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Organization of RIKEN Brain Science Institute (As of April 1, 2001)
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——@Mﬁﬂ_ ction Research Group (Dr. Takao K- Herisch, Ph.D.) =

Neuronal Circuit Development (Dr. Takao K. Hensch, Ph.D.)
Neurobiology of Synapse (Dr. Yoshihiro Yoshihara, Ph.D.)

—Neuronal Circuit Mechan

s Research Group (Dr. M. Ito, M.D_, Ph.D))

Memory and Learning (Dr. Masao Ito, M.D,, Ph.D.)

Neurobiology of Emotion (Dr. Hiroaki Niki, Ph.D.)

Neuronal Circuit Dynamics (Dr. Thomas Knopfel, #.D., Ph.D.)
Cellular Information Processing (Dr. Ryoji Yano, Pi.D.)

N

———_ Cognitive Brain Science Group (Dr. K- Ianaka. Ph.D.):

Cognitive Brain Mapping (Dr. Keiji Tanaka, Ph.D.)

Integrative Neural Systems (Dr. Manabu Tanifuji, D.Eng.)

Human Brain Dynamics (Dr. Andreas A. Toannides, Ph. D.)

——Communicalive Function Research Group™

Cortical Organization and Systemaucs (Dr Kathleen L. Rockland, Pi.D.)

)

evelopmenial

< RIKEN-MIT Neuroscience Research Canter (Dr. S.Tonegawa, Ph.D)" )

rain science Group (Dr. K. MiKoshiba, M.D., Ph.D.)

Develop tal Neurobiology (Dr. Katsuhiko Mikoshiba, M.D., Ph.D.)

Neural Regeneration (Dr. Katsuhiko Mikoshiba, #.D., Pi.D.)

Developmental Gene Regulation (Dr. Hitoshi Okamoto, #.D., PR.D.)

Molecular Neurogenests (Dr. Tei-ichi Furuichi, PiD.)

(_Molecular-Neuropathology Group (Dr. N. Nukina, M.D, Ph.D.)

CAG Repeat Diseases (Dr. Nobuyuki Nukina, M.D., PhD.)

Neurogenetics (Dr. Kazuhiro Yamakawa, Pi.D.)

Motor System Neurodegeneration (Dr. Ryosuke Takahashi, M.D., Pr.D.)

Neurodegeneration Signal (Dr. Takashi Okamoto, M.D.)

_Aging and Psychialric Research Group (Dr. M. lto, M.0., Ph.D.} D)

Proteolytic Neuroscience (Dr. Takaomi Saido, Pr.D.)

Alzbeimer's Disease (Dr. Akiiko Takashima, PA.D.)

Molecular Psychiatry (Dr. Takeo Yoshikawa, M.D,, Pi.D.)

Molecular Dypamics of Mental Disorders (Dr. Tadafumi Kato, M.D., Ph.D.)
Recovery Mechanisms Research Group (Dr. K. Mikoshiba, M.D., Ph.D.)

[ —

Cell Recovery Mechanisms (Dr. Masayuki Miura, Pi.D.) J

Brainway Group (Dr.

G. Matsumoto, Ph.D.)

Brain-operative Expression (Dr. Gen Matsumoto, 21.D.)

—

Brain-operative Device (Dr. Michinori Ichikawa, Ph.D.)

——— Brain-Style Intelligence Research Group (Dr. S. Amari, D.Eng.) D

Language-Based Intelligent Systems (Dr. Michio Sugeno, D.Eng.)

Dynamics of Emergent Intelligence (Dr. Yoko Yamaguchi, Ph.D.)

Behavior and Dynamic Cognition (Dr. Jun Tani, D.Eng.)

~——_ Brain Style Information Systems Research Group (Dr. 5. Amani, D.Eng.)

Mathematical Neuroscience (Dr. Shun-ichi Amari, D.Eng.)

Visual Neurocomputing (Dr. Shigeru Tanaka, Ph.D.)

Advanced Brain Signal Processing (Dr. Andrzej Cichocki, PR.D.)

Perceptual Dynamics (Dr. Cees V. Leeuwen, Ph.D.)

- Application of Brain Style Systems Research Group® D)

I

; Advanced Technology Development Center (ATDC) 1
. {Dr. C. ltakura, D.V.M., Ph.D.) J

Cell Function Dynamics (Dr. Atsushi Miyawaki, M.D.,Pi.D.)

Neural Architecture (Dr. Tsutomu Hashikawa, Ph.D.)

Behavioral Genetics (Dr. Shigeyoshi Itohara, D.V.M., Ph.D.)

Cell Culture Development (Dr. Masaharu Ogawa, PhD.)

‘Research Resources

“:Information Center:

- Research Planning Séction |




Trend of Brain Science Budget and Researchers

B Budget
(Biilion yen)
16
14 | o
1 Supplementary Budget ; * ! :
12 | , E 0.6
[2 Brain Science Institute 1 6.3) e
10 [
{3 Frontier Research i
8 Program
6 .
4 -
2 | }
O : 1 { %Waeéfi L ;} S ) y B X%
FY1996 FY1997 FY1998 FY1999 FY2000 FY2001
(FRP) '
B Researchers
(Number of Persons) (Lab)
500 70
450 45
1 Japanese 28 160
400 + —1from Abroad e .
350 —o—Lab. d 180
300 + 37 3 4 40
250 |
311
2% . 1 30
200 | N 218 187
150 | 5 115 41 20
100 | 13/ 121 83
58 41
s0 | 41 4 | _, 0
0 l | ! ] ‘I L : ] ] <y 0
FY1996 FY1997 FY1998 FY1999 FY2000 FY2003
(FRP) . (Total Plan)

As of Jan. 2001

. %/%c// Wies,

* budget basis



BSI Researchers by Group

{ ) =Foreign Researchers
As of April 1, 2001 i

Grou i
P Scientists Technical Total Fellow Other | Part-time
Staff
Neuronal Function Research - 10 13 23 3 0 4

(3 (1 (4) ©) (©) (0)

Neuronal Circuit Mechanisms

Research 30 20 50 2 0 13
(8) (2) (10) (0) (0) (0)
Cognitive Brain Science 23 12 35 1T 4 4

(19 €] (18) )] 3) @)

RIKEN-MIT Neuroscience

Research Center 12 2 14 0 0 4

(12) (2 (14) (0) © (4)

Developmental Brain Science 38 21 59 12 6 i0

M ()] 4D) (1) (0) ()

Molecular Neuropathology 22 30 52 4 0 9
(5) 1) (&) [(8)] © 4 ©

Aging and Psychiatric Research 18 26 44 5 0 16
(2) 1) (3) ) (0) @))

Recovery Mechanisms

Research 3 S 8 3 0 0
©) - (0) (0) ) (9) (V)]

Brainway . 16 8 24 1 0 13
4 (m (5) (©) 0 (2)

Brain-Style Intelfigence Research 16 4 20 4 3 10

M (0) &) ) (0) (4)

Brain-Style Infomation Systems
Research

23 9 32 12 0 21
9 (5) (14) ©) )] (5

"|Advanced Technology

Development Center (ATDC) 34 10 44 4 0 51

(3) © (3) ) ) (3)

| Total 245 160 405 51 13 155
8 | ey | oo | @ | @ | en

= { ) number including the corresponding column

» RIKEN Fellow : Special Postdoctoral Researcher, Junior Research Associate
« Other : Sakigake Researcher(JST), CREST(JST)
* Part-time : belongs to organizations outside BSI



Number of Researchers by Age (Wako)

(  )=Foreign Researchers

|~~~ Position ‘ ..
Age Lab. Heads Research Scientists Technical Staff
20s 0 (0) 28 (2) 93 (9)
30s 3 (1) 104 (27) 42 (6)
40s 17 (2) 21 (6) 3 (4)
50s 4 (3) 4 (4) 1 (0)
Over 60 6 (0) o 0 (0)
Total 30 (6) 157 (40) 139 (19)
Total 45.1 Total 35.1 Total 29.3
Average '
Age Japanese 45.0 Japanese 344 Japanese 292
Foreign 457 Foreign 37.8 Foreign 30.2
(As of April 1, 2001)
(Persons)
140 -
Lab. Head
120 Resear:: Sscientists
OTechnical Staff
100 M

80 F

60 |

40 |

20 +

30s

40s 50s

Over 60



Nationality of BSI Researchers

(As of April 1, 2001)

¥includes staff from RIKEN-MIT Neuroscience Research Center

Netherland, ltaly, Greece,
Ukraine, Romania, Cyprus,
Slovakia, Australia, Egypt,
Malaysia, Thailand, Vietnam

U.S.A.
26%

Iran 3%
Bulgaria 3%
France 3%

Armenia 4%

Poland 4%
India 5% N China
12%
Russia 5%

Korea
9%

U.K.
5%

Germany
6%

Country N;::,:szsf Percent
U.S.A. * 21 26%
i 14 16592" —

China 10 12%
Korea 7 9%
Germany 5 6%
UK. 4 5%
Russia 4 5%
India 4 5%
Poland 3 4%
Armenia 3 4%
France 2 3%
Bulgaria 2 3%
Iran 2 3%
Other 12 15%

Total 79 100%

/

< 4%& o'+
56(/0_/ vLer



Number of Researchers by Degree (Wako)

Degree Researchers Percent

68 29%

D. Sc. 58 25%
D. Eng. 24 10%
D. Phar. 12 5%
D. Agr. 5 2%
Other 21 9%
Ph.D. 41 18%
No Degree 4 2%
Total 233 100%

(As of April 1, 2001)

No Degree
2%

M.D., Ph.D.
29%

Other 9%
D. Agr. 2%
D. Phar
5%
D. Sc.
D. Eng. - 25%

10% ’



<Status and Term Structure>
standard organization of one laboratory

special research positions

794

laboratory head”

5 years term, renewable

X\

74

1=

(49 &w 44

research scientists

5 years term

non-renewable

v

® e \_l
technical staffs assistants

qQ
no term limit no term limit

‘senior scientists

5 years term, renewable
, £

AN

5 years term

N

deputy lab. head |

research specialists
maximum number 10
5 years term,
renewable

visiting scientists
several types

~ All contract must be renewed every year.



SCIENCE 6 AUGUST 19é9

RIKEN Brain Science Institute, JAPAN
Senior Staff Scientists

The Brain Science Institute (BSI), RIKEN, Japan, established
October 1997, is seeking four young, highly-motivated re-
searchers with postdoctoral experience for newly created se-
nior staff positions. Research in the Institute is organized
under the three headings: “Understanding, Protecting, and
Creating the Brain” and applicants are invited to apply if
they believe they can contribute an innovative research
project leading a small independent research team, to the BSI
program. Successful candidates will take up their posts as
jsoon as possible after the fall, 1999.
|Contracts are yearly renewable for an initial five year period
iand may be continued after the first five years if the project is
‘ independently judged in Year 4 as worthwhile.
.Candidates should reside in Japan for the duration of the
‘research.
Applications in the first instance should be sent to the ad-
dress below and include:
1. Full curriculum vitae + copies of three papers
2. Names and contact details of three referees
3. A research proposal of about 2000 words
Application deadline: September 20, 1999

Brain Science Institute (RIKEN)
2-1 Hirosawa, Wako-shi
# ) Saitama 351-0198, Japan

W S | Fax: +81-48462-4914
o E-mail: search9 @brain.riken.go.jp
/ http:/fwww.brain.riken.go.jp

SCIENCE 24 FEBRUARY 2000

JATURE 2 NOVEMBER 2000

RIKEN BRAIN SCIENCE INSTITUTE, JAPAN

Two Laboratory Heads -

Applications invited for two laboratory heads ia the
Neuronal Function Research Group at BSI (RIKEN])
¢ The Institute of Physical and Chemical Research (RIKEN

Research Group is a cornerstone of ‘Understanding the

lowing areas will be preferred:

{13 Local circuit interactions (e.g. electrophysiology or imaging of neural network activity in slices/cell culture)
{2) Circuits underlying specific behavior (e.g. learning, audition, sleep, critical period plasticity)

A major focus of our work involves gene-targeted animal models, which will serve as a basis_for collgbcration. More
information about the Institute and RIKEN in general can be seen on the web site: http://www.riken.go.jp.

New laboratory heads will be required to organize a team of 5-10 researchers and technical staff and will‘ be prowde.d .;
with full support for 5 years. Progress review by an international review committee occurs every 5 years.vytth the possi-
bility of contract renewal. Applications are encouraged from outside Japan, but researphers must be willing to worif at |
BSI full time. A strong desire for interaction with the 37 teams at BS! is essential. Applicants should send a full CV list-
ing all publications with a statement of research interests and project proposal at BS! (max 2000 words), plus names and

addresses of three referees to:

RIKEN Brain Science Institute 4
- " "JAPAN

LABORATORY HEAD: RECOVERY
CONTROL RESEARCH GROUP

RIKEN Brain Science Institute (RBSI) promates three strategic
research areas: “understanding.the brain”, “protecting the
brain” and “creating the brain”. RBSI is currently accepting
applications for a laboratory head post in the recovery control
research group of the “protecting the brain” area.

The new laboratory will start in 2000 and concentrate on
regeneration and repair of the diseased brain by gene and cell
therapy, manipulation of ES cells, or transplantation of tissues,
and study on the morphological and functional analysis of
repairing process.

The laboratory head is required to recruit a team of 5-10
researchers including technicians and will receive generous
research support for 5 years. Progress will be assessed every
5 years by international committee. The research arrangement
may be renewed if appropriate.

Applicants should send a full curriculum vitae listing all
publications and a statement of their research interests and
plans (max 2,000 words) plus names, addresses and telephone
numbers of three references to:

Search Committee 13, Brain Science Institute, RIKEN, 2-1
Hirosawa, Wako, Saitama 351-0198, Japan

Deadline for applications: March 31st 2000

For further information please write to the search commitiee
(Fax: +81-48-467-9744 or e-mail<search13@brain.riken.go.jp>)

http://www.riken.go.jp

(W1991T)R

) established the Brain Science Institute (BSI) in October 1997 |
to promote three strategic research areas: ‘Understanding’, ‘Protecting’ and ‘Creating’ the brain. The Neurongl Fqnctiop
Brain’. During the first phase, it has established a unique tradi- |
tion of research at the interface between cell biology and neuroscience - applying cellular/molecutar techniques to elu- |
cidate complex neural systems (Olfaction: Drs. Mori, Yoshihara; Cerebellum: Drs. Kano, Yano; Vision: Dr. Hensch).
To promote research in the next five-year term, the Neuronal Function Research Group will establish ’Ewo new .teams with
a similar multi-disciplinary perspective in closely related but distinct fields. Candidates interested in pursuing the fol- |

Search Committee (14),-Brain Science Institute, RIKEN
2-1 Hirosawa, Wako-shi, Saitama 351-0198, JAPAN

Fax: +81-48-462-4796. e-mail: search14@brain.riken.go.jp
Deadline: March 15, 2001

For further information, please contact the search committee (14) -
e e M




Research Collaborations between BSI and Other Institutes

General Cooperative Agreement

Institute Date of Signing
KNIH, KAIST (Korea) Oct., 1999
NBRC (India) Oct., 1999
UCSF (USA) May,2000
L.A. Orbeli Institute of Physiology, Natiqna.l Academy of Sciences of Armenia 0ct.2000
(Armenia) .
Research Collaboration
Understanding the Brain Research
BSI Group/Laboratory Institute Term(Plan)
Neurobilogy of Synapse, Graduate School of Faculty of Medicine, University of Tokyo ADL2001 ~ Mar2005 (2years)
Neuronal Circuit Mechanisms Research Toyohashi University of Technology Dec, 2000 ~ Nov.2002 (2 years)
Neurobiology cf Emotion Basic Research Laboratories, TORAY Inc. Apr2000 ~ Mar2002 (2 years)
Neurobiology cf Emotion Tokyo Institute of Psychiatry _ Nov.2000 ~ 0ct.2002 (2 years)
Cognitive Brain Mapping University of Shaheed Beheshti Medical Science, Iran Sep. 2000 ~ Aug.2002 (2years)
Protecting the Brain Research
BSI Group/Lzboratory Institute Term(Plan)
Developmental Brain Science Group Case Western Reserve University, USA Oct.2000 ~ Sep.2003 (3 years)
Developmental Neurobiology Tokyo Metropolitan Institute of Gerontology Apr1999 ~ Mar2002 (3 years)
Developmental Neurobiology Eisai Co., Ltd. Nov.2000 ~ Mar.2002 (1 year and S months)
CAG Repeat Diseases Graduate School of Faculty of Medicine, University of Tokyo July,1999 ~ Mar.2002 (2 years and 9 months)
CAG Repeat Diseases Nippon Laser & Electronics Lab. Oa--l99§ ~ Sep.2001 (2 years)
Neurogenetics UCLA, USA Dec,1999 ~ Dec.2002 (3 years)
Neurogenctics Medical Research Institute, Tokyo Medical and Dental University SPa1999 = May2ODL (L yeu nd 9 monihs)
Neurogenetics Institute for Genetic Medicine, Hokkaido University Feb2000 = Nov.2002 (@ yearsand 10 monihs)
Proteolytic Neuroscience Graduate School of Pharmaceutical Sciences, Tokyo University June,1999 ~ Mar.2002 (2 years and 10 months)
Proteolytic Neuroscience Mitsubishi-Tokyo Pharmaceuticals, Inc. Apr.2001 ~ Dec.2002 (1 year and 9 months)
Creating the Brain Research
BSI Group/Laboratery Institute Term(Plan)
Brainway Group Toyama Medical and Pharmaceutical University Apr, 1999 ~ Mar2002 (3 years)
Brainway Group Electrotechnical Laboratory, AIST, METI Apr 1998~ Mar2002 (dyeas) -
Brain-operative Expression Honda R & D Co., Ltd. Dec.,1997 ~ Mar.2002 (4 years and 4 months)
Brain-operative Expression Ehime University Oct.1999 ~ Mar.2002 (2 years and 6 months)
Brain-operative Expression Honda R & D Co., Ltd. Feb.2000 ~ Mar.2002 (2 years and 2 months)
Brain-operative Device Honda R & D Co., Ltd. Aug,1998 ~ Mar.2002 (3 years and § months)
Brain-operative Device Stanley Electric Co., Ltd. Juiy1999 ~ Mar.2002 (2yearsand9 @M}
Brain-operative Device Brain Vision Inc. Apr.1999 ~ Mar2002 (2years)
Language-Based System Doushisha University Apr,2001 ~ Mar.2003 (2 years)
Advanced Technology Development Center
BSI Group/Laboratory Institute Term(Plan)
Cell Function Dynamics Olympus Optical Co., Ltd. Oct. 1999 ~ Mar2002 (2 years and 6 moaihs)
Cell Function Dynamics Medical & Biological Laboratories Co., Ltd. Apr.2001 ~ Mar.2003 (2 years)
Neural Architecture Medical Research Institute, Tokyo Medical and Dental University Nov,1995 ~ Mar.2002 (2 years and 5 months)
Behavioral Genetics Graduate School Agricultural and Life éciem:es, University of Tokyo Nov.2000 ~ Mar.2002 (I year and § months)

As of April 1, 2001







Apglication forms :visit our web site http://summer.brain.riken.gojp/
or send inquiries to Summer Program Organizing Comimittee, S} RIKEN, 2-1 Hirosawa, Wako-shi, Saitama 351-0198, JAPAN
E-mail :info@summerbrainikengojp Fax: +81-48-462-4914




RIKEN BSI Summer Program 2000

1. Theme: How the Brain Works: Theoretical and Experimental Approaches

2. Application: via BSI web site
Access to Web site:
Plan A applications: 90
Plan B applications: 250

3. Participants:
Internship (Plan A):

6000 hits

17
Lecture Course (Plan B): 30

July 4 - Sep. 1 (2 months)
July 4 - 15 (2 weeks)

(Sweden) (Finland)
Karolinska Institute  Abo Academi Univ., Helsioki Univ. of Tech.

(UK)
Aston Univ., Institute of Neurology, Univ. of Bradford, Univ. of
Cambridge, Univ. College London, Univ. of Paisley, Univ. of Sussex

{France)
CNRS

Germany)
Ruhr-Univ.t Béchum

{Russia)
Russian Academy of Sciences

(Canada)
Memorial University of Newfoundland(Canada)

(USA)

Albany Medical College Northwestern Univ.,

Beth Israel Deaconess Medical Center, Dartmouth Medical School,
MIT, Mass. General Hospital/Harvard Medical School,

Rockefeller Univ., Stanford Univ., UC Berkeley, Univ. of Michigan,
Univ. of Minnesota, Univ. of Notre Dame, Wake Forest Univ.,

Yale Univ.

(India)
Centre for biochemical technology, NIMHANS

(Chinz)

{Australia)

Chineses Academy of Sciences, Fudan Univ.

(South Korea)

Brain Sciences Institute

(Japan)

Chiba Univ., Electrotechnical Lab., Kyoto Univ.,

Japan Science and Technology Corporation, Nagasaki Univ.,
National Institute of Bioscience and Human-Technology,
Univ. of Tokyo



The Bran Science Institute Facilities

s BSi Central Building
e Floor: 10 stories
: Total floor area : 27,000m
e Completion.: July, 2000

“’ :

® | Frontier Life Science Research Facilifes
BS! @est Building (Brain Science Research Facilities}

Encrgy $Bbcenter

AP A IR R .
BSI! East Buildi
Floor : 6 stories
Total floor area : 8,909 -
Completion : August, 1997

BSl West Building
Floor : 3 stories
Total floor area : 2,541m
Completion : June, 1991
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>resident of RIKEN Director of RIKEN Brain Science Institute

Dr.Shun-ichi Kohayashieo.  Dr.Masao ltowmo.eno.

The Brain Science Institute (BSI1), which is part of RIKEN (the institute of Physical and
Chemical Research), was established in October 1997 with the aim of encouraging
sreative progress in brain science in the 21st century. Building on more than ten
years of valuahle eipérience gained from the Frontier Research Program Study
[FRS), BSI has been able ta continue in RIKEN's 80 years traditional of brilliance.
The goals of BSI are to stretch human understanding and respond to society's needs
by conducting the latest and most technologically advanced research related to the
Ihree key areas of “Understanding, Protecting and Creating the hrain“. The new
Central Building for research at BS! has heen cumpleted and various laboratories and
eqmpmenl are-already in full semce _with yuung and_ motivated sclentlsis from all
over the glohe canducitng soma uf the wurld s most advanced Tesearch.

This brain science research dea with Issues related !o the rools of our human
experience, makmg, it one of the mnst eritical and fundamental fields of study. And
even though new research continually sheds lights on the inner workings of the brain,
we still find ourselves at the starting line. It is a point fram which we hope to make
giant steps forward. To that end, we will actively promote the most amﬁiﬁuus,
adventurous and flexible research programs possible.
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Neuronal Function Research Group

Lab.head

Takao K.Hensch

Ph.D.

‘Neuronal Circuit Development

Connections in the brain are shaped by experience.
Our laboratory is focused on the functional and
structural refinements of the developing visual sys-
tem. The primary function of thalamic afferents to
visual cortex is the transmission of incoming sen-
sory signals. In early life, visual experience drives
a competition between inputs serving the two eyes
to sculpt the basic organization found in the adult.
However, the ceflular and molecular bases of this
activity-dependent plasticity remain unknown. Fur-
thermore, thalamacartical interactions underlie the
generation of behavioral states. Since appropriate
maturation of the neccartex is governed by activity,
internally-generated rhythms which accompany
Rapid-Eye Movemeant (REM) or non-REM sleep
may be an important form of input independent of
vision. To understand the cellular and molecular
mechanisms in cortical circuit development, our
approach is to assay pharmacological blockade or
the gene-targeted deletion of candidate plasticity
proteins using a mouse model. Moreover, selec-

tive disruptions of behavicral states are elucidating
the interplay of visual experience-dependent plastic-
ity with endogenous sleep rhythms emerging along
the same circuits.

Research interests:

{1) Molecular Mechanisms of Visual Cortical Plasticity
(2) Thalamocortical Interactions in Visual Cortical Development
{3) Visuat Cortical Plasticity and Developing Sleep States

inhibitory

Excitalory

Micracircuits in visual cortex

mput from eyes

Neuronal Recognition Molecules

Lab.head

Kensaku Mori
D.gng.

The functional properties of the nervous system
depend on sophisticated neuronal networks that
are constructed during development and show
plastic madifications during higher brain functions,
such as learning and memory. Development
includes axonal and dendritic elongation, axonal
guidance, and very importantly, adhesive

. interactions between axonal growth cones and

soma-dendritic membranes of target neurons,
interactions that give rise to the formation of
synaptic connections. The plastic modifications
include morphalagical changes of presynaptic axon
terminals and postsynaptic dendritic structures that
accompany the long-term change in synaptic
transmission.

The main task of the Laboratory for Neuronal
Recognition Molzscules is to identily neuronal
recognition (adhesion) molecules that are involved
in the formation and plastic modification of
synaplic connectiens. Thl’s research is currently
focusing on the telencephalon-specific membrane

glycoprotein, telencephalin, and 2 novel cell
adhesion molecule OCAM that is involved in
guiding oifactory axans to their target zones in the
olfactory bulb. We are also studying functions of
central olfactory nervous system which includes
the olfactory bulb and the offactory cortex.

Zonal organization af gifactly system




Infarmation transfer between neurons takes place
at the synapse. The wiring patterns amang various
types of neurens viz specific synaptic connections
are the basis of functional logic employed by the
brain for information processing. Thus, detailed
knowledge of neuronal networks is essential for
understanding a wide range of brain functions. We
deve!opéd an effective method for analyzing the
neuronal connectivity patterns by delivering a
tracer selectively to specific types of neurons while
simultaneously trans-synaptically labeling their
axonal target neurons using a novel genetic
approach. This method combines a
neuroanatomical tracing methad with genetic
engineering technology. A plant lectin (wheat germ
agglutinin: WGA) cONA was introduced as a
transgene and expressed by restricted types of
neurans under the cantrol of specific promater
elements. We have succeeded in visualizing the
mouse olfactary, visual, and cerebellar efferent
pathways using the WGA transgene.  This

Lab.head
Yoshihiro Yoshihara
Ph.D.

technique will be applied ta various neural systems
to visualize and characterize selective and
functional neuronal pathways in various animal
species, and to elucidate brain structures and their
functions. We are also studying the structures,
expressions, and functions of  cell
recognition/adhesion molecules at synapses in
both the developing and the mature brain.

Mouse olfactory pathways visualized with WGA transgene.

Cellular Information Processing -

In the brain, neurons are connected together and
construct nsural networks to express higher
functions, such as learning, memory, cognition and
so forth. Information processing of the network is
determined by the properties of the signal

anhead transmission between neurons and the signal-
%yo]i Yano transduction process inside them. In neurons,
n.0. many kinds of molecules are highly arganized to

form malecular rnachine}y that determines the
cellular structure and_properties of the inter- and
intracellular signal-transduction pracess. Our
research focuses on determining the molecular
mechanisms underlying the organization and
interaction of the molecular components inside
neurons that realize neuronal functions in the brain.
To meet this research goal, we are focusing in
particular on the malecular mechanisms of
synaptic formation and the signal transduction
involved in it. At synapses, neurons are connected
to each other to transmit information, thus,
synapsas are important functional domain

structures for information processing in neural
circuits. We are attempling to answer several
questions: How are molecular components,
receptors, channels, kinases and so an localized at
the precise site? How does the organization of
these components change accarding to neuronal
activities? By answering these questions, we are
attempting to reveal the molecular mechanisms
underlying the higher functions of the brain.

Cerebellar Purkinje cells and their synapses
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Neuronal Circuit Mechanisms Research Group

Lab.head

ito Masao
M.D.Ph.D.

Meory 2n

Learning

The brain’s superb memory and learning capabili-
ties are generated based on the process of synaptic
plasticity. Synaptic plasticity is the experience-
dependent persistent modification of synaptic trans-
mission efficacy, in the front of either an increase
(long-term potentiation, LTP) or a decrease (long-
term deprassion, LTD). The cerebellum exhibits
characteristic LTD. It is the learning principle of the
cerebellum that if some action, such as a move-
ment, deviates from that initially intended, the neu-
ronal circuitry of the cerebellum is rewired during
exercise until the errors are minimized by LTD
induction. In this faboratary, we aim at elucidating
mechanisms of LTD at the cellular and molecular
levels, mainly using electraphysiclagical, biochemi-
cal, molecular-biological and genetic approaches.
Thus far, complex chemical signal transduction pro-
cesses have been revealed to underlie the LTD
induction and to involve glutamate receptars, nitric
oxide, cyclic GMP, pratein kinases and phosphatas-
es, corticotropin-releasing hormone (CRF), imme-

diate early genes and a rapidly turned over protein.
Qur goal is ta reveal the process that converts LTD
ta permanent memaory traces in the cerebellum.

g =
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Signal Trancediction in Ltd.

Lab.head
Hiroaki Niki

Ph.D.

Understanding the brain mechanisms
involved in emotions is an important topic in
brain research. In order to understand these
mechanisms we must employ a variely of
methods, such as molecular, biochemical,
neurophysiolegical and behavicral tech-
niques. We investigate the behavicral phe-

notypes of knockout and transgenic mice
along with their neurochemical and neurophy-
siological correlates. We also examine molec-
ular mechanisms of fear conditioning and
positive emotion (pleasure) using mice as sub-
jects.

receptors/channels fear a“dsas"l‘sz )
protein kinases aglger esure
transcription factors ¢ plea
GENES EMOTIONAL .
BEHAVIOR ’

neurotransmissicn
proteln phosphorylation
gene expression

.

Research liefds and strategies




! Lab.head

Thomas Knapfel
M.D.,Ph.D.

euronal Circuit Dynamics

Information processing in the brain involves electri-
cal and chemical signals which are spatially con-
fined at the subcellular level and which occur at the
time scale of millisecands. While changes of mem-
brane voltage and concentrations of various intrac-
ellular signaling chemicals are well characterized at
the level of single cells, much less experimental

.data are available on the electrical and chemical sig-

naling of multiple interacting neurons. To bridge
the gap between our understanding of signals in
single neurons and of network thearies, we need to
manitor the dynamics of membrane voltage and
chemical signals in neuronal circuits at many sites
simultaneously and with high temporal resolution.
With this viewpoint, we are develaping and apply-
ing innovative optical imaging techniques based on
environmental-sensitive fluarescent probés. Mem-
brane voltage, ion concentrations ar secand mes-
senger levels modulate the optical properties of
such probes. Furthermore, same of these probes
can be genetically encoded and targeted to specific

neuronal compartments. We apply these tech-
niques in the cerebellar and cerebral cortex in arder
to understand the principles of the spatio-temparal
informatian flow and its use-dependent modifica-
tians in these brain structures.

Please check our faboratory homepage at http://neu-
rodynamics.brain.riken.go.jp for mare details.

Artistic illustratian of qur idea to use opticai recordings
in neuranal netwarks




Cognitive Brain Science Group

Lab.head

Kem Tanaka

" The cerebral cortex is well developed in the

mammal, and in particular its association regions
have developed in the primate to support the
variety and flexibility of the primate behavior. The
association areas in the parietal and temporal lobes
store the internal models which interpret and
conceptualize the external world. The frontal
association areas draw the concepts from the
parietal and temporal association areas to warking
memory, and perform operations using these
concepts to infer causal relationships between the
past events and the present situation, assess
possible action plans, and conduct more pure
thinking. With an aim to elucidate the mechanisms
of these higher functions, we investigate the
functional division among various association
cortical areas, interactions between the different
areas, and functional architectures in individual
areas. Half of researchers in our laboratory are
now involved in single-cell recordings from non~
human primates trained to perform various

behavioral tasks. We have revealed, for example,
that the stimulus selectivity of cells in the
inferotempoaral cortex can be changed even in the
adult by a long-term shape discrimination training.
The other half of researchers are involved in
measuring the neural activity of normal human
subjects using fMRI at 4T. We have succeeded in
imaging the ocular dominance column in the
human primary visual cortex.

Continuous map of the face view ‘in the inferotamparal cortex:
the activation spot systematically moved as the face rotates.

Integrative Neural System:s'

Lab.head

Manabu Tanifuji
D.Eng.

When we perceive a visual image of an object in the
external world, the brain constructs a
representation which mediates recognition. The
ultimate goal of our research is ta understand the
framework of such representations, the neural
mechanisms by which they are constructed, and
the processes which accamplish recognition based
on such réprasemations. In order to achieve this
goal, we are investigating the structure and
function of the primate visual assaciation cortices.
In particular, we are focusing on the inferatemparal
area TE. This area is the final, purely visual stage of
the occipitotemporal pathway, which is thought to
be essential for the recagnition of abjects-based an
their visual images. In addition, this area has
strong connections with the medial temporal
structures essential for the formatian of recognition
memaory.

Single neurans in area TE respond optimally to
moderately complex visual features. Because none
of the visual features are specific enough, it

requires the combined activation of multiple
neurons to generate the representation of a
particuldr object in area TE. Because it is essential
to investigate the spatial as well as the temporal
patterns of neural activity, we are using intrinsic
signal imaging and muiticellular recording
techniques. We are also developing imaging

- techniques with improved spatial and temporal

resolutions.
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Changes in activation pattern in area TE
by manipulating visual stimuli.




Human Brain Dynamics®

Lab.head

" Andreas A, loannides
Ph.D.

Accumulating evidence suggests that a unified
percept is formed by bringing tagether the output
from specialised brain areas. How precisely
segregation and integration of brain function is
arganised is uncertain, but it must involve the
recruitment of regions separated a few millimeters
to centimeters interacting for a few milliseconds to
seconds. Magnetoencephalography (MEG) is a
completely non-invasive technique which is ideally
suited for these spatial and temporal scales. Our
laboratory uses MEG tagsther with other imaging
methads to explore human brain function. We
have developed MEG analysis tools to study
interactions between areas from unaveraged data
and their relationship to stimulus properties, the
subject's state and behaviour. These tools are
applied to the non-invasive exploration of human
brain processes that support perception, higher
cognitive functions, learning and the experience
and recognition of emotions. We have already
demonstrated that the segregation and integration

of brain function is exprassed in time as well as
space.

Mibelween PCS -FG
Right: runl (objects)

FG delay {ms)

vi/v2 Iarenéy -{m‘s]'

The mutual informaticn landscape between visual areas (V1/V2) and
the fusiferm gyrus (FG) in an object recognition task. Faces are
precassed first, fast and automatically.

Cortical Organiiatiuh and Syétemétics |

ab.head

wathleen S. Rockland
h.D.

Cerebral cortex is composed of multiple areas and
their interconnections. These areas are closely
implicated in complex functions, and their inactiva-
tion often results in debilitating deficits. As a sim-
plification, cortical connections may be described
as point-to-paint relays between pairs of struc-
tures. {n actuality, however, the arganization is con-
siderably more complicated, with multiple levels of
convergence and divergence, and separable but
interlocking networks af neurons. This labaratory
is investigating connectional patterns and interac-
tions in~ several visual and auditory association
areas. We adopt a systems-anatomical approach,
using multiple techniques. One major emphasis is
to make small injections of tracer substancas in
physiologically identified regions in experimental
animals. Immediate goals are to determine how
connections interact and what are the quantitative
parameters and relationships, such as the numbers
of neurons contributing to a given connectional sys-
tem, the divergence pattern of single axons, and

the convergence of different connections at the lev-
el of single neurons and columns. Feedback, feed-
forward, intrinsic, and thalamocertical connections
are investigated. Resuits address structural-

functional correlations; provide a baseline for inter-
preting changes during development or aging; and
interface with neuroinformatics and imaging 'stud-
ies in humans.

Qcular daminance columns
(black and white} arg
opticaily imaged. and then
aligned 1) with segmens of
axans (shown as colored
lings), labeled by tracer
injection and 2) with the
pattern of surface cortical
blood vessels. Anatomically
labeled axon terminations are
shown in the inset box
(Li.Tanifuji.and Rackland).




RIKEN-MIT Neuroscience Research Center

Lab.haad
Susumu Tenegawa
Ph.D -

Qur research focuses on the molecular, cellular,
and neuranal ensemble mechanisms underlying
learning and memory and assaciated cognitive
functions of rodents

Since an animal’s cognitive functions such as
learning and memory is manifested only as its
behaviars, it is essential to utilize an experimental
methodology with which the behavior of a whole
live animal can be monitored and yet the
underlying mechanisms can be deduced. For this
purpose we have been developing the “second
generation” gene knackout and transgenic
technologies, in which deletion or overexpression
of a specific gene is restricted to a certain.area or
cell type in the brain and/or to a certain period of
the animal's life. For instance, we have generated a
new strain of mouse in which the NMODA-type
glutamate receptor is specifically knocked out in
the CA1 pyramidal cells of the hippocampus.
Analyses of these mutant mice have shown that the
function of a single protein (i.e., NMDA receptor) in

a single type of neuron plays a crucial role in the
acquisition of memory

tudying y

dying the Dynamic Process of Synaptogensis Using Comb
the Brigphysu:al;‘ Mﬁlecul‘ar, and Celiular Techniques

LzZnead

Guosong Liu
P2,

In the cerebral cortex and the hippocampus,
excitatory synaptic neurotransmission is mediated
mainly by glutamatergic synapses. These synapses
undergo changes in strength depending upon
paired presynaptic and postsynaptic activity, which
fias long been predicted o underlis associative
learning. Activity-dependent formation and
elimination of these synapses have been linked to
long-term synaptic plasticity, which may underlie
lang-term memory. Clearly, better understanding of
the factors determining the strength of
glutamatergic synapses, their plasticity, and their
formation and elimination, will bring us closer to
understanding the cellular basis of learning and
memory. The specific questions that we are
explaring include: 1) How does synaptic activity
regulate the strength of connections at single
synapses in the central nervous system? 2) How
are newly-formed silent synapses transformed into
mature functional synapses? 3) What signals and
molecules are involved in synapse formation and

maturation? We address these guestions using a
combination of the biophysical, molecular, and cell
hiology techniques.

Formation sad Functionsi Maiuration Qf(}imxmu_mgj: Synipees




Lab.tead

Earl. Miller

Ph.0.

Research interests of the Miller Lab center around
the neural mechanisms needed for voluntary, goal-
directed, behavior. Much effort is directed at the
prefrontal cortex, a brain region associated with the
highest levels of cognition. We explore prefrontal
function largely by combining a sophisticated
behavioral methodology with techniques for
examining the activity of ensembles of neurons in
behaving monkeys. Our results have shown that
prefrontal neurons have complex properties
expected for the brain's "executive”. They are
involved in directing attention, in recalling stored
memaries, and they piece together the diverse
information needed for a common behavioral goal.
Perhaps most importantly, they transmit acquired
knowledge. Their activity reflects the learned
associations between cues, actions, and
cansequences that describe the contingencies af a
given task, In short, they seem to underlie our
internal representations of the ‘rules of the game.”
This may provide a foundation for the complex

behavior of primates, in whom this structure is

most elabarate.

Receptive field plots of pretrontal neurons 1o preferred and non-
preferred objects. Blue indicates the neuran’s baseline level of
activity, red indicates the neuron’s maximum activity.

Lab.head

Matthew Wilson

0.

ginforcement and Emotio

in Ensemble Memory Formation -

Research in the Wilson laboratory focuses on the
study of the formation and maintenance of memo-
ries within the hippocampus and neacortex using a
cambination of malecular genetic, electrophysialog-
ical, pharmacological, behavioral, and computation-
al approaches with particular emphasis on tech-
niques that allow the simuitaneous activity of
ensembles of hundreds of single neurons to be
examined in freely behaving animals.

These studies have led to the exploration of the
nature of sleep and its role in memory. Recent find-
ings have identified explicit correlates of dreaming
during periods of REM sleep allowing examination
of dream content as it refates to memory. Experi-
ments invelving simultanecus maonitoring of areas
in the hippocampus and neacortex demonstrated
coordinated activity between the hippocampus and
the prefrontal cortex during'both awake and sleep
states, Recordings in the entorhinal cortex, which
pravides input and receives output from the hippo-
campus, revealed responses dependent upon

future behavioral trajectory as well as reflecting gen-
eralization across tasks and environments. Cambin-
ing the measurement of neuronal activity with
manipulation of molecular genetic targets has
allowed the study of how specific celiular mechan-
isms regulate neural function to produce learning
and memory at the behavioral level.

Taken togetner, these approaches contribute to the
overall research objective: to understand the link
from cellular/subceliutar mechanisms of plasticity,
to neural ensemble representations and interac-
tions, to learning, memary, behavior, and cagni-

tion.
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Molecular Neuropathology Group

Lab.head

Nobuyuki Nukina

M.D.Pr.D.

“CAG repeat diseases

The genes responsible for hereditary neurological
diseases have been identified for the past 10 years.
However, we still do not know the pathomechan-
ism of these diseases yet and as a rsult we have
been unable to develop appropriate therapy for
them. Thus, we have been studying CAG repeat dis-
eases as a model for investigating disease patho-
mechanism and developing a suitable therapy. CAG
repeat diseases are linked to the abnormal expan-
sion of the CAG repeat within the coding regians of
disease genes and include SBMA, Huntington dis-
ease, SCA1, DRPLA, Machado-Joseph disease and
sa on. Although the symptoms of CAG repeat dis-
gases vary, they share common features ‘such as
that expansion of the CAG repeat is related to the
onset of the disease, and that the expanded CAG
repeat is translated inta a polyglutamine stretch,
which forms nuclear inclusions. It is also believed
that they might share a common pathomechanism
with conformational diseases such as Alzheimer
disease,” Parkinson disease and prion disease in

which abnormal proteins accumulate. Thus, a com-
mon pathomechanism and appropriate therapy can
be discovered for all CAG repeat diseases and hape-
fully for all conformational diseases. We have now
established molecular, cellufar and animal models
for CAG repeat diseases and are currently investi-
gating them and searching for ways to prevent neu-
ronal cell death.

" Nuclear and cytoplasmic inclusions

cells were with in exon 1-GFP
canstruct. They show nuclear and cytoplasmic inclusions.

Neurogenetics™

Lab.head

Kazuhiro Yamakawa
Ph.D

The Human Genome project is now almost
finished, and results of this project will accelerate
the identification and characterization of disease

.genes. We in the laboratory for neurogenetics,

focus our effort on identifying and characterizing
genes responsible for neurclogical diseases
including epilepsy and mental retardation. The
objectives of the epilepsy project include
identification of genes such as those respansible
for jeuvenile myoclonus epilepsy on 6pt1, and

_childhood absence epilepsy on 8q24. We are also

characterizing functions of identified genes
including Lafora's-type progressive myoclonus

- epilepsy gene, EPM2A, by methods including the

mouse model analysis. The project on mental
retardation includes studies of the Down syndrome
(DS) and Rett syndrome. DS is the most cammon
genetic mental retardation caused by trisomy 21.
We are analyzing a2 gene on chromosome21
encoding a neural cell adhesion molecule, DSCAM
as a candidate gene responsible for the mental

retardation phenotype of DS. These studies will
lead not only ta the accurate diagnosis, treatment
and cure of neurclogical diseases, but will also
contribute to the understanding of molecular
mechanisms of fundamental brain functions such
as memory, cognition and personality formation.
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Lab.head

Ryosuke Takahashi

M.0.,Ph.D.

+ Amyotrophic

lateral  sclerosis - (ALS) and
Parkinson’s disease are among the mast common
moter-system-associated  neurodegenerative

. diseases that affect elderly people and our main

research goal is to elucidate the pathogenic
mechanisms of these two devastating disorders.
We are currently focusing our attention aon
superoxide dismutase 1 (SOD1) and Parkin, which
are genes responsible for familial ALS of autosomal
dominant trait and autosomal recessive juvenile
parkinsonism (AR-JP), respectively. Although a
mutated SOD1 protein or deletion of thé Parkin
gene causes motor-system-selective neuronal
death, the underlying mechanisms are yet to be
elucidated. We have recently discovered that Parkin
is an E3 ubiguitin ligase and suppresses
endoplasmic reticulum (ER) stress-induced cell
death via its E3 activity. We are also interested in
the possitiility of using anti-cell death genes to
treat neurodegenerative diseases.

Given that the apoptotic machinery is essential to

neurodegenarative processes, apoptosis inhibitors -
are pramising candidates for use in the gene

therapy of neurodegenerative diseases such as

ALS. We are examining if the X-chromosome-

linked inhibitor of apoptosis protein (XIAP) could

block neuradegenerative processes involving SOD1

mutation by generating XIAP-overexpressing

transgenic mice.

-Deletion of the Parkin gene causes autosamal recessive juvenile

parkinsonism (AR-JP). Parkin is an E3 ubiquitin ligase and, when
i reticulum (ER) stress-
induced death of human SH-SYSY neuroblastoma cells.

. Neurodegenerat.ipniSignaI_:

{ab.head
Takashi Okamoto
MO, :

Alzheimer's disease (AD) is a leading disease that
causes dementia in the elderly. The etucidation of
its pathogenesis and the development of a disease-
specific therapeutic approach are urgent issues of
public health worldwide. Familial AD provides an
excellent clue to elucidating its precise pathogene-
sis, since mutations of single genes always give
rise to disease manifestations. The gene encading
the amyloid precursor protein (APP) is one of the
causative genes. APP is the source of beta amyloid
peptide, which is a major component of senile
plaques, one of the halimark pathological changes
in the AD brain. The mechanism whereby beta amy-
loid peptide is produced from APP has been the
central topic of the AD research in the last decade.
Qur recent effort has contributed to the progress of
AD research by providing multiple lines of evidence
that caveolin serves as a positive regulator of the
enzymatic processing of APP. Caveolin is the chief
structural protein of the caveola or the raft, which
is a membrane microdomain and is mainly com-

posed of cholesterol and glycosphingalipid. Caveo-
lin is involved in intracellular cholesterol metabo-
lism. In brain, apolipoprotein E (ApoE) plays a
major regulatory role in cholesterol homeostasis.
One of its isoforms, ApoE4, is a genetic risk factor
of Alzheimer's disease. Our studies will focus on
elucidating the molecular pathogenesis of AD from
the standpoint of cholesterol metabolism that invol-
ves cavealin, caveolaeor raft and Apo E.

Il hi.

y of brain

from Alizhelmer ’s disease patlent
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Aging and Phyciatric Research Group

- Proteolytic Neuroscience

Lab.head
Takaomi C. Saido
Ph.D.

Protealytic reactions often play critical rales in both
physiological and pathological circumstances
because of their irreversible nature. However, their
actual in vivo functions particularly in neuronal
systems are not yet well understood. Among
various aspects of protease involvement in
neurcpathophysiology, we aim to elucidate the
mechanisms by which the life span of proteins in
brain is determined. Qur primary target is amyloid
A peptide {AB), the cortical deposition of which is
closely associated with development of Alzheimer's
disease. Under physiological conditions, AZ is
constantly produced from its precursor and is
immediately catabolized; however dysmetabolism
of A seems to lead to its pathological deposition
upon aging. Therefore, it is important to
understand both the physiological and pathological
catabolic pathways of AZ for the purpose of
conquering the disease that represents brain aging
in mare general terms. We have successfully
established a novel experimental paradigm of such

pathways and the knowledge obtained thereby is
being utilized not only for understanding but alsa
for controlling brain aging.

ansboism cataboism
APP —» @ -3 catabalites

H
1 aggregatiomaepasition

senile plaques

Metabolism and depasition of amylaid 3 peptide (A3). Amyloid £
peptide (A#) is canstantly produced from the amylaid precursar
protein (APP) and i i lized under iolagi
situations. Oysmetabolism of &4 causes its patholagical deposition,
triggering the cascade that l2ad to disease develapment.

“Alzheimer's Disease =

tab.head

Akihiko Takashima
Ph.D.

Alzheimer's disease (AD) is one of the most
devastating brain diseases of middie-aged and
elderly people in the world. The disease is
pathologically characterized by a loss of neurons,
accumulation of B-amyloid (AB) in senile plaques
and abnormally phospharylated tau in
neurofibrillary tangles (NFTs), neurapil threads and
plaque-assaciated neurites. The loss of neurans is
proportional to the degree of dementia of AD
patients. Therefore, the mechanism of neuron loss
in the AD brain can provide a useful theory for
defining diagnostic criteria and monitoring the
progression of therapies in this disease. Currently,

genetic studies of familial AD have revealed the .

causative genes. From those results, the B-amyloid
hypothesis, which claims that the accumulation of
B-amyloid is the cause of AD, has been propased,
and strategic prevention and therapies have been
worked out following this hypothesis. Since NFTs
are generally observed in neurodegenerative
disorders with dementia, the formation of NFTs is

considered a common mechanism of neuronal loss
in neurolagical disorders, while their presence is
thought to be a marker for aging brains. In our
laboratory, we are focusing on the mechanisms of
NFT formation and attempting to clarify the
mechanisms of neuranal death in aging brains with
AD. OQur achievement should contribute to the
development of eﬁectiile therapies not only for AD
but also for other neurological disorders related to
brain aging. - i
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olecular Psychiatry =

ab.head

Takea Yoshikawa
1.D.Pr.D.

sdhiznghre_nia and modd disarders are severs
mental  illnesses  with complex genetic

istics and unk Muitipte
genes that exert weak to moderate effects and
undefined environmental factors are believed to
contribute to overall susceptibility to these
diseases. To date, large-scale linkage analyses
have been conducted, and results revealed several
chromasamal laci with replication. However, these
lai are yet to be narrowed down to regions of
pesitionally clonable sizes. On the other hand,
recent pragress in the Human Genome Project has
rendered the analyses of large genomic area
feasitle. Qur gies to identify Y
genes r ible for functional psy include
thz linkage disaquilibrium mapping approach for
narrawing in the linkage regions and approaches to
determine subsequent pasitional efforts, in parallel
with intensive characterization of candidate genes.
In addition, we also aim to identily of genes
centrolling animal behaviors by quantitative trait

loci mapping and microarray-based expression
profile analysis to abtain clues to better understand
human behavioral patholagies relevant to
psychiatric illenesses.

Linkage analys:s of Bipalar disarder on chromosame 18, and the
anysical mag of 18019.2. a cand:éate susceptibiity ragion

'Molecular Dynamics of Mental Disorders

b.head -

adafumi Kato
D.Ph.D.

The goal of this team is to clarify the molecular
basis of two major mental disorders, which are
bigolar disorder and schizaphre-m'a. using cultured
cells, autopsied brains, and other specimens.
Bipolar disorder is thought ta be caused by altered
sensitivity of intracellular signal transduction
systems to neuratransmitters such as seratonin. In
this study, molecular mechanisms of alteration of
this pathway are examined by measuring of
intraceliular - calcium * response, analyzing
i ial functi of gene
expressions using DNA microarrays, and by
cloning genes disrupted by chromosomal balanced
translocations associated with this disarder. Using
these strategies, maod-regulating molecules will be
icentified and new methods for diagnosis and
treatment of bipolar disorder will be developed.
Schizophrenia is caused by disrupted development
al the neural network constituting ego, that is
lucalized ta the hi - nucleus

- prefrontal lobes, due to interaction between

environmental

insults such as perinatal
s and virus inf and genetic
vulnerability to these insults. In this praject, this
interaction between gene and environment will be
clarified.
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Recovery Mechanism Research Group

Lab.head
Masayuki Miura
Ph.0.

Programmed cel! death is an important mechanism
underlying the development of the nervous system.
During the early stage of development, cell death is
essential for normal neural closure. Cell death in
the ventricular zone plays a role in regulating the
size of the progenitor paol. In the later stage of
development, celf death regulates the number of
postmitotic neurons to match the size of their
targets. In addition to these developmental cell
death, massive cell death in specific regions of the
brain are observed in various neurodegenerative
diseases. We are interested in the evolutionarily
conserved mechanisms of programmed cell death
in the nervous system, and we believe that
common mechanisms are involved in cell death
during the development of the nervous system and
of neurodegenerative diseases. By using the power
of genetics, we are studying basic mechanisms of
neural cell death in Drosophila as well as in
mammals. Based on the studies of basic cell death
mechanisms, we are attempting to manipulate cell

death  during neural development and
neurodegeneration. Through these approaches, we
hope to determine the biological roles of neural cell
death during neural development, and de'velop
strategies to treat neurodegenerative diseases.

in Drosophiia, the size of the
farval brain of a homozygous
mutant with caspase activator
Dapaf-1 is farger than that of the
wild type, and the number of
dead ceils in the brain is reduced
in this mutant. Dead cells can ke
visualized as green spots by
staining with acriding orange.

Ectapic expression of the
proagoptotic member of the Bel-2
family, Drob-1, in the compound
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Brainway Group

Lab.head
Gen Matsumoto
Ph.0.

Our stage to elucidate how the brain (neurons) can
develop by itself involves understanding the brain
processes by multiple approaches of molecular
biology, biochemistry, electraphysiology and
photophysiolagy, ethology, and biophysics. For
this research purpose, we study brains including
those of rats, mice, squid and chicks. The brain is
an open information system; it interprets the
meanings of and conceptualizes multi-models and
large numbers of input signals by outputting as for
information. The brain develops
a mechanism (algorithm) of its
specific task and establishes this
mechanism. In other words,
learning is developed in an
output-dependent manner at
every level of the brain structure
of a single neuron, neuronal
networks and the brain as a
whole. Based on this premise, we
perform research, experimentally

and theoretically in order to clarify the neuronal
networks with respect to the intuition. We also
conduct research to study the role of emotian how
it governs to cantrol the process of learning and
memary for algorithm acquisition. Qur research

efforts will focus on elucidating the wonder how

the brain can self-organize its algcrithm_ahd
resulting in developing an engineering expression
for a model of the brain.

) H') )
Xi(z-1 hy(x
meny,  AAMR ST

Backward propagatien control

Quiput-dependent learning mode! in neurans

Lab.head
Michinoti ichikawa
Ph.D.

0.ur ultimate goal is to create a brain computer
which mimic human intelligence. We are

-investigating both brain-learning mechanism and

related technologies using electronic devices. To
accamplish the first aim, we are developing novel
measurement methods such as a fast CCD camera
system and a super-multiple electrode system.
These real-time multi-site recording methods
eneble us to study the functional modification of
local neural circuitry in rat hippacampal slices. The
results could provide ideas of computational bases
of brain learning mechanisms. Secondly, we are
attempting to create actual leaning computer
systems to implement intelligence on a
autonomous model helicopter, a lane tracking
model car and a small robot with a mental map.
Through the building of small systems, we can
develop a large scale brain  computer
constructively. The collaboration of biology and
tachnology inspires each other to design unique
biological experiments and electronic circuitry. A

brain computer is as yet a dream right now,
hawever we are confident that our efforts put it into
practice in the near future. We are returning a part
of our research results through a venture
bossiness company, BrainVision Inc. , as leading
apparatus.




Brain-Style Intelligence Research Group

The human brain has evalved in connection with
language. One of the outstanding functions of the
brain is {6 manage the highly complex system of
language. Language can be described as a social
semniotic system, to the extent that humans have

tab.head . . .
L. built up a system of meanings through social
gﬂ:ghm Suﬂenﬂ interaction. In this way, language supports explicit

human intelligence.Taking this into account, our
research aims to realize brain-sfyle intelligent
systems incorporating the system of language. We
attempt to shed light on the higher-order brain
functions related o language: memarization,
cognition, and cogitation.

Current research topics are:

@®Developing an architecture to implement the
mode! of the semiotic base developed in systemic
functional linguistics into computers. Studying
practical -applications. of the semiatic base to
interpretation and generation of linguistic texts.
@Attempting ta realize computing based on

language as it is represented within the human
brain, instead of the conventional computing based
on numbpers. ' .

Future research topics will be:

- @Managing muitimadal information.
@Proposing brain-style architectures which are
appropriate for the language system.

The important feature of brain-style intelligence is
the ability to create and exercise the self-constraint
under indefinite environmental changes. We
aim to clarify the dynamical theory of emergent
intelligence where the self-constraint is created,

Lab.head controlling the processes of cognition and behavior
Yokao Yamaguchi instantaneously. A theoretical study of brain
Ph.D.

asymmstrical LT?

- Memory storage of the
temporal sequence
in the recurren
connections

neocortex

information

Behavior dependent

dynamics in these processes is focused on the
evolutionary and collective properties of nonfinear
neyral  dynamics.  Collaboration with
interdisciptinary fields as well as neurophysiclogy
is encouraged to understand the brain and mental
processes.

of the hyp

is ol the hipp! I theta
dynamics on the memory storage of the temporal
f\¢ i and ME 1998)

The tempora of the P "
stored inthe  hippocampal nietwork by theta phase coding.




Lab.head

Jun Tani
D.Eng.

We conduct research on the adaptation and the
development of cognitive behavior based on the
engineering synthesis approach. More specifically,
we attempt to answer the following specific
questions:

(1) How can the modular and hierarchical
structures can be dynamically organized in the
brain such that the diverse cognitive functions from
the sensory-motor to the higher-order cognitive
levels could be naturally realized?

{2) How can people acquire symbols and language
through behavioral interactions.

(3) What are the cognitive roles of imitation, play
and exploration in developmental processes?

(4) How do peaple start to become “conscious
about themselves and others?

We are exploring these issues by conducting
muitidisciplinary researches, including neural
network modeling, rabotic experiments, complex
systems analysis, experimental psychology, brain
imaging and phenomenolagy.




Brain-Style Information Systems Research Group

“Mathematical Neuroscience ™"

Lab.head

Shun-ichi Amari
D‘Ervtg.

Information is represented in the brain by
spatiotemporal patterns of excitation distributed
over a large number of neurons. The brain
processes information by parallel dynamic
interactions amang neurons, and modifies its
behavior by learning and self-organization. The
brain forms a model of the world such that it can
recognize, memorize, plan and control the outer
world including itself.The objective of this
laboratory is to establish a new branch of brain
information science which elucidates fundamental
principles of information processing in the brain.
We also aim at constructing mathematical
foundations of neuracomputing. We have thus far
studied representations of information in the brain,
various types of dynamics of recurrent neural
networks, its learning and self-organization
including capacities and generalization abilities.
We have established 2 unique position in our field

using these profound mathematical theories with

significant results. We have used information

geometry, a new differential-geometrical theory, to
construct mathematical foundations.

Emergence of information patterns under spatio-temporal
dynamics of neural figlds .

Visual Neurocomputing -

Lab.head
Shigeru Tanaka
Ph.D.

This laboratory is engaged in visual neuroscience
research using both theoretical and experimental
app‘roaches to understand the mechanisms
underlying the formation of neural networks and
their information processing capability. In
particular, we focus mainly on the functional
architecture in the primary visual cortex of
mammals, which is called columnar organization
(e.g.. orientation column, ocular dominance
column and direction column). We examine mutual
relationships and infarmation representation of
various types of columns by observing the 2D
palterns of the columns using the optical imaging
technique. We alsa carry out computer simulation
based on our activity-dependent self-organization
model to reproduce experimentally observed
columnar structures, and investigate possible roles
of visual experience in the formation of the
columns, Furthermore, we attempt to clarify
information processing mechanisms of the primary
visual cortex by tonducting computer simulations

of neural dynamics of a large-scale network
reproduced based on the self-organization mode!.
We expect to obtain basic principles of brain
information processing through theoretical and
experimental approaches.

N 'ﬂ
Simulation
Tam =1

AN

g f 5

20 pattarns of arientation and direction columns cbtained by opticz
imaging from cat area 18 (top). <~ ) .

2D patterns of orientation 3nd direction :glumns ubl\axned |
computer simylation based on theselt madel (sattom).




Laboratory for Advanced Brain Signal Processing
investigates and develops tools and software for
analysis (extraction, enhancement, denoising,
detection, localization, recognition and
classification tasks) of brain signals and patterns,

Lab.head . . .
. . especially measured by - high-density array
ﬁ\r;drze; Cichoeki  eeo/mec and ERPVEMG mactines. In this

I L laboratary, the general interest is in intelligent

| biomedical signal processing and a nonlinear

| ' system theory approaches in computational
neuroscience, with an emphasis on neural network
models with underlying components (processing
units) and unsupervising learning algorithms.
We analyze models of biologically plausible neural
networks and adaptive learning methods, to
efucidate brain functions, especially visual,
auditory, olfactory and somatosensory systems
and to realize engineering designs of brain-style
pattern recognition, classification and cognitive
systems. We are actually developing dynamic
nonlinear independent component {DICA) analysis

and other techniques, like Higher Order Statistics
(HOS) and Joint Time Frequency Analysis (JTFA)
for real brain data in cooperation with other
laboratories. Our main goal is elucidation of signal
processing in the brain and its engineering
applications to realize higher order brain functions
by information technalogy.

Extractian and classification of brain source sigaals and patterns

Perception Dynamics

Research in this group is focused an the micro-
dynamics of visual perception and its associated
memory functions such ds iconic and visual
working memary, and perceptual and classification
learning. We aim at computational modelling of
these processes and testing resulting hypotheses
Cees V. Leeuwen by psychological experiment. Globally and locally
3.0, coupled maps build a convenient architecture for
our modelling endeavours. Following the thread of
pioneering studies, predominantly by Japanese
authors, we are developing coupled map-based
models for application in the domain of visual
perception. Their dynamics involve chaatic and
near-chaotic behaviors, such as itinerancy and
spatio-temporal . intermittency. Phenomena of
perceptual processing, which could be understood
by this dynamics, include spontaneous
reorganization of the visual field and the active
maintenance of memery representations through
spontaneous rehearsal: These phenomena are
being studied in the human visual system by time-

Lab.head

resolved and noninvasive experimental methods,
such as synchronization and temporal coherence in
EEG, and eye-movement measurement.

- Horizontal"
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The time course of spontaneous reorganization of a pattarn of
phase-synchronized activity in a Coupled-Map model of visua!
perceptian {van Leeuwen, Steyvers, & Nooter {1998). Jousnal of
Mathematical Psychology, 41, 319-344). A visual pattern consisting
ol an array of dats is presented to the model. This pattern is
ambiguaus to human visual perception, resulting in rivalling
*harizantal” and * vertical’ grouping phenamena. In accardance with
this behavior, the model swilches spontanecusly between tese two
alternative forms of synchranized activity.
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" Gell Function Dynamics

Lab.head

Atsushi Miyawaki

M.D.,Ph.D.

Our primary goal is to gairi a better understanding
of how the molecules respansible for life behave in
space and time. For example, signal transduction
cascades involve multiple enzymes and are
orchestrated by specific  protein-protein
interactions. Such dynamics can be revealed by
optical means such as by a flucrescence readout.
The green fluorescent pratein (GFP) of the jellyfish,
Aequorea victoria, is a spontaneously fluorescent
protein that can be iricorporakad into other proteins
through genetic fusion. Qur preferred approach is
to use two GFPs of different colors to permit
fluorescence resonance energy transfer (FRET).
FRET is highly sensitive to the relative orientation
and distance between two flucrophares and alters
the ratio of their emission intensities, creating an
ideal readout for fast imaging and confocal
microscopy. Cameleons are genetically encoded
fluorescent indicators for Ca2* based on FRET with
GFPs.  Because cameleons can be targeted
genetically and imaged by one- or two-photon

excitation microscopy, they offer great promise for
monitoring Ca?* in entire organisms, tissues,
organal'les, and submicroscopic environments
where measurements were previously impossible.
We plan to extend optical methods in ofder to
observe many intraceliular signaling events, which
currently must be assayed by grinding millions of
cells.

Schematic shawing how FRET from BFP to GFP measures Ca2* jons.

Neural Architecture

Lab.head
Tsutomu Hashikawa
Ph.D.

The complexity of the structure of the brain makes
it difficult to understand principle mechanisms of
how it functions. Because various brain functicns
must be derived from the structure of netwarks
and systems highly organized in the brain, the
understanding of structural bases of these
functions is 'importanl. In order to include the
structural background in the analysis of brain
functions at molecular, cellular and system levels,
our laboratory focuses on the morpholagical
analysis of structural elements that are crucial for
expression of brain functions. An insight into the
structural aspects of neural functions will lead to
the substantial understanding of warking
mechanisms of the brain. Our main research
subjects are: 1) microscopic analyses, such as
laser-scanning microscopy, transmission and
scanning electron microscopy, and atomic force
microscopy, of the cellular and subcellular
distribution of malecules essential ta the control of
neural transmission, particularly that of cell

adhesion molecules, neurotransmitter receptors
and ion channels at synapses, 2) search and
immunohistochemical detection of novel marker
malecules to differentiate specific types of cell in
neural tissues, 3) development and application of
experimental ‘probes for the analysis of local
cortical circults, and 4) analysis of the connectianal
organization of high functional areas in the cerebral
cortex.

Layer specific
distribution of inhibitory
neurotransmitter GABA
{green) and pyramidal
cell expression of mRANA
of GABABR1b (red). one
of its metabotropic
B receptors, in the
hippocampai CA2-3
region can be detected
simultaneously by
immunohistochemistey
and in situ hybridization
histochemistry. Lower:
High magnilication o a
i@ part of upper picture.




: Behavioral Genetics

Labhead

Shigeyashi ltahara

DV.MPRD.

The hain integrates multiple external stimuli and

-internal information to express animal behavior.

e

in cerebral cortex, and 3) the functional

This complex i i is supp

and rhechani

by Ihe. precise and fine .meuronal network
farmation. Genetic and epigenetic factors including
environmental stimuli are known to alfect the
formation ot neuranal networks. We are particularly
interssted in the molscular basis underlying the
plasticity of the neuronal netwarks associated with
external stimuli. In order to analyze the molecular
i highly
Diclogical phenomena, it is essential to manipulate
given malecule(s) in unambiguous manners.
Genetically engineered animais ars very uselul for
this purpose. Thus, we aim to develop navel
gentical methods in mice and to generate animal
resqueces that are useful for various aspects of
brain sciences. We are currently focusing an: 1)
molscular mechanisms underlying the formation
and plasticily in cerebellar circuitry with

of astrocy or

interaction.

s allow s,

¥ 4

mator learning.  2) molecular mechanisms

wares ot ig
Mutatios can be induced ia tha dark biua regians,

Cell Culture Development

Lat.head
Masaharu Ogawa
M.

Qur interest is to understand the way by which the
cerebral  cortex organizes  itsell  during

Al the anset of is, the
cerebral cortex consists of a marphologically
unifarm papulation of neurgepithelial ceits, During
embryonic development, neurcepithelial cells
generate young neurons that migrate and
dilierentiate into distinct neuronal types, and are
eventually organized inta a precise laminar pattern,
Each call type is characterized by its unigue
mutphalogy, position, and funclion. We study the
moleculac and celtular mechanisms invoived in
nesral migration, celi-fate decision, and laminar
palterning in the developing cortex. A recent
inlerest in qur laboratary is ar the development of

_slice cultures using embryonic cartices and the

labieling of progenitor cells with fluorescent dyes,
which enable us o view, with microscopic
resolution, newly generated viable and migrating
neurcns. We apply these techniques to define the
sequence and the paltern of mitosis af prog

cells to become postmitotic neurans and the
pattern of neural migration in the eardy cortex.
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Neurcnal Circutt Mechanisms
Group

Yoshio Hirahayashi euo.

A reciprocal relah‘ohship existing between glia and
neurons is vital for brain development and the
maintenance of functional neurons. We have found that

* the neuronal survival and morphalogical development of

hippocampal neurons and Purkinje cells in vitro are
completely dependent on the nonessential amino acid,
L-serine, released actively from the astroglia. -We will
continue to study this novel metabolic communication
via L-sering between glia and neurans at the molecular
genetic level. In viva roles of L-serine will be addressed
using transgenic mouse models. The exégencus

L-serine is taken up and utilised for the synthesis of
neuronal sphingolipid; that are a component of
membrane microdomain °rafts”. Research on the
involvement of sphingalipids in signa! transduction
pathways such as apoptosis and survival has ‘been
rapidly expanding. We have cloned the genes encoding
the key enzymes for the synthesis of sphingalipids
including ceramide glucasyltransferase (GleT-1). We are
now generatiﬁg conventional and conditional knaockout
mice for these genes to get new ihsights into in vivo
roles of neuronal "rafts*sphingolipids.

Neuranal Circuit Mechanisms
Reszarch Group

Sheogo Endo eho.

Humans have survived in a wide variety of given
environments as a result of the remarkable flexibility of
the nervous system called neuronal plasticities. The
elucidation of the mechanisms involved in neuranal
plasticities is one of the most attractive and important
questions in the field of modern neuroscience.
Currently, we are studying the basic malecular
mechanisms underlying neuronal plasticities.

The cerebelium is considerad to be the center for non-
declarative memories. Non-declarative memories are
those memories that we can not put into words. One

example of non-declarative memory is the memory of
body motions such as those invalved in throwing a ball.
Long-term depression involves the use-dependent
decrease of signal transmission efficiency and lasts for
a significant period of time. Cerebellar long-term
depression is important for memories mediated by
cerebellum.  Qur research group have ‘selected
cerebellar long-term depression as a mode of neuronal
plasticity and we have focused on the molecular
mechanisms  underlying cerebellar  long-term
depression.

Neuroral Circuit Mechanisms
Reszarch Greup

Raymond Kado eao.

The aim of this project is to study the suitability of using
short pulse laser fight to reveal ongaing processes in
the brain tissues of freely moving animals. In the last
half céntury, many properties of the nervous system
have been discovered using methods which required
isolation of the tissues being studied. The method we
are developing is expected to allow studying these
properties and their interactions in the intact, freely
performing animal. It is different from most brain
imaging approaches, in that measurements will be
within the limits of the focal paint of the probe. At

present, it is about 10 x30 pm, about the size of the
neuron. The 790 nm light from the present faser should
not destroy tissues even at it focal point, thus assuring
that the same volume of tissues can be studied
repeatedly over very long periods of time. Since the
probe and the laser are of original design, our present
work is concerned with the characterization of the laser
light and its ability to produce fluorescence. Thus far,
the results of these studies indicate that the projected
application of the probe will be successful.

RIKEN-MIT
Mzuroscience Research Center

Yasunori Hayashi moeno.

The “mechanism involved in memory™ have remained
unclarified. We focus on hippacampus, which plays a
critical role in memory. In the hippacampus, a
phenomenon, called ‘synaptic plasticity’ is observed.
Neurons communicate through synapses. When a

. presynapse is intensely stimulated (mimicking the

learning process), the synaptic transmission is
enhanced for hours or days. Since this phenomenon
long-term potentiation (LTP), was first described, it has
been attracting neuroscientists as a potential cellular
correlate of memory. We investigate the LTP

phenamenon by combining different technologies: we
construct various recombinant neuronal proteins and
express them in neurons. Then, we analyze these cells
using electrophysiological and imaging techniques. In
addition te LTP, another interesting phenomenon is
observed in the hippocampus: neurons are continually
regenerated even in adulthood and are involved in
existing neuronal circuits. We study the roles of this
phenominon on learning and memory. Through these
analyses we would like to efucidate the molecular

- mechanisms of memary.




Developmental
Brain Science Group

Hiroyuki Kamiguchi ua.po.

' Complex neural networks are formed by axons that have

elongated and reached their proper targets. The tip of an
elongating axon, called the growth cone, explorss
guidance cues in its environment and navigates the axon

through the correct pathway. The growth cone express-
es a variety of cell adhesion malecules (CAMs) that inter-

- act with guidance cues. In addition, the signaiing mol-

ecules and cytoskeletal elements essential for axonal elon-
gation are expressed inside the growth cone. We have
demanstrated that dynamic growth cone adhesion regu-
lated by CAM trafficking and signaling plays a critical role

in axonal elongation. Using state-of-the-art microscopic .
techniques, our group is currently studying the dynamic
interactions between CAMs, signaling molecules and
cyloskeletal elements in live growth cones. Other tech-
niques such as gene/protein joading into neurans, laser
activation/inactivation of functional molecules and laser
manipulation of CAMs are employed to elucidate the
molecular mechanisms that control growth cone migra-
tion. These revelations will help elucidate the fundamen-
tal mechanisms by which axens elongate to form proper
networks during neural development and regeneration.

Qzvelopmental
Brain Science Group

| Takashi Konda eno.

Although most of the cells within a body share the same
variety of genes, cells in different organs often need
functions of different group of genes. In many cases,
switching of genes are controlled in transcriptional fevel.
Transcriptions of many genes are regufated temporally
and spatially restricted manners. Some genes are
expressed and have functions specifically in certain

variety of organs but not in others. Sometimes ectopic

expression of a certain gene in some cells can be even
detrimental. It is not yet understood how these
regulations are achieved without confusion on genome

which contains many genes and regulatory regipns.
Same of genes must be expressed o construct brain,
some of genes must be expressed to maintain brain,
whereas, some others must never be transcribed within
brain. We are investigating which kinds of events are
taking place on chramosomes and within nuclei when
genes are switched on or off.

Developmental
‘ Brain Science Graup

l Etsuko Muto euo.

It has been suggested that microtubule could function
as a substrate forinformation processing and/or energy
transduction. Qur research goal is to study microtubule
dynamics and explore their possible active role in signal
transmission and motility of motor proteins (e.g.,
kinesin and dynein). We have previously demonstrated
that the transition state of microtubule has very unique
praperties such as long-range cooperativity, anisatrapy
and a memory effect. To examine how these properties
are related to the possible active role of microtubule, We
shall directly observe the conformational states of

microtubules in cells, using high-resolution single-
molecule imaging combined with fluorescence
spectroscopy. In addition, to understand the molecular
mechanism that underiies the microtubule dynamics,
the vibrational states of tubulin and/or water molecules
are also analyzed, using dielectric spectroscopy and
infrared spectroscopy. We believe that these approaches
will enable us to identify 2 nove! system of Information
processing in living organisms, i.e., °‘cytoskeletal
information processing.” '

R

\ Molecular Neurapathology Group

Jun Motoyama eno.

i

The sonic hedgehog {shh) signaling cascade is essential
for cell-ta-cell interaction during vertebrate neural tube
development. In human, the misregulation of this
signaling cascade is closely related to neural tube
defects, mental retardation and brain tumors. Qur
faboratory has been using the mouse as a model to
study the role of shh signaling cascade in neural tute
development and in the adult brain. The shh signaling
cascade has been shown to be required for the
development of midline structure of the neural tube.
However, little is known about how misregulations of

the shh signaling cascade cause human diseases such
as holoprosencephaly, exencephaly and medulloblastom
as. We are making targeted mutant mice using
embryonic stem cell technology, which have the same
type of mutations as those found in these human
diseases. By studying their etiology of the abnormalities
at the molecular, cellular and tissue levels, we attempt
to understand how the development and maintenance of
the brain is reguiated.

[
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General Description

he Institate of Physical and Chemical Research

{ adiversity of research, ranging
tudies through to applications, in

hys:cs engineering, chemistry,

d medical science.

ctive in diffusing the fruits of this

70 ghout society.

esearéh at the RIKEN Yokohama Institute (Dlrector:

sce president Dr. Akira Kira) opened in April 2000,
- ‘the basis of all biological activity, the
enome (the entire genetic code possessed by every
rgamsm) and aims to compile a comprehensive
ssearch base in the field of genomics.

he well-established Genomic Sciences Center
3SC, Director: Dr. Akiyoshi Wada) and the more
:cently-€ establ ished SNP Research Center (SRC,
lirector: Dr. Kumao Toyoshima) and Plant Science
enter (PSC, Director: Dr. Tatsuo Sugiyama) have
uned forces at the RIKEN Yokohama Institute with
i aim of advancing genomic research in a
rstematic and centralized manner.

Site area: 4.6ha(RIKEN Yokohama Institute)

The GSC is expected to commence research at the
newly-completed RIKEN Yokchama Institute
facilities, located in Yokohama’s Tsurumi-ku, in the
autumn of 2000; the SRC and PSC respectively are
expected to gradually integrate their research on the
new campus as soon as expansion of facilities allow.
The GSC research involves a comprehensive
examination of the structures and functions of genes,
genomes, and proteins, from the study of organisms
at a molecular level to the study of individual plants
and animals.

The SRC research, striving towards the development
of “personalized” medical treatments and
preventative medicines tailored to the needs of
individual people, examines the connection
between diseases and differences in the genetic
codes {DNA sequences) of individuals.

The PSC studies the connection between higher-
order functions and genes/biomolecules for the
purpose of enhancing and developing plant
functions.

0.8ha(Yokohama City University of Integrated Science)

RIKEN Yokohama Institute
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“Genome sciences create
life sciences of the 21st century.

Greetings

The genome is the comprehensive blueprint of
life, and every organism is created based on the
information stored within its own genome. While
an organism receives information from its
surrounding environments, the structures and
functions essential to life are being expressed
throughout its entire body through effective
utilization of chemical reactions and physical
characteristics of molecules and atoms. That is to
say, life exists as a collective body formed by the
basic principles and laws of chemistry, physics,
engineering, and also as a result of the various

states of the earth's environment. Therefore Director of RIKEN Genomiic Sciences Center
collective bodies must be studied as a whole, as Akiyoshi Wada (p.sci)

this will lead to advancements in fundamental
areas of human thought such as pure science,
medicine, agriculture and pharmacology, while
establishing a sound basis within the fields of
biology, chemistry and physics to create new
earth-friendly industries. This is what the
comprehensive study of genomes is truly about.

In light of this novel approach to science, The
Institute of Physical and Chemical Research
(RIKEN) established The Genomic Sciences
Center (GSC) to act as the central genomic
research institute in Japan. At the GSC, integrated
and systematic research will be carried out on the
structure and function of genes, genomes and
proteins, which taken as a whole, represent the
fundamental building blocks of life. In the twenty-
first century, this shift in the focus of life science
research will become a global one. It is our
intention to become pioneers in the integrated
research and development of life-sciences in an
attempt to respond the expectations of people
throughout Japan and the world.
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From the basic science
to the applied science

What is a gene?
mmmmmmmm
Genes determine the amino acid sequence of proteins. Each gene is composed of the four distinct
molecular bases; adenine, thymine, cytosine and guanine. Any given sequence of three of these
molecular bases codes for a particular amino acid. Surprisingly, while there are approximately 10°-
10° different proteins found within living organisms, the sequence of amino acids that constitute ail
of these different proteins is determined by the sequence of only four molecular bases.
We can determine the aminc acid sequence for all of the proteins found within living organisms by
clarifying our understanding of the complete nature of genes. This will be an important step in the
clarification of the functioning and interaction of proteins. Once databases for the base sequence of
genes (and thus the amino acid sequence of prateins). have been compiled, and systematic research
into genomes, proteins and genes have been undertaken, biological and medical problems that had
proven too difficult to solve using conventional approaches should be within our grasp.

What is a protein?

A protein consists of a chain of amino acids in the order of 10'-10° drawn from a population of
twenty different amino acids. The amino acid sequence of a protein constitutes its primary structure.
The primary structure in turn organizes into lacal structural components known as the secondary
structure. The two known types of secondary structures are tubular {helices) and planar (sheets). Fur-
ther, the interaction of secondary structural elements forms what is known as the tertiary structure
and it is this final stage of organization that is largely responsible for determining the specific-func-
tions of a protein. Thus, information related to the tertiary structures of proteins should greatly
enhance the functional analyses of all proteins with a variety of applications such as the creation of
artificial proteins.

Recent research suggests that proteins could be constructed from limited number of patterns or
structural entities {folds). Once all folds have been determined and their functional relationships
established, it will enable scientists to predict functions of unknown proteins, to improve to the func-
tion of existing proteins and to design new proteins for use in medicine and other fieids.

What is a genome?

A genome is an integral bady of genetic information focated within nucleus. It contains not only ail
of the genes that define a particular organism but also the information that regulates a variety of bio-
logical functions including the expression of each gene.

The information is coded and written in DNA molecules as sequence of four nucleotides, A, G, T, and
C. Thus, through the determination of the entire nucleatide sequence of the genome, we will under-
stand how and what kind of information is used to build and maintain living organisms, which will
eventually deepen our understanding of life.

Many research projects are now being undertaken to determine the entire structure of genomes of
variety of different organisms, including human. Further research on genomes will lead to a more
complete understanding of life.



=3 Mouse genome research

T R OO O O N A A AR RN AN AHIAHEE
- ' Recent progress in genome sequencing and ¢DNA exploration will soon reveal the structure of all
genes of the human and the mouse. The next ‘goal of genome research is to elucidate the functions
of this vast number of genes. One of the most efficient ways to do this is to compare the phenotype
of a mutant that has a defect in a specific gene with that of the wild-type animal at the whale body’
level. In mice, the mammalian species in which genetic studies are the most advanced,
administration of a chemical mutagen ENU induces point mutations by base-substitutions at high
frequency. If the mice mutagenized with ENU are systematically screened for abnormal phenotypes,
such as tumorigenic, metabolic, neurological, sensory, and behavioral ancmalies, we will be able to
develop animal models for human heredity diseases. These mice will be used as indispensable
bioresources for biomedical research in the 21st century.

Plant genome research

Both plants and animals are composed of cells and these cells contain a genome of genetic
information. The gename consists of large numbers of genes that serve as a bluegrint for both plants
and animals. Since plants can not move freely like animals, they grow by adapting to their
environments. Therefore, plants show a high level of environmental response. In plant functional
genomics research, the mechanisms by which the plants grow in response to external stimulation are
studied by examining all of the genes in the blueprint. Since plants provide an environment,
including food, required for the survival of humans and animals, research on the functions of plants
is important from the viewpoint of clarifying the diversity of genes and preservation of the
environment that includes humans. Based on the plant functional genomics information obtained in
this research, it should be possible to modify plants as environmental resources for humans so that
they can withstand adverse environmental conditions such as dryness and high and low
temperatures, to create plants which will play a role in preserving the environment, to create low
allergen plants, and to create high yield plants to meet population increases in the future.

What is bioinformatics?

e e alele e m e el e e e e e e e e e e e e e e S e

Behavior of life is expressed as a series of chemical reactions among biomolecules such as DNA and

RNA. The aim of bioinformatics research is to clarify such behavior from the standpoint of “informa-

tion.” This information includes not only data but also wider meanings such as computational

models, simulation, and databases. This is called informatics.

Bioinformatics consists of.the following researches.

1) Deciphering sequence information from DNA, determining the structure of proteins using X-ray and
NMR equipments, and developing information processing technology to assure that such research
runs smoothly. "

2) Canstructing databases on DNA sequence information and obtaining blueprints for life and the his-
tory of life from DNA sequence information from these databases.

3) Elucidating the structures and functions of proteins obtained on the basis of these blueprints for life.

4) Determining how individual proteins combine to express complex, large-scale biological phenomena.

In recent bioinformatics research, it is necessary to handle vast amounts of data and perform large-

scale, precise analyses, and an infrastructure is essential for such work. '

Data obtained from experiments and other sources is compiled using bioinformatics, computational

models are developed and these results are fed back to more experiments, which should assure fur-

ther advances in genomics research.




© GSC:The research institute éxtending the genomic concept
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" Research objectives ™.
e One research objective of the GSC is to clarify the
foundations of life science by conducting research on the
structure of genes, genomes, and proteins - the building
blocks of life - fram the molecular level to the individual
organism. Another research objective is to develop new
research for the 21st Century in the area of pure science,
such as intellectual property, as well as providing a
strong platform for developments in a broad spectrum of
areas, such as overcoming diseases, protecting the
environment, and generating new industries, to create a
prosperous future.

Research activities

I The GSC, a research institute for extending the genomic concept,
includes several research groups studying the range of genomic
science areas, from the molecular level to the individual level.
Such an institute is unique in the world.

BiThe GSC is developing new aspects of genomic science, placing
emphasis on progressiveness and originality.

B GSC research is conducted in interdisciplinary fields, not only in
biology, but also in chemistry, physics, and information science.
B Research focuses on higher animals and plants, such as humans

{human disease models) and model plants.
B Research results are actively published and practically applied.

Research system

HCooperation within GSC research groups is well-organized
and research methods are efficient and effective.
" BWAdministration of the research center and research results
are evaluated by national and international experts.
_ BGSC has established strong research cooperation networks,
both within Japan and internationally, and performs as 3
center for international genomic science research.
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RIKEN Genomic Sciences. Center (GSC) :
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The introduction of the research groups

Genome Exploration Research Group -

The advances made in genome research in recent years have contribut-
ed greatly to the fizlds of medicine and biology, and have changed the

“way-in which research is conducted. The goal of the Genome Explora-
tion Research Group (GERG) is to extract genetic information from
genomic DNA and to understand the functional units by exhaustive
collection of genetic molecules and in this way to comprehensively study the phenomena of
life. Initially, a gene encyclopedia (total genetic dictionary) will be completed by constructing
full-length gene clones and compiling the genetic information. Once such a gene encyclope-
dia has been compiled, it will then be used as an investigative tool for the following research
topics. Comparing the encyclopedia with our expression data and public databases such as

. human genome, the genetic background of diseases will be clarified. In pratein-protein inter-
action rescarch using the two hybrid system, the function of proteins will be analyzed. Using
microarray technology, cascade regulation of gene expression will be studied. By investigat-
ing interactions between proteins and their target DNA segments, the mechanism of
transcription control will be elucidated.

Protein Research Group

Proteins are composed of one or more functional domains. The three-
dimensional structures of these functional domains are classified into
about one thousand types of basic structural units or folds, which are
in turn broken down into approximately 10,000 subtypes. The
functions of proteins are expressed by combinations of molecular
functions corresponding to the basic folds. The Protein Research Group is applying “structural
genamics” in a comprehensive study of the structure and function of many types of proteins
using NMR and X-ray crystallography. An "Encyclopedia of Basic Protein Folds" covering the
basic folds and molecular functions is being prepared through an analysis of several
thousand subtypes based on international collaboration. With this "Encyclopedia of Basic
Protein Folds," it will be possible to predict three~-dimensional structures and functions of
proteins from genetic information (i.e., amino acid sequences). These results will be applied
not only in biology but also more widely in medicine, drug discovery, and other industrial
fields.

Human Genome Research Group

P N N NI N N e W T D D o
We participate in the international human genome project to
completely decipher the human genome as a genetic blueprint for
humans as the Japanese representative. The human genome is divided
into units consisting of 24 chromasomes from 1 to 22, plus X and Y,
but the Human Genome Research Group is concentrating on
chromosomes 21, 18, and 11. In May 2000, we succeeded in determination of the complete
base sequence and identification of all genes on chromosome 21, our initial target. We are
currently studying the complete base sequences of chromosomes 11 and 18. The group also
clarifies the functions and analyzes the control regions of newly discovered genes. important
genome information concerning the functions of living organisms is known to be preserved
unchanged during the course of evolution. We are comparing important sequences in the
human genome with those in the mouse genome. We also hope to discover genotypes
inherent to humans by comparisons with chimpanzees, which are closely related to humans.

@ Genome Resource Exploration Team
Gene clone resources such as full-length
cDNA will be prepared in an effort to ana-
lyze the function of genes.

@ Genome Structure Exploration Team
Riken's original high-speed DNA analyzing
technology will be improved for the prepa-
ration of a gene encyclopedia.

@ Genome Informatics Exploration Team
A computer analysis of the function of
genes will be carried out based on genetic
information obtained by the research team.

@ Genome Function and Technology
Exploration Team -
DNA chips and other materials will be used
to analyze regulatory cascades for the
expression of genes.

@ Protein Preparation Team
The functional domain of prateins will be
predicted at the DNA level and expressed.

@ Protein Function Team )
The molecular function of folds will be
investigated:

@ Protein Structure Team
The protein 3D structure determined by a
combination of folds, plus the folds that
constitute them will be identified.

@ Stable Isotopes Team i
The advanced preparative methods will be
established for isotopically labeled pro-
teins.

@ Genome Mapping and Resources Team
Libraries from various genomes will be pre-
pared for high-speed sequencing and gen-
ome analysis. The resources will be used to
conduct studies focused on genome func-
tions.

@ Genome Sequencing Team X
A high-speed genome sequencing system
will "be established, which will enable
researchers ta determine the base
sequence of the human and mause gen-
ome with a high degree of accuracy.

& Genome Informatics Team
Information analysis/management systems
for structural genomics, functional genom-
ics, comparative genomics, and computa-
tional genomics will be developed.




. The genome, consisting of more than ten thousand genes, designs the
whole body of the human and the mouse. After fertilization, certain
genes play essential roles in formation of the body and maintenance
of its homeostasis through gene-environment and gene-gene interac-
tions. During this process, expression of the genes is appropriately

regulated in tissue- and stage-specific manners. One of the most efficient ways to gain a bet-
ter understanding of the function of each gene is to use mutant animals. Comparison of the
mutant phenatype with that of the wild-type animal enables us to investigate the function
of the gene relevant to the mutation. The Mouse Functional Genomics Research Group
intends to induce paint mutations in the mouse genome with a chemical mutagen, ENU, and
to produce as many mutant mouse strains as possible. We plan to analyze the mutant mice
and construct a database to integrate all information on the mutant mice. Ail mutants will
be cryopreserved as embryos or sperm, and will be available to the international research
community. Thus, we have established a large-scale mouse mutagegnesis praject to develop
an infrastructure, including development of mouse models for human diseases and mutant
mice useful in basir biological research, for biomedical research in the 21st century.

Plant Functional Genomics Research Group

Plants dtffer in various ways from amma!s and plants have mherent
capabilities that animals do not have. To understand these inherent
capabilities of plants, the Plant Functional Genomics Research Group
is studying genome information and functions using Arabidopsis thalia-
na as a mode! plant. The function of the genes is being dlarified by
comprehensive insertion of T-DNA or transposons into about 25,000 genes to produce gene
inactivation mutations. The structure and modes of expression of the functional genes in the
genome are being clarified by the construction and analysis of full-length cDNA libraries.
Using these two approaches, the aim is to decipher in as much detail as possible the informa-
tion encoded in the genome of Arabidopsis thaliana. Information on the functions of various
plant genes obtained in this way should be useful in improvement of other useful plants.

Bicinformatics Group .
Pl e lels e Sle oo s el te it et te te te e te et e tw et Y
It is our task to clarify life phenomena expressed on the genome by
means of integration of genomic information on DNA, information on
proteins and animals and plants, information from ather groups, and
information from public databases. In genomic research, various
; results have been obtained by both the biochemical approach and
informatics approach. These methods were based on sequences, but in the current post-
sequence age, analysis of information on structures and functions of proteins, as well as
expression and interactions of genes is important. We use computer simulation to reproduce
activities with information flow from genes to individuals via proteins and cells. The
Bioinformatics Group also analyzes data from individual mutations to causative genes
against the natural information flow. By clarification of life phenomena using genome
information, advances can be made in elucidation of lifestyle diseases and order-made
medicine, which will enrich human life.

Mouse Functional Genomics Research Group
moooooooooooooocx:ooooooqm

@ Mutation Resource Exploratxon Team
This team is' developing techniques to
induce mutations in mice efficiently and to
establish genetic methods to analyze these
mutant mouse strains.

@ Mutation Phenotype Exploration Team
This team systematically screens for mice
with induced mutations and looks for
changes, mutant phenotypes, at the individ-
ual level. The team is also developing a
methodology for phenotype screening.

@ Plant Mutation Exploration Team
This team produces and analyzes transpo-
son insertion mutants, and also produces
and analyzes full-length cDNA libraries
and microarrays.

@ Plant Fuaction Exploration Team
This team produces and anafyzes T-DNA
insertion mutants.

@ Computational Genomics Team
This team simulates behavior of gene net-
work using computer and develops
integrated database by utilizing advanced
information sciences and technologies.

® Computational Proteomics Team
This team clarifies mechanisms of cell func-*
tions through information analysis and
computer simulation.

@ Population and Quantitative
Genomics Team
Individual's symptoms and physxologlcal
conditions will be understood in terms of
each DNA information.




Genome Exploration Research Group

What is the mahdate of the Genome
Exploration Research Group?

A number of genome analysis centers capable of sequencing in

excess of 100 million molecular bases per year are now being
constructed in various cities throughout the world. A genome bank
containing all of the genes in the completed form from mice (fuli-
length cDNA:cDNA is an artificial copy of genes made from mRNA)
will be made using the data collected at RIKEN Tsukuba Institute
and an innovative super high-speed base sequence determination
system on those genes will be developed. A gene encyclopedia will
be compiled from a determination of the DNA structure (base
sequence) of the genes and their location on the genome using the
innovative sequencing technology.

Development of a full-length cDNA

The Institute of Physical and Chemical Research developed a new -

and completely original method for copying the entire length of
mRNA and synthesizing full-length ¢cDNA. This method enables
researchers to efficiently isolate genes as ¢DNA. Furthermore, as
proteins are determined by genes, their primary structures can be
determined from full-length cDNA. In addition, it is now possible to
directly obtain a desired protein by expressing target genes in cells.
This technology adopting a novel thermoactivation mechanism.of
enzymes will have applications not only for genomic research, as in
studies conducted on the heat-resistance of certain enzymes, but
also for industrial fields.

Why use the mouse?

For diseases which are caused by a single defective gene; eg.
myodystrophy, etc, the disease genes have been cloned directly
from human genes. In adult diseases such as diabetes, hypertension,
arteriosclerosis and some cancers, there apparently are genetic
causes, but the genes have not been identified. Further
complicating identification of the genes in such cases is the factor
that numerous genes may be involved in causing such diseases. To
study these genetic diseases in human, we need a genetic approach
for breeding and cross breeding, which is clearly difficult to
achieve. Therefore, by using the mouse these breeding approaches
become feasible. Since there is a high homology between human
and mouse genomes, human genes can be targeted once a mouse
gene has been isolated. The use of the mouse is effective for the
study of multiple genes caused diseases both scientifically and
economically.

Identify potentially
important genes

~l—

Full-length cDNA s(ock

Full-length /
¢ONA bank »

Basa sequence of
full-length cDNA
AAGTCGGGCCTA
CGTACGATCCCG
TTTTAAGGCGCG
TCAAATCGATCT

Goals for the Geneme Exploration Research Group
@ Establishment of a new high-speed sequencing system
@ Preparation of a mouse genome encyclopedia
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Yoshihide Hayashizaki, M.D., Ph.D.

Project Director

Developnﬁent of a new large-volume
DNA analysis system

Development of a new large-volume DNA analysis system capable
of rapidly determining DNA structures {base sequence) is an essen-
tial part of future research that will enable scientists to search for
genes from all areas of the genome. We are in the process of build-
ing a new-generation DNA analysis system, based on innovative
RIKEN technology.

Flexibility of RIKEN's system

The genetic function search system designed according to the
above mentioned guidelines will be applicable to all living
organisms. |t will have a significant impact on a variety of different
fields of research, including the establishment of a high-speed
genetic diagnostic protocol, the establishment of gene therapy and

PCR apparatus Sequencer

new drug making procedures, crop breeding, and the development
of new earth-friendly biological resources. Furthermore, clinical and
biological research on diseases with unknown etiological genes can
be approached from a novel angle. In effect, RIKEN's system will
change the way in which research is carried out.

« New drug formufatian pians.

Environmentally friendly
binlogical resources
__——

W

Breeding livestock and crops

Producing food,
living organisms,
and industrial resources

- Diseases with multiple genes
{diabetes. hypertension and arteriosclerosis)
- Genetic backgrounds.
Genes that control body canstitution.
- Genes respansidle lor regulating
the higher functions of the brain

Drug preparation | €—~e———=>| Gene therapy | €——e——

+ Intraducing of the next generation of drugs

AAGTGCCTTAAAAAAA
GGTCCTASCATCAATTT
GGCCCCCTCATTATCGG
GGTCAATCGEGAG - - -

underlying the phenomena of life
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- Pradicting the onset of adult-diseases and cancer
- Dragnosing hody constitation and genetic backgrounds

Faritying the mechanism
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Genomic research
on various living organisms
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Protein Research Group

Structural Genomics:
role of the Protein Research Group

Structural genomics is an emerging field of research, which exam-
ines the enormous amounts of information stored in the genomes
of living organisms. For example, the estimated 50,000 to 100,000
genes encoded in the human genome are studied in two ways. One
way is to determine the three-dimensional structure of the proteins
encoded in the genes; the other is to systematically and comprehen-
sively analyze the structure-function relationship of all proteins. As
plans are made to begin structural genomics project in countries
around the world, Japan has taken the initiative to begin this new
field of research. Qur project is currently gathering attention from
around the globe.

Basic principles underlying
protein structure

About 50,000-100,000 proteins exist in the human body. These pro-
teins are produced by stringing together building blocks called
amine acids in a chain from the N terminus to the C terminus (Fig-
ure 1). Altogether, there are twenty different types of aming acids.
These chains of amino acids fold into a three-dimensional shape
(Figure 2], giving rise to biologically active proteins. In this process,
regions distant fram each other in the extended form of the chain
come in close contact in the three-dimensional form. Cooperative
interaction allows the protein to express its function. Therefore, an
overall view of the mechanisms by which proteins express their
functions is made clear only when the three-dimensional structure
of proteins has been determined (Figure 3 shows structures that
have been determined by our group).

Figure 1. Amino acids are strung together in a protein.

Basic structural units of proteins
(folds)

Scientists have recently begun to realize that seemingly random pro-
tein structures aré actually constructed from a combination of
basic protein folds. Moreover, it is the combination of these basic
protein folds that is believed to diversify protein function. Qur
group, together with our international partners, is working to deter-
mine all the basic folds, including the subtype structures that
account for about 10,000 structures, to create the "Encyclopedia of
Basic Protein Folds." Using the knowledge contained in this encyclo-
pedia, we aim to clarify the relationship between the structure and
function of proteins. To accomplish this task, we are implementing
automation and mechanization in the process used in protein struc-
tural determination. This process includes the following four steps:
(1) Bicinformatics is applied to the genome sequence to predict
domains in proteins targeted for structural determination. Bioinfor-
matics is also used to assess the suitability of proteins for structural
determination; (2) High throughput experimental screening is
designed to assess the solubility and structural stability of proteins.
Large-scale expression and preparation processes are also designed;
(3) Processes involved in NMR and X-ray crystallographic analyses
are automated; and (4) finally, high throughput and accurate
screening for functional analysis are established. '

Figure 3. Ribon models (upper) and superimposed NMR-derived structures (lower) of
hPar14 Protein {left) and EH Domain (right}

Figure 2. Prqto-oncagenic Ras protein folded in the three-
dimensional space (structure determined at RIKEM).
Regions shaded in blue indicate those involved in the
GOP-binding activity [MidasPlus (UCSF) software was
used for the graphics].
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Development of the cell-free
protein synthesis system:

A new method

for protein sample preparatlon

We have developed the

"cell-free protein synthe-
sis system” to assess the
.solubility and structural
stability of proteins, as
well as to express and pre-
pare proteins on a large
scale, as indicated in step
(2) and Figure 4. With this
cutting-edge technology,
it has become possible to
express and prepare large
numbers of protein sam-
ples efficiently. In addi-
tion, we have been suc-
cessful in  preparing
labeled protein samples, in the order of milligrams, that are suitable
for structural analysis using NMR or X-ray crystallography. Current-
ly, we are working to automate and mechanize this system. )

Figure 4. Schematic diagram of the cell-iree
protein synthesis system.

Using NMR to determine
three dimensional structures of proteins

We have chosen nuclear magnetic resonance (NMR} and X-ray
" crystallography as our main tools for determining the basic protein
folds. The NMR Park facility at the GSC and the SPring-8 facility at
Harima will both be used for NMR and X-ray crystallographic analy-
sis. Using NMR, a wide range of information, including the struc-
ture and dynamics of proteins with a molecular weight of under
30,000, can be efficiently obtained {Figure 5). In addition, NMR has
the advantage of analyzmg protein structures in solutions that are
close to the environment in
which the proteins actually
function. Currently, we are
attempting to raise the effi-
ciency of the processes
involved in NMR structural
" determination  through
automation.

Research on protem function

The key to a clear understanding of the role of genes msxde ce!ls
and living organisms is to understand the functions of proteins at
the molecular level. However, considering that the huge genome
sequence contains enormous amounts of information on protein
functions, all which must be examined through high throughput
analysis, such methods require much thought and careful planning.
We are currently combining biochemical analysis with modified
spectrochemical methods, including mass spectrometry, to study
proteins with unknown functions at the molecular level.

What can we expect in the future
from research on
protein structure and function?

With the "Encyclopedia of Basic Protein Folds” containing all basic
folds and the basic functions of proteins identified (Figure 6), it
should be possible to accurately predict the structure and function
of a protein by simply observing the protein's amino acid sequence.
For example, the active site and the mechanism of functicnal
expression of a protein involved in a particular disease can be accu-
rately predicted. Using such knowledge, we could adopt a more logi-
cal and precise approach to the cure and prevention of diseases.
Our knowledge of protein structure and function is directly linked
to the design and development of high quality drugs that target pro-
teins selectively and specifically.

==~
== %

=

|

Figure 6. Encyclopedia of Basic Pratein Folds

Figure 5. Qutline of the structural analysis of proteins using NMR. Protein
sample is placed inside a super-conducting magnet (D, and raw data 2 is
abtained. The raw data is processed by a mathematical operation called
Fourier transformation, which gives a spectrum (3. Structural information
@ is extracted from further analysis of the spectrum. The final protein
structure is deduced from the structural information.
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Human Genome Research Group

Goal and overall pién

Genome is the blueprint of life. Our goal is to
determine the entire sequence of the human gen-
ome (DNA) through international collaboration
and thus to decode the blueprint of human life.
Our effort will be focused on chromosome 21, 11,
and 18. Chromosome 21 is an etiologic gene
responsible for Down's syndrome, whereas chro-
mosome 11 contains genes responsible for a
number cf different diseases including diabetes
and neurodegenerative diseases. Analyses will be
conducted according to the following three

A common ancestor
which fived approximately
100 million years ago

Known funational

E:: domains

Compuler-predicted
i domains

© steps:

Determination of the sequence
i) Construction of a genome map {According to

of the human genome (DNA)

the mapping data a minimum overlapping set
of cantigs are selected for sequencing)
ii) Determination of the genomic base sequence
iii) Analysis of sequence data
As functionally important base sequences have
been preserved throughout evolution, data analy-
ses will be performed by comparing human and
mouse sequences {see the figure on the right).
As well chimp genome will be analyzed to discov-
er human-specific genatypes.

DNA/genome
database

i Comparative analysis } €

$

{functionally important regions)

B = MR e =

\ 4

Determination of the sequence
of the mouse genome (DNA)

identitication of highly conserved areas

Highly conserved lunctional

domaing that are predicted

by a camputer

New lunctiona! domaing that
[ are discovered by genome

comparalive analyses

mwen  Heterologous areas

Empirical proof for predicted functions

Construction of a genome map

Mapping of genome is the first step of the genome sequencing.
The mapping includes digestion of the genomic DNA to shorter
fragments, multiplied in bacteria, and then each fragment is
aligned along with original genomic DNA.
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Clarification of the overail image of a genome
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Determination of sequences

Through the use of an aligned DNA map, the base sequence of
sequential DNA fragment is determined. The sample DNAs are
further fragmented into smaller pieces so that their base
sequences can be determined by an automatic DNA sequencer. The
resulting data will be assembled to determine the base sequence
of the entire DNA fragment. New technology for high throughput
sequencing will be also developed.

I S P T e et A
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Aulomatic gel electrophoresis robot Sequence data profile

Analysis of sequence data

Computational analysis of the genomic
sequences enables us to find biologically
important information including genes,
regulatory signals and other functional regions
in the genomic sequences. Furthermore,
comparison of human and mouse sequences also
provides the evolutionary conserved regions
which may retain common biological importance between them.
These signals and regions are then experimentally analyzed to
understand the biological roles.

Comparative analysis

Some analysis data

International collaboration

Sequencing of the human genome is an international effort support-
ed by a number of different countries including Japan, the United
States of America, United Kingdom and Germany amang others.

MIT Whitehead Institute

C

The institute of Medical Science, The Univessity of Tokyo )

C

Washington University

National Institute of Genetics

D)

o g

C

Stanford University

it

Keio University School of Medicine - )

C

The Sanger Centre

» National Cancer Center

Qena Institute of Molecular Biotechnology

&

Kitasato University, School of Science )
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Mouse Functional Genomics Reseanch Group

Objectives

“Animal models are an indispensable tool for studying the biofogical
functions of genes that are involved in the pathogenesis of human
diseases. They are also essential to develop the therapy for and diag-
nosis of human diseases. In particular, mouse mutants have become
the ideal model because of the close similarity in the genomes bet-
ween the two species and the extensive knowledge of mouse
genetics that has been compiled over the last 70 years. In addition,
many elaborate techniques such as transgenesis and gene targeting
have recently facilitated a "gene driven” analysis of the functions of
pre-existing genes. Our objective is firstly to develop and establish
a large number of mouse mutants which will be useful mainly for
the "phenctype driven” approach. The ultimate goal is to provide a
mutant mouse resource encompassing the whole genome, namely,
100,000 mutant mice for each gene in the mammalian genome.

Mouse mutagenesis

Genetic information, or DNA sequences in the genome, is inherited
from parents to offspring with extremely high fidelity to maintain
each species; mutation only arises at an extremely low frequency.
To make our project feasible, it is necessary to utilize some effec-
tive mutagens. N-Ethyl-N-nitroscurea (ENU) is an ideal mutagen
for our purpose, since it induces mutations 1000-fold more often
than those occur by natural inheritance. ENU is well known and
used as one of the most effective alkylating mutagens to randomly
induce point mutations in male mouse germ cells.

ENU " ethyldiazoniumion ~  ethyl cation
H
o=N~N(€_;CH°—> N=Ri-CHaCHs s CHaCHo
]
NHz2

Ethylation of DNA

NNV N2
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- Generation of mutant mice

We utilize well-established inbred mouse strains as the basis for
mutagenesis. Inbred strains are genetically uniform, sc any inherit-
ed anomalies that arise in inbred strains are basically due to
mutations. ENU is intraperitoneally injected into male mice. The
treated males (GO} are then mated, and the first generation of the
offspring (G1) are generated. Dominant mutations may be detected
in these G1 mice by systematic and complete phenotype screening,
as will be described later. Recessive traits are detected as follows:
Firstly, G1 males are mated again to obtain the second generation
{G2) cf females. Then, by backcrossing the G2 females with each
paternal G1 mouse, homozygous mice for induced mutations may
be propagated in the third generation {G3) of the offspring. We
again carefully and thoroughly investigate any genetic variations in
the B3 mice to detect recessive mutations. At the same time, it is
crucial to create a preservation system for the mutant mice as a
genetic resource for both the pure and applied science communi-

. ties, Any mutant mice found in our project are preserved for such

future use by freezing the sperm of all the G1 males.

Screening the phenotypes

Any detectable inherited difference from the original inbred strains
is systematically screened. Visible mutations like eye-and coat-
color changes, and structural and behavioral anomalies are
screened. Physiological, biochemical, neurological, and anatomical
analyses are also systematically conducted in order to discover any
genetic variations that have been caused by mutations. They are cat-
egorized as early-onset phenotype screenings. Tumorigenesis
susceptibility and senescence anomaly are additional screening cate-
gories far the late-onset phenotypes. We also develop novel
techniques to detect mouse mutant phenotypes, which should be
subsequenctly applicable to examining the human physiological con-
ditions. New methods and approaches to the genetic diagnosis for
human diseases will be facilitated through these developments in
our mouse mutagenesis project. :



Project Director

Toshihiko Shiroishi, D.Sci.

Unique features

We have set several unique features in our mutage-

nesis project:

i} We conduct late-onset phenotype screening for
tumorigenesis and senescence. Current large-
scale mouse mutagenesis projects are basically
conducted cnly for early-onset phenotypes up to
3 months old. We have extended the observa-
tion period to more than one full year.

ii} Original Japanese inbred strains like MSM are
used, in addition to conventional laboratory
inbred strains that have been developed in
Europe and the United States. MSM still repre-
sents most of the wild-type phenotypes that
have been lost in many laboratory inbred mouse
strains. Thus, unique mutant phenotypes related
to novel gene functions could be expected from
MSM mutagenesis.

iii) Synthetic mutant phenotypes or polygenic char-
acteristics with epistatic interaction are
analyzed. Many human diseases are known to be
influenced not only by environmental factors
but also by each individual's genetic back-
ground. The understanding of both gene-gene
interaction and gene-environment interaction is
the key to develop future medical science based
upon functional genomics.

—
Wild-type Gene

Standard Function
of theg Gene

Random Mutagenesis
by Mutagen

Jin

Point Mutations
B
B

hangé.c;f _tﬁé:G‘e'ne Functi

Cornparison

T3 Mutant: Phenotypic Anomaly
w@ Turn origenesis
; T e Behavior
Discavery of Gene Function * Obesity
e Morphelogy
% Physiology

Contributions to .
Pure/Applied Biology and Medicine

Consortium

Any large-scalz mouse mutagenesis project in the world would currently be able to produce only a couple of hundred mutant mice a year at
the most. To achieve the ultimate goal of at least one mutant for alf the 100,000 genes in the mouse genome, it is therefore necessary to
establish an international consortium like the case of the Human Genome Project. In order to develop such a consortium, we explore the fea-
sibility of effective interaction at various levels of the project. An integrated database system is also being developed to maintain the

.. mutant resources and conduct the project. The obtained information, database and resources will be open to public through the Internet

House mouse (Mus musculus)

The house mouse, the most common lab-
oratory animal in biomedical research,
was created from the European wild mouse
Mus musculus domesticus. Genes of mutant
mice that had been bred by Japanese mouse fanciers in the Edo
period were also introduced into the inbred mouse strains, and
now contribute to the success of modern mouse genetics in this
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century. The mouse has almost the same genome size and gene
numbers as the human being, and is widely used as an animal
model for human diseases. The method of gene targeting was
established in the beginning of the 1990s. Thus, the mouse is the
only mammal with which we can employ two genetic approaches,
*from phenotype to gene" and "from gene to phenotype.”
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Plant Functional Genomics Research Group

Objecﬁves and research plans

Plants are indispensable in our lives to provide vegetables, fruits

and cereals. We also feed plants to cattle. While forests are

necessary to maintain the earth’s environment. It is important to
understand the various physiological functions of plants to produce
useful plants for our lives. By using Arabidopsis as a model plant,

Plant Functional Genomics Research Group will comprehensively

elucidate the functions of around 25,000 genes of the Arabidopsis

genome and characterize their functions on plant physiclogy. We

will take twn genomic approaches for this purpose. . .

1. We will make an inventory of the expressed genes by. using full-
length cONA libraries.

2. We will elucidate the functions of individual genes by
characterizing a complete set of T-DNA and transposon
insertional mutant lines.

These approaches will help understanding of the genetic

information written in the Arabidopsis genome.

ing
TN Six group between Japan, the USA and
f_.:j K4 Europe are coliahorating to sequence of
H the genome, and will complete this work
{1 by the end of 2000.

Mapping of Mapping of
expressed genes mutant genes
7 2

Construction of fulllength &
cDNA libraies and monitoring
ol gene expression pattern
using DNA microarrays.

Loss-of-function (T-DNA or
f? transponson) and Gain-of-

function{Enhancer tagged)
mutant lines.

Comprehensive analysis of plant functions
using Arabidopsis mutants.

® Improvement of crops
{abiatic stress resistant plants etc.)

© Food engineering
(low allergen foods etc.}

@ Appilication to pharmacology.

Functional analyses of genes

by T-DNA and transposon insertion lines

1. We will characterize the gene functions by disrupting them with
the transposon that translocates among chromosomes. and
T-DNA harboured on Agrobacterium.

Analysis of th onby.using.
T-DNA or transposon insertional' mutants

Transposon or T-DNA
~5
Insertion
. GENE
v

Disruption of the gene

—{ Gg Tn NEM}——

— —

Examples of inser
tional mutants
Insertion of a trans
poson caused th
albino phenotyp
{left panel} and th
abnomal shape ¢
leaves (right).
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2. By using T-DNA (or the transposon) that has transcriptional
enhancer, we will activate gene expression located proximal to
the insertion sites. We can expect the phenotype which cannot
be obtained by gene disruption. This method is called enhancer
tagging or activation tagging.

Analysis of the gene function by using
Enhancer tagged mutants ’

T-DNA carrying an Enhancer element

A —
creeee _._.iEphanc

JENEN

Example of an enhancer
tagged mutant.

Insertion of an enhancer caused
an abnormal light response phe-
notype.WT; wild type, M; mutant,
D, R, B, FR, WL, lights with differ-
ent wave lengths.

Gene expression monitoring
by using an Arabidopsis
full-length ¢cDNA microarray

We are constructing a full-length cDNA bank which will represent
all Arabidopsis genes as a com-
plete set {cDNA is a synthetic
copy of mRNA). We are also
making a full-length c<DNA
microarray in which full-length
cDNAs are sorted on side glass-
es. This microarray can be used
to isolate and identify those
genes controlled by environmen-
tal stress (drought, cold and
salt), plant hormones (ABA and
ethylene) and light response.

A gene expression pattern was prepared
using a full-length ¢cDNA of Arabidopsis
thaliana

New era of plant biology from analyses
of the Arabidopsis genome functions

Although Arabidopsis is not a useful crop, analyses of its genomic
functions aid an understanding of the various functions of the
plant. The information obtained through this research will be
applied to the production of crops with high productivity, and resist-
ance to plant diseases, resistance to pests, and resistance to envi-
ronmental conditions such as drought, cold, strong light intensity
and salt. It can also be applied for food praduction such as low
allergenic crops, production of new medicines, and production of
plants useful for our living environment.
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Arabidopsis thaliana

Arabidopsis thaliana is a brassica
plant. It is widely studied through-
out the world due to its short life,
compactness and small genome
size.

The genomic sequence is going to
be determined by international
cooperation among Japan, the Unit-
ed Sates and Europe.

T R T R TR R R R T AT AR LS TR T T R O AR RA R
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Bioinformatics Group

Knowledge spiral in bioinformatics

The main topic in bioinfarmatics is the appraaching shift from gene
sequence information analysis and protein structural information
analysis to functional information analysis. Agplication of biolegical
knawledge is indispensable in the clarification of functional infor-
mation. With the o ional knowledge processing i

there was a bias toward knowledge that can easily be input into a
computer, i.e., explicit knowledge and little consideration was given
to tacit knowledge obtained in human beings. in the gene knowl-
edge spiral, bicinformatics technology is being developed from the
standpoint of this tacit knowledge. The aim is to extract common,
integrated knowledge from experimental data, construct a gene net-
work, and create gere information by feedback from simulation to
biological experiments.

Clarification of genome

information principles

There are various types of genes including genes in structural consti-
tuents of cells, those that control chemical reactions within cells,
and those that regulate the expression of other genes. It is clear
that these genes interact and form a network for the cell as a
whole in which the expression of certain genes controls the expres-
sian of other genes. To analyze this gene netwark, the following
information is necessary: (1) details of metabalic reactions within
cells, (2) molecular interactions involved in protein complex forma-
tion, (3} sequential changes in the expression fevels of RNAs and
prateins, and {4) the effects of deletion or duplication of specific
genes and changes in the expression level such as over-expression,
With the development of models incorporating this information in
differential equatians, it will be possible to simulate the biological
behaviar of genes within the cells. This approach should allow us to
predict the effects of gene mutations, as well as the efficacy and/or
adverse reactions of pharmaceuticals an a computer.

Elucidating mechanisms of cell functions
through information analysis

and computer simulation

Complex behavior of living cells is achieved by networks of interac-
tions between proteins and other biomalecules. We conduct infor-
mation analysis and computer simulation to elucidate the cellular
mechanisms on the basis of information on protein structure and
function. Using vast amounts of aminc acid sequence and structure
data, proteins are systematically classified. Through such classifica-
tion, useful knowledge is acquired concerning refationships among
sequence, structure, function, and evolution. A large number of
examples of interactions of proteins with other proteins and mol-
ecules are being collected and organized into a database. In this

Knowledge spiral in bioinformatics

Gene network
simulation

4
2
§
o
Biclogical
—" o experiment
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B
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L Strucwral data 1 We will elucidate the principle ol genanic infor-

- ] :xalirmdw means of regeating the lollowing
mawledge spiral: Integration of genomic experi-
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Research for modeliing the cell cycle
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W phase (ce division)
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Cell cycle ; In samatic calls there exists the mechanism for ensuring
the ardered prograss of the cell cycle, which s called the cel cycle
check point, as well 35 the mechanism for promating the cell cycle.
it any mutation which affects the cell eycle check paial occurs, it
leads ta the cause of malignant cancer because of he increased fre-
quency af the chromasamal instatility during one cell cycle.




Akiyoshi Wada, D.Sci.

Project Director

way, on the basis of information on
structures and functions of individu-
al molecules, the functions and
behavior of a system are theoretical-
ly modeled. Using computer simula-
tions, behavior of cells is predicted
in response to such external and
internal factors as environmental
conditions, drugs, and genetic muta-
tions and polymorphisms. The

Amino acid aequence data /
structure data/ function data/

molecular i ion data

B

Computational proteomics research

classification of proteins

) i sUnderstanding relationships between

-4 Bioinfgrmatics

eEvolutionary / functional

sPromotion of
structural genomics
and prateomics projects

oy oivr |

eUnderstanding evolution

research described here is expecte d @ k sequence,structure,function,and evoiution j @

. e Biomolecular: S e oUnderstanding
to make a major contribution to Zrsyslem:y 7 (Computational bciogy) disease mechanisms
medical science. For example, it will ﬁ e ' eRational design of

N ePrediction / design of protein tunctions

help to elucidate molecular mechan- v i using 30-structures ; ’E"’_‘:' d’“‘;‘ ’
: . : Tissue/organ 1 oPrediction / design L stvidence-vased =~
lsn?s of varllous diseases and t_o _-{ of biomolecutar interactions ; personalized medicine
rationally design novel drugs. It will { *Computer simulation of i
also be useful for predicting effects < Environment - blomotecular systems L

of differences in genotypes such as

SNPs on phenotypes, e.g., disease
susceptibility and drug response, and achieving evidence-based per-
sonalized medicine (the right drug for the right patient at the right
time’in the right dose) that provides proper treatment and medica-
tion according to the individuals' characteristics.

Understanding the genomic functions
at the organism level

DNA changes (mutations) are reflected in not only heredity diseases
but also in individual constitutional differences, such as fatigability
and response to foods, medicine, and the environment. The objec-
tive of the project is to identify what genetic difference (genotype)
is responsible for what constitutional variance (phenotype) at the
organism level. At present, genotypes can be determined precisely
at the DNA sequence level. However, measurement of phenotypes is -
still a problern because of environmental effects. It is necessary to
effectively collect many highly reliable information to detect genet-
ic factors. Thus, it is necessary for future "informatics biology and
medicine” with animal mode! systems such as the mouse 1) to
establish a reliable phenotype assessment system, 2) to detect the
affected phenotype(s) based on each identified genotype, 3) to
depict DNA change(s) due to each recognized phenotype, 4} to con-
solidate information on phenotypes and genatypes, and 5) to con-
struct an integrated functional genomics database on a large scale.
This work will make "order-made therapy" feasible and lead to the
improvement of “Quality of Life". Mutant mice with clear genotypes
and phenotypes will contribute to medicine and drug discovery as
animal models for human disease and develapment of new treat-
ment methods. By using plant model systems such as Arabidopsis, a
similar approach will also contribute to the development of novel
inbreeding systems.

Population and quantitative genomics research

®Example of a collaboralian
with Mouse Functicnal

Genomics Research Group

Mutations are induced in inbred-strain mice

Basic phenotype screening
Morphelogy, blocd, urin, vision, hear-
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A rich and bright future

Establishing global partnerships

The RIKEN Genomic Sciences Center (GSC) has a three-fold aim:
to systematically comprehend the constituent organic elements
of DNA and proteins, the building-blocks of life; to popularize

this research at the individual level; and to gather organic data

on the various substances involved in the life proces's. These
activities are expected to shed light, not only on the important

human genome
datavase

21

genes encoded in the genome and their related proteins, but
also on data that will contribute to innovations in such fields as
medicine and agriculture. Through the efficient processing of
this accumulated data, GSC intends also to participate in the
generation of new industries creating a prosperous future.




RIKE
@ Lontinuous pracucron and @ Preservation of the environment
procurement of food
®Imp of grain producti @Decompasition and elimination of raw oil and gasoline
@Establishment of environmentally sound practices methads . @imp of i (] water and recovery
that do not raquire the use of pesticides of high-nutrition ponds and lakes

@Creating lands suitable for farming out of extreme environments @®Greening of desert regions
- @Establishment of diagnostic methods for genetic diseases for livestock @Reducing loads on the earht's environment through the use of

@Development of radically new breeds and preservation af the environment campletely biodegradable materials .

Development of environmentally friendly ma

Development of crops able.to:
withstand extreme enviroanments §

Radical changes in -
agricultural technologies

Development of arganisms and
enzymes that benefit the environment

@ Development of enzymes that bregk down

Development of super high-yleld hard-to-decompose materials

and labor-saving crops

Development of genetic

Development of new d information databases

Cregtion of biologically suitable qﬁét_enqls’
that do nyt induce an immunclogical rejection
]

@ Laying a foundations
for new industries

@Conquering cancer, diabetes,hypertension and aflergy @Developing databases for human gene information
@Preventing diseases by high-speed and accurate diagnoses @ Developing equipment systems utilizing biological functions:

@ Application to medicine

— such as bi biachip,mi ines,etc
@Application to the chemical infustry and energy production:
such as bioreactor,biomass,etc

@Developing bone marrow transplantation techniques using blood stem cells
@!mproving lechnology associated with the manufacture

of artificial skin and blood
@Developing and making gene therapy widely available

GS5C
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Akiyoshi Wada

Some 4 billion years ago, a system of self-reproduction that was later termed “life” appeared in our
solar system on the planet Earth. Organisms subsequently evolved through a process of selection that
acted on the genes of this life. Specifically, these genes, which formed an unbroken intergenerational
chiain, were subjected, through individual organisms, to pressire from the environment. With a range
of living species executing leading roles, stunning nature not found on any other planet was created.
Wisdom for survival in a volatile environment is concentrated in cach organism’s genome, where it is
stored as genetic information written in DNA molecules. Even today, this genetic code continues to
be rewritten as it handed down in the society of living organisms, including human beings.

A few millennia ago-a mere millionth of the history that has elapsed’the human race established
techniques for recording and teaching. It has also displayed some uniquely human talents: the ability
to reason and to measure as well as powers of originality and foresight. In human society, wisdom for
living came to be passed on to posterity through such systematic, non-genetic means, thus ushering in
the age of science. If we think of the history of science as being written on a scroll measuring one
meter, the history of life itself would unfold over a length of 1,000 kilometers, which is the distance
from Tokyo to Kagoshima at the southern tip of Japan.

I believe that the ultimate objective of the Genomic Sciences Center is to contribute to the
development of human society by elucidating and comprehending the essence of the wisdom found
in these two disparate historical contexts and then synthesizing it into a single body of knowledge.
There is a reason for pursuing this synthesis. To wit, human beings are the only creatures for whom
the transmission of information across generations flows through two parallel channels. This duality
actually forms the epicenter of problems that rock contemporary human society. Why does this
occur? : .

Unlike the evolution of life through a process involving heredity and natural sclection, human
socicty's cross-generation transmission of information transpires swiftly and in enormous quancities.
Our ability to learn from experience and then educate others further accelerates the momentum. Such
positive feedback linked to a sense of purpose is not found in heredity. In this manner, human beings.
have actively harnessed science and technology to enlarge and develop civilization ar a rate far faster
than the evolution of nature. As a result, the social and culeural environment distinet to the human
race has begun to interfere with genome activity. Such activity has been assiduously undertaken
throughout the history of the universe, which is a million times the duration of human civilization.
The pressure exerted by this interference is escalating exponentially. If the swift computer race and
industrial development that are visible today simply continue on their present course, it is feared, only
one of the two aforementioned parallel transmission channels will become swollen with informarion
traveling ar a high velocity. This could engender incalculably dire consequences for the future of the
human race.

T am confident, though, that humankind, with the convergence of global disruption in the first half of
the 20th century, is coming to its senses. At the very least, conscientious individuals with the gift of
foresight recognize that the preservation of biological diversity and a rich global environment is an
absolute requirement for the advancement of a prolific society among the intelligent creatures known
as the human race. People have recognized that bitter experiences related to the destruction of the
natural environment must be fed into che above information pipeline as negative feedback. Humanity
has also become cognizant of the existence wichin itself of what is known as the “soul.” From within
it originates the idea of optimization of the whole, that is, symbiosis. Humanity has begun to ponder
the enormous implications that this concept has with respect to the future of the human race and
civilization. -

What is life? What does it mean to be human? Ac this juncrure, human society needs to discover
answers to these eternal questions. We can only find answers through understanding based on'the
integration of three threads-genome-embedded information; physical and chemical structures; and
physical, chemical, and biological functions-into a single strand.

The 21st century will unfold as an age in which we synthesize the scientific and technological gains of
the 20th century and then pursue ways to funnel their collective strengths into a new level of
prosperity for humankind. Given this quest, genomic science research holds unmistakable significance
for 21st cencury humankind. That the onus is on researchers is self-evident. Commirtted to fulfilling
the expectations of Japan and the rest of the international community, the Genomic Sciences Center,
which subscribes to the basic philosophy I have outlined here, will strive to play an instrumental role
in the realm of science and technology in the new century.



<starting date> : Octoher 1, 2000
<Number of Personnel in 2000> : 250

<Publication of Research Findings> : ®Between Octaber 01, 1998 and March 31, 1999:

11 / International Conferences - 06 / Publications in Western Journals
10/ Domestic Conferences 01 / Publication in Japanese Journals

@Between April 01, 1999 and March 31, 2000: .
48/ !niemational Canf 15 / Publications in Western Journals
81/ Domestic Conferences 35 / Publication in Japanese Journals

<Number of Patents Applications> : ®#Between October 01, 1998 and March 31, 199¢: :

02 / Domestic Patent Applications '
00/ international Patent Applications .

eBetween April 01, 1999 and March 31, 2000:
15 / Domestic Patent Applications
05 / International Patent Applications
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TITLE

Publication

[ Date

Genome Exploration Research Group

RIKEN Develops Sugar-Utilizing Method: Enzyme Response Speed Increased Tenfold; Heat-Resistance Increased

Nihon Keizai Shimbun

Jan. 04, 1998

RIKEN Publishes Index of Mouse Genon}e Encyclopedia on Internet

Nikket Sangyo Shimbun | Jan, 12, 1999
Japan Creates Mouse DNA Encyclopedia (Vol. 397, pp. 98-99) Nature Jan, 14, 1999
RIKEN Posts Gene Encyclopedia on Home Page Sankei Shimbun dJan. 16, 1999
RIKEN Publishes Mouse Genome Dictionary on Internet Asahi Shimbun Jan. 18, 1999
" Hunting Mouse Genes {Vol. 283, p. 455) Science Jan. 22, 1999
RIKEN Mause Genes Published by 008J Kagaku Kogyo Nippo Jul. 16,1998
DOBJ: RIKEN Mause Gename Encyclopedia Lists 175,000 Entries Japan Industrial Journai { Jul. 19, 1993
Genome Research: 180,000 Items of RIKEN Mouse Genome Data Published Simultaneously Nikkan Kogyo Shimbun | Aug. 06, 1999
Study of Disease-Causing Genes: RIKEN and U.S. Universities Use Mice in Quest ta Develop DNA Microarray Nihon Keizai Shimbun Sept. 06, 1999
RIKEN and Shimazu Corporation Develop High Speed DNA Analysis Equipment Nihon Keizal Shimbun Oct. 09, 1993
RIKEN / Shimazu Corporation Machine Speeds up DNA Analysis Faurfold Japan Industrial Journal | Oct. 10, 1999
RIKEN / Shimazu Carp. Develop High-Speed DNA Base Sequence Analysis: Processes 384 Specimens Simultaneously Nikkan Kogya Shimbun | Gct. 11, 1939
Gathering of Mouse Genes Accelerates - Existence of Full-Length cDNA - Towards Praving 140,000-Variety Prediction Kagaku Kogyo Nippa Oct. 13, 1999
RIKEN, JST Isolate Transient Diabetes Gene In Human Newborns with Independently-Developed RLGS System Japan Industrial Journal | Feb. 29, 2000
RIKEN, Others Discaver Genetic Cause of Diabetes in Newborns Nihon Keizai Shimbun Mar. 04, 2000
Crone S e tiona: Ressarh s Ko \iew of Tomnns - £ of Integ and in the Arbor of Life - Nihon Keizai Shimbun | Apr. 03, 2000
The Rise of the Mouse, Biomedicine’s Mode! Mammal Science Apr. 14, 2000 |
RIKEN Obtains DNA from 20,000 Mouse Genes; Supplies to U.S. Essentially Free of Charge Asahi Shimbun May 08, 2000
g Comtio puar 1he S hros Mo Den Cissass: tac oy Canae, Dream Teshnalogies - Nihon Keizai Shimbun | Jun. 19, 2000

Protein Research Group

Technolagy for Develaping the 21st Century Marketplace: Towards Full Understanding of Genomic Information

Nihion Keizai Shimbun

Oct. 18, 1999

Beyand the Genome, Protein: the Age of Determining Large Number of Protain Structures Asahi Shimbun Dec. 10, 1993
'}gg%?égﬁzﬁné:;ﬁ;ii;:ﬂ?;:tne Human Gengme in the Analysis of the Three-Dil Steucture of Proteins- Yomiuri Shimbun Jan. 24, 2000
21st Century Prejude: The Genome Cannat be Understood Without Understanding of Protein and Protein Structure Asahi Shimbun Mar. 22, 2000
Nature Feb. 17, 2000

Protein Structure Group Seeks to Draft Common Ground Rules (Vul‘ 403, 691)

Human Genome Research Group -

Nihon Keizai Shimbun

Qct. 04, 1999

Rejection of Genetically Modified Faadstuffs: Information Regarding Safety Must Be Made Public
83;2321g;‘lol‘f;euor':un:*a;ﬂgeapémr;g gx(aoc:mnleled as Early as Next Spring -~ Tremendous Impact - Mainichi Shimbun Dec. 31, 1999
Agra Journalists Choase Japan's Top 50 Key People (p. 52, p. 59) Dr. Yoshiyuki Sakaki Aera Dec. 1999 H00
_Human Profile: Mr. Yashiyuki Sakaki, a leader of the Human Genome Project Asahi Shimbun Jan. 01, 2000
r:J.’lpn'I\&sngcEI:rman Humar?ggn%i; ResearanF;a!rrhf‘?r:gpe Raised for Understanding Intractable Diseases Yomiuri Shimbun Jan. 10, 2000
A Glimpse of the 21st Century Through the Decading of the Human Genome {p. 282 p. 29) Foto Mar. 15, 2000
c-'exfndmg Chmmc’“ﬁ:’ﬁvﬁl Gaing - man Team findings an Internet To-0 Nippo May 09, 2000
D-cﬂaloKdEl"ngCe':aroLrJTx‘l?vs;rsr:ly/German Jaint ﬂesearch Team - Understanding of Downs Syndrome Gains Momentum Yamagata Shimbun May 03, 2000
q%%%?ggsglrggmas:r;:si;x-cl};"\"égm D:sccvers 93 Nzw Genes and Other Genetic Diseases Gains Momenlum Kyato Shimbun May 09, 2000
ot e Future Tor Shnaet and Bovas Syndramts Borea™ " Joint Reseacch Asahi Shimbun May 09, 2000
Decoding Chromosome 21 - Japanese/German Research Team - Hope for Downs Syndrome Cure Sankei Shimbun May 09, 2000
Decoding Chramosame 21 - Japanese/German Research Team - Path to Unraveling Causes of Intractable Diseases Nihon Keizai Shimbun May 09, 2000
Qecading Chromosome 21 - Joint Japanese/German Research Team - Und g of Downs Synd Gains M Takyo Shimbun May 09, 2000
Chromosome 21 Completed, Phase Two Begun (Vol. 288, p. 939) Science May 12, 2000
Recounting a Genelic Story (Vol. 405, pp. 283-284) Nature May 18, 2000
The DNA Sequence of Human Chromosome 21 (Vol. 405, pp. 311-319) Nature May 18, 2000 | -
RIKEN Begins the World's First Comparison of Human and Chimpanzee Brain Genetics: Exploring the Secrets of Intelligence Yomiuri Shimbun Jun. 23, 2000
astons) Peam AIEE Netrs Commiton ™" Decadnd - e Scince Hold Fiah Hopes - Ninon Keizai Stimbun_| Jun. 27, 2000
Joint International Team Announces Campletion of Human Genome Description: 90% Decoded, Research Accelerates Yamiuri Shimbun Jun. 27, 2000
Decoding of Human Genome "Almast Complete™: Joint Project of Japan/U.S. Gavernments and U.S. Private Enterprises Sankei Shimbun Jun. 27, 2000
%%“ff}fg?}i;ﬁ%ﬁ??ﬁ% E%SS:?#L%E’;F&‘L?%’FE’?{JQ{@“I s Privete E"‘e"’"f":"o’:‘:;:"n“e‘::’c*::;"f“““’“‘”‘ - r::g :::::un jﬂ: Z; zggg
Qfticial Coltaboration to be Dnscussed . u
90% 0' Hum'm &7?°$53§§°c%7d Ny s ‘chmcern tor K5nscr|mmahcsnsm Everyday Through & TO’WO Shimbun Jun. 27, 2000
The Huma%f(icenumc Project G:nlnns Towards a Re\(fjllju}l,n?snsg; Lgu‘aznd Mem)clne SClas Jul. 03, 2000
Study Gompares Ghimps and People (Vol. 4086, p. 4) Nature Jul. 06, 2000
ON THE GENE TRAIL; How a research team in Japan mapped chromosome 21 (July 7, 2000) Asiaweek Jul. 07, 2000

Mouse Functional Genomics Research Group

RIKEN Begins Systematic Development of Point Mutations in Mice

[ ikkei iotech

[ Dec. 06, 1999

Piant Functional Genomics Research Group

Identification of Large Number of Genes that Respond to Early-Stage Dry Stress

MterLAEO

[l 2000

Bioinformatics Group

Using Computers in Quest to Unravel Mystery of Gene Functioning

[ Yomiuri Shimbun

[ Apr. 17. 2000
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The RIKEN Genomic Sciences Center (GSC)'s Genome Exploration Research Group, Protein Research Group, and
Human Genome Research Group began research in the new facilities at the RIKEN Yokohama Institute in Tsurumi-
ku, Yokohama on October 1, 2000. The Mouse Functional Genomics Research Group and Bioinformatics Group are
conducting research in RIKEN Higashitotsuka Area. The Plant Functional Genomics Research Group is using
facilities at the RIKEN Tsukuba Institute and RIKEN Wako Main Campus. These research groups will gradually
integrate with the RIKEN Yokohama Institute.

@ Genome Exploration Research Group
®Protein Research G!‘O up 1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama Clty Kanagawa,

230-0045,JAPAN
@®Human Genome Research Group

® Mouse Functional Genomics Research GTOUD 214 Maeda-cho, Totsuka-ku,Yokohama City,Kanagawa,
@®Bioinformatics Group 244-0804,JAPAN

3-1-1 Koyadai, Tsukuba City,Ibaraki,305-0074,JAPAN

@ Plant Functional Genomics Research Group Hirosawa Wako City,Saitara,351-0198 JAPAN

ﬁ, RIKEN Yokohama Institute Yokohama Research Promotion Division

1-7-22 Suehiro-cho, Tsurumi-ku Yokohama City,Kanagawa,230-0045,JAPAN
PHONE : +81-45-503-9111 FAX.+81-45-503-9113
E-mail ryi@postman.riken.go.jp URL http:/www.gsc.riken.go.jp



