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Report on Evaluation of NIPS

Introduction

At the request of Professor Yasunobo Okada,
Director-General of the National Institute for
Physiological Sciences (NIPS), I visited NIPS on
10th and 11th December 2007 and made an over-
all assessment of the scientific quality of the work
carried out at the Institute. The following evalua-
tion is based on oral presentations by the Director-
General as well as the Group Leaders, visits to
selected laboratories involving discussions with se-
nior scientists in these groups and study of a selec-
tion of the many original articles produced by the
institute staff in recent years, which were given to

me during my visit.
Introduction

Limitation of evaluation exercise It is clearly im-
possible for me to provide an in-depth assessment
of the work carried out by every laboratory in the
Institute. No single person can have expertise in
all the many areas of activity at NIPS that would
allow authoritative assessment in all fields of study.
Furthermore, there was inevitably insufficient time
- during my relatively short visit - to go into detail
to the extent that I would ideally have liked. The
aim of this report is to give a short overview and

evaluation of what I consider to be the most im-
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portant features of the Institute and to state my
opinion about the scientific level of the Institute in
comparison with other research organizations that

I have been assessing in recent years.

The background for my comparative assessment of
NIPS

In order to understand the comparative basis for
my assessment, it may be helpful here very briefly
to outline a selection of my most important re-
cent experiences with regard to scientific assess-
ment. I am currently a member of the national
expert panel, assessing the research work in all
UK University Departments in the fields of Pre-
Clinical and Human Biological Sciences for the UK
Government’ s 2008 Research Assessment Exercise
(RAE). The 2008 RAE will determine the distri-
bution of all research funding in all UK universities
from 2009. T am also currently (since 1995) a mem-
ber of the Scientific Advisory Board at the Max-
Planck-Institute for Molecular Physiology in Dort-
mund, Germany. Furthermore, in 2006 and 2007
I have been a member of international Site-Visit
Evaluation Panels to the following institutions:
University of Padua, Italy; University of Copen-
hagen, Denmark; Royal College of Surgeons of Ire-
land; University of Dundee, Scotland; CNRS Unit

in Marseille, France; Catholic University of Leu-



ven, Belgium as well as the EU post-graduate and
post-doctoral research training network concerned
with work on Ca?t channels (CavNet). Another
aspect of scientific assessment is editorial work for
international journals. I am a member of numer-
ous international editorial boards, but the most
important position in this respect is my chairman-
ship (since 2003) of the European Editorial Com-
mittee for Physiological Reviews, consistently the
top-rated journal in the physiological sciences with
regard to Impact Factor and currently in the top

ten of all scientific journals in this respect.
QOverall description of NIPS

According to the Institute’ s Mission Statement,
the first mission is to carry out cutting-edge re-
search in the physiological sciences from the molec-
ular to the systems level and indeed the whole
organism. The second mission is to be an inter-
university research institute conducting joint stud-
ies with researchers from domestic or foreign uni-
versities and research institutes, providing in many
cases the special facilities that are not necessarily
present in the universities. Finally a third impor-
tant mission is to educate graduate students and
train young scientists in the Graduate University
of Advanced Studies as well as contribute to train-
ing and education of graduate students from other
universities and research institutes by providing
training courses including the organization of sci-
entific meetings. To carry out these very important
missions the Institute has a substantial research
staff led by 16 Professors and 21 Associate Pro-
fessors, excellent space and an enviable amount of
relevant state-of-the-art equipment. The Director-
General is a world leader in the field of cellular
and molecular physiology and provides outstand-
ing Institute Leadership with a clear vision of the

direction for future scientific studies.

Owverall research output

I was provided with the publication lists for the
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last 3 years. They show very considerable activ-
ity with a large number of papers in competitive
peer-review journals and an inevitably smaller, but
nevertheless very substantial, number of papers in
what is generally considered to be the top-quality
journals (often assumed to be journals with Impact
Factors >10). In 2007, for example, I noted papers
from the Institute published in Science (2), Cell,
Nature, Nature Neuroscience, PNAS (4), Current
Biology, EMBO J, Cell Metabolism (2) and J
Clin Invest. It is extremely difficult to get pa-
pers accepted for publication in these very highly
ranked journals and this result is therefore a major
achievement of which the Institute can be justifi-
ably proud. I am not suggesting that publication
in these top-ranking journals is the only or even the
most important quality criterion (certain fields are
much more ‘fashionable’ than others), but such
publications clearly help enormously to signpost
the Institute internationally and are in reality a
requirement for being regarded as an internation-
ally competitive scientific institution. Overall, it
is my considered opinion — based on comparisons
with many other highly regarded international in-
stitutions that I know well — that the publication
record of NIPS is very satisfactory with very sub-
stantial elements of truly outstanding and origi-
nal science. It is also clear from the many joint
publications with staff in many different universi-
ties that there is a very well-functioning interaction
with the ‘normal university world’ , which actually
leads to concrete results. Brief comments on a few
selected laboratories working in areas where I have
at least some relevant background and knowledge.
It is VERY important to stress that there is abso-
lutely NO negative judgement involved in not men-
tioning a particular laboratory here. I simply do
not have knowledge and experience in many areas
of investigations carried out in the Institute and
cannot therefore make authoritative judgements in
those fields. The brief descriptions and comments
that follow here are NOT meant to be real assess-

ments of these individual laboratories, but simply



serve as good EXAMPLES of the very interest-
ing and important work, which I have encountered

during my visit to NIPS.

Biophysics & Neurobiology - Kubo
Dr. Kubo is a highly regarded scientist, who
has made major and internationally well recog-
nized contributions to our knowledge about the
mechanisms by which K+ channels function. He
presented an elegant study, recently published in
the respected J Gen Physiol, in which a combi-
nation of molecular and electrophysiological tech-
niques demonstrated novel features of the mech-
anism by which the auxiliary KCNE proteins in-
fluence the gating mechanisms of the important
voltage-dependent KT channels of the KCNQ1
type. He also showed the results of a structural
biology study in collaboration with the Sato labo-
ratory at AIST, very recently published in J Biol
Chem, in which the motor protein prestin - local-

was shown to be

A

ized in the outer hair cells —
a bullet-shaped molecule with inner cavities.

strong group doing cutting edge research.

Cell Signaling - Tominaga
TRP channels constitute an extremely active and

Dr.

presented results demonstrating that one class of

competitive field of research. Tominaga
these ion channels, TRPV4, regulates neuronal ex-
citability at body temperature in the hippocam-
pus. Activation of this channel type at 37 de-
grees C depolarized hippocampal neurons by al-
lowing cation influx and as a control it was shown
that this effect was absent in TRP4-deficient (KO)
cells. This nice study was published this year in the
respected J Neurosci. Another interesting devel-
opment presented was that another TRP channel
type, TRPM2, is involved in the regulation of in-
sulin secretion at body temperature. These impor-
tant studies demonstrate the crucial importance of
carrying out in vitro studies at body temperature
— a point often ignored in very many studies by

other groups! High quality work.
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Developmental Neurophysiology - Oka-
mura
Dr. Okamura published a very prominent paper

in Science last year in which he showed that a
voltage sensor-domain protein is a voltage-gated
proton channel. He presented to me recent stud-
ies published this year in J Physiol following up a
sensational paper he had published in Nature in
2005 demonstrating phosphoinositide phosphatase
activity coupled to an intrinsic voltage-sensor. He
has published a very valuable review this year in
Pfliigers Arch on biodiversity of voltage sensor do-
main proteins. These are highly original stud-
ies that already have had a considerable in-

ternational impact.

Okada

The Director-General’ s group is of particular im-

Correlative Physiology -

portance because of the crucial research area of
cell volume regulation and cell death that plays
such an exceedingly important role in modern cell
biology. This is a large and extremely active re-
search group with a superb publication record. In
2007 alone, this group has, just to cite a few ex-
amples, published papers demonstrating the im-
portant role of volume-sensitive Cl~ channels in
excitotoxic neuronal injury (J Neurosci), the role
of the stretch and swelling-activated TRPM7 chan-
nels in volume regulation in human epithelial cells
(Am J Physiol [Cell Physiology]), the spatial distri-
bution of maxi-anion channels on cardiomyocytes
using the ‘Smart-Patch’ technique (Biophys J)
and the role of acid-sensitive outwardly rectifying
anion channels in acidosis-induced cell death in hu-
man epithelial cells (Pfliigers Arch). Some of the
new ideas being explored are highly original and
are likely to have very considerable impact on the
future of the huge apoptosis field. I was, for exam-
ple, intrigued to see data showing Ca’*-dependent
glycolysis activation mediating apoptotic ATP el-
This could be of huge

There are also potentially

evation (in HeLa cells).

general significance.



very important studies on volume-sensitive Cl™
channels involved in the resistance of cancer cells
to the widely used platinum-based drug cisplatin.
This is a world leading laboratory that has
consistently come up with new and creative
ways of investigating cell volume regulation
and now is at the very forefront of studies
investigating the crucially important rela-

tionship between cell death and cell volume.

Endocrinology and Metabolism - Mi-
nokoshi
Dr. Minokoshi has contributed to an exception-

ally strong set of publications in 2007 including
two papers in Cell Metabolism and a paper in
PNAS. In his presentation to me, he illustrated
the wide-ranging regulatory role of the adipokine-
AMPK system in body energy metabolism both
in the control of energy expenditure at the level of
the hypothalamus as well as skeletal muscle and
in the control of energy intake at the level of the
G-I tract and liver; both of these control system
aspects converging on the adipose tissue. s a
cructally important area for further stud-
ies and Dr. Minokoshi is very well placed
to take full advantage of the recent develop-

ments in this rapidly advancing field.

Sensory and Cognitive Information - Ko-
matsu
Dr. Komatsu gave me an extremely interesting

talk on the architecture and function of color selec-
tive neurons in higher visual areas of the monkey.
This complex work depends on a range of advanced
methodologies including the tracing of neural con-
nections with fluorescent probes, single-unit elec-
trophysiological recordings, fMRI and psychophys-
ical assessments. It is an impressive feature of
NIPS that such a broad range of techniques are
available and can be brought to focus on important
physiological problems studied in primates. In an

important paper published earlier this year in Na-

ture Neuroscience, Dr. Komatsu has demonstrated
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that judgement of color category by color-selective
inferior temporal cortical neurons is facilitated
during the categorization task and suppressed dur-
ing the discrimination task as a consequence of
Dr.

also last year published an impressive and well

task-dependent modulation. Komatsu has
written review article in Nature Reviews Neuro-
science on the neural mechanisms of what he calls
‘perceptual filling-in’ . A world-leading labo-

ratory operating at the very highest level.

Behavioural Development - Isa
Dr. Isa’ s work has been spectacularly success-
ful, particularly this year, with high-profile publi-
cations in 2007 in Science and PNAS. The Science
paper, just published last month, deals with the
time dependent compensatory mechanisms of fin-
ger dexterity after lesion of the corticospinal tract.
This intriguing work combines brain imaging and
reversible pharmacological inhibition of motor cor-
tical regions and will no doubt have very consider-
able world-wide impact. I would also like to high-
light this study on macaque monkeys, because it
is clearly represents work requiring very special fa-
cilities, which therefore cannot be done in most in-
stitutions. Being very familiar with the enormous
difficulties in pursuing this kind of work in the UK
(because of the extremely strict and complex rules
governing this type of animal work), I see clearly
that NIPS has a considerable competitive advan-
tage here. A world-leading laboratory operat-

ing at a very high international level.

Nanostructure Physiology - Nagayama
Dr. Nagayama gave me a most fascinating talk
on ‘Innovative Micro-Imaging’ dealing principally
with the development and applications of phase
contrast electron microscopy, the noble motto of
the laboratory being ‘nothing added, nothing sub-
tracted’ . A detailed assessment of the many tech-
nical aspects of this work is clearly outside the
scope of this report, but it does seem to me that the

development of Zernike phase contrast transmis-



sion electron microscopy (J Struct Biol 2007) has
very real potential. Some of this potential has been
demonstrated in a study of the EFC/F-BAR do-
main of PCH proteins published this year in Cell.
An outstanding laboratory doing extremely

innovative work.

Homeostatic Development — Nabekura

A couple of years ago, Dr. Nabekura demonstrated
a crucial developmental switch from GABA to
glycine release in single central synaptic terminals
(Nature Neuroscience 2004). Now, Dr. Nakebura
presented another exciting set of results demon-
‘GABA excitation-

inhibition switch’ . During development or recov-

strating what he termed the

ery from injury, activation of a KCC2 transporter
(exporting K* and Cl™ from the neurons) low-
ered the cytoplasmic Cl~ concentration, causing a
change in the effect of GABA from depolarization
(due to Cl~ efflux) to hyperpolarization (due to
Cl~ influx). Dr. Nabekura had also examined the
control of the KCC2 expression by tyrosine phos-
phorylation and showed that oxidative stress or in-
duction of seizure activity (by BDNF) resulted in
rapid dephosphorylation of KCC2 that preceded
the decrease in KCC2 protein or mRNA expres-
sion (J Neurosci 2007). These are exciting results
and an interesting mechanistic demonstration of
the interplay between control of ion transporters
and channels. An excellent laboratory doing

very original and innovative work.

General Comment on the Technical Fxpertise and

Fucilities in the Institute

There is no doubt that the Institute has very im-
pressive state-of-the-art equipment in very many
areas of crucial importance to modern physiolog-
ical research. As an example of this can be men-
tioned the enormous range of equipment, some of
it very expensive, devoted to various kinds of imag-
ing at all levels from the nano-scale to the whole

body. It is also evident that the level of technical
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expertise to deal with these very complex machines
is extremely high. I was very much impressed by
the competence of staff at all levels of seniority.
The Institute has the capability of performing at
the very highest international level and — as my
selected examples illustrate — indeed does so over
an impressive range of studies. Substantial invest-
ments in very good equipment have been made
over the years and it would clearly be sensible to
exploit this investment by providing increased re-
sources for future work. In my view the facilities
at the Institute are outstanding, as is indeed the

competence of the research and support staff.

General Outlook for the Future

I am convinced that the Institute has a great fu-
ture. It is well led by a very highly regarded
Director-General and the senior staff is composed
of many world-leading scientists who regularly
publish their work in the most respected, most
competitive and most highly cited international
journals. The plans for future work are exciting
and focussed on very important fields that are also

of considerable medical importance.

Value-for-Money

Without detailed knowledge of the budget break-
down and cost levels in Japan, as compared with
Europe, it is difficult for me to make a very clear
judgement about the “Value-for Money , but a
superficial assessment indicates to me that the
‘Value-for-Money’ is very high by international
standards (Max Planck Society in Germany and
MRC in the UK). Certainly, the Japanese govern-
ment gets very good ‘Value-for-Money’ in terms

of publications in top international journals and

therefore international recognition of NIPS.

Final Conclusion

NIPS is an outstanding institution doing cutting-



edge research over a wide range of very important
areas of physiological sciences. It is one of the most
visible, effective and highly regarded research in-
stitutions in Japan and compares well with the
best research institutes run by, for example, the

Max Planck Society in Germany and the Medical

Research Council in the UK. It deserves all possi-
ble support from the Japanese government and it
would be sensible to exploit the enormous poten-
tial for future work by an increase in the budget

allocation to the Institute.

(signature)

Ole H. Petersen MD FRCP FMedSci FRS
George Holt Professor of Physiology
MRC Professor
President of The Physiological Society (UK)
Secretary General of the International Union of Physiological Sciences (IUPS)
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1.1 Dr. Ravshan Z. Sabirov, National University of Uzbekistan

Reviewing Report

for the Division of Biophysics and Neurobiology, Department of Molecular Physiology, National

Institute for Physiological Sciences.

This report is based on my visit of the labora-
tory headed by Professor Yoshihiro Kubo on 26th
of October 2007.

My main area of interests is the molecular phys-
iology and biophysics of ion channels and trans-
porters. I have been following publications by Dr.
Kubo for many years and I was happy to accept
an offer to visit his laboratory at NIPS. The visit
has been very exciting for me, and I was over-
whelmed by new discoveries and findings of the
laboratory. Professor Kubo was very kind to orga-
nize a series of PowerPoint presentations on every
aspect of the research projects run in his labora-
tory. Some of them were presented by Prof. Kubo
himself and some by the key authors. In all cases,
I had a chance to discuss the results with the re-
searchers involved in these studies, and this was
very helpful both in clarifying some details and in
getting acquainted with the stuff members, post-
docs and students of the laboratory. Followings
are my impressions and thoughts on the studies of
Prof. Kubo’s laboratory.

The projects of Prof. Kubo’s laboratory are di-
vided in several different directions. Omne group
of projects comprises the studies of ion channels
Yoshihiro Kubo is well

known for his cloning of several members of a very

structure and function.

important family of potassium channels, which are
responsible for anomalous rectification, a classical
phenomenon in cardiac and skeletal muscle physi-
ology, as well as in physiology of many other tissues

and organs. I had a chance to use some of these
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cloned channels in my previous studies, and there-
fore I was happy to learn that this line of research
is continued in the lab with special emphasis on the
molecular determinants of permeation and gating

of the inwardly rectifying potassium channels (Fu-

jiwara and Kubo).
other sub-
Thus,

voltage-gated potassium channels of KCNQ fam-

Several ion channels are also

jects of research in the laboratory.

ily and their regulation by PKC and beta-subunit
proteins, KCNE1-3 was extensively studied by Dr.
Koichi Nakajo using large-scale mutagenesis in-
cluding state-of-the-art cystein-scan technique.

A very impressive project concerning the bio-

physical properties of ionotropic purinergic receptor,

P2X2, was run by Dr. Fujiwara, a former Ph.D.
student, who has left recently for USA for postdoc-
toral training. The authors made an unexpected
discovery of pore dilatation dependent on the den-
sity of the expressed channel protein. The P2X2
channel turned out to be even more enigmatic
since high agonist (ATP) concentration induced
a voltage-dependent gating phenomenon, which
has not been described previously. The molecu-
lar mechanism of such gating is still illusive and
is currently being dissected by a doctor course
student from Turkey, Batu Keceli, using extensive
mutagenesis of the ATP-binding extracellular sites
of the channel pore. Prof. Kubo teamed up with a
very successful group of Dr. Chikara Sato of AIST
in Tsukuba to visualize the trimeric P2X2 channel

pore using single-particle analysis of negatively



stained EM images.

And finally, yet another ion channel has been
incorporated into the Program of Prof. Kubo’s
research team. This resulted from an ab initio

cloning of a putative caffeine-receptor in an in-

testinal epithelial cell line, a doctoral project of
Katsuhiro Nagatomo. This researcher provided
compelling evidences that TRPA1 is differentially
expressed in gastro-intestinal tract and serves as a
plasma membrane ionotropic receptor protein for
caffeine, a well-known antagonist of adenosine re-
ceptors and ryanodine receptor activator.
deals  with
Although 1

knew about these studies from Prof. Kubo’s lab-

Second group of projects

metabotropic glutamate receptors.

oratory from meeting presentations, I was very
much impressed after learning the whole story from
Dr. Kubo himself and Dr. Michihiro Tateyama,
an associate professor and a key present investiga-
tor in these studies. The authors used a cutting-
edge technique of FRET in combination with site-
directed mutagenesis and their own very wealthy
fantasy and imagination to make an unpredicted
discovery of multiple signaling pathways triggered
by the very same receptor protein, mGluR, de-

pending on the environment and coupling part-

Ravshan Z. Sabirov, Ph.D., D. Sc.
Professor and Chair

Department of Biophysics
National University of Uzbekistan

ners. The studies of the glutamate-ergic responses
in brain slices are currently underway in the lab
(Dr. Ishii) providing new important evidences of
the in vivo involvement of the phenomena found
in the cloned receptors.

Professor Kubo keeps widening his area of in-
terests. It was surprising for me to learn that the
laboratory started new projects on the structure-
functional analysis of prestin, a mechanosensor
protein of hear cells in the ear. Given close rela-
tionship of this unique protein to the anion trans-
porters of SLC family, I anticipate that these stud-
ies will result in unpredicted new discoveries.

My overall evaluation of Professor Kubo’s lab-
oratory is very positive. In the conclusion of my
visit, I was offered a laboratory tour and had a
chance to talk to the most of the members of
the Department including postdocs and doctoral
course students. Yoshihiro Kubo gathered young
and very enthusiastic team of active researcher and
inspired them with his deep knowledge and passion
for fundamental neuroscience. I wish the labora-
tory will develop further and be successful in en-
thralling investigations in the field of ion channels,

transporters and receptors.

Adjunct Professor, Department of Molecular Physiology

Institute of Physiology and Biophysics

Academy of Sciences of Uzbekistan
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HHZRBSE, ZOE7HI) 6. FLAG tag #it
BICKDET7 74 =T AKBELE TV AMICK DKL
oo KERPEMZ TV I LT AT Rk 324
MEFEBRICE D P2Xo ANV 3 EAETH S E2HS
ML, M-EYEHCT, FFgY 7 v cajis
L CHE MR 2 Tv, 2ROM—& R &
2L 72, BARFREEMRNTIC X o T, P2Xy EEDS
SEETHZ I LEMRL., F7KE MR
ZROMIE 7 Iy FIRZELTWS 2 EWRBI N,
CDOWFEIE, P2Xy RAERD D FHEEZ RIS 5720
I, BRI R R E2 1T o L Bl R FiEICF v L
UYL, BEIEREE T TS R L 72\,

B. KRFRIIY I VERBEODFEE L EML



BESLUOZ04EEBENERICET R

AARBAZIEHT 10 FERHITAREEL 7V & S v Rk
DA AL Mz ko THEMELENE EWvwIHE
NixEELZHER LI, Z0E, RV e 2 v
BZ R I ARMAREDO BELFENROO L DT
HY . VUEERZD 7V — TR R HEE L TE 7,
RNV & 2 VEZAER 1R (mGluR1) (& HE 2
HIREER L T 228, SILHESRZ S 13, mGluR1 12
TNE I VBBREATEIEICE>TID 2 By
7=y FEOBEICZLASHB AT TR 5 2
Ex, EREIEMEE FRET 32 AIH TR L
oo ZOREE, 1) 7 2=y FoNETIEELAL
FRI SR, 2) 2 B EY 7=y FoffilaiL—
T1DPMHAIES 5, 3) 2 BiEY 72=v + DOfff
RNV —7 2 M EISGED S, & v ) FLE 2D
B EME SN,

¥/, Gd* B mGluR1 #iFMHELT 22 & &, AR
25 E238Q 12Xk 5T, mGluR1 O 7'V % 2 Viglc
WY BIEZMEEAED 6T, GA3t 1S 2 2N
KT 22 &2 IABEIZS R LT, Gd3t 13l
JASHR R ISR L o7, 2 O BIVHERE 1 A
ThHol, 22T, REARE238Q %R OBE{ETHE
v A fFR LT, BUEfThTH 5,

mGluR1 /& Gq DA% 53, Gs, Gi £ dHEL T
SRR MG EZ 76T LM SN TS, 3L
IIHESAZ & X MIEN Ca?t JREE & cAMP RE% [
RHCHIE T %5 2 &£ T, mGluR1 ® Gq & Gs ~DH&
REIVAL D FEG &2 JAT T 2 EER 2 L L 72, %
LT, VA Y FOREIC X > T mGluR1 OiFH:(LE
R ThDRETHEL S 5 G EAE O
HEREL 2 ERZPFLSICLE, E512. mGluRla
D C KimD B 7% deletion 2179 2 Lick b, C
Kot 1126 2> 5 1129 %D EEDE ft%125m GluR1
DG IVEITWBETHEZ EZRAELT, -, filg
NEBEREDO—Ff®? 4.1G 2 mGluR1 @ C FiiD
1131 %5 1135 %&» EEEED [l & #HEfEA L <.
Gq IBEITIFEEY T, Gs IDEZFFRMNICHET 2
ZEERFRL,

DlEDXHic, REBINY I v BZRED ST
WG & IRV OIS 1. STILMESE & AR S
WKk TRECHERLTE Y, MERRO-DICE
SOR SR, FRET &, B rdZE~ 7 AR EDF
BRI ) ATV 2 KB ST 5,
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in vitro DFEILR % GRS 2. Fal Tld/Mg
A 74 A% Mz mGluRl 2 & % slow EPSC Df#
PrcbEF LT3, E238Q #Fo#E{EFHRE <Y
A DBEREMRHTCIE, MARDZ L %236, AMER T A A
TOFEBPTEHRENBBEIC RS, ZO5A, IR
BENDRAY v 7 « FEDEHICHY tHE D b HET
b D03, MFATANOEMEK L DILFEED E Z %
YD H B Ebis,

C. 171>tk TRPAL F v RILDEMEL

KAEBEE DR R IARK L, /NG LMl STC-1 @
MR B, A 7 = 4 ks 2 iEZEZ R 78
FIETH 2R L7, BmM DA 7 =4 v Dih
Ik D, STC-1 DN Ca?t WEN ER L, 20D
L5523 PLC inhibitor THHET S Z 6, A7 =
A VIR EAEZ AL T Gq 5 PLC iGHEL% 5] &
ZTDrEArIE, FRLE, L2L, 20HBOEER
T, Mo Ca?t LT 2L A7 A VG
2k AN Ca?t IRE EFHEET S I L2 RV
L, h7 24 VIS T 20713, Cq BAH0Z
Ak Tl 7 (. PLC inhibitor 12 & b BERE AN X
N3 Ca2t BHMF v 2V THAH) L EZ T, BH
BFELT, TRPF ¥ 2N 77 IV =AU N—%H
ELT, 7787 A0 ZOVINEEIaFEELR % o
THEREMRNT 247\, MIIEEE o TRPAL - v 2 L%
H7 x4 VEEEERFOZEEZH I L, F.
TRPA1 # v %)V % HEK flifdic B Z ¥ T, Ca’t
AR=D VT RITOTEBRICE>TH, BmM DA
7 24 v TRPAL F v 2V &ML T 2 2 & 21
L7,

Z ORI, BEREIIMNTIC X > TRAD 3 T DAF
xR, ZOTFFEEEZHOLICL, S 5ICHKBLR
WKE>TZDHTORBEEZMITT 2 L), LbiE
AW D P> R TH D, FmEHiTE 5,

PLE, SRl CRICHRICER > 72 3 D
DI DWTHA L 7203, ARBIZDOMFEETIE,
RS —BIEUC X 2 KCNQ T v 2L DR b B
BIICB§ 2098, FEEMIEE P4 IRY v — A F 2 —
7 v k@ Kristin Rule [ (Caltech) & 12 & % A7
— MR EMRE T 7V AF O &, Zofhic
BHEHTREHELTON TS, TDXHITHH
BEMfTHbNTw 5 DI, WI%EE - AAEOM A%



BEL T, ZNZNE K2 RO T - BREERS
H LI &) AREBLDSTEHIHED VTV B, —H
T2LE BEEDT—BIES XS T, BELMEKE L
TELEINRVLE) BHIRD RV TIE RV,
TR T O T L L TOBBDO X H =X L L#)
RS ERERE BB 3 2 %0, L) mTIE—HEL
T3, SHIFHRETOEBANEROBRD
DIZATA AR L DY 2 WNRICL iz &
T ATV pHETH 59, Y YV —R
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o= ENT I NPREICE L0 L
B, MRESZIIBERLBEITAAA Y avD
HazRt, AEBLHHTHZ WEHKD T TO
COUEWZEL TV 2 HIREZRZ T 7, BFEICHIFK
RBEETFTEBY, INETOHEHEERZIEFHTH Y,
FAHEiT 2 2 L3 TE L, S EL, ZoHmE
ZAERF L. KR E ) & FAEREY - shigRlEE %
ZLBETTCOREL ZL2HIfT 5,



1.3 EEHRZAT MERENHIR

DTEEMFR HREEERTHERF (RRZFABR) OHNEBHE

CDRINBEHIEE D— A & LT, ABRIFEEIC
B 5707 b OB LETRI Z W T
I A2 E, ToO7ad 7 MZOWwT5H
R 2822 7Ly T =2 a vy Tholkd, Rl
DMELDETZNSIZLE, M HIKEL DL X
NDEERETH > 7, ROICHIERZREHGZ 5 L .
RIL2DTRY =27 FIZOWTOREETRT,
(&

AR OR I, F SIS M o401 (RiEes
BB TIIZEM) BRLTWwB k) ic, LT &
LCOAF v F ¥ 2O - iGEHEBICEd 28
KA E X O EYENGRT 2, SESFER
FTIHELTHALIT> T2 TH %, TETIE,
FRET 2 &84 X —2 v JEAi. FERITO VT
8% & OILFEMIZE & U CHUR FRNTIC £ TTRIEDIA
o T3, BIEMFINRE L TwaFE L LTI,
KFxxn, R I7LVEY S VIBZAEAE mGluRl,
NEAHEMIEOE—Y —EH 7V AF v, ATP X%
#F * %)L P2X2, TRP ¥ * %)L TRPA1 Icb7 >
TWwb, Leh> T, AMRIFREOHFH %2 5§ 2
BRic, ML SNz RS E VO IL, s L
LTo7uy =7 FOIEME, R ZIZw»
TETHAH, TOHICOWTIE, AREES T4
RSN TEH, HEICHEED TR W TH
AR DH > 7, WPIC—D2DHETF, HIAITK F ¥ 2L
BEICERLTECEY N394 7ousoit
ODHbHB LRI, LHrL, FFLL, RS v
NOBICHT 27 7 a—F B bEo b 0%
W ENS, I FEIF R EREERE R T 2 BT I
HTBHARMAED LS %7 7a—F HiEbIEFIC
BTH D, EECSHEHNSINALTHO>DO 7By =
7 bl RIS ARIIAE O FE 3% 2 g i
ST, BEHAENT, MEERESR . K
AFvFrrLE, ZOLIBLVDOEI T
TELMREZERIMIIZIEEAE RS 6T, KGR0
WRIFL=Z— 7 pOJERICEBELMMZ 5O TED .,
I, EBAERITICAAR S 2 RETH % L]
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B HE SR A P A A B
T AN

8L %,

IR E DR D FF IS DV TR, D fElH
bz, LHrL, MATHEL T EEELVLAE
BIF2ET501E. RO 7u—F% &
2P0 E, NRETZFETFRIETFTETCLE) &, —
ON7AY 27 MZOWTHOANERBTHEICE S
WEETHSH, TNETDEZSIE, AREZD
WY 7 68 L e 4 DEEES I X b BEEL L
Tuhhro7bDD, BEIT K> T, EIKHKIZA
TIMENC L bHDETHAH ., BlET 2R
BELT, B L U BETOMITZ DL R
WETHD T 20 wIMEEH S, FFL L
DHRE X S I2HE LD TEE L <L ok H & B
DI TV DB BEFER 7 A 2L, 2
DITEL A L RV T O %2 D 2 DB H 5,
LL, 2OL) iz ZnZhnoR L LT
O7uY 7 FCTETSZ IR, ANEROK
ABROD—D L 7> TL ¥ 9 AHEED S 5, mAEIC,
A F v F v 2V EDMRIKAER T OIS - 1G1EM
BIFZE DR & 2ifiduid, B2 6 S MEEEY Y L DRl
BHEMTH A ) L/, ARIMERERATED X 912,
AR TR FRT 2 FTTw b, 5% b 2IECD
HIADOWIE%E S 5 ICHKEIY, k) REDE O
TEIRHT N EED T 2 2 E 2L T3,

(-

1. P2X2 OA A VERMEEBE 7 — NMEE

4 RIS RIS VY S VIRZRR, 5 B
DT7EFNA) VRERGREDA T VT v 2 VX
TR EIZEE AR D, ATP ZBHRF ¥ 2L P2X 1 3
EARBGEENS == 07 73 —ThHD, 44
> EIRMEDIIRF R 12 L T2 T 2 IR VB
KPINETICH SN T WD, 200 IR
HTh-7%, BIE - AR IEZofMEIZ? 7e—F
L. A A VERMEDHITREBICH 5 P2X2 F ¥ R
DOHEEICE O BEINTHEZ E2WHSICLE
Physiol, 2004), DA & ViEREIZEZ 6L F v



FNDRTHA ZADENMZDDDIZL DD EEZ
53, P2X2 F v )LD C ALY v HE & 5%
BT EBZDFRRD—DOTH B I 2SI
Lt(mewmQWQOéém\%ﬁmgﬁmﬁé
& I HR RN 2 17\, P2X2 F v 2 L2383 [AHFR
%Lémé xS Hic L (BBRC 2005), 4
%, I 51 ATP #EEPHOEEICL S F v 2V ET
DY A X DEACDOREEIENT & o Hefg o R 12 e
7ODE AL L TIFRHICHEEREHETDH .
—7i. P2X2 % ATP fEEPEF v 2L TH D %035
BB 2277 —T 4 v T %25 2 LR -
JERS G L Tw 5, BMKAEET v 2 LICAHRS
NBWEEME T —HHEIE R, POAL I U
E DRI AFT R T 12 X 2 BEEMEZMETIE R C
6, B L RO IRENKFAN T —T 1~ 75K
HEEZoND, P2X2 F ¥ 2D ATP #E Tz
SR T B A RR DRI &, ATP a3z Db
DODMEBALEZ MR LA LTV S EHEFRL TW» 3
#ﬁma%mwﬁtw%%uﬁﬁﬁﬁﬁfﬁéku
W3, ATP #EEENLZ D b DD LK DIFENTH &
I EHEEROBE B i d, SBOMED
HEDHICE B TRBBETH 5 &I I 7%,

2. mGluR1 OIS EEAEE

S ARES IEL ZV S S VRS ICAE ) mGluR1
DRGEZAGIC D W TS & FRET 2 fwT
W L7z (Nature Strucural & Molecular Biology,
2004), & 512 mGluR1 258 D Gq #EEED A T
. Gs #Ep& 2 IEEL L TN cAMP IREZ BA-&
®252 L% FRETICK DS L7, 2o TAR
513 mGluR1 237V % S VEEDIEH I Ca2t 4 4~
ZOHLDR CGBT A A itk oTHiEELE B Z
&2 L7228 (Science, 1998). Gd3+ DFSATRAL
DREEZAIZ K D Gs FEBADTEIAL» R E R K S
ZEEFRLZ (PNAS, 2006), &5 mGluR1 @
C AKhit b Gs #EE OGS HETH D . Z DAL
ZRAAT T4 22 7 b mGluR13 Tk Gq &
D AZIEALS Y 5, HEWC EISETE I Gs #58%
ZIEMELL 9 2 mGluR1la T, C Kimdaic 4.1G
&N TEDEAT S & mGluR14 & kIS, Gs &
R L 2w 2 E I L 72 (MCN, 2007), %
7= mGluR1la b g bifilaffic k> Tid Gi f&#5§ 5
LT 2 2 E23H 2238, b C REGHEB OB
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kB2 ERFALEZ, 2o 0FEHIZ, mGluRl
DG L EEEZ 3 Eolo CEHETHD, H—
WottFETchs LS,

3. KCNQ F v ®JL D& E R

LAAY = 7 ZEE mAChR O bic X H#l
flEns M EROEMRKIE KT F ¥ 2L KCNQ TH
%, HfE - AR5k, mAChR 12k 2 7v74 v %
F—x CiHEREE &V VIBE PIP2 frf@ftikic
O\%n%nKCMQ%%&®&%TﬂﬁLTm
ZERMHS I L (J Physiol, 2005), % 7{f4 o
T BRI E S R T A R ER L (L
HANDRIGHEE R L5 SCAM #x2Hw3s Z Lk
h. KCNE1 i KCNQ i v —F XA D
FExES L, KCNE3 il 3§52 itk b,
KCNQ F » 2 VoG — F 2RI L Twa 2 &
#Z R L 7z (J Gen Physiol), & 512 KCNQ ¥ v %
L DOMINEHN D coiled-coil F X £ ¥ DEEENIZ DWW TR
FrL. 2D FXAA i Shaker iIZEF 2 T1 FX A~
EWRLD, 7=y FMHOZEZD L DITIZE
LIl LA VEEZNL CGEY A~
TR —RELENT s LA L, ZDK
9 e —#D KCONQ F ¥ 3 )V O RgE G A < B¢
2L, MFEIIERVWHDDIEFIZL >0 Lk
HETH D, ARAREDOFEZRLTwDE ERS,

4. FEM—HRREBRRFILAF Y ODFHEEE
BNEIEEL

TVAF VIENHEABMEICHEBEL Tw 25 12 [
EEEMGEZR> Cl- P IV AR—FIET BV
NIETH D, BEEET L L TOREZFFHIZ, 10
kHz 128 X SEEMZICISE L CHlizE 22 s
HEEVIHTH S, ARWIEETIZ, Z OR#DS
EDX) L FHRBICE 2002 ICT
27z, HhiiEtrik (JBC, 2007), FRET i
£ 2 BREE AL ORNT, X o ISR & BER) 2
NA TV FIEEHOTHGY VRV BEOBRK, &
VW) 3DDT Fa—FE2{ToTn3,

FRET 122\ Tl { D2 DR RIS 12 & 2
M, BZ O ABRHRED Z L DT, Nl s 20
MRIEHL T3S, LaL, FRETIckD 7
L AF VT OEMSBEEMIC K D /NS RS 2
ERFFHTERLLLTH, ZOERTOWHEICITHED



Y7295, FRET OME FORIBSS %05
THb, £l G VNNV EEHEELTH, 22
57V AF VOG- BRI 2 ITIE T
WY, iR, TV AT ik 2E W
E%@%mVMO%TTV%ngéyx?A®%
FWEEICR-TL B LHIKE),

5. 7 x4 vIc &3 TRPAL OEMEL

TRPAL 73, RHDAH 7 =4 v OMIMIEZEAE L
L CfiiTw3 2 &%, HEK filfd%z Hw7z Ca2t A
A=YV IHEBIOEREEACL VMO THS 2
L7, Wi 7348 Cdh 5, TRPAL 25 ICF B
LT WRIZ O W TIEwmIE TS L 2 A TR
HDEY, BRADNS HFRZIY TP THREIET
WRIZBWT, R ARTREDOFE ) ZEL %
fLHTh 5,

6. X X BICRIFT2NEMEER

INBEPAT A &2 SRR T B &L v F T A%
OffifeTd 5 7N F v LMtz BT, mGluR1l ©
WHEick2wo K & LB > 7 2AER
slow EPSC @l I N3 Z LMo Tw3b, A
HAHES 13, =7 ZADKOE X EicBWwTid,
D slowEPSC 12963 -> T, Al EBE RSB E NS
ZEERFICHAL, Zo0ERIZ GABA KD
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ik 2 2R L7
ARMEEICINETICH E DEHD L h o725y
TicswT, FEMI-ADMREEDFICE>TK

(P ETCHMERED -2 LI %232 177, [
RRiz, AR L7k i, 2ok 7ray s

FERIAFTWL Z oW TR ETO/REEZE A,
o, o7 uY 27 DX BRETLRLVOMHT
EIRERY, OF T AL NV TOBRRDMEHH» S A
F—bFL TR E, A¥EXE (LI IX
) THRNICE SN D0, GABA 3 £ D)
SIS N B D, 512 ED &I B ERERE
BH DD, R EDBMNICEZ D LB TELE ko
TLBTHAD,

7. mGluR1 & GABAgR OMHEEER

GABAgR 1 mGluR1 & #£#% L THERE L .
mGluR1 ® 7 T = 2 MR T 2 22 TES ¥
3 LDWMEDD B, AT - Vil - ARG 1E, HEK #
fazMws 2 eick ), ZoOMHAREMOT RO
ﬁ@%%%ﬁ&"(b)% 770, BED E 2 % 293 flli

IBWTIZ, GABARR & mGluR1 (LA k&
T250D, mGluRl ® DHPG 1203 2 &2 %D
ZlRBZEIhTwaw, 2o7ayc s McBL
Tk, 2o DFEBICHARFFL 72\,
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2.1 Prof. Shinsuke Shimojo, California Institute of Technology, USA

The Division of Sensory and Cognitive Information: Review and Evaluation, 2000-2007

Shinsuke Shimojo
(California Institute of Technology; JST.ERATO Shimojo Implicit Brain Function Project)

The Division of Sensory and Cognitive Information
at NIPS has been led by a strong leader, Professor
Hidehiko Komatsu. With one associate professor
(Dr. Minami Ito), two assistant professors, three
research associates and quite a few graduate stu-
dents (currently), they have been actively conduct-
ing electrophysiological studies on the functions of
the (mainly) monkey visual cortices. Their specific
research interests include visual surface represen-

tation, feature extraction, and color vision.

To my knowledge, Prof. Komatsu and his team
has been well recognized for their solid work, in
particular their significant contributions to under-
standing of neurophysiological bases of perceptual
filling-in and completion on one hand, and color
vision itself on the other hand. Their finding on
the cortical organization related to the represen-
tation of uniform surface, for instance (J. Neu-
rophysiol., 2003), is right on the cross-section of
these two lines of interest, vigorously demonstrat-
ing their strength — 1i.e. solid technical skills, rais-
ing simple yet essential question which the other
researchers in the field have missed, and coming up
with significant findings from careful experimental

design and recording.

This time after reviewing their recent publications,
however, I personally realized that they did not
just stop there. They have extended their research
focus into several ‘hot’ directions in neuroscience of
sensory cortical system, such as selective attention,
representation of visual feature (color) in higher-
level cortical areas, extracting shape information,

and integration of features i.e. perceptual group-

89

ing, etc. In particular, their attempts to iden-
tify the feature detection/abstraction processes for
shapes, and to understand how features such as
color and shapes are “bound” in the brain, may
critically contribute to one of the current hottest
issues in the sensory and computational neuro-
science, i.e. the feature binding problem. On the
technical side, they even move onto a challenge of

applying fMRI to awake behaving monkey.

As a result, their publication list is quite impres-
sive, both quantitatively and qualitatively. The
journals in which Komatsu’ group have published
in the last 6-7 years include; Neuroscience Re-
search, Journal of Neuroscience, Proceedings of the
National Society of Science USA, Journal of Neuro-
physiology, Nature Review Neuroscience, and Na-
ture Neuroscience, just to name a few. This is ob-
viously way beyond average accomplishment even
with the top-notch international standard, partic-
ularly considering that this is a relatively small,
and on-average young research group. Just as a
side note, I would like to add my own observation
that their studies have been frequently cited in pa-
pers and talks by other research groups in the field.

Having all these said, I now would like to comment
on some of their significant contributions. In the
series of studies on filling-in and completion in and
across the blind spot, Prof. Komatsu and his col-
leagues demonstrated that neurons in deep layers
of the V1 which have their receptive fields corre-
sponding the blind spot location responded only
when a perceptual extension or completion of a bar

stimulus occurred across the blind spot. Their ad-



ditional evidence supported the notion that these
neurons are indeed the neural correlates of com-
pletion of the blind spot. This series of work has
been regarded (by myself and other researchers) as

a very unique and solid contribution.

There are always distinctive signatures in the
research style of Prof. Komatsu and his col-
leagues/students, which in my opinion is still very
rare in Japan. That is, they always start from deep
understanding of biological significance of visual
perception, with a clear awareness and scholar-
ship on phenomenological and psychophysical find-
ings in human perception, and attempt to iden-
tify neural correlates of not just elementary sensa-
tion but rather ecologically meaningful perceptual
functions. As a result, their research outcome is
almost always highly relevant to the human per-
ception which is behaviorally adaptive to the real

world.

I do find this quality in a variety of their stud-
ies concerning surface brightness in the visual cor-
tex, functional organization related to the repre-
sentation of a uniform surface, neural correlate of
metacontrast masking, surface texture by shading
in V4, 3D structure from motion in the MSTd,
and interaction between bottom-up and top-down
signals related to selective attention, etc. As for
the selective attention, they applied the singleton
detection task to various levels of the visual hierar-
chy, from V4, LIP and FEF, and not only record-
ing from electrodes, but also utilizing their latest
technique of fMRI in the alert monkey. The re-
sults will no doubt shed a new light on how com-
plex attentional moduation is made possible via
bottom-up /top-down interactions. Perhaps this
quality of their research, i.e. a strong motivation to
understand perception as an integrated biological
function as opposed to elementary and reductionis-
tic elements, can be pointed out for their on-going
projects on modulation of color selectivity by task,

neural correlates of surface qualities, etc.
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Most recently, I was particularly impressed by
their findings on task-dependent modulation of
color selectivity of IT neurons(Nat. Neurosci.,
2007). They showed that activity of most of IT
neurons was enhanced when the monkey was en-
gaged in a categorization task, but suppressed in a
discrimination task. The findings nicely bridge the
gap between the “neuronal doctrine” (H. Barlow)
which may be interpreted that all the important
perceptual functions are based on feature selectiv-
ity of single neuron on one hand, and the amaz-
ing capability that the human as well as the mon-
key has to flexibly adjust its perceptual ability to
be optimal for the task and other contexts. Here
again, I do see the strong signature of Komatsu’s
work — always trying to, and successfully, be rel-
evant to scientific account of the adaptive percep-

tual/cognitive functions in the real world.

Their on-going projects are even more extensive
and ambitious. While continue to work on higher-
level color representations, they are aiming to iden-
tify local functional specialization within the same
area (say, IT), to focus on another important as-
pect of color vision, i.e. surface quality, to iden-
tify information extraction process for shape, to
identify neural correlates of perceptual grouping,
etc. This project also shows the strength of this
research group that I mentioned above, that is,
to be highly relevant to the richness of human
perception which is behaviorally adaptive to the
real world. Their latest attempt to apply fMRI to
awake behaving monkey is certainly challenging,
but once succeeded, it would yield many signifi-

cant new data sets.

Thus all together, the research group showed very
steady progresses in what they are good at (neu-
ral correlates of color and other feature encoding)
with their solid skills. At the same time, however,
they seem to shift towards more global understand-

ing of visual perception as an integrated biological



function in the real-world. I found this very natu-
ral and sound, and I judge that overall they are in
the right direction for future. In particular, I do
have a high expectation for their outcome in the
next few years, particularly by the combination of

monkey fMRI and electrophysiology.

Finally, let me just add that Komatsu group’s con-
tribution is very impressive also in education. The
ex-assistant professors and the graduates from the
laboratory seem to have been very active and pros-
perous. A couple of them were already appointed

as an associate professor at a prestigious univer-

(F1R)

sity or a newly established neurophysiology lab-
oratory, another as a lecturer at a top-class uni-
versity /laboratory, and quite a few graduates are
currently trained as a posdoc either abroad or in
Japan, etc. Such a great contribution to education
and to the field in general should be attributed to
a combination of several factors; Prof. Komatsu’s
strong leadership, his warm and encouraging per-
sonality, and the rather unique structure of the
NIPS which is specifically designed for maximum
mutual facilitations between research and educa-

tion.

RREDANEMIAFERFT © L € 2 — &5, 2000-2007 &
TRE®EH (Y 7A)L=ZFIRKE ; JST. ERATO MEBEMEETOY 7 )

A B AE I 28 T D B BRI 1B RE 2R R P 1 5k ) 72
V= —Th 5/MYEEHEZICESENT S, —
NOHELFZ (PR L) . A&, 3 ADW%
BEMMAS R BRET) LT, ot (3
E L) VLB EE O BRSO R B 2 i
ZRIEFRITIT> TV 5, %6 DR T — < IZHERN
BHMORIL, FEgdhils X COEEHATH S,

DRI & 5 &, MBI LD F — L1 Z D
BRI, RIS AT B TR Al 58 O R R
B aROMRICBET 2H Tk CRMI N T
%, Bl 2136 O —R A ORBUCEI T 2 BCE R
DWW TDFER (J. Neurophysiol., 2003) X, Z#
LOQHEKRDEDL ¥ ) ERRICHID, HHD
WA ZIEFHICELSR LTS — T4hbb, BER
FEEREAT, OB OMOWRF DB HDODL Tk
Hflip OREWAMEZI) LiFs 28, 2L QF
BEOHEBRTT YA v Eitskic X h EEAFRICH
ETS, twHlLThHh3,

LoL, ZhEs oRED Y%L Ea— L7
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3.1 Professor Hitoshi Kita, University of Tennessee, USA

An Evaluation of the Research Activity in the Department of Developmental Physiology;

Dr. Nabekura group.

Writing an evaluation of the highly active
and very productive laboratory headed by Dr.
Dr. Nabekura

was a student about 30 years ago when I was a

Nabekura is a great joy for me.

young staff scientist at Kyushu University. He was
a bright and active student then, and now he is
an energetic professor at the National Institute for
Physiological Science (NIPS) organizing a cutting-
edge and productive laboratory. He was an asso-
ciate professor at the Department of Physiology at
Kyushu University before taking the current po-
sition at NIPS in November of 2003. The main
research target of his group for the last 10 years
is to elucidate the mechanisms that underlie the
developmental plasticity of nervous system. He
has continued to study this main research focus in
NIPS. His group has demonstrated that the cen-
tral nervous system experiences massive remodel-
ing and that similar plasticity takes place shortly
after brain injuries and stress such as ischemia
and epilepsy. These are exciting and important
findings in understanding the detailed basic mech-
anisms governing the development of the central
nervous system and also in the formulation of ther-
apeutic treatment strategies of various neuronal
damages. Because one of the missions of NIPS
is to offer research facilities and perform collab-
orative studies with other institutions, Nabekura
group also performs a wide range of collaborative
studies. Many of these collaborative researches are
yielding important results. I will highlight some of
the research activity of the Nabekura group.

A. Research Highlights

a. The main research focus
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Dr. Nabekura has a long-standing interest in un-
derstanding the mechanisms that underlie devel-
opmental plasticity of the central nervous system.
The central nervous system experiences extensive
remodeling during early stage of development. In
many places, excessive neuronal connections, ex-
cessive numbers of axons with synapses, and large
expanded dendritic processes are initially formed
in early stage of development, which is by the end
of first postnatal week in rodents. The excessive
connections are eliminated and adult versions of
connections are formed during the next postnatal
week in rodents. Interestingly, a similar plastic
changes take place during recovery after various
injuries of nervous systems. One can formulate a
number of important questions on these interest-

ing developmental changes.

b. Switching of inhibitory neurotransmit-
ters during development
When Dr. Nabekura was a postdoctoral fellow at
Washington University at St. Louis, an attrac-
tive hypothesis that the excessive excitation at the
early stage is involved in the elimination/selection
processes was formed. This hypothesis was based
on the observation that many GABAergic and
glycinergic synapses in various loci in CNS switch
from depolarizing excitatory to hyperpolarizing in-
hibitory synapses in an early stage of development.
Properly testing this hypothesis requires a
preparation that allows activation of GABAergic
or glycinergic inhibitory synapses independently
to glutamatergic excitatory synapses. In most
brain areas, inhibitory and excitatory synapses

intermingle with each other and separate activa-



tion is not possible. After searching for such

preparations, Dr. Nabekura begun to use the
lateral superior olivary nucleus (LSO) in rats.
LSO is an auditory relay centre in the brain
stem that encodes interaural pressure level dif-
ferences for sound localization. LSO integrates
GABA /glycinergic inputs from the contralateral
ear via the medial nucleus of the trapezoid body
(MNTB), and glutamatergic inputs from the ipsi-
lateral ear via the ventral cochlear nucleus (VCN).
Thus, stimulation of MNTB or VCN selectively
activates GABA /glycinergic and glutamatergic in-
put to LSO.

It was found in his early experiments that
MNTB to LSO synapses in rats switch from
GABAergic to glycinergic inputs during postna-
tal day 8 to 14. Various possible mechanisms can
be considered for the switching, including the de-
velopment of glycinergic synapses and elimination
of GABAergic synapses, switching of postsynap-
tic receptors, and switching of transmitters re-
leased from same synaptic boutons. The Nabekura
group has investigated this important question us-
ing neurons dissociated by a unique enzyme-free,
mechanical dissociation procedure in which func-
tional terminals remained adherent to the neurons.
He found that the switching from GABAergic to
glycinergic inputs to LSO neurons occurs at the
level of a single presynaptic terminal. Before post-
natal day 8, only GABA release can be observed.
At postnatal day 8 to 14, each synaptic vesicle con-
tains both GABA and glycine (Nabekura et al.,
Nat Neurosci., 2004). Both physiological and im-
munohistochemical experiments confirmed these
results. These findings are exciting because the
switching of the transmitter is a novel form, not
elimination or selection, of developmental plastic-
ity at the level of a single central synapse and sug-
gests the possibility that this could be one of mech-
anisms involved in the plasticity in neural circuit
development.

What could be the mechanisms underlying the
switching and why is the switching required? The
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Nabekura group has recently found that MNTB-
LSO inhibitory synapses express GABAp recep-
tors only when GABA is used as the transmitter,
and activation of the receptor suppresses GABA
release. Furthermore, the normal development
of synaptic adaptation mechanism is impaired in
GABAp receptor knockout mice. These results
suggest that GABAp receptor activation is re-
quired for normal development of MNTB-LSO in-
hibitory synapses, and GABA is necessary to stim-
ulate GABApg receptors. They have also found
that VCN-LSO glutamatergic inputs heterosynap-
tically suppress MNTB-LSO inhibitory synaptic
inputs (Nishimaki et al., Eur J Neurosci 26: 323-
330, 2007).

crease of transmitter release probably by activa-

The suppression is due to a de-

tion of group II metabotropic glutamate recep-
tor (mGluR2/3) existing on MNTB-LSO presy-
naptic terminals. The suppression and the im-
munohistochemical staining of mGluR2/3 in the
LSO can be observed only at postnatal day 4-8.
These results suggest that mGluR-mediated het-
erosynaptic modulation of MNTB-LSO GABAer-
gic/glycinergic transmission might also contribute
to the development of appropriate adult auditory
circuits. Nabekura is testing several other ideas to

answer the question why GABAergic synapses are

required in the early stage of development.

c. Developmental plasticity of intracellular
Cl~

GABAergic and glycinergic synapses in various

regulation

sites in CNS switch from depolarizing excitatory
to hyperpolarizing inhibitory synapses in an early
stage of development, as mentioned previously.
This switch has been demonstrated to be due to
a developmental decrease in the intracellular CI1™
concentration. One of the research aims of the
Nabekura group is to reveal the cellular and molec-
ular mechanisms that underlie this switch. Us-
ing mechanically dissociated neurons, his group

has demonstrated that this change is due to de-

velopmental switch of intracellular CI~ regula-



tors, KT, CI~ cotransporter2 (KCC2) and Na™,
K* CI™ cotransporterl (NKCC1). Interestingly,
recovery processes after cellular damages involve
plastic changes similar to this developmental plas-
ticity. Immediately after neuronal damages, KCC2
rapidly down-regulated their expression and func-
tion, resulting in an increase in intracellular Cl1~
and GABA-induced excitation in injured neurons
These

are very important findings that have significant

similar to that seen in immature neurons.

implications on the maturing and recovery pro-
cesses of nervous systems. The next research tar-
get is to find mechanisms that govern the expres-
sion and function of KCC2. Some of the recent
results of this challenge are highlighted below.
The Nabekura group has investigated the hy-
pothesis of whether or not KCC2 activity is di-
rectly modulated by changes in phosphorylation
during neuronal stressors. Examination of tyro-
sine phosphorylation of KCC2 in rat hippocam-
pal neurons in vitro revealed that various neuronal
stresses, such as oxidative stress and induction of
seizure activity, instigated a rapid dephosphoryla-
tion of KCC2 and internalization of KCC2. These
initial changes were followed by decreases in KCC2
protein or mRNA expression. Dephosphorylation
of KCC2 was correlated with a reduction of trans-
port activity and a decrease in intracellular CI~.
They have also found that manipulation of the
KCC2 tyrosine phosphorylation site resulted in al-
tered neuronal viability in response to oxidative
stress. During continued neuronal stress, a late
phase of functional KCC2 down regulation with
a decrease in KCC2 protein expression level took
place. These results suggested that neuronal stress
induces a rapid loss of tyrosine phosphorylation of
KCC2 that results in translocation of the protein
and functional loss of transport activity (Wake et
al., J Neurosci 27: 1642-1650, 2007). These finding
are important because detailed understanding of
the mechanisms involved in KCC2 regulation may
provide a means for manipulating the extent of ir-

reversible injury resulting from various neuronal
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stressors. The Nabekura group’s KCC2 related re-
search is expanding to include detailed structural
analysis of KCC2 and factors governing the inter-
nalization.

The Nabekura group has tested another hy-
pothesis that excitatory inputs can regulate KCC2
function and control intracellular C1~ concentra-
tion in both mature and immature neurons. To
test this hypothesis, they have examined whether
the Cl~ equilibrium potential (ECI) shifts follow-
ing glutamate application. Using the gramicidin
perforated-patch technique to hippocampal disso-
ciated cultured neurons, they have found that the
Ca?t influx through the activated NMDA recep-
tors causes sustained down-regulation of KCC2
and shifts the ECI in a positive direction. The
results suggested that the ECI shift is likely to
contribute to postsynaptic excitability, LTP, and
epileptiform discharges (Kitamura et al. sfn abstr
2007).

d. Developmental plasticity of GABA re-
ceptor expression

The expression of both GABA 4 and GABApR re-
ceptors on the neuronal membrane are tightly reg-
ulated. It was found that the regulation mecha-
nism switches during early development. Brain-
derived neurotrophic factor (BDNF) rapidly up
regulates the surface GABA 4 receptor and in-
duces long term enhancement of GABA-induced
currents in amplitude in developing visual cortex
and hippocampus of rat and mouse. BDNF action
switches to rapid down-regulating surface GABA 4
receptor in the mature mouse. The switching in-
volved phosphorylation of PRIP (PLC-related but
catalytically inactive protein) through activation
of PKC (Mizokami et al. J. Neurosci 2007). Col-
laboration with Dr. Hirata at Kyushu University,
investigation on underlying mechanisms, including
neural activity and GABA 4 receptor associated
protein, are underway.

e. Presynaptic modulation of GABAergic



synapses
A rich array of developmental plasticity also seems
to occur at presynaptic sites. The Nabekura group
has made significant contributions in this research
area.

As mentioned above, BDNF rapidly modu-
lates GABAergic responses through a postsynap-
tic mechanism during the development of the
rat hippocampus. While a number of studies
have revealed rapid effects of BDNF on GABA4
receptor-mediated responses, the interactions be-
tween GABAp autoreceptors and BDNF are less
clear. The Nabekura group has recently demon-
strated that BDNF rapidly and reversibly oc-
cludes baclofen-induced suppression of GABA4
receptor-mediated transmissions in mature rat hip-
pocampal CA1 pyramidal neurons. In hippocam-
pal CA1l pyramidal neurons isolated from post-
natal day 7 rats, BDNF failed to occlude the
GABAp receptor-mediated inhibition of GABA
release. The effect of BDNF in mature neurons was
mediated via the activation of presynaptic TrkB re-
ceptor tyrosine kinases and subsequent activation
of phospholipase C and protein kinase C. These
results demonstrate a novel aspect of the role of
BDNF in the induction of developmental plastic-
ity of inhibitory transmissions in hippocampus and
pathophysiology of epilepsy (Mizoguchi et al., Eur
J Neurosci 24: 2135-2144, 2006).

B. New Research Direction

In addition to the plasticity of GABAergic and
glycinergic synapses in developmental and in re-
covery after injuries, Nabekura lab has initiated a
new direction of research using two-photon laser-
scanning microscopes. The research aim is the ex-
amination of structural remodeling and functional
integration of the cortex. The two-photon mi-
croscopy can be a powerful tool to visualize the
neuronal circuits and the fine structure of the cen-
tral nervous system in vivo. The Nabekura lab has
acquired a two photon microscope and set it up for

in vivo use in 2006. Because the system is unique,
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the set up itself requires various experiments. For
instance, they have developed four-direction head
fix bars to alleviate heartbeat and breathing of
mice. They also developed a thin skull method to
improve the resolution of signal and contrast. In
a short period, they have succeeded in overcoming
technical hurdles and is now acquiring images with
astonishing resolution from living animals. Below
are some of the recent results on remodeling of
cortical structures during development and after

neuronal damages.

a. Axonal structural plasticity of pyramidal
neurons and microglias in damaged cerebral
cortex of living mice

It has been shown that peripheral neuronal net-
works undergo characteristic structural remodeling
after injury. The Nabekura lab suspects that struc-
tural remodeling of the nervous system also takes
place in the central nervous system during recovery
after various neuronal damages. They also suspect
that the remodeling is similar to the developmen-
tal remodeling. In this year’ s Neuroscience meet-
ing, the Nabekura group demonstrated that the
appearance and disappearance of synaptic bouton-
like structures of cerebral pyramidal neurons in-
creased within 2 weeks and returned to the con-
trol level at 4 weeks after the ischemic damage of
mice cerebral cortex. Focal cell damage caused
by a laser also introduced a rapid change of pro-
cesses movementof microglias following the trans-
position of their cell bodies toward the damaged
cells (Wake et al., sfn abstr 2007). The study on
the microglia movements is expanding with incor-
poration of a new method to induce focal short
duration ischemia by occluding and reopening a
blood vessel by two laser beams. The prelimi-
nary results show very interesting movements of
microglia foot process toward synaptic boutons on
spines. It appears the glial processes are contact-
ing and testing synaptic sites to determine their
conditions. These are very interesting observations

that can be shown only using high-resolution two



photon microscopes.

b. Migration of cortical interneurons during
postnatal development

It has been known that most GABAergic in-
terneurons of the rodent cortex originate from
the ganglionic eminences. During perinatal days,
the interneurons migrate tangentially through
the marginal zone (MZ) as well as intermediate
zone/subventricular zone towards the cortex. Af-
ter reaching the cortex, they migrate into the
cortical plate and incorporate into the proper
laminar position. To visualize the movement of
the migrating interneurons in living intact im-
mature animal, Nabekura lab has developed in
vivo time-lapse imaging of mice GABA-positive in-
terneurons expressing Venus with two-photon mi-
croscopy. Immunohistochemical examination con-
firmed that over 97% GABA-positive interneurons
in the transgenic mice express Venus. For the first
time, the Nabekura lab has succeeded in visualiz-
ing the migration of GABAergic interneurons in
the MZ of a living animal. Interestingly, four-
dimensional reconstruction revealed that when an-
alyzed in a short segment of time, the direction
of movement of each interneuron is not unidirec-
tional. FEach cell moved to a certain direction
but the direction of each cell was not correlated
with direction of movement of others. Thus, each
cell must make zigzag movements before reach-
ing the cortical plate. This is a very interest-
ing observation that can also only be made only
by high-resolution two-photon microscopes. They
now have proof that two-photon microscopy is a
powerful tool for understanding neural activity in
the developing intact brain (Inada et al., sfn abstr

2007).

C. Research Productivity
Dr. Nabekura has published 23 papers in last
five years including 8 papers in 2007 alone. Some
of these publications are results of collaborative

studies with Kyushu University, his previous in-
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stitution, and other national and foreign institu-
tions. Many of these papers appeared in highly
regarded journals such as Nature, Neuroscience,
Journal of Neuroscience, and Journal of Neuro-
physiology. During my visit, I was introduced to
more exciting recent results by his group, indicat-
ing that mcu more will be accomplished and pub-

lications are soon to follow.

D. Laboratory staff and laboratory facilities:
Dr. Nabekura’s active and positive thinking at-
titude and logical manner of attacking scientific
questions appear to attract many excellent peo-
ple to join his laboratory. The graduate students,
fellows, and staff in the laboratory are highly mo-
tivated and very knowledgeable. During past four
years, already two staff members and 4 postdoc-
toral fellows took new positions in different re-
search institutions. Newly added staff include Dr.
Ishibashi, an associate professor since 2007. New
graduate students join the laboratory every year.
The high rate of staff turnover is a very good indi-
cation of successful laboratory education and man-
agement.

Overall, the facilities meet the present needs of
the projects being conducted. The laboratory in-
cludes 3 electrophysiology rooms equipped with 5
patch clamp electrophysiology rigs capable of mul-
tiple simultaneous recordings, a well-equipped tis-
sue culture room, and a molecular biology room.
Two two-photon microscopes for in vivo prepara-
tions and two other two-photon microscopes for
in vitro preparations are currently available. One
of the missions of the NIPS is to promote and
accept collaborative studies with other institutes.
Dr.

exciting collaborative study proposals using these

Nabekura is receiving a wide range of new

microscopes, and some collaborative studies have
been already initiated. I think that additional
institutional support of properly trained mainte-
nance staff and a computer programmer specializ-
ing in image analysis are required to expand fur-

ther collaborative studies using these two-photon



microscopes.
E. Summary

Dr.

tionally recognized senior neurobiologist, with an

Nabekura is a highly regarded and interna-

excellent track record of publications. The publi-
cation record as well as their future plans clearly
indicated to me that the Nabekura laboratory has

a clear research focus. The laboratory is very ac-
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tive, and the enthusiastic staff and students en-
joy their research. Their accomplishments are ev-
idenced by a large number of publications. In my
judgment, Nabekura laboratory deserves high ac-
colades. Finally, I would like to express my sincere
thanks for giving me the opportunity to write this
review. I have learned a lot about the developmen-

tal plasticity of nervous system.
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fbic & O MR LB T2 2 & 26 BT
L7z, 20, KCO2 EHHEOFHBUK T 29 2 D |
FEE R OMIEN Cl- IREDOH & 2 B, Zhut
b7 9 GABA Bt HBl4 2 2 L2@HE L Tw
%, %7, KCC2 Dl boyfiofehe LT, V¥
fE{t KCC2 % Lipid Raft T oligomer Z L 7 7
A —%fF>Tn5 T L, £z, C-terminal deletion
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TEE MTFRe (BLEZARZEFE )
mutant TIXFEEETH R & & HIC raft I BT 5 T
WRTZRE, AT 2872 L WHRZED
2h B, GBI MEAREEAORE, BXOY
VB KCC2 L DB AZH G T 5 2 L 2R L
VAR

% 7o GABA ZHAEOFEERLRERINIC B\ T, %)
i B2 iZ BDNF 25fifgiN PLCy 24 L T GABA4
ZHRE A2 NTEL S €, GABA tagz B
flFsztzHE LTS, £/, BDNF 2k 3%
GABA Z%&tk v ¥ 72 =v b ONLEICIZ PRIP
(PLC-related catalytically inactive protein) ¥
M55 LRhE, GABA ZEKOENREL fulC
EWADILFTIEZITo T\ b, FREIC X 2 KR
HOFHIICOWT, GABA ZEMADSHC b #iiRE
EVEBRER KT A 4 v F v 2oL BEag il B3
%431 T& % Neuronal Ca?t sensorl 23EEEIC X D
HOZORBEML ., Ml ziH L <nws e
T EERVR G EE 2 L Tw B,

MHERREENEORERN Y F VT

Y e R RN E TOVRIEE DA 2o 7 0 ISR D 3
T 2 PIHIERIRE R O F 28I D » T, Rl
H2 6 oG iE#z NE TGS S 4Mll A4 Y — 7
BB 2 2 MG A BRI E R CHERHL, 20
FEEDIEN 2B I ho T 5, FEHTRERE
LT, 2oty F 7 2IcB VT, EEWE A
DIEIAD GABA 226 7 ) S U NEFERA v F T
22 LEREL TS, EVEARLR > F 7
AREKRNTEALT 2 W& 13 PR Tz 5 £ T
7K, Bl R FENETE DR T H 1 BRI Bk
W, BT, 2 ClIT F e 22O T 2 EEYEM
TAAL v FRIBHHIZOWT, 7V v Uy ZER
IS IEFEDHER S T LA GABA g &
WHEH LTzt T3, Z08EE, GABAg %
BEAKRSEEYWE D GABA 567 ) ¥ v ~D A
A v F EFRSHICHEENRT 2 2 L 2IERL T 5,
BITE, SO HRIC GABA ZEEBFHEBLL TWw 2
HiEizoWwT, GABA-R1 %+ 72=v F KO w7



AW ZIT>TE D, YD GABA %
A I ) 1 [ 3 oD DRI 5 e M B TR SR D 5
BLZEMICBEEG L TR 2R TV 5, 5%, [
0] % 2SBE 9 2 IR E A DT B R Z A A bR T
AFRAEIN R BT 2R L 72w,

F 7o, FEIHIERE RIS 2 RERL 7 L &
SUMBZAEEOIEICHECNA TSI E WG L.,
GABAp ZAMIHERE X O ORH O 7Y > v
NMEEWEOFGELRE Ebic, FREME VS S
A IV THPEEGER T O o [ ED D v
BEREIRIIE I FE & & D ITTEIR S LT v iR & Bls
LT3 2 & IFEREE D,

LN FRIE%Z R U 72 BME B O £ ARER

MEHZOMEETIZ, ThEFTENFNDORH
WRHNEG L7z 7 VEND 545 6 117z in vitro LA %
HOTHET L TETW» 5203, FiER X OEENE L
V) BIIINZ O RE N 2 i, AR TofRm
BEBANRTH B, 2D, 2006 Fic, %7
Jihd i 2 Ao 7 AR B T BER B > R 7 L DRESEIC
BT LI, Z20%, V=¥ —N¥RE L O EREHY
NDOEEEREOEMBEB 2T, HEURE L LD
H MR IE 2 5> 27 52D FIFTw3, BifE,
s E S X AL ) LR AHEE b7
ARG B SR DA B ME LA B 29 & &b,
WL OPDOMEREEZZETL w5, —DDHET
b5 "EEROY F 7 AEED Y €TV v 7 IH
LCid, L=y —2HRINERE L Hasbe,
FEEREIR O > 7 ARG RS 2l 7 D S
Bl - HREBDEL, 20BLENT 2L 2B
LTw3%, £7. Iba-1 GFP =7 2 & Thyl GFP =
JAEREI T AICBWT, 37n7Y 7tk
I AEBEEHS I LOOH B, IEFIREETIE,
ks 7m0 7k F 7 AR R S AL O —E IR
[ CHefil 2 4 0 3R 93, B2 1 I3 B MlIRE ] DS T e
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FICHIIN S % 72 CEBEORERBE N T0D, £
7o BT BUER BN O A BB Y ~ 3t FH B AT T &
AT L TIT o T 2 TR BT 2 KIN B #E
HOGABA= 2—10vDlE#ERLE, ITO\WT, M
EEXOHEMZ ED in vivo 1281 3 AR IER 25
D0H 5, BEIE, BIHA X =2 v JEfio%E -
Bl L —BYE LB Th D . SHBAIMEE o H]
HREE - TP IC O W T T — < 2 Ko THEPICAT
I EERMRET 5, JLFFEHERE L L CoEl L L
T, BB 2% FE T 2 B OIEV M (EEH)
L2 B OBINIBEMEE (A 74 A - BH) ZH»T,
flBERE 2> & MifERLE - Z DD EH» S D% L Dt
FFZE %2 Z T AT 2, RAEED S A B o 1
LSS & LT, B 2 REPABERY & o LM%
BHRETLLOEEDbNDS, 5. XL IiLED
TEIREENICHRT 2 L Bbh, S ZED &
ZBNMDER S GO LRANEENS,

HIE & A8
WAEHZIE, ERARIE L L CoREREZ b
EV) R EL L (A hX Y YT R
A5, ZOMERERICKEYE, IRLOB E D%
MBI 22 LoBlE»r o v P RET, FE
WA B 2 PNTESE Y E A~ DISE DI okt 2
SMSHRIEN SR T 2 2 LR RBL, 20X h=
AL DT LNV DRHN &R o fe—HOWFE R
(&, REF AR ETE, LRI R E L Tw»
% LSRR S itz MNHIMEASEYE ~ D IBEED
ZAiE, Bk = 2 —nu v FiEPEG%OBEKIEIC
BOTHERETVWEIEBRRINTEY ., SHBHR
FOFEEZITE T 2 BN ZMRICE LT LD
TREBAVAZ P 2FOTH S H, hfEHAEOH
S L O &, SHROEMRVICHIRET
E2HbDEEZ S,



3.3 ERAZF A FRE #HR

ERIER R RERTPI O FH

AR TEH PR RE F R S M I L S A 208 2003 4F 11
HICHEML TR E D . BIE £ T 4 RIS L 72
LIATH B, MEEFIIETEER S IS Of%
Z kit L. PIREIN TR R HIHI R L e 22
fLICHRZ BT ZIT>TE R, ZoTh, T
RIEEVWEORERL v F 7 I FHRICED
WK D Y ' T v 2R D BFZE (At 1 S
D WIAIN 2 Th B, . > 7 ABRMN
D GABA ZHEMEIBEDZAIZDWTIE, Z DHERED
FAF Iy 2 BN ES S THIA Clm BEOZE
ficiEE L. MilaA Ol IREFEi S 1. A TuHE
FEUELDOFE L v KCC2 IzowT, HMagktEs X O
TSRS % A EI B X O TN T % o
TENTL T 5, FEEMOMIEHIMEY - 7 A2k e &
bz, FA - BHEICE O TRBBREEOTHELE X 0%
I E BRI L 7B D IR I L3 ATRETEIC D W» T
b, Wl EEZ RLICREF LTE R, TNETD
in vitro R COMIERIMZ, FiE - FHERIE Z %
ZAL% AR TR T B 7201z, 2006 £ 5 2 T
AEIC & % in vivo BIZEs 2 T L DORESEZ BAIA. Biffi
KRERQTEMALL, EERICE T 2 R0 O
BE X OEEALOBIREZIEFICED T2, AH
(&, 2004 4F 4 HICET L 2R #dz, misA
hFHs, BRSO - 5 L. 2007 4 1 H2 6 Gl
WS T 2708, RS v 7D AN 2D
AT bNTw 5,

DIz, e + 7 RIcB T 2 FELLE 26T
Jile v 2 o 7o AR IR G BLZE 0 Z L Lz D
TIHERDL 2 EELT 5,

1. IEIEY > PR ICE T BRES
HIRIPEIIES € 70 & LT, S kIR T 5 2 4
b Y — 7RI AT 3 IS 7 2 % (T L
w3, ZOEFVHEIEABED 5O AS R b
B E LT, SIS A N 2 AT (NMTB) 2>
SIRAINCIZ TV Y ANELTRI TS, 2D
7. KEMOEE) £ 7Y v S HMEECTH S
F 7 RGEED 2 I X | IS 7 A
) % 28 R AR I 12 S T B 7 B T 5 %

-
—
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DINFIVERIEE I & W TEEWE B KD GABA 226 7
VO UANFEEAAL v F T 5 LR, PR TR
HTHEL TS, Zhid, ThETEHL ORED
b b XEMEDFEELA, BEWE ORI O ZAY.,
BLUOYF 7 2BRER DY F 7 A KD ZAL
L SHT I B FEE LD A T T —THH, 2D
#. % { DN CTIREDED AL v FENOWFEE
POBEINDIHBEREHEA VNI P2 EZ2TET,
BIE, M IS B W TR GABAp A MBI
HL. $#WIcE 1) 5 GABA 63% - GABAp 2%
HHRBOER LW T 270, GABAg Z&IE/ v
277 b AZHOTHENZEIR>TWw5, [
27T YT R b S E N L O
SEMOMWEIEFL T2 2RIl GABAg
RO RS FEICB ) 2 BEEZRR L2206
%, ., RAMGEEERICB T 2REE LY v
M ERDFEEWH AR D ML TEH | HEEM L »
GRS A S RO S B MEKICE VT, b
ER o RO ZEYEZERONE, H
IZiE, GABA 25O D & D &7 o ARE
NEZET BT LTk D 2 ORI AR RE
D7 DR R EOEASEE 2R TEL I LI
RS g, S8, HikicB T 2178 L oXt
JIBEMET 5 2 ERWIREL 2w, v T ABMIED
GABA /7' ¥ V& DFEZAIC D W TN
Cl™ EEZLIcHERHLTWw3, GABA /27 )ik
Clm Fx 2N %2570, MW Cl- #EE
iz Z DB S A F 2 v 7 B %R 52 5, FRIC,
RN C 1 -k A7 L3 T Th % KCC2 DEEBEDF
WM 2 2 Lix, I E CRMEE R &2 oW
STV 223, MAT, BHFKIZIZ KCC2 DfilY v
fafhic X 2l & DNk, Z0BOEHBEKED
HRICE > TKCC2 BEREM RN E Z D, Z DFEHE,
GABA 13508 & Ak BN % TR T2 2 L%
Ao LTWw3, 512, KCC2 D FH Iz,
20V UBLEVEY RS 7 MBS 7 A5 Y
VIPMETHBILEHLPIILDDH B, Sk,
KCC2 D7 524 v 7B 2 MlENiEaERD
FER EHE2MEE2 B 49 & &b, AHEYER



HMBICOWT, HIEEREEZLOMRIHICSL - 7 %8 %
19 2 LifsEng,

2007 4E 1 BICHET L 22 ilGHESEzIx . AR shizm
fao 2 HEHEE X BBy F7 7 v kR
EERHAWT, in vitro LB 3 F 7 ABEEE LU
HHA A v F v 2R~ OF i EH W7 7
0—F %275 T3, HELTHB ZRWA, BIE, if
REDAAL VT —2D—D2ThHtrnd TGABA &7V
SVDIBEMEDAA v F T DBEFRICHDE AN
ZALE LT, BRNDISEYE R E R EEREIC D
W 24T, fREERIC BT 2 MG S E
(GABA BXU0 7Yy v) OIREOFHEVIH | v
FETELT IV IR I RATH> Tz ONT
Fr Ly PRT>TED, WO DB T
fiRzHL T3,

2. ZHFMEREZ AW CAERHIEESEHR

2 YeF bR & R U 72 AR B A i i % 1
R L 7e> 2 7 LR 2 . BARUHERIR & 3L[H T 2006
IO, A L—RICKEEI L T3, 208, &
BEERBOURE LV EROUBREZTTH, Z
D VR 1 O BIER BT 3L 72 D D ZFERR L T
W3, . FH—BIC BT B ARG o &
DR USSR oW R I, BIfE 1 » HM Eo
Zxa—uEtkoTw3, MrAFa%2HML
7BfEOWIEHE L LT, THEICE T 5 GABA
HiaDBHE)) & kO TREROMFERIFT D2, O
WosER>2H %, THEHICE T 2 GABA #illdo
BE icowTiE, iRy 2B TERE oA
B2 B k9 720, BIZEENL OB L 2 v
PRV EBIRZDHERESRT = v N—DIEE
MEICE 2%, VGAT-GFP =7 2128 W TKIK
B8 GABA =2 —u v DilsEDBZEIC RN L, BH)
DOFMEELXCEERE, ZNETOD in vitro 128
A LR AR IBTNE, £, 7L
LTI PIMERRETH 555, S, HTHIcEIT 2%
TR E R EBRROMENL 2B I ko7 2 &I X
ns,

SRR L 941 2H1H  Wigs BB
KRB R R R TR v ¥ —H2
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MEE % DR 02 ) IK2wTld, ZofE
BtA#E. WHERL 7V 7P v BX R YAG L —¥—
B IS & 2 A PHEZE — PRSI E 7 VR IREI O fiE N7
2TV, LE L M ZEE T LB ORISR L
TWwW3, ZOETIVIC 2 KT EEM A2 M L. K
T FE R % o0 I N R 3 & OV Rl A e i o0 A (R 1
AA=Pv T %EIE>TWw5, BRI, EE
% 2 HEC b 7 ) EERER 7 — b RGO F8 B -
MRV EFTY v 7P 2R 2 RB T 2GR %
T2, 8B, > F7ABBETH L AL v E
DRIGZ RS 2 2 EBWIREI NG, AT, P
X DEM LIS 2 702 7 OEENBIRED
MEBIk->Tw3, ZOHT, SETHEAHT
botELRED 2 7 7)) FokElicowT, %
DIRHERE L > F 7 ADOEZ G T 57201,
7a 27 ) 712 GFP 3%BLL T\ 3 Tbal-GFP =%
A & KB E SRR I GFP 2% B L T\ % thyl
GFP v 7 A% RIS ¢ -2 E L. KRIKEE >
FTRAINTEI7u ) TORREOT Fu—F %
PRFIICEBIETE 2 R %M L7z, ZHUc kb,
L2 7u 7Y 7oEfEE >+ 7 2ADRE LY O TH
5D DD H B, IR IR % M A
by, BERICIZ, 2707703 F 7RAICNT
% PRI S IR ICIE R §7 2 & & 7 & 8% o Billik
HEOEREPGOoNO0H %, 5%, ¥ FTADYE
TN TE I 7u ) 7oREREICONT,
W p MR RN A . 156 402 Firc 22 50 W& B GR
XELTHETS Z eI N %,

CORRIC, BAREE R IR Tl BIE s
F T AEEDFEEZ in vitro MOV, in vivo DI
BWTED 2 AN RIS TH D, oot
HBE2Y—FT3H%E%2{T> T3, in vivo £ X —%
Y, MBI R TH F2BHMICH D, £ D
TRE PRI 38 % e L 72 FdUE 72 & 28\, 2 DRk 72 B
DWW DI S 2T, 58I, in vitro D FEERIE
& in vitro DL X D ELG 3. kD ol -
DT ETOTXTOREEICIE 2 WHZEH IR 1T 2
LRI NS,
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BHMRZOERFEDFEAR
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HETRE DIRE

APAIFEIT IR, BB - MR ORIRICE T B
RS GIFE BRI B VT BUNISR T X 9 IR
FHTE 2 R L. FREREGIC X D AL 2 T o)
R DFERE MR I KIMBCE D3R C B G 5 2 & 23
R 25 DUERRZ &1 7,

(1) BEDFOEBEEZOEE - FIIXANZXLD
fiz A

BAKAAERESE VSP 23t X b BEETE kDS I
7952, BEOEMMKAET v 2L OB R
EHSEOBMOEET S 2 L2 RV L7 (Murata
& Okamura, J Physiol),

KCNQ F ¥ # NV OEEN & v — DB & 25, 41
H72=y F KCNQIZLD, HEINE I L2HS
2 L 7% (Nakajo & Kubo, J Gen Physiol).

(2) ERIEFB VRS & IR B IRILIERLE O #EET

Btk v —7 =4 v F v 2OVIREAIC & 2 il
MR, BEEHERICE T M= —a D2
0=y ZDOFEHFICHG T L 2O »IC L
(Inoue & Okada, J Neurosci),

MR T v 7V TRPV4 2335 5 AT e 1 o
BLU O M CES IS L, i o il
PEICBIS 45 2 L 26212 L% (Shibasaki et al.,
J Neurosci),

REREZR I D 52 TRPAL O# 7z GG
W% 6212 L 7% (Dai et al., J Clin Invest),

L 7'F v 08 AMP ¥ F — ¥ OflNIETE 2 211 S
BT Lo TXOfFfZGIERIT I L, WD
22 D THIEZIA S 22 L 72 (Suzuki et al., Mol
Cell Blol),

FRAE IS B R F Dmbx1 ASEXEEIC 8\ C—i ik
FBLT 5 2 LR EROBRERMICHHATHS 2 &
ZH 5 H 2 L7 (Fujimoto et al., Proc Natl Acad
Sci USA),

HESE RS AZ 12 B W CEUEE TE AT X 2 il A
1 DGR D FEEZALZ W] S 512 L 72 (Nishimaki
et al., Eur J Neurosci),

SDS #fGEIW L 7Y AR I X D A 7
AIZE T 5 AMPA ZEFROB EFELEZJE L 72
(Masugi-Tokita et al., J Neurosci),
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(3) FRATTENEREDAREA

KIMFIEERL D ) LR BEERDFEGNGE 23, GABA,
TN IV, kn bR EICXDPEII D R
A=A L% S L 72 (Tachibana et al., Eur J
Neurosci),

RE M2 & i otk fE= 2 —a v
D GABA {EEIEIIHIVER S 291 S 21 L RIM
FEEM DO L IHEREZ $218 L 72 (Kaneda et al., J
Neurosci),

BB ARl & B L LTI L 2 LItk B
FHROKMEESGEEORIEEMZ, PET A X —Y v
7% TN L, BE I TFoRHlo—X
SHENEY DHRAR U 7= B & g 1 oD S 58l i g REAH 8 203 ]
BIcFHE 3% 2 L% 6212 L% (Nishimura et al.,
Science)o
(4) & D BERBANITEMEEORERA

FEEEDOR AR TIE 7 S Z ) iz L& L
% LA DIAFE 2 FERE I L IR iR 2 H
WIS L, HHRIEL B2 & O E AN KA e kAL
DML . TLDREA ) DAL DA & D
A2 8 29 2 & 2B 52 L7 (Ogino et al.,
Cereb Corter),

WHasazr—sarziELotTaiath
DHME L LT o H LR & B LA o rhig i 2 1Y
5HZ L7 (Morita et al., J Cogn Neurosci),

(5) FRTTRY - D FHREA A —I VT EDRFE

MAZEBEFEMEIC LD, 2V FHA P =2 2D
BB AR ICEHE A Y v — BRI I EE O F
D IAGHERG 2 EEMER E LR 2 eI L7
(Shimada et al., Cell),

B M EE (Imaging mass spectrometry) 12X D
LIk D REE DIFE - 8 7T D 734G %2 7 B [H
Bib$ % LHE L 725 7% (Shimma et al., Anal
Chem)o
(6) B FEEBMIEREIM DR

RN PRAF U 7o RS RZ RS 2 F o COR M Ia L iy
BRBE S & B EEAF NS EE) L 72 (Hochi et al.,
Mol Reprod Dev),



1 DFEEMER
11 #EEEER T IR

=

MR R TR TR, A A v F e 2L, X
R, G ERHF OIS LR ICBIT 2 Wtz RHH
LTw3, BRI, (1) BEEM e v — 2Rk
v ATP ZEET v 1OV DOIRERL & ATP JRIEICHKA
27— MERoBNT. (2) RNV I Vg
BROBIKGEZLE > 7 ) v 7O, B &
O, GABAp ZAEMR L D F2AIT X 2 HEREEH D
fEtt, (3) KCNQ Kt 7 v % v o HEReFHitkRs & 1
EHREHE, (4) WEAAEBMlEDE—2 —HEA 7L
A F v DHFREERENT, & X OO0 FEEERDRZE,
(5) MIBEME IcFBLT 240 7 = 4 VREGDT TR
%E. (6) /M lobule 10 IZB W TRENICR SN 5>
T 7 AEROMENTE % - 2B E L, BN
77a—FITE DT EED T 5, 2007 FFICFEL
L7:5mX D) 6REN LS D, Nakajo K & Kubo Y
(2007) KCNE1 and KCNES3 stabilize and/or slow
voltage sensing S4 segment of KCNQ1 channel. J
Gen Physiol 130:269-281. D N&E % LT ICHNT %,

KONQL B MEREEA VT LF > 2VD o Y7
2=y bZa—FL, AEIRCEROFNER & L
THAILNT WS, KONQl Dr=— 7 W EE L
T, HFIRT 2 39 72=v b KCNE OffifHIc X -
THEROWEPFE L (LT 22 B Fons,
D TiE KCNE1 (KCNQ1 & FR I AR D R E
BRT) LEEHZREL TIKs &WEN 2361 -
ATEHEALDYE L CEVWER 2 Hv, 158 Tl KCNE3
AR > THIFIREBO A Y 7 L F ¥ 2L %
WY %, AWFZETI1E KCNQL F v 2L D&M £ v
P—F AL VIZiEH L, KCNE %7 2=y 2387
VY — OB EICG Z BB RN T, WG, 9
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b bEME VY =208 “up state” IZH B & Z DA
JafEA B T 28 Ch % 226 FHD 7 7 =i
S AFA VEREEAL (A226C). AT A VIR
ZEfi 2 MTS 3z fiflast & O #5451 T, 20
FFEE % S5 KONQL Offi v F— F AL v D
BE 2%, ZOfEHE, KCNEL f#£1E T Tld MTS
Ik B EMIEEDR 13 5B k3 2 EBHe M E
#%ot, Z4UIH LT KCNE3 & KCNQ1 oAk
TIHBHIEE S EE IR L e o 7o, DLEDKS
Hix KCNE1 28 KCNQ1 oM+ > ¥ —% “down
state” 12, KCNE3 28 “up state” I # N ZF ek
LTWw3ZEERBELTND,

KCNQ1

A 300 ms
v 30ms Qﬁ

1 mM MTSES

KCNQ1+KCNE1
0 3s
40 300 ms
v 30ms TIITHIL
ome

H}}ﬂ&mﬂrfmm

current (uA)

instantaneous current (uA)

1 mM MTSES

0 100
time (s)

200 300 0 100

time (s)

KCNQ1+KCNE3

K OFHH: (E)MTSES #4512 X 2 KCNQI1 o i
HEEICH T 5 KCNEL offfl, 7228 KCNQL D&, £
KCNQ1 & KCNE1 o# AT, 30 ms, 300 ms, 3 s Dt
ROV A% 5.7 7B MTSES #:5.12 & 2 EiiER o
757, FUESOBigH L 2 THRZEA&, KCNEL
T CIRHMBHMEEINEC > T3, (F) KCNEL &
KCNQ1 o#fiit 9 —% “down state” i, KCNE3 1%
“up state” IZZNZFNLENT %,

200 300

KCNQ1+KCNE1

+ + ++

t + ++
+ + ++
+ + ++



1.2 TR FTERRT

IHFLEEMRE R O FE A - b, RRICRPRE LRI (b

ferEfiia) 2002 RO B 2 MIIRE (PR,
TALRHA F FYITTFTRaYA L) ok
LTl 22 TR L Tw 3, WTE, RAMNIZ Y
PFEERA IS L. phitfiie 2z A g 22
TEIENHENEL ST, TORANICTET 2
WA DR RS IC O W T O L T B, F 72,
135 7B L I B I ERIRTFZE ~ D S5 % 151
Wi AN Do, REOMITICHLE L Tw3, £
T HEEVERE S OMITE 2 BT L. Z OEFENE
FIZOWLTHE L T3,
1) fpiREEE O R4 - WFLERN I B e
DIEL TL 20 FBEMOBNTZ2IT>o w5, Bl
WD & BT Tl 258 3 2 HBERE L O
B2 D) v 7 7% h=ey 2% M, geml /2 BIETO
Bz ThTd %,

WHFLENGC B o TR s LT 201
RO 2 fT-o T3, BifR2 S BE T cASy
fLrbrearml e 2 Bl L, ehieirmtia~ & FE T 2 E
BZREFE L 0T, Z0R%E v TR LR
a2 & s~ O 7 (LR Cive T 238 E
TR LU, ZDHEH. glial cells missing (gem)
RT3 2 DBRPE IR E & H 2 4H > T 5 afRglE
WRBRIN, Geml BX K gem2 D/ v 777 bk
v A&, geml /2R ORH % X & (@
TH 5,

2) RIREIE RO MY NN o Mg sk
% HlH 3 2 5K 1 Olig2 % FI ¥ 2 Mo (b ks
Mz, X2 7 = VFEER CreloxP %%z T
fEtt LT\ %, 2R, A ok
Olig2 # % ¥ 7 2 il —ixa ) MEHME= 2 —
oAb 2 E RS IC LT, FRIICIRAEL
T GABAergic =2 —u0 ¥ DWT7AbBa¥A b
WKt d2 2 LB RVILTED, 36Tz
T Tw3,

3) R B AL D FIEHERS R IS I bk
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% = 2 —n v FiEHIIE A BT mc B E§ 5 g
netrinl 25FERMEI/FHT 2 2 L 2T L7, il
R & HIEEE) & D3RRI I S e T 2 AR
PR I iz,

4) BAERIC & 1T B R e i OMEREE 82 b L
A RS AR 5T T 0 Mt i i o HE 15 B A 2 i
322 Lickd, RAERK BT 2 mEEMED 7
ER#F 2 PR T 5, Nestin promoter/enhancer-
CreER 7T FI7H A 7V VT AT L2 H0ENTF v
AV zZy 7= AZERL . thRtEriiig O B RE e
Y OTEZELDIENT 21T > T 5,

5) BiBEtERE DRI | ZFMEREIE (MS) 7 £ Dbl
PERBICB LTI OHEARDIKE RIETH
%, UWIEECERL 2 plp WEIFHB > 21k, JE
WIZRWMS EFLVYTATHE, ZDTTADW
BBfhrick b, 27u 7)) 7ol RSE EART
LAY FUFRFEBTSLIICHBI L, K
B O S N2 I3 Z DR ED 5 %55
IEBlgEIN, Dol Ers, I 7 m
7)) 7 IS AR R RO 2B R R Bl 2 T o T
WBIEBHSD LT,

6) PANOYA N ORI 7 ALY A b ESE
MNCHERE S 205 & LTT L 3 v 8 —ih o i
T3, WEEEERL 72 7L~ 7 2 % 3R T
L7z & 25, MIMEBM % El3fR7-Tw 5208, A
VB GIC X DRI N EEOBIEIME o
TWBZEVHehERS7, L L, fhoFaf
FRERIFBEE SN o T,

7) BN D FESEERAT | VK 18 AEEE F CICHE R BN
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AR TIVAR=IRL LTI —D@EDHEET 5,
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Z N 5 2 L DYRIBE 2 pHRE LR O BORR L — L & R
KL, ZOkAlE, WO & HHEHAGD E 5
TR 22 7 4 — B 7 4 7 — NP0 a] % < pR ] g
THDI eV, ZOMEENBRELAREICE W
T, b LRI EI G ML T dH % fast-spiking
(FS) MfaAsBioy i L T Lea, A D IH8 X
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Miki K, Watanabe S, Honda Y, Nakamura
M, Kakigi R (2007) Effects of face contour and
features on early occipitotemporal activity when

viewing eye movement. Neurolmage 35:1624-1635.
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X9 7% in vivo EERTIE, B D & A 7L EEIERAL
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2, KPS DS DITIZ VGLUT2 BRBL T3, Sk
R EEME DS 78 4 7RO 2 84 v i GABA
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Morita T, Itakura S, Saito DN, Nakashita S,
Harada T, Kochiyama T, Sadato N (in press)
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Evaluation of the Face: A Functional Magnetic

o

lEply

Resonance Imaging Study. J Cogn Neurosci.

b M URPEEIC RS E, B A0 R
TZNBHTTH S Z LIZRML. Wb HOH
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T 2 HAH - 2 MRE N R B & 2 O T IR D%
DIEREAREREREIC OV TR Z T > T 5, RFICH]
FHIZOoWTIE, = A 7 P& AGT, L LT
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1. Nishimura Y, Onoe T, Morichika Y,
Perfiliev S, Tsukada H, Isa T (2007) Time-
dependent central compensatory mechanism of fin-
ger dexterity after spinal-cord injury. Science 318:
1150-1155.
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2. Lee PH, Sooksawate T, Yanagawa Y, Isa
K, Isa T, Hall WC (2007) Identity of a pathway
for saccadic suppression. Proc Natl Acad Sci USA
104: 6824-6827.

AWFICB VT, A1 EED S DY v 7 — FifH)
EROMNET® 2 R ICEET 2 1= 2 —
0 v DNERE, TR O BT R GUR ~ D Bl 2 JH]
T5ZEDPHS DI L, £ Sooksawate, fHES
ELOHN S IC Xk > TR S 7z, GABA fE#hik = 2 —
v v 2t GFP 4% %4 % GAD67T GFP /v 7 A &~
RYAD EREDRA T A AERZ ML, hREEICE
VT GABA itk = 2 — v v 5 6 & — Lk Ll
Zi7wv, MWL A4 FrzEAL, MMildo
JBREZEITLIE A, ~Hio=2—1 v iFREIC
TR EZ A L, 22 CTHRIELTWw3 2 L2
52 L7, 22T Lee & Hall 3D =2 —1
v Ok LIBBIRERZ - F Ly S v
MOV —F =Kk 277 =Y v JHRIc k> T
R, B L7z 25, 20O ERE



ICEWT, BBzt L, SRR UK N85
T 52 EDHIS N TV S wide field vertical cell 128
VT GABA 4 ZBERZ2 AT 2 WfilE S+ 7 A @Eifias
i, Lo L—7, s F 7 28R
EAEBIZEI N o, TOL)ICL TSN
7R FRE R VB S BE BRI & SRR
DO RO ABRDOEICL > T, IhZE
TS Thd - 7 B & W i~

131

DOMHIERERE 2 W10 TR I N, vy 7r—F
BATHICHENE I U 2 Mk o) & ORI RIEAS S
SIZY Yy 7 —FEFEHKT LI L3RV, A%
DX % Ty — FEL A3, SEZ IR AN
74— RNy 7RI X - THRTE AT % Hele ]
DEBETIHIT 2 2 EIc k> THEINTWDE I L
ZECTABRTLHD0TH S



6.2 EREEHAERERENITERM

WP Tk, FOEME X CEERIENICE T 2
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ZIFoTWw3, AEEIRTICLTO 2HH ZH DI
2 HEE L 72,

1. PR B RE D R B X O FEEIC X B
ZAt, GABA 8 XU > AEBIER#E O F
B DT FR R R T o FEE M, B
X IR 7 v — v A4 A v FRETRERE O FEE -
FEEIC X 221 & BERE A BLERAS

. BT ISR % I\ 7 in vivo 4 X =Y v Tk
Ik B FEE - REREICE D &) RIKEE IR
AL DOBIZE,
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JEEAA, & X OHIHMEA &R I IE GABA %
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U EMGIT 5, ZoMflidsEE Ebic, &
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DR 2R 2 2 L35 2 5% (Nishimaki
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5707 5—7a— VK (KCC2, flEN
ra—nAF L AMLTT) &, BE. BIEA B
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2. ZHFEHIREZRA LV in vivo 1 X—I YV TIEIC
LBHE - BEOEICE SIS KMKRERKEE{LD

P d
as

EHNE R R AV L —F — 2 L 2%
KAk & AR ICEM LT, EE 2T ADMA
ARG B X OIS B OBk 2 L L 7., X5
2. L—Y =g, EEARORER, L—HF—EHA
DI-ODER= Y APWEFT Y75 —DRRZIT O,
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IR F > OFEER
JERMIIEELE SV E Y TH BT T4 KRR T F D3,
FBURT I %2 JIE LT AMPK Z 3L |
BREZEIV S22 LE2HL2IZ L7 (Kubota N
et al. Cell Metabolism 6:1-14, 207),

4. BREAHTHERBREEKORZELCRIFIIGERTF
Dmbx1 OFAEIER

AgRP 1, B2 EIICRET 2 FURTH g~
79 FTH 5, AgRP DEAEFHIREZIER
AEB) S % 7291213, G R T Dmbx1 23a4E M1
R IC BTl RIS B T 5 2 EBBHATH S
EZ ML 7%, (Fujimoto W et al. Proc Natl Acad
Sci USA 104:15514-15519, 2007).
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WL CHIN DTS LITNOIIRH & oL EFFFE
WHIfTbNTW2, £/, LYy —TRFNDIHE
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HOWMR T —~ 25, DTD X ) RiFRIGEN T
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e I A T AR (H-1250M 2 5 %A 1,000 k V)

Z, BAISTHES HICEALCHE 1L ALY 2hz
Mo T oIEFEFHFEBRSBB SN T\» 5, PR 19 45
JEE 13 A6 R R BRI 2% 26 SEHIC A7 2 Tk
%, AWFFEHT O B O R & 20> L 72 s T
HORNGITH L T2E (AEZEL) 20 bHE1H
b, REEE, PRERO 14202 a6 13 3
EPFRIRENTw2d, 2095 583, &E, kE
DIED & OWFZEE 2 K £ 7 3L AR H & T
HETHD, ZNETNORFICHIET 2 BRSO RE
& A FAETFAEIT I3 AR SR I E 2 A TV B, T
5id. EOAYERE ORI & 3 RICHENT DS
DETH 2, HETEEFHEEEE I, LitokH
I SBREHE 2 320§ 2 & bic, Tho Dz
WA BRI E DR L OBHFE, EEeE
7 v P B T RS 1 B T B SRR ILEE T — & D iR
B & OV AN R T IR O B 2 LD
HATHS, BFRIES 774 =2k 2 FEICIE
UCSD-NCMIR 12 & 2 fiE kO an 7 FRKCTHFE
N7 IMOD 7'u 7 7 L TOREERZ W THEITZED
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T, HEEE, FUBHZE T 10-6 Pa B O HE22
Db i, 0B ) BESGE % w2203

5, HOMREZ > TLEICHEEINTE D, 11
HOR T, SEEIEIERMAER L LT5 ok
SO RE I NLT W %

MG EEAETRERETFICLS XA/ 2
v — & L TO/NGE LRI RSB 9 2
WH7E) 3L T 5, SEEIR, NERE LB T##E
HELEMI O HRTR 7 4 7 A ¥ b OFBDS crypt-villus
axis ICIH> CTERE-STVWBER I EET4 XA VF v, T
A & v, a-smooth muscle actin % ED €T/ 7
u—F ke R Y 7 u—FudifkE e TS 2
Izl 7%,
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W TEES AT L 2 NEEIC R T 4 26
BEEL VTS 2 2 L2 HIE L T, YL DfikiE
B2 KINEE 7 4 — )V FENLREERIE S by i 1 Wi e i
Wk EHOWTHEN T 282 7T> T3, 20—
DRTHEHEE Y — ¥ G IOV TOMETH B, ¥ —
8 JEB RIS T O phFE TG B 12 % FE S AR 2R DL T BLEE
INb, WA DHFIEATITT, ZOMBEEH DR
FEMNICHBETEZ 2R CIERY, ZRTHEl
EEFTIEL DB NI, ¥ —FHEETOM
RIEHDH 2O DML FREWIc BT TR,
£ TERAL P TEE 2ELEBRLTVWEL LWL
EWRBINTE, b FORIHERICHZEIN
% > — % % Frontal midline theta (Fm > — %) i
EMpEn, MEESES) 2ERINARITTLIFL
g INS, Fm > —7HiE TR » TEE %2
GUMOIEEERN 2 X H = X LICEBRL TS EE L
S, ZDFEEFIECHERA D =X Lk LMY
M7 EBOMHNIFINE LA THS, Lo L,
EFENRELTZENS ZM@HT 2 2 L3, REN
REBEPRS NIRWTTL2FHFINE VLD,
M CHEETH 2 LEZ NS, LFRETIE
DOEHEEERT B0, FILICEITE Fm >y —%
WDEFNVOEREZRAZ, FLDEFILEHIUL,
Hi—ff Gl oL, Mg, BRI, Y
Be 59287 L4 O F k& e 0E 235
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2056 TH5, LT, EEFREZ T ) YL OH{IE
HiEF (9 B7) EHIHPREY (32 %F) OKRMNECE 7 4 —
IV REMICED 5N LRI GRY — 7z, ZDR
BHGAG, ZEE AR, BRI BRER 6. e b
D Fm ¥ —FIHE EEZTHER I L2 R
L7z (Tsujimoto et al, 2006), ¥ LD Z D & HHIK
L SBICHRE L TR 250 ICHBY U TR AT IR ZS
BERTRMEEHIE E b —FT % (Tsujimoto et
al, 2000), Z OB NEE, P TEE ov
AT LICBERL T2 LRIRL TG R, BRI,
ZDOYILDEFNEZMANT, ¥ — % FAEEEE T
FERIMH BRI O W T2 D Tw 3,

7.3 EEKBERERE

WE L, 2 T HAMEEE & AR BAHIZEITIN O Ak
EREITHa vy Ea =22 27 4, IIAE®RSE Y b
7 — 7 OMEFFEREZ NS T 2 2 ENMEHBTH D, 2
ST EMER . B 7 2 AT B SR AR A
7 2 D PV AL —— S A — T 2
JL—%— L—F—E—L0hEEE, K0T v —
THIEEE OB A 2T 72, SCRRIEE BRI e
FHB B BHA BN IR B RS PE 22 dE [ o — XA ) R —
va vEFEREOTEEZZT . EWIEE in vivo 4 X —
OV RIESIRL 2 A BEMEE S R T L & AR AR EE
REFEIEREREIIZE TR & S MBHFs 2 ke L 72, 2o
DHRD 6 | P19 SFESGRR A R A BAHER 5
R TREEEAN D T ~OREMPREZZIT,
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mHFE CPL 19 4F 11 H 2 HRERIR. =) (1<
FEMERE N, FA T T MR EE
DHFULIENTIC DWW T O IFE 2D | Reiz, B
BIL TR Z2B2Z LI LA, 260
DEEN

Hatakeyama H, Takahashi N, Kishimoto T,
Nemoto T & Kasai H (2007) Two cAMP-
dependent pathways differentially regulate exocy-
tosis of large dense-core and small vesicles in beta
cells. J Physiol 582:1087-98.

Wei C, Nagai T, Wei W, Nemoto T, Awais
M, Niwa O, Kurita R & Baba Y (2007) New
advances in Nanomedicine: Diagnosis and Preven-
tive Medicine. Med Clin N Am 91:871-879.
FIHE L, NMATTRY =70y 270
MR & FEREEY AT E v ARFEE D B
el e P AR I B\ T Calt B O e % il
L7, BHNEEE 70y = 7 P OXEE2RT, Bk
ENEE 7 = A pe 2 i A e i B = 2 1) T B G
Ve EEF LT R L — =" Fu Y —
DR Z MR L7z, F 7. BATHERRY, 4
R, UMK & OILFEBITEIC B W Tid, 2
A HeI B RE <> BA LB O o0 PR D fp i 2 it b 72, Y
— (Fk) & DILFEWIZE SRR L 72, £, ABHADT
FeRT, SEREAEMIAEINERT. o RADTSERT 2 BT L T
HTMREDOSMZED . HiC 1 [N D E W 74
NAFAR=P v TR I F—% L7,
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EETREHYERETIE, 7y MBI 288
TRERAM O FHT, BIEFHE~ 7 R %2 e 72 ik
REMRIT Z HEXE T 2 L FIRFIC, 9o F84: TR BT o
REFEBIT-oTw 2, BEFERET v MMERESICE
LCld, REWEDEN, v 777 F (KO) 7 b
o TofE# 2 HiE L. MRk 2 v T
i 27> Tw5, MAT, PV AY 2=y
2 (Tg) 7 v b OEIELI bILD §l, BifE ¥ THS
(D Tg 7y FEEHLTHS, BETHEYT A
TEBEEAN, & CICKO v 7 AILB VTR, =7 T 4
v INBEFRAMMICETIEA X AT
7 ADIEUZJEII LT %, BUTIC 2006 EIC5FK L
<L 6 M 9 BIVERN R 1IRZHENT 5,
Hochi S, Watanabe K, Kato M &
Hirabayashi M (2007). Live rats resulting from
injection of oocytes with spermatozoa freeze-dried
and stored for one year. Mol Reprod Dev (in
press).

7Y =X I 4 (FD) =% AR 7O P 5
BEA (ICSI) 12 X 2 BEAFEHASHS S T bk, v
FX LTy MTBWLTY FD R TFHKOEF 25
T3, Lo L., RN > THE 2 EFROMK
THLICKTO FD fREFENTE TR0 T AD
HTHD, %I T, B2 BEICHIETE 2 Hiks
V2 RIGTEFD 7 v M 238 L, 1 4H %%
2 W TORAE L 724212 ICSI L TR 2 8l 72,
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X HE X o WifE Al g RS 1% TCST L 22858, 79% DIE
WK, 63% OINEHE, 36% DFEMFFALKINGS
N7z, FD B OBRFREIC L > TEHZERICKE
EVIIERD SN o e h, INEIFIE 425 °C, +4
°C, — 196 ‘CIREXTZNZF4., 1, 38, 36%. T
HARIIZENZN, 0, 7, 14% K% D + 25 CLRHE
X TORBEE 27 o7, FDHT %2 +4°CE —
196 “CTIRF L 72356 DPEH R ERITITA EEIZR
bongdot, —74, ICSIITFDRAKETE (V)
W) DFEAIERE % 425 °C. +4°C. — 196 “CLRAF
XcZznZFi, 100, 65, 35% 72 7205, HASHZEAT
Pz B RS 2 ICSI L2 L &b 41% O
PIFic ik BEIRD oz, Db, WEEIRE
(+4°C) TRMRELL 7V —XAFI74 7 v FET
PIER REFIREICELGTEL I L ZiEHL 72,
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L
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2

. BT v FHT 1CST L7081 HL 6 Lz e
R (A) ROEREN LG (RA). (B) KT
e T A R TG (1), TR T8 2 et
(F).
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9.1 7F/REEEMITERF

1. (AESTFEMEORREEISA (KL G)
PAHMR DBAFE & ArAH 22 1 0 AW H % 7\ A % 15
7z GKIlI, Danev, KB, HiH:, Ml : 2007 4EESC
RARRERY), MEEICEIRE, 717/ 7—F—
2 (AB) %z AT 2 BRI O BT 1<
L7z, 2006 4F 10 > 5BB L7 CREST 7uy =
7 b Tns-nm Z3fEREETCT A 7Y v FEEE O
BAYE) OFE LOWIERE L U<, FillE SO
FEAhi, JCEFEMEL, ECTA 7Y v FBE
BEDOFEERIT o, Eo, MGk [F—gE, [H
— R TOBEMH ORIV 21T\, BKRD
L A2 137, BUAERIRIA < LRHE 2 7v, M4
DEYEE % BE L T & 228 (Shimada et al, Cell
(2007); Yui et al. Langmuir (2007)) . BE*/#4:9%
ANDIGHE LTUTO T =2V AL, 1) BE
HE O YR FENT, i) N7 7V 7D ZD5#EIEE L%
JREHRE iii) KFEMO 2 OB L laNERE (R
IR ) . 1) CBIL T, BAHZENE L AERIE D
gD 7-® Gro EL ZEEHE & L TR 21T\,
AR OB %R L 72 (Danev & Nagayama, J
Stru Biol (2008)), ii) 22\ Tk DNA D RI{E#EE
F¥E (10nm 73fEse), EFEEA A —Y v 7, OB
Frind, ¥ 7 /87 7Y 7D DNA RTEIZDWT
#A R %21E7% (Kaneko et al. J. Plasma and Fusion
Res. (2007)), iii) 122\ Tk, TEBEGEABIZEH ik
MR DT Z MG L7z, £/, MHEEZHLTR
)Vt EBBHICHAIE T % 5l A & W E o SERE LA ST &
DILFPIFEE UTHmR L 72,

2. ERDWHEE (NEG)

E SRR OB E LTHREET 914 MEGD
Z2AW 72 W S WA AS o B - B 5% 2 Ak L 7
WE 3 B T 2 R T % & I 5 K 20 IO
VR R RER S & A O HEE R S TR 2 R
AL 15 MR ER 23 2 2 & b T
IREE N e EDlHZ T 2 RN L, W
Wy — 0k 3B EIN, WO SE R X
WL 7z, BifEs] &t & sk 2 By Icat L T
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Wh, ARy 7 R¥ET— e E O EH O E
WFFE b kL L T %,

3. EERMBORMAE & LRITA Y INO— LKA
DIt g G)

B AR AR YD R o Bl R, 2 OMERY R~
L—Y—ZEEEE T 5 2 LIk o TYH RIcHE
TGRS 2HKE. 20 o zillatbE
TARETH 5, BUE. BV, WELAN 25 v 7L
ANOMEHZ 1% AT %, KIERERERY) R o i@t
TlE, BHALIC BT 2 K0T DR RN 2 EEHH
S tot, E5ICIDEESTFOVTELEEE
BN 21T o #5458, Sphingomyelin T®H % Z & 28
HHL 72, ZofERIE, oWz L > THL R
SNTELAMRLLFFT 5 L FRRIC, Tex 25T L
T E 7 HRWAMET 2 O 72 AR & DIE I
JdE, AR EICBLTERI > Tw 3R % B
W25 LicERATHL Z EZIEAL K, F7,
o OREE &[RRI ICBEFE LT & 7B R e
7u by A4 TG 2 BEE TR S L, BIfEDBIRE
Tl MALDI A & L% KATEBRBICT 2 2 &b
TE5L)IThE>Tw3, ZNCE->T “ED %%
AE BT 27 2 EHRRIC R o 7,

4. TYRYA =Y RBHODFBE (KB Q)
s+ FHLD A ALY O F AWM ICE VT, =
YRV — A= 2V PHINEGR O 9 4 BEERE IO
WCOWEETT- 72,

5. BEZAR I ZN—HILIEEORFE (K@ G)
X3 2 HEPRFEOEIL TR LD DNA =
HIHDIV Rz MERF§ 2 RS AL, pyrimido [4,5-d]
pyrimidine-2,4,5,7-(1H, 3H, 6H, 8H)-tetraone %
L, TONLOBKBERI S FKEBE)IC X
Ly b-x ) —VHERMELE, 7)) VLYY
Y VRBRERE OB FERMEAIC X o T, XY S
BTG L THEEZLL, 772>, I 7=v, ¥
v, FIUVOTRTEEENZERT 52, &
M4 S il e i cd b . B 2 dfbEy —
Ve L TORMREI NS,

-
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1. BAURRUEROBERE

Ci-VSP (Ciona voltage-sensing phosphatase) 1%
AF v F v 2NDEMEL Y —FXALVEFRT 7
=X P AL v afteRit ., BEENKAFNICEESE
HEEZ LI s, INETA AV F v 2L DHIC
built-in N A F > DFEBICREHEIICBED 5 LE 2
SNTELMEMNL v —53, W7 L2k = v
FTHDH., ZDEBDA A v DBEBICEF S TIRA
WEBIEIRICBE S 2 W2 O TR L7z (Murata
et al, 2005), 2007 fEfElx. DY FOBEFEID
BT %D, PH F XA~ GFP Z M7z PIP2 O A4
A=Y v 7t K F v Lol fiic k 2854
2T LT, BT PIP2 @ L )L 23jgs
T332 E#Hs 2L (Murata & Okamura, J.
Physiol.), F7:, BEF XA v OHEERAELEE <5
AL R T) =7 vr4 L TLCEHTICE DT, Z
NETHS DI > Tz PIP3 217 Tk { PIP2
DI VIBLE B = & B 6 0l Ao 72 (1K),
N DR S, VSP 1213% L DEMEFEF * %
L EFRRIC (1) Bioiiic X b TiRooTHee % Gk
¥, (2) BEfe >y —0BSZ2HRL T T
MO E2F 2 —=v 7/ TcEL, L) TEhiky
Y—FEA ) ICHET A REBHTUIEFE DL I ERR
I,

Eolc, WHEANAA VEOMHAE- I
PETIEBCBGAETH 2 2 EDASN TV S DT,
BALL VY — OB E HHMIEN F X A v OfEEZEIC
IO EDEIITHEEZ TR LT A
HhLOEROEA, £HEHRT7 78 —EDIHE
Az & 2 EERTEEOMIGIR: I, 7 — + BIROB) Z2vH
RICHC 22 L) BIRZEM L7z, 2O Li3HE
iy —F AL UDBEBRERF XA L@ Ay T
L OMEZ 2T T2 2Rl w5 L L
B, GHBARAT 7 —EDY A F 27 A%RWSDIC
T B0E I 7 5 EfF S 5 (Israil 5, Biophysical
Society meeting),

B2 VSP 238D & 9 R AEYBIR O XNRTOEE
PV RS L CTRERE T % D 2>, HFLEICEE D4
MR OMEN L LD k) BRI H 25, kEZW
EPICT 5720, FEOA VY v 7D FEE
R EFTHBEZ T L T2 (NH., AR, 4K,

-
[,
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Hossain, RH),
2. BAMKE®HTONYF v RIVOEERE & A1
Heae

VSOP 3#Ef2 vV —F AL v DA%ZF LR TH
% b 72 %> (VSOP=voltage sensor-only protein)
CHBbH 6T, EARAET 0 L v F e 2 VEEE
b2, VSOP 3w 7 m 77—k EGERofidc
% S FBIL . BB 2§ 2 IR o A Al
WEB OHIHICEb > T3 EEZ 515, VSOP
(. SRR, 7 LV X — R
B ik 2MfilaN pH RIRE > 7 F L o &l
ZIENTS 5 LCHELY -y P TFLEALND,
B2 VSOP D v 7V ishigig LD 2 = — 7 S dp
5. 2O TEERBOBNTIZA 4 > F v 2L DH)
TR — M, B4 E@mBiRIicBb s 7a b o
BRSBTS 2 2 Lo b, TRy
F v FOVHIWEE N & AT DR S 20T 5 7
O, Brdfz b D S4 28R I RENKAAED 2L
EREI L7, 3007 2 D) b
TAX=rThHhsd Rl ER2HVEELBEEZL TS
CEL FETAX R S / BTHD Y Y
VICELEE B L RE RIEEMKAEED S 7 sl
Zh, HICHENZEMOEMY? S IEFHTE RV
BEBHSPICH T, ZOEIZIINETAIGN
TEBAKEEDOEN > v 7 L3R 2 T HE
PR X Nz, THIZ, VSOP DALY AnyieE % i
S0 B0 FrEbifkz fFk L ok z fig
Frl. 24 E TD RNA OFEBIDSHH S 0T 72 ik
(M7 &) T 7 F ot S e, BEMBNE
EZHOPICT 2HEEZIT> T2 (RN, B
ez R AR TR,
3. €72 714 vya10BEHEREIROERK S EE
[RE DR

Y7774 vyarfvT, BHEBIY OB
[l i#% o F6 A b & R BRBERE 2 fiRhT L T %, RFED
7 7 ADfMEEM 2, 6y Vo2 LT E
ZeF FAAUL L. Z 4o Mg o F A R 2 38 B
T2 2L 2PRFEDOPLICH 2 TR ZHE T Tw
%, PE1 9, BERT vex] 2 FBLT 2 il
FAEICBIT 22 RO T o 72, Z DRER, vsxl
V& FEERTEK AL O R4 Iy RO TERT TR 2 85



TTHY, £/, ZORMIHTELE2D0D=2—
O FHICH WIS E Y 2 7 7 2D MM~ b T
L2 gdot, Ziud, BHEBIY AR IC
BWT, B2 7 7 2D MRS TEBIN ISR S5y
HTHEL I B LERTRYIOBITH 2,

4. BREYEESEEDO D FERE
WEMBYTHLEYOL YT ¥ 7 HHEIR,
e EOBEMEBI Y PIZ i OES 2 179 25, 2 0
AR 2359 20 X L 2070 o 7o E R TI A L Bl
ThHb, WFLT VLA RYYEDHEKIZED 5557
WeREZ M 2 72, LRI THBLT 2 nAChR % [FE
L. 20BE&AKE2ED T, T2 LEMBMOTA
A nAChR & 3% 0 dYEH4ER nAChR 13 5H#
RN ZEEFE L Ca A A viEBlEEE R L K,
O FREDAETH SN 52 8A nAChR % {F#LL |
INEHEICHET DD EKIBICANEZ S &,
A DB <5 — VIFHAREICZL L 7o, Z OFEHRIE,
il nAChR D F ¥ 2 VR34 Y S A ik 1o ARVBL
Wz eBlz2FE> 2 & 2m L, BB O AR D
BRAZAC B b 2 oy FEAGIN BRI IC D 75 5 5 BERE % SR
LTw3,
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: Ci-VSP DEfEI % KR L7z, Biarhkikeic, Ehrt

VY —DORBEZEMBE I . ZOEBASMIIEN N X A4~
DFRAT7 78 —=XIiEL Y, BV vELIEE (PIP3 225
PIP2 ¥ X U PIP2 %»& PIP ~) %3 ON &7 0, PIP3
& PIP2 DWRIEHNEAH T2 (LX), VSPDART 74—
Bk, 826 ZhETAISNTE L PIP3 £ Tx L
PIP2 Icf LCHEE E LY vigfbzEC §L52 6
nz (TK).



9.3 HERYAEIEMTZTARFT

T AR « WRIERZE - ARTRAET D 77 HRE O
W& @K EZ L & 7o T MlaEzS - fIREHB) o
53 BERE D ENT 2 R WA A3 hl & 7 o Tl T
%, ¥, e B 2 Ca2t B L TRP
T v 2V DT 2 RIRE LD ED TW 25,

R HRIBR B DD FHEE OB

JEAMENEP 7 EDERSETHEELI NS
TRPA1 F v 2 VOFBAR R 2 A7) —= v 7
L BERE QBRI Z 72 LTtz i Tw
% GRSCHERET) . 209 6 BiEH & L Tiih{uhE
ACIAE SV ST WS X F L85 Xy TRPAL
F v 2V OFRRIEEA & UTHBES 5 2 LR L
7z (Br J Pharmacol 2007),

EEREE AL
37° C 25° C
41 —NT_TRPVAKO WT TRPV4KO
45
349
o -53
257
61 ‘ ]
65 * |
*
% p<0.001

1 A F LR Ny THEREFNICEEL S s TRPAL
PIRERIC & 1T 2 IRERZE TRPV F v RILOH#EE
BT

AL TRPVA I3 AR I B v CES
M TE AL U et % I o0 iR X L pfiieg oo B
DRI b > TwE 2 EZHE 22 L (J Neu-
rosci 2007), fTEIRHT - WG AEAT - ¥ S AR
RIARRENT 217> T %,

5mM MpBZ

| 250 pA

20s

Xl 2 : 25 B¢l ahiiiiE o R A2 RMP 127813 7%
WA, 37 £k TRPV4 KB bR T Ep AR R ©
HREICE DB L T3,
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FABRERSZME TRP F v /L TRPM2 Df#T

JRENg 6 ST REBLL T4 v 2 ) Y ibicBb - T
W3 ZE RS I L TRPM2 ORI E %
A7) == LT, 2-APB %> TRPM2 FHE TG
MaRL, KPS DA v 2 ) VWb IHET 2 2
&z L 7% (Br J Pharmacol, in press), TRPM2
R~ ADfENTZHED TV 5,
FRR R B DREIE - HAERRMT

PKD2L1/PKDIL3 ~7 v < —2353l#% (pH 3.0
DUT) ieB@@E S e o EIFIELL 2wds, F v 2OV
CHIEBHIE % off IC L7z & B Z % (off channel)
ZEEWHsPIZ L G,
237337/ Painless DT

a7y a NI TREEREGIMZE D S &
HEZINT WS TRPAL A€ 1 2 Painless 28 42 J&
DR X o CiEMALT 2 BUEt L F v 2L TH
h. MR Ca2t BEEIC Kk > CiFtEHI S s 2
ExRWS I L Gt ,
RETZF /94 NMCRET ZBEZEE TRPVS,
TRPV4 Df##fT

TRPV4 237 7 F /%4 b CHIEHKENE L
HLTT 7F 7 %A+ ofiflasE O TIREEDON
V7 —KBICES T3 2 L RHSs I L (Rl
). 72, 77 F 7 A b CREAIS R R
DHEHUE S 2 A L CURE MR ICE I N S L IRE
LT, N F v —2 o TREREIC X >Tr
7F 794 Fr oINS aFEEE L GiX
et o
HREEICRITDE
DEEMT

~ v AMRAEIERE S X ORI B T SR
EZME TRP F v 2 VOFRBET 27w, Biao7k
RIS 2 L2 W Lk, £, BEZA
DA DR EINR RN SR G2 2 L HBHL %
GRsCHE ) o
HHREEED D 7 FHEHE DR

K5+ G HAE Rho OFEMNENE TH % mDia
2T BT R GRS IERR R O RITIC X - T Mg
HE) O - 2T 2 T 2 22 HiEL
TWw3, MDia i T5 2 L2 RWZL 7% DIP O
) 2T R ADRNTEED TV B,

ERZME TRP 7+ RILDOKRE
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F v FIV L RV TOITEIC D W TY MO R ICIEE 217> 7, 512, 7V ¥ MEEIEEE L GABA
TRV E R O A% R 2 72012, BRSO R BE M O ML 2 7, ARt GABA A
77 EAERIT o, ZOREER. GABA BX U7 ¥ URIEIR Y F T AHEKRND ZNZ N DIREIC
IO, BHIAL v F 3§22 L2BLREMYACHERL 2, 206 OfHIE, YFREE X FHKOREET
DRkFERE E 72 D . SBRMHEMNICHEBREZIT) L Lot

(I) RBXR B RERT F0RBX T RE AR AT AT S0 EB P
HFEMZEH ¢ Li Yun-Qing 22 (P22 VIHEERE, i)
T — @ BRI BT 2 ZEEEHZ A KO RTE

R, PEEEPUHEERY:, L, BEFNH - WA 2z 54T>Tw 3, KT Prof. Li
Yun-Qing (&, 7 v b O & FRIC B 1T 500 A BHEO MR 12D\ C RIS 2t o . ik
FUE, R, RS0 & O RATHERSS . BREA~O TTHERF IO W ToE 2 8% (1> T %,
S, 8 H27 Hp 6 11 H 26 HETD 3 » HIM. AFAIIEiT& BEEE & L C RN EHEREIIZE 2R e iR
FIFZaEric 8 T, BB MAICB T 20 ABERZ AR OB T MBI 2D 72, Postembedding %12
& © T, Substance P & Endmorphine Bz D/IMNEZ Fi D4R D3, p-opioid 254 % KD B Hlis: i e A
fize F 7 AL T kT2 SEEREIC K > THO DI L, Eh, BRIRAMRMIED >+ 7 AHES
5 AMPA 17 V% 3 v BRAME GluR1 ¥ 7 2= v | NMDA BIZER NRL 7 2=y FIZDWT, 4
Il R DiED & - s HEIWT L 7' A g sk 2@ U, BRI — B ofizfi>Tw 2%
DB T E 2, S, COBPREEIIMRERMEARR A 25 SR LRI 515, wind up BIgICHE-
TEDE I LT 2D %5 Efit EHFAPIEIC L > THARTHL FETH 5,

(J) KB Bz BTSSR AR i O] B T 9T BR P
HFEIZE#H  Dr. Allan Gulledge (JSPS Fellow, [E# USA)
9t 5 —= : The function of reciprocal chemical and electrical connections in neocortical interneuron
subtypes (KB B EANTEREAIREM D2y - B 5MIHH ELRS & D B RE

2006 £ 5 H & D 2007 4 4 H £ CABWHZ THIZE 21T ). 2V SAEEIED AJ1E, KRIMECE - i85 Ot
D BEMEICKRE LFERZ L2 5, OIS, 2200 AMEEET 2 F v a ) »ZEEOTEEADS,
T DA EER I 2 52 202 E ) I OoOVTHRE L, TRFLay v idEEIc—Kasiiz s
Z 5D T CAL ORMINUTERIITHIHIZIR 2 5 2 2 AR S N dz, RIMBCESERRMNEIC BT o [AkkD
BIRDSRD &t WIHIRDAE, #lRNA Ve Y 2o E Ca?T IREM KT F v 2V %2 1T 5,
Gulledge AT, Park SB, Kawaguchi Y & Stuart G (2007) Heterogeneity of phasic cholinergic signalling in
neocortical neurons. J Neurophysiol 97: 2215-2229.
Gulledge AT & Kawaguchi Y (2007) Phasic cholinergic signaling in the hippocampus: functional homology
with the neocortex? Hippocampus 17: 327-332.

22 ZFOMOEBRERWREIC K DX (in press S E)

(A) HERLER BT ST RIEBE T BT SRR T
HFF%E# © Dr. Haiyan WANG (Eifgdie) (Bh#, HEEEVIHEE R, HE)
W7 — = @ BEEIsEIc 81 2 7 =4 v F ¥ 2V O H| D A

Bkt AR IELIC X > TIEEL S N 3 IR A B iE 7 =4 » F v %L (ASOR) DiEMEN% D
filacRHENVL225, Z2ORENCOWTEAHTH > 7%, & 2 THREE, BERAETToR 7 v — R
JZE~ DB 5 DO % & + ERMIE HeLa #R% A WTRGT L7z, #ilgst pH % 5 LIS % £, @ES M
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HWNE. BB IR RIS, K7 4 — v P =4 V@R, NE—F vy 2 va vy 7 5 v A DIDS
SO phloretin &32 1 7% £ ORI 7 ASOR BEIROIEMELDSH S 7z, 1 IR B2 b 7o o THRBIESAE T I
iz B8 Exr7u—v RPBEIND, ZoHNCHilBIERHREZRZ R L7z, o3 70— AWEE
¥im (NVD) b %27u—y A%b ., i DIDS % phloretin 12 & D3 L S #Iil & 17z, #6- T, ASOR iftEAk
2L TOT =4 v OMIIIANAD NVI & Z ki < etk 7 v — o Atz b 72 59 2 L 6 2
o te, AW, BEBMARAIC O 7 o THREWFZERIR 2 £F > T 2 PP R0 S IRE & 117 Ll
MR A & o 2007 FEREILFIIZEIC X - TiTb 7z,

Wang H-Y, Shimizu T, Numata T, Okada Y (2007) Role of acid-sensitive outwardly rectifying anion
channels in acidosis-induced cell death in human epithelial cells. Pflligers Arch 454:223-233.

(B) #Hp2es B W FT R L RE 7R BT ST HBFT
HEFEFEH © Prof. Frank Wehner (v 7 A « 7°7 ¥ 7 3 AR A%EHT, Germany)
WHET —~  MRELEFGEA 74 > F v 2L (HICC) DIEHALX 7 =X 4 & Z DHERI DD

KEREW ISR, REICD o Tey VR - 777 v 7 HEMYEES (FL b4y b)) @ Wehner
#pz L ORIT HICC 1Y 2 L EWIZE 21T > T 223, 2007 FFEEIE Z DIEHELD S 7 F N A D Z AL EFTL
w7ay -T2 ET o 7

ERIB M T I T % B3 iR I B W T { OfiidTiE L 115 Hypertonicity-Induced
Cation Channel (HICC) 1%, MIARGHEIOA A & 5. MBI 7 £ F —> Wi b BI5T 5 2 Lo
Lo TVEN, ZOFFEEOTEMT F A A AL SREANHTH 2, SHIFE T, EHENT 70—
FIZL > TZDIEBRALY T F N XA =R L DOWET Z T, FusvyFF—+¥, p3&-MAP ¥+ —+¥, C ¥+ —
X, AAT7 Y ANA=L CREDBHGEZWPIC L, £/, ZODTEAEDFEEZIMA TV 2 —DDHEN
W, BRI 70y A—PRHINTORVERH L 2 E2EEL, 70y h—DY—F biTo7, ZDFERE,
2-amino-ethoxydiphenyl borate (2-APB) 23K T HICC F v 2 VERZIH T2 2 L 21Z L DT
S 2T L7z,
Wehner F, Numata T, Subramaniam M, Takahashi N, Okada Y (2007) Signalling events employed in the
hypertonic activation of cation channels in HeLa cells. Cell Physiol Biochem 20:75-82
Numata T, Wehner F, Okada Y (2007) A novel inhibitor of hypertonicity-induced cation channels in
HeLa cells. J Physiol Sci 57:249-252.

(C) e EMRRRRESFEFEELFT
HFWSEFH : Prof. Gian Luca Romani (¥ v 7 4 K%, ITAB W%, 4 %V 7)
T —= @ BEREN MRI(TMRI) % o 72 ixiEae o g

AZV T, FLy T4 KRE ITAB UG, Bk, IMIERD. IMRI 7 & O BT8R B I RE I & 2
BREIN TS, £ 7Y TRAREOMREA X =Y v ey —Th 5, WMiRZ, ¥—7ThH3 Prof. Gian
Luca Romani & ZLART & D Hiak23H O . IMRI %52 AL T 2 REbe ek 2 4 (hHKRE., WARENT) %
2005 FF L DIRE L, HEEMHEEZIT>TE, FHREIX TEMEEEREIC X %2 Go/NoGo BHHKIEE), 12>
VT, HALTHIO TEANCHIZE L. R L DITONTEER H 2 WITETHIIC X % Go/NoGo B ixIEE)
EIIFFE USRS 5 2 L 252 L, . WABEMN T, HEHE L L Cofizds L. HOHl
Bh & B BB DRI RS 2 GBI 2 S ISR L 72,
Nakata H, Sakamoto K, Ferretti A, Perrucci MG, Del Gratta C, Kakigi R, Romani GL (2007) Somato-

motor inhibitory processing in humans: an event-related functional MRI study. Neurolmage (in press)

(D) A EERTR AR E B BRI
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HEFEPFZE# © Prof. Mark Hallett (NIH, USA)
Wi — = © BAER MRI(IMRI) % s 7- Rk o i ]

KE, NIH @ Prof. Mark Hallett D725 1, MENRIOEEIREBE TH 255, Ik, MR, IMRI & £ D
BT B0 IFRIEHIIBERE I ER AR 2SR IE S TR D EBEMFAETH RO L V255> T 5, RHICAREEES)
% 59 2 IBH ORI K OEGEB)ER I BY 3 2 FERETZE T IR — Wi =ETh 5, MiRiE, Prof. Mark
Hallett & i3 20 fFR DA D b | BRI S 2082 /YT 2 LUIER 34 (HATEE AR, K
HER) % 2004 fF X DIREL . AP EZT> CTE 7, HNTEFIZMRARIETH 2 Flmi 240 L, AR
JEBEIDORENEEBTH % dystonia. FFIZFICRIE L 72 dystonia 2 25 2 HEH S A OWEZL EX B AIICHH
S L, COBEIAETIRE | RIAMEREE OHIHIKREME T L Tw2 2 L 2P o it L,

Tamura Y, Matsuhashi M, Lin P, Bai O, Vorbach S, Kakigi R, Hallett M (2007) Impaired intracortical

inhibition in the primary somatosensory cortex in focal hand dystonia. Movement Disord (in press).

(E) MEEEM R R EE A ET AR
FHFWSEFH : Prof. Bernard Ross, Prof. Christo Pantev ( ~ 2 ¥ ;R0 v < Vi, Canada)
WHET —~ WAL T 12 X 2 IBERE o iR

AFF. buay P R¥ER Y b oWSEATE . BEREEREINEGS OWH CTIIRUR RO iRk & L CHIS i v
%, filikix, #IfRF— 7 D Prof. Christo Pantev (BEIZ FA Y, T 2V AF—R¥ECKEE) &, BlIEDOF—
7 T % Prof. Bernard Ross &\ LUHT & D k235 0 . BEFIWIE 2 M9 2 8 FOHEE L RSB 24 2 2001
FErhuy b UPMAANICIRE L, EREAMEZT>TER, INFE T, HEHT GHE. B2 -tttk v
Y —R), HFEr BIE, vy b= oPETLOER) . MAE BIfE, FA Y. 2228 — KA
LHEE) O 3ANEAMAZIT>TE L, ERMENR L LT, FECHRBICBEET 2 kg (FR]). &
FETRANC BE T 2 fiibeE OfERd) . BERIF o RGN § 2018 (MA) R EndbiFonsd, RENZIIA
&L TE, BERZE 23T > 7o TR0 & 53003 ST T ERE D 2L 12D W THEN L 72\ HA®D Suzuki
Method IZ &k > THNA A Y OMEBEZBB L7 AF T OGRITNV—7 (4-6%) &, FFMTHEZ LTk
W=7 MR E LT, 1AM, BRICHETEERINRS 2 5dit L7, $5 &, B V-3 4 %Y v
DENTH T 2 WSORITHEET IS 2 NS L I ERGEVNR o, L bR ICZ DHEHIAITE Ko7 DIk
L. EHE V=TTl Z2D k) AR EZER NG o7, SRIHICER L CRIEEME 21T 2 &Itk
D, BTN Z TR T2 &2 IR THIOTHS I L7z, ZOif% I BRAIN §EIC 2006 fFI2FEE S 4.
Times, Washington Post 7% & DR D FEZHH TN S, JEE D BBC BGE T O Sz,
Okamoto H, Kakigi R, Gunji A, Pantev C (2007) Asymmetric lateral inhibitory neural activity in the
auditory system: A magnetoencephalographic study. BMC Neurosci 8: 33 (Online journal)
Gunji A, Ishii R, Chau W, Kakigi R, Pantev C (2007) Rhythmic brain activities related to singing in
humans. Neuroimage 34:426-434

(F) e BMR R R R EESFHE IR
HFEWFSEFH : Dr. Louisa Edwards (FE-LWIZEE, /N— I VA LK%, UK)
787 —= @ BIIRO 2R A O REZAL LR TR A & D BIHE o figiH

BIRD L2259 (arterial baroreceptor) DZALIZ, & F DEEX LHERBICHE L2 RITT Z LMo N T3
M, FEBAICHET 0B/ ERLAHTH 57, Dr. Louisa Edwards 13, FADHFZEE Tl R HES
FEWGHe 2 KEINCHIZE L T2 2 & 2D . A2 LIAATI 507z, Tulium-YAG L —4 =it (B4
) ZREEE Uiy, ODENMZFERICEERL T, EDF 4 2 v 7 TRARMSE 2 6 iRz, R
SHEEFEMGIR D WD E I T 2 0% B IRIT L 72, BRI BB TfT»., F—F 3N —3I L
KRETHENT I NI, Z DR, DGEIIIC I OIRIFIZIER L D b HERITET LT 223000, Bk
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FEZAR DR R AN B 2 ST T & ) IRGDSEES Lz, TOMRIZREMED Yy 7Y vy —F L ThH %
Pain FEICB T ETH %,
Edwards L, Inui K, Ring C, Wang X, Kakigi R (2007) Pain-related evoked potentials are modulated

across the cardiac cycle. Pain (in press).

(G) MEEEMFRREREERET FTERF
EFEFFEH © Prof. Christo Pantev (3 2 ¥ A% — K%, Germany)
T — @ B % F o 72 TR BT O #ERE g

Prof. Christo Pantev &%, #F+%, buy FRY¥, vy b2 VIO F —7 %55 T 7E L b HFET
FezfT>TE D, 2005 FFICBIED FA Y, 2y RF—RACBER S LA ZHIT w2, BER, Lo
MREDORY B (RIRRS2 6 DREL) TH > MAEESHLEHE L THEEL Vw5, TN ETIRIE
HIICB T 2 AN OMAE T TELD, BERI S IKHREDOEEZIAFTE TS, MRIFERHE L 2
7e 2 L 72 v, 2 OWF%EE online journal T& %5 BMC Biology aSlcFR I 41, [FREDIEHR ICHET i
& L T press release Zf7\>, B4 ¥ —j@fEttIc k> T, ABC News 2#)® & § 2 MAF DX 74 7SN S
iz,
Okamoto H, Stracke H, Ross B, Kakigi R, Pantev C (2007) Left hemispheric dominance during auditory
processing in noisy environment. BMC Biology (Online journal).
Okamoto H, Kakigi R, Gunji A, Pantev C (2007) Asymmetric lateral inhibitory neural activity in the
auditory system: A magnetoencephalographic study. BMC Neurosci 8: 33 (Online journal).

(H) BB R BB A 2P
HLFEFEH © TRER #dZ (California Institute of Technology, USA)
WH7E T —~ © SEHERE O iEH]

KEL AV 73 V=7 LRERYE, TMEEEHZEROVIZEE X, LBl 2 X—ZIC LT, & F OHEKRE %
IR L T3, BORIERICREZE ISR (TMS) %2 F w22 iffgee, IRBREENIC D W TR &H 2 FJaiHs TR
ERZICFEEL TS, MiRiE, THREMZER: & ZDHTX D EERDH D . FUOME 2T > T E LA AE
Th HWHZEEZ 2006 F L DIREL . EEPIZEZ{T>TE X,

JBHEPEIRBRGES) I TR 2 B R 3 % L. 2 QRO ALIE I Z IRBGES) 2 1T > TV 2 5N § TG
I3 (smooth-pursuit mislocalization), FERIFERREKNICENET 2DIC0D025 7 7B 2 DIET I
BRZEALLT0S EEZONTE DY (RRF) . Fox O TIE YT TN 2 Hmicd 5 1
MO (BEY) 28R d22 8T, ZoMETOURISN S Z L2 /L7, ZORRIZIERDOR
MIFLCIEFAC E 9, BRREME L OAERR & v ) A ER S | METNHRICEEG L Tw5 2 L 2R
L7,

Noguchi Y, Shimojo S, Kakigi R, Hoshiyama M (2007) Spatial contexts can inhibit a mislocalization of

visual stimuli during smooth pursuit. J Vis 7:1-15

(I) AR RIBAITEI R ER BT ITARFT
JE[HF%EH : Dr. Thongchai Sooksawate (Assistant professor, 2 7 1 ¥ 2 Y K%, ¥ A [H), Prof. William
C. Hall, Dr. Psyche Lee (Research fellow) (Duke University, USA)
WFZET —~ & sl b R e aliE o fighr

g b IRER DY v o — FiE# e S o HERES)) 2HIET 2K E LT Tw 3, bbb Dbt
285513 1996 FELLRIT > D R A 74 ZABERICB WAy F7 7 v 7k EfilaNY k2 Hladbe T,
LEORFTHRRIHOME E L AL PICL TE L, FAEF 271 v a3 K¥D Thongchai Sooksawate
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113 2003-2004 I AEBAFZERT IR AZ BIFE R & LCRH LTk, M=kH L CIEFZE = 17
V. Z0E T B & SOG4 1 TS 2 MR O AU BRI E O BT (Sooksawate et
al, Neurosci Res 2005), =2 —uv v ®a V) AAEEEA N T 205K (Sooksawate & Isa, Eur J
Neurosci 2006) % E DR ZFELR L TE D, fkld GABA fFEifE= 2 —v0 v GFP 04235+ 7
VAY x =y 7w A (GAD6T-GFP / v 74 = A) # VT EREOD GABA {ff#ik= 2 —uwrolE%
L Cwas, 2R THEEIEIE» SHRTANEIZ7 4 — Ny 7 llfll 22 —#fic=a2—u vz
HLU., 20888122 W TKRE Duke KD Hall %D 7V — 7" L AL %2 T o7, Hall B o 3L —5 —
uncaging %% R 2 AR L TR E = 2 —a v cllitEY - 7 A ER A RS L 2, 2ok
JE& D> & PRIE N DHIHINERS (34 v 7 — FORPICIEEHFEAGER S, 20K E L THy 7r— Fhofif
ANNZE-oTES B2y F—FBFEAINEZ I TR0, Evw) Ty =Nl 2HI A H=ALEL
TINFTHREIN T2 — B Y OFEZIGEL b D & L TORERET 47 3 —fBEICHR L 72,

Lee PH, Sooksawate T, Yanagawa Y, Isa K, Isa T, Hall WC (2007) Identity of a pathway for saccadic
suppression. Proc Natl Acad Sci USA 104:6824-6827.

(J) FEEIBZMRRBDAITEIN R EEAE I FTERM
HEZEE : A7 2 —F v EE, 7 XA KRE, £ =78 K Prof. Bror Alstermark (Umea Univ), Dr.
Lars-Gunnar Pettersson (Docent; lecturer), Dr. Sergei Perfiliev (Research fellow; Univ. Gdteborg)
W7 —~  EBEHEEREH O F48 O I EoEE) O BERa B AR

BOEFBEED & FHROMOME) = 2 — 0 W2 2f8 8812 D W Td, BERBITIREERRIFHEL, FHEO
EGEH OHIANC B D > T3 EINT W B, Fald 1997 ELRIFEMZEZ ML TE D, A 7 ¥
BWLTH, BEEREIHEL BVt a LRI, Hifll C3-C4 #ifiIcfAE T 28 AE =2 —a v 22 N7 2
PR OSAET 5 2 L 2B T OV Lo LB R4 TR TH 5 512 L (Alstermark et al. J Neurophysiol
1999; Isa et al. J Neurophysiol 2006). HEjHIfHIC B § 2 HlEREH O HEEMEICOWTIIR L TE 7 (Isa and
Alstermark, Adv Exp Med Biol 2002 (review)), % L CZ DHEERER DAL 2 7B FEERTHGEE S % 720 (2,
2 A 7 FND C4/Ch Bl CRREMEZ UM 2 Z & CREBTHEE 2N L, REAHEKD o EH)= 2 —n
VIR B EERRE BN L oMK 2T LI L2 A, 1, 23825 1-3 7 A TR RREE) O fE 2
DIEDOMNHEANEIE T 2 2 L6, FERED FROWEZEES ZHIHTZ 2 2 L2 o H I L (Sasaki
et al. J Neurophysiol 2004), 16 DERICOWTIIELUTOMEE LTHEEL, £/, SHICIDLI %
BB IC 3B 1 2 KIS B EE B EE TS OB 2 PET 12 X 2 BERE A X — 2 v ik & Ay BIVRFTEAIR
X BALHRIERRE 70 v 7 R A G DY THEEL . Z DR % Science FRICFER L 723, BEDOEFRDO—IB
12 2004 FIHHEANEBEBEHIZ E LTRH L T d = 7 8 Y R¥ED Perfiliev LSS L 72, ¥
Nishimura Y, Onoe T, Morichika Y, Perfiliev S, Tsukada H, Isa T (2007) Time-dependent central com-
pensatory mechanism of finger dexterity after spinal-cord injury. Science 318: 1150-1155.
Alstermark B, Isa T, Pettersson L-G, Sasaki S (2007) The C3-C4 propriospinal system in the cat and
monkey; a spinal premotoneuronal centre for voluntary motor control. Acta Physiol Scand 189:123-140.
Pettersson L-G, Alstermark B, Blagovechtchenski E, Isa T, Sasaski S(2007) Skilled digit movements in
feline and primate — descending control and motor recovery after spinal cord injuries. Acta Physiol
Scand 189:141-154.
Isa T, Ohki Y, Alstermark B, Pettersson L-G, Sasaki S (2007) Direct and indirect cortico-motoneuronal
pathways and control of hand/arm movements. Physiology 22:145-152.

(K) BT e AR AT AT 2C 2R P
JEFRFZEE © Elek Molnar 8% (7)) 2 b LK%, UK)
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MET—= : 78 I VRZERE GABA ZFEDIRTE

AX YR, 7Y R PIVRFD Elek Molnar 13, LA TE &MY ANTEZ LT, 7V S Vg%
Bk L GABA REROFREPEEZIIE L TE 7, YEMOEARIL, B34 v 7 27 4 — FR¥ETRAF Y
ELTHIEL TOREPSHEAH . 7 VF S VIRZHEEP GABA ZEKICR RN 2 ik o e 2 L F T
fToT&E 7, TNET, YEPNCERE L 2WhiE— (BIE, 3 ER%E Bi#). Wu Yue (BIfE, NIH, RAF
7). Bt—RHEMT (BIE, S ZERERY:, W) = &5, ZoREPHEICEDL a2 L FTHEL
Twb, ERWEAEE L TR, 9597 v bR T v FNNS F 7 RI281T 5 AMPA BRIV 8 S VR34S
HOREBEDORE, AV ITT v FayA MBI % GABAp XBKROEIE L RITER EBDHIT o5, ZEK
O IEMERFIEICIE, SR EDOTUADI R D¢ 72\, Elek Molnar (&, A LAFEEZ O TER L 72 AMPA
RIZ AR D HiR 2 MEHE R AP BEE Lt TR . —75, S cE 3/ GABAp ZEKRZH V%
filage 1z Elek Molnar DN T —2 Ik 240 257 Fuv A + OBEREZEMIT T3, BELMK
DEREIIRIAE ) & F TARBE D ZAI DT A 217> TE Y S8k b AR 1R I NS
HPWIRFTE 5,
Masugi-Tokita M, Tarusawa E, Watanabe M, Molnédr E, Fujimoto K, Shigemoto R (2007) Number and
Density of AMPA Receptors in Individual Synapses in the Rat Cerebellum as revealed by SDS-Digested
Freeze-Fracture Replica Labeling. J Neurosci 27:2135-2144.
Luyt K, Slade TP, Dorward JJ, Durant CF, Wu Y, Shigemoto R, Varadi A, Molnar E (2007) GABApg

receptors are expressed in developing oligodendrocytes. J Neurochem 100:822-840.

(L) MdtkRestAl > & — RIS IRRITE
HENFEE © BEAE (HAN Sung-Sik) 2% (REERSY:, Adn LB arREis) wi)
WHET—~ v a vy a UNZEHIRMEIRD 7 7 F A 7 2 BB 0w

BHEEZE, BERWIIEHREDIFE L T a4 727 /0P — DA TH 5, KE CHmFE 7 B
ZEH U 7850 & 0 K 6 RIS AR PEAADTE AT S R BB E 2 AR L 7 & & XD o S B
ZHEMALIVEDREZ D > TE SN, P 14 4 8 HITHEE 215 T A Bl AN Fu e s 1 8 7~ B s 2L R A1)
MFEBICSME N E X0, MEEETFHBE 2PN L T a7y a UNZEIRBEIKED 7 7 F X 7 ERE
DifZEE —H L TGED T otte, ZomXid, mEifk s fffEfukz vty ayyav " zoy ¥
KD =R G HEURE 2 R L R T BRI X D B R AT o R TEBGEARIC B\ TR i A
ZHH L 7D TZOIHEEZ BERZ L 72 bDTH 5, AHAVHEH T IS EE FBEE (H-1250M) Z v
TR L 7230 oW A (0.25 pm) Z#E T2 & L bic+ 60° HPHNT 2 & F IR 2R S ClEmIEE
THEMEGEZIRY L., Z0%, MITZ2ED TR ONIHREZER L CHREOBEYARIEICRE L b T
b5,
Mun JY, Arii T, Hama K, Han SS (2007) Rhabdomere formation in late pupal stage of Drosophila
melanogaster; Observation using high-pressure freezing and freeze-substitution, and high-voltage electron

microscopy. Korean J Electron Microsc 37:35-42.

3 BeEETFBRMROEELRMAFT EH, S DHFMARER)

AFRAERFZEATICEA S LT 0 2 EEE T M (H-1250M &) 13, BEAEYERICRbEn w3, 2
CCREOBAEE (HA 57 ) B X ) HEMAER L L CREOBEEEYEMAHICAELTVE, »
¥ CEAEVEIHOMEEHHINTET, ZLORBEEETCEL, ARNICHHTELZZL26,
VT, HED S, HEMOCADERH 2EAEBH S, 20 L 23, ENOLEANAEBROIEERICHEL T2
FANLTW 3,

HEEE FHEME I RATER E L TR ANRTO ZWIRHE T, SEEIZ, HEOWIEZ X v N —
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ELTERICBML TV 28D, 5 b5, S8 1I1Z, HAEREZRFEL T2 b0 TH S, HED Korea
University E#82 5 DINETH %, flid, #E 8, 10, 11, 12 THHMWEZDTAWIEZ L k> Tw5, it
78 8 1%, KE University of Maryland B2 5 DJE5ETH 5, afiH 10 13, #E Kung Hee University, &
AP, B 11 1%, % [E Korea University, Life Sciences and Biotechnology, #i# 12 13, ¥ Keimyung
University #2420 5 DG TH 5, MHEEE TR, 389 DHFANAEIC FA YD~y 7 275 v 7 iERT
FL =27 v OuigEEsib > T,

EHN» O DIGETRNE B2 A1k, HiEHED O OFEICBRT 2 HiEHE (TEE4DIEAKIZAR
S TG E 4 IFEEA) DA THEEEFHEBEILRANNERZES (IMMEE2z &) THEEI N, &R
AT S U, 2 Ok, IREIICIZITRAIC X 2 BRPGEAIDSZ ) ARSI R ICBA S s 2 LT
bHb, 2D, KHDOREE LBV EOBEMEE (FTRR) LAMEzfiis itz L oTws, %
MRF A E X, 5 AERAERE LT b, k&SI, ENOLFFIHERH & Mk g T, FEYPICRLY S
T, ENIKE EEESTRORFENT, HHIN WS, L6 HAZ ToOEMEH L. Bla I i,

4 EEPMEFATHIAEES Z1T> ENEARRES

1. £B2MAPACHAREBZT > CABAARE 3 v AUL)
Dr. Allan T. Gulledge (Dartmouth Medical School, USA)
Dr. Andy Moorhouse (South Wales university, Australia)
Dr. Andrew James (University of Bristol, UK)
Dr. Christian Altmann (University-Clinics Frankfurt, Germany)
Dr. Elbert Lee (Division of Correlative Physiology, NIPS)
Dr. Hongtao Liu (Division of Correlative Physiology, NIPS; China Medical University, China)
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Dr. Ravshan Sabirov (National University of Uzbekistan, Uzbekistan)
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Euan R. Brown (Stazione Zoologica Anton Dohrn, Villa Comunale, Ttaly)
Israil Hossain (Bangladesh)
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Lee Hae Ung (%#E; #aHAR4)
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. Byung-1l Min (Kyung Hee University)
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. Francisco Bezanilla (University of Chicago, USA)
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The International Symposium on Hierarchy and Holism (ISHH) - Bridging across Different Hierarchies
in Natural Sciences

2008 £ 2 H 21-23 H, M2y 7 7Ly A&y ¥ —

i Y A PRI TOEBYTH 2,

Plenary session

Gyorgy Buzsaki (Rutgers University, USA)
Integration and Segregation of Neuronal Assemblies by Oscillatory Synchrony
in the Brain
Philippe Escoubet (European Space Agency, the Netherlands)
Cluster: First Observations of Space Physics Phenomena in 3D
James A. Glazier (Indiana University, USA)
Multiscale Simulations of Embryonic Development
Yoh Iwasa (Kyushu University, Japan)
Modeling Morphogenesis in Development
Mitsuo Kawato (ATR Computational Neuroscience Laboratories, Japan)
Hierarchy of Computation and Brain Machine Interface
Junichiro Makino (National Astronomical Observatory of Japan)
Hierarchy and Structure Formation in Gravitational Many-body Systems
Tetsuya Sato (Earth Simulator Center, Japan)
Simulation Culture
Eugene Shakhnovich  (Harvard University, USA)
Understanding Hierarchical Biological Evolution from First Principles
Constantino Tsallis (Brazilian Center for Research in Physics)
Entropy, A Unifying Concept
Motonari Uesugi (Kyoto University, Japan)
Chemical Biology of Synthetic Small Molecules

Parallel session

Sumiyoshi Abe Mie University, Japan)
Tomoo Hirano

Ritoku Horiuchi

Kyoto University, Japan)

National Institute for Fusion Science, Japan)
Hiroyuki Noji Osaka University, Japan)
Satoshi Takahashi
Takashi Tanaka

Hiroshi Yamada

(
(
(
(
Satoshi Sawai (Japan Science and Technology Agency)
(Osaka University, Japan)
(Kyushu University, Japan)
(National Institute for Fusion Science, Japan)
(

Tetsuya Yomo Osaka University, Japan)
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Electro-chemical signaling by membrane proteins
— biodiversity and principle —
SOKENDALI International Symposium, 37th SEIRIKEN International Symposium, 2nd Symposium on
the Partnership Project on ”Frontiers of Membrane Protein Research” (IPR-OIIB)
March 14-16, 2007

National Institutes of Natural Sciences, Okazaki Conference Center, Okazaki, Japan

March 14
Kenjiro Yoshimura (Tsukuba University)

”Mechanosensitive channel responds to and resists the membrane stretch”
Yoshinori Fujiyoshi (Kyoto University)

”Significance of multifunctional channels”
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Francisco Bezanilla

Ehud Y. Isacoff

Peter Larsson

(University of Chicago)

Special Lecture 1: ”The operation of the voltage sensor ”

(University of California at Berkeley)

”Sensing voltage”

(Oregon Health & Science University)

”"Mechanisms of voltage activation in hyperpolarization-activated cyclic

nucleotide-gated (HCN) channels”

March 15

Hideki Kandori

Takeshi Murata

Tomitake Tsukihara

Gunnar von Heijne

Andy Spencer

Yasushi Okamura

Yoshihiro Kubo

(Nagoya Institute of Technology)

”Mechanism of light-driven proton and chloride-ion pumps”

(JST ERATO Iwata project)

”Ton transport mechanism of V-ATPase”

(Institute for Protein Research, Osaka University)

”Proton pumping coupled with dioxygen reduction of cytochrome c oxidase”
(Stockholm University)

Special Lecture2: ”Membrane protein assembly”

(University of Alberta)

”Potassium channel diversity in lower metazoans - relating structure to volt-
age sensitivity and physiological function”

(Okazaki Institute for Integrative Bioscience, NIPS, NINS)

”Biodiversity of voltage sensor domain proteins”

(NIPS, NINS)

"Voltage and [ATP]- dependent ”gating” of ATP receptor channel P2X2”

March 16 (Fri)

Thomas DeCoursey

Ai-Sun Tseng

Paul Kemp

Makoto Tominaga

Gisela Wilson

(Rush University Medical Center)

”pH- and voltage-dependent gating enables voltage-gated proton channels to
perform their physiological functions”

(Forsyth institute and Harvard School of Dental Medicine)

”Biophysical control of tail regeneration in Xenopus”

(Cardiff School of Biosciences)

”Potassium channel protein partners: gas sensing in the nervous system”
(Okazaki Institute for Integrative Bioscience, NIPS, NINS)
”Thermosensitive TRP channels: their structure- function relationship and
physiological significance”

(University of Michigan)

"EAG potassium channels: new functions for voltage-sensing”

Poster session

Jianmin Cui

Ming Zhou

(Washington University)

”Interaction between the Voltage-Sensor and Cytosolic Domain in BK Chan-
nels ”

(Columbia University)

”Functional Coupling between Voltage-Dependent Potassium Channel and
Aldo-keto Reductase”
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