ERFEwmRR
DEPARTMENT OF INFORMATION
PHYSIOLOGY
RE AR

Division of Sensory and Cognitive
Information

AR (Staff)

E5 G N N /N 5

FRIA R FERE AL, RIR B R 5L T
PR RHE LR RS T, TR L, SARTK
SPEEEEBY T, FIAEAT, KE NIH % B 5t
B, B EATRA T AR E 2% C
SEEGAE10 H 28 (0HT) , Pk 744 A
MEELRE,

R AR AT,

Professor: KOMATSU, Hidehiko, PhD
1982 Completed the doctoral course in Osaka University. 1982-1988
Hirosaki University. 1985-1988 National Eye Institute, U.S.A. 1988-1995
Electrotechnical Laboratory. 1995 Professor, NIPS.
Speciality: Neurophysiology
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Associate Professor: ITO, Minami, PhD
1989 Completed the doctoral course in Osaka University. 1989-1994 Riken
Institute. 1994-1998 Rockefeller University. 1998 Associate Professor,
NIPS.
Speciality: Neurophysiology
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Assistant Professor: GODA, Naokazu, PhD
1998 Completed the doctoral course in Kyoto University. 1998-2003 ATR.
2003 Assistant Professor, NIPS.
Speciality: Visual Psychophysics
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Assistant Professor: KOIDA, Kowa, PhD
2000 Completed the doctoral course in Tokyo Institute of Technology. 2000
Research Fellow, NIPS. 2007 Assistant Professor, NIPS.
Speciality: Visual Psychophysics
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Postdoctoral Fellow: HIRAMATSU, Chihiro, PhD
2006 Completed the doctral course in Tokyo University. 2006 Research
Fellow, Tokyo University. 2006 Research Fellow, NIPS.
Speciality: Life Science
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Postdoctoral Fellow: YASUDA, Masaharu, PhD
2003 Completed the master couorse in Yamaguchi University. 2007
Received Ph.D. from The Graduate University for Advanced Studies. 2007
Postdoctoral Fellow, NIPS.
Speciality: Neurophysiology
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Research Fellow: YOKOI, Isao, PhD
1998 Graduated from Fujita Health University of Health Science. 2007
Graduated from the Graduate University for Advanced Studies. 2007
Postdoctoral Fellow, NIPS.
Specialty: Neurophysiology
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— Categorization task
a — Discrimination task
-~ Fixation task

The main purpose of this division is to study the neural mechanisms
of visual perception. The human visual system is a complicated
parallel and distributed system where several neural structures play
different roles, but are still able to generate a unified and integrated
precept of the outer world. This system also has sophisticated
mechanisms that enable reconstruction of three-dimensional structures
from two-dimensional retinal images. To understand the neural
substrates of these abilities in our visual system, we are recording
neuronal activities from the primary visual cortex and extrastriate
visual areas. We are analyzing the stimulus selectivity of neurons to
determine the representation of various kinds of visual features, such
as color, motion, shape and depth. We are also studying the dynamics
of visual information processing in the cortex by analyzing the
temporal pattern of neural activities. In addition, to explore the ways
in which various visual features contribute to visual perception,

psychophysical experiments are conducted in this laboratory.
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Two different functions can be distinguished in our color vision; one is categorization, the other is fine discrimination. These functions are utilized
depending on the task demand, and we found that activities of many neurons in the inferior temporal cortex of the monkey to the same color stimulus
changes depending on the task demands. Many neurons showed stronger responses when the monkey makes categorical color judgement than when it makes
fine discrimination. This figure shows the responses of one such example of neuron. Responses during categorization, discrimination and fixation tasks are

shown as histograms in a and as line graphs in b.
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Professor: IMOTO, Keiji, MD, PhD
Graduated from Kyoto University Faculty of Medicine. Medical Staff, National
Utano Hospital. Instructor, Lecturer, and Associate Professor, Kyoto University
Faculty of Medicine. Research Associate, Max-Planck-Institut fiir medizinische
Forschung. 1995 Professor, NIPS.
Specialty: Neurophysiology
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Associate Professor: MIYATA, Mariko, MD, PhD
Graduated from Tokyo Women's Medical University Graduate School.
Research Scientist in Frontier Research System, RIKEN. Assistant
Professor in Tokyo Women's Medical University. 2002 Associate Professor,
NIPS.

Specialty: Neurophysiology
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Assistant Professor:  YAMAGATA, Yoko, MD, PhD
Graduated from Kyoto University Graduate School of Medicine. Research
Associate, Kyoto University Faculty of Medicine. Postdoctoral Fellow, The
Rockefeller University. 1991 Assistant Professor, NIPS.

Specialty: Biochemistry, Neurochemistry
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Assistant Professor: SATAKE, Shin’Ichiro, PhD
Graduated from Nagoya University Graduate School of Science.
Postdoctoral Fellow of Mitsubishi Kagaku Institute of Life Sciences,
Research Fellow of CREST (JST). 2002 Assistant Professor, NIPS.
Specialty: Neurophysiology, Neurochemistry
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Assistant Professor:
Graduated from University of Tokyo Graduate School of Pharmaceutical
Sciences. Postdoctoral Fellow of Case Western Reserve University. 2003
Research Fellow, NIPS. 2003 Assistant Professor, NIPS.

Specialty: Neurophysiology

INOUE, Tsuyoshi, PhD

EASES

RS 7 VG, ARSI R 3 L ORI AT AR AR (0] i %
TR T DML DIE BB D AN =X b, FIZER
HEBRBRIIRNLIG D BIEITL T D, Fiz, 431 O R LE RO
BEEEODTD0EDDOTELELT, AARBEDOH AR
LB B EET V@R EE AV, BRI ER AT
DZBIT B FOFEZASINIL TE TS, EBRTFiEELT
VMR AT A AR A AT, #h#R[E]E OBREE R AT RG
LTCWB, 05T - fL ~L s DR [E B AR 110 C,
IR 2 — HERLIANTE R (Z AT IV I 77 T 1R) O A
R T T a—F 7 EHE AL DDOh D,

FIZHTET o> TOBIIEELL T D LB THD,

(1) BAARIFNEI NV T BT v RV O B L0 Z AR
R OTR MR

ARF RV DBRFINZEY, R, v T A T/NEISFRIE TAD
ATRE DRI B ZAZENMOLNTND, LINLEE RN
MR B EEZ T ML TRIFEAE BN, b
DIUTINANWARRE FiEEbbETHY, B—045 70 H
WONMEERR I E DI B % 5.2 D ERFIL Td,

IV T BT ¥ FNCERNBSDCTAMAET VI TAD
tottering VAT, RO KMEE ~DT 4—R 74T —F
P ABEE I EE SN CODZEEHLMCLIZ (K1),




200 pV

2s

Pyramidal cell
OT /_y—b rec
'\ r LayerlV

e
Corte>§ .............

Barrel

rec

stim

B1. tottering ¥V RDRHFVEDAIK (L), KINR B EMRERE S
IR EHEROTZMRASA RIER(TE), tottering YV X TIL. REK
MOoXRBMEEMBAD2LFTREMFEIEAAAIETLTL (T
A

Figure 1. EEG of a tottering mouse during absence seizure (top). A brain
slice preparation in which the connection between the thalamus and the
cerebral cortex is preserved (bottom left). The disynaptic inhibitory input
to cortical cells from the thalamus was reduced in tottering mice (bottom
right).
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Figure 2. Simultaneous recording from three neurons in cerebral
cortex layer 4. Videomicroscopy (left). An example of typical voltage
recordings (middle). The bottom trace shows firing of a neuron in
response to current injection. Two top traces show excitatory postsynaptic
potentials. The results show these neurons are functionally connected.
The wiring diagram from the thalamus to the cerebral cortex (right).
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Figure 3. Glutamate released from the climbing fiber terminals activates
not only postsynaptic AMPA receptors of Purkinje cells but also
presynaptic AMPA receptors, leading to inhibition of GABA release from
basket cells.

Research works

Our main interest lies in elucidation of the mechanism of
transduction and integration of neural information in the nervous
system. More specifically, we are trying to understand the basic
properties of neural information processing between neurons or

among a group of neurons constituting a local network. We are also




interested in the pathophysiological mechanism how a single gene
mutation leads to a symptom (such as ataxia and epilepsy),
particularly in Ca®" channel mutant mice. Additionally, we have
recently started to make a computational approach, incorporating
computer-based neurons into brain slice measurements (dynamic
clamp), together with computational simulation of network
functions. The following are currently ongoing major projects.

(1) Studies of neurological disorders caused by calcium channel
mutations. Mutations of the voltage-gated calcium channels are
associated with neurological disorders of human and mice, which
include cerebellar ataxia and some forms of seizure disorders. We
study the relation how a single mutation causes neurological
manifestations, mainly using brain slice preparations.

Recently, we identified a dramatic impairment in the neural circuit
of feedforward inhibition in the thalamocortical projection in epileptic
calcium channel mutant mice tottering (Fig. 1).

(2) Integration of sensory inputs in the thalamus. Recent studies
revealed the mechanism of processing the sensory information at
the peripheral nerves and the spinal cord, but little is known about

the operational mechanisms in the thalamus. To understand the

information processing by groups of neurons, we identified the
wiring diagrams among the neurons in the thalamus and layer 4
cortical neurons (Fig. 2). We also studied the feedback projection
from the cerebral cortex to the thalamus, and showed that there
are significant differences in synaptic properties between inputs
from the peripheral and from the cerebral cortex .

(3) Transmitter diffusion-mediated crosstalk between heterologous
neurons. In principle, neuronal information is unidirectionally
transported at the synapses, however, recent studies suggested that
synaptic transmission can be mediated by retrograde and/or
heterosynaptic pathways. We reported that the excitatory
transmitter glutamate diffused from climbing fiber (CF) terminals
[projection to cerebellar Purkinje cells (PCs) from the inferior
olive in the brain stem] presynaptically suppressed the inhibitory
information flow from basket cells to PCs. The heterosynaptic
inhibition is mediated through the activation of AMPA receptors
in the presynaptic terminals of basket cells. The heterosynaptic
inhibition therefore provides a likely mechanism boosting the CF

input-derived excitation to the PCs (Fig. 3).
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Professor (concurrent, NIPS):

OKAMURA, Yasushi, MD, PhD
1985 Graduated from University of Tokyo, Faculty of Medicine. 1989
Completed the doctoral course in Medical Science, University of Tokyo.
1995 Senior Researcher, National Institute of Bioscience and Human-
Technology. 2001 Professor, NIPS.
Speciality: Developmental Neurobiology, Ion channel biophysics
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Associate Professor (concurrent, NIPS):

HIGASHIJIMA, Shin-ichi, PhD
1989 Graduated from University of Tokyo, Faculty of Science. 1994
Completed the doctoral course in Science, University of Tokyo. 1994
Research Associate, National Institute for Basic Biology. 1996 PREST
Researcher. 1998 Research Scientist, State University of New York at
Stony Brook. 2003 Associate Professor, NIPS.
Speciality: Developmental Neurobiology, Neurophysiology
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Assistant Professor (NIPS): KUKITA, Fumio, PhD
1971 Graduated from the University of Tokyo, Faculty of Science. 1976
Completed the doctoral course in physics at the University of Tokyo, 1977
Research Associate, NIPS.
Speciality: Biophysics and Molecular Physiology
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Assistant Professor (NIPS): IWASAKI, Hirohide, PhD
1994 Graduated from Tokyo Institute of Technology, Department of
Bioscience and Biotechno074-075-1102logy. 2001 Completed the doctoral
course in Medical Science, University of Tokyo. 2001 Special Postdoctral
Fellow,The Institute of Physical and Chemical Research(RIKEN). 2002
Research Associate,NIPS.

Speciality: Developmental Neurobiology
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Postdoctoral Fellow: KIMURA, Yukiko, PhD
1999 Graduated from Saitama University. 2004 Completed the doctoral
course in biological sciences, the University of Tokyo. 2004 Research
fellow, NIPS. 2007 JSPS Postdoctral Research Fellow.
Speciality: Developmental Biology
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Postdoctoral Fellow(NIPS): NISHINO, Atsuo, PhD
1997 Graduated from University of Tokyo, Faculty of Science. 2001 Left
the doctor course in Graduate School of Science, Kyoto University. 2001
Research Associate, Graduate School of Frontier Sciences, University of
Tokyo. 2004-2007 JSPS Postdoctral Research Fellow. 2007 Research
fellow, NIPS.
Speciality: Invertebrate Zoology
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Postdoctoral Fellow(NIPS): MURATA, Yoshimichi, PhD
1996 Graduated from Meiji Pharmaceutical University, Faculty of
Pharmacy. 2002 Completed the doctoral course in in Medical Science at
Tokyo Medical and Dental University. 2002 Research fellow, NIPS, 2004-
2007 JSPS Research fellow.

Speciality: Ion channel biophysics
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Postdoctoral Fellow: KUROKAWA, Tatsuki, PhD
2000 Graduated from Kyushu Institute of Technology.
2005 Completed the doctoral course in computer sciences, Kyushu
Institute of Technology. 2005 Research fellow.
Speciality: Biochemistry
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Postdoctoral Fellow (NIPS): OKOCHI, Yoshifumi, PhD
1998 Graduated from Hokkaido University, Faculty of Agricultural
Science. 2005 Completed the doctoral course in Graduate School of
Science, Nagoya University. 2005 Research Fellow.

Speciality: Molecular Neurobiology
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Postdoctoral Fellow (NIPS): SASAKI, Mari, PhD
2001 Graduated from Osaka University. 2006 Completed the doctoral
course in Life sciences. The Graduate University for Advanced Science.
2006 Research fellow, NIPS.
Speciality: Physiology, Molecular biology
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Postdoctoral Fellow (NIPS): HOSSAIN, Mohammad, I, PhD
1992 Graduated from Jahangirnagar University. 2001, Completed the
M.Phil course from Bangladesh University of Engineering & Technology
(BUET). 2006 Completed the doctoral course in Life sciences. The
Graduate University for Advanced Science. 2006 Research fellow, NIPS.
Specialty: Biophysics
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Research works

Diverse types of membrane proteins act in concert to form
excitabilities in neurons and muscle cells. We are focusing on
mechanisms and physiological roles of novel voltage-sensing
proteins that we discovered in the last few years. We also study
mechanisms of neuronal differentiation that underlies expression
of neural functions such as fish locomotion.

1. Physiological role of membrane potential and novel voltage-
sensing proteins

Voltage sensors have long been thought as traits unique to
voltage-gated ion channels that underlie membrane excitabilities.
We have recently identified a novel protein that contains voltage
sensor similar to ion channel and phosphatase. This protein
shows voltage-dependent tuning of phosphatase activity based on
the operation of voltage sensor. This indicates that voltage
sensing is not confined to ion channels but could be more
widespread than previously realized. We are currently asking how
voltage sensor operation is coupled to phosphatase activity, and

what kind of biological context this protein is involved. We

have recently identified another voltage sensor domain protein,
VSOP, that lacks cytoplasmic region. Surprisingly, this protein
exhibits voltage-gated proton channel activities when expressed
heterologously. This channel is abundantly expressed in blood
cells such as macrophage and neutrophil, and could play role in
regulation of production of reactive oxygen species and
intracellular pH. The roles of membrane potential and pH in
respiratory burst are being investigated. We also want to
understand how both sensing membrane potential and regulation
of proton permeation is achieved by this small molecule.

2. Mechanisms of integration of ion channels and other
membrane proteins

We aim to reveal how ion channel expression and functions are
integrated into physiological functions such as phagocytosis,
neural functions and development.

3. Neuronal basis of locomotion and its development

Recent molecular genetic studies suggest that the expression of
transcription factors in the developing spinal cord helps
determine the morphological and physiological properties of
neurons. Using the zebrafish preparation, we have been
examining the electrophysiological and morphological properties
of neurons specified by individual or sets of transcription factors.

4. Understanding biophysical basis of the voltage sensor

Mechanisms of voltage sensor operation are being studied in

perfused squid giant axons.
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Voltage-sensing phosphatase

Ci-VSP is a protein that contains channel-like voltage sensor and
phosphatase. Phosphatase activity is tuned by the operation of its
intrinsic voltage sensor in response to change of membrane potential.
This provides a signaling pathway coupled with membrane potential
change without requiring ionic flow.
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A family of “voltage-sensor domain proteins”

Ci-VSP and VSOP belong to the voltage-sensor domain proteins. These
lack pore domain and voltage-sensor domain operates by itself either by a
voltage sensor or a voltage-gated proton channel. Biological roles of
voltage sensor is more widespread than previously appreciated.
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Patch clamp recording of voltage-gated proton currents from tsA201
cells transfected with mouse VSOP cDNA

Voltage-gated proton currents recorded in the whole-cell patch recording
mode. Wt shows outward-rectifying currents and tail inward currents.

R201Q mutant shows inward currents during depolarization due to the
altered voltage-dependency.
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Studies with zebrafish as a model system to understand molecular
mechanisms underlying development of neuronal wiring and
neurophysiology of locomotion.

In the transgenic zebrafish, a class of inteneurons are easily identified by
fluorescence of GFP in live animals. The upper panel is an image using a
regular fluorescent micoscope. The bottom panel is an image by a confocal

microscopy.
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Viscosity slows gating of voltage-gated sodium channels in squid
giant axon.

Sodium currents and gating currents are both measured from perfused
squid giant axons under voltage clamp.




