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The Pride of Osaka University :
A Foothold on Frontier Research

Osaka University’s origin traces back to the Edo Period
of Japan, with the foundation of Tekijuku in Osaka in 1838.
Dating further back, scientific and educational develop-
ment in the Osaka region was greatly enhanced by the
establishment of Kaitokudo in 1724 by five local merchants,
another institution that constitutes Osaka University’s
spiritual ancestry. The University will soon be celebrating
its 80th anniversary in the next few years.

From the time Osaka University was first founded, we
have continued to value the freedom and vigor in advancing
education and research under the motto of “Live Locally,
Grow Globally.” The university has also aimed to heighten
its international presence by conducting quality research
that combines both basic and emergent approaches. We thus

» «

strongly focus on research that is “basic,” “exciting” and
“responsible,” that may clear the way for a new scientific era.

At the beginning of the 21st century, we enjoy the bless-
ing brought about by scientific and technological devel-

opment. However, in order for humankind to aim for an

even greater prosperity, the problems our society currently
faces must be addressed immediately. I believe it is this
university’s mission to work towards gaining the great
trust of the people by working towards finding solutions
to such problems. This is possible by fully mobilizing our
human and academic resources and by always keeping a
global perspective in our efforts.

At Osaka University, the World Premier International
Research Center Initiative program (one of the five national
centers), the Formation of Innovation Center for Fusion
of Advanced Technologies program (granted one in 2007),
and the Global COE Program (granted seven programs
in 2007, four in 2008,and one in 2009), and the Funding
Program for World-Leading Innovative R&D on Science and
Technology (granted two of the thirty selected programs)
are some examples of the many large-scale programs that
have been awarded by the government. From cutting-edge
to multi-disciplinary research, we have implemented the
programs in a systematic and coherent way. I believe their
outcomes will greatly contribute to solving the problems
mentioned above.

In this pamphlet, you will find a brief introduction on
the activities of these prominent initiatives. As stipulated
in the 3rd National Fundamental Science and Technology
Plan launched in 2006 by the Japanese government, we
stress the importance in “Introducing Leading Science
and Technology to the People.” I hope that this pamphlet
will find readers among high school students aiming for
admission into universities, university students trying to
focus on specific fields of study, and many others. It would
be my greatest joy if, through this, more people will be able
to learn about Osaka University’s cutting edge research,
as well as possibly holding an interest in the process of
creating new fields in science and technology.
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Observation of
immune reaction

Unveiling dynamic networks of immunity

WPI Immunology Frontier Research Center,

Osaka University (WPI-IFReC)

Director
Shizuo Akira — Professor

@ WPI Osaka University
[ J

http://www.ifrec.osaka-u.ac.jp/index.php '

Osaka University ImmunologyFron-
tier Research Center (IFReC) was

selected as a part of the World Premier
International Research Center (WPI) Initia-
tive program by the Ministry of Education,
Culture, Sports, Science and Technol-
ogy (MEXT). Consequently, IFReC was
launched on October 1st, 2007.
Theimmune system protects the body
from infections by various pathogens.
The immune system consists of various
types of immune cells, such as T-lym-

phocytes, B-lymphocytes, dendritic cells,
macrophages and natural killer (NK) cells.
These immune cells play their roles and
work together to efficiently eliminate
invading pathogens. Characteristics of
the immune cells include their motility
and migratory behavior. These immune
cells, which are originally derived from
bone marrow cells, circulate in the blood,
and some of these cells enter the thymus
and lymph nodes. Some re-enter the
blood and move to tissues or organs

Osaka University : A Foothold on Frontier Research 04
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Diverse Body Protection by Innate and
Acquired Immunity

Innate immune system eliminates pathogens by phagocytes.
Simultaneously, information of pathogens is used for prepar-
ing another “weapons” by acquired immune system. A great
number of accomplishments inimmunology have been done
by the scientists of Osaka University including Prof. Akira.

throughout the body. Those immune
cells also interact with each other and
form networks to induce immunological
responses in various scenes.

When some abnormalities develop
in the immune system for some reasons,
diseases, such asimmunodeficiency, can-
cer, autoimmune diseases and allergy
will arise.

In IFReC, researchers try to develop
a new research to understand immune
responses in a spatiotemporal manner
in the body. “When and how do immune
responses occur?” We need to look back
immunological research to date to answer
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this question.

Immunology has been evolving
by incorporating molecular and cellu-
lar biological techniques. As a result, a
number of immune cells and cytokines
have been discovered, and signaling
pathways and diverse mechanisms have
been identified. However, it can be said
that understanding immune responses
limited to isolated immune cells is just to
understand one part of biologic defense
systems. We are still almost ignorant about
how the immune system actually works
in the body or how immune cells behave
under pathological conditions in vivo. At

present, we are not able to predict the
outcome of immune responses when
a certain pathogen invades the body
nor able to treatimmune diseases. Also,
it is difficult to draw the whole picture
of immunological responses.

In order to address these limitations,
combination ofimmunology and imaging
technologies, developed by Dr. Toshio
Yanagida, a pioneer in the biotechnology
field, has been promoted in IFReC. The
fusion of two fields will allow us to track
the dynamic behavior of immune cells
and their communications more directly.

“Single molecularimaging”is a technique

hA RRRE
Cancef =k Infectious
disease
7UILF— BoREEE
Allergy Autoimmune
disease

to observe behavior of molecule such
as protein in a cell by using special laser
microscope. This technique helps us to
understand signaling pathway. Namely,
it enables us to track and make a pattern
of dynamics of immune cells by look-
ing at how immune cells respond to
pathogens, activation status of immune
cells and their interaction, etc. in vivo.
How are reactions of normal cells and
cancer cells different? How about in
autoimmune diseases or in allergies?
Such questions could be resolved
when biophysical analysis is focused
on the dynamic network of individual

Osaka University : A Foothold on Frontier Research 06
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Integrated Life Science Building
New Research Center of IFReC

molecular inimmune systems. Further
development in computer simulation
techniques may realize the first step of
controlling immune reactions in vivo.
“Observation of immune reaction” has
great potentiality to make it real.
Studies performed in this center will
lead to development of infectious vac-
cines based on novel strategies, genera-
tion of concepts forimmune therapies for
various infectious diseases and cancers,
and invention of medical treatment for
autoimmune diseases.
Research on immunology is one of
the fields in which Japan has taken a
lead among other biological science

DEDEFANICHKEFNADE, 22T
AHHEZEZ DD, ESVWIIRRICERD &R
BIEICERIE U TRRICR DD, 7R
E BRI DSEMELIRRE. BEERRE%E
ERICETRZ 2 &lck > T BEMiED
EREAEBIL /XY — (b d B 2 ENATREIC
%%, BlZIE. [ERGHIZOEE & HM A
BOEEFESES DN, HEEFEEW®
7L F—DBEIEESBOIM— RE
2 RT LEER DD FDOERIRR Y KT —
JEULTESR. TNSDOHEZEYYIE
EHICENT 20, S5I1C, AvEa1—
Y—CTEZDEEDYI 1L —Y 3 N TE
B&5ICEniE. EHERTORERILE B
RIS Db DE—HE 8D, £3IC
“REERD I EICE ST, FNHEEEIC
R2DE, LT, ZNIEH U WERRICE
DWERERPEET 7 F o ORFE. xR
BREEPHAICKNT 2REEEDO IV
NDEIH. BCRBEREDBEREDRRIC
DIEN B,

BRICET BREZMTIE. EHRZD
NETHEREDO Ny TEEDHEITTWD, *
DEBEDZ L ZIUINE—. FAB=EWS
2ADTTHRRZIE U & 2 RRKFEDHF
FTEMNBUZXIFTE. £ L TIFReCDHL

areas. Osaka University is particularly
well known in this field with two former
presidents, Dr. Yuichi Yamamura and Dr.
Tadamitsu Kishimoto. Dr. Shizuo Akira,
Director of IFReC, takes over achieve-
ments of these successful pioneers in
immunology research.

By the end of late 1990’s, immuno-
logical research has been oriented to
the study of acquired immunity such
as T cell and B cell. However, Dr. Akira’s
group revealed that Toll-Like Receptors
(TLRs) on dendiritic cells and macrophages
take significant roles in both innate
and acquired immunity. The success
changed established understanding
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of innate immunity drastically. It was
an extremely striking success to demon-
strate the nature of immune responses
that eliminate pathogen invaded the
body effi ciently.

Dr. Akira comments on the fusion of
immunology and imaging, “The imaging
techniques for visualizing the immune
system are still in the early stage of
development. The techniques in USA
go ahead in this field. However, it is still
immature. To extend our understand-
ing of the functions of the immune sys-
tem in vivo, in addition to new imaging
technologies, interdisciplinary efforts in
physics, computer science and immu-
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nology are required.”

IFReC has recruited over twenty top
researchers in the fields of immunology,
imaging and Bioinformatics from Japan
and abroad. “Integrated Life Science
Building”, the main research building
was completed at Osaka University in
June of 2009. Along with this research
center, there are a number of related
domestic and overseas satellite insti-
tutes. We will work together closely with
the laboratories at these institutes to
enhance our projects. Furthermore, we
will organize an international symposium
atleast once a year to release our research
achievements to the world. Researchers
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will be invited from overseas to share
their latest findings with us.

The spirit of true internationalization
is indispensable for us to become the
leading research center in the world.
An English-speaking environment will
be created at this center, including the
administrative office. Top-class young
researchers will be recruited, both in
and outside of Japan, by international
public advertisements, and we will sup-
port these researchers in the expansion
of their research.
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Developing a Comprehensive Understanding of the Dynamism of Inmunity and the Establishment of Inmunity Control Methods
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I t has been said that 40% of the population in Japan have
IE".%“H%I an allergy. Furthermore, one in every 200 citizen suffers
Normal

from an autoimmune disease such as rheumatism or collagen
disease, and the related yearly medical care costs are more
than a trillion yen. In addition to the threat of new infectious
diseases such as emerging types of influenza and HIV, it is
well known that the immune system is deeply related to
the defense against and the occurrence of cancer. On an
international scale, in order to remain in the forefront of the
development of the medicinal supplies and treatment meth-
ods required to resolve the issues confronting our modern
society, developing a comprehensive understanding of the
dynamism of immunity is absolutely unavoidable.

As shown in the illustration on page five, when bacteria,
a virus, or a parasite enters the body, the body recognizes
the intruding infectious pathogen, and begins a first-stage
attack against it. Along with that first line of defense, other
important actions are initiated, such as an inflammation
reaction, and the inducement and activation of acquired
immunity. “Pattern recognition receptors (Toll-like
receptors=TLR)" are expressed in macrophages and dendritic
cells which govern innate immunity, detect the character-
istics of the infectious pathogen, and transmit a signal that
activates the acquired immunity. Professor Akira elucidated
the role of pattern recognition in the ten TLR family mem-
bers found in humans, and further found that after the TLR

omfea %
Q)
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Molecular mechanism of immune responses

Toward comprehensive understanding of the
immune system : Systems biology approach

We will integrate various information of immune activation
and suppression, and analyze them by taking advantage of
the systems biology approach.
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Regulation of IL-6 and IL-12p40 mRNA by Zc3h12a
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recognizes the structural components in the pathogen, they
are stimulated to send a signal to the cell nucleus, leading
to the activation of acquired immunity. Thus his studies
have produced epoch-making results in the clarification of
the innate immunity system through the elucidation of the
function of this signaling pathway.

Professor Akira spoke about his future goals in this pro-
gram, saying, “During the past ten years, we have almost
completely clarified the roles of TLRs and the signaling
pathway in the innate immunity system, and this research
is coming to an end. Now, the focus of our research is on
what we call the effecter phase, which occurs after the cells
have been activated, and we are moving on to studies on
the question of what molecules appear in this phase and
the immunity reactions they cause.”

When a signal reaches the nucleus of an immune cell,
genes are transcribed, a massive number of messenger
RNA(mRNA) is generated, causing an immunity reaction.
This is the effecter phase, and it is a virtual mystery zone
spread out in front of us.

New findings have already been revealed in this research.
In the spring of 2009, when Professor Akira and his col-
leagues were preparing knockout (gene deficient) mice, by
chance, one group of mice suddenly developed inflammation,

e
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leading to the death of the mice in that group. Professor
Akira has employed this original method using knockout
mice in the analysis of the genes in immunity cells for the
past ten years, producing a number of important research
results, as mentioned above. A follow up study on the mice
showed that the fatal inflammation revealed an excess of the
information transmission proteins (cytokine) secreted from
cells, including interleukin-6, which are molecules known
to cause autonomous immune diseases such as rheumatoid
arthritis. This excess caused the severe inflammation that led
to their death. Further research on the mechanism involved
revealed the existence of a new protein molecule, “Zc3h12a,
attached to the tail of the mRNA that is transcribed from
DNA. This new protein is responsible for the destruction
of the mRNA.

Professor Akira explained that, “Up to the present, it was
considered that control of the cytokines that are involved
with inflammation was conducted by the transcription of
mRNA, but these findings showed that the new protein
discovered played a role in this control, as it functioned to
either constantly destroy the mRNA excreted from the cell
nucleus, or not destroy it, depending on its amount. It was
considered that the same events occurred in the T and B cells
responsible for acquired immunity. Speculating from the

”
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Developing a Comprehensive Understanding of the Dynamism of Inmunity and the Establishment of Inmunity Control Methods
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Figure 2 =
Protein conformation of Zc3h12a

swiftness of the immunity reaction, rather than the simple
transcription of DNA to mRNA, it is rational to consider that
posttranscriptional regulation at the mRNA level controls
the amount of proteins. In regard to the genetic pathway
for the occurrence of cancer, attention was focused about
five years ago on the importance of micro-RNA, rather than
DNA, and now in the field of immunology, we have also
begun to comprehend the real importance of RNA."
Furthermore, in the investigations being conducted on
the characteristics of this new protein, progress is being
made in the fusion of fields not previously associated with
immunological studies, such as structural biology and systems
biology. Already, the structure of the protein Zc3h12a has
been clarified, as shown in the illustration, and the structural
analysis of the interluekin-6 mMRNA complex is underway.
Professor Akira went on to say, “When a TLR catches a
pathogen, it stimulates the cell and the activated cell swiftly
releases a massive number of genes (molecules), induced
from the nucleus, and there is the possibility that a key mol-
ecule similar to the TLR exists concealed among these genes.
Looking at the velocity of the induction of the genes and
for any characteristic behavior, and along with the methods
we developed using knockout mice, we will be engaged
for some time in the employment of the computer analysis
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O—7 (e 429E) & MRI(ESIEIRE
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PI VIV EOHEEERANRDRICIE S —X

methods used in the field of systems biology to conduct
verification tests in order to discover any key molecules.”

“Another feature of this research will be the incorporation
of state-of-the-art imaging technology, frontier technology
on a global scale.”

“First, in order to see how the immune reaction occurs
within the body of living mice, let me introduce an approach
using synthetic chemistry-based probes (material that func-
tions as a marker) and MRI (Magnetic Resonance Imaging).
When investigating the characteristics of cells or proteins,
we employ fluorescent protein molecules, such as the Green
Fluorescent Protein (GFP) that became so famous in asso-
ciation with a Nobel Prize, but because these fluorescent
protein molecules require visible light, there are limitations
to their permeability, and we cannot see inside a living body.
At present, we are engaged in the promotion of the use of
synthetic probes that can be detected in living immune
cells within a living body through the use of MRI technol-
ogy, and along with these efforts, we are conducting trials
to develop protein-labeling methods that tether functional
small molecules and proteins. This research on the design
and creation of synthetic chemistry-based probes for imag-
ing biological events in living cells is being conducted by
Professor Kazuya Kikuchi and his colleagues (Immunology

Osaka University : A Foothold on Frontier Research ‘| 2
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Figure 4

Image of living bone tissue by two-photon
laser scanning microscopy. Red fluorescent
marker is used for blood vessel. Green for
granulocyte (right) and osteoclasts (left).

Figure 3

Immunological application of synthetic
chemistry-based probes

Frontier Center, and the Graduate School of Engineering
of Osaka University).”

“Today, high hopes have been placed on imaging techniques
based on two-photon laser scanning microscopy. Employing
two-photon laser scanning microscopy, Associate Professor
Masaru Ishii (same center as above) conducted research on
living mice using two fluorescent markers, one red and one
green, that made it possible to visualize bone tissue and
bone marrow, clarifying for the first time worldwide the
dynamics of bone tissue destruction by osteoclasts. Studies
are now being conducted on osteoporosis and rheumatoid
arthritis, and attention has been focused on real-time stud-
ies on monocytes and macrophages, considered to be the
cause of metabolic syndrome, especially on when and how
they differentiate as they move about the whole body and
cause disease. In this extremely interesting research on mice,
red fluorescent markers are employed for osteoclasts and
green fluorescent labeling for monocytes, and when dif-
ferentiation occurs, the fluorescent color turns into yellow
(green + red), creating a chameleon-like macrophage mouse.”

“The Raman microscope is at the frontier in the field of
optical technology, and for the first time, we have employed
this new technology in our immunity research. Raman scat-
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tering is an optical process that occurs when light hits a target
such as a molecule. A portion of the light energy is absorbed

by the vibrational modes of the molecules in the cell, result-
ing in a color shift in the scattered light spectrum, called

Raman scattering. The precise measurement and analysis

of this scattered light spectra makes it possible to obtain an

image of the molecular distribution in the cell. The Raman

microscope is a combination of this Raman scattered light
analysis method and a microscope. Nicholas Isaac Smith (an

Associate Professor at the same center mentioned above),
who developed the world’s fastest Raman microscope, is

the leader of this research, which is focused on imaging in

situations where fluorescent labeling cannot be applied,
such as studies on the organelle in cells during an immune

response and Raman measurements using nanoparticles

to study variations in cell characteristics.”

According to Professor Akira, “Our goal is the clarification
of the dynamic structure of the immune system, covering the
whole realm of innate to acquired immunity, using the latest
frontier technology to its full advantage and approaching the
issues at hand from a variety of angles, in order to achieve
a control method forimmunity cells as quickly as possible.”
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Research and Development of innovative Nano-Devices
based on single-molecule DNA sequencing

Core Researcher

Tomoji Kawai — Professor,
Institute of Scientific and Industrial Research

— ANV EYPFERTREEEF TV 7 TEBRAIC
Infection can be checked by using each person'’s
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O saka University is the leading player
in the world for sequencing of a

single DNA molecule that conveys genetic
information of creatures. “We can man-
age more advanced researches in two
areas than the National Institutes of
Health which designed the road map
of DNA sequencing” mentioned Tomoji
Kawai, the professor of the Institute of
Scientific and Industrial Research of
Osaka University.

breath in the near future.

DNA consists of base sequence of
nucleotide that can be identified by DNA
sequencing method. Researchers in the
world now are competing intensely to
make sequencing much greater speed.
Although this latest technology has made
a remarkable progress recently it still
takes two months to decode all genome
in one person with the cost of as much as

Osaka University : A Foothold on Frontier Research ‘| 4



B St RERERZETIOISA

Funding Program for World-Leading Innovative R&D on Science and Technology

E1
EEMRIVBEHRICE S 1 48
DNA DIEE S Fi#iAl

TOEEDQBVWRDPI T, FROKNTH
BZRLTLVS

&, —AUE D DT HIES DNADIEETR
FhSEREBD I EICL>T. BARKRE
DRFETFAL. FHT D EWD KSRER
NICERBER A CRIWER D& WEEED TS
LR 2EEREMEER (-5 —X1 RE
BNERIT 20, LT, InZXRY
2F—70./09-mr—T1 I F /K
TREWDS, 1D FDNABRITRAMNTCTH %,
NEZZHEIE L TEIF A DOIE
BEOD—DBIE1/\A ADFORE - 35l
Bififeo 2009FICTRIFSE TRAFv—F
/T /OY—) OFEER>T21ARDDNA
D77 Z BRI ZHR U T EEIES
OHRIFHEREZENE Tz M1DKSIC10
RA7OGDI I XDLS5EDNA—D—D

DEENMEI>EDERITWS, ThiFE
WICKE U THRIHM S DNARR E R = D1,
DNAZIGART, FNaEEEE > RIJLEEM
BETRIEDLDE, MDODIEE(AGCT) D
THEREIAICEAEST 2R EEEHRINTY
U7 _VDMBELRETE WS,
H5—DORLIHIE. HFEIBEELTW
BT =T AT F/RFEICELDDNAY —
VIVRIESF/R7OREFELE, InlE
SRR TAEEBRIZ IRED T /\A ANE
DIRSEMICR D, F/RT EF. F /T
4 Z(10BEZD 155) DINNDIRD Z E T2,
T=F 42T /RTEEG. FBUETH
B S/ 1ARDDNAZ T — NBIRD D\
ZORITEY Z &l & - TIEEAS % Hid

A

Figure 1

STM(Scanning Tunneling
Microscope) imaging of single
stranded DNA base molecules.

Red arrows point at guanine sites displayed
as white spots.
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100,000 dollars due to the vast number
of DNA molecules. Genome means all
genetic information made by 3 billion
DNA bases consisted of four kinds of
base molecules.

It is said that we are going to enter
the age of “1,000 dollars sequencing”
per day by 2015. In other words it will
take only 100,000 yen or so to identify
DNA molecules in a day. This technol-
ogy will surely help to realize the cus-
tomized medicine that enables doctors
to provide optimized treatment or
drugs free of side-effect to each patient.
The key technology for this medicine
is called as the Gating Nano-pore method
that can predict and prevent the incip-
ient of some diseases such as cancer
by obtaining the information of DNA
base molecules of each person.

One of the results achieved by

EEEIEEY

Professor Kawai is the unprecedented
technology for detection and identifi-
cation of one bio molecule. Guanine
base molecules appeared on the cover
of Nature Nanotechnology in 2009, that
was identified by Professor Kawai and
his team astonished the world. Indi-
vidual 10maicrometer DNA strand like
an earthworm can be seen clearly as
in the Figure 1. This is the image of
DNA sequence using a scanning tun-
neling microscope after injecting DNA
solution at a glancing angle on to the
substrate. Among four bases including
adenine, guanine, cytosine and thymine,
even the position of guanine which is
emphasized as carcinogenic factor has
already been identified.

The other result is the development
of nano-pore for DNA sequencing with
the use of the state-of-the-art Gating
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Sample of Gating Nanopore System.

Nano-pore method that is the target
researchers all over the world are now
trying to achieve. This technology will
turn the base identification into the real
devices.

Gating Nano-pore method is the
technology to make out the base con-
figuration by putting one DNA strand
separated in the pretreatment process
through nano-pore attached to the gate
electrode. The size of the nano-pore is
in the range of 1 billionth of a meter. At
present setting nano-pore gate to detect
nano particle has been successful only
in Osaka University. Professor Kawai
said that he and his team could identify
gold nano particle in 2009 by sending
electricity through 30 nanometers gate
which was made by silicon nitride.(Fig.2)
He also mentioned this technology has
furthermore progressed to discriminate
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even one molecule now. “We are the only
researchers to demonstrate nano-pore
with the gate in the world up to now,
but we have still not achieved to see a
long single DNA yet. | think identifying
DNA molecules is not enough. Various
peripheral technologies are required to
convert it into a device”.

The conventional method for DNA
sequencing is to decompose long DNA
strands, then amplify them to investigate
base arrangement by using traditional
sequencer and computers that requires
variety of procedures such as pretreat-
ment, purification and some chemical
modification for producing fluorescence.
Around 1990, all genome sequencing
used to take eight years with the cost
of 3 billion dollars. But by the early 21
century, thanks to the great develop-
ment of this kind of method, sequencing
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Figure 2

Electric detection of one gold nanopar-
ticle with the use of variable nano-
electrode and microstream.

used a hundred machines with the cost
of 10 million dollars for three months.
Now the next generation sequencing
can be managed by one machine for
two months at the cost of only 100,000
dollars. Despite such progress this tech-
nology can be utilized in a limited area.

1,000 dollars sequencing is the basic
technology which should be managed
at the minimum to spread the sequenc-
ing method. Detecting speed matters
as well. For example virus detection at
airports is demanded to finish within
fiftteen minutes, but at present it takes
more than thirty minutes unfortunately”
pointed out Professor Kawai. In that
sense the breakthrough technology must
be their Gating Nano-pore method by
using the auto detection equipment with
1,000 nano-pores to make sequencing
all genome possible only in a day.
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Figure3 DNA analysis by Gating Nanopore method
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Separation and extraction of a
single DNA molecule.
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Arranging a single DNA
molecule as a straight line.
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By the way what is the procedure
to analyze DNA molecules with the use
of the Gating Nano-pore method? As
shown in Figure 3, put DNA in the analysis
equipment to unravel the entangled
DNA strands by passing them through
fine hair like bamboo grove. Influenced
by electric potential, DNA strands will
extend. By placing the extended DNA
in nano-pores, base arrangement can
be identified. The ultrahigh-speed
separation technology is handled by
Professor Yoshinobu Baba from Nagoya
University who has made so far great
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Lab on a Chip (2009).
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Base identification by
tunneling current.

J. Am. Chem. Soc. (2008).
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achievements in the area of method

for separation and analysis of one bio

molecule. Taking advantage of the lead-
ing technology by Professor Baba, who

is actually a cosponsor of the program,
will surely lead to the development of
state-of-the-art nano bio devices.

In this program in addition to Profes-
sor Kawai and Professor Baba who are
leaders of the latest technology, five
research institutes in universities includ-
ing Hokkaido, Tohoku, Osaka, Kyushu
and Tokyo Institute of Technology are
going to collaborate with each other

in the area of basic research as joint
research bases for developing material
and devices. Furthermore Panasonic,
Toray and Toshiba Corporation will try
to put this technology to practical use.
Also Biochip Consortium, NPO joined
by 59 companies, will make efforts to
standardize this technology so that it
can spread and take root. Faculty of
medicine in Osaka and Nagoya Univer-
sity, and faculty of pharmaceutical sci-
ences in Kyoto University are supposed
to cooperate in terms of clinical studies
and drug discovery research respectively.
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Integrated nanopore device

All these players take responsibilities
to convert the basic research to profits
in the society with greater speed. In
other words development and dissemi-
nation of nano device which is helpful
for healthy and safe lives of the people
are promoted by Team Japan including
influential companies and universities
as the new R&D system.

Now what is the specific result of
the basic research that is under way in
Osaka University? Asfor the high-speed
sequencing of DNA single molecule for
which researchers all over the world are
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Detection of pollen and virus

DNAZ2H
\_ DNA diagnosis Y,

competing fiercely tailor-made medi-
cine, can be realized by applying genetic
background knowledge. For example
development of a diagnostic tool with
DNA chip for medical institutions to
detect cancer markers within fifteen
minutes is supposed to start soon. In
addition this sequencing, method must
be effectively used to detect virus or
bacteria in less than fifteen minutes from
ultralow concentration of specimen like
saliva. This is truly useful for taking coun-
termeasures against pandemic such
as new influenza and preventing bio

250 WRTEIVGHEFEG> TWHHE
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BRETHEZDFEKE Y T—A &b
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HISBEENETOIEM DR OIEEE £
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T32EHTEDRLBES0L. S5ITIFER
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« Figuring out the pollen distribution and
environmental pollution.

« Ultra-high sensitive virus detection tool.
« Health management by checking DNA etc.

terrorism. Extreme nano biochip which
detects virus or bacteria from breath
can be applied to breath test sensor,
even available for household use. It
may also be utilized as a high-sensitive
monitor for pollen to grasp the diffusion
of pollen in the public transportation
system and to provide detailed preven-
tive information as well. Some home
electric appliances equipped with the
latest nanotechnology can be useful
for our health management. Itis also
expected to apply it to food manage-
ment as well as space development.
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Evolving from
Electronics to Photonics

Optical technology “Plasmonics” for a bright future
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The Photonics Advanced Research Center

The Program Chair
Kiyokazu Washida — President, Osaka University

The Center Director
Satoshi Kawata — Professor, Graduate School of Engineering

http://parc.eng.osaka-u.ac.jp/
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Image of a nanorobot created using the photopolymerization technique. As the fusion of optical
technologies advances, a nanorobot carrying a drug will be able to treat a patient in the body without
any adverse reactions.
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The Photonics Advanced Research Center
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ompared to electrons, photons of
light have excellent properties of
propagation, moving freely through
air and water. Light energy is safe and
clean, and it does not harm the environ-
ment. Our world is now covered with
a network of optical fibres, which has
become an essential infrastructure of
our modern society. This new growth
in light technology is not just confined
to the information and communication
technologies, but also includes those of
medicine, science and technology and
home electric appliances. However still
to this day, the technical advance to most
improve our standard of living in the
modern age remains the development
of electronics, pioneered by Thomas
Edison around 130 years ago.

Is it possible for light, with its unique
advantages, to surpass electronics?
“There is a limit to the nanometer-scale
observation and machining of devices
due to the long wavelength of visible

light, and this has become a hindrance
to industrial applications of light.” says
Professor Satoshi Kawata, Director of the
Photonics Advanced Research Center
(PARC). For example, thanks to the
broadband nature of light as a carrier
for signals, enormous volumes of data
can be transmitted at high velocity. How-
ever this property cannot be utilized
effectively to send and manipulate data
within a computer, as the width of the
circuit for semiconductor chip is much
narrower than the wavelength of light.
Professor Kawata talks about his dream
for the future by saying “We hope to
build a society free from utility poles and
electric wires by promoting photonics.
PARC was established in the fiscal
year 2007 with the cooperation of 21
laboratories as well as collaborating orga-
nizations in industry. The research cov-
ers a range of disciplines encompassing
biology, chemistry, physics, mathematics,
mechanical and electrical engineering.

”

Surface Plasmon Polariton

Participating members have carefully
discussed the meaning and promise of
photonics to Japan in the 215t century,
and are developing solutions to the chal-
lenges of industrial application. The most
promising result of these discussions
is a new research direction to develop
innovative methods and devices using
the fusion of nanomaterials and photonic
technology. From this, the research of
nanophotonics and especially plasmonics
must now begin to advance. Plasmonics is
the science of surface plasmon polaritons
(SPP), which are quanta created by the
interactions between free electrons and
photons within a metal nanostructure.
The driving force of this research is to
seek the application of plasmonics to
the medical care, information technol-
ogy, and renewable energy industries.

While electronics deals with simple
electron transport, plasmonics covers
the wavelike motion of many electrons.
A conductive metal is like an ocean of

Osaka University : A Foothold on Frontier Research 20
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Formation of Innovation Center for Fusion of Advanced Technologies
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Figure 2 Plasmonic Nanostructures
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Figure 3. (a) Carbon nanotubes observed using nano-
sized conical silver-coated tips to confine the
incident light. Green colored area is the con-
fined light. Vague white line in the center
shows an isolated single-walled carbon nano-
tube (SWCNT).

(b)The line profiles (c) Spatial resolution is
enhanced by putting pressure on SWNT with
the metallic tips.
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electrons washing around freely. When
illuminated with a certain frequency
of light, electrons at the metal surface
oscillate resonantly with the incident
electric field and so do not produce a
reflected wave. Collective vibration of the
electrons at the surface will produce an
electronic wave within the metal, which
is called as SPP (Fig.1). A nano-structured
geometry can be engineered to affect
what incident light will produce an SPP.
Thanks to recent progress in nano-
technology, the energy of SPPs can be
accessed. Manipulation of the wavelength
of laser light is now experimentally fea-
sible, and so we are now witnessing the
birth of new science called plasmonics.
Wavelength is simply a quantita-
tive measure of the color of light, and
the use and manipulation of color is a
centuries’ old tool. Research to examine
and utilize the new functions facilitated

F/T0 /AV—DERTSPPOIRILF—EFHmAHT Z &N
TEZL. EORSHBWED ITIENZLSICRD, 72 XEZ
T AEVWSHFHULWRIZENEENcDTH S,

BORIZHARIZ1ZI T, BEEZZDILHTED, IS
FRBEROEBEED. TNICHEYTTEHE SN DHEEED
AENI TICEDH SN TWD, (K2)F/ DEinzROEEHZ
BWaE, 4 /5Dh—RyF/Fa—TJ%HXTRZIENT
=%, INSOEMMIERNSE. DNADEXL DIEEAE B THAIT
ZDEMEERFT D ENHED, (K3)

ZITEEINRE G, K, BEICHAFAREZES. S0
ENSZDHOERBEENETT 4 =T S & BEN—K
&S TRRICIDED MBESERHEY X7 Ly THD.

TA MU ZMRE, SPPEFIAUVELFPRE - BRRIGE
Wo T R FHR DBNIBBEE D AN AV —D
FRICID A TWNS, N F+/EBICHZ & SFUNAA, BY
DHEIHIREBEEH L, ZII/\—hF—E UL TENZOINH
ZEEKICEL, DEDAOEBFIRE b WI DHERERT Y T%&
FRLTWSARETIWE, 72 XEZV AEREFKREWS T
TYRNTA—LERESCILTIIXEYF Y TRV AL

by shedding light onto various nano-
structured metals is now under way (Fig.2).
Here, a single carbon nanotube can be
probed with better than 4nm accuracy
by light, using nano-sized conical metallic
tips. This technology is a new type of
microscopy called near-field scanning
optical microscopy, which is so accurate
that it has the potential to distinguish
individual DNA base pairs according to
their color (Fig.3).

The “mutual interactive scheme” of
the Photonics Center in Osaka University
is noteworthy in that it has proven to
be very effective. Under this system
both universities and collaborating
companies have committed laboratories
to develop new technology together
and integrate basic researches with
industrial applications.

The Photonics Center is now working
on the development of biosensors for

Y —(E FBETIIF S TILBREOREAE - BIEEL
THFEEHTWD, (K4)
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DET# FZJ At 2—DBEIRE.

Four DNA bases, which are only visible in monochrome through an electron
microscope. PARC is also working on the development of microscopes
capable of distinguishing the bases of DNA according to their colors.

using SPP to monitor important func-
tions of biomolecules such as those of
genes, immune and enzyme reactions.
However there are still many challenges
including how to deliver light into the
nano-structured metal and how to
work with it. The promising partner
to tackle these challenges together is
Nitto Denko Corporation. They have
developed an optical waveguide chip,
which is like an optical circuit board
that can bring light onto a circuit. Itis
predicted that a biosensor using this
plasmonic chip, which is the fusion of
plasmonics and biotechnology on an
optical waveguide platform, could be
applied to noninvasive wearable health
check tools and other future methods
of health management (Fig.4).

The Photonics Center and its partner
IDEC Corporation are aiming at making
innovations in the markets of “illumina-
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The Photonics Advanced Research Center
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Figure 4 Artists impression of an optical waveguide biosensor

using plasmonics.
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Figure 5 Fluorescence produced by shedding light onto

tion” and “security” by taking advantage
of nanophotonic technology. The Pho-
tonics Center has been able to develop
nontoxic semiconductor nanoparticles
without using cadmium for the first
time in the world. These semiconduc-
tor nanoparticles are able to produce
a variety of colors of continuous light
by changing only their size and com-
position. While efforts across the world
are already underway to rapidly switch
from fluorescent light to LED lighting
under the slogan of cutting CO, emis-
sions, IDEC Corporation is in the process
of developing more highly effective and
sophisticated lighting technology by the
use of LED and semiconductor nanopar-
ticles, together in collaboration with the
Photonics Center (Fig.5). Additionally
in their vision of a future with improved
security of intellectual property, brand-
name goods and industrial products

could be coated with semiconductor
nanoparticles as a specific fingerprint,
so that the huge losses by counterfeit
brand-name items can be eliminated,
saving companies about 80 trillion yen
globally (10 trillion yen in Japan alone).
In addition many other innova-
tions are growing supported by joint
development projects including that
of building next generation analytical
instruments for displaying biomolecules
in cells using plasmonics with Shimadzu
Corporation, near-field laser-assisted
magnetic recording systems that can
process high-capacity digital image data
at high speed with Sharp Corporation
and highly-efficient organic thin film
solar cell based on plasmonics with
Mitsubishi Chemical Group Science
and Technology Research Center, Inc.
Participants of these projects gather
at the Photonics Center every month to

semiconductor nanoparticle

hold a “Monthly Colloquium” and invite
various guest speakers to have discus-
sions among the many companies and
laboratories. “Our joint research is not
confined to the closed relations between
one company and one laboratory. Many
researchers and companies are freely
involved in joint projects throughout
the Center. We are pleased to bring
together researchers with various back-
grounds for casual discussion” a company
leader in the Center is quoted as say-
ing. “Plasmonics surely plays a major
role for the breakthrough technology,
but many other research projects in this
Center have also great potentialities of
innovation” says Professor Kawata. “It
could be that overnight success occurs
in any scientific field. | am glad to keep
a watch on such young buds of these
innovative projects and hope to nurture
them carefully to success.”

Osaka University : A Foothold on Frontier Research 22



lobal

OE

Center of Excellence
Program
2007

$'0—I\ILCOE
JO55 L
(A% 19 EEHRIRS)

23 xiAs o BERE

ERT N 5=
&% 591 v

BUUANILDEDEHRISER

mRERBEATLDEAFT IR
eiRU—5— I Eamsemsrisg

A multidisciplinary approach
to designing biological phenomena

System Dynamics of Biological Function

Program Leader

Toshio Yanagida — Professor, Graduate School of Frontier Biosciences,
System Dynamics of Biological Functions Project

http://www.fbs.osaka-u.ac.jp/gcoe/
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he Graduate School of Frontier Biosciences (FBS), formed in 2002, was designed
to bring together an assortment of scientific fields ranging from medicine

to engineering for the purpose of uncovering the underlying basis of all living

systems. Its inauguration was in respo
for the study of Biological Systems and

living systems like genes and the brain,

and world class research.

nse to a five year 21t Century COE award
Dynamics, which has investigated diverse
and has produced top-level publications

This Global COE (GCOE) program is an expansion of that work. The program’s
head, Prof. Toshio Yanagida, describes the challenges ahead. “Understanding how
living systems function is an extremely difficult, endless task. We must be open
to new approaches to better understand how these systems operate, which will
then lead to new and improved applications”.
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One focal point at the FBS is new designs for operating
and controlling cell systems. This requires researching the
function and activity of a multitude of molecules in order
to characterize the behavior of a given cell, which can then
lead to new medical technologies, especially diagnostic and
treatment systems. However, the attitude at the FBS is that
to make these new designs, novel strategies are needed. As
such, the FBS is a hub for advanced imaging studies rang-
ing from the single molecule to the entire organism. This
has led to various strong collaborations like the one with
the Osaka University Immunology Frontier Research Center,
which aims to be the international leader in immunology
by incorporating imaging and informatics to the field.

Similar efforts are being applied to understanding how
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U Fal/ U1 ~ha Ul
Rheumatoid treatment / Cytokine regulation

the brain computes information. Prof. Yanagida explains, “It
is no exaggeration to claim that understanding how life func-
tions is one of science’s great challenges, with arguably no
better example than the challenges behind understanding
the brain. This is especially true when trying to clarify how
the brain can conduct complicated tasks despite requiring
relatively little energy. One reason for this is that the brain
uses the innate noise from a signal. Understanding how it
does this offers the potential to design more energy effi-
cient devices. From there, an even greater ambition is to
understand how individual neurons are able to integrate
this enormous amount of information that forms the basis
of our mind”.

In relation to this point, the FBS has a number of researchers
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Normal development in the 6th branch arch artery is seen to be sym-
metrical on the left and right sides in Day 11.5 mouse embryos, but by
Day 12.0 the right side has significantly narrowed in size. The mechanism
driving this asymmetry could lead to manipulating cells for treatment
in the future.

investigating vision. When seeing an image, we are actually less
dependent on our eyes than our brain, which is responsible
for computing and deciphering the eye input. For example,
to discriminate between near and far objects, we need two
eyes to receive information that is then processed by the
brain. To unravel this complicated system, the FBS has an
assortment of projects that combine experimentalists and
theoreticians. Similar strategies are also being applied to
hearing, with an aim of providing the building blocks for
artificial devices that can mimic these senses.

In general, the design of devices that can control biological
systems requires combining and improving an assortment
of quantitative approaches including cell imaging, system
dynamics analysis techniques, and nanoscale measurements

2D A—/NJLCOET,
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Developmental control
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Artificial Intelligence / Artificial Senses
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Understanding how electric energy transmits across
the optic nerve to generate vision in the cerebral
cortex will prove instrumental in the design of artificial
visual processing. \

b b ERERARRE

Human cognition

techniques. Often, this means large-scale simulations. How-
ever, these simulations do not always translate into a model

that offers a fundamental description of how these systems

function. By being more aggressive in its collaborative work,
the FBS intends to be different on this matter.

Lastly, and perhaps most important, is the need to train
the necessary talent. This means creating an education envi-
ronment that is interdisciplinary and international. Along
with providing state of the art laboratories, the FBS GCOE
offers students ample opportunities to interact with inter-
nal and external researchers including funding for travel
to international conferences and an annual retreat where
young researchers and graduate students from the FBS and
other institutes gather to discuss their work.
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Save the Earth by
Bio-Environmental Chemistry

Fundamental solution for global warming lies in
artificial photosynthesis

Global Education and Research Center for
Bio-Environmental Chemistry

Program Leader
Shunichi Fukuzumi — Professor, Graduate School of Engineering

http://www.gcoebec-osaka-u.jp/index_j.php
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Global Education and Research Center for Bio-Environmental Chemistry
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Measuring the photodynamics of an
artificial photosynthetic compound.

he rapid consumption of fossil fuel has caused unaccept-

able environmental problems such as the greenhouse
effect, which could lead to disastrous climatic consequences.
Thus, renewable and clean energy resources are required in
order to solve global energy and environmental problems, in
which chemistry is expected to play a crucial role. At Osaka
University, we have been tackling the underlying issues
of these problems through our 215 century COE program
that started in 2002.

We are now extending and expanding the previous
215t century COE program into a Global COE program by
establishing the Global Education and Research Center for
Bio-Environmental Chemistry at Osaka University starting
in 2007. The specific objective of this center is to establish
a new integrated framework comprising not only pure and
applied chemistry but also biotechnology with the focus
on energy conversion, environmentally benign synthesis,
molecular information and dynamics, chemical biology and
biotechnology. We plan to achieve significant progress in

FUARBE & E > TR L AR B O KRR & AE

Measuring the energy conversion efficiency of solar cell
using the solar simulator.
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Five Research Groups
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Biomass
Microorganisms

these areas, which are vital for sustainability, by promoting
cooperation and by integrating the underpinning science.
In short this is the “Save the Earth” project based on global
research and education of Bio-Environmental Chemistry to
slow and ultimately reverse the deterioration of our planet.
The research activities required for our “Save the Earth”
project span not only the full range of traditional chemistry
disciplines but also its emerging interfaces with biology,
engineering and biotechnology within three different
Schools of Science, Engineering Science and Engineering

Artificial Enzymes
Biofunctional
Chemistry

at Osaka University. Thus, the Global Education and Research
Center for Bio-Environmental Chemistry at Osaka Univer-
sity consists of five research groups with the targets of the
research objects:
(1) Energy Conversion,
(2) Environmentally Benign Synthesis,
(3) Molecular Information and Dynamics,
(4) Chemical Biology, and
(5) Biotechnology

We have started new educational programs at Global

20 A% EERE



ERRFEFEIO—/)NLEERREISR

Global Education and Research Center for Bio-Environmental Chemistry
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Education and Research Center for Bio-Environmental
Chemistry, which support and encourage Ph.D. students
in our chemistry and biology groups at Osaka University
to be actively engaged in finding optimum solutions to
global energy and environmental issues in the 215t century

through international collaborations.
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This program will take advantage of the rich array of sci-
entificaccomplishments and experiences acquired through
graduate courses taught in English as well as through the
world-class cutting-edge research activities.
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Materials bringing us
the future

From the human body to the universe

Center of Excellence for Advanced Structural and
Functional Materials Design

Program Leader
Tomoyuki Kakeshita — Professor, Graduate School of Engineering

http://www.mat.eng.osaka-u.ac.jp/gcoe/
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Combined Applications
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Structural;Applications Functional Applications
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structural materials functional materials

FLWBLZOMBIDEIHE, Y1 Y - BEMEFEDREIL
Creation of Materials with New Concept / Establishment of
New Design and Structuring Method
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Well-balanced mechanical properties

verything that we use in our daily

life is made of materials. There are
structural materials used to create the
frames of huge bridges, buildings and
vehicles, and functional materials, such
as the silicon of semiconductors used to
build our IT society. New materials are
also being developed that have both
structural and functional characteristics
simultaneously. So what exactly do we
mean by Materials Design?

Program Leader, Tomoyuki Kakeshita,
explains it like this: “Current materials
design is not alchemy. As an example,
a sword smith forges and shapes his
material, steel, using heat, and repeatedly

-
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Fine and uniform microstructure

tempers it to create a beautiful blade. It

is a skill built on experience and intuition.

Materials design explains what makes
that sword so special. The hammering
and folding gradually makes the crystal
grain of the steel smaller, increasing its
strength. We explain scientifically how
the ripples are caused by the slow and
delicate, graduated penetration of the
carbon, controlling the material structure
to create a useful tool. Structural control
is a key concept in materials design.”
The Center is proud to have produced
new structural materials in the materials
design field. Magnesium alloys are light
and strong so they are used in mobile

ERBTES
Friction Stir Welding (FSW)

EERY —)L
Rotating tool

BRZERSTRSTED

Welding without destroying
the structure

phones or laptop PCs. However they
are formed only by casting due to its
brittleness. We have revealed that mag-
nesium alloys become ductile at high
speed deformation. The phenomenon
is contrary to the common knowledge
that metals become brittle at high speed.
This method enables mass production of
magnesium alloy sheets. In addition, the
processed magnesium shows finer micro-
structure and well-balanced mechanical
properties. The days when these materials
will be used in automobiles to improve
fuel consumption and CO, emission are
fast approaching.

Another revolutionary development is
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Magnetic memory with new concept

F40nm
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AR DEEERIC L DBHZRTTED
Magnetization direction is referred as digital
information and magnetic Interaction between
magnets executes logical operation.

RERERITERE 1 DORTFTHRITTED
Both memory and logical operation are
assumed in a single cell.

atechnology for joining materials, called
friction stir welding that does not melt
and re-fuse the structural material. The
method mechanically mixes together
the materials being welded, creating
a completely unified piece while not
destroying the fine-grained metallic
structure, so that both strength and
toughness are maintained. The Center
strives to develop these basic technolo-
gies, including processes such as weld-
ing and joining, which are required for
practical use of the materials in society.
In addition to the macro-level, struc-
tural materials, we also have micro-level,
functional materials such as those used
in next-generation memory devices. A
memory and a logical operation are nor-
mally assumed in separate devices. Data
transfer between two devices takes time,
causing operation speed decreases. At
the center, we have developed a logic-
in-memory using magnets that assumes
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Ferromagnetic Shape Memory Alloy

BRE—XV b
Magnetic Moment

both memory and logical operationsin a

single cell. In the cell, the magnetization

direction is referred as digital informa-
tion; a zero or one and the magnetic
interaction between magnets execute

the logical operation. In addition to the

high-speed operation, standby power
consumption is also reduced due to a

non-volatility of the magnet. The key

to realize both functionalities was to

design four magnets in T-shape.

\\ N N ‘mﬁ ” y >
Magnetic Field

Materials which have both structural
and functional properties are receiving
new attention. One such type of mate-
rial is the ferromagnetic shape-memory
alloy, which can be bent freely without
being touched, using magnetic fields.
These contactlessbending metals can
lengthen by up to 10% when subject
to a magnetic field and they return to
their original shape when the field is
removed. There is a one-to-one cor-
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An application of porous metals

R—SA(ZHE)EE
Porous metal

respondence between stress or strain,
and magnetization. This behavior can
be used for actuators (devices which
convert energy to mechanical motion)
or for highly-sensitive sensors, measur-
ing amount of stress via magnetization.
Another new type of material com-
bining structural and functional char-
acteristics is porous metal, containing
pores like lotus root. We have an original
process which allows the size and length
of pores in titanium, iron or copper to
be controlled freely. The metal is melted
together with high temperature gas, and
when it begins to cool and solidify, the
gas dissolved in the metal is released in
one direction, creating the pores.
Porous titanium has been used
experimentally for regenerating bones.
Treatment of damaged bones normally
involves one of two main processes: treat-
ment to regenerate the bone under Tis-
sue Engineering, or replacement with a

e
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ST FiH
Biological molecule materilas
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BUEBHTED
A favorable natured
and strong bone

metal implant. Our research, attempts
to join both of these approaches. Bones

consist mainly of apatite and collagen.

This research was prompted by research

to understand from a materials-scien-

tific approach, how apatite crystals are

arranged to strengthen bones. The crys-

tal arrangement of apatite follows the
direction in which stress is applied in
the body. Bones regenerated using a
tissue engineering technique have failed

at achieving this alignment of the crys-

tals, so that although the bone mass
increases, the original bone quality does
not recover. To overcome this, we hope
to regenerate strong bones by using
porous titanium, together with material
to induce bone growth in the holes. This
is also promising in support for new drugs
for treatment of diseased conditions
such as osteoporosis. This research is a
combination of titanium research from
aerospace materials development with
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porous-metal-manufacturing technology,
and was developed through innova-
tive thinking in the field of materials
with applications in the human body.
Porous metals also hold much promise
in a wide range of other fields such as
aviation and machine tools.
In the words of Professor Kakeshita,
“Osaka University is a Mecca of materials
research. The power of this organiza-
tion has produced many results in the
manufacture of designed, structural
and functional materials for every-
day use and also of materials used in
the most extreme conditions: in space,
deep underground, on the ocean floor,
and in nuclear fusion reactors. It is our
dream to be able to describe ideal new
materials required in society, using justa
pencil and paper, from the atomic level
up, according to structure, strength and
other characteristics.”
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For here, for now, and for you...,

Establishing safe, secure and comfortable information envi-
ronment technology, learned from biological systems

Center of Excellence for
Founding Ambient Information Society Infrastructure

Program Leader
Masayuki Murata — Professor, Graduate School of

Information Science and Technology

http://www.ist.osaka-u.ac.jp/GlobalCOE
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Conventional interface

The user has to control his/her peripheral devices

to meet his/her own preference and/or purpose.

Construction of the “Ubiquitous Information Society,”
in which anyone, anywhere and at any time can enjoy
the benefits of information technology, is continuing to
advance. Various technologies such as mobile phones, wire-
less LANs and remote controls for household electronics
are being developed. However, these devices still need to
be operated directly by people themselves. In contrast, an
“Ambient Information Society” is one in which information
technology melts into the living space, and provides services
to users without any particular awareness from them. The
information technology follows the user, in harmony with
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The user can receive the
service unconsciously.

Ambient Interface

A camera and a sensor buried in the environment collect the
information of the movement of eyes, the pulse, the action of
the user. Based on those information, the peripheral device
is controlled automatically for users to become comfortable.

the user’s current space and environment, realizing a safe,
secure and comfortable information society : “Here, Now,
and for You..."

In the 21t Century COE Program, centering on the Graduate
School of Science and Technology, we created information
technology that is flexible and robust from various aspects,
as signified by the motto, “Learning from Biological Systems.”
The concept of ambient information environments was born
from this that research. In this program we are proposing
a technical approach, made possible through the study of
biological systems, which will be necessary for building

The peripheral devices are dynamically
controlled according to the user’s situation.
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large-scale ambient information environments.

What are the differences between ubiquitous and ambient
information environments? One is that with the ambient
information environment, interaction is inseparable from
the environment itself. In the ubiquitous information envi-
ronment, the human interface centers around the display
on devices like PCs or mobile phones. In ambient environ-
ments, on the other hand, the interface is integrated into
the environment, using equipment to provide the optimal
conditions, such as brightness, sound, air conditioning, fra-
grance and others. Methods for gathering information are
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Superpose attractors of human-beings and machines,
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also different. With current information technology, the user
consciously uses an input device such as a keyboard, and
cannot do anything without operating such a device. With
the ambient information environment, the user’s situation is
automatically detected by sensors. Using room temperature
as an example, if a user enters a room and is perspiring, the
sensors detect this, and the environment notices it to adjust
the room temperature for optimum comfort. It continues
to maintain a comfortable temperature as the user cools off.
This sort of process requires sensing and analysis of huge
amounts of information, however, so flexible and robust
control methods are also needed.

Technical approaches to building ambient information
environments are proceeding in four areas.

In the “Biological Dynamics” research area, we are devel-
oping a theory of the Attractor Selection, that biological
system is adaptable to even unpredictable and/or unknown
environments. The attractor selection is a theory estab-
lished in the 21 Century COE program. Itis a basic theory
of biological systems that, when a being is in an unfamiliar
environment, it uses fluctuations to move itself into bet-
ter conditions, i.e., attractors. This principle has enabled
biological systems to continue to live over 3.8 billion years.
The theory has been modeled mathematically, but we are

[ Ao7PrSo5—
Attractor of a human

Parasite human
(A robot which a person wears)

The interface that the wearable robot shares the sense and
motion of the person, so that both attractors are shared.

now extending it to an Attractor Superposition theory, deal-
ing with multiple overlapping attractors. An example of
this is how multiple overlapping networks independently
find equilibrium to achieve an optimum communication
environment. This example shows a relationship between
networking objects, but we are also applying the theory to
relationship between people and objects (machines and
computers). By superposing the attractors of people and
machines, we arrive at a new concept of mutual accom-
modation.

One example of this is what we call a parasite human.
A human puts on a robot with sensing functions using so-
called wearable technology-computers that can be worn.
The robot shares the senses and movement of its “owner,”
while also helping him or her. Mathematical models of these
are being created, and we are beginning simulation work.

In order to apply the Attractor Superposition theory,
“Ambient Interface” research area treats mutual interac-
tions, with cameras and sensors sensing the user’s environ-
ment and human dynamics (speech, behavior) interacting
with dynamics built into the surrounding devices. Thus,
researchers in the humanities, in areas like language process-
ing and interpersonal social psychology are also involved
in the program.
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In the “Ambient Networking” research area, research on

how to use optimized control in data networks is progress-
ing, learning from the self-organizing behavior of bees in
systematically building a nest, and crisis-avoidance meth-
ods used by ants. Currently, we are attempting to combine
multiple networks by using the above-mentioned Attracter
Superposition theory, and to control fluctuations by the
Attractor Perturbation theory.

Finally, in the area of the “Ambient Information Infrastructure
Technology” research area, we are building systems based on
results from the three areas described above. This includes
an optical interface with dragon-fly-like compound eyes for
recognizing image data, and dynamic wireless technology
that autonomously provides optimized services to the user
in an environment which changes over time.

According to Professor Murata, the Project Leader, it will
be necessary to adopt the concept of ambient information
environments in the future, even in research related to ubig-
uitous information environments. To meet the demands of
difficult-to-predict human behavior and the tempestuous
changes of large-scale information systems, we cannot afford
to miss learning from biological systems in the building of
the ambient information environment.

EMICHEATZRIBRACISRND
BHxY NO—UFlEHEEEY

By learning from biology, we build
information networks robust and reli-
able against environmental changes
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Whatis a
“true Doctor of Philosophy”?

Raising awareness of faculty members and students in IDER units

Center for Electronic Device Innovation (CEDI)

Program Leader
Kenji Taniguchi — Professor of Graduate School of Engineering
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Incubation >

he chief aim of this program is to encourage collabo-

rations by raising awareness of faculty members and
students who are likely to isolate themselves within their
own research specialties. To achieve this goal, Innovation-
oriented Dynamic Education and Research (IDER) units were
launched to develop next-generation electronic devices. An
IDER unitis a group of researchers from different laboratories
who work together for a specific project in order to design,
develop, characterize, and integrate a device. Hence, IDER
is a new education and research platform, which consists
of a dozen researchers working together to resolve dozens
of issues related to a specific project. Some IDER units pro-

Innovation —

mote cooperation with other institutions, companies, and
overseas organizations to achieve epoch-making results.
Although the overall project is vertically managed, hori-
zontal relations between each lab are established through
the various projects promoted by an IDER unit to consistently
conduct research and development from the incubation
stage to the innovation stage. A key feature of IDER is that
most researchers are young, mainly in their thirties. Associate
professors as well as their juniors actively cooperate with
each other to promote each project as well as to occasion-
ally host an international conference. In addition, these
young associates are encouraged to deepen horizontal ties.
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Gas sensing material characterization

The structure of research and development consists of a
total of six divisions, including three divisions for developing
power, sensing, and photonic devices and three for material
development, characterization and analysis, and integration.
These divisions work together to create a safe, secure, and
highly reliable society with a low environmental impact.

An example of an IDER unit project is research using a
GaN semiconductor. GaN, which is resistant to high voltage
as well as high temperature, has attracted attention as a
material for a power device. Although it has been speculated
that GaN would be a promising next-generation electronic
device, GaN crystals have not been useful due to the numer-
ous defects. As a world-leader in innovation, this unit has
developed core technology to reduce defects to an order
of about one hundred thousandth after crystallizing GaN
by dissolving itin a liquid. Thus, high quality GaN has been
produced through close cooperation between the divisions
responsible for developing cutting-edge materials and that
for characterization and analysis. This GaN structure, which

may have commercial application, is flexible enough to rapidly
advance research. The third group, the integration divi-
sion, is in charge of analog-to-digital conversion to operate
the power device. Several other researchers from different
groups, including researchers from private companies, are
expected to participate in this IDER unit in order to move
forward with a phased approach to equip new cars with
the power device in the future.

Furthermore, the unit concerned environmental issues
is developing a ubiquitous pollution gas sensing system,
which is highly accurate with low power consumption. This
system utilizes advances in sensing devices as well as tech-
nology to transmit collected data to a CPU via a radio. In
order to integrate a radio with sensing devices, which can
separate and measure various gases, a new IDER unit has
been established in collaboration with researchers from
private companies. The research seed for this project is mate-
rial development called, “Hypersensitive carbon nanotube
sensing device”. By the way, this COE program now consists
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Wireless communication

of fourteen units. Each unit has a leader working as a young
instructor along with students in the doctoral course and
master’s course. Moreover, senior advisers have also joined
the unit to supervise students, who tend to use their IDER
research in their doctoral theses.

The educational programs, which support IDER, are
distinctive, and enable researchers and students to under-
stand social and corporate needs. Corporations often follow
current trends in innovation. Therefore, it is possible that
knowledge obtained in graduate school may be outdated
and irrelevant after five years. The COE leader, Professor
Kenji Taniguchi, asserts, “We really need researchers who
are highly competent to judge things from a broad per-
spective rather than only having profound learning in one
area. Such people can surely develop as world-class true
Doctors of Philosophy.” Professor Taniguchi emphasizes his
own idea of “Silicon-philosophy Education” to train young
researchers, and residential training seminars have actually
been held many times since FY 2007. He always explains

that, “The scientific methodology acquired by silicon device
development must be learned seriously. Otherwise new
materials superior to silicon will never be created”

According to Professor Taniguchi, the development of
silicon as a material for IC will cost as much as several trillion
yen and will require a vast number of people. Although a
lot of knowledge and information can be obtained in the
development process, the massive experiment data, which
can be considered collective intelligence, can be used to
develop new materials. Moreover, collective intelligence may
elucidate universal principles, which can be referred to as
explicit knowledge. If virtual experiments can be designed
where combinations of known materials can be used to cre-
ate novel materials using explicit knowledge, then efficiency
of material development would be dramatically improved.
Professor Taniguchi says, “Memorizing a great deal of data
is not enough to be a ‘true Doctor of Philosophy’. A ‘true
Doctor of Philosophy’ is one who is able to grasp the essence
of how things can be constructed”.
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Importance of fieldwork and
involvement in practical issues

Toward a better understanding of
conflict and human security

A Research Base for Conflict Studies in the Humanities

Program Leader

Junji Koizumi — Professor of Anthropology, Graduate School of Human Sciences;
Trustee and Vice President, Osaka University
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Guatemala, one of the nations in Latin America, is formed under dichotomy between
indigenous people and nonindigenous ones that is clearly shown (in the picture above)
at the bus terminal in a local city in the northwestern part of the country.
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hat we call “conflict” in this Program
refers to confrontations, contradic-
tions, oppositions and frictions in the
recent process of globalization that has
introduced more diversity, complexity
and fluidity into the world after the
1990s. Not only transnational conflicts
over political, economic and religious
issues but also those over values due to
different understandings of language,
culture, arts and science abound in the
contemporary world. Thus our Research
Base emphasizes the meaning of “con-
flicts over values,” because they are so
fundamental and have the potential
of bringing about a total destruction
of our daily lives, industrial bases, or
educational structures.
Conflicts are caused by the views,
emotions and actions of those who are

actually involved in them. Analyses of
these factors are essential in dealing with

the problem, but humans are so complex,
varied and difficult to understand that it

does not seem feasible to envision a natu-
ral or universal law of human behavior.
Conventional interpretations in terms of
collision of nations, conflict of interests,
religious oppositions or class relations

are readily available, but most of them

are unsatisfactory because they tend

to be “reductionistic” (that is, the result
of analysis is already presupposed in

the analytic concept) and do not actu-
ally lead to deeper understanding or
improvement of real situations.

This Global COE program attempts
to set up a new framework which will
enable us to take a different, more human
scientific approach to conflict studies.
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In rural areas oppositional ethnic relation is
occasionally apparent, as shown in the above
picture. A crowd of indigenous people presents
agreat contrast to afew nonindigenous ones.

Professor Junji Koizumi, an anthropolo-
gistand the program leader, emphasizes

“the importance of fieldwork.” He says he

wants “detailed research about each and

specific cases and construction, based

on these, of careful ‘thick’ understanding

of what is going on in the world. Empiri-
cal data collection, not an imposition of
accepted schemes upon them, should

be given priority.”

The research base for this program is
composed of Graduate School of Human
Sciences and Graduate School of Letters
together with Global Collaboration Cen-
ter (GLOCOL) and Center for the Study
of Communication-Design (CSCD). It
is a collaborative and interdisciplinary
effort by researchers in the fields of
anthropology, linguistics, philosophy,
history, literature, art studies, sociology,
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Ongoing globalization is
positively valued and
accepted as in the case
of most of the govern-
ments of developing
countries and national
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Adaptation to the reality
helps to search for the
way to live as in the
case of one-way immi-
gration, labor migration
and smuggling.
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Globalization is sought
under such alternative
notions as sustainable
development, human
development or human
security.
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Globalization is received
with antagonistic
sentiments of
anti-globalization or
anti-globalism.
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Globalization receives
an outright denial and
active closure leads to
ethno-nationalism and
xenophobia.

companies.
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Views and practices of each individual living in more complex and fluid states of confrontation should be understood
clinically in ongoing processes based on “thick” recognition of the reality obtained through fieldwork.
Realistic approach not in the resolution of confrontation and conflict but rather in its reduction must be promoted with

an understanding and dialogue.

education, development, international
cooperation and so on. Eight research
clusters focusing on eight topics have
been set up. They are “transnationality,”

“globalization,” “language contact and
conflict,” “human security,” “humanism
and human rights,” “conflict and value,”

“crossing arts and media” and “popular
culture across borders.”

Professor Koizumi explains, “The
problem of conflict is difficult to deal
with because it is informed by human
thoughts and actions. Physical force is
often employed as a simple solution,
but we need to empirically understand
the complexities and difficulties, being
careful not to resort to such accepted

schemes as ‘the clash of civilizations’ or
‘the end of history.’ Views and practices
of people located in specific conflicts
should be paid attention to. Conflict
situations should be understood from
the point of view of those who live them,
and are actually involved in them as real,
ongoing processes. This kind of under-
standing may be imperfect and perhaps
partial, but it is the best we can do, and
it is at least better than something which
is not based on social reality. If it is not
perfect, we can simply try continuously
to improve it.” He adds, “If we are to have
a better understanding of what we call
conflict, we need a constant feedback
or oscillation between the reality we

think we find ‘out there’ and the ana-
lytic framework we come up with. This
is probably the only practical measure
to alleviate the problem.”
International symposiums make
important contributions to academia
not only as opportunities for academic
discussion, but also as measures to build
asignificant network of researchersin the
world. This program held five successful
international symposiums in the previ-
ous two years, which include “Globaliza-
tion, Difference, and Human Security”
in 2007/2008, and a joint conference
with the University of Sao Paulo, Brazil,
“Migration and Identities” in 2008/20009.
In this academic year, 2009/2010, four
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international symposiums were orga-
nized. In “Reframing Development: Post-
Development, Globalization, and the
Human Condition” in April, scholars from
countries such as the United Kingdom,
the United States, Canada, New Zealand,
Australia, Taiwan and Brazil, gathered;
“Simposio Internacional Aproximacion
Interdisciplinaria a los Conflictos en torno
a los Discursos Andinos” in December
put its focus on the controversial nature
of the discourse of Andes in the pre-
Spanish and Spanish periods, which saw
fruitful discussions between program
members and researchers from across
North and South America. In February,
two more symposiums were held: “Dia-
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Dissemination of small arms is a major threat to peace in many parts of the world. For this young boy
in the Southern Sudan, an automatic rifle is the only thing that he puts on. The pump well illustrates
that development aid is going on even during the war.

logue and Practice Reducing Conflicts:
Challenge of Humanities Therapy”, in
which scholars from Kangwon National
University, Korea, participated; and “Philo-
sophical Therapy and Clinical Philosophy”.
By March 2010, 45 research seminars
were held in the seminar series “Conflict
Studies in the Humanities”, 21 of which
had scholars from abroad as the guest
speakers. These activities have resulted
in numerous publications, which include
the program journal Conflict Studies in
the Humanities, published by the Osaka
University Press.

The Research Base for Conflict Studies
is working closely with GLOCOL, Global
Collaboration Center. This center is an

organization for promoting Osaka Uni-
versity's contribution to global society,
and it was created in April 2007 under
the initiative of Professor Koizumi. It is
a development from the transnational-
ity studies project of the previous 21
Century COE Program “Interface Stud-
ies in the Humanities” led by Professor
Kiyokazu Washida, the current President
of Osaka University. While the Research
Base for Conflict Studies in the Humanities
seeks to promote academic research on
conflict, GLOCOL attempts to promote
practical involvement in international
cooperation. Professor Koizumi points
out that these two are both sides of
the same coin.
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Toward the Integrated Biosciences
and Predictive Medicine

Promotion of Physiome and Systems Biology

An In Silico Medicine-Oriented Worldwide Open Platform

Program Leader

Taishin Nomura — Professor, The Center for Advanced Medical Engineering
and Informatics, Graduate School of Engineering Science

http://www.mei.osaka-u.ac.jp/gCOE/index.html
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hysiome and systems biology are emerging and inter-

disciplinary research fields, arising in consequence of
development of biological and medical sciences, engineering
and information sciences and technology. For biosciences,
complete sequencing of human genome was the epoch-
making event liberating vast amounts of experimental data.
Advanced engineering and technology allow us to measure
human physiological functions with high resolution using
PET and MRI among others. Information technology and
applied mathematics continue remarkable development,
enabling modeling and simulating human functions in silico,
i.e., within the computers.

The project promoted by this global Center of Excellence
for in silico medicine aims at integrating these develop-
ments and contributing to moving the world towards a
new generation of life science where physiological and
pathological information from the living human body can
be quantitatively described in silico across multiple scales

of time and size and through diverse hierarchies of organi-
zation - from molecules to cells and organs to individuals.

Promotion of physiome and systems biology requires
development of mathematical models that are capable
of describing structure and function of the human body
across multiple scales, which will be integrated into data-
bases of human physiology. Development of simulators is
also performed. It enables us to quantitatively analyze the
dynamics of physiological functions, eventually leading to
the predictive medicine.

In silico platforms established within internet-accessible
computers play important roles to promote physiome and
systems biology. US and EU countries have been aware of
theirimportance and taking initiative. The in silico medicine
project has got into the international concerted efforts as
a Japanese contribution.

Databases of genes and proteins have been widely uti-
lized. So far, these databases deal with static information.
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Databases establishing by the in silico medicine project
try to archive more dynamic information, that is, human
physiological functions represented by changes in “states”
of proteins, cells and organs along time at multiple scales
in time and space. The database of the in silico medicine at
www.physiome.jp has just been open in the public domain
with hundreds of peer-reviewed dynamic models of human
physiological functions. Each model in the database is rep-
resented by its hierarchical and modular structure, allowing
the user to investigate the model across multiple scales.

A promising research in the project is in silico cardiol-
ogy, where an integrated system to evaluate quantitatively
and even predict a potential risk of drug effect inducing
cardiac arrhythmia based on the electrophysiological data
and computer simulations of models.

Dr. Kurachi, a director of the Center for Advanced Medi-
cal Engineering and Informatics (MEI center) said that “The
platform development must be performed in coherent with

targeted physiological functions. The quantitative risk evalu-
ation and prediction of drug effect inducing cardiac arrhyth-
mia are now going to be possible. This is because we could
measure the dynamic changes in the membrane potential
of cardiac cells and associated ionic channel current with
very high accuracy, from which one could relate the cellular
function to the microscopic molecular functions such as
interactions between drugs and channel proteins, and to
the macroscopic tissue and organ level functions such as
spatiotemporal conduction of cellular activations. The plat-
form must be designed so that it can systematically support
such processes across different levels and scales, leading to
a scientific discovery and a new integrated understanding
of the human physiological functions.

The in silico medicine project includes a multiple of tar-
gets such as in silico lung project, in silico dentistry, in silico
neurology among others.

The integrative approach for those varieties of human
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physiology and pathology will eventually allow us to under-
stand the dynamic mechanisms underlying functions. This
means that we will be able to explore the logics of proteins
and cells through the modeling of nano and microscopic

dynamics governed by the first principles of physics, the
logics of cells, organs, and individuals through the phenom-
enological modeling of meso and macroscopic dynamics
of systems as the aggregation of the nano and microscopic
objects, and finally, the meta-logics that will bridge between

the different scales and hierarchies.

functions

The GCOE International Symposia held in Osaka and
San Francisco in 2007 and 2008 had participation of key
people in Integrative Research worldwide, from EuroPhysiome
community, [UPS Physiome Project, European Commission,
US-NIH, Systems Biology community and the Japanese Min-
istry of Science and Technology. These events have been
continuously strengthening the international cooperation

on Biomedical Integrative Research.
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author-set
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|- pubmed-id

I article-title
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last-page
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(— editor
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- coordinate
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downloaded
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definition
- math
description
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description
L timeseries-set
L timeseries

L insilico-attribute
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Unraveling the mechanisms

behind organelle networks
A new paradigm for disease treatment

Frontier Biomedical Science Underlying
Organelle Network Biology

Program Leader

Yoshihiro Yoneda — Professor, Graduate School of Frontier Biosciences /
Graduate School of Medicine

http://www.fbs.osaka-u.ac.jp/organelle-network/
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Frontier Biomedical Science Underlying Organelle Network Biology
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O rganelles are small partitioned organs within cells.
There are approximately 60 trillion in a human
body. Examples of organelles include the nucleus,
endoplasmic reticulum, endosome, mitochondria,
and golgi apparatus, all of which communicate with
each other in order to regulate intracellular molecu-
lar transport, which has a fundamental role in the
function of life.

Organelles are a common target for infectious dis-
eases. Although pathogens most effectively proliferate
by replicating their genes within the host nucleus, they
can still propagate upon infecting other organelles.

Another popular target for viruses is polysaccha-
rides, which along with proteins form glycoproteins
through the process of glycosylation. Glycoproteins
are hallmarks of the cell surface. Viruses then are able
to invade the cell by attaching to these glycoproteins.
In fact, about half of all proteins translated undergo
glycosylation. Many diseases such as hereditary muscular
dystrophy and emphysema are caused by abnormal
glycosylation while viruses like influenza virus or HIV
interact with the host’s saccharides in order to invade

the cell. Furthermore, research at Osaka University
has revealed that defective glycosylation is closely
related to cancer metastasis.

This GCOE utilizes the information gathered from
preceding five year 21*Century COE programs involved
in infectious diseases and immunology by applying a
wide range of biological fields like cell biology, glyco-
biology, basic medicine/clinical medicine, and micro-
biology to create a project that specifically focuses
on organelle networks.

The program leader, Professor Yoshihiro Yoneda
from the Graduate School of Frontier Biosciences /
Graduate School of Medicine, says that, ‘Although in
the life sciences fields like genetics and protein science
have advanced, understanding how cells integrate
information from these separate fields has lagged.
We understand how organelles work individually, but
still have a poor grasp of how they function mutually
to generate appropriate cell function.’

Consider, for example, that while it is known that
HIV enters the nucleus to proliferate, the mechanism
for entering is still a mystery. Likewise, research for the
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Infection cycle of Hepatitis C Virus; HCV

HCVs wander between organelles. A core part of the HCV protein induces deficient
mitochondria function, and interacts with proteasome activator PA28y, which results in
HCV replication and also triggers the production of fatty liver cells and cause hepatomas.
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influenza virus has not revealed the full mechanism
for molecular trafficking during invasion. In general,
mechanisms behind pathogen invasion remain major
conundrums. Their expectation is that clarifying the
interaction between the pathogens and organelles
will lead to new approaches for infection prevention
and treatment.

As said, viruses often invade cells through the
saccharides. Viruses can then use organelles for viral
propagation. Certain organelles, like the endoplasmic
reticulum and golgi apparatus are thought to be pri-
marily responsible for glycosylation. The endoplasmic
reticulum is responsible for synthesizing proteins and
also has a part in the protein’s glycosylation in order
for the protein to achieve function. Defects here can
lead to several problems as dysfunctional proteins
accumulate, which can signal the mitochondria and
ultimately lead to the cell death. Several neuro-degen-
erative diseases are attributed to a malfunctioning

endoplasmic reticulum. The consequence of cell death
is considered to have an association with extremely
destructive diseases like Alzheimer's.

A major objective of this GCOE is to sustain strong
interest in organelle networks. One strategy to achieve
thisis to develop an education environment that heavily
promotes collaborative research in the medical sci-
ences, life sciences, and natural sciences. The goal is to
produce proactive researchers with strong leadership
skills to continue this line of research. Students will
have the opportunity to work in diverse laboratories,
receive lectures from experts in academia and indus-
try, all with the aim of promoting communication
between different groups to cultivate collaborative
projects that this field needs in order to elucidate the
fundamental mechanisms driving organelle cross-talk.

Professor Yoneda says, ‘We intend to develop a new
field of medicine that focuses on organelle networks
that offers a unique and comprehensive perspective.
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Towards the Fabrication of
Room-temperature Superconductor

— Condensed-matter physics contributing to
more prosperous society in 21* century

Core Research and Engineering of Advanced Materials
—Interdisciplinary Education Center for Materials Science—

Program Leader
Yoshio Kitaoka — Professor, Graduate School of Engineering Science

http://www.gcoe.mp.es.osaka-u.ac.jp/
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Carrier doping for High temperature superconductivity

Pressure for Heavy electron systems

ew discoveries and developments in solid-state physics,
which will can clarify the physics-based relationship
between the microworld of atoms and the macroproperties
of materials, will give rise to new areas of applied research
in engineering, resulting in dramatic advancements in the
industry. Through the control of the function of molecules,
atoms, and electrons, which determine the characteristics
of magnetic matters, superconductors, dielectric matters,
semiconductors, organic substances, and substances in liv-
ing organisms, and the fabrication of future materials that
can transmit information through a singe electron, spin, or
photon, the conservation of natural resources and energy
saving can be realized, thus contributing to a more prosper-
ous society in the 21 Century.
Condensed-matter physics based on quantum mechan-

ics has led to the discovery of functional materials required
for new advances in the science and technology, and has
elucidated the principles underlying these functions. Dur-
ing the past few years, these discoveries have extended
beyond inorganic substances to organic substances and
even substances found in living organisms; hence, this has
developed into a multidisciplinary field. The establishment of
innovative next-generation science and technology, which
will meet the increasing demand for energy in the 21 Century
while conserving natural resources and being environment
friendly, is a very important task for mankind. In order to
meet the social demand for this groundbreaking research
for innovative next-generation science and technology that
finds its roots in the development of basic materials science,
we have arrived at this conception for the COE.
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Organic Field Effect Transistor
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Low Temperature STM

(YUIVRAODFFEVYIU )

Molecular Assemblies on Si

( EREFNTIO-F )

Electrochemical Approach
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Organic Laser Spin Transistor
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‘ Molecular-scale Electronic Devices
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Spin-polarized STM

(1) Quantum materials phase research

in a multidimensional environment.

Our main objectives include the establishment of new
concepts in materials science through the elucidation of
the mechanism that underlies the superconductivity and
magnetic ordering in strongly-correlated-electron systems,
and the creation of materials exhibiting superconductivity
at temperatures higher than that shown by any of the pres-
ently known materials. Further, new concepts that elabo-
rate the concept of frustration will be developed through

the creation of materials capable of new electromagnetic
applications (magnetism control by electric fields), made

possible by the collaborating or competing use of solid-state

properties (magnetism, ferroelectricity, and structural mate-
rial properties.) By this research, attempts will be made to

elucidate how atomic, molecular, and spin arrangements in

microareas and the related electron configurations govern

macromaterial properties, and to make rapid progress in

the organizing research activities in the field of materials

science in Japan.
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(2) Research on new functional materials for the future through
the control and design of quantum properties.

We aim at control and design of the quantum func-
tions relating to electrons, molecules, spin, and light: the
establishment of basic science and technology for the new
functional materials related to properties of superconduc-
tors, magnetic matters, dielectric matters, semiconductors,
organic substances, etc. These properties are controlled
by localized structures at the atomic level and interface or
molecular properties involving both physics and chemistry,

dealing with semiconductors, amorphous matter, carbon
nanotubes, conducting molecules, and organic functional
molecules, etc. The development of innovative next-generation
technologies such as molecule electronics, spin electronics,
optotronics, and quantronics relating to quantum informa-
tion processing, and the development of applied science
and technology such as next-generation energy sources
and the well-known solar electric devices, are expected to
be very important to the future of the Global.
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Beyond the existing limit of
accuracy and environmental load

New paradigm for production

Center of Excellence for
Atomically Controlled Fabrication Technology

Program Leader
Kazuto Yamauchi — Professor, Graduate School of Engineering

http://acftgcoe-osaka-u.kir.jp/index.php
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Center of Excellence for Atomically Controlled Fabrication Technology
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recision machining technologies

which are the bases of today's frontier
industry have developed so far by apply-
ing conventional processing principles to
maximize the performance of processing
facilities. However conventional way
of production has already reached the
limit in terms of achievable accuracy and
negative impact on environment. In the
field of precision machining this COE
program is working on the development
of “Only one fabrication process” that
can not be carried out by conventional
technology. The mission of this program
is to create a new paradigm to exceed
existing limit of accuracy and environ-

mental load as an academic issue while
fostering young promising people who
could work actively and flexibly in the
industry is another mission.

Then how can we go beyond the exist-
ing limit? Professor Kazuto Yamauchi, the
program leader explained that natural
self-organization phenomenon on the
workpiece surface must be utilized to
achieve that goal. On the other hand,
fabrication process should be developed
to enhance the environmental capability
naturally as well as reasonably without
employing excessive energy or hazard-
ous drugs.

For example massive amount of
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energy is required to produce silicon
for solar cell which is treated as a com-
mon way these days. Thin-film solar cell
is advantageous to cut the amount of
silicon but conventional low-pressure
plasma CVD (chemical vapor deposition)
would be costly due to the vast amount
of energy required for producing source
gas and also long time taken for form-
ing silicon film.

On the contrary, thin film formation
process utilizing atmospheric pressure
plasma promoted in the program enabled
to make high-purity thin film directly
from low-purity solid silicon without
using source gas. The deposition rate
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EEM makes flat work surface about 500km
(as the same distance between Tokyo and
Osaka) in length with the error of only 5mm!

XB=ES5—OMIE
EEM (Elastic Emission Machining)
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is more than 10 times faster than that of
conventional low-pressure plasma CVD
by using more than 90% of low-purity
solid silicon. With this technology energy
and cost can be reduced substantially
which is expected to accelerate the
production of electric power by solar
cell in the near future.

Furthermore the program is pro-
moting the research of X-rays optics in

Surface atoms

MR FICHELT
REN SRR

Surface atom is removed
after adhering to SiO,
particle

which “Osaka Mirror” is one of the well
known achievements. The program is
constructing global network with not
only SPring-8 in Hyogo prefecture in
Japan but also other gigantic radiation
facilities in the United States, France and
Germany to offer various technologies.
Japan is unrivaled in terms of technique
toimprove light condensing ability which
has been achieved up to the diffraction
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limit by using large-size X-ray focusing
mirror. Hard X- rays whose wavelength
is 0.8A can be focused to the size of
25nm that proved to be the smallest
spot size in the world. To achieve this
size extreme precision surface machin-
ing is necessary. In fact the figure error
would be only from 2mm to 5mm in
case the length of the mirror is 500km
which is the same distance between
Tokyo and Osaka.

The technology introduced into
SPring-8 has been utilized for various
analysis techniques including 3D image
and molecular analysis of cells which are
extremely important for nanotechnol-
ogy. The point for observing the nano
world is how sharply rays can be focused.
With this technology even one molecule
of protein can be observed clearly. It
also enabled to find out any ingredient
of drug working locally within a cell in
the experiment to see the efficacy of
anticancer drug. The research of this
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kind of technology is now advanced
to develop neutron rays optics as well.

Then how is the mirror with smooth
surface made? Further condensation
requires a mirror with a perfect surface
machined at the atomic level because
wavelength of X-raysis 1A or 0.1 nm. The
perfect surface can never be produced
by conventional mechanical machining.
It can only be achieved by polishing
the surface with the use of chemical
reaction at the atomic level on the work
surface and improving the technology
to measure it. Itis no exaggeration to
say that atomically controlled fabrication
technology is exactly what is developed
for and actually is integrated into this
mirror.

An important research site for the
program promoting “Only one fabri-
cation process” is the Clean Room in
the Research Center for Ultra-Precision
Science and Technology where propos-
als from the field of surface science or

GNTSvhT+—LA
Global Network Platform

’7 ’Eﬁ?ﬁﬂﬁﬂrﬁ/ﬂ/ D) N

Atomically Controlled Fabrication Technology

computational physics that is the foun-
dation of various technologies would
be tested to conduct basic verifications.
Based on the results of tests, joint efforts
by the researchers in the program and
their cooperative research institutions
are propelled to develop facilities and
also specific production is promoted in
this room. It is called Ultra Clean Facil-
ity where cutting-edge technologies
are introduced such as the clean room
technology of the highest quality, ultra-
pure gas and ultrapure water supply
technology.

The ultrapure gas supply technol-
ogy is applied to the formation of thin
film for solar cell utilizing atmospheric
pressure plasma 300mm ultra thin film
SOl wafer and high-k insulating film
which is indispensable for improving
next-generation devices. Especially
the research for formation of insulating
film which is expected to be the future
thin film to support highly integrated

transistor was advanced by utilizing
self-organization technique as well as
simulation by the supercomputer. Onthe
other hand the ultrapure water supply
technology is essential for producing
X-rays optics and neutron rays optics.
It is also applied to the fabrication of
semiconductor devices such as machin-
ing semiconductors and metals by using
not a great deal of chemicals but only
ultrapure water.

Professor Yamauchi expects to create a
new paradigm for production while new
value which has possibilities to create
a key device or a key process must be
generated in this program. He insists

“Our research achievements and efforts
for human resource development could
escalate into chain reaction effectively
by taking advantage of GN (Global Net-
work) platform shared by domestic as
well as overseas research institutions
and companies.”
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What is useful intervention

for society?

Human Behavior and Socioeconomic Dynamics

Program Leader

New economics focuses more deeply on human irrationality

Fumio Ohtake — Professor of ISER

http://www.iser.osaka-u.ac.jp/coe/gcoe.html
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hat is the role of economics? Tra-

ditional economics has been suc-
cessful in constructing various institutions
to make people wealthier and happier
on the assumption that human beings
arerational. Trends in the economy as a
whole can be clearly explained by the
conventional approach since natural
selection resulted from intense market
competition, but it seems unlikely that
each company or consumer behave ratio-
nally. Furthermore, traditional economics
has so far assumed that people modify
their behavior in response to various
incentives and has thus emphasized
the design of institutions.

However, contemporary issues such
as the bursting of the bubble and the
subprime mortgage crisis that reflect
very complicated aspects of human
beings can never be resolved only by
understanding human rationality. That

is why the emergence of a new type of
economics that complements missing
aspects of traditional economics is now
becoming a global trend.

Trends in the economy as a whole are
the result of a large number of decisions
made by individuals. In that sense, the
multiple debt problem and even obesity
should surely be regarded as economic
problems. If people could calmly as well
as rationally balance what they want
now with what they really want in the
future, they would not have to suffer
from being poor or fat. Unfortunately,
some people are so shortsighted that
they do not take account of the long-
run implications of their actions.

What, then, is the most effective
approach for dealing with such irrational
attitudes? That is behavioral economics,
a new and emerging branch of econom-
ics. While traditional economics has

laid out the idea that one should not
intervene in markets except when they
do not function well, the new economics
tries to focus more deeply and actively
on human irrationality.

Take obesity as an example. When
more people become overweight, a
heavier burden of medical costs is
imposed on society. But it is not prac-
tical for the government to put people
on a restricted diet to prevent them
from overeating. What then can we
do? The only effective way to avoid
obesity without interfering with every-
one’s eating habits is to require people
to undergo medical examinations for
metabolic syndrome. But policies that
interfere with people’s behavior should
be limited to cases in which society as
well as individuals are adversely affected.
Some typical examples are anti-pollution
regulations and the Antimonopoly Law.
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Global COE leader Fumio Ohtake, a
professor at ISER, points out that medi-
cal checkups are a sort of intervention.
Even if people dislike such interventions
and say “It is none of your business,” in
some cases they will appreciate it later
on. Professor Ohtake argues that such
irrational aspects of human beings could
directly lead to policy proposals based
on behavioral economics.

For the past decade, Osaka Univer-
sity has been the only research center
for behavioral economics in Japan. In
particular, the current global COE project
is attempting to shed light on the wide
range of irrational economic behaviors
occurring in reality. Whether human irra-
tionality requires political intervention
must be scrutinized carefully. To achieve
this end, we employ a number of new

methods.

One of them is an accurate ques-
tionnaire survey to see what kinds of
people are most likely to behave irra-
tionally. Take the example of multiple
debtors. According to the data, there
is a huge difference between people
with multiple debts and those with
no debts in terms of how much they
emphasize the present or the future. In
addition, multiple debtors have a ten-
dency to be overconfident. The data
also show that many multiple debtors
tend to give wrong answers to specific
financial questions even though they
are confident about their knowledge
of financial matters.

Another approach we use in behav-
ioral economics is to conduct economic
experiments in which subjects are asked

to choose the most preferable answer.
For example they are asked “Which do
you prefer: to get 10,000 yen now or
to get 10,100 yen a week from now?”
The subjects are encouraged to think
seriously about the most preferable
choice by making actual payments to
them. Other choices such as receiving
payment three months later or a year
later are included as well. Among the
accumulated data on subjects’ choices,
we find some choices that seem to be
irrational. We need to explain examples
of irrational economic behavior theoreti-
cally and if there are many such cases
we need to consider what influences
they will have on society.

Our new challenge in behavioral
economics is to promote joint research
with researchers in brain science to see
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whether the irrational behavior of human
beings is caused by biological factors.
The approach we take is to conduct an
economic experiment inside an fMRI to
allow us to observe which part of the brain
is working more actively. This method
resulted from merging the approaches
of psychology and economics because
research on irrationality was originally
the domain of psychology.

The other joint research we are con-
ducting with medical scientists is research
using twins’ data. Attitudes toward time
or risk might be a significant parameter
for determining how individuals behave
economically. We plan to shed lighton
how large the genetic component of
risk aversion is by comparing the case
of identical twins to the case of fraternal
twins in economic experiments.

If comparisons with other individuals
such as values and altruism influence
the economic behavior of individuals,
culture is one of the most important
influences on behavior. Another avenue of
research we are conducting is to study if
human characteristics have been created
culturally or biologically. For instance,
differences in attitudes toward promotion
between men and women can never
be changed by promoting education
if it is a biological trait. However, if it is
not, education could be an effective way
of eliminating gender discrimination.

Itis true that in some races women
like to compete more than men. Given
this fact, we should consider what kind
of intervention is appropriate. Should
we impose quotas on promotions or
conduct educational reform? Depend-

ing on which case applies, the optimal
policy will be completely different. In
that sense, it is important to grasp the
cultural or biological aspects of many of
the issues that still remain unresolved.
“Concerning the multiple problem,
raising the maximum interest rate is
a drastic remedy, and we can come
up with less drastic regulations,” said
Professor Ohtake. He argued that vari-
ous regulations allowing people to do
whatever they want while preventing
them from doing the wrong thing can
be implemented. “What must come first
in economics is implementing officious
interference appropriately and at the
right time,” explained Professor Ohtake.
“An economics that holds this viewpoint
will surely become the mainstream, |
believe.”
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Human Understanding

Based on Robotics
Development of Human-friendly IRT Systems

Center of Human-friendly Robotics Based on Cognitive Neuroscience

Program Leader
Hiroshi Ishiguro — Professor, Graduate School of Engineering Science

http://www.gcoe-cnr.osaka-u.ac.jp/
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Center of Human-friendly Robotics Based on Cognitive Neuroscience
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his Global COE program aims to

develop human-friendly IRT (Infor-
mation and Robot Technology) systems
based on “cognitive neuroscience.” Cog-
nitive neuroscience concerns meta-level
brain functions such as memory and
reasoning. In our increasingly mecha-
nized and computerized society, indi-
vidual technology has been developed
without the consideration of its burden
on the human brain. In order to build
safe and adaptable IRT systems, this pro-
gram builds a new research area called

“Cognitive Neuroscience Robotics,” which
tightly integrates robotics with cognitive
science and neuroscience.

Prof. Hiroshi Ishiguro, Program Leader
of this Global COE, is a world-famous
researcher because of his android called

“Geminoid” developed in 2006. The
geminoid is a copy of himself, which
can be controlled with a teleoperation
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facility. A purpose of the development
is to investigate human presence, i.e.,
where our presence comes from and
what makes us humans. The innovative
work brought him 26th place in Synectics
Survey of Contemporary Genius 2007.
The research goal of this program is
twofold: One is to reveal human intel-
ligence based on robotics. Developing
human-like artificial systems leads to
better understanding of humans. The
other is to build human-friendly IRT sys-
tems based on understanding of human
cognition. Studies in cognitive science
and neuroscience enable researchers to
design safe and adaptable IRT systems.
Prof. Ishiguro says, “It is not a very new
idea to investigate human intelligence
based on robotics. Rather, we now
have to more closely integrate robot-
ics with cognitive science, psychology,
and neuroscience. For example, robots
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Professor Ishiguro and Geminoid

can change the way for researchers to

study human cognition. Our experiment

using a human-like robot showed how

children attribute others’ action to their
intention. They imitated a goal-directed

action presented by the robot as well

as by other person, but did not imitate

the action presented by a machine, sug-
gesting that robots can be accepted as

intentional agents.”

To establish Cognitive Neuroscience
Robotics, this program gathers researchers
from different faculties of Osaka Univer-
sity: Graduate Schools of Engineering
Science, Engineering, Medicine, and
Human Sciences. Researchers from Com-
putational Neuroscience Lab. and Intel-
ligent Robotics and Communication Lab.
at ATR (Advanced Telecommunications
Research Institute International), and ones
from Advanced ICT Research Center at
NICT (National Institute of Information
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IRT systems developed by future engineering
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Over-dependence on netand
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Over-utilization of IRT systems
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Cognitive neuroscience studies on
adaptation to virtual reality

© RPBRUFEZEDT=H DIRFRUTHR
Cognitive neuroscience studies for
healthy brain development
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Development of multi-modal systems and funda-
mental studies on brain adaptation
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Development of IRT system being friendly to
human braln
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Cognitive neuroscience studies on
consciousness and attention
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use of interface
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Development of IRT systems adapted to human
attention
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Cognitive neuroscience studies on
memory and action
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Cognitive neuroscience studies for
maintaining healthy brain
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Development of action measuring and support-
ing systems using BMI
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Development of user interfaces adapted to infor-
mation processing of humans
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Design principle forhuman-

friendly IRT systems in our
future society

Difficulty in using IRT systems

and Communications Technology) also
contribute to the program. They form
four interdisciplinary research groups
named “Interdisciplinary Studies on
Cognitive and Neuroscience,” “Inter-
disciplinary Studies on Neuroscience
and Engineering,” “Development of
Cognitive Neuroscience Robotics,” and
“Establishment of Research Area of Cog-
nitive Neuroscience Robotics.”
The Group for Interdisciplinary Studies
on Cognitive and Neuroscience aims to

reveal meta-level brain functions such as
memory and reasoning. Brain imaging
technologies (e.g., fMRI) are employed
to examine the mechanisms for working
memory, consciousness, and decision-
making of humans. The Group for Inter-
disciplinary Studies on Neuroscience
and Engineering introduces BMI (Brain-
Machine Interface) and androids to the
study on the human brain. They investi-
gate how the brain of disable people can
be reconstructed by the use of BMI, and

whether and how a sympathetic android
eases the pain of patients. The goal of
the Group for Development of Cogni-
tive Neuroscience Robotics is to invent
prototypes of new IRT systems, which
are healthy and adaptable to humans.
The studies on cognitive neuroscience
and on BMl facilitate the understanding
of humans and thus the development of
IRT systems. All the research activities of
the program are encompassed by the
Group for Establishment of Research
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Center of Human-friendly Robotics Based on Cognitive Neuroscience
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IRT systems which support proper rela-

tionships between people by reducing
their brain overload
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IRT systems which relieve brain over-
load by using automated information
interface
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IRT systems usable for elderly people

Area of Cognitive Neuroscience Robot-

ics. It systematizes and promotes the
new research area through scientificand
philosophical considerations.

This Global COE also offers unique

curriculum for young researchers to pro-
mote their research: The first is “Caravan,”

which is a series of workshops held in
various countries. Young researchers

are encouraged to improve their inter-

national communication skills and to
expand their network. The caravans held
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Various types of baby robots used as a testbed for cognitive development
(Developed by Asada Synergistic Intelligence Project, ERATO, JST)

at Bielefeld University, Germany and at
IIT (The Italian Institute of Technology),

Italy in December 2009, produced the

successful agreement of exchanging

researchers and technologies. The

second and third unique programs
are “Souki-juku (starting school)” and
“Sousei-juku (brush-up school),” which
support Ph.D. students initiating and

promoting their work. Experienced
researchers in and out of the Global

COE teach the research methodology,

e.g., how to find a new challenge, how
to address it, and how to manage their
work, especially in the interdisciplinary
framework. Students are supposed to
present their research progress in regular
meetings so as to receive comments
from different disciplines.

Prof. Ishiguro foresees a robotic society
following the today'’s information society.
This program opens the research area
of Cognitive Neuroscience Robotics to
guide our future society.
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