of biological organisms) and emergence of biological
functions. In particular, we focus on bio-dynamics associated
with dynamic stabiliy and their instabilization. Our research
targets range from neuronal/cardiac excitation to human
motor control such as locomotion. Biological signal
acquisition, mathematical modeling and analyses, and
physiological interpretation for these dynamics are included
in our study. Biomedical engineering application is also
addressed.

http://www3.bpe.es.osaka-u.ac.jp/

BE

E

B



SE E EED

.

L

ARG RIS ChoolO BETOntieBIOsCich ces, Osaka University

JLHE LA FeRt

Graduate School of Engineering Science

B BE Al B B Department of Mechanical Science and
A AR T2 5 Bioengineering

Prof. Osamu Oshiro
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TAREDA ¥ T v a v EHNEFE LR oRL 2
HMOILAFITHT BUEDBITVE T,

TR

We will challenge to generate the transdisciplinary field based
on biomedical measurement, CG, VR and communication
technology. The main research activity focuses on the
visualization of various biological organizations, for example,
DNA, protein, cell, tissue, organ and so on. Furthermore, we
are studying to interact the cyber human body with CG/VR
technology and share biological information via Internet.
http://oshiro.bpe.es.osaka-u.ac.jp/

Graduate School of Information Science and Technology

NA G E TSI Department of Bioinformatic
ALy DT —27 7L V3R Engineering

Prof. Tetsuya Yomo
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The Symbiotic Network Design Laboratory deals with
experimental evolutions. We are experimentally evolving the
following three bio-systems; artificial cells from bio-molecules,
artificial milt-cellular organisms from unicellular organisms,
and artificial symbiosis from two independent organisms. By
controlling the interaction among the entities of a lower
hierarchy thorough mutation and selection, we investigate
the sufficient conditions to evolve the bio-systems of a higher
hierarchy. Together with theoretical studies on these bio-
systems, we understand the basic rules governing the
biological complex systems.
http://www-symbio.st.osaka-u.acjp/shjhtml

My group’s research theme is the molecular mechanism of
immune regulation. T cells are activated by antigenic peptides
bound to the MHC complex on antigen-presenting cells. Once
activated, the T cells differentiate into functional, helper or
effector T cells. In contrast, antigen-stimulated B cells
differentiate into antibody-forming or memory B cells with the
help of antigen-specific T cells. Thus, T and B cell differentiation
requires physical interactions between T cells and antigen-
presenting cells and T cells and B cells, respectively. We have
demonstrated critical involvement of several lymphocyte surface
molecules such as CD40, Sema4D/CD100 and SemadA in
functional lymphocyte interactions. We are currently studying
functions and signals of these molecules, which will lead to
understanding of the mechanism of immune regulation.
http://www.biken.osaka-u.acjp/biken/mol-imm/index.htm

PESERHAESE I
Institute of Scientific and Industrial Research

Institute of Scientific and
Industrial Research

SA Prof. Tomoji Kawai
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Prof. Hiroyuki Noji
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Institute for Protein Research

Nanotechnology and bioscience are combined to elucidate the
formation processes of a living organism. Single molecular
observation and manipulation are performed for DNA, RNA,
protein and those complexes using Scanning Probe
microscope, such as scanning tunneling microscope and
atomic force microscope. Not only single molecular
measurement for the elucidation of mechanism, but these
technique are applied to the development of advanced nano-
biochip or the creation of self-organized bio-molecular
devices.

http://www.sanken.osaka-u.ac.jp/labs/kawai-lab/

Our main research objective includes energy-conversion
mechanism of biomolecular motors using single-molecule
imaging and manipulation techniques. Currently, we
launched research projects of micro- and bio-devices to
realize high sensitive and high throughput detection system
using micro/nano fabrication techniques. Thus, we conduct
interdisciplinary researches crossing biochemistry, single-
molecule biophysics, and micro/nano technology.

http://www.sanken.osaka-u.ac.jp/labs/smbio/sanken/index.html
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Prof. Toshifumi Takao
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Mass spectrometry is a well accepted technique for the analyses of
chemical structures of biological compounds. For the last two
decades, we have been working to develop methods for determining
primary structures and post-translational modifications of proteins
by using mass spectrometry. In conjunction with accumulating
protein and gene sequence databases, we are using state-of-the-art
mass spectrometry for large-scale protein identification which is
indispensable for proteomics research. We also apply the developed
methods to the structural analysis of micro quantities of peptides,
proteins, and their related substances. We have found several novel
protein structures, including post-translational modifications, such
as farnesylation at the Cys residue, ¢ -( y -glutamyl) lysine in core
histones, etc.

http://www.protein.osaka-u.ac.jp/rcsfp/profiling/

Our research efforts are focusing on development of electron
microscopy techniques to capitalize on biochemical data,
molecular simulation and x-ray crystal analysis of proteins.
Electron tomography techniques have a potential to visualize
relatively large proteins in a cell at molecular resolution. We
set out to reveal diverse structures of proteins in the cell or
between the cells by the improvement of this technique
including specimen preparation methods and a new software
for the analysis. On the other hand, we work on cell adhesion
protein, integrins to elucidate the pathway for the
conformational change of the integrin from active state to
inactive state.
http://www.protein.osaka-u.ac.jp/rcsfp/synthesis/

BE B F B

E

r



SE E EED

.

il

L

ARG RIS ChoolO BETOntieBIOsCich ces, Osaka University

PFAN=AT AT YT —
Cybermedia Center

Large-Scale Computational
Science Division
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Immunology Frontier Research Center
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Department of Host Defense
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Prof. Shizuo Akira
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Department of Immunoregulation
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We study subjects in the field of biophysics and mathematical
biology from the view points of statistical mechanics and non-
linear dynamics. For that purpose, computer simulation
techniques are widely employed. Current major subjects are:
(Dfolding and design of proteins (2)correlations between
thermodynamic fluctuations of proteins and their functions (3)
mechanism of biological molecularmotors (4)stability and
evolution of large-scale ecosystems (5)construction of new
coarse-grained model of proteins and development of new
computer-simulation method.

The immune response is categorized into innate and adaptive
immunity. The adaptive immunity, which regulates specificity
and diversity of immune response, has been the subject of
considerable study. On the other hand, the innate immunity
was formerly considered to be non-specific because its major
activity is simply digestion and killing of pathogens by
phagocytes. However, recent studies have demonstrated that
innate immunity specifically recognizes pathogens through
Toll-like receptors (TLRs). In addition, accumulating evidence
indicates that the activation of innate immunity is a
prerequisite to the induction of acquired immunity. We aim to
clarify the role of innate immunity in the host defense against
pathogens.

http://www.biken.osaka-u.acjp/biken/gan-yokusei/indexhtml

Our research group deals with a number of biologically and
medically important projects that are related to the body’s
self-defense system. Specifically, we study the deficiency of
GPI-anchors of proteins (disease termed paroxysmal
nocturnal hemoglobinuria), the pathways of GPI-anchor
biosynthesis, and remodeling and sorting of GPI-anchored
proteins in humans and protozoan parasites. We also target
the application of these studies to development of anti-
parasites drugs.

http://www.biken.osaka-u.ac.jp/biken/men-eki-huzen/index.html

Signals propagated through the pre B cell (preBCR) and
B cell (BCR) receptors are crucial for the development of
B lymphocytes and their subsequent antigen-triggered
differentiation into memory B cells and antibody
secreting plasma cells. The outcomes of these signaling
events, for example proliferation, differentiation, or
apoptosis, are dependent on the developmental stage of
the cell and the quality of the signal. Our laboratory has
focused on understanding the molecular composition of
these signaling complexes and the mechanisms of
signaling pathway crosstalk that lead to crucial cell fate
decisions during B lymphocyte differentiation. We have
also applied insights gained from our studies of B cells to
another important immune regulatory cell, the T cell.

RIEFET T YT 4 THZEE ¥ % — Immunology Frontier Research Center
HARBEREA X — T v TSR Biofunctional Imaging Laboratory

SA Prof. Yoshichika Yoshioka
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(63 SA Prof. Takashi Jin
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The main aim of our research is the development of non-
invasive in vivo technologies to visualize biological
functions in animals and also in humans. The methods we
use mainly are MRI (magnetic resonance imaging) and MRS
(magnetic resonance spectroscopy). Magnetic resonance
signals depend on several parameters reflecting structure,
activity, metabolism, and so on. Therefore, with these
techniques, we could obtain the information concerning
several biological functions non-invasively. We also develop
bio-probes and signal enhancing compounds to elucidate bio-
functions more precisely.

http://www.ifrec.osaka-wacjp/en/laboratory/biofunctionalimaging/index.php

The objective of our research is to develop nano-bio probes
for non-invasive monitoring of the immune reactions to
various stimuli in vivo. In order to visualize dynamic
immune responses in a whole body level, we have
synthesized quantum dot-based multi-modal probes that can
be used for in vivo fluorescence and magnetic resonance
imaging. Compared with traditional fluorescent dyes and
proteins like GFP, quantum dots have unique optical
properties such as high brightness and high resistance to
photobleaching. Our research projects are aimed to
develop: 1) non-toxic and biocompatible quantum dots, 2)
new methodologies for immune cell labeling with quantum
dots, 3) multi-modal quantum dot probes for NIR-
fluorescence, MRI and SPECT.

BE B F B

E

r



S E EREERE

e

WEHHAR - BNVEHE

Visiting Professors * Guest Professors

B e N = p e ATR ational N
(}f*) f‘%”?'-é'. ,;‘ ] 13 %ﬁ/’%ﬁi f'ﬁ'ﬁ)f%’nﬁ Laborgt()(:?i;enslt"ttlon"t euroscience

wazE JIIN 3B
EEERE 5K B

Prof. Mitsuo Kawato
Assoc. Prof. Hiroshi Imamizu

RIMDOZALZ Y ATH %2 R L - GHEISIICER K513,
i L EDLLEETHET H-DICLETHY . AMITEO EEL
BEHKTH D Blzbid. TOX) R oL % 2 Wikt %.
ZOBEEFAULTETERATEI3MEmBE Ty 2550k, AL
M7 B A EN 2RI, R ARRWICH L 72w e By GHEE
MR O ER) . b oM dig. FHEMHGE. O BILER,
B D IR A 2 R R A G DEDLZ ETh b, LI
THMOAEREWNZ U2 BEE L. EBRTEIS SN2 B 4 %2 B
IR %

VI S PETHRERE
¥ AT MG

B iE Rz

R T SR IR T OMBATEN L. BRBUEROZE - HIW & R
HERUHOT Y N7y FTHDMBEERMAEL W) FHAEDEZ v,
ML HOL I 0 Bt % FERIRAL S B ) OB RA & AEFFER &
MEFY V7 EBELTHNT S,

The School of Systems Information
Science, Future University-Hakodate

Prof. Toshiyuki Nakagaki

P Bn N N o Ut e e | Dept. Pure and Applied Sciences, College
T BB 24 of Art and Sciences, University of Tokyo

Prof. Kunihiko Kaneko

BAWEE ©F EZ

Aoy AT A OWEIEE OWE % J1 3R M. RHaR IR, R
WZEWERZ ST ZTIT>Twd, (EICHGHNE . NIFHBEZ
HOMEKGET 2 ELEOHERNF A FIZ 2L LT, TAVF—%
e, B, RENHL ME. e, RN, ELSEomBofh
ZHEDTVD, B, YR OWE. Wh, FHOKE IV —TD
FEpL 74 M hoN— A BHEEH 2o Tw b,

i g F)dﬁj: @‘“ IE i %K éE ﬁ‘[}ﬂ 'q_éﬂ* Department of Life Science, Faculty

of Science, Gakushuin University

BAVEIR TER SO

BEEE#ZI S DNA &, B4 RN - FHOZERIC X > THICHE
ZZIFTWw5, DNA HBIEECEESZHET S LIk - TH
JasEa Dl &R T I1Ih, BARAERPLYMEIEOFERLEN L THA
RHAL, BEHRRZEOFENEDRY H D, ZDOL 5% DNA #HilIC
X BBRER RIRIT C2d, W3R~ @ DNA BHEHHE 2 ko
WETHEBLTE, A7V —7Tid, WAEMKLZ: &2
AWy B R E LT, %% DNA BB THLX 7 LEFF
FrFMB 15 00 e 1) B 2 e & D22 RS SRR 12 < & > %
ZEDOGHE - FEE ZNO OB 212> Tnb, 2L
OB BEEFEZ /v 2Ty Ly 22K L. Fofitk
HNTOREEZTARTVS, TRODOIFEZEL T, MORHILPE
LMY Z HE LTV 5,

Prof. Fumio Hanaoka

33

Humans can modify their behaviors through learning
depending on the environment. This ability is essential for
human intelligence and surviving in fluctuating circumstances.
Our research goal is to understand neural mechanisms
underlying the ability to the extent that machines, either
computer programs or robots, could solve the same
computational problems as those that human brains solve,
while using essentially the same principles (ie, a definition of
“Computational Neuroscience”). Our research strategy is based
on interactions between computational theories and
psychological experiments, including non-invasive
measurements of brain activity. Biological feasibility of the
theories is tested by the experiments, and phenomena
observed in the experiments are explained by the theories.
http://www.cns.atr.jp

The cell behavior in a maze and other complicated situations
is output from information processing of environmental inputs.
Using the protozoan organism of true slime mold, we study
mechanism of cellular information processing by means of
physiological experiment and mathematical modeling.

Universal features of a complex biological system are studied,
with the aids of dynamical-systems theory, numerical
experiments, and constructive (experimental) biology.
Although our study is mainly theoretical, we have a tight
collaboration with Tetsuya Yomo's group, as well as Toshio
Yanagida’s group. Based on a theory for collective dynamics
of interacting elements with internal degrees of freedom, we
pursue theoretical studies to unveil the logic of life system,
such as molecular energy conversion, replication of a cell,
origin of heredity, cell differentiation and development,
cellular memory, and relevance of phenotypic plasticity to
evolution.

http://chaos-c.u-tokyo.ac.jp/index_j.html

Cellular DNA is subjected to continual attack, both by
reactive species inside cells and by environmental agents.
Toxic and mutagenic consequences are minimized by distinct
pathways of repair, and more than one hundred human DNA
repair genes have been identified. The main subject of our
group is to understand how eukaryotic cells prevent mutation
from various environmental as well as endogenous DNA-
damaging agents. More specifically, we are working on the
isolation and functional characterization of proteins involved
in nucleotide excision repair and translesion synthesis. We are
also working on mouse models for DNA repair-deficient
syndromes to elucidate the mechanisms of carcinogenesis and
aging.

http://www-cc.gakushuin.ac.jp/~20080213/
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During mammalian development, many cells undergo
apoptotic cell death. In adults, senescent cells die via
apoptosis. Apoptotic cells are swiftly engulfed by
macrophages, and all cellular components are degraded in
the macrophages into amino acids and nucleotides for
re-use. The exaggerated apoptosis induces the tissue
damage, while the lack of apoptosis leads to hyperplasia
and cancer. Inefficient engulfment of apoptotic cells, or
their inefficient degradation also leads to autoimmune
diseases such as systemic lupus erythematosus or
rheumatoid arthritis. We are trying to elucidate the
molecular mechanism and physiological role of apoptotic
cell death.

http://www2.mfour.med.kyoto-u.ac.jp/~nagata/

We are developing new technologies to visualize biophysical
and physiological functions inside the living body. In vivo
molecular imaging, an important technique in the post-
genome strategy, has the potential to visualize the dynamics
of individual bio-phenomena processes in cells, organs as
well as in the living body. We aim to reveal mechanisms of
such individual bio-phenomena in the living body through
bio-imaging using MRI, Near-IR optical imaging and
electrophysiological techniques.

Immune system is regulated by an exquisite mechanism
where various molecules regulate their functions each other
in a network. Disruption of such regulation may result in the
emergence of autoimmune diseases, allergy, immune
deficiency, and cancers. The aim of our study is to elucidate
the molecular interactions responsible for the pathological
conditions utilizing exhaustive gene expression profiles
analyzed by DNA microarray together with bioinformatics
tools. This approach, for example, enabled us to discover the
mitochondrial abnormality in patients with systemic onset
juvenile idiopathic arthritis. Together with transgene and
knockout gene techniques, we shall advance the frontiers of
biosciences and establish new therapies for refractory
diseases.

The cell nucleus is a structure that functions to
autonomously decode the genetic information encoded in
DNA. Its structure changes in response to biological events
such as development, cell growth, differentiation, meiosis,
aging, apoptosis, and the cell's reaction to environmental
factors. To study these changes in nuclear structure, we have
developed fluorescence microscope systems capable of
recording the dynamic behavior of molecular components in
living cells. Using these microscope Systems, we study the
functional and temporal organization of nuclear structures,
and attempt to propose a model for the genome operating
system which supports fundamental biological activities.
http://www-karc.nict.go.jp/w131103/CellMagic/
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Department of Cognitive Genomics Our research group
focuses on growth factors in brain,including brain- derived
neurotrophic factor (BDNF), and synaptic proteins, in an
effort to come to grips with a new theme in brain science,
namely, individual brain mechanisms. BDNF has an
extremely diverse range of physiological functions, including
neuronal survival, functional development, synaptic plasticity,
and repair of neuronal damage. On the other hand, single
nucleotide polymorphisms (SNPs) seem to cause modification
of molecular function in BDNF protein as well as human
brain function. This research aims to elucidate the molecular
function of BDNF polymorphisms, and provide an
understanding of individualized brain expression
mechanisms, using bioinformatics, structural biology,
molecular biology, cell biology, generation of the model mice,
their behavioural analysis and human cohort analysis.

Protein chip is the most promising tool for a high throughput
analysis of biomolecular interactions. We are investigating
highly sensitive protein chips and their detection systems by
combining key technologies such as nano-fabrication, optical
wave control, and nanobiology. Stable and high density
ligand-immobilization techniques are developed by the use of
lipid bilayers. A hybrid-SPR (Surface Plasmon Resonance)
phenomenon in which some different SPR modes are mixed
is also being studied to improve the accuracy and sensitivity
of the detection systems. Our goal is the realization of palm-
sized biosensing tools with ultra-high sensitivity.

Ion channels are membrane spanning proteins that regulate
the ion permeability of cell membranes. Elucidating the
molecular mechanisms of ion-channel function is extremely
important because ion channel proteins play important roles
in a broad range of cell functions such as nerve activity,
muscle contraction, and sensory perception. The purpose of
our present study is to develop experimental methods for
simultaneous optical and electrical observations of single
ligand bindings to a single channel protein and to elucidate
the molecular mechanism of ion-channel function. The ability
to simultaneously measure single binding events is of great
interest as it would enable us to open a new field of “single
molecule pharmacology”.
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The Graduate School of Frontier Biosciences (FBS)
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Research Model

Officially, the Global COE program is determined to produce exceptional research and researchers. We set to achieve this not
only by making high impact discoveries and producing internationally sought researchers, but also to change how research is
done. Our goal is to make the radical banal by continuously combining seemingly unrelated scientific fields to foster a research
environment and culture that makes inter-disciplinary, innovative research a daily activity. This will require us to view science
not as a logical, pedantic process, but more as an imaginative art. Along with the objective standards used to define successful
science, we seek to develop an environment where people feel their research and studies are both stimulating and, believe it or
not, fun.

Toshio Yanagida
Leader Global COE Program "System Dynamics of Biological Function" Osaka University
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FBS Colloquiums S
Every month, one lab from the FBS organizes a colloquium where lecturers from outside Osaka

University and the organizing lab give consecutive lectures on a given scientific topic. The | | ||ir’ I||
variety of scientific interests at the FBS means that the audience is given the opportunity to .

learn and discuss a multitude of research themes. After the lectures, the FBS is sure to give : u;',ri
students and guest lecturers the chance to discuss the talks in an informal setting. ‘:‘ 15 - :
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The FBS Annual Symposium

Each year, the FBS holds a symposium
financially supported by the GCOE that
brings together the entire school. Here,
presentations by young researchers and
professors are followed by a large poster
session where everyone is given the chance
to discuss their work in an informal setting.
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Foreign Visitors

GCOE funds foreign researchers to visit the FBS to conduct collaborative research and give

talks about their work, giving FBS members the opportunity to hear and discuss current
research done throughout the world.
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The GCOE Retreat

Another example of GCOE financial support is the annual FBS retreat organized by students and young researchers. FBS members gather at an
off-campus site for a couple of days to discuss their research and to meet other members of the school. Senior faculty do not attend. Students are

completely responsible for the organization including inviting outside lecturers and group discussions. From 2009, GCOE has also funded the
participation of young researchers from foreign institutes for the purpose of strengthening international collaborations.
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GCOE supported Meetings & Workshops
To promote interdisciplinary research, GCOE financially supports scientific meetings and workshops organized by FBS members.
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Summer School

Another example of the FBS’ commitment to a strong international network is its biennial GCOE summer school. The most recent, in 2008, hosted

25 graduate students from 16 different nations. It was an opportunity to give these visiting students a chance to work in several FBS labs. This led
to several coming back for longer stays and some even joining the FBS as students.
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GCOE English Classes

As part of the international component in the GCOE program
at the Graduate School of Frontier Biosciences, beginning in
2007, Ph.D. students, young researchers, and young faculty
are invited to register for an annual English course. There are
several weekly classes in order to have small class sizes. As
an informal way to evaluate their progress, students are
required to make biannual English presentations about their
research.
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GCOE Journal Writing Club

In order to help FBS members in preparing better scripted manuscripts and conference abstracts, the GCOE program offers students an opportunity

to attend an informal technical writing seminar where they actively analyze published abstracts from relevant journals and their own papers with
peers and professors before submission.
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English Science Seminar

To provide FBS students with an opportunity to interact with each other, share their scientific interests and to practice their presentation and
discussing skills, GCOE has a monthly, seminar program in which a speaker from the department is invited to talk about any scientific topic of
their choosing. The seminar is very informal and is left to the discretion of the speaker.
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Supporting Young Researchers to Study Abroad
Because the FBS is very committed to forming international networks, students and researchers are strongly encouraged to attend foreign
conferences and visit collaborating labs for various periods. Ample funding has enabled such travel for dozens annually.
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GCOERMTHIZEE T HEAT GCOE Postdoctral Fellow, Makiko Doi
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The GCOE provided me an opportunity to visit Professor Kenneth Zaret’s Lab at the University of Pennsylvania where | gave a seminar on my
research. Members of his lab and Prof. Nancy Speck’s lab came to my presentation. All including the PhD students asked many questions during
my presentation, so | was able to talk in a relatively relaxed state. Some questions and
comments were unexpected but very important issue for advancing my research. After my
presentation, | discussed in more detail their ongoing projects and our future plan to work
together with Prof. Zaret and everyone in his lab.

| attended the Cell and Developmental Biology Seminar that is held every Monday with
invitees. Most faculty and researchers in the department attended this seminar. Prof. Zaret
introduced other faculty, giving me a good sense of the department’s interests.

The visit was a great experience. | was able to learn much more than | had only read
papers: experimental techniques, ongoing projects and future initiatives. The experience
will also help my own research. | truly appreciate the GCOE program for its help both
through its funding and English classes .
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For researchers, it is a very important and priceless experience to discuss their work with other researchers from around the world or collaborate
with other groups abroad.

TheFBS Global COE program financially supports such travel to its students and young
researchers.

GCOE gave me financial support to attend the Society for Neuroscience Annual Meeting
2009 in Chicago, which is the largest conference neuroscience in the world. There, | was
able to discuss my research with leading researchers in the same field, many of who gave
me some very helpful tips to advance my work.

This was the first time for me to join an international conference, and | felt somewhat
intimidated by it at first, mostly because of the language. But it turned out not to be a
problem because of the English class | attended supported by GCOE.

Overall, the GCOE has been very helpful in giving me opportunities to expand my research.
For this | am very thankful.
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