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In the development of next generation scientific techniques, new research fields that would
overcome and transverse the demarcation of various research disciplines in “ Physics, Chemistry,
Biology” , “ Theory, Experimental” , “ Organic, Inorganic, Semiconductor, Live Organism” are
needed in both basic and applied research.

Prior to the current Research Institute for Electronic Science 0 RIESO, the Institute of Ultrashort
Waves was founded 63 years ago on the basis as a collaborative research effort uniting medical
and engineering, to study the effects of microwaves on the human body by gathering researchers
from broad disciplines including Physics, Chemistry, Biology and Mathematics, pioneered many
new interdisciplinary research areas. This tradition was continued as the institute reorganized to
form the Applied Electrical Research Institute, and the current RIES. We are aiming to create a
“ Trans-disciplinary Nanoscience” by synergizing the areas related to photonics, molecular and
biological sciences.

The Nanotechnology Research Center O established in 20020 and Nikon Imaging Center
O established in 20050 house domestic and foreign researchers, and the industries for scientific
exchanges, which provide the coverage for research extending into various multi-dimensional
regime, and function as a spearheading effort for novel and innovative trans-disciplinary research of
higher dimension.

An active role is taken in education, by providing postgraduate courses in cooperation with the
Graduate School of Science, Graduate School of Information Science, Graduate School of
Medicine and Graduate School of Environmental Science, and in nurturing talents by participating
in three 21st century COE programs “ New Bioscience Foundation Uniting Bio- and
Nanotechnology” , “ Perspective on Mathematics of Nonlinear Structures via Singularities” and
“ Creation of Topological Science and Technology” .

With the reform of the university system, it is prudent to fine-tune the role of the institute as an
affiliation to the university, and we promote our unified mission to craft a niche in trans-disciplinary
research area in Nanoscience.
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Director
Professor Keiji Sasaki
Professor Hiroshi Tokumoto

Section of Electronic Materials

Laboratory of Molecular Photonics
Professor Nobuhiro Ohta
Assoc. Prof.  Tokakazu Nakabayashi
Res. Assoc.  Toshifumi limori
Laboratory of Phase Transitions
Assoc. Prof.  Yuhji Tsujimi
Laboratory of Molecular Electronics
Professor Takayoshi Nakamura
Assoc.Prof.  Tomoyuki Akutagawa
Res.Assoc.  Shin-ichiro Noro
Laboratory of Optoelectronics
Professor lkuo Suemune
Assoc.Prof.  Saforu Tanaka
Res.Assoc.  Hidekazu Kumano

Section of Intelligent Materials and Device

Laboratory of Quantum Electronics
Professor Akira Ishibashi
Lecturer Keniji Kondo
Res.Assoc.  Hideo Kaiju
Laboratory of Molecular Devices
Professor Kuniharu ljiro
Assoc.Prof.  Kenichi Niikura
Res.Assoc.  Yasutaka Mafsuo
Laboratory of Supramolecular Biophysics
Assoc.Prof.  Masataka Kinjo
Res.Assoc.  Goro Nishimura
Laboratory of Cellular Informatics
Professor Tefsuo Ueda

Assoc. Prof.  Toshiyuki Nakagaki
Res.Assoc.  Takashi Jin

Res.Assoc.  Seiji Takagi
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Scientific Instrumentation and Control

Optical Systems Engineering
Keiji Sasaki

Shigeki Takeuchi

Hideki Fujiwara
Electromagnetic Sensing
Shinya Kuriki

Sachiko Koyama
Yoshihiro Hirata

Biofluid Dynamics
Takeshi Karino
Korobeinikov Andrei
nanosystems physiology
Takeharu Nagai

Tomomi Tani

Goto Derek

Informatics and Processing

Nonlinear Studies and Computation
Yasumasa Nishiura
Tatsuo Yanagita
Makoto lima
Neuro-Cybernetics
Tateo Shimozawa
Hitoshi Aonuma
Hiroshi Nishino
Signal Processing
Hiroaki Misawa
Juodkazis Saulius
Kosei Ueno
| Life Science
Ichiro Tsuda
Yuzuru Sato
Parallel Destributed Processing (Adjunct)
Hachiro Nakanishi
Tomoya Noda
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Nikon Imaging Center

Tetsuo Ueda
Takeharu Nagai
Kenta Saito
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Nanotechnology Research Center
Head

Professor Hiroaki Misawa

Laboratory of Nanomaterials

Professor Masatsugu Shimomura
Assoc.Prof. Masaru Tanaka
Res.Assoc. Hiroshi Yabu

Laboratory of Nanodevices

Professor Kaoru Tsujii
Res.Assoc. Hiroyuki Mayama
Res.Assoc. Goh Matsuo

Laboratory of Nanosimulation

Professor Hiroshi Tokumoto
Assoc.Prof. Takaharu Okajima
Res.Assoc. Hiroaki Azehara

Division of Technical Staffs

Head: Prof. Keiji Sasaki
Chief Eng. Yoshikazu Tsuchida
Equipment Developing Group

Group leader  Takao Ohta
Senior Eng. Yasushi Hirata
Seniour Eng.  Tatsuji Meike
Technician Masashi Takei

System Developing Group

Group leader  Hideo Oonuma

Seniour Eng.  Yoichi lseya
Techinician ltsuko Imamura
Hideo Oonuma
Techinician Kentaro Kobayashi
Techinician Mitsuo Hoshiyama

Administrative Office

Head: Koji Homaya
General Affairs

Chief. Admin.  Mikihiko Fujii
Administrator  Kunie Tsuchiya
Accountant

Chief Admin.  Shinichi Mitsuhashi

Seniour Admin. Chikako Takahata
Kaori Watanabe
Masayori Ouchi

Administrator
Administrator
O LibraryO

Librarian Kiyomi Saruhashi
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Section of Electronic Materials

In this section, basic properties of materials for the
advanced electronic science are investigated. It covers
the basic studies of optical, magnetic and electronic
properties of organic and inorganic compounds available
for controlling electrons and photons. The following four
laboratories are organized in this section: Molecular
Photonics (photon-electron interaction and photoinduced
function of materials), Phase Transition (collective
motion of atoms and molecules), Molecular Electronics
(supramolecular systems for electronics),
Nanophotonics (basic properties of materials for opto-
electronics).



HRERERERERERERERE

Molecular Photonics
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Interaction between photon and
electron has been investigated
theoretically and experimentally for
molecules, molecular complexes,
molecular aggregates and molecular
assemblies, with a special attention
to "Dynamics" and "Structure" of
photoexcited species and photoinduced
"Function" of materials.

Excitation energy transfer,

Time-resolved emission measurement system.

Studies on photoexcitation dynamics
and photoinduced functions of
molecular systems

photoinduced electron transfer,
proton transfer and complex
formation in the excited states,
which are primary processes of
many photochemical processes and
play a significant role in biological
systems, have been examined, based
on the measurements of emission
spectra and their decay profiles. In
order to elucidate the relation
among "Dynamics", "Structure" and
"Function", external electric field
effects and/or magnetic field effects
on these photochemical processes
have been examined.

Well-defined molecular order is
extremely important to generate an
ultra-fast, ultra-efficient and ultra-
selective photochemical process, as
1s seen for photochemical processes
in photosynthetic reaction center,
and to produce a new material with
a new photoinduced function. In
order to induce a characteristic
photochemical process which is
applicable for a design of the new
material having a new function,
photoexcitation dynamics and
photoinduced electric and magnetic
properties have been examined in
molecular assemblies and linked
compounds with higher-ordered
orientation and arrangement.

Research Interests

O Structure and dynamics of
photoexcited molecules

O Photoinduced properties and
functions

O Effects of electric field and
magnetic field

0O Time-resolved spectroscopy

0 Molphology of solid films

O Fluorescence lifetime imaging
(FLIM) system
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Phase Transition

Noble Property Hidden in the

Fluctuations of Materials
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The study of the phase transition
reveals new unknown properties of
materials useful for synthesis of
noble materials for electronic
science. These valuable properties
are usually hidden in the normal
material constants observed under a
stable condition. The fluctuation of
the physical quantities grows up
near the phase transition to give a
divergent or sometimes a gigantic
value of the susceptibility available
for the new electronic science. We
study many kinds of phase
transitions in the condensed matter
under unstable condition controlled
artificially in order to elucidate the
cooperative motion of atoms/

molecules in the phase transition
mechanism. We observe the
dynamics by the use of CW and
pulse lasers of pico- or femtosecond
time width for the observation of
whole of the dynamics in the phase
transition in both of the frequency
and time domains. We treat here a
wide variety of the phase transitions
in ferro- and antiferroelectric
crystals, ferroelastic crystals,
polymer gels, quasi-crystals,
glasses, liquids in addition to
melting and crystal growth
phenomena.

Research Interests

O Proton dynamics in hydrogen
bond

O Coherent excitation of soft modes
by ultrashort laser pulses

O Phase transition of relaxor
ferroelectric

0 Quantum fluctuations in quantum
paraelectrics and quantum
ferroelectrics

O Polymer network dynamics in
intelligent polymer gels

2 I
Raman scattering system for the study of proton
dynamics in the hydrogen-bounded material.

Femtosecond Q-sw mode-locked Ti:sapphire laser
system for the study of ultrafast dynamics.




Joooddbogd

Molecular Electronics

Juoogdboodddyny

Joodogdd

gbooboooboooobooboobo
gbobooboobooooooooboo
oomooooooooooooobooboo
gboboobooboooboooooooo
gboboobooboooboooooooo
good

igooogooooooooooo
gooooooobooboooooooon
gboboobooboooboooooooo
gooooooobooboooboooo
gboboobooboooboooooobooo
gboboobooboooboooooooo
gboboobooboooboooooobooo
gbobooboobooooooooboo
gboboobooboooboooooooo
gooobooooo

gbooboobooooboooobooobo
gbobooboobooooooooboo
gboboobooboooboooooooo
uoooouoooooooooooo
omoooooooooooooobooboo
gooooooobooboooobooo
gboboobooboooboooooboo
gboboobooboooboooooooo
gboboobooboooboooooobooo
goog

Molecular rotor into magnetic crystal

Towards the Realization of Molecular

Nanoelectronics
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Towards the realization of
Molecular Nanoelectronics, we
develop the "Integrated Molecular
Systems" through molecular-
Assembly processes, which are
further assembled into molecular
nanodevices for future computing
systems.

To obtain integrated molecular
systems through bottom-up self-
assembly processes, we program
each molecule in advance to have a
scenario for assembling into highly
ordered and complex structure. We
evaluate the structure and
electronic properties of the
molecular systems and fabricate

nanoelectronic devices using the
molecular systems as active units.

We are now studying on molecular
conductors and magnets from the
view points of supramolecular
chemistry. Combining
supramolecular structures of
molecular rotors and ionic channels
with molecular conductors and
magnets, we develop novel
functional molecular systems.
Forming thin films and nanometer
size units such as nanowires from
the integrated molecular systems,
we are constructing molecular
electronic devices.

Research Interests

O Molecular conductors and
magnets with supramolecular
functional units

O Solid state molecular motors

0 Molecular nanowires and device

application

O Molecular assemblies with
bistability

0O Supramolecular assemblies with
Polyoxometalate

0 Assemblies of metal complexes at
the solid-air interface
0 Organic and metal-complex FET
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Next-generation information
networks with higher reliability
request devices with new concepts
and high functionality. Our
laboratory develops nano-photonic
highly functional materials and
structures by (I) atomic-level control
of semiconductor surfaces and
fabrication of nanostructures such
as quantum dots and (II) fabrication
of three-dimensional microcavities
based on nanotechnologies:

1) SiC is candidates for devices to be
used under hard environment

and atomic control of the surface
structures are being studied.
Combinations with nanostructures

)

Coincidence Counts
Coincidence Counts

20 -

J i wH
Wt ‘ 3w
)\ M g M L. |ﬂ !
-80 -60 -40 20 0 20 40 60 80 i
Delay Time (ns)

Photon correlation measurement setup and results
to show anti-bunching or bunching of photons

emitted from quantum dots.

UU UM JAL.HU | L

-

Dela) Tlme (ns)

Nanophotonics

Quantum Control of Electron-Photon
Interactions with Nano-Photonic Highly
Functional Materials and Structures

are expected to show new functions.
2) Photonic functional devices that
perfectly control photon emission
processes are being studied by the
coupling of quantum dots and
optical microcavities. This will offer
solid-state on-demand photon
sources for quantum information
processing. This also leads to our

unique research on
"superconductivity photonics".
Homepage:

http://opmac06.es.hokudai.ac.jp/

Research Interests

O Self-organization of SiC surfaces
into nano-facet periodic structures

O Self-ordering of surface
nanostructures of GaN, Au, and
CNTs on SiC surfaces

O Photo-emission wavelength control
of quantum dots by strain
compensation with III-V-N nitrides

O Time-resolved spectroscopy of
single quantum dots and on-
demand regulated photon emission

O Fabrication of microcavities and
coupling with quantum dots for
coherent control of excitonic states

O Interdisciplinary research on
superconductivity photonics and
its applications

AFM and HRTEM images of SiC nano-
surface and its cross-sectional model.
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The present section is to carry out basic studies for
high performance electronic devices for switching,
amplifying, memorizing and sensing signals of any form,
utilizing inorganic, organic and bio-materials. The sec-
tion is composed of four laboratories: Quantum
Electronics and Molecular Devices, Supramolecular
Biophysics and Cellular Informatics.
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Creating a unification platford for
bottom-up and top-down systems is
one of the most important issues for
harvesting fruits of upcoming nano-
technologies and nano-science as
well as those of Si-LSI-based
information technologies. By
fabricating nanostructured systems
that enable us to make one-to-one
addressing with nanoscale spatial
resolution over a macroscopic
sample, seamless conjunction of
nano- and macro-systems can be
made giving rise, for example, to a
Si-based LSI system that enjoys

Metal/Insulator Spiral Heterostructure
of two thin metal ribbons

P
-

N -

~1cm

«—
~1cm

Double Nano-baumkuchen (as Cartesian Coordinate for 2D bottom-up systems)

Edge-to-edge configuration

(Quantum-cross structure)

Creating a Unification Platform for
Bottom-up and Top-down systems

new quantum physical
functionalities provided by various
bottom-up systems.

We have been studying
nanostructure physics by preparing
systems being discrete in nanoscale
but having a bulk size, investigating
the electro-optical interactions,
electronic correlations, self-
organized criticalities, and possible
spontaneous symmetry breakdown
in such systems. We are interested
in both fabricating spiral hetero-
structures for a new platform as
well as for functional memories plus
high efficiency photovoltaic devices
and calculating the electronic
structures of the systems.

Research Interests

O Nanostructure physics

O Spiral heterostructures

O Electronic correlations and spin
correlations in nanostructures

0 Dimensionality (hetero-structural)
control

O Electric and magnetic property in
spin quantum-cross structure

O Photovoltaic devices/Solar cells

O Density functional theory

O Many-body perturbation theory

1t principle calculation of ground state of electrons in harmonic potential
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Molecular Devices

Development of Hierarchically-

Structured Molecular Devices
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Bioorganisms are capable of
efficient energy transformation,
selective synthesis of biomolecules
and interactive information processing.
All these processes are based on
effective molecular recognition at
highly organized supramolecular
assemblies. This research group is
concerned with the construction of
hierarchical molecular devices by
the combination of nanosize molecular
assemblies with micron size
structures derived from dissipative
processes. The following themes are
In progress.

(1)Nanosize molecular assemblies
based on molecular recognition have
been fabricated by using
complementary hydrogen bonding

of deoxyribonucleotides (DNA) at
the air-water interface. Molecular
information of DNA sequence can be
transcribed into functional group
arrangement in DNA-mimetic
organizates. We have developed the
synthesis of conductive metal
nanowires from single DNA
filaments for the future fabrication
of nanoscale electronics based on
molecular assembly.
(2)Protein-assembly using virus-
capsid proteins have been explored.
Chemical modification of the
proteins give structural stability of
the virus capsule suited for drug
delivery carrier.

The research aimes at the
development of chemical sensors,
artificial photosynthesis systems
and virus-based drug delivery
carriers.

Research Interests

O Organization of DNA and DNA-
mimetics and its photo-function-
alization

0O Synthesis of DNA-templated
metal nanowire

O Creation of virus-based drug
delivery carries.

Silver nanowire on template DNA
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Supramolecular Biophysics
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Biological system is a typical
example of the general concept of
supramolecule, where the numerous
functions are originated from
complex interactions among
biological active molecules, cells,
tissues and organs. Using non-
invasive optical techniques, we are
targeting the functions and structures
of the system from the single molecule
to brain tissue for understanding

| Up right type FCS

Light, Tool for Exploring the Secret of

the role of supramolecular system.
For this purpose, we also
investigate  various optical
techniques and aim to establish a
new methodology in biomedical
field.

1) Analysis of the higher brain
function by optical imaging technique.
2) Investigation of tissue spectroscopy
using time-resolved technique,
correlation techniques, such as
diffusing-wave spectroscopy and
fluorescence correlation spectroscopy,
and single molecule detection
methods.

Research Interests

O Single molecular detection

O Functional near-infrared spec-
troscopy

O Methodology of tissue spec-
troscopy

O Functional brain mapping

O Fluorescence correlation spec-
troscopy
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Fig.1: Perfusion system of isolated rat liver
on the up right type FCS
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Fig.2:FCS measurements of perfused rat liver
stained by Rhod2-AM. Average fluorescence
intensity was 133k count per sec .
Fluorescence auto correlation function was
analyzed with three difterent dittusions;
0.2msec(32%),10.0msec(29%)and
285msec(39%).
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True slime mold.

Cellular Informatics

Toward Self-Organization of
Intelligence at the Cellular Level:

Lessons from the True Slime Mold
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A cell is the smallest system where
dynamism of life works auto-
nomously. Emergence of cellular
function is studied in terms of
hierarchic self-organization in
chemical systems far away from
equilibrium. The true slime mold is
a giant amoeboid cell and is useful
for this purpose. Cellular information
which governs cell behavior and
morphogenesis is studied in terms
of spatio-temporal dynamics of both
metabolism and gene expression.
We focus on smart behaviors of true
slime mold in a maze and other
puzzling situations. Ability of

Everyday life in laboratory.

information processing is estimated
from the viewpoint of optimization
for the task. And computational
algorithm of the optimization is ana-
lyzed by constructing a mathematical
model for spatially and temporally
multi-scaled dynamics of intracellular
biochemical events.

Research Interests

0 Sensing and judging

0 Biochemical oscillation

0 Pattern formation

0O Dynamics of cytoskeleton
0 Mathematical modeling

15
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In this section, investigations are made on the mecha-
nism and implementation of flexible and adaptive control
systems, such as those of a living body, based on the
metrology that relies on parallel, interactive, and high-
speed characteristics of light and electron waves.

The section comprises four laboratories that are
Optical Systems Engineering, Electromagnetic Sensing,
Biofluid Dynamics, and Biomedical Control.
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A microsphere with a stem contacted with a

tapered fiber.

Optical Systems Engineering

Towards Ultimate Optical Sciences and

Quantum Photonics
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Advanced optical technologies
utilizing unique characteristics of
light will play an important role in a
future information-oriented society.
Our group aims to open new research
fields in optical sciences and to
progress toward the ultimate goal of
new optical technologies. On the
basis of new ideas and original concepts,
we investigate optical computing,
communication, measurement, and
control techniques using both
photon and wave aspects of light.

Quantum Information Technology:
Elemental devices of quantum
information systems such as single-
photon sources, twin-photon generators,
and multi-photon detectors are
developed for realization of quantum
teleportation, quantum cryptography,
and quantum computing.

Quantum Control of Photodynamics:
Photon confinements within
microspherical particles and
random media are investigated to
realize cavity quantum electro-
dynamical effects and nonlinear
optical phenomena for applications
such as single-photon switching
devices and highly efficient micro-
lasers.

Optical Measurement and Control:
Three-dimensional nano-position
sensing, laser manipulation, and
near-field microscopy are utilized
for control of molecular interactions
and for spectroscopic analyses of
single molecules and single
nanoparticles. Quantum lithography
using entangled photons is also
investigated.

Research Interests

0 Quantum computing and commu-
nication

0 Quantum teleportation and lithog-
raphy

0 Quantum dynamics in micro-
structures

0 Single molecule and particle spec-
troscopy

0 Nanophotonic sensing and manip-
ulation

1.
T

Single-photon source
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Experimental systems for research on
speech auditory feedback control
mechanisms

Brain activities associated with speec
auditony feedback control

SQUIDs and Neuroimaging
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Superconducting quantum Inter-
ference device (SQUID) is an
extremely sensitive magnetic field
sensor capable to detect a field
down to 10 T. Transdisciplinary
studies related to SQUIDs are
carried out in our laboratory,
including the research on magnetic
and electrical properties of high-
temperature-superconductor SQUIDs,
their application to the detection of
biological signals, and physiological
/biomedical investigation using a
low-temperature-superconductor
SQUID.

Based on the high spatio-temporal
resolution of SQUIDs, cortical loci
and their dynamics of neural

h HOKUDAI MEG systrem in Research
and Education Center for Brain Science
0 RECBSO

activities underlying various
functions of the human brain are
visualized. Auditory/visual sensory
functions and higher functions of
awareness, memory, language, and
music comprehension of the human
brain are elucidated by multi-modal
approach using the SQUID, functional
MRI, and high-resolution EEG,
supplemented. Auditory Feedback
in speech production and its role in
language acquisition and foreigh
language learning are also
inrestigated.

Research Interests

0 High-Tc SQUIDs

O Biomagnetism

O Functional neuroimaging
O Music Perception

O Speech Perception

O Speech Audiory Feedback

3 =3
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To elucidate the mechanisms of
localization of atherosclerotic
lesions, cerebral aneurysms, and
anastomotic intimal hyperplasia in
man, the effects of various physical
and fluid mechanical factors such as
flow velocity (shear rate), blood
pressure, and water filtration
velocity at the vessel wall on
concentration of atherogenic low
density lipoproteins (LDL) at the
luminal surface of an arterial wall,
uptake of LDL by endothelial cells,
and proliferation/ degeneration of
the cells constituting the vessel wall
are investigated in detail. This is
done by carrying out computer
simulations of transport of LDL
from flowing blood to an arterial
wall, performing in vitro mass

(Water filtration velocity : 6 x 10cm/sec, 28 days)

e TL--;-BE‘" o =
- .:T' S e ""—i—r-—-'r"'-"'-"-'-r i --::—_-__1"-—_'-1.#-'
T B0 (Sl S R e W e
PR -’fr-_*:gzhﬂ e P T ;
[ e T e LT

F 'g' T A s u-_-:r""'"

¢PTFE Graft ; " :
i
2 dynes/cm? 14 dynes/cm? 30 dynes/cm?

( Water filtration velocity : 0 cm/sec, 28 days )

Fil T

=1
-

- g ——
Ll-__ \.:_—L' e e

’-""—-'!-—-—-f_.-
e ;;‘_=’,IE--

e
R -H "F - i R ol iminin™
ER r.--,;- .n:_.n.\.-;'_"": ¥ l.m..: il T —
y .- A | o - :
2 dynes/cm? 14 dynes/cm? 30 dynes/cm?

Crosssectional views of hybrid vascular grafts showing the effects of fluid
velocity and water filtration on proliferation of the cells. EC: endothelial cell,

SMC: smooth muscle cell

Biofluid Dynamics

Unraveling the Mechanisms of
Localization of Vascular Diseases

An end-to-end anastomosed artery
in which an intimal hyperplasia
occurred

transfer experiments of LDL using a
model of an arterial wall prepared
by seeding bovine aortic endothelial
cells (EC) on layers of cultured
smooth muscle cells (SMC) and co-
culturing them, and carrying out
animal experiments.

Research Interests

1. Analysis of the flow patterns in
the human cardiovascular
systems

2. Elucidation of the mechanisms of
localization of vascular diseases

3. Theoretical and experimental
study on the effects of blood flow,
blood pressure, and water
filtration on transport of LDL
from flowing blood to an arterial
wall and proliferation of the cells
forming the vessel wall

Fluorescent dye-stained dog aortic
endothelial cells coating the luminal
surface of a hybrid vascular graft in
monolayer
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Fig. 1

Distribution of intracellular calcium ions in cultured
mammalian cells monitored with a fluorescent protein-

based indicator

Exploring the mechanisms of life

through the use of live imaging

It is amazing to consider that the
growth of multicellular living
organisms, including humans,
begins with just a single fertilized
egg. This is followed by distinct
developmental processes of cell
division and differentiation, which
results in the formation of a wide
variety of different cell types that
are intricately connected and
functionally correlated as a whole
organism. Moreover, communication
between the various cell types also
exists to ensure that any stimulus
the organism may experience
during its lifetime is met with an
efficient, coordinated response.

In order to understand the
developmental and stimulus/
response processes that make up a
whole living organism, it 1Iis
important to first have a clear
understanding of the functional
interactions between both individual
cells and single molecules within
these cells.

Using the latest in biomolecular
imaging technology, research in our
laboratory is focused on investigating
such biological interactions at both
the molecular and cellular level.
This involves not only direct
imaging the "presence" of single
molecules and individual cells, but
also the use of Fluorescence
Resonance Energy Transfer (FRET)-
based approaches for real-time
imaging of dynamic, reversible
biological signaling "events" such as
protein modification and intracellular
calcium changes. Moreover, this

Single molecule imaging of
nerve growth factors bound to
the distal tip of a nerve fiber

imaging technology will also be
combined with protein manipulation
techniques to elucidate the functional
contribution of these dynamic
interactions and  signaling
transduction events in the whole
living organism.

As life sciences moves into the
post-genomic era, the continual
development of real-time imaging
approaches for elucidating cell and
biomolecule interactions in whole
living organisms is becoming
increasingly important.

Research Interests

10 Development of novel fluorescent
protein-based indicators for
biological events

20 Application of protein 3D structural
information to development of
novel indicators

30 Development of techniques for
light-based manipulation of protein
activity

40 Development of optical microscope
technology enabling whole-
organism imaging

50 Elucidation of signaling systems for
sensing and responding to
environmental conditions, and for
establishing certain morphology
during embryogenesis.

600 Development of ultra high
throughput genomic sequencing
technology

Fig.3

Cultured bacteria expressing
three types of fluorescent
proteins with different colors
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This section conducts basic researches on the
development of electronic information processing for
automated reasoning. The section comprises four
laboratories. Laboratory of Nonlinear Studies and
Computation researches into mathematical structures of
pattern formation of dissipative systems. Laboratory of
Neuro-Cybernetics aims to reveal design principles of
the central nervous systems of insects. Laboratory of
photon Process develops various kinds of
nanofabrication technique using light and create optical
nanodevices. Also included in the section is an adjunct
laboratory for visiting professors invited from private
institutions to direct trans-disciplinary joint researches on
parallel distributed processing.

Section of Informatics and Processing
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Self-replication in reaction-diffusion
system.

Modeling Nature's Complexity
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Nature is a treasure house of
variety of spatio-temporal dynamic
patterns. One of the adequate
languages to interpret its beauty
and complexity is nonlinear dynamics.
Good qualitative modelings give us a
deep insight of universality and
simplicity penetrating diversified
phenomena. Experiment, modeling,
computation, and mathematical
analysis is a feedback loop to
understand the complex dynamics
in Nature. Any mathematical model
is a kind of metaphor for the original
phenomenon, but this does not mean a

Simulation of meandering river.

lack of rigor or power of predictability,
instead it predicts when and how
qualitative changes occur, which is
much more important to our life
rather than small quantitative
errors. Our laboratory covers pattern
formation in dissipative systems,
morphogenesis, material science,
fluid dynamics with phase transition,
biomechanical fluid problems, and
geomorphogenesis.

Research Interests

O Pattern formation in reaction-
diffusion system

0 Modeling in material science

0 Modeling of morphogenesis

O Analysis of body motion interacting
with fluid

0 Computational geomorphology of
river channel

Double gyroid morphology for
diblock copolymer melts

——
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Collision of localized convection
cells in binary fluid mixture.



HRERERERERERERN

oot
oottt

goooooooooooooooboo
oooooooooooooooobooo
oooooooooooooooooboo
oooooooooooooooooboo
oobooobooocoboooooooo
oooooooooooooooooboo
oooooooooooooooooboo
ooooooooooooo

gooooooooooooobooo
oooooooooooooooooboo
oooooooooooooooooboo
oooooooooooooooooo
oooooooooooooooooboo
oooooooooooooooobooo
0ooooOooleooooooooo
ooltoooO0ooOoUoooooooo
oooooooooooooooobooo
O00o00oooooooooooileo
ooo0ooolcoooooooooo
oooooooooooooooobooo
oooooooooooooooobooo
oooooooooooooooooo
oooooooooooooooobooo
oooooooooooooooooboo
oMmoboooooooooooooo
oooooooooooooooooboo
oooooooooooooooooboo
oooooooooooooooooo
oooooo

Sensory neurons in the femoral
chordotonal organ of the cricket.

Neuro-Cybernetics

Unraveling the Design of Micro-Brain
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The ultimate goal of our research is
technological implementation of major
principles of information processing
in biological organisms. To unravel
the biological design principles,
computer aided analyses of neuronal
structure and signal transmission
based on modern information theories
and engineering methods are
employed.

The present research aims at probing
cellular and network mechanisms of
brain functions. Arthropod animals
show varieties of adaptive behavior
despite they have only a tiny brain
"Microbrain" that comprises by far a
smaller number of neurons than our
"Megalobrain". We have investigated

% /
Three dimensional reconstruction of
the cricket brain and the primary

olfactory processing
antennal lobe.

center,

major principles of information
processing in the brain using insects
and crustaceans. Our main research
projects are to 1) elucidate the role
of internal thermal noise for information
transmission in the mechanosensory
cells in crickets 2) elucidate olfactory
coding mechanisms in higher order
centers in insects 3) clarify
mechanisms of neuronal plasticity
by investigating the role of nitric
oxide in the central nervous system
in crickets.

Research Interests

O Neuronal representation of
information and transmission
capacity

OIntegration mechanism of
mechanosensory and olfactory
signals

O The role of nitric oxide for neuronal
plasticity

0 Neuronal mechanism of thanatotic
behavior

Students and an experimental setup
for intracellular recording.
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Fabrication techniques using laser
light, which excel in controllability
and versatility, are considered highly
promising in view of the micro/nano-
fabrication. We are conducting
research to clarify the interaction
between light and materials in the
microscopic space of micrometer-to-
nanometer order, and, based on the
principles established, to design new
micro/nano-photonic devices. The
main themes of research are two:. one
is aiming at controlling photons in
terms of spatio-temporal coincidence
as well as in preparation of the
entangled photons suited for
quantum optical applications and the
other theme is featuring material-
related research, also, development

Photon Process

In search for the novel nanofabrication
techniques using light

of photonic materials such as
photonic crystals and/or metal
nanostructures.

Research Interests

O Control of nanostrucuture and
kinetics of soft materials using
laser-tweezers

O Development of micro/nano
fabrication techniques using
femtosecond pulses

O Development of the entangled
photon sources for quantum
lithography and engineering

O Development of micro/nano
devices using photonic crystals

O Development of DNA chips using
new detection techniques
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Computational Life Science

Mathematics for Life Science
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Computational life science is a new
field of research, which has been
promoted in cooperation with
Department of Mathematics. The aim
of this laboratory is to clarify the
complexity embedded in various bio-
logical phenomena, which may
emerge over multi-scales of space
and time.

Biological systems express a specif-
ic complexity, which typically
appears in cell differentiation and
also in functional differentiation in
the brain. In cell differentiation, for
instance, it is not, in advance, deter-
mined that which part of embryo
becomes eyes. All organs are orga-
nized in accord with the development
of an individual as a whole system. A
similar organization is observed in
the functional differentiation of the
brain. A whole brain acts as a system,
in which all cortical areas such as a
visual cortex are organized in accord
with the development of a whole
brain. In this laboratory, taking into
account these characteristics, we

g€ < <33 3 1

A fundamental structure of dynamic states for the transition between synchronized and desynchronized states.

would like to construct a new system
theory, that is, a complex systems
theory, based on the intensive studies
on various topics described below.

Research Interests

0 Mathematical modeling of higher
functions of the brain, Nonlinear
dynamical systems and chaos,
Mathematical modeling of self-
reproduction and self-
reorganization, Mathematical
studies for biological evolution

=0 O388
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Parallel Distributed Processing
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Research on communication between
human beings and social systems

HEN

Human beings and society; their rhythm

and cummunication
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Human beings cannot live alone.
They need family members, partners,
soclety and environment. The
research project of our laboratory
aims at better understanding of rela-
tionship between human beings,
organizations and social systems via
various communication media.

Multichannel biosignal detector

Research issues have been discussed

from following view points

1) Relationships between human

beings and information (physical and

physiological aspects)

O Development of non-invasive
detection of biological rhythms and
their analysis based on nonlinear
dynamics

O New method obtaining hidden
information on holistic health

0 Human gait rhythm under various
conditions, e.g., walking while
listening to music, walking with
pets or robots, and walking in a
group

O Design of healthcare systems
based on healing by mind-body
Interactions

2) Cognitive function of human beings

for interaction with society (Aspects

from cognitive science)

O Qualitative and quantitative
characteristics of human cognition

O Coarse-view  modeling for
analyzing qualitative information

O Application of methodology based
on qualitative cognition to
consulting

3) Analysis of social systems based on

cognitive science (Aspects from

social systems)

O Models of social systems
dominated with self-reference
characteristics

O Analysis of scientific and
technological organizations

O Interaction of nanotechnology with
social system

Research Interests

O Application of nonlinear dynamics
to biological rhythm analysis

ODevelopment of healthcare
systems based on gait rhythm
analysis

O Introduction of methodology
based on qualitative cognition to
social system analysis

O Analysis of research organization
for development of advanced
science and technology
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Nanotechnology is a key technology of the new generation
of innovation industry, and is the technical basis of
semiconductor, electronic material, bio, information and
environmental technology. Our center is an interdisciplinary
research organization, which focuses on a "bottom-up"
strategy based on "self-organization" of atoms and
molecules as well as a "top-down" strategy based on
semiconductor technology to create a totally new field of
"nano-science and technology”. This research center
also aims to contribute and play an important part in the
establishment nanotechnology network in Japan.
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Nanomaterials

Fabrication of Nanomaterials based on
Self-organization
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We are aiming to create hierarchically
organized functional materials ranging
from nanometer scale to millimeter scale
by using molecular self-assembly and
self-organization based on the spatio-
temporal non-linear and non-equilibrium
dynamics. Nano and micropatterns can
be fabricated by fixing the spatio-
temporal patterns emerging in casting
process of polymer films. These patterns
are utilized for novel functional materials
in the fields of photonics, electronics, and

1A ]
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biotechnologies. Preparation of
hierarchically structured particles and
controlled assembling of particles are
also investigated to create novel
functional nanomaterials. New
measuring methods based on low-
coherence interferometry are developed
to characterize newly fabricated
materials.

Research Interests

O Fabrication of two- or three-
dimensional nano- and micro-
patterns based on self-organization

0 Biomedical application of nano-
and micro-structured materials
prepared by self-organization.

O Fabrication of hierarchically
structured nanoparticles in the
non-equilibrium process.

0 Manipulation of nanoparticles based
on laser optics and self-assembly.

O Spatiotemporal assembly of
nanoparticles using dynamic
holograms

O Development of a tomographic
microscopy using low-coherence
interferometry

O Development of a new low-
coherence dynamic light

scattering technique

gobobooooboogad
ooooo

ooo

Figure 1. Scanning electron micrograph Figure 2. Transmission electron Figure 3. Optical micrograph of
of the honeycomb-patterned polymer micrograph of polymer nanoparticles patterns prepared by using dynamic

film prepared by self-organization having lamellar structures
O bar:10:um)

holograms
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and a water droplet on it

S0 v Ses gy B
Super water-repellent fractal surface of poly(alkylpyrrole)

Fabrication
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The mission of this laboratory is to
develop the electronics, photonics
and bionics devices utilizing the
concepts of self-organization,
mesoscopy, fractal, supramolecules
and so on. Molecular fabrications
useful for the above devices will be
made by the self-assembly and the
self-organization of molecules. In the
fractal nanotechnology, for example,
super water- and/or oil-repellent
surfaces, adsorbents, heat insulators
etc will be developed by making the
material surfaces or bodies fractal.
Iridescent hydro-gels having a
periodic structure of bilayer
membranes change their colors in

> n

Nanodevices

Nanodevices Creation by Molecular

response to the environmental
conditions. Anisotropic gels can be
obtained when polymerized just after
alignment of the bilayer membranes
by the shear flow. The practical
applications of the above fractal
materials and gels are also important
target of our research. We will make
collaborations with the semiconductor-
nanotechnology researchers of our and
other universities, institutes as well as
enterprises when necessary for the
developments and applications of the
devices.

Research Interests

O Development of Fractal
Nanotechnology
O Application of Hydro-Gels

Containing Immobilized-Bilayer-
Membranes

O Creation and Application of
Anisotropic Gels

Iridescent gel containing immobilized-bilayer-
membranes
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Atomic force microscope (AFM) is a
promising tool for imaging,
measuring and manipulating
materials in aqueous solutions in the
force range of pN to nN, in which
biological specimen stabilizes their
structures as well as exerts their
functions. We are conducting
research to clarify the hierarchical
structures and functions from single
molecules to cells with a view to
"Nanomechanics" and
"Nanodynamics " using AFM and
carbon nanotube (CNT) techniques,
which is crucially important on
understanding the origin of life and
fabricating bio-devices on bottom-up
technologies.

1) By extending and compressing
single molecules of proteins and
polymers, we are investigating their
intramolecular interactions on
folding process of proteins and

AFM

|—7

Nanosimulation

Bionanoprobe technology: From single
molecule to living cells

intermolecular interactions on
polymer-polymer interactions and
entanglements. Moreover we are
investigating stabilities of bio-
assemblies such as lipid bilayer at
nanoscale.

2) We are developing new techniques
for measuring dynamics and
identifying individual molecules of
living cell surfaces and exploring
inside cells with AFMs and
chemically modified CNT, which is
expected to allow for diagnosis and
nanosurgery of single cells.

3) We are developing less-invasive
imaging techniques for biological
samples in liquids with CNT tips and
frequency-modulation techniques,
and moreover a technique for
measuring precisely nanomechanics
on soft-matters.

Research Interests

0 Nanomechanics and
Nanodynamics of single molecules
of proteins and polymers.

O New techniques for exploring
inside cells at nanoscale using
AFM with a carbon nanotube tip.

0 Nanodynamics of cell surfaces at
high spatial-temporal resolutions.

O Less-invasive AFM imaging
techniques for biological
molecules in liquids

e (A)
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Station 3 Multi-Color Fluorescence Microscopy.

oo on

Nikon Imaging Center
http://nano.es.hokudai.ac.jp/nikon/

Providing, improvement and
development of Bio-imaging
technologies

The Nikon Imaging Center at Hokkaido University
(NIC@Hokudai) promotes the improvement and
development of bio-imaging technologies and their
application to the life sciences. The NIC@Hokudai also
aims to facilitate cooperation between enterprises related
to microscope technology, and to participate in both
educational research and international exchange.

Activity

1) To provide an environment for basic research with
state-of-the-art microscopy and imaging equipment

2) To provide training courses on basic and advanced
microscopy

3) To develop new microscopy techniques incorporating
specific user requirements

Station 4 Real-time Confocal Microscopy
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The Division of Technical Staffs
consists of a group of technical
assistants in research laboratories
and a group of technicians in the
machine and glass shop. The
machine shop is equipped with an
argon welder and several precision
machine tools, while the glass shop
has a glass lathe and a large-size
electric furnace.
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Division of Technical Staffs
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Multi-Institutional International Symposium on "mei" (Dec.5-7, 2005)

O0000000000000D00 0000 NKON IMAGING CENTER Opening Ceremony (Oct, 2005)
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