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1.1 Dr.Johannes van der Want,Department of Cell Biology, University Medical Center Gronin-

gen, University of Groningen, University of Groningen,the Netherlands

A visitors view and evaluation

Programme

Research at the Division of Cerebral Structure,
headed by Prof. R. Shigemoto, is characterized by
a focused combination of molecular biological tools
with physiological, structural and behavioral ori-
ented research. The morphologist can identify and
investigate structural changes related to functional
activity e.g. during learning, development and ag-
ing, the physiologist can identify differences in neu-
ronal strength and activity together they can un-
derstand the implication of structure/function re-
lations. The interaction between these approaches
stimulates the development of new and fundamen-
tal research opportunities. Application of novel
technologies acts as catalysts which sets funda-
mental research in motion. The activities together
form an ideal platform for optimal and multi-
disciplinary approaches in obtaining fundamental
knowledge of the central nervous system.
Organization

The team is made by specialists who individually
master advanced technologies, bringing together
research at different levels: specification of brain
activity at the molecular and cellular level to pro-
vide a strong basis for neurobiological research.
Staff meetings that are held in English, each Mon-
day morning and Journal Club meetings discussing
recent literature, each Wednesday leave the im-
pression of high quality presentations including
both overviews of seniors as well as talks by post-
graduate and PhD. students. The meetings are
open for others to attend and regularly guests are
invited to present recent progress. The level of the
presentations and ample timing of detailed discus-
sions is such that they will offer excellent training
for the less experienced newcomers.

In this short report I can only highlight a few of the
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projects that I have become more familiar during
my three months stay in the lab:

At first, the presence and distribution of specific
molecules that play an important role in signal
transduction and that determine, among others,
the position of ion channels, transmitter receptors
and vesicular transporters. This line of research
includes sensitive freeze fracture replica technique
in combination with immuno-detection at the ul-
trastructural level. This methods reveals the two
dimensional distribution of molecules along the
plasma membrane. The experimental approach is
most suitable and has a distinct interdisciplinary
character. There are very few, about 2, as far as [
know, in the world where this advanced technology
is available and successfully applied. Current re-
search is widely considered as a first class scientific
activity and is leading in the subject of glutamate
receptor identification and localization of excita-
tory transmitters.

Secondly, a topic dealing with emerging issues,
that reach from the molecular (receptor identi-
fication, channel localization) level to functional
(neuronal patch clamp, activity recording in slices
and in vivo and newly acquired behavioral (op-
tokinetic responses, motor coordination) levels, the
approach is novel and very promising. This is an
issue of considerable interest since receptors are
known to be implicated in a number of normal
and pathological processes in the central nervous
system. Knowing the molecular distribution, the
pathways and behavior of the receptor at the cel-
lular membrane is essential to understand its im-
plication on the neural activity. In relation to this
a new method has been developed, that is avail-
able through internet, to calculate glutamate dif-
fusion within the synaptic cleft. This method can

be modified for any other transmitter or receptor,



given that the diffusion characteristics and kinetic
properties of the receptors are known.

Thirdly, investigations on the left-right asymme-
try, using electrophysiological and immunocyto-
chemical techniques in mutant mouse exhibiting
situs inversus. Since this mouse lacks left-right
asymmetry, the team could demonstrate for the
first time the occurrence of right isomerism in
synaptic distribution of a specific receptor type re-
lated to NMDA receptor, subunit GluRe2
Fourthly, dynamic remodeling of synaptic and glial
communication. This issue has been largely ne-
glected in neuroscience however recently the team
could demonstrate by means of two-photon mi-
croscopy that Bergman glial cells can be activated
specifically through AMPA receptors on the mem-
brane of Bergman glia. This implicates that neu-
ron —glia communication are regulated in a highly
selective way through glutamate release, further-
more it might explain the mechanism of rapid re-
modeling of extra-cellular space and the correlated
motility of Bergman glia, a phenomenon hitherto
unresolved.
Output,

prospects

publication record and future

Considering the size of the group the output publi-
cation wise is very good, both qualitatively in top
ranking and high impact journals (including jour-
nals as Science, Nature Neuroscience and J. Neu-
roscience) as well as quantitatively. I expect that,
based on the projects at hand this level of pub-
lication will continue to be high in the years to
come. The international collaborations are exten-
sively developed and team-members are actively
involved in organizing and chairing national and
international meetings

The quality of the research training for graduate
as well as PhD. students is excellent in that the

starting researcher has the opportunity of being
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exposed to a large number of novel techniques and
sophisticated instruments. The training capacity
and experience is very good, however I would rec-
ommend that due to limitations in instrumentation
that are critical for the technique and application
of the procedures, certain additional time has to
be reserved in order to reach the level of expertise
that is necessary to perform optimally. It is in-
herent to the application of new technologies that
specific conditions need to be adjusted and opti-
mized, this is a time consuming process that is
often overlooked in the starting phase of a project.
Another recommendation that I would like to make
in this respect is the lab space, at certain moments
it can be very crowded and temperature raises to
such levels that management and feasibility of the
working conditions are less optimal.

Added value to the community

Understanding how neurons wire the extremely
highly complex network of synaptic contacts re-
mains one of the most intriguing issues in brain
research. Altered synapse formation and matura-
tion is at the origin of many neurodevelopmental
disorders and synaptic loss occurs during neurode-
generation. Gaining insight into the complexity
will contribute to better understanding of funda-
mental processes in relation to learning and aging.
In short, the division is involved in first class re-
search, the methodological approach is remarkably
strong, the scientific expertise is outstanding and
the research plans appear very suitable. T trust
that the Division will continue to stay in the fore
front of scientific research. Quality of the infras-
tructures/facilities is of top quality, graduate and
Ph.D. students will be exposed to original and in-
novative research experiences that enable them to
develop independent thinking and leadership qual-

ities.

On three months leave from University Medical Center Groningen
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An Evaluation of Dr. Tadashi Isa’s Laboratory

Department of Developmental Physiology, National Institute for Physiological Sciences

Myodaiji, Okazaki Japan

I am grateful for the opportunity to write an eval-
uation of the laboratory headed by Dr. Tadashi
Isa. In spite of his relatively brief career (PhD de-
gree in 1989), Dr. Isa has created what is without
question one of the top systems neuroscience lab-
oratories in the world. He is unsurpassed in his
productivity, in his innovation, and in his ability
to combine multiple approaches to the analysis of
brain structure and function. He is both proficient
and broad in the techniques he uses and he is work-
ing at the frontiers of several important problems
in neuroscience. He also has the ability to attract
outstanding students and postdoctoral fellows and
to develop international collaborations with other

scientists. His research facilities are excellent.

A. Major Directions of Research

1. Structure and Function of the Superior
Colliculus

Perhaps his most outstanding contributions to
neuroscience are his in vitro studies of the cir-
cuitry of the superior colliculus. His interest in
the superior colliculus began with his predoctoral
studies in cats of the role of the brainstem in co-
ordinating and initiating orienting movements of
the head. Using electrical recording and stimula-
tion he established the role of the Forel’s field H in
the cat midbrain in the initiation of vertical head
movements. As early as 1988, he established that
Forel’s field H neurons exert excitatory influences
on muscles that elevate the head, mainly through
relays in the reticular formation of the caudal pons
and medulla. He found that the superior collicu-
lus, which is an important structure for initiating

orienting movements in all directions projects di-
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rectly to both Forel’s field H and to the caudal
pontine reticular formation.

Then, in 1993-1995, when he was at the Gunma
University School of Medicine, he learned in vitro
whole cell patch clamp techniques while studying
the distribution of Ca?*-permeable AMPA recep-
tors in hippocampal slices. In 1996, when he joined
the faculty at National Institute for Physiological
Sciences in Okazaki, he began to apply these meth-
ods to the study the intrinsic circuitry of the su-
perior colliculus.

Since my own field of research is in wvitro analy-
sis of circuitry in the superior colliculus, I think I
am almost uniquely qualified to evaluate Dr. Isa’s
contributions in this area. Since his first publi-
cation in this field in 1998, he has been not only
a pioneer in these types of experiments but also
the field’s most productive contributor. He began
by contributing to the resolution of a long standing
issue in this field, that is, whether or not the super-
ficial visual sensory layers in the superior collicu-
lus provide direct input to underlying deep layer
premotor cells that play a critical role in initiating
orienting movements. He provided strong evidence
that they do, and that this intracollicular pathway
from the visual to the premotor layers may mediate
the most rapid, reflex-like, orienting movements of
the eyes, called express saccades. In later stud-
ies, he showed, using state of the art whole cell
patch clamp methods and morphological analysis
of GABAergic neurons in GAD67-GFP knock in
mice, that the deep premotor layer cells in turn
give rise to a GABAergic inhibitory pathway back
to visual sensory layers. He argued that this re-

ciprocal pathway may serve to suppress the vi-



sual input that is evoked by the movement of the
retina relative to the visual field during an orient-
ing movement. Otherwise, if not suppressed, this
eye movement evoked visual activity would have
the potential to trigger additional unwanted eye
movements.

He also has studied extensively the very promi-
nent cholinergic input to the deep layers of the
superior colliculus from the parabrachial area of
the pons. This cholinergic parabrachial area has
widespread projections, including to the thalamus
and the premotor layer of the superior collicu-
lus. It is believed to play an important role in
such functions as level of alertness and attention.
Dr. Isa showed that the parabrachial input to the
superior colliculus generates inward nicotinic and
muscarinic currents which depolarize the premotor
neurons that initiate saccades. He also found that
that the cholinergic input suppresses GABAergic
transmission in these layers. Both of these mech-
anisms serve to enhance the responses of the deep
layer premotor cells that initiate saccades, and
may have the important function of influencing the
probability and latency of saccades as a function
of the level of alertness and/or the attention of the
organism toward a particular region of the visual
field.

As a final example of his many contributions to
this field, I include his recent study of nigral inhi-
bition of GABAergic neurons in the superior col-
liculus, because it is a good example of the power
and importance of his approach. The prevailing
view has been that substantia nigra pars reticu-
lata, which is an output relay of the basal ganglia,
tonically inhibits deep layer premotor cells. This
tonic inhibition is suppressed by inhibitory input
from the corpus striatum just before the onset of
an orienting movement and it is argued that the
suppression of the tonic inhibition permits the col-
licular premotor cells to generate their character-
istic burst of activity that initiates the movement.
But Dr.
the collicular output cells but also GABAergic in-

Isa and his group found that not only
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terneurons in this premotor layer are disinhibited,
which argues that the nigral input plays a role in
sculpting the spatiotemporal patterns of activity
in addition to permitting the triggering their pre-
movement bursts.

2. Blindsight

Blindsight refers to the condition after destruction
of the primary visual cortex, in which human pa-
tients who report that they cannot see still can
perform certain visual functions. This residual vi-
sual function evidently is mediated by the remain-
ing brain structures that receive input from the
eyes, including the superior colliculus. Blindsight
is important because it has the potential to deepen
our understanding of the functions of both corti-
cal and subcortical visual structures and, in addi-
tion, to point toward ways to improve visual per-
formance in these patients. That is, characteriz-
ing more precisely the nature of the deficit follow-
ing visual cortex lesions and establishing the rela-
tionships between the remaining visual functions
and the responsible structures may provide an ap-
proach for maximizing the amount of functional
vision patients recover following visual cortical le-
sions. Since non-human mammals also give evi-
dence of residual visual function following visual
cortical lesions, this phenomenon can be studied
in animal models. This is a new direction of re-
search for Dr. Isa, but it is an important line of
research that has attracted the attention of many
outstanding neuroscientists in the past. It also is a
line that can benefit from his multiple approaches
to the analysis of visuomotor behavior. His results
thus far demonstrate that orienting saccades after
visual cortical lesions are less precise and less vari-
able in latency, even when compared to saccades
toward objects in the normal visual field that are
reduced to near threshold in luminance. Dr. Isa
and his group argue that the results suggest that
the consequences of the cortical lesions are not sim-
ply to increase visual thresholds. Instead, the vi-
sual cortex may be more specifically important for

the decision processes involved in estimating the



direction and onset time of ensuing orienting move-
ments.

3. Neural Mechanisms of Functional Recov-
ery Following Brain Lesions

Improving recovery in patients following brain le-
sions depends on understanding more fully the
adaptive mechanisms of reorganization that occur
after the lesions. Dr. Isa and his group are study-
ing these mechanisms. As an example of their
contributions to this field, in a recent Science pa-
per (2007), they traced the time course of finger
dexterity recovery in monkeys after cervical spinal
cord lesions of the pathway from the motor cor-
tex to the lower motor neurons that innervate the
finger muscles. Use of the non-primate model ad-
vances imaging studies of human patients with le-
sions because in the non-human primate lesions are
less variable and easier to define, and subsequent
interventions, such as additional pharmacologic or
anatomical lesions are possible. Monkeys, follow-
ing lesions of the cortico-motoneuronal pathway,
recover the dexterous use of their fingers within
3 months. Combining brain imaging with phar-
macological inactivation of cortical motor areas in
such monkeys, Dr. Isa and his group found that
recovery depends on bilateral remaining motor cor-
tical areas at early stages and extensive regions of
the contralateral motor cortex in later stages of
recovery. Based on the activity patterns in the
brain imaging studies, Dr. Isa and his group argue
that the brain uses existing motor areas by reduc-
ing the level of inhibition in these areas early in
the recovery process and then gradually recruiting
other areas by synaptic plasticity in later stages.

In other experiments, they transected in the cer-
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vical spinal cord the direct pathway from the mo-
tor cortex to the lower motor neurons. They ver-
ified the completeness of the lesions by electrical
recording, which showed that monosynaptic but
not disynaptic inputs from the cortex to the lower
motor neurons were eliminated. They concluded
that the disynaptic pathways utilizing spinal cord
propriospinal interneurons can mediate recovery in
these animals. In experiments still in progress,
they are beginning to examine in detail the phys-
iological and anatomical reorganizations that are
responsible for these adaptive changes following

brain lesions.

B. Conclusion

The experiments described above are just a sam-
pling of the range and depth of the research carried
out in this laboratory. Dr. Isa has gathered a tal-
ented and enthusiastic group of scientists who rep-
resent the almost the complete spectrum of tech-
niques and approaches that currently are available
for analyzing brain structure and function. Future
experiments will either extend the research just de-
scribed or introduce new approaches. For exam-
ple, Dr. Isa’s group already has begun to develop
an apparatus for analyzing how arm and hand
movements are encoded in the motor cortex using
real time cinematography of the movements while
simultaneously performing multielectrode record-
ings from large numbers of cortical neurons. In
conclusion, perhaps the most impressive feature of
this laboratory is its ability to learn and adapt a
wide variety of methods to solve interesting pro-
grams. This feature ensures the continued pro-

ductivity of Dr.Isa’s laboratory.
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Review and Evaluation of Division of Endocrinology and Metabolism National Institute for

Physiological Sciences Okazaki, Japan

Dr. Joel K. Elmquist
Professor and Director

Division of Hypothalamic Research

Departments of Internal Medicine and Pharmacology

The University of Texas Southwestern Medical Center

This report is based on my visit of the labora-
tory headed by Professor Yasuhiko Minokoshi July
28th, 2008. I outline below my evaluation of the
principal investigator and the overall program. I
also briefly describe my impressions of the individ-
ual projects presented over a series of 6 presenta-
tions. My main area of interests is the molecular
and neuroanatomic basis of coordinated control of
energy balance and glucose homeostasis. Given
the interests of Dr. Minokoshi’ s laboratory, I was
happy to serve as an external evaluator for his pro-
gram.

Evaluation of Principal Investigator: I first met
Professor Minokoshi while we were both working in
the Division of Endocrinology at Beth Israel Dea-
coness Medical Center and Harvard Medial School.
In January of 2006, I moved to Dallas to become
Professor in the Department of Internal Medicine
and Director of the newly formed Division of Hy-
pothalamic Research at UTSW. While in Boston,
I closely followed Prof. Minokoshi’ s work on sev-
eral projects including his seminal work on leptin
regulation of AMP kinase in collaboration with Dr.
Barbara Kahn. Dr. Minokoshi has continued this
line of investigation on his return to Japan. As can
be seen below, I was quite impressed with the pro-
gram that Dr. Minokoshi has built at the NIPS.
Clearly, Dr. Minokoshi is an international leader
in the field in CNS control of metabolism and en-

ergy balance, and I would rate him as one of the
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top young investigators in Japan. Importantly, he
has recruited and mentored an excellent team of
scientists.
Presentation 1: Dr. Shiki Okamato presented
the results of his studies investigating the role of
AMPK in the paraventricular nucleus of the hy-
pothalamus. In particular he is using lenti virus
vectors to express constitutively active or domi-
nant isoforms of AMPK. His results are very in-
teresting and suggest that fasting alters AMPK
activity within the paraventricular hypothalamic
nucleus and this may contribute to changes in
food preference for calorically dense food associ-
ated with fasting. These results are potentially
important and if confirmed would represent a very
nice contribution to the literature. Suggestions for
this line of work include further anatomical vali-
dation of the specificity of the effects observed to
the paraventricular nucleus. In addition, deletion
of AMPK subunits from the paraventricular nu-
cleus by using SIM-1 Cre mice could provide more
definitive genetic proof that the effects observed
are physiologically important.

Presentation 2: Dr. Tetsuya Shiuchi presented
the results of his studies investigating role of the
central orexin system in regulating coordinated
glucose homeostasis. This very interesting work
suggests that orexin activation of neurons in the
ventral medial hypothalamic nucleus (VMH) re-

sults in activation of the sympathetic nervous sys-



tem, including innervation of skeletal muscle. This
includes alteration of signaling in the muscle in-
clude the PI3K pathway and alterations in glucose
uptake by the muscle. Collectively, this work is
very interesting given the potential role of orexin
neurons in sensing changing levels of glucose and as
downstream targets of neurons in the arcuate nu-
cleus of the hypothalamus. Putting these results
into such a physiological context could extend the
significance of this exciting data. As noted, above
many mouse models now exist that would allow
direct testing of the effects of manipulating orexin
receptor expression specifically in the VMH. The
use of such mouse models in the context of the ex-
perimental preparation being used could be defini-
tive as it relates to the role of orexin action on
VMH neurons.

Presentation 3-4: Dr. Atsushi Suzuki described
the results of his studies investigating the role of
novel phosphatase in regulating AMPK activity
and leptin receptor signaling. He also described
experiments in which he has isolated and charac-
terized an adipocytes protein (ARKS5). In the for-
mer set of studies, Dr. Suzuki has been using a
neuronal cell line to assess the effects of leptin and
CAMKK and AMPK signaling. He also provided
data that suppressing the expression (using RNA1i)
of the phosphatase PP2C blocked the leptin effect
on CAMKK and AMPK signaling. In the latter
set of studies, Dr. Suzuki presented data that the
ARKS5 plays a role in the regulation of adipogenesis
and/or adipocytes survival. In particular, ARK5
promoted white adipose tissue hypertrophy. In ad-
dition, he presented data from a transgenic mouse
model in which the ap2 promoter was used to drive
expression of a dominant negative ARK5 in adi-
pose tissue. This mouse displays resistance to high
fat diet induced weight gain. Collectively, this line
of work suggests that high fat diet induces ARK5
expression that leads to hypertrophy of white adi-
pose tissue. Collectively, I was impressed by these
studies as they represent a new direction for Dr.

Minokoshi’ s program. The use of such cell and
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molecular approaches certainly expands the depth
and significance of the work ongoing in the pro-
gram at NIPS. Once again, I would encourage Drs.
Suzuki and Minokoshi to use the power of mouse
genetics to directly test the physiological relevance
of PP2C and ARKS5 in the hypothalamus and in
adipocytes.
Presentation 5: Dr. Suni Lee presented the
results of her studies investigating the action of
BDNF on adipocytes. She showed data suggesting
that BDNF mRNA is expressed in white adipose
tissue and that BDNF protein can be measured in
the serum from ob/ob mice. She also presented re-
sults that a truncated TrkB receptor is expressed
in white adipose tissue. This work is very novel
and potentially important. Suggestions include to
assess the levels of BDNF in other obesity models
and to take advantage of already existing models
with altered BDNF signaling.
Presentation 6: Chitoku Toda presented the re-
sults of his studies investigating the effects of lep-
tin action in the VMH on coordinated glucose
homeostasis. In particular, he found that leptin
in the VMH increased glucose uptake into skeletal
muscle. Interestingly, he found that leptin injec-
tions into the arcuate nucleus or dorsal medial nu-
cleus did not alter glucose uptake in muscle. Also,
he found that a melanocortin receptor antagonist
blocked the leptin effect. This is a very interesting
set of studies that provide novel information re-
garding the physiological importance of leptin ac-
tion in the VMH. Once again, the use of models
in which leptin receptors (or leptin receptor signal-
ing) specifically in the VMH or the arcuate nucleus
would extend these interesting observations.
Overall Assessment of the Program and Recom-
mendations
As can be seen from my comments above, I came
Mi-

nokoshi, his team, and the facilities and environ-

away from my visit very impressed by Dr.

ment at the National Institute for Physiological
Sciences. This includes other colleagues of Dr. Mi-

nokoshi I met on my visit. I also was very im-



pressed by the equipment available to investiga-
tors. Clearly, Dr. Minokoshi has already devel-
oped an excellent research team. I view his grow-
ing program as one of the best in the field of central
nervous system control of metabolism in Japan.
During my visit, I discussed extensively with Dr.
Minokoshi my thoughts that he could take his pro-
gram to the next level by embracing already ex-
isting mouse models that allow for neuron spe-
cific manipulation of key genes thought to play key
roles in regulating energy balance and metabolism.
Many of these models have been created and char-

acterized by our group. Thus, we would be glad

Joel K. Elmquist, DVM, PhD
Professor and Director

Division of Hypothalamic Research

Departments of Internal Medicine and Pharmacology

to provide these models to Dr. Minokoshi and his
group. Of course this is major commitment and
would require that infrastructure be in place for
such studies. This includes the ability to house
hundreds of mouse cages as well as the resources to
pay for this. Importantly, Dr. Minokoshi’ s team
already has the expertise to begin such studies. In
summary, it was a pleasure to spend a day at Na-
tional Institute for Physiological Sciences. I found
the day to be rewarding and stimulating. Please
feel free to contact me if you require further infor-
mation about my impressions of Dr. Minokoshi’ s

program.

The University of Texas Southwestern Medical Center at Dallas

5323 Harry Hines Boulevard
Dallas, Texas 75390-9051

(fn

{11
z

LE a2 —Hih
AFH - ORISR ¢ L B o — LAl
Joel K. Elmquist (7 ¥H#ARFEY VAT LAY VIEFLY T —)

Fhix. 2008 4E 7 H 28 HICEBBEIZ DWIZEE % il
LEL7%, ZOWMEFHIEZOROHMZmIC/ER L
72bDTYT, ZOWEHFTIX, T, REMRBK
O EOMRENEICET 2O 2B F 3, X
2, BRELTHVAEZ62D0KHE 7Y 27 gD
WT, FROHIRZEHICBRZ W EBWE T, fZ
FIT, ZRAVF =TV RARO TV a — ZHHE T
PEDAEER L LT OFRENIZ B b 5 5 1R O
MR Bk 2 Ff o T E T, 2 i, B
BSOS DART & ) KWK 2> TE D %
L7DT, Al SHEaHEZ 8351 235 2 L1dK
BT,

84

FALWFSEE DRl 12D\ T - FADEBEIZ & 91D T
BaW LDk, Harvard Medical School @ Beth
Israel Deaconess Medical Center, 73223 Ic
BT EBICE T ERRTT, Z0%, T
1%, 2006 1 Hic UTSW @ WRFMEZPZIE I Hi
T & 2 BUK MBI OHRE  (DHE) 18T
L. ¥7AcEhEL%, RA ¥ TiE, Barbara
Kahn ##2 & LHAFREZfT> T E LI-DT, El
BHRORENZIED 1 O THELTFVICk?
AMP X F — ¥ O PEHEIRA OB 2% S D <
DPOMETRY =27 P RETEE L, BRI
Z. HANRE L 728 b FROIE2H T T . T



FULCRT EB D, ABEPEITICELTTIES L
ME7uy =7 F&ub EIFCuEd, EBEZIL,
HIXARERIC X 2RI Z RV F =N T v 2D
Bt ORI IC B W TIHARY — ¥ —D— AT
b, B3k xr HRICE T 2 (YEETIFICE T
%) by 77V OMEED - NEFHIIL TWE T,
o, LODUEELZ LI, HBESLAMESE
D, TS LWLIIEF—22K T WwWBE I EE2HL
w2ET,

1

AR LR, v 7 AR TEHEFKRICET 2
AMP ¥ 5 — B D&EHENZ O W THFRERE 285 L <
{NFL, ZOMEORETRELZ, LV F T4
WARY =% AT, AMP % —¥ ORcih R
ERCANE RS Ak 2 (BEH%I0) RESE, 2D
RUABHWTHEBERZ T EIIHET, 2O
FECRHCBIRZE IR R #f I X - TEHRN
D AMP ¥ F—E2EMLL. 22 LoD
R D20 & BRI BT 2 Al Rg 2 R L
ZETY, NS DEBHERIZ. 825 RLHH
ZFEERERTH D . INHEEI UL, 2 DSy
oI KRS CHRT 2 b T, DT, &
D—HOMFUBIL T, ROFEFRZREL v &
9, —Id, RN RBGEEZ X DFEL <Al C
DRIRDBBEZICE T 2RENTDH 5 2 L 2GEET
5Z¢, 9 —2Iik, SIM-1 7u<x—4% — Crenase
v A% TEERR RN AMP ¥+ —¥XH#E
CIADHREFTRL L TT, Zuc k), Kt
FTHOD» EZo7 AMP ¥ F—YOHFEHDE
e, X OMEFICEEIHIR S LRV ET,
FF2
BT, TEEN 7V 2 — 2R &
BHMEA L XL v AT LAD&E ) B THEL
E L7, AWFRIZRZERFECIIETH D, AL ¥
>R MEEN I (VMH) O=2—1 v %
MALT 2 2 LTk > T, BIEWICHS § 2 S
itz =, Z2ORR, BKAICE T % PIBK 217
%3 7P VisiERE 2 2L, BRICEIT5 7
Va—2flzEOL I EERLELL, AL XY
voa—avii, iz, Fra—2L Lo
AL, FRARTEHSRE=2—a D Mify —
Fy bELTHEISTFONTED ., 20X Lk
Ry, R AR R D & ARIFFE I R SR VR W FFE K

/HL\AE[\l()

85

BT, Eolc, A rma—arodi
HREZEZODEET L, AFRBRIZRERHE L
AMNEREAETLIHICBEVET, L2L, 20
WEHCTMELRRET LI, BIEETEE D>
TAETNABAFARETH D, 216 %2 {li->T VMH
RENICH L o Vv REKORB 22 S E Y
AZMEEIL, VMH BT 54 L ¥ v ZEEOEH
ZEEHANS ZEHRET, VMH = 2—8v i
B4 L Xy ofififiil & 2 0&E 2W] 5 52
T50ICE, Z0XHI e AETVEMEHT S
LD D MEF TR E VL E T,

¥ 3-4:

AR I, AMP ¥ F—XiHELE iY77 F
VERREEANY 7L 2 HIET 2 (P FERL )
WS o8 DY) v AR DREHE IS D W TR
LE L7, fiv<, HEDYEEL 72 ARKS OIEHGH
el B\ 2 BEE & 2 OB ICBE T 2 WFZER
ZHEL £ L, BIEOWIICE VT, SRR,
PRAbfRERI L %2 v ¢ CAMKK / AMPK > 7'
WICNT L7 F v DR ZFNE L, Z DR,
RNAi % v CHiBIEE Y~ i {lEE R o S B % Pl
%t CAMKK/AMPK ¥ 7 F VN T 5L 7F v
DRINMEMEM SN Z EEZHOICLELR,
BEOMRICE T, SR IE. ARKS 23R
JeL Az i & MR AR o 2B A7 G 1 BB AR 2 B9 2
&, BRI ARKS 28 (IRWGRIR D IERAG IS PR FEBLADS
JEL) . FEHROEA L2 EET 2 2 L 2R L &
L7, ZOMZEIZEBTHIZ, aP2 7RE—% —IC
& - T dominant negative-ARK5 % g/l I FF 2
BT 2 BB FRES 7 AL, o=
2ADEEHEZERL TOEML 2w 2R %
L7, 206 DFEEHS2 5, ARKS &, ElRi&ED
HHUC X D FEBIGE L . RO R %2 5] &
e eEzZonE T, DEOEFHRE?» S, FAlL,
AWFZE DS EBAE L D RIFFEETENC 3\ THT 72 e a5 m ik
LTI THZ LKL £ L, AIRED XD
CHiilEE L O FHiD 6 7 7 m—F iR TEE
AT CHAE T b T W 5 2 s OISR % il
FICHREIE, ZOMROEHZELZIVEDZ EHVE
T, HEBRANE I, SR THICE T % PP2C 7 7
SY—IKET 2 Z OB bR & B
fiizB1r %5 ARKS OAEBINER 2 EENICRT 2o
2, BIETRZE~ T A FERN, v 7277 by



) ZHVWBEZEEBEOLET,
FEF5

ZEME A %, IR &1 % BDNF o i
TERNCBI L T DR R 2 L £ L, 20
fE43,. BDNF @ mRNA 23A @R v
FBL., €T V27 R (ob/ob =7 ) ITEWT
BDNF IfiffE28403 2 2 &, &5z, AR
%1% BDNF o0& TrkB 224k (TrkB-T1) 2%
CHBLLTE D MR L CiE B/ %
HEZ LR L E L7, AWI%EIE. (BDNF 3L 7
FARIAL v THZIERRLTED) JEHITH M
PepsE <, BEAPIATYT, SBOERE LT, ftho
i€ 7 LVEIIC B\ T BDNF OFBENZLT
2 E)IpRHFRSL L, £/ BDNF O 7 F)Vin
B FICREZROBAET V> 7 22 v TiltE
ZTH) 2L BHEOLET,

76 :

FHAEE R, Zra—2REHEFECKIETL
7F v ORKRTEERNE (VMH) (1281 % R
HEeH&ELELL, R, V79 % VMH i (G#
Rv) fEHSE 2 LKl co 7L a— 2D A
BT 5 2 L2 ML F LA, BRENC LI,
L 7' v 2 BUR TSR £ 72 i3 NI I e G- L
THERBTO/ L a— A D IAARIEINL £ A
TlL7, 6, A7/ aVFUvERkyr vy a=
APBIDOLT7FVOEREZRET S I L 2F AL
EF L7, INSDFEERERIE, VMHIZE T 5L 7T
YOFLOHAEITEHZRT L0 TH D, KABIKE
W T, # DI L £ 925, VMH 721350
BB L 7F 2B (£33 7 F V25

86

ke 7 Norf) B FUEET VRSS2 2 L
WKE->T, TNHDMAEZIHICEDL I LTES
ERWET,
W L SBOME~DIRS

Db, RE LK )T, BIESROHMIC L -
THGHE L L 2 0% F — Lo, 2 L CAEBEEHZERT
Digk & 2 OWFERE IR WIEMSEZ T E Lk, 2
oz, Sl AEBEET TR 2w L (Bl
HRZELUND) oD FL2 bEEnEd, £k,
WFZeE DB S AWM T % 3 b REHIRINTL 7%,
HEWE LI TIES LW F — L2 E>TWw3
ZERWshTHY ., R Lopgss, R
HEAE OMATHICE W THARICE I 2R b BN
MED—DICEOTWVBEIEZHZIENTEEL
7oo WEfE, FAFEMIEAEIC, ZRALF—NT VR
PARHFENIC B D 2 RELEEE %2 . fRsHiia ks
B HE L FEOR AR WS Z L2k > T,
HREZISICHREILLIENTELEFELELL,
IREHIE., TNHDEFINT ZAD% L & IR
L. f@izfioCTwEd, HEfELEZ2oM%F —
MMZINEDe I RAZBEATHG LI ERWET,
BLAAZDDITIE, BAICDIZEYT AT —Y
TeUAZFAE L, 2T 28 %2 bl
TR FEAD, BERELOWETF —L03ZD X
)RR EED S LI B VE T, mi
o, BBEPRTCIRRER L —HZMI LE L
7o EH DSV, MREREZ SO 0N —HT
L7, BBELoMIcBEL T, ROoBR2 S LE
WKRETLAS, JEERCBZNREI N,



32 fRKRZF BEH EHR

ZEAH - POT AR IERERRRE T ZETRTM (PO TEE) SRRl

(Feiifi)

AT - N AR FEEFERERTZE AT IE . 2003 4F 11
HICEBEE 128 Harvard R X D #Z E L TR
H, L CHRELLHLOIIRETH 2, LM
. BEDZFZNF— NS5 v 2 DRI OV T,
R, SR T & RS & DA ER D RO = %
WX —NRNFT U 2AZEDLSICHE L T B, T,
ZDWHEDIRE L ED X )L 22 RHT 5 2
EERREBRBEIC LY, INFETHEMIChbE-
THFEZREBHLTE R, TR2LX— N5 v 2D HfH
RS X AR DRIFIN 28888 TH D . Lo b Z Dl
VIHAEHBBR B CRTE & 720 5 T 2B, I, £
Z ARy ZIEGERE R & OWREDMRIH L ER T 270
ABE) A CERELMIGRETH B, K
WHRMHRRRIC L BEARDZZN X =T v ZDH
fliOWEFEIE, 2 D J7 A 8 T HETI 72 BT 1
HFIaZ o, MATHRS AR TLLA
YR P DB BRI TDbNT VR, EBBRO
MEDNY 27739 FEINETTOHEEIS, Y
HrE, BBETIE B AADZ L, AT Y T
7 7 ADMEEL LTS L gtk e b
250 LRI NG, YY), FEREEZ & ERE D 2
NG TR L R ES . BIETIRIFREREIRE .
e E. REBES O 13 HOMEENEFEEL
TWw3, MREZH/ZIS EIFT, ~"—FHPY
7 PHIOEH Z ML HEEZ2PUEICREE 5 £ T
. OB, BECEEEE D B b DTH B, LM
CNETO 5 AERICEFICHEAHIZHEEL - L v
Zb, DI EFEAY Y 7 HRENREEDF S
MIRRE S %2 5 FITER L T2 HFEICH KX
T3, %7 7u—F & LTk, B o174
2L AR MR 7 £ R AR DY AR 7
Tu—FIC Lo T, KlEE MRS AL I N
TV2ODPRHETH 2, FRICHIK T 2N & L7
SN, BRI = 2 EL— a v IRM4ERM
ko THBICHZIENZbDTH )., Z DA
Lo THUEIWE2HEL T HMAREICKRLZTHA) L

87

MRS RFBER 2% WE7ER
R

Hifrsnzg, ZNFETo 5 FEMDOE A DWFEEIA,
FEARMNZIZ AR & D L FEMTEIC K 2 b DTH S
DIx, B kI EHUFRR ORI L 7R &
Hhol-oThh, RUEHLRL, L2rL, s
DD Cell Metabolism, PNAS, Diabetes 7 &
EREIIC A V7 P OBV v —F VTS BFES
NTVLRED, BB AEOEHMED S I 2R L
T3, ZHEEDIEL VIFIERICE . Bk
T, ZNZVHHOBEDO IR b HELINODODH
D, TN LDRENRVICHIFINS, HL, %
D7 7a—F L LTUXTINETD AMP — activated
(AMPK) 7 Ll % ooy FIcHni%
HTEWRICMAT, PRI VL =4, 70T
F—Lb, Ay Fu—hn ERENLE T 7 —F &2

DAILD Z EDH RIS Lk,

HARD T 2L X =35 v 2 O FEIHERE DRI & o
IMEE L Lok HEDO S LIz, Bi#%IIL
O ETHHECIAZ ZZNZIME O T — < Thf%
ZHEDTED ., % DFFH O % RS DO
REBBROEEB 2 INT D 2 EIFFHIICET 5,
(i)

1. WFZEHE TBUR PSR AMPK
12 & % S hr PR

Ly F 4N REHGTHEER AMPK R OAR TG
P8I AMPK % PVH #h#gfific Bl s &, BafT
BB TR ARG L 72 &£ 25, AMPK 23 PVH
PRFEHIIE I B\ TIRIRIR(L 2 3§ 2 2 Ltk -
TRAY & L RO EFEZHIET 2 2 & 2%
WUL7., ¥7-. PVHIZBF % AMPK &% Ngine
fAl— BRIV IEDS A 5 7 a L F v ZEERIC L b
sz, MiEEY <k 2 o FEitseg I By %
KU CTHRIIEICR$ 285 TUE S 2 2 L & B
L7,

AMPK 23 $E I EZ T L T 3 & & 2 A%
FLU 72 IR IC R VR WA 2 F%8 T b . IRHE &
DRIRZ ESHBRDIEFRPIRVICHIFI NS,

protein kinase



2. WIS THUR TEA L X2 VI X 2% T
7V 2 — 2GR

F L X, BURT BN VMH— 5
R %N L CTEET & 2 OXIINE D [2 ZHRE%IG
Mgz ickh, BEHBTOL R YT
LEHEEALL, ZVa—Z20WMhABREL Vv AY v
k27 a—7raREERIICRET 2 L%
WU 7, B, BB To 7L a— 2Rz %
RIS T 24 L ¥ v S RATLE A VA Y
TEROWIEM Z A Hilffl$ 2 2 Lic k> T B
HOEFEEZHERL LB E2RBLEFETH
%, MLV TDRA DX LDRFARE L X v -
VAT ALEAVAY) VT RAT ADOBEHD AL
WEROMHLE EVXROBEIC R TH A9,

3. MEHE "HAK TS RETOL 7 F v—
AMPK ¥ 7 F V25T 5 #HiHl phosphatase
CIPP D¥H,

L7 F i X 28R TSR AMPK 0%
M2 B % Hi B protein phophatase (CIPP:
CaMKK—AMPK
phosphatase & fir#:) % Hifif L 7z, CIPP I3/}
BOTHRBZICEICHILLTWE, L 7T id Akt
DiEHEAL, 2T CIPP %V Y gk 3 25558, AMPK
D _LiilE#E TH 5 CaMKKb 2 v g2 2 &
T AMPK OiEtE2Hfd2 2 2R L. LT7F v
2 &k 2 AMPK DIETERHIGIEERS 2 iR L 7- & bH %
HTH %,

4. MFRHE "THEBVMHEON K Z RET 5
AMPK BI#ERT ARKS5 DfEH L

ARK5 (AMPK related kinase #5) 1%, $iRKHT:
Bh#0C & O | BRI B X e AMPK BEER 10—
OTH 5, MiEE (v 28X M) oHMlE
Wiz 3> T ARKS OFEBIDTUHET 2 Z &z Bl
72 L7z, DN — ARKS5 %GNG Hass 2V Ic 76817 %
TG = AZEH-M LA, TG =7 A%, ElEN
A2 BINL THMEE 9, MAEES BA L &b o7,
7. HEWR%Z5 27 TG <7 A TR
DIWEL Tz, 2o OfERY 5 ARKS X, JEG
MR T 2B OM4 2 2 F L ABREICE VTR
Wit D EAAEVE 2 = . MR O MK % e
HIEDRINTWVS, ZOWIEIZ ARKS A3l
OO DR 2 TR S D | BIIRZE
S, ML N Tofitt L &bz, DN-ARKSTG
w7 R MR A EDLRIZL D in vivo TEDE
B REEH b ETH 5 9,

cascade inhibitory protein

88

5. WHFEHVE TIEVifIC B 52 BDNF OfEf & %
D 7 F MBTERERS )

MR EE - & LCTHI S #1115 Brain Derived Neu-
rotrophic Factor (BDNF) 2332 K T 78 H
LTEACI ALY — oIS L Tws L
PRE I TV 528, R IC BT BDNF 23
ED ) AREFEE N 2 B L T 2013 5R EA
HTHh 2, RIFZETIE, FRVifiiEICE T BDNF
& TrkB-T1 23%¥ 3% Z &, £/ BDNF Q¥
Mg e &bz L2 /A LEL, 22T 8
Jififigic 817 %2 BDNF O Z MLz &2 5,
BDNF . ez 8w TrkB — Tl 2/ L T
PI3-K/Akt. MEK /Erkl/2/S6K & % itEqL L
FoxOl %V V{3 2% 2 Lic k D, BhIREE(LIETEA
¥ Plasminogen Activator Inhibitor-1 (PAI-1) ®
mRNA R E2MEIT2 2 2 RHL 72, RUFRIE,
BDNF 237 %774 F A4 v & L THREL TWw3
EERHODICL RO TOMERETH D, A,
WEIRIA . BIIRAE(L 22 &Rk 4 722 AREHEE FR 0 i e o fig
CHi7 iRz b6 TREDH 2L L L THEE
DREEVPFIND,

6. WHFEEE TRASHRRTO N a—AMD AARITK
ETVL7F v OREFHEBUR FEX T 2 avF v
ZER D

ARIFEFEICB L TIE, L7 F I X - Tl
L7 VMH =2—n v, POMC =2 —n v 2k
fbL. ML % POMC =2 —wv vid VMH KU
PVH DX 5/ aNT v ZEEZN L TERT., B
FEWG#%. DIETO 7L a— 2 DD IAH» % BiR T
2LOF—IEBEINOOH B, TNETARHT
Hol LT F I RN TO 7 a— A
A BARHENE ] 2 B9 2 SR T e [ 2% o i 1
BT 2 EELRDI%ETDH 5,

()

WINOEHRE b X E L CHBHICRRS T
% Hd % IF SRR T D . WFFEHIEE I
ATV 2, FRHEE 0 F kT UE, 5%
L DA VRI L DH BRI Z HIF S LT
&5 LWfFEIN G, BHEMATEH I SHIELHEHS
NETHTH 5 LAIRFICE S DMEFEBIS AT S L
EZoN, BHEPMLA G260 L TFHEINS,
Al e WtsE 2 S S Ic TR 3 &, AR TR & Hl
ZRTMAREE LTSI NDE L)Ickhsrl etz
HIREL 72\,



3.3 dtimEXRT REH—HR
ZEAH - ORI R TR (PO ZEE)

AR R % F9 5 2 EROSEHPZ1E 2003 42 11 H
AP AT IS L 7o DR, #9565 fEflic b 7
D, BLLTEAFEHLE DRV —HE» LR 5E
RN X =T v 2 DFFIFERE IO WT, EEREY)
ZHIOGTWIZE 2 BRI L T\» 5, BElEE %213 Har-
vard KEEFEHIC, L 7 F i & 2 BANREHTHE I
AMP-activated protein kinase (AMPK) 2387
Bz DO ERFER L, EHEPETICE > T
5. AMPK % AMPK related kinase 12 & 2 £
R LR T B 1 2 AR 2w T
HEZEEL T3, ZoM., B2 4. RTo#E 1
%, WIZEE 1 A ofl, SafiikE., SimikcBz 147
OB L, EFAHFR BTV R Z GO, A
B2 BHE ST 05D, FR L 2 HESURER
F13MTHD . 2D IIMBIIZNERE & DL
DERTH 20, HED SR> TONRES R
FEEZETIUL, BDLAHBIL w3 Eb 05,
Fric, L7 F s &0 HE S 2 e Wil At <= e i
TRIR (VB EGE EFIDS o2 B AMPK D#ile N7 D
BRIk B 2SI L LRI, UHEEOSF
VYFLTHY, miHiSNn g, £, HAZRE
T2 DL D= LRV ZEM L, H3EIC
BAR%Z P Tw 2 dbEH L, FRio, HERE
Pz & o IEFFZEIC X b, BN & 5 &
No7 74 837 FOGEHETEH D AMPK %
MNMLTWVBEZEZHSIZ L —#HOWRITFFET
RETH D, MEGPHEIRIEOF LT & OBRL S
LIS A Vo7 PR E O, YIFEEOME T —
2 DBED FE R AMBIAIC L Twb 2 Eid, &
A RIC B 2RISR Y T LAk EOffE
HZAE 10 R ESFEZITT0B 2 ED 5 bl
Mz, o OWSEES% X 2 2 RS O oS
RILE, EBAERFZERT > & G S N 2 R AL 2
D, SCREAEFHATIE BB SRS (B)
% 2004 FEED SYINHMSRTE D, F, W
FRRIETIRIIE 2 EDHUR L. Z ofth, MEREA
25 DEA S PERINICZ T ANTE D, REFTH S,

89

IR

AGHEE R Z R BE PR A e R
N

T, BMERBEOREGAEDEEFICH 12 wiiTn
%, DUNIE, FfAE CHEBERZOEED b £ &if
HHICE o TEBHIN TV EARIFENETH 5,

R AR Bh#0 2004 4 3 H, WFAEICHTEL Tw
%, MARBZI, SR TEHEEO AMPK ififEh
L7 Frn ik il n, BT s n
22 ELICERHL, 202 ST 2% % R
BIL T\Ww 3, AMPK % 2% Tl I % & |
P RERG S § B g0 E D 5 2 R L,
PRI I 31 5 AMPK o IgjEE&L. 78 H H3B8 5-
LTwa I 2L TWS, £72, HEiET
VEIYTIE, BER ORI 220 L . IR
BREFEDSEM L TW3 2 2R LTS,

BN L 2004 4 4 A, FEFICHML T
W5, BNBEIE, SURTEIMIBZICRBIL . Hi
PIERICBIRT 24 L ¥ o v o EEREIEH 125 H
L. AL ¥ R M BENIBZ IR L, s
MREREZ N L TERTO 7V a— 2 DiAARE 7Y
A=V OEMERET 2 EEHSPICL TV D,
COERE, A v R Y EENT 2L DTIR A
v, —J. BB BB O IERD Ton T
WR W,

SRR B 2005 4E 7 A2, WFEEICHMT L
TWw5, sRBZIIENMEL? s WS s L 7+
Y ORI ERNCEH L, L 7 F 3R TSR
Bic BT 5 AMPK G2 L, Safrdiciss
52 2P 2Ho 0T 3058 2T> T L7 F v iF
AMPK DIEMEIITHICBES-$ 2 Hill7 AE < E CIPP
DY) Vgl EIEET 3 2 itk b, AMPK o Lifil#
# CaMKK b i) v #{td 2 2 & T, AMPK &
MR 22 L2 R L7,

ZEIEARHFSE 1 2005 4F 4 Hic, BFZEsIciME L
T3, FEIIMRERER T TH 5 BDNF 23581
IRTNEBIC/E L ORI 2R3 2 L ITEH L.
BDNF & 2 OXERDO T % % B O M THIE L |
B I B\ TRV FEBI2 2o, %72 BDNF
FeB & s & BEME 2 RS 7o, 512, BDNF &



JERAHIIEIC BT Fox01 2 ) YL $2 2 ik D,
BRI R (PAL-1) OFBLZIIHIT2 2 L%
RHL 7,
WEMEETIE I NUND T —<TH AL ERH
ST 508, U TREFHENC B T 2 R R
&R DE, 2 OB, MEwGECRE R IR 5
JNRBEBZER L TR D, ZonEIcE T A REN
LR D 1 DL LTRAIIN TV S, RLDOHTE

90

THIERD, DT 5 FERS TR EZLDL I
L 782 WE I O 7 T & AL 3R < Rl S
., FHCHRR R OB LdE LT, BN ONRE 2 L i
ATRET —~DBGEIF, SHTH D, HHEIE
EHRE W, ZOWREDIIUTIRAT 5 720123,
RD 5 AEMDBIHEA L A E-bnshs, FFEL 0
Uk O 7iREE . AWEIR Z L THF7EE O
BB 6 AT, ReIicliff Ttz 2,



25111 B

R e

91






COEMEFIZSEE L YRITSNLHL WEBTH
D, EEEEITOMAEDORIICZ 5T, FRDER
RWOME 2 £ Lo, MRNZIELEZRNT 570
OME 2Rt T 2 2 LZHNELZDDTH S,
N TORMHEHREE T, SRR OTEERR
MBI N T WD, TN T TIEIZERTE LT
DY AN ZTI R EWVIERHZZIT TV,
F /o7, HRFTN T b O WFZEHM T & D X 9 72 HF
TBMTONTVLE0IE, HEHH N TR Y, T
D &) ZREICNT 2 —2oDxBH £ LT, 2008 4E
12 H 25 HIC AP ETTimt e s R e 2t L. %
WFZEEF55 D RFEE DY 2008 FE AT b 7 WFFE D 1S
IR T, BEFIDOFELRHDS 25 7 LR ST
Wit ®, EmDOODRRIZEAE EN Do
T-DREETH 205, S Hich s FEIC X

1

LMHOWHEDOODEDDFELE LT, A4V F * 3
o ZEE e v —FOER T TR, G BEHE
FEDT T FNGTERZNRE LD 51T
W5, ZOWFEHIIE, 43T HEAE O BRI O F6 L
I > 6N FREDK D IED A=A L
& Z OFEIERE O phEERIISE O MiIC B 1T 5
TR D REBOMEY], 771 ERE & 2 ORI O
RIS CdH 5, BIE, 0 FABIFSER (RhFERERER T
WFZEE) . Mg B g% (CRABETZEEE. e
TABIRFZEARM . MR A BEFZEERIY) 2 ElckB T I D
STEF DR DTEFEICHED 5N TV 5, SEEORE
TREFERRE L CTE, DTS on 3,

1.1 TRPAl F+v XL DFED FHEEE D
%8

TRPA1 F v 2 Vi, REFREOZEMARE L THI
5NTW 5, MfEEBPFZEEITTIX, TRPAL F v
FOVISHIIEN O 7 VA VAL & o> ks s 2
WL, o, HAgo TV Y &
VY= FOEEEMBEITSNE D THEELE
E#x2FD, ZOWFEEEIZ J Clin Invest $EICFHE X
i, MRREERE R TIFZEE <k, =7 2 TRPAL
FrRADBHT7 24 VI THEMELENZ 2%
HnZ L7, ZREEBERZR>A 7 =4 v OH

93

D, EHEFFOPEIEERN L D X (EFEI N L
Moz, ZoMERERES, HEFNTDY Y —
ADMA | FENFEDOFMEDOHE L 725 2 L HH
s,

LU oo X Id, MRRRETORESE 2 &
BELTELDONZODTH S, BIGOLFETIL,
BB O 2 B & 2T L. R SE AR
BEEH & L CoBEMMHMN E D X 5 ITHFED FIE I Hk
L9 3%, $201DITFED X H 2 HEHHE
DEVIGHTE, 2T 2 BRI 22 R4 H0K
bohd, Z0kI BNETEOREEES MY D
TOILETHY, EDLIBFEADNSIOLLDH
LY BT LEDORRIT R O BLE T
i, EDLIRBTE LD S I LBSHORICH
DDOPEVIHIFRDPS S, BEf L T ZE k0,

BWEEDTOEE & ZDEE - HIHIX DX LA

TEAFZHS I L bDTH S, Fz, b
TRPA1 DA, A7 =4 V2 & o TIEMED I
IND &) HNMEERE AR R L, 20
B iZ Proc Natl Acad Sci USA FEICFHER I N7,

1.2 G ZERBEOMEARBE OGRS

N> 7 F VBEDOH S T TH 5 G HAEOM
NEWNRAERIENIC DV TR, REH BB 2 S 1
T, BEEVZEEFT TR, IREEMIC X 2 il
fCEBR L, 2OV S M A VIBEIEREER DHHC O
AHENT L 72, ZORH, DHHC3 8L 7 G
FEHE a Y722y bV b LLEANL T,
RN DBATICEE 2 &E 2 R LTwsl L%
REILD, T512, GEAR Y 72=v FOffiig
WIRTEDS, 73V 2 b A ALK IC B I 216§ %
ZEERWE L, ZOREIE Mol Cell Biol il
mEINI,

13 XAh/ oY —F v =X)L TRPM7 @
T—FILYTk

BEAEH BT BB < I, WEAERE, MR % & o~ A
LTHOL Ca2t MAZOEEBITAD ) ¥ —
AFFVF v 2D, TRPMT TH2B I E%x W



L7ens, S4EE, 2OF v 2L D Ca?t FillE % ik
ETHRTHEEDO T I/ WMERE Aspl054 ZFE L.
Z D H% Channels FEICFFE L7, 7. TRPMT7
F o 2D, BUESRET T 7 e b v F » 2 VICE—
N7 b LE0IBREREL, 3612, %
DBRIZH Aspl0b4 BEILE 222 Z L ZHL T L
72o ZOHAIZ T Biol Chem FEICFE I N7z,

1.4 BRHRZEAEOEME{CHERE

G G SR v | S G = SN | S N SN
PKD2L1/PKDIL3 # & R 2SWR M & - Ttk
L322 e 2WE LI, FHE, oI LM

Mrzefrve, GRS, BRI O R < lid e < RN
% off ICL72IRFICHE S % & v ) il TREE 2 i 1EAL
R RWEZL, £/, ZofEEEL2Ho 2L
2o ZOEHEIX EMBO Report GEICHEZ I N,

PLED X9z, RFEL LI EE % L2215
nNTEH, 58S ZNZT DU 2 TR HESE T
ZIENRDEARETHL EEAONS, ZHITIMA
T, 205 DIFFEDS, MERLRMHTOZT &) JITH
WHEMEZ GO THE L2 EEL T
ISt BEERT S8 B9 AL RS I o7 B DI EE &
DIFFEEZ ZnEF T RICHE L, PIEDRER
ICREMINICEH S92 2 EBHETH S ),

2 AFEFEMEMSERE & NIRRT LIRS D E

21 f5¥E

BCld, A TGN L 7 RN A SRS R S -
UEEL | R DR % i - e D BRE 2 Jati§ %
STk o T, EEEFEMEEE 2R L T, BB
R0 0 R Gl TR v s i 3 R L S 1 <7
Fov. IGTZREMRNT. RIMREITRE . ARJE N o R Fei
PR, ARREE eSO, Ml Azl AR D
WM T > Tw 5, KIS E 1T 2 [EHLBEERE O
HAE T H BFREEE IO VT, BN S L O
MM, > F 7 AB IO THlAO#EEE XL O

SRED—D—DD I L X v b DIEMER & 2 Dl
AE ORI K B E LB 2 AR B AE . S
., BTHEMEISICE Ry P =2 T aL—
vavhkEERHAOTHRFLTWLS,

BERE D ME B B O PR D 72 D12 1%, BEBEIY RS
oy b7 — VRIRETORBE GO, 5T -
EHAEYY, WY, BEXEHEZOBEL - B0
B Z N Z 7 RO EEPERICH S 2
EDREETH D | EHEPIET TR, SN S OFRiD
L EIT> T2,

SRR TR, MRk o gk - o kic B
W 2RFOEER, 206 DML E~DES
ZRE L T 5, RO 3 LIC BT 5 glial
cells missing B F 7V 7RO E 5L ZH S
Olig2 BRI T OBz it T2 L & bic, 7

94

V726 INDETNEY I VS ATP O 7L
FALTDAR—Y Y TEMOEEZE G >Tw
%, Mg 7PV TCid, A REIE R RE B
HEME T d 2 kIRl R RE O BRE & YT R ki o8y
FU v THEEIIL O LT 2 KBS AN TIE
ZHMAL, BEEDOYFTABL Ry b=
WMemiiTa L Lbic, BonkBEHRzdbLicry
F7 =27y a b= a vk TR O SR
JUBRRERS & Wat L T B ANIRERLH R — B0 A
E—2—0ryDTFFRACENT, ALPTLF %
FNDY T8 A 7RI DS Y E i il 2 o E o o
ARADY T TATHO THSDIZ L, £/, KHE
FUREIES 12 B B > F 7 ABERE O AT 2L % R
T2LEBICCat/ANEY 2 VREFHERY v
R rEER I & 2248 - SAEHIEIC > W TR 217>
T 5, AREFEERE TS T, FheE - |
[0S 35 1F 2 [l R (S BT [ B A B oD 28
bz BRAEHYE X OMEAN Cl- REHRE > FTbh
% KT-Cl™ b7 v AR —% —BEREZML & v ) Brid
SIFEZRIT> T3, F7. FRICE T 3 FEEDZE
L% %Mz 2O TR L, 27n
7V T7DOIEFEE X UCEEMRICE T 52+ 7 AL
B EING 12 3 1T 2 B RIS I D v TRRET L T
W5, IMTEZREMNTIEZERIT Tl MR 2 A
ZALIZOWT, YF AN NG 2 VBEZERRE
8 L O F 7 ZSER RN 2B 1) 2 BE DL
Lz oW, MEDEMTH 2 L 7Y 7 B % B



LTHEILTWw3, 512, #BHESF 720D AMPA
RNVY S VBZEERY 722y b OBEOEAIE
KNI WTHS I L, FRBEBREHYEE X
O 2 T HE 2 T, ¥+ 7 RA—=7Y 7OE#H
RIS D W TEFHEREIC X 2 7Y 7 OB EED
FlHck>oTza—ur—2) 7EAEREOENE
(LD ZE RN 25 bt 24T > T %,
RIS U . KB B SR i et [ g oD T2
8 - BEREOMIT 217> CTE D, GABA fEEifE= 2 —
0y ERBEER - X7F R X3 0HETo %, &
51T RINBCE R RIS B C & 2 MEHR IR IR I
DERTHIRE=2a—urD7y FRELY YV
REEDFHE & | 2 FiFHD Fast spiking GABA {E#jE:
Za2—u Y OFEHEBOEBNH 5 2 L2 AL 7,
7o, HEARHIIEO B EIC X 2R8NSy — > Do S
HIT> T 5, ANl - W3R FEERMEIZEHT T
FAEREEEERFOPIKCch 2 PR THIC L 218/
TEIR 7L a2 — 2R ORI Ic > v T, L
TFoRTIRRZIFOBEERE LTS, #
IR TSR M 81 2 AMPK DG X 515
R LR AT % /i L CE RO o2 E 5 Sk 2
FTIERBHRTEHA LIS Ik 3 BKH N a—
AHLD SAA TR, X o IR W T %
L7 F I &k 2 B AT O W TBIKTEICE
VBRI 2 CIPP ORIE%R o7, 7. MK
R AR R R IR 7 S RS IR G AL 12 3 > € TrkB-T1
Z A L CERIELHE K 7 (PAL-1) @ mRNA % #1)
il 4 % 72 SIS B T 5 REMEF EOHZ 1T > T
W3,

3 FRATTEMEREDEERR
3.1 #¥E

A FEAWTIE AT I B W TIMBERE D > R T LRI BE R 2
FAPEEEE LTw 303 B 3EMTHh ., &
B RN - AT E) < EB) & oo ZE AR RE R 2 L
BfE T 2 E&E. BEISICERE o IO
TOMREEEL7-DICHERZITHR>TWVWS, ZNF
NOWRETHADHEZITR> TV 2208, HdE L
TR AT ZHED %\, B3 E RN

95

22 SRBROELEHEER

WHABRELICRIG T E 226 2 Mo BRI, fif
By b7 =7 DFHE LOEEL TWwWE—>—>D
DXL Xy FDOIEMERME E ZDMAEDbEICX S
[ HRAE 35 X GBI IR DA ATV ER RN EHECTH 5,
ABEIRT TR, MR Yy 7 —21con T, &
SRS X 2 ARG 2Ot T R B I X 5
A E AR B T TR, > TR 2y b —
7 G DB E AR 2 L IS BB o B
TdH B ARG E) O FEfE % L A INICIRIT L TE D |
BRI VTS FEEEIIC S IR I O R & BE
HLTw3, Zud, EFEEORT 2 EENICS
EKED G B X OIT R IO Sk
bDTH5,

BifE, H - EAc BT, BRAEHYERE T IEM
iz fo7olEBUNEEBIEZE 213 U o ARG E B
REDHBLHEZERILARL T3, £/, ZD
BRI IZEEREMOBEE» D TR, BOARE
WEEET 2 ORMMZES 2, ABAPIZEHT T,
S M s > F T ABIOREL VIS HEE
HE - TR K UFE % i 2 S & R o s
DEH LT, MifERy b7 — 7RISR R 7%
NS DEMDDLMEIC BT B MK - HERF & B LD
7o ®ITiE, AEBFEPRATCO R OB 7 2 DS
WBETH B, ¥, ¥F 7T AE L ORGSO
7% % A= (R PE P SR B PR BE O BRAR~ X b IE B I
LT D7D, Ny F 7Ty TERLHT IR
X 2 P AT % O BERE - TEREBLER O 2kt~ o) 38 FH B A
DT - FEALZIT ) DD B,

Tk L, MRS 2 EEGR L. BT L Tw 5.
2D, BIEH % EEMICEHT 2 o fRFF
DREVWTINIe FOETLNEHYITH Y L% IR
e L THOTW S, G E)O5dik 7k L
LClE, fERDESEMENFEICMZ, S FIF
HEEHAGOE L ZEDBENTH D EEZ o,
FER, MOHEN T3,

SRR TS AR A B Xk ORI o fhit
2N RELTE D, FTHEHLTWSHL



DHER» S =2 —u ViEE sk L. SHEEHRD
N BLLATE O BRI D A A = X L 2 P Tu
5, IN6DFEEEED L ETHIREONE % B IC
MEfd 2 2 LI3HETH ), FELHEYITE LD
HEEIARIRTH D . % OLHEYBAE LB
Ravy s brELEBLNAZED TS, £/
WUNEE IS Z TY LIS IMRI 238/ L. S E)
DAFULIZETI L T 5,

AT BRI Tk, IR Y v r —
F#E) & FROBENEE 2 R & LT, BIRT
2 g% O IiE L AR 2 O s O B GE O
BEREUE B IO W TR 2D TV B, FRICH L
ICEWTREBFMBOBGE T VICE T 2 FHOH
AR E B o BERE A1 35 1 2 K i R B e i 3
M OBERE IC DWW TITENRNT, EAAEBYE, PET ITX
2 INHEREA X — 2 v 7B X BB BT % fl A4
Hb¥E T, MENARMZEZ B L TRETERE
ZHIFT0D, —JHN o R g nlig & @b
THWRDERICHERLTE Y, Mg - BEL L L
AT LLRN OO E L TEL TS,

Ak 27 AFFGEM T, BEEGEBORN X A
ZRALEWPASPIZT B0, IEELREBYICE TS
KIMIEERE % ol & U 7 38 B B i frsk o i 3 & {8)
&, KBHEERRL P o B R O Fe B D AL 24,
SHICZDE ) REFEDIERWA A=A LR EITOW
THEZITHR>TWVwS, ZDEDIZ= 2 —1u ViEH)
FUBRITIN A . A2 T, RE O APREREEE O
HREZ RS 720, BYNEAREICKD, Z Ok
Z—RIc 7y 735 5L Tw s, HIiC
N=F VY UIRPY A b7 7% & ORI R R
ETIVEW D O MBIEB OGERE 1T Lk, B b
DERIGTF M DB DO MFEIEB D 7 — & Z @it 5 2
kD, FERBHEITEA DAL EZFTHRT0 S,
NS OWIZRIEHT 7 RIBRDHFEIC D035 b D &
WfEx %,

32 BY¥

WINOMEEICE L THEFOMEICOWT, &
FICHIEDNERE L CE D AR T8, EBlao >
AT L LRV TOBMRICOLBIEEBE NS S
DEWBEEIN S, BEEDIZ L O I UK & DB
WEHEBETHZ ZLE2BRD, ZOHICHL TKE
BEEDREEP SHRE > TE TV 5, PR 20 EJE

96

kD)7 A v ooy —v o4 vF =724 A (BMI)
DR, T4 NVART Z =% TEREHOMT
DBIEFHB 2 B L CRRINBERE ORI 2 HiF T
W58 %2 348§ 2 IRHART R S HEME 7" 1 2775 L 93T
5 B S, R B ERME TR & Ak R
7 LTI AR L L CRIlT 5 2k
27 o7z, BMI O TIET24% - Blim% - BKS
DFEH & DILFWPFE, T4 VART & —% iz
MR T, 7 4 )V AEF PG TEEYE L LR
FEIT & D SRR FEER S AT B AR 2 T TR
PHEETLIHDERDbONS,

F 7RG A MR35 5 BIF T & 72 fMRI
DY N~DOFEM L, JA W IGFEIE CREE O FIIE 178
Kb 2EHE vy v 7T 5 ECiio TERI AT
BThHhH ., ERMEEREFTLICIA  IBHATRE T, #uh
iR & MRI % A G b 2R D E BRI G £
DHH LR EERDDDH B, AT IZEIY)
FEDOTE S MRIEEDH 2 &) BNTEED %
WEBETH Y RN ERMAO 2D )1k Y
V—RELTHIf IS,

3.3 MR

AT LTI I NE T RS L o
VIHEHE U C Z 7028, IRIAIMZEIIsHEE 7 1 2775 LoD
V2B EFICAE O Z0R ISR T 2 B3 L TE T
%, ZDOIIFILFEMIE & ORT O ik
fill %M T 2 2 Lo, TN IC B BT & vl
o THEE T 2 IS ZRLIE L IFZRE O X v N —
DHMICHIILH 225 &9 eifflzz T L
SMETH S, FRBEHYLY Y —HIZT 4L
ARG Z =% O THADMTZ 5 A= ADEEAHi %
HED TV 208, TG ICBERE L. A sk &
LCHHARE E 22 % & ) IC i 2 ki T3 2 L b &
WThb,

fMRI FEBRICBI L T, ABAFZEAT MRI 25 1E 1%
t FOEBESTLNEHETH D, BIYERICHA
TELRMIFIEFICEBSNTWE, Fhdb bt
F DA D 72 OB O EEDNE L, NS DD
PFLLEZ B0 ERIFIORE L, TOHEOR
Witk EBT 5 L, 3T O kb KD MRI #iE %
BUTRRICOER T2 C L HEN D, TT L LD
e, MRz E5i L v MRISELHFE S>>
o, BELIEEIBRON 7Y OfAER



WHBnE, HENIZATREEDRER 3T OHEET
G DBV HB>TBEZErS Y, 3T RKORK

4 X DBERRDMITEEEDEHR

NGRS RO 171 A NI R XY S =53 (T {AP
B ) AR O 2R HESIT XD BRA R
PERE. FRICERAIBEREDSIRIH S NS X ) Ice > T &E e,
FERE, 20 FFIZ EHTE TN E AP - a v EE R
(PET) L2HEDE» > 72D TH 505, BRAHYE
PN IEINRER (MEG) . IRIIFEAHT © I3 BB RV RE St
ISR (IMRI) LaEAR MR GHE (NIRS) 235A% &
N, TS DOFHEIE, FFREBAYNEERE A X —2
7 H"*’Iéﬂ nTw3, £/, R EL>» oAz 5 2

WX D IMNICESIME 5 2, MNORRL 7
%B&@a‘%%ﬁ%%%%%w Tz 2 Eickh, 2
DFEREZ X D FERIIC ] 2 WAy (Rt BH 25 R SR
. TMS) OWFZE S HEA TV %, AHAERFFEATIX
R IERRE A X — v RSB 5 HAD /3
AF=7E LT, HRNEREREEZ DT TER,

4.1 RERHBIARE

it 3 & OVIMREIX 2 W 72 BB A BRI AT vk 1
BIL T, 2008 fFEDOREH LK ZHNT %
A B 7R i
F&uﬁ?ﬁbbt(&%ﬁ%&%%@ﬁ?%b\
@ﬁﬁﬁwﬁﬁiE$%’%ﬁ%fﬁéo%
D FRFIENE % R T 2 721X, M. RIS
ﬂﬂu&&%&&m&%@@@ ZRWT, R
5 IMNTEE) %2 % AMIICHE L 2 U h s kv, 2
LT, Z 9 o 7o K ag il ek if < I 8 2 519
57-®1Tld, ) RN CHEA DR 2 T &
LZEBEBPBIECTH L, L2LEVS, 20K LIE
AREBE T ZNE TP o, 2T, KFFRT
L BT L WEARISEEE ORF B AT, BEAS
M9 HZRNRICL 7o, REICESAZRT Z & THEA
ZP‘*%%*LZ; EDBDHIP S HIENT WS, I T,
2k o THEAZFEFE T 2 BE AR E 2
F}ﬁ%bf:o WEEHEDATFICZ DRI EZ S LT
BRAME L2 5 &, TRTOYRE D2 IEA %
U 5 EME L7, £, JORBEEEIC K > T
FE I NI HEAITBIR T 5 MGG E) 2 IR CRiEl ¢ &
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MRIZEEDHFHEE L,

52 EHER S N, MPGHT X > TEHl S L7l
WGE 7 — 8 D SHEE L 7ASEHEE 1 m / BThH
52 06, BRI X > TEL 2RI, RN
AL BFEA L RIS, CHHEIC X o TINBES
N5 EPbhote, PLEDRERD S | BB AR
VR, IR, IR MR & v o 72 i aE
GALEZ I EADIITRICHRITH 2 2 E23b
»>> 7z, Mochizuki H, Inui K, Yamashiro K,
Ootsuru N, Kakigi R(2008) Itching-related so-
matosensory evoked potentials. Pain 138:598-603.

fMRI % V7 A58 BI L T, 2008 4EEEDRER
SRz RN T 5
FE2HUI D et LR

t + Otk 2178 (prosocial behavior) O FEiEIC
BT, MERO—HLE LT fbH I RIES A
THAHD, BTLDHTHTERVEINTLS, I
HETEOFERDO—2 & LT Mih#FHr 6 DRV
D) ZREL, £T HESWTEIOFER & 4 51
FH 6 DR OFH OERIE, SEERINERIR & Rk
R Z TGS 21 L VI IRED b L FEBREfT-
7o PEREMRZIE RILIBEEEN T, 19 AD AR E
12, D 6 DR GFEH &Rl 2 I S B L
R & L TR S N 2 RS OMRE A3l L TH 5
N, UL, HEP» S DR VGFFHNTERME L To
flifE2 s, MANICB W TR E R U X 5 12
BEINTR2L0) I E2RLTWS, ZORIRIE
Fe% e B 2 B OWMM 2 it L, = /mﬁ%ﬁ’i’ﬂ‘ %
BRICBTdH 2 TN OILEDBE ) DFFEZ 8 3L
Fi9 %, Izuma K, Saito DN, Sadato N(2008)
Processing of social and monetary rewards in the
human striatum. Neuron 58:284-294.
H a2 & H il O aiee B

M 12 RE S S FC 2 A 0Bz R
T, Z0UETTH 2 L5 E (BIEMA DR .
34 TRDEIINC 7 B & HIy DEPATE 2 H 7 TRF
fiiL, W2 L IR EDHCERIGE Z&EHT % X
Ik D (ACEH), 2ok %HCRHI% NS B
CREROIGBRICW 2 LT, ACOEZ A2



LI 2 ‘il sn, HE~OBLZE K
MmezbnLIng, HEEZ N THENACDR
A, HO~OBIL, HOHIICBb 2tz o &y
ZHODICT 5 I E2HWE L THREN MRI 217>
7eo MFBUIRTHOHZIMEL TV 23 L SIS A
HIRTUE—ETE % v b7 — 7 D CIRIGE L T, £
TSR D 1E B 2 TS D THREL TE D,
7u—FerxY) 7 (BA)6/44 (ZHHY T 2 EEHHTHE
FIROTEENE A DS L BT 2 20 DR
JE (HOA~DBIL) &MWL 7, —77 BA45/46 14
W9 2 N HiE AT O SR o 1R B 1% [ 2R O 5 R
BT 20T LI 0mELBRL Twi, ACRA
LHO~OBILAER SN S 1 E» 6 2R, ik
BOTRZBI Lind 2RHTh H, HOARME X
OB T 0Bz, & &I EBIRTE O MRIG % 5
Do, EBHTE AR LR 5 I H 7 5 1]
Rt d 5, —J7. B2 £ % 0 LIZIFFHIE
Iz A A2 BT LR E R bk &
R e H O BBE SR O I B 5.9 2 FATUEIRNE,
BT LD QBN THRET I EEZ OGNS, ZOK
IS, REIFFEDOFRERIE, B 2 BERE IR T 2 Pkl
ZREL., I6IKZ2n o OO RERINZ ZIET

5 4 RITh

TV 3 ROGZERI S REE & R R 2 Ff o4 X —
Py ZKICkoT, MIZHBLL T3 R ESTOH)
el L X9 LT 2EdMcowTid, BIfEtitR
HCIEFR RBRB SRRV ILT o v 5, LR
WFEAT T, RICEBO iz abbE TREMN
ICIMBRRE 2 BT 5 2 LICHMNEZ B VLT, W Oh
DN BT L THFEIED s TE 2, H
ZAF, ki, BmEAR, A& EICE W T, B
MEIEH & B EBEERZ AT 2 RELRTTEL
LT, [F—alkt, [F—#¥ % 2 >0 F ik CHIR 85
T 292 HIEL T, # L\t - B EMEE O
FFE 2RO T 5, FrICKILZ Vv —71d CREST f
ZUTBWT, M- BFNA 7Yy FEEMEEE S HIHL
WREEBFELTE D, JUF o DFEMETICOGEE
LEWEEMHAAR, A2 FRBE T2 DT
b5, FHCHOLE L BHOMAG DI, WIH
B D EER . B E DA R D & ERE
B & e IcMEliIc o TE D, fEkotk 2
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% Z & T, 2O DS ER % B 5 R THlC
ErLvIoFhAREEZRET 2D TH D,
Sz, THEANDBL ) &) fERiFEELHEICE W
TERBS T E 2 LIGETEAD, B CEFM & 137 2%
gLz b O L2 LY L, 0T LI
HR2HFIEAE 252 5 2 LIk > T, FRLHEE T
VDL EWGEEICE S 9 % —#lTh 5, Morita T,
Itakura S, Saito DN, Nakashita S, Harada
T, Kochiyama T, Sadato N(2008) The Role of
the Right Prefrontal Cortex in Self-Evaluation of
the Face: A Functional Magnetic Resonance Imag-
ing Study. J Cogn Neurosci 20:1-14.
42 SRORE

JERBEINNIEREA X =P v T O EIZSHDI S
WAL EEZ SN S, FrT TH 2N (social
brain) iff%t) LI N T2 HOMFRIZ, I
TREAIZ LA EfTbINT I b o7, BT
RRAT & v o 7 NHID i b & 7 3R AT B B o
fRHZHIEL TB D, HhENIcb RELTHZED
TVL3HTH 5,

CEEDFREAA IV TEDORE

MR LELRT vy v L2H>TWw 3,

BRI, AILZ 0V — 7% duls & U 72 A2
X 2 RS T2 X — A L L7t —
HIAHBNE O TR, MRNEQEDORED 7 d
DHOE Qdot & v 7 HBSE D BHFE & whFEH R ~
DIGH R EBfTbTw 5, ek, HE S FBEM
Eick s EBOBEICZOWTIEa Yy PSR R
g9\ 2 E DSRE T H o 7o hS, MAHER OB A &
SR A & L CoRKOMRE Ot anE) 2227
WKHEHaIY P 7 AN 2EO L RFE, KRER EDHEF
Trur ol ~0B ALY, > 7N
7Y 7@ DNA #H# L iy HZo MBIz w»T,
SH—BUEMHBNEIC X 2 AR EZBR TV S, 51Tk
7N =7 L BRI N —7DIFAPFRIC & % kR
DIGEE — BIEMBIEZE & L, M2 Mt ic
X 2 Wil R B D in vivo B H 5, MESD
DEFEMFEMIE, DR (=7 ) 2 Ho 7 s )
ZAUIRE 9 MR 4+ D T REZE L o O E — BB WAAH B 8l



BrfTol, SBRIEIINGDHEZISITHEI T
@I, JEEE, FERHM T TN S BE s 18 7 DB
FrMED T, £, EMAO BRI L LT
AR=Y Y TH ATV APHETL T 203, ZDH
THAW L FTFHDMAR TV — 712K 28 L=
7L — k& o e OGBS O R iR
Iz (Jiang et al., Advanced Materials, 2009 in
press) .

—F4. & MitgRE A =2 v 7L L TR, BITTF
HBIZOWT—ROMERNA L O 6T, FEBERY MRI
it P OEXERETEZHS I 2B RFET
B30, FIFICEFEZ L DRRIN T -5 2B 5 L
PR 5, R OBEY: (effective connectivity)
ZIRHTT %Y — L & L CH AR A MBI D
¢ Akaike causality model % Bi¥& L. fMRI KR %1
T=8~HEM L7, ZofsH, IR AT B IS

6 B THREEYIMORFE

RALT 7 AROFERICE D 7/ LIERICHE
D 7 AR AR HE 7o AW BOGRENS D BT IC BEEs &
ZETHNLZ»DMbND X)X koT, ZDMmE
ICRT B e 7a—F L LT, BEMRET
i (2 v 277 F 1 KO) LTEEL RLTZD
B RN 2 BB ANTEDH 5, KO RiTic
EARENE & R o Pkl (ES Milfg) 23iiz T
WEH YT AN D BEAPAMELE 225 Tw 253,
ErDLy Yot AN VIR OBEE TIVICHY
¥ % HPRT 51D KO =7 A2 DFEIR b 753 & 72
WigE, w7 ADARITKLF L 7 KO BHTICIZRI D3
HpEEMINTVE, koTe Y AMUNOEYFE
T KO B i 2 iz 45 2 &1, & MREE
7L I R B RE O AFFSE 1 E Y] 22 Bh & FH o TRRT
T o e 2RI 5,

BB TIZ, P IV AP 2y I RR
bR rIFVvAY 2=y Iy b, BEUVKO =
TADEHF —ERZREL DD, Ty MiZBWT
KO BB o7 23 A T 2, ES fillakk
BB SN TR WEYETO KO filfko ik
&L TRl RIE DB FED 1 DD T,
FFMEEICEZ 70—y 5y MMEHICHLY fLA 72,
ZoiEfRT, ©F v P FIZAEACHD i &
Mos/MEK/MAPK & p34°4¢? kinase DAL A
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VT, TR S O SEE) IR IS X B L ME DA E
DOMEEAEZHH 5 200129 5 2 L3R 7: (Maki et al.
Neuroimage, 2008), Z D€ 7/Vi%, KRR MRI 12
£ 2 IHEREJRAE E A DOMIFEICRECHET 2HDT
b5,

Jiang Y, Nishizawa N Nishizawa Horimoto,
Imura K, Okamoto H, Matsui K, Shigemoto
R (2009) Bio-imaging with two-photon induced lu-
minescence from gold triangular nanoplates and
nanoparticle aggregates. Advanced Materials, in
press.

Maki Y, Wong KF, Sugiura M, Ozaki T,
Sadato N (2008) Asymmetric ontrol mechanisms
of bimanual coordination: an application of di-
rected connectivity analysis to kinematic and func-
tional MRI data. Neuroimage 42:1295-1304.

JEIRCH ARG L ZE Z 3 2 & (Tto et al. 2005,
Reproduction). @FRZINF-IC Az Z2EA L T
D7y Ly JIC B AR kR R R S
WwZ & (Tto et al. 2007, Cloning Stem Cells), @
7 v FHEWINF O & 2 DO FAEICIE cyclin B O47
fik & MEK DY >~ BALo /5 2 I 2 K537
9% Z & (Tto et al. 2007, Theriogenology). 7% &
R DRI Z A L D %7 v FEITFD W<
OVORBEW ST L, L Luds, Z7u—
Y7y MEEZFEAE SRS 2 EITIIRIIL Ao,
2003 4F, 7 7 Y ADWRF — LBy MY
DA 2 SE 2T 2 & v ) Fa LFE U AR
WCHEDERME I v —> 7y P RRE I LW
L7eh, SHEB, 77V ADYHEEF —LE2EHDT
EZobZOEMOMBESHRETELVEET
b5,

Zoffi, ENU (ZFl=tayvL7) $a—7%
Y rTAILED KO 7y MEBEY 2T LREER T
NS RBEZ (AR - Bt - B FEBalae) & S0
CTHIEL 7. A 27 2 ORESBIZIE KURMA (Ky-
oto University Rat Mutant Archive) & BHIZNE
(ICSI) BT RTH D HEZR T v + DU
K2 - L T 2 BB AERT 38—+ F— &
LTS ZERD SN/ &0 BIEH 5, WKL



N aZx DB 0D, BIETS =7 T4 7
ICE>TKO 7y FBMERITE TR wT v BT,
“KURMA-ICSI” ¥ A7 413 KO fE{ED/EEl % Al
IZ L 7z (Mashimo et al. 2008, Nat Genet), 7z72
L. ENU S 2 =% 2 %> RIETRERDEANZH
CETY T80, W2,

2006 > & 13RI PE Rl (R - Bt - EiR
BEoaIE) &AL CA Mz it L 72 KO 7 v
MEREDOFAFEZ HiE L 72, 2003 4F, [F%dz 5 13,
oA ERZ X MRITIEZ 5 2 L3 TE 2T
e o LI 21k %2 < 7 A THESL L 72, 2006 212
1% Germline Stem Cells (GSCs) &I N7zl D
B o NTEMEEIS T (occluding ¥EE 0 1% 2 —
F) 2851t 7 v 78k - MHERE 2 kIc X -
TYRAL . BBEAEZHNT 2 2 LIk >TKO
TV AZGFEIE TS, RREA ES flilfdo it
fd~DA vz 7y a vk ZREAMSHNEOEAE
Ficki <. 3 2HD KO BfEik iz s 2 &
2% %, KTafiigs: & OENTLEELE R DM I
nTwpwnizw, £97v F GSCsZ2X—Fv7T A
DRI A L, I8 R fiiaic b5 2 &
EHEVERCHE & L CHRES 5 L 2EERI L 72, MR
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A FEAH RS A & SRR AT I X 2 PEAF AT A IR E 1R
HOREIZ O ERLFRICEDELDT, ZoOfiE%E
D % & d 73X (Shinohara et al. 2006, PNAS)
T 2B 7 v boFiEd, EEL TS
DeAXT4 7MY EFons e thot, %
oo TAEML Rlch 7z THERATBEZR 7 v b GSCs ~
Ly F oAV A TMKREEF2EAL, b7
VAV 2Zv 77y bR LI R 7
(Kanatsu-Shinohara et al. 2008, Biol Reprod), #H
A2 GSCs 2K T 2 7 D FHANEIGE P
B 7y 7Nk 27 vy LW ERGAEGHELTE
TWBDT, BV E WX KO 7 v FoERzHIE
FILILRD, Soic, BIET Ty TETERE
HBALKLGSCsDI74 77V LbiED 2 FETH 5,

PLbEo & Hic, ABEPZEATCld 7 v F DEIEF
KEBYIEM OBHFEICK IS D flATE 7, &
iz, AdEriiaz #ih 9 2 KO 7 v b OfGICE
SICHUD A 7255, 2 OBARBSE b R AR 2
WAOOH2, 7 P THEEDOEEBET 2 HIMET 55
MEDSMENL T & 7270 5 13, K5 - IR B DN DS -
Z 9B, T IRE DM BERE D BT ICHERT
LI LBHENTHS I,



EIVE

REEDHFEED

101






1 DFEEMER
11 #EEEER T IR

BT S e S 1 = A S B A e o W PN
k. G HAHBF OIS & e ICBI T 20582 A L
TWw3, BERMiE, (1) BEML v —2 R aw
ATP ZHEEF v 2L D, REME ATP REIKAT
¥ 577 — MR O, (2) BT L8 2 VIRRE
EOBRHEZLE > 7 ) v 7 DOEERIE. B XU,
GABAB & & DI F2 A1 K 2 BEREE i D T,
(3) KONQ K+ F % 7L O BhE S Hell & iz e
HE, (4) NEAEEMEOE—Y —EHAT L AF v
DHRLFHEERNT. B X O FEAEOFE, (5) M
NERE BT 20 7 = A4 VREERDO T FRE &
REFENT. (6) /NI lobulel0 2B W TRREWICA SN
% ¥ 7 ABMOMNTE 2 17 28 HEE L L B
W7 7a—FIc Xk DiffgEziED TWw b, 2008 FITFE
KL D ) bRENE D D, Nagatomo K &
Kubo Y (2008) Caffeine activates mouse TRPA1
channels but suppresses human TRPA1 channels.
Proc Natl Acad Sci USA 105:17373-17378. DNE
Z LIS %,

Texlx, = v LB RKD STC-1 Mifdic, 7
72 A VERGLERICA SN S [Ca?T]; DRI,
st Ca?t 2R EWRTE L2 RVEL, T
724 VICk o UL I 2 Ca?T Bl % 5o
F X 2V OFEEZEE L, £ LT, in vitro 75
FEMOTHLZ OEEAZ ) = 2TV, 7 RAD
TRPAL1 % 2 V3 A 7 = 4 Vic k> Tl E 0
52 EEHONICLI, RDATYy 7L LT, 2DH
Ao fdic B e bBE s s 2 G0 %
522§ 57012, £9. TRPAL 2SNTERICFEBL
LCTw 3=y 2A0®RMBMER (DRG) Ml z &
PEHEERG L, Ca2t, A XA =Y v 7 %707, Wk
B 2 (WT) ® DRG #h#Efilgcld, A7 =4~
BeHIz kD [Cat); O LR E 7253, TRPAL / v
2 7% | (KO) =% 20 DRG M, i
BBlE I o, KT, kL RV TH, w7 A
23 TRPAL1 F v 2 V2N LThH7 =4 vk L T
VEPEREHSICT 22O, iR VT,
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K, BEXOA7 24 VKOBKEZNET 2 EE%
fTo7, WL T ATIEHT7 =4 VIKDOEERENE
BIcA o705, TRPAL-KO =97 ATIXEW IZE
BINhhole, LEDOFHRED»S, <7 2 DA
iz B WTH, TRPAIF ¥ 32 UBA7 24 v
ko T kI s 2 LR dhnlz, 5T, &
F @ TRPAL F + 2 )LIZOWT b in vitro FEBLRIC
BOTHEBEIT 2T o725, w7 2ADEA LR
B A7 A Ick ) BRSHIHIS S 2 L
5027,

<)X TRPA1
2. 5mM HTzAY
o ] N
0 u_Jlu.‘“HHHHH‘
0 H#Falﬁ ®) 160
E+ TRPA1
1 10 mM A7z
3 NI
0
0 B#Fsﬁl(s) 1;]0

1. BETFEAL 72 HEK293 fifdo <y F 7 7 v 7ikic
X palsk, BEMEET T, 7 v 7B OEMIRZRERED
RLUGZ, BRINEZL 7, (k) =72 TRPAL F %
NV EFER I ME S Dk, 5mM A7 =4 Yok
ik, FrxLERoEML %, (F) & F TRPAL
F v 2V EFBE I M S ofg#k, 10 mM A 7 = A
YOREGIZE D F v RIVERPED L 7,



1.2 TR FTERRT

IHFLEEMRE R O FE A - b, RRICRPRE LRI (b
FEAIE) 2252 HRE D Br 2 HIERE (RS,
TAROQYA R AVITTYFaYA FRE) 23991
LTl 2HEZIIEL T3, 20X RFEEICE
FAWSE S, 7)) THIRAD L RRNE L 2 DR T
7 7u—=FL L) ELTWwD, EE, RARBKAIC
bR ASEE L, il 2 R 2880 2
T2 eBWoh o, TORANCEIT M
AR O MR IC O W THIZEL TwE, £
7o 135 M7 L BRSO BT IR R ITSE ~ D I ]
ZHBFIC AN DS WEOMHTICHE L T2,

FEE B O Tk 2 L. 2 0AHENE
FICOWTHE L TWw 3,

1. fpetEril O J8

HFLEUIN 1< 3 v TR R 235842 L T < 20
RO 2iT> T\ 5, RHIR» SEEET TR
fLrbieaem e 2 Bt L. ehieiefiia~ & B8 T 5 H
BREHFEL DT, Z0%%Ho RS
ka2 & s~ O 7 (LBE R T T 2385
TFERERL7-, ZDHREHE. glial cells missing (gem)
BT DRFEICEEZRE 2 H > T 2 ATRE1E
PWRBIN, Geml BX K gem2 D/ v 777 b+
<7 2%\, geml /2 IR O&E 2 S 6 T
TH 5,

2. i pikt R ORI L:

TR E R T Olig2 DRI IC 317 % HEaE %2 H
SEDICT 5720, Olig2 FBIMAED 3 {LEsE & Olig2
R~ AHIMMIC R S N 5 R 2 G 7, #INT
. BREFH (~E12.5) @ Olig2 F8HMlgiz GABA
Za—u L 728 IRAERMO b oA Y IF7
YFuedA 0BT TR Y 7ICb oty
AN H -7, ZDRICHH L CHRERE (E18.5)
D Olig2 RI~= 7 ADRBMZ T L7z, Z DFER
Olig2 R~ A CIZIpAER>y R L LT, 7'V
THRINVEY v k7 AFR—%— (GLAST) £ FGF
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TR 3 BFET 57 A b a2 7 EEHIE o HEAT
RS 72 D Bhs, RIMECE I8\ T 50% BLEE £ T
HL Tz, —Ji, BiEERICEWTIE, 20k
BEAIZED sle o7z, Olig2 R~ AT,
FVIFTrRFudA PBIREAETERINZW L
LHbE T, Olig2 BRI E TIE~= 2 v 7Y il
DEEEZRD ZHEBELRHTTH S EDBHS T
SN,

3. JRFIGIC I 1T 5 Akt D MER RS

11 Z b LAk R 5T T o sl
DMEFIMZMT T2 2 kb, REMICE
\F % A O AR R 2 P X Tw 5, Nestin
promoter/enhancer-CreER 7 F 7% 4 7V ¥
AT LAV NI VA 2oy Ve ARERELL
Pt I o B Re L B D ITEI L D f#NT 2 FT > T
Vw3,)

4. BRSO T :

I B TP HEL T3 RZ T I 7
TV TICHEBR T 25T (AYFVF) ZEWEL
7-DT, ZOKERMNITZ L Twb,

5. 7R Fa¥ A4  OEEREMT:

FTALOHA FS LY I VB ATP DSH
SN, 2o MEISEZHIET 5 2 Lo T
WED, ZDOBT A F I I A FTFRAHZALITD
wWTIRELHISN TR, BET7AMeYA b
LDOTNVEY S VIBRH. BXOYATP %2 Y 7 v %
A LT RA R =PV IS AT LEREEL 12,
TAFBYA STV S U ATP SEFEMNIC
HEns 2 &, ATP 37V % S Vgl % 5] Zikd
ITZE, INY IV ATP 2R ERE T2
EERHSITL 7,

6. TR D BE BT

BEOEOMRMICE D, 2 RIUEKIKE) L 7%
DY TN S W2 NS 2 2 L2 REE L7z,

A



1.3 #ERerAEsTERF

MR (BEEM) Tk, FE LT
BEMRR 2 25 IR P KGR IS B U il s 7 ) v
JHR, H2viEfiizo e e Y vy eE
RABAL T4 TA A=Y v 7z TR T
%, FIHEWRE &R 2 B O 2 & — At
FELTHREATOA ey Ty TAUMIEON
ZfFoTWw3,

HIIC 35 1T 2 BRI 52 A BERE DTS

FHEHEDO -2, MlEX A/ 2 v —DRFEE
Th HEMZE (MS) F ¥ FIVDT —T 4 v 71
DIFNTTH %, FHEELIFMED MS F* 2V TH 2
MscL D7 —7 4 ¥ ZHREICOWTT L7, Th
% TIT MscL DFREEIE 0 h > T F L 72 3hiiE
FThot, WRHOL w2 LEb D S a—
F v MEH B, e KIBWICHEBLY 2 & B
Thr7w, KEOHIRE MscL EHER R LN
BOldThHb, 2 THRLAIEFHF RN 2%
YIMFEAB MBS AR L TZ oG % BT EM
FECBIZL, ZNEILIC MscL 7 =74 v 7D E
7 (IRIS 7 V) Z#E L7 (Yoshimura et al.,
PNAS,105(10):4033-4038, 2008). = O 7 L % it
FET 2 7 DI FENIEE T AR L, MscL 28E
DEIICLTHEENZZELTHAT 2004271
A% Ial—Yary LT3 (Sawada et al., in
preparation), I DE FTIVIZIETRDEAL D I 2 —
& v r DEEFHR 2 RSFHHT 20T, #4113 MscL
T=T4 v IEBORMIEIOEDEOD0H D L
BoTwa, (EHEH,

B2 MR S R N A o J 2 p B (GRIB S F6 4R ¢
2N PHEE DM S 72 &) 12 U I ts 82
EWGE 2 2 2 TREINICTERBOZ 2 BT 5, L
2L 2D & E DB O BAER AV T, Rk
INEICRLY VRO ETH D, Frerid,
JHFNERIZE D BERTOT 7 F v OEADE
HAbT2ZE2HRL, 2077 F yREHEDTERAIC
X, AW SY V%V E zyxin D JIFENARMICINE L
TOBEERADY 7V —F2sb->Tw5 2 Lzl
5712 L7 (Hirata et al., J Cell Sci,121:2795-2804,
2008), BIfE, JIFAMKEINIC zyxin EMHAIEAT
28N EDOAIERED, BERICEITS X AH
FIYRE v a v ot LA E LT
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% (FH).
7 KR O —B{LEH (NO) ORI & Z R
{LDW%E

7 =P RER O —LEFHRE (NO) BTl
EHALDBI EEDh, EARBEDD 2 DML
7o NO N E WA A A v DBERZ TR L 72D ICE
PLEEEE & NO BEZEHORICL 24 X -V VT
& DFIRFHIE 27> 72, NO BMIEZEO5 E4T
e SRR A LS AR IMOBICHmT 2 2 L%
MR 7o, ZAEWRELZ 0069 2 2 Ll ST
V% CN-%° NADPH #E4AEREFZ O EA DPI & NO
BmzEsERIIH L7z, 2D &5 NO D &
LTRGBS B RR I N0 T, ZOBIKT
MEZEEL 72, 7 NO RINA PTIO % HwT.
NO B ZIH L 72K & 2 9 TR WK & TRERIHEE.
Redox 21t (NADH/NADPH), H202 FE4: % 5
L7, BEWEZBEBRCHIELZE 5, PTIO
FIE T TR 2komFEHEE I 2y b o — )Lt
THHA L T, NADH/NADPH o HEHOGY 7
Fud PTIO 4 T Tk Z o¥masifl S ke, £
LBENEDOFIKNTSH 5 HoOy DFELE % ALK
Amplex Red THIE L7 & 25, PTIO #AET Tl
Hy0o DFEAIMHI S T2, 512, PTIO 74
TR A BRI X D 2R IE 2 v e —
WICHRTEPICHEL o T, ITho6DZ L
5 NO O & L TSRtz (et 5 2 @ 12>
WTERIC E & OFFE L 72 (Dev Biol, 322; 251-262)
(A,
VAN AN D1

7 b vidtke iR Ic B A 5 2 5 HE
B TFNAZT U TH D, WEMEIZT2 PRy
7 (V-ATPase) I & - THg% b ULk % @i
L (BRI, BY €T v 7oA Ca o
WHEHBL T2, BEHCEE» Sl LA
Vs (Ca) ICBRBEIND EFHRINENHT 2 %
AT 477 4—=FNy ZIREPEIDITEZHEE %2
WTWEH, 20 Ca BT L CbroT0hk
W, AEIR, INETICHEHRBED Ca lcRHEIND
& V-ATPase ifEX RIS NS Z L2 RH L Tk
», [FKFIC endocytosis MEEINZ Z &, ZDB
223 V-ATPase D 70 v A — Tl &3 2 & 23



512 L7z, FAEEIF V-ATPase A3Hlll /M & il
IR %2 E) L COEMEZHEI L T h, Calck->T
HHRENE D> & BN~ D AT 23 E L FE 3 W RE DM T
T3 2 EPFRIIUNH O —ZH>TWBDTiE%
WHEEZ TS, s OfERIEEAT T, B,
V-ATPase BU D ;AR D 2 HICFEMZA X = X 4
ZRHLTw3 (AH),
MREA T T A FIT & 2 08I o SaE i
A DATFaA FHRLVEYPTRKTERE L.,
FeA SRR AR T A EN D> TE R, By
SETHOMER 7 S v F - MR X 2 sk
EDOHREMEAPEHZEDTODLD, Z2O0 1> F
TAEMIIAITH 5, WA lZ, WER T A ZAER
IR A X —2 v 7 %A L <, REWMREA T 1
4 FThHsTAFur” v PREGS, DHEA % £ D
TEHIBEF 2 FR T 5, AREEIZ DHEA O g
TERIS D W TENT L 72, PHAEHT O 204 I3 PARERR D K
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P R O B LR TIREF ORIERIME L T
BOREFTHLIEPHONTVS, Z2ITHFRL
VDN T O TR FRICHIRSD 5 LEZ SN,
HEZITHLIENTh>T V5, Lo LMARETE
KES % 220370 5 I AR D 7 D IR V& v 2 K
L5 eidfaETd s, L3RI B
IMic & 2 MEIsE DS FERERR 2-7 HICH 2 BHEET
B3I LICEHL, BIERICA T A F (DHEA) %
B 5L TH MRS Z B 2 D TlE R EHE X
7o, M, PRGED T, BRI B THRE
#% 6 Reltl2r & 48 RO HTH X, DHEA O —H]
B G CHHEAEE Z2 12 X BRI LT E 5 2 &0
-7 (Li, et al., J Cerebral Blood Flow Metabol,
in press), ZOFEBAMICOEHTEIUIKE %
fWETHh %, BIEGEOREZRA L Tw»5b (1
A
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A
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1.4 7/ oREA B ST AR

1. PHZAR MBSOt L 6H kil G)

WEfRICh It &, Mot DFATE & B~ DI HIgE 2
frofe, MM ORFEE LTE, 7NT /) 7 —F—24
(AB) ZhR %z 2 BRI OBFEIE L
Teo 7A=NAALF v E—L (FIB) #iE% i
ARG IC & B e L1 b AB RIHIBDSSER L 72 (K
FFHIES) . 2006 4 10 HA> SB#A L 72 CREST 7'1
Pz 7 b Tnsnm FRBREEFICTFNA 7Y v FEB
BIOBHFE ) 1ok T, WAT L T 3 DO FBME Rl
DEFEZIT> T35 OEETH, Bt 17y
F UGS, SFPHK R V), [Al—GURk, [ BdEF iRt L
I LD RIREIZE 217\ BRI & IO KT
ey —L L ACHEEES Y 2 k2T 2 2 L8
FHINTH %, BEERIEIA C LEPIZEZ2 T, iz O
YRl 2 Bl5E LT E 723, R EADIEI E L
TUTOT—=IZB DALY, 1) BAEO BN 1fF
#r (Danev & Nagayama, J. Str. Biol., 2008) , ii)
%7 4 VA (Yamaguchi et al., J. Str. Biol., 2008).
NT TN T DZEOLEIE L KBENE (Furuhata et
J. Nanosci. Nanotech., 2008; Nitta et al., J.
Microsc., 2008) , iii) ATHIMEE X ORsaEfiig o Z
DS L AN EIEE (Yui et al. Longmuir, 2008;
Sasaki et al., Anal. Bioanal. Chem., 2008),

) CBIL Tld, Ptz ERERIED B D 72 Gro
EL 2 EHE & LT 217\, fHZEE o7
PR L7z, i) 22w Tid, HEFERRIC X 5 DNA
DJEBIZEFE (10 nm 7fiERE) DOFAFEZ RO, >
7 /3757 7D DNA RTEIC DWW THiALR 2572,
iii) (2o T, BEDGHEHFERBIEE 21T 9 72 0 O
MR DA ZMG L 72, F/, MMHEEZEL R
)V b BBICHAE T % 5l A & Wi E o BERE R AT ST &
DLFMZE E U THiATL 72,

B AHZE BB 3 . SRR & N7 G EEHEURHE B2
BTEDE VIR AE RO, S L BEOMHBY
B2 BH 1T 5, OO F B m 2 B L |
HOYTRERBYEZ(T9 729, 2008 4F 11 HI2H 39
\A4HFa > 7 7 L A (39th NIPS Intl. Sympo-

al.
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sium / 7th OIB Symposium) “Frontiers of Biolog-
ical Imaging — Synergy of Advanced Techniques”
Z L. 150 L VSINHE 21572,

2. MERITILEERE (B G)

E iR O HE & LTy A MASGIE T MkaE
K& D2 % S BT AR O % RSBl gE L7 Of
SRR & L EWTZE) . HEVIR IS I IS A S 7
R~ — A — 2 AR ~BAT T 2 =0 6 5
AR DI E L, ZDREHE, 2 A8 VRER
FECCHMEEE 2 EmL ., i g 7 FLH Y v
ZREHE A EET 2 & X o ICFM RS 88 m L
Teo W ETERT DHESTED ) LFISBLRA
VUREE BT P LR UREREZIHIL TH oW
ZHEFEL oL E, FHlEE 2 NS 7 (R
BERAE L HEFIFE) . & 512 neurokinin A b 47ilb %
W UG5 AR 2 2 B X & 72 (H AR KRR e 2
& FLMER) . 7y 7 v PR (B ek A
Dy Talb—vav), AY7YKE(HRSEM I X
LEOZWOBEE) . A b)) v s RFEu—vi (BE
IINTIC & ZWERE H M) O ILREIITZE S fkE L 7,
3. IV FY—24&-—2)LTRMER DA A E
(K G)

Iy FY—2s— )V PHlilaN RO ) LBIEERE I
DWBTHIE 217 o 7o, MIEEEE 77 1 O FEBLHIH £ 76
By TP NVEERIICE T 2 e DR DME %
INTF AR E BT,

4. MEEER L =N —)UERORIE (R G)
X 2N EDOMTZC LS DNA =
HHDOGK % HER T 2 % BIE X . pyrimido[4,5-
d]pyrimidine-2,4,5,7-(1H, 3H, 6H, 8H)-tetraone %
PIFE L 7o 2O ANT.OMMRIEIRE X T WKFEBB)IC
kB #ERT b ) —VEERMLE, T AL
v 3 YRR O B R AEG IS X o T R
T RHIEICIIG L CTERLL, 7T =y, 7=
Y.V EY Y FEVOTRTERENZIEET 5,
WERIIC 2 SRR TH D | R4 R b
V=& L TOMMDBMFE NS,



2 MRSREWRR
2.1 AERERAAZRERT

AR T O
TLRUVTHRIHL, £/, 20N ED KD
T “TADA FOREEZ Lo TOrZHLICT
%, BWFEERFCIERIEFE L7z 1) 2L S b A
REEHiEESE P-PAT, 8 X0 2) TA»AMEY 7
> F LGIL Zilfdm & LT 7 A Atk o g % %
TEEZOLNTWS AMPA BI7V Y 3 VBRZEME
2 LTy F 7" 2 O HilliHIBEAE 2 0 A i 1 R 5
22 EZHELTVRS, 51T, MREHEARICERS 9,
3) Kk% 2z lilabERE IC & 17 2 00 S b A MALIRE i
WSRO & ERR LR 7E 2 K AWM 2 2 L2 H
HLTws, 2o DHT, 2008 FLLICFHR L i
XEHRDISKENT B,

Tsutsumi R, Fukata Y, Noritake J, Iwanaga
T, Perez F & Fukata M (2009) Identification of
G-protein «a subunit palmitoylating enzyme. Mol
Cell Biol 29:435-447.
SHIEG YUV a7 2=y FDORRHERZDGET
5 IREE il O Wl

G ¥ v 7 HIEERMZRE (GPCR) 1k Tl
700 FEEHDL BAAE L. PEES F 77 AABE R T X
MisE, Mo AR ZHIH S 2, 3 BAGEAH
Ga \FFEE 790 S b A WVALREE S %2 /- L CH
aEZ/RfE L. GPCR 24 L 72445t 779 L z il
NOENEIEICEET 2, LHAL, Ga D 0L S
b A DACBOG IR ISR L 7o & ) Biasil < 2p
SIRIBINZ %L, ZDFEICIFEEmHH A % h >
7z, &l fA3tiZ 23 flioo DHHC »$V & b A VIRHE
MR Z B ICHEL CERRAT Y —= v Tk
C&h A7y —=v7 L, DHHC3 & £ ¥ DHHC7
23 Ga (Gag. Gas BB Gag) D79V R A UL
LRV ZZF LGS L2 RE ki, ik,
DHHC3 8 XXX DHHCT % / v 7 ¥ viklic X h %
BUIH S €% & Gagyp D78V S F A MEL S A
T L. Gogyiy 235NN o M ~EfT T 2 2 &
ZRHL 7,

— 7 JeZH4 (photoconversion) £l % > T Gay

AL X /) = X L %57
izl
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DOHIRANBIREDENT 2T > 7 & 2 A, Gay I3

R e 5 DTk % <L Ml & DHECS/T
DIHTET 2 TNV PHEEDR 2 L 2 b A ALK
WWRATIZfTERT L ZER2RBLZ (K), 512,
DHHC3/7 ® /3L & b A WALEEETEM: A GPCR O
—DOTHD a1a 7 FL TV UZEER/Gagn 2L
TEREBRICHHATH S Z L2 RE L7, Dok
RED, v 3 P A UIEERESE DHHC3/7 28 Ga
OMENRTEZBET S Z Lick ) GPCR ZM L%
FHRIEEZF - EETHBE L Twes 2 s
Lot

Flo, BB iE AMPA ZEEKE S F T AT VA
Vv 7T 3R GETE PSD-95 ICE R Z Y TR %
LTEH, S4EE 1) 2V 3+ A U LEEE P-PAT 28
AMPA ZEROEF MR (synaptic scaling) (244
HTHBIERZPALPIZLODOH B, 512, TA
AR Y v F LGI1L OfEifk L X)L T RNT % i
DTEH, HHHY AV FLGIL Ik 5 AMPA "Jﬁ?ﬁi
TIHBERE & CTADAFIEX A = X L% S I
2h 5,

oh=~ OF O

arast

AR
ﬂ T

= TLOER

EROPVYE 3

1. 29 b4 fbE A L7 Ga flllNEIREE 7L
ML = Ga 3B 5L & b A AL S o CRiiaE ic 47
f£fE9 % DHHC3 8 X O DHHCT I &
DTSV S A LS N—IGINIC L P REEICERT 2,
Ga 132 D% GBy & & bIc/hiEling 2 &z & b Mgk
B9 %, PPT: Bl 3 b A MALEER,

L. G PHEEIC



22 HEBERARERTZTERFT

TAEDFRIIZ 1992 4ELICK, A RERET RN - 73k
BERELBBIEHZ A 2 ED X 5 2T R T oM fufEss
FioTw R d — MM TERN MR & 2 X
AZAL%Z, FrHN, PIVAR=F ¥ =i
EDRHERE T T OB E L L THRATNICIRIHT 2 Lt
2, MIREFEED A A=A L2 Z N6 DHEEE LT
ET 2 2 &2 HEICIHZE L Tw 3, 2008 FEEIE,
F & LTRD 3 WS HRA 72,

1. MEAERHBOTFAAZALERA S ) Y
P—=hFF v F v

N 2 OAEEZ IEFICHER T 2882 K5 | IR
#% D 1 Regulatory Volume Decrease (RVD) .
#a/IME D13 Regulatory Volume Increase (RVI)
EIEEN S, TNHDXHZALITIEFELZ DF v %
AR TIVAR=IRL LTI —D@EDHEET 5,
A RVD Db #iicfilaigiRz 2> 2 L
THIIL, Ca?t fiiA%z b7 53Dk TRPM7 Th %
CERWHEEHO I L, RIEEERIDRAD /&
V¥ —hFF v F v 2L TRPMT ® Ca2t % Mg2+
DFEBBWEERRET IR T7OT I ) BEHBAIE, Z0iE
RE7 4 V& —ICHFEET 5 D1054 TH S EHEL
7= (Numata & Okada, 2008, Channels), 7z, &
F 2 FADBESRFETICBOTE T VA Y A F A v
Btz koT7a by Fr RVITE—F LT T b
THIE, ZLTCZDXF L7 3 BENLD £
72 D1054 TH 2 Z £ %W 522 L7z (Numata &
Okada, 2008, J Biol Chem),

2. HRSEDFHE R H =X b & M AR b

7 A b= 2GR I E b N R O AR
#fi/IME Apoptotic Volume Decrease (AVD), *7
0 — 2 2 b N B Rt 2R 1 Necrotic Volume
Increase (NVI) EFRIEIL, SNEDA A=A LITDH
HLADF X 2TV LIV AR—=IDEETE, b
Ay FYTHAMET R b= 2R OBEL. T
L7y — e 7 R b= R OEAED . YUE
KIS A7 7 F Ik 2EMEDO7 X+ —> 2DHH
b AVD %87 3 20 Ofifast C1- iz 1H 9
7 =AU F v 2OVIEREEZMS RN C1T F v
F)NV (VSOR) TH2I 2 INETHLIILTE
7o ARMEEX, B EEOE KB filgo > 2 77 F it
DR DL, VSOR DBEFBIR KMIC & %
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ZEEBSIZL, ERX YT T T 7 —EIHEA
IZ & BB TFRIADIEEIZ X > T VSOR IHEDENE
RN, 2N ATTF VIEZES £
T3 E2WHS2IZ L7 (Lee et al., 2007, J Cell
Physiol; Shimizu et al., 2008, Anticancer Res),
B W Z LT, VSOR &8 7 LVICTEEfE S
TiljH#E T KCl ZiiH ST AVD Z2EH T % KT
Fr 2V IKL b FEh, 2O A7 7 F Vit
TRRELTWE I EZHASIZ L% (Lee et al.
2008 Am J Physiol Cell Physiol), RVI # 7257
NaCl WA B&IE, mEEERIC X > Tl 0
5 719 & 9 % %)V Hypertonicity-Induced Cation
Channel (HICC), Na™/H* 7 v ¥ K —% (NHE)
& ClI7/HCO3~ 7vF X =% (AE) iIck->THEZ 5
N2 Ebho>Tw308, KEKIE IO HICC D
WL (825 < AVD ISHEPILT) AF R AR
DUk THEEI NS 74 b — 2 2T LTl
I < 2 & 2522 L% (Numata et al., 2008,
Apoptosis) ,
3. AP VAT T FNVIEE EMNas S 7 vkt
T=F F v 2V

A b v ARHCHIIEA & i S Fe ATP A3l s
THNEEICEBEREHIZ R T L Lo
WMTHON TS, ZOREKTFE L TEZX Y Y
A= AEDBDEZ ) TROHDVH 505, BH
NDRFX T A VT Y RVOREE S E TICEE
L C &7, MEEED S ARIERLI T T, 7Y 7l
B Tb X 7 =4 v F v 2VDEIMYE ATP
EHcd  (Liu et al., 2008, Purinergic Signal). 1%
BEEHE ATP gz b (Liu et al., 2008, Cell Res)
592 2 L2500 L, LD < % > 7
=FvF v 20 MmiE TEROICRKE L. ATP
B A b DaAiE &S —8T 22 L2 5
L7z (Dutta et al., 2008, Biophys J), % L T,
DXL T A v F v RIVOEYYB RN R L&
HAEN A % T4 L (Sabirov & Okada, in press,
J Physiol Sci). T D F ¥ F 47 FH Tweety €
urEbRLE) RKAETHE I EEHLNITLE
(Okada et al., in press, “Physiology and Pathol-

-
—

ogy of Chloride Transporters and Channels in the

Nervous System”),



2.3 HERIAEIENTZTARFT

I AR A + W FEAZEY - PRIRERE D 77 - HkE O fig
W% BREEES UL & 7o T, BEIREEE O 4 5 Bk
DIRNT 2 IhEIADS L & 225 TlED T3, i,
Rl A 1B 5 Ca?t L TRP F v %)L
DIFNT % LEIRE B TV 5,

I AN SZ 25 D 51 T-BERE D bt

RERIBAZ A4 TRPAL N O 7 v A v Akic
koTiE kT 2D TOT LAY Ry —ThH
52 EmRAWREL, ZoMEEEOHL LITL %,
(J. Clin. Invest., 2008) (K% - &7V 2 — A B
T PKCe I2 &> T TRPV1 OV VB{LAEHEE L |
TRPV1 OERERME Z 2 2 L2 HWZ L 7,
i, BERREMRIED T T A D = AL D—D L
Z6N5, GXhid)

TRPM2 F ¥ 3 Uik & 7L a2 — 2 4G

[N 5 MBI FEB L TV 2 TRPM2 23t ¢imtAb
LTA YA vYZibicBb > T 2 &% DA
L7, HFAPF%E T, TRPM2 RIE~ 7 2 D%
v, 2 OHEERE 3 il ClREREEOMIEN Ca2t
BERMN2ZR N ARWI &, BOZ)L a— 2 Ak
BBy < o Z S AR TImM» K & <L IEH
{LASE 2 & ZBIZ L 72,

MR Z AR ORI - BERERDT
PKD2L1/PKDIL3 ~7 1 < —255# (pH 3.0 b4
T) RESINRW ETEEML 2wy, F v 2L
BRI % off ICL7- & ZiZH#EZ B (off channel) Z
ERFERL, ZOMEEEZI S22 L (EMBO
Report, 2008),

> a v Y a X Painless DT

v awYa NN CREERBRNMZAECED 5 L
EIN T3 Painless 8 42 FEDL DB X - THE
MALT 2 BGEMEALF ¥ 2L TH D HENSFD Cat
REIC X > TiEEDSHI SN 2 L2 RAL, 20
Wh&s R 2 H 5 512 L7z (J. Neurosci., 2008),

-
—
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KEr 79 7 94 MICHBIT 2IMERZE#E TRPVS,
TRPV4 DOfithi

TRPVA D 5F /A TR ATV ERALT
TIFIVALPDIAL P Y vy a VRO AL
ZA L CTHIIEES OV TIZ DN ) 7 —HRE O #E
RicBiG. 92 2 L 2Mohic L Ghscifad), £
2. 79 F ) ¥4 b TIEIC TRPV3 R TF
ML U TN Ca2t IRE DRI & ATP % it
L. MEHHRZ2EEMRICEA TV 2 L2 50
L7 GRsciedirh) .

MREFEE IS BT 2 HUEIEZYE TRP F v 2L O
DM

~ 7 AR B X CRIREETIC B 1) 2 il
ZVE TRP F % 2V OFEBURNT 247\, $e - IR
WCHBT 52 2 RWE L, Ko, TRPV2 I3
AN BT D A 2p & THEE RIS FEBLL <
Z OIHHEAL MR R OMBZ T S T2 L 2%
U7 Grse#edirh),

I I fE 2 D SRR O AT

<7 AT BT TRPVA 8RB L T8
. MlEMEICE L T TRPVA 2351E ML L <A
Ca2t BIED®M2 5 ATP il % 7256 L Tw3 2
ERFERL,

RN E) D 571~ Bhk D fige e

K53+ G #HH'H Rho DEEWEHE TH % mDia &
EAT2DIP O/ v 777 b 2ADMHESF
(MEF) Off##i% 1>, DIP K MEF 2348 4: Rz
HARCHEBIEE, Ml ERI RIS L T»wb Z
ExRRWE L G,

N 18 o S S B D e

F U ¥y VRIOEEE LEAEZ KT 227 A
AL 7o, tfRRIGE 2 CHlfl§ 2 2 Lick o T
2 7 ADMENRTIEE 2 AR R Ic il § 2 2 & 2ila T
Vw3,



3 AEKBEHRER

3.1 RERBAEHRIZTARF

BB AT ARG 3 X OBLRE R D #hig
B Z IR E LT 2, FIZHREEO Y VORI
I ICHUNEmRZFIAL T= 2 —nm 582 5d8k L.
=2 — 80 vORRGERES, Bk 2 HEOFMA~D
RIGDO 3%l % 2 Lic kb, HEBROMANFE
WZEHOPICT I L 2ilAb EHic, SR
THRERDO = 2 —a ViEE 2 o5 2 itk D,
206 OHEERPFELITENIC ED X ) ICBfR L
T2 TWS, JHUCB L TFEFN 2R
BELT (1) WHIBIRERIC B 2imE & 2 oyl
230 DFEBL, (2) MBI EICE T 2 iRtk = 2 —
O YA LGNS ED X 9 IKBb > Tw 30,
(3) FIRBITENIC BT 5 OIEBILBFEE O FE, (4)
MEBPHEGEEF IC B U 2 HEN BB DO 7V —¥ v 7
DRAHZ AL BT 2052177, £¥0
T fMRI Z 72 FBRIC K D, (5) GI@RIIC#
B B MBI OEE 2 # O T 5,

2008 I EFLO (2) ICDWTHREL Rz BN
T5,

Matsumora T, Koida K and Komatsu H Re-
lationship between color discrimination and neu-
ral responses in the inferior temporal cortex of the
monkey. J Neurophysiol (in press).

DI F KIS DA TR TH 5, Zd
t ~ TR OFIR ARG S N7 RS LD RITEAS
Ko siER (RMEEE) OFE» W6 TH
5, TNTRARKLED EDI D=2 —a vrhE
D&)A TEREDELT 2D1E5 952 ? FILD
KIMEE Tl TSR E DG I L D afpiloi
Py e E 2 2 L WIEFERIC L DRI NT
B TG EE DY I R 6 T HE S 2 5 2 B
dbDEEZSND, MUEEE I RERRMEZ
Ry Za—ayPHFEL, 2o i3 MIBEEED—
MBOGITICELE > TIHET 5 2 L2 HAIBINET
WWRLTER, LALZNSD= 2 —u Y3 EAlE
EEDIHITHRL TS0 ZHFXNIMRITINE
TIfikbh Tk o, 22T, W4 iEtaryl
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2L 72 L O THBHRE 26 = 2 — 1 V%
ot Tew, =2 —0 ViEE) L Lo @il
TEIOMGZ ERICTHNS 2 Lick b, THIEER
Boa—uyBaiic ED L) ICHFLG L Tw L0
ZHSICT B I L 2R,

e RlAE I O EX ETERB TR AR T M
(T Infaty b, #105H#7) DI HLD—DONE
REI, PoLiEZz oy v vt v b OO
ELHICE iRt TH 2R EZ D, KT
Bz L CHT & & 2 BlaZ ko T 75
71D HEHIERIS (psychometric function) & MEIE
., CoOBED S Bz RO LI ENTE S,
— P DS EEZ T o T 2RISRk S N7
Za—nViEER S, FY I LICHT R ES
#& 2 ROC ITIC X D sk oo TR E BI8 z 1R
L. 206 =a—u UiFEHc s &0 < aiilEEibz
KDz, ERFZEEFRL 2L OORIEBEE = 2 —
v v iEE D S RO I 2 i L 7, 6 DD
Za—BYIZOWTHERLZZEREZRIOR L TWw5,
Za—BYONBFLVERL)EVEEZLOLD
(a,d), CLEREDEED LD (b, e), EWHD (c,
f) ZEIFIERODVET B, g (T APREHIER]
K & DERHIE RIS & R 7 SR B O BfR % R $
25, FHE L T= 2 —u v ofiEIE IR L5
BIfEL D 15 BREL. 22— a vy Dl PEELP
PP o7, TE>SROLORFIBEE =2 —1
VIGE D & 3R & 7o R BIBIE O L T D2 E) I
FEVIEOHBES R S5, TE o @ERE=2—n
VOGS EEAREICIZROCBERES 2 2 ENRIN
Fo FREERITICBIT 22 —0viGHi e 20T
THNADTo THORIC S HERMEN RS 1k,
L2 LidfT OB 0ME L =2 —u v DEEICIE
ELMHBEBR N o %, T OFERIZDEDRE
DEV—a—a Y TEEL, FHD_2—m v
DIWEEVEFI SN b DY L O BEAITE P AT
BTENCHW SN TWE I EERBL TV,
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RG> 7 F VISP, Rl AE O B 2 @
SLTHRELTy TR Z2fT> T3, T4
T, A 74 R 2O BREIETH %03,
IR TR~ A% Ao fTafgNTe, Bk~ 2
oDy 7na=y FEEFELT RS TV,
HARW R —7 v M &, BUR. KEIMECE. /NG, 55
75 RN OIS D 7 208, AN EE LT, T
DRI A>T DTiEAR L, flfkEoBfRIcE
WTTEZRITAEMANEROD BBIRZEI) 2 L
L TWw3,

Ca’t /ANEY 2 VIRIFET 74 v ¥ F—2IC
X 5228 - B OTIH

Ca?T/ANEY 2 ) VKE® T o T4 v X - —¥
II (CaMKII) (&, ¥ - GRICHEELBE 2T 5,
ZOFEHEY 72=v + CaMKIla OREER v 7
A v A (K42R) Z/FH L, BEREfiET 23t T
%, K42R F &~ A Tld, i CAL BB T 3
> 7 AOREHE (LTP) PEEINTWVLEDH
763, WE LTP LAHBSE G Z BN T A T
b e EIH S I, CaMKIT I3ZIEH ICRD
SR ITHBEI LS, WEY v 7 HE
MNEHETH 2 L OPPBIRBINT WY, AP L
D EEETETE I3 - HEICRIRTH B 2 EDIRE
Nre, BUE X DR TEIER 217\, 22H - Sl
B % CaMKII D&% 3H LT 5,

ANEER IR A e = 2 — 1 VNS F 7 26
DRT 2L A B

IR T4 R -y F 75 TkEWT, fEHh
MR (L) oBSRAIctEvs TN
fE=a—u ol InN s WENY > 7 A% ER
(EPSC) D7 )V A% 7, 2 ¥H EPSC
L IRIEMED A7 & TIERFEBRDE L (AL 72,
SHAEWRE 2 & X 27 4 7 AT 2170, IR
R KRR 72 & S S B O BEERIC K D |
T IR RIS R OB AE U 72 JE RSN > & 7" A /N
DHRIZE DAL 2 2 L 2R T 2R E2H%, £
7o % B L IR 12 13 Cay 2.1 (P/Q )
Ca2t F ¥ 28, IRIEHKIZIE Cay2.2 (N ) 23

SEd—1
B
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HCBEELTwR 2 LWL E o, MERTE
BORKRIZ, SO BENE AT DSt Tl iz
M EET 2, RIET 2 Ca?t Fr 2Ly 7547
DOEERE 72\ 1 Calyx of Held DE KR F 7 ARKE
THIGNT WA, WHEORKEZIDLFTATDHE
AL TTH B,

A4 ZVIBREWIC X B EABIRS F 7 ABED
F 7 A gt

BOEBURFAME (CT) 1 FURBH M (TC) DA%
5 THURMER A (RT) b &H L T2, A
A = VEEZRED, CT-TC ¥+ 7 A & CT-RT ¥+
TADYF 7T AR L, KT 21 H 5
ERALDIC LT, Thbb, A4 ZVBZEERD
WAL DS CT-TC ¥ F 7 A TR MRS EYE O ik
ZM A, CT-RT ¥ F 7 2 TR MRS EWE O ik
ZEHET % Z L %, paired-plus ratio. coefficient of
variation, MK801 IC & 2 iR~ DEE | FKEfE
WMrEThEohII L, 61T, WAL VBEZR
KoY 72=v bTdH2% GluR5 23 CT-TC > F+ 7' A
B EEiicB b o T3 Z EbHENIT o, F
INSDhA ZVBZEERZN LD L) ff
k. CT o ESEREC X 2 NREZ VY S ik
WEoTHEIEHIINDZ EDBHS IR -T2,
Miyata M, Imoto K. J Physiol (in press).
MREMTEHIC X 52 F T ARBDAL v F 7
B D> & KIMECE DB SR BT B % 03,
ke Eg s 2 DR Z I L T2, A7 A4 A8y
FOIUTIIVTRETAF I I T TR
At BIK—KMEER D> F 7" At % i
R7FER, 2 2D AT DH 254612, B—orhignlk
BLRDI Y 4 S v IR T 2 O > F 7 A kS
EETZIEERLE, TRV TRBEAIZ. B
ZMREHMWEIC k> TAL vy FENB 2L, 2H
ST L7z, S HICKRIMEENHIMEO —fTh 5
Fast-Spiking (FS) fifigic 31} 3 EPSP o & Fs ik
D, ZDOYF T AREDENACIEFICEETH S
ERRML 7,
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MFETAEITZEARIT IS, AR 23 LR B 70 T HE )
MThdrETT77 14y 2T, BRI
DFEEREREE X O RIEER OB 217> T 5, It
W, AN, €77 7 4 v ¥ 2 OFIZIRIEE
WThs, CORREEPL, HOEY v 7 E 2R
ED 7 7 ADMFEMIIC B S, 2 o figil g
ZEELFFAHT 5 2 L 2R TFEOHLICH
A2 TZEZED T 5, BUTIC 2008 fFEEICHER L 7=
am DB 2 5T,

Kimura Y, Satou C & Higashijima S (2008)
V2a and V2b neurons are generated by the final
divisions of pair-producing progenitors in the ze-
brafish spinal cord. Development 135:3001-3005.

FREEH O p2 AT AL SRS S 13 RO /M ERH
RN, V2a & V2b Za—m vyl 3 2 055
NT»3, ITNETIC, V2a k V2b oy, 4
T oMEci 2 % Delta-Notch & 7'V v
72 LIMAERDEEE§ 2 2 EavRd T,
L2 L., V2a & V2b OffilERi iz AHTHdH . kil
DOMIEFIMHEIEI 2 EDfildE ) LTREZ 25125
WTIEgFPo Tkt Fxld p2 HisKAEED
AT EIERTIC GFP 23875 F 7 v AY 2 =y
27X 7574 v¥a Tglvsxl:GFP] 2R L. 2D
FMEICHD #A 72, FERBIZICE D, GFP T7 X)L
N7z p2 WA D KRER T 13, —ERZ TR L
V2a & V2b Za—v vy 2R TEL I EBTh o7,

()=

M1 V2 =a2—aviyfloiEix
ZOBAKIF, =2 —v vy R7—EEE p2 BIEKEED 5
D 1 OOMBERBZR T, Vexl 2HBT 5 p2 Ak AL
AT 24T S o THROMIEMNIEM T Delta-Notch %
AL 7RI EAE AN C D . F T OfIfaCE Y delta

ZORERIZ, V2a & V2b a2 —u oy D =2 —
0y zfl 08, hOoIENRRTREIC K> TED
2% LT05S, E51Z, Delta-Notch > 7' F
U v 7 DM ARSI TR 5 2 Eh5, 2D
HEDFER E U CIERRIC 2 B - D I B 1 E %
Rzl Tz 2Ry RGN, 0
HIDEGIRED A A=A LIEZT a7y a 7 NNT DM
FEREfIELS, IR L > T DDHRE 5 =0 —
Oy EEULIHHLRIAPTHS, LrLl, ¥av
CavunNIOEHLERLRY, ¥ 7774 v 2D p2
BRI D T H D TR E > TR I &b
Giro T, To OREHIE, BHEENY O MR T A I
BWT, == 2—u v w24 U 2 0RaTEA
DTN, D ITIAPEIRIE L e\ X A =
AL%MLT, ZO08R L2 —urzlEl
MTELILERL TS, K%L, BHEEYO
FXRER I B VT, 1 D O MREHTER (A a2 & IE
WNIDHI LD 20DREZ 54 TDZa—m v
HEICAEL 2 2 2R/ TH0TOHMTH %, ML
HIERIC B VLTS, 1 DDA X ) =2 —
0y X7 AT PPN TS, 2B W
TH, AL TR E N X HIZ, Delta-Notch %/
L 7 ikl |l Lo HAERIIC X D 2008 %2 %
A7D=2a—arPEL 2BEIEET 22 L
e,

V2a
- Delta expression
high
Delta-Notch 1
interaction L1
. Notch activity
high
V2b
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%%, IS, BIF IR V2a = a—av~gfhL, B&I3
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I RE (BTERAL 7z &) i
B 2 OGRS (B, BESE, (ARG,
A, W) 12g B MO, SEE) < BEE Y 2 AR
&R, HHZa—uA X =2 v TR (. TN
B, BEBERY MRI, MTARIMRIIGIE, RIS
ZHAOVTIHZEL Tw 3, 2008 FFICHER L 725X D9
HREMN % 3z iNdT 2,

Mochizuki H, Inui K, Yamashiro K, Oot-
suru N, Kakigi R (2008) Itching-related so-
matosensory evoked potentials. Pain 138:598-603.

FEAIZEZ O L D 7 B2 MRLERIERTETH Y |

ZORMBMOMBHIIEANICOEERTH 2, I
ADRABERE % RIHT 2 72123, Bk, IR
fMRI 7 ERR4 72 HERERI AL E 2 T FEAR IR
I NS 2 2 ARICHE L 20 uE e s v, %
LT, %9 o 7 habkag i Gt iE < s B 2 5H 5
579123, ) BHALTHEA O R 2 i E T
ELMEPMLETH L, L2LEVS, 20X %
FEARBELEIT N E TR o7, 2T, AWFA
TiE, B L R E OIS 2 il A 7o, flHE L
ANBH I HNRICL Tz, FGICERZIMT 2 LT
FEADFEHIND Z LB oMo NT WS, Z
CC, WEIC K o THEAZFEIET 2 @B IERE SR
WEZ BT L 7o, #RE O FIC 2 ORI E % 4%
AL TEREMEZ G525 &0 TXTOREBRE DR
BIERAERIBL B EME L, T, ZORIBEEEIC
& o THEFE I NIHEAITERT 2 TGS 2 G C
FHHlCE 5 2 & bR I N, iR IC & o TEHI
SNWGEE) T — 5 2> S HEE L 7 ASEHEE DY 1 m/
BThs I s, BRI L >TEL 2FEAIR,
IR U BFEA L FABRIC, CRRHEIC & o TR~
mEINZZ Lok, D EOER2S, HE
PEFEA R E X, T, B fMRI & v o
7o IS BE RIS T % W 72 FE A DI SE I BRI TH
L2 EBbroT,
Akatsuka K, Noguchi Y, Harada T, Sadato
N, Kakigi R (2008) Neural codes for somatosen-
sory two-point discrimination in inferior parietal
lobule: An fMRI study. Neuroimage 40:852-858.
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T R R A R SR N 35 0T B 2R TR R
ZRTHOTHY, BRINRAEFEE LA HW
S5NT 5, BICKMBEZAGOREZAY, b
WAFER N OB I X > THRESND LEZS
NTEH, “RENEZHIL w2 LEDE b
DITEENCBI T 2 MEIXIZ L A E7% (. BRSO
EINTOEDLoT, 22T, RIFJE TR R
ISR A IS E) S 2 BN O e 2 W] 5 2§
%5 C &z HIE L CHERERRIE AL IR 5% (MRI)
EHWIREZ T o7, HHEE LTI, AR L
SRR O B OB HEZ TV, O DORIE
P 2 C L ic &k ) RGN ISR B ICTEE T 5
Wk 2 /g 5 2 LI L7,

TOSERAEEE oy b= L 2T 5 L infe-

rior parietal lobule (IPL). anterior cingulate cortex
(ACC). pre-frontal gyrus (PFG). inferior frontal
gyrus (IFG). left primary somatosensory cortex
(SI). anterior insula, striatum, % #1IZ the ante-
rior lobe of the cerebellar vermis (ALV) 23 &I
THE LT\, MERBIENE L 2> b r—)L & g
L 7255602 b MR 2 5 03068 L T e, =GR
i & RN B 2 T 5 & 20 TPL 3
TRGH USRI BISIRE) LT A, SRR ER
BRI HRISTEE § 2013 o s o 7z, 40l
DFEEFEIZ K D | IPL 23 fGRAIR (2 13 BB 2 e 2
HoTwa Z EFHI N, ZRFMICBT 25/
FEEAEICBI L €. IMRI Z Fl V7o R I AR TR DY) &
TTh 5,
Nakata H, Sakamoto K, Ferretti A, Per-
rucci GM, Del Gratta C, Kakigi R, Romani
GL (2008) Somato-motor inhibitory processing in
humans: An event-related functional MRI study.
Neuroimage 39:1858-1866.

NG B - 7B 2 W 5 2 L3, Tax DHFE
EIETEHSCRONDE T ETIEDH S0, HEOHAD
MENEH 258k T2 2 L TE R VO, HERKS
BB & oo 7 fTEIfR R 2 b L ICitgi 2 it T
CTLRIEFNETDH 2, 2D, BERER MRI
Z T, Ao HIHBERR I B b 2 mikgiGE 2 H o



PICT B ERIERICEM T EEAONS, 2
CCARMIZE T, BERERY MRI % o TR i il
W Go/No-go A% 1772 5 T\ 2 RO KN O GBI
MEHOHPICT 22 Lick D, & Mo IMEhER I
Bl 2mifERy b7 =20z oIt 5L
ZHIE L7, BiBRE I (1) 811F Go/No-go i,
(2) 7t Go/No-go #2177\, LT IEHHlH %
Go Hili#%. RE##E%E No-go filik & L, BnfiEEz
50:50 & L7z, @H{EHUETIE Go FIIRG IC A FRIE T
Ry ML 2750w, FHEEEIE T Go Bl #z
BTz,

Z DFER, BI{EEE D No-go HIBARFIZ BT, |l
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SHATES, AUA A EBEY, AIHPIRE], REEEE L & OhHE)
ZEIRT B LT ER, T IS DIGEERALIL,
FHEGE D No-go FIBIRFICH HRICR S Nz Z &
o, Bz I8 T 20 AELBEHICED 2. L0
filz 3 2886, 1ZIEH—OMBEE U2 R bl
TVEHEBRBRINGZ, 2F b, BHaxd grzL
g B FlE - B &k, 2 ofEEICBIRZ <.
FEERDIN Ry b7 =712 ko THEIN TS Z
EDBHEE DT,
BREARMEE, A7V TDY XV FARELE DM
[t TH %, BHFTE. HFHZ & TORENE
AN I Nz,
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AWFEEMIE, Mz AT LTRAZ, KINE
B RINHEIERAZ « /I - e 75 & D IMBEISAD S 2 12 177
FLCEC ik CHEEB) ZAlREIC L T 5
DD, ZDRAHZ AL, 206 ORI FE I 1
BRI, ED XD BRI X o TRERVHEIT 20
D EOWRRBAEREZH S Ic L, I5ICIEIDL)
mEBEE OB EZAE TS L 2HIELT, &
REC T >z e EHEN T 2 v
PSR PLAA Y TFIE &R 2 Tk 2 At b
THHEZIT> T 5,

2008 fEICFHER L I X 2N T 5,

Chiken S, Shashidharan P, Nambu A (2008)
Cortically evoked long-lasting inhibition of pallidal
neurons in a transgenic mouse model of dystonia.
J Neurosci 28:13967-13977.

AL =T AR D DR 7 A O I &
BERBIC L > TREO T o N2 1EEETH 5,
RIS —F 2 VIROBGT D— LTI\ D3,
JREREIN G ZALDTR E %\ £ JRIBIC D W TIE R

A Normal
Forelimb Orofacial

STN(C) Striatum
cPi( (@D @®D

X 1. KNI BT 2 A%, IEE (A) EP AL
=7 (B) DHAICOVTRT, YA T70HEE, KK
KD & 8EE (Striatum) 2A4T 3 ANk 5T, KE
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BEDBS B, YA T OREBEHEEZTRNS D, &
F DYT1 YA+ =7 BEOFKEETTH 2 DYT1
% AR A TSR~ 7 A DG E) % Ji~ 72,
D~y AL, Rl IESEE) %2 § 5 2% EfTEIH
JUELTw 3, WiEKZGERL TaD e, EHIF &
FEPUH O FIRRIGE . FERCVINAG 22 £ A b = 7 IckF
B 20 B e BTGB 2 R L 72, R T CARBIL R
DO MREEN 2 GlEk T 5 & . IRE RS & NEIcE
W, N—=Z FREP R =X (RIEHARE) %2409 F84¢
B DIRA DI S 1tz KIREEE) Y 2 56 53R
T2 &, RERRIME - NEIICB LT, IEEFICE LT
B I N W GETE L2 5] E i <RVl
V) INEDBIE I N, £, WEKIME - NEiD
WA REZTHRTAHAS &, IERHEIERAEDINT
Wi, INSDOEBRERPL, AP TICBWT
. KB D & D AT & > TIHRERNHEIZET
% < fe < BillDs, BUR - RBMECE 2 i L. ANBE
BEEHBE I > TWw3 EEZ oNT,

B Dystonia
Forelimb  Orofacial
STN(C )
GPi

Hyperactivity

ERNET (GP1) DIROCHOSRIFRINH S 15, 2 OfR,
BUR « RIMECE Sl S v, B LA REEESE) 1< >
5B EEZS5NB, STN, BUK M4,
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T RB MR T &, PIERISIETAET X A = X L%
HEDOIER « EHEX DAL ZHZEL T3,

1) ¥ FTANITNE S VIBRERRE L & F 7 AIG
&L OM%

ZNETHO AMPA ZEERBIEM@NTH S, AMPA
ZREOY F T ANRBECIZIFIEE Iy F TR
BRI T B89 — v LBV A ZIRISHAET %%
= D2O0HY, DAY= BASMEORE
FURE L TBERENE Z b oTE R, HlA
EAMIEER R o kIR S L 2oy 7
A (Bt — kR s - 7" R & ORI BE BT — v kA
s+ 7 2) @9 BHiFIGEERIAI, %5 3T A
IRITH BB ot, I TINSZEMEKS
FOEMPEELZHS»ICTZHNT, B3 nk
ST 7ANTRI 2708 S VBRI E AMPA
ZEREIGEDY T 2L —v a v RITLY F 7RIS
Fetk % #E L 550, =9 A 7B cRRY -7
AGEDNT Y XPRELBDE DD, L 5D
TS RERBDOEIN B L 72°PH > F 7 AIE
BEOND ZEBTPHEIN, ZORHERIZ, 4D
¥ F T ARZERRRE Db 6 FRAREDEA
DMFIIBEE I I N5 X ) BRI Tw»
52 LERBLTVS,

2) SIS 2 RIINEBIR (LTP) &My 2 v
B2 Ak oEEEL

> 7 AR ORI e R 2L 2 i B IR X
% 7-® SDS HifkEEINT L 77 A BGRIEIC X D wiiRisE
YWEZREDOREZE A D> F 7 AL LT L
72o LTP Z3HE L M2 Rt L7225, v F
T AMEDOR &> F 7 AN AMPA 25 (K%
EXEMLTw2HEPIHAS L LR, 61T, ¥
T 7 ABGEI N BEHRER AR v e F T RAD
YA A ROZEEIIE & O FLEB %2 R AR, >
F T ABERE DRI D AL Y H A RESF TR
TR S OV AR B R R ORI L . 2R
i GluR1 ¥ 7 2= v 288 AMPA ZEGE»H S
T2 L RRTHEREGE, £/, ¥+ 7 A5
B FICFEE T 5 AMPA ZBED Y F 7 AN AIA
EF45 AMPA ZERDOEAEILIC > T b 2 &d8
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MBI N, IWBITEHRD 7 v NINE BT L 72655,
R LTP 28T & N /IR L L D2 )i &
52 EBHERL. LTP &Mk F 7 ARREZ LD
ARG TTORE TV I L2 s IC LT,
3) ¥ F 7T AR-7Y PEEBRBOBZEIC K 5 hH
agsaiilfi]

> 7 AR D & TUE S N AR Y E A
W22 IEH L. Z DINH Y HFIThE> T, fisiie
R DIEHREEDOFFE IFE E N5 (Matsui and von
Gersdorff, 2006), ZEVE O ZHEIL ., 8P
FEICEE L SN D Y F T RAUBRDOZEMEROIEMAL
ZHfE T F 2 IFOMEIC, 7Y THIBEDSEET 5,
LKLk, ¥ F 7 R-7) TEAREOBINZ D, B
FEYVE B IE ORI IC £ 5 BT 3 DR T
W3, INET, ¥F 7 AEME»S 7Y 7D
EH IS TR > F 7 ANMERERH D, 2
nB=a—uw -7 7HOFERCERIZEZHS T
W3 ZEERLTEZ (Matsui and Jahr, 2006) .,
CDOEMBEIC X > TV 7 HB O T RECHERE 2l
HEnTwsaHREEZ, e ThiRA X —2 v i
EoTRITLCw3, Z7UT7HilIck 2>+ 72D
WL DOHED, ¥ F T AEEIC AR ER L Z
5 Dh% ., ERAEMY - BT HEMENEDHAGDE T
fEH$ %,
4) HiGEEEEEE D > F 7 AR ERERE & KINILIERL >
7 AR

IR P72 Fra) k=2 —n v o
I TH D . RE. EE. EREFO LB
FRIcBRT oL LI, ZOWEIREL LTV
INA =R EDBEIRBRINT VWS, TLF L
aY) vz 2 —urAoBELE L OWIfEY -7
AMoEERE B X MBI O R RELMIC O F.
Za—uVEAEDH L LTFHEEZEAL DD, ERE
BUAINENT B X BRI 21T v, 7R F L
aV vk a—urAnsNy I g B
75 F—s83y DI HIZERLE P/QBANLS T A
F ¥ 2D, ERFEBRTHICHE LWL L
ZHHS T L 7,

KIMEEERZ > F 7° 2 8 & OBl % o T A o



HEMIEAHTH 5, FEERICIEMREZ K C L %
T FBIORS=F VY URETILT Y FEAWT,
HE I N REAEREIIE, > 7 ARAREE X
OFEBEZIHS T 2 HINT, TEEENE L O
BRAEMANEN 2T o7, K7aP 27 Mk
2 HEHER 7 — & B3, INBEZESE DB RIS B i 7
HIREBITSIC D23 2 E 2 WIfF L 720,
5) {5 F 7 A D IAIENFTE

<7 ZADWEEHAHIEO > > 7 2B wT, £l
POANT B FTRAEEMPO AT EF TR
DT T 7ADRE IR RL S Z L, AMPA
RIZREY 722y b GluR1 O EDIERNTE % FBF
DI ERFAML 7z, CAL BRIz T, Al
26 AT 2 $EEMIIE S > 7 A EMD 6 AT 5
bDITHAR, K HREL, vy ¥ av—LROEGD
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. GluR1 HELFEV, £ F TADY A XL
TG S VBERAERY 7=y M BRI 3 R
DOBEYH 5 2 EDHS ISR o T, I NR2B
WCREINDE L) Iy F T2 A R EFEDMEIK
HloMFREzHH . ¥4 ZcBlbSs T 7 2=y b
HANZIE—ED b D, I NR1, NR2A, GluR2,
GluR3 % E R DO DB|/T 2> F T A A XL
Y7y NESHBIT 5 S D, FE=12 GluR1 1R
KINBZVA X LEEICIEOMHBEBH Y, 4 1
REEDITY 7 2= v I supralinear IZHMT
23DTH5B, 5HIZID LI BEAIERNHMED A
HWEEZII-oE DI DI, EAEICEFED
bR 2N THTEFEREZT> T FRE
TH 5,
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KINGHERE 2 5 2 2 SR T phgal i ORIk 2 iR % 2
ERHBIZL, TNETIRRNEKED =2 —1 ¥
A 7%, WERES - K - MERBLOAY — VD51
ELTER, BEZ, FEL TELBRESR B4 -
ME=2—0 Y7854 7) o KERBENIED X
I RFHITHA EIFenTwua 2o 0ICT 2 2
EERHBELTYS, S8, (1) KINKE GABA
B = 2 —a v ORR, (2) KINECE FS fifld ok
BERRBIZ B 1T 2 I8 KRR, (3) RIMECE L A ¥ —[H D
BEE S OB IE 2 i dT L 72,

KINECE GABA filfldasi# iR ic o RS ., 2
no % HEEME» BB ICXATES 7y PRV
TR AT GABA il & Gldk L. RrEErFEs
FEVBRoN TRV 2—a 7Y 7 7+ — Al
DIFENT Z T o1z, —2—u )77+ — LfildDOk
AR KRR E R L 72 LT, LN~ —h —% K
KL%, ZORE, choh7 7 F U HEGEOBET
HLTNT 7-T I F -2 ZiBIRNCHBT L2 L
Bbhrot, 22T, GABA MlHOGESE DR 5%
LT VTPV T Iy Ve bRV F v, VIP,
ALYAMXZV, ANVLFZY, TAL7P-T I F
=v-2 £ GABA flilaofiiadic 58§ 2 6 1
HOXTFF - HAEORBIMNAZ ERIICHHR T,
GABA fifaohco&WEO L G2 A2 L, 1
J&. 2/3 &, 5JETIF9OEME, 6T IEEL D
GABA fifazs 6 2= —A—DHN, Pl Edb—D
PRioTWB I ENbhoT,

KINGHT B (IR S Bt D Up 1R
RE LD Down JREEZFEDIRL, 1 ~ VY LT D
W EMEINZ Y ALATIRE LT3, 512 UP
REICIZ, IKBEKED 7005 14 ~NVYDAE YR
NI E ., BEAEBES 300256 80 NV Y DT V=
FEBRDoT0E, 2o D) R AN IZEZE D
FIENE= 2 —n v PEEREEZEZT2LE2 6N
Tw3, 22T, M= 2 —0 v TRLBEDIS
FS i<, R icBinsg 3 MO ) AL TOH
KoY — v Z2FRTz, Up TOFKRHE AL L Hi
FEBPOEL S THRALPT W FS Mildd %
Z b i (Early & Late FS ffifi), Early FS

FoT —

H=-ao—nRm1Yv
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A B 38R 0> & BERIIAE 9 2 & Fs KBEIE DS T
23D Wi Late FS Ml BIREHL T 2 & 5 KA
B EDo7, Tnd 5 Late FS Mg BRER O A
BHICEELRBE 2 T20TERPEEZI OGNS,
OO FS il Up EoRAE Y P - v
Wl 2 TF KL 72, Early FS filigix Late
FSHlEk b A€y RIS Ay 7Y v 7L,
NORE O CMHTHRK L7, AEY FLESY
2 TOHRKLPT ORI MRS 17,
NS DFERIZ, FSHIIEZ &2 Up IREETOFE A<
8 — U DRI E ISR 5 NTED . R A
Ey RTINS S manma s v
<D Early FS fllld2» & Late FS flld~fz 2 & 41,
DAV =PI D > THERDBE) L T  AlREN: 2
ARL T3,

KINHTRE IZEBDRE (LAY —) »S5TETE
D, FEIZEEEOHAME TR AL TWw5, WU
Je& DA T b AL AN E 2SR TH %
ZEPHSNT WS, . AL 7FKDIN— R
FRMEIG Y — > BN & 2B, WIEEE 5 ED
FEAAINEIC T 3 B DT KY 784 T3H 5 Z &d
bhrot, WEEPRRERICIS 3 2 5 EAMmIE
ZNTNREDRKNAY = ThHDH I Eh o, #E
JelcifE L T O ERbT 2 L E A 55,
I, FEKEMERFE L7 2 Mo 5 E#ERIE &
AR LS L, 2/3 JEsfEfAfliiaz 7L o S v gfsC %
K&, [ 2/3 @l & @A) % Z T R
235 JESEARMIERE K 75 4 TOMAEDERY 7
YA THD Y F 7 AR EINDI D ZBRET L
7oo ZOREE, 5 EMINEAE— 2/3 FEffiias: & HaEA
N%ZTHMERE, AU T YA 77 —D S35
BHYTIAL TP =L DEL B>, E6i12, [
CHEYTIATR7—=TlE, ¥TF TAKEEGHH S
HLOPEND D L) HBATMERDIE L 2D, —H,
BE2Y 754 77— AN % 2T BRI
5 EMEfSGOREICHEIN o, Do L
5. 2/3 @6 5 EAOBEL AN 5 JE AT

-
—

==l u )
Y7L TRZDO™BIMME LY T2y b=
PED Z ED3bhroT,



5.3 DIEBAEPHFRERFT
Al GUE. BB, 1TEh, fHE, Rk 1B

B KEE A2 R, B PR E LR
FERMMEL TV 5, BAFRIEENICHE ) BTN 2 a3
PIRVF—RFOLNE & o 2 2 MHREEA X —>
v 7 (BEREMY MRI) &. FFROEREICT SN ER
AN FEREZHANICD D0 LIk D, @X
ItSEE %2 B> KIBIIC BT 2 2 E 2 HIEL T
W5, BERERTE L EEEE D 5 A4 - 2 v 7 B b E
BT % 2 Lic kb BERRITHE ) fhfiEE o
ZALLHEL L OERIC K 2 L0 ES 2 L,
BRI RE OV D X h = X HI2E B —JF, AR
RS BC el L OBIR (REERIEEE) ISh b
LR BRICE N ZE VW TIIEL Tw 3, 2008 4RI
FR Lm0 ) BRENL 2 WMEENT 5,

Izuma K, Saito DN, Sadato N (2008) Process-
ing of social and monetary rewards in the human
striatum. Neuron 58:284-294.

t + Otk 17E) (prosocial behavior) D F&EIC £
WTlE, RO E LT ABER R LS
Than, B L IaTEREINTRS, [
HETHOFERDO—>2 L LT Mib& s S 0 R ik
DR, Z2REL, £7 THAENTEIOFER E L2
5 6 D RO ORI, BRI & [H
FRICHRR 2GS ¢ 2, L) REio b & FE%z
1107, PREERIIZIE SRS EN T, 19 ADRABE
BRI, A2 5 D R FEH & BB 2 M S ¢
5L W E L THIG 12 KSR D BRI A3 Hl L
THLoNT, ZHUd, D 5 DR GFEANI R &
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L COfifiz b . MNICE T & [ U X
M INT VDB EWI I EERLTVS, 20D
FEFE, B4 e 7 2 R O % L U, SEE
T LBCETH 2 TIMNOIEOME ) OFEL:
i XRT 5,

Mano Y, Harada T, Sugiura M, Saito DN,
Sadato N (2008) Perspective-taking as part of
narrative comprehension: a functional MRI study.
Neuropsychologia (in press).
BLRATS 3 A DRI 2 BT L BT 2881 TH D |
i DREZ BT LRI HTE 25, FL L
DREIF IS 2 BE OIS Otk 2 . IMRI
Z e TRRE L 7o, BB 1 300 5 1K 2 R %=
. TARDRBEZNET 28277, —X
HOEANRB ZXHOHKRS LR CHATICHET %
B —85ktk & MOGFTICHEE T 2 5 A — 85
R W THEIREO Y — 7 a— F % EERIICEE
L7z, B Icifn 3 ns XHIESGMFMTHE TN
FITEGE USUIRED R I X 0 2169 2 G 8 2 54 L
7oo ZDRIR. BIA—BEMFIIB W TEALDIK
T %2 N EE S 2 BR o fifet BE R 3B T — B IRy & Fiig
U TR R BB & A {0 0 B TE L el 8 -C D ik %
TGRS i fe, B R BRI A U & S RE D BT
il BIE S 2 Z &SRS AUTE D | HIEH 5 T
VA DR R O PR & [FRR 12 22 R 25 S S
WG 2 2 EDHONTREZEDE, INHD
R A M D JEAE % SRR 5 B o Bl I B 5
T2 ERBI NI,



6 FEEHEPMFTR

6.1 FRAIITENREBITTERF]

WERFT T, AR OYIHOES) & IRBRD Y v 7 — Pl
B2 HHH 9 2 et RS & 2 O G O O
PERE RS IS D W TR 21T > T %, RHICHTE
IZoWTE, » A7 2T, #iL LV TRE
i 2 515G L 2B, FROBELEER) X —X
IcHEE 22T 2 250c L > T 2-3 215 1-3 »
ATHET 2 L wI) BT LE MV, ZOBERENIEIC
Bib 2 KINMEE 70 &0 BB S HHiL ~ v
TOMFEEEE DO % £122WC PET (B3 1)
PALIE) 12X DINHEREA X —> v 7 EAUVEREAE,
TTEYDFENT, RIS AT, S S I E 78
DHFREINIRE 2 Lz flatabE TR L T s, —
Ti. BEDY v r — FEHRICOWTE, Z DOl
Hiiz 2 0 9 i b SR AT ARRE R 2 2 T A AR
EHOCCHENT 2L L b, HRETADY v 7 —
F#E DO ENT, & 5123 —XEIEE 2 — Mtk i85
LR~ h 7PV EHCT, TEH) OMfEo
fEZ2 Hi & 9 2078217 > T b, BUTIC 2008 4R
ICFER L 7 BRI R RGOS 2 509,

1. Kaneda K, Isa K, Yanagawa Y, Isa T
(2008) Nigral inhibition of GABAergic neurons in
mouse superior colliculus. J Neurosci 28:11071-
11078.

i B g (SGI) —a—mrdN—2 FFEK
EIRBRY v 7 — Pl 725 & o §8 mEH) o Bl ik 1< B
T B, FEMERES (SNr) HIKO GABA fEBIFE A
NE =y 712 SGI DiE#EHZzMH L THH . 2o
2> & DRERDS SGI =2 — 1 v D= FFEK DA
IS TH B EEZH5NT WS, SGLITIEZ VY
S VEREEIERES = 2 — 1 v BISHc GABA RS
Za—urbEHEET S, LirL, SN 2o
D GABA k=2 —m VIt b AL TR B0
B INnETHS2IZIN T RPoT, 2T
AT, MR b L — 3 — 2 o 2 @S AR g T
ERATAAERTOEBSEHLENMBHTICE D 2D
ZEt L7, GABA fEEfE= 2 — 1 v %% GFP 404
2RI BLT 5 GAD67-GFP knock-in @ 7 A
@ SNr 1247 F v —4—® BDA Z{FE AL, 2D
PRRERE R %2 He B R B CI R 72 &£ 2 A SNr ik
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DIFEEARD SGI D GABA fFEjtE= 2 —nw v ki
SFTAEBHL T B I LT oTz, RIZ, SNr
ESGL %2 EDBIALATA AEARZERL | FERRIC
HIHIE s F 7 ZEEDBETE 2008 ) 2 BET L
72, SGI @ GFP [t GABA @it =2 —nv v
BR—=NEN Sy F 7Ty TRV SNr 2R
RS 2 L. By F 72D IPSCs H3aEFE I sz,
ZDIPSCs 13 GABAy ZAWRT vy T=ZAFTT
vy 7 &N, GABAg BB 7y T =2+ T
B EZ T hhol, PLEORIRIE, SNr kD
GABA fFE):% 423 SGI © GABA k=2 —nw
VAL TwB ZERLTED, SNr A3HIC SGI
TON—R FFREKOBBZHEAIL Tw2 DA TIEE
<L M= 2 — o v DR ZER N 2 TR E) R o SR i
WHBEG LA a[EEEZ R R L T35,

2. Yoshida M, Takaura K, Kato R, Ikeda T,
Isa T (2008) Striate cortical lesions affect delib-
erate decision and control of saccade: implication
for blindsight. J Neurosci 28:10517-10530.

— R IR 2 3217 5 L ROEl o B o 5
TRHEALHY TH) L2030 L) REHO I
. S OREERMICR R I NN RE AR B E
&2 DD Z AU T O IRBERGEHE) 2 i o S5 g %
RSN 5 LARETH 5 FHOIPME I N TV 5,
DX THIEERR L EBRE ol 13 THH
(blindsight)) & L THIS LT 2205, Z OAfifdtng
DFEMIZHIS TR, AW THRL T8
5 BN AR 2 D] S S T B e Ic L 28]
B W T—XEEE 2~ Icky I BRE L. 208
DHEFHENEY v 7 — NlE 2@ L 72, ThoD
PN b EBERGEEN~OY v 7 —F %
ELLIT) 2 ENTERDP oD, K20HATIZIE
100% FHE L 7z, L2 L. #EEEOW 2 S o i BIfE
FREEFEWTEA L, FFEEN~DY v 7 — FidA
B> 7%, T ORIEHES ORI OREE IR
ET D0 E ) D2 NS 7 IE T OBIfER
WDHE IS 28y r— P2 E D
A, R EEMICIERTIZZICERTH -2 T
oo, BEERTOY Y 7 — FORIERES IFHICH

-
[,



HOBEZLZ2DTEEWI EBRIBREIN, 22 B, ~KRERTZ2NT2EBEANEEY v 75— FET
TREMADY v 7 — FEFHICET T2 L. 2D HIchEch s E bz, Yy r—FEfTIcES
OB X EFAY T, VoW % online correction 23MEH)  FEWRE S X CIEMEZEBHEICLETH 5 2 £h3
LTwhWw I EWrRRIN, ERIEREO M Woniikhol, 72, T06 HREEBZHLERED
% diffusion model IT X > THEMT % L BIREDE  ZIZBEEROREN L GRE A2 w787 5
EBMET LTS Z EPHeNICRS 7, DL EDRE 7= DD TH B EfERI NS,
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6.2 EREEHAERERENITERM

WP Tk, FOEME X CEERIENICE T 2
T I SR BE O T BB O fRIH % 32 70 7 — < IC %R
ZfioTwa, AREFIZFICUI T 2HH Z DI
2 HEE L 72,

1. A e R D FE & & OB I X 2 21 L:
GABA B X U7V & EEH M D S, S
[0 2% P it PR AR - D i 284, B & OSEIEN 2
O — LA & vREIBERE O FGE - REIC L AL
T RE TR RN

2. YT EEMEEZ H Wz in vivo 4 X — v JHkIC
L P - FEEMEIC &S ) KINEE A2l
DL

1. WRHERRENS O IR S & ORI B 1 524k
HIEN I R 2 WET L T & 2 A rh ki
SHEIEA ) — 7822 RN E S SRS 7 v 8 S v
FefEEtE & U<, ISR Z RN IE GABA &
LCANLTED, FELEEDIZTYTUANERAL Y
F¥52%, LHICCl- Fr 2L Z2OT2 GABA 28
TV UNEAL v FTRHEBIEALT, HH)—2D
GABA Z#EETH 51 GABA ZAKICEH
L 7co SATHHICIE, M EA ) — 7t 1 4k
B L OHIHIEA RS R ICIE GABA g A
RERICFEBLL Tw 5, FRIChVid L, BERERE
%7 v Tk, W2 S GABA g 2RSS
KT 2, EEWED GABA D57 ) o Y DAL v
F U T OEBEBEOMRAD D, HEMICDA GABAR
ZHREDHBL T B EFBITOWT, GABA %
7y 779 bEEHO TN ZIT>oTw5, %
DGR, GABA &K/, v 7 77 FEYITIE, K
WO TH 2> F 7 AIBEOMBEM D IES > &
DAV B S THBIEI N, R LD HIH
ETy F T AREDHERIHFEI O GABA B3 -
GABAp ZBEEROTEHALSBETH 5 Z L HVHIH L
Too ¥ F 7 ABMNIC B 2 S F 7 R IRE
HTdh 2MIAN 7 a— A A v REFHE E TR T
HBAHV T L—7a— )V IEHE (KCC2, gl
NZ7u—nAF AL T) X, HGE, BLA b
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BHZEE A

ZN B 5=

L A EH SR IR Rl o ettt el oD s ) fiif I
o T, 2HAEEHEAIEZ 5, KCC2 DRERET
AA=ALELT, KCC2DY VL, 77 For
WAND7F7AZY) v TPBETH D ERBHITLT
W3, £/, 3l FY =7 408 KCC2 e % 1l
iz 7wy 7 L, filai CLRE LS. GABA o5y
% IS 2 2 LB L 72 (J Toxicol, 2008), %
7o, BIBEMREI AT E b %9 NMDA ZRE» S
DANT T LA Ty DBREFHAICK > T, KCC2 D
RHWH - GABA #Ifillo RIIKSI 0351 SR I b
ZEW ST L7z (Neurosci Res, 2008),

2. LN MBI Z W7z in vivo 4 A=Y VYA
X 2 %85E - FEmIBIC L b &) KB R 2k o
fBise

B DR RIS Z VL = —2FH L %
HeF vk &2 ARICEA LT, EE2 T AN
MARSE B X OSSO BlEE 2 L L 7., S5
2. L=, B AROWR, L—F—HA
DIODEE2 T AFHETT Y 7Y — DR ZITO,
BRI HOREAP I L Cw 2 8B THE~Y
ARBEIZ BT, KRIEET2 5 1 mm P RO
WDKK E G 5 2R, 512 1 pm DL
TOWMBEDRE L7 A A= v RIS L
TWwb, £, FA-—-HiiEEo RUIMBIZE 23 A, 3
R TACBWT2AHETOMYIRLBIET S C
EWHREE ooz, Fo, MIEENE ALY LE
BEE L CERNTHEL WS, ZofifizfHL
T, BE, 1) 27u 7Y Pick by - 7 RAEGERE,
B L OAMMEERICB 221k, 2) 27w 7Y 7
D PEEIAL A~ DI LiEE, 3) o Ml GH
WOy F 7 AREED ) €TV v 7 ORNTIC X 2 EE
RAGBERE D[] L <L TORIH, 4) P2 BT 2
K GABA = 2 —u v offifa#o@igk, 5) @ik
PEIRIEIZ B 1T 2 KN BB o 1 5 i Ak
DEMZAIZO VT, EERNTEEEL Tw 5, X,
MXELTHEL TS PETH S,



6.3 AJE - N MRAERBIITTEFT

WHFFEER T, AR EFEERER B D 2 BUR T
DHRERERE, L 7 F T T4 AR 7 F v OREEA
fiifE B R 2 YT 21T > T %, REFEIZ D
ToHEBIZOWTHZEZ H#EEL 72,

1. SR TSRO AMPK I X % &l
AR ]

PR T E=E% (PVH) #hfgflildo AMPK 1, L
TFURRT ) ANFURER, TVa—RAR LI
ko TRESHBE S ., ZoEEoZLEIc k) Ei
fTEIZHAEG T2 2 LMo T3, REFETIE,
Ly F 74N A% OEER AMPK &K O IEMH
1 AMPK % PVH il ic &8 & &, HairH)
WKRIE TR ETANRT, ZOFER, Boriiirn
&1, AMPK %% PVH eI &\ THEHRERAL
ZHET 5 2 LI ko TRAMY & LRI O WEiT
Wrflds xRN LA, £72, PVHIZEIT 3
AMPK 1 —HERG IR AV, — £ BHE Ik A iR 3
7/ anF rREFRICEDEES S 2L EE)
YICld Z OFERE I B 2K L TREHREICNT 2
WEFEDSTTET 5 2 2 L 72, BlfE. Z DA
LR D THMEBITL T»2,

2. SR PEA L X itk s TcosI N a—2
R

AU v, FURTHAMUEN I RBIL ., B, E
M - SRR L~V BT ATEIOFRETIC B G 5, &
oA L X v A, SRRMRIEE), B b FETEH]
ZRIET, Lo, AL ¥ iz X 2R EH
DFEL VRN & ZOABNERIF LA E
o Tk, FLlE, AL FTUh, HKTEIE
NI VMH- &% 2 A L CERg i & 2 O3
MmE D B2 ZHEEZIEEN T2 2 LIck b, B
TODAL VY A) ¥ T FNEFEELL, Zrva—20
MOABREL VY RY kD7) a—7 v %S
RIcidiEd 2 2 &2 /M L7, F7. HEREREIC
koTll AL Frr=a—u vkl . VMH-
B S AP 52 G Z N L TEHIBHITO 7L
A—ADWYIAARE T ) a—=F Vv HRERD L L
ZRE L7, IBIHHEETIE I L) RERHIZED S
Nhhrote, JbhoZ ot L ¥ va—uv
. (< BIEEAHT &) BARTEICE W TEME(L
L. REMfEz i LRI TO 7V a—Z2f %z
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EIRICE ST 2 Lot hot, ThoD
ZEpo, EEIE, BEAITO 7L a— 2GR R
ISR T 24 L X v - Y ATLE, A VAV
EROWEH Z A ICHllf# 2 2 Lic k> T, B
WOEFEEEZMERFL Cwd tEZOND, Gilri
fiiir)

3. Sk TS RETHOL 79— AMPK ¥ 7'F
N %15 T 5 ¥iBl phosphatase, CIPP D[F%E &
Z DFEREMT

TRMER I 23533 2 L 77 F &, BUK T 5 R %
AEA LT AMPK WE#E 20§ 2 C Lick h A
TEZMHT 2, LrL, 2O THEMEIZHS 2
KhoTouv, L4, VL7FVIK28KT
R AMPK o iGN BY b % #TBL protein
phophatase % Hifff L . CIPP (CaMKK-AMPK cas-
cade inhibitory protein phosphatase) & firds L 7z,
CIPP i3I B\ THRIRBZIC IS HBI L T, &
I, L7 Fvid, Akt 21T 5 2 LIk o T
CIPP %2V vifbd2 2 Lickh TnzifkbL, 2
DfER, AMPK O Lifik£s%CdHh % CaMKKDb % it )
VgL % 2 LT AMPK OiEEE T 5 2 £ %
R U 72, GRsCda)

4. IRWiMkICE %2 BDNF OfifiE 20> 7 F N
{BIERERE

MFERERF & L TH 54 % Brain Derived Neu-
rotrophic Factor (BDNF) (378441 1T 2 5o
Hgee, o2 HHT 2K LTHon
T3, EFE, s BDNF 252 % &, FIiC
BRI/ Z JIF L TERRZ D, KHEIcE
J2 2L X -2 EIE 5 2 EPWEINT
w3, L2 L, KMiEfkICE T BDNF 2 &0 &
I R REREEHZEATOE»IHIEEAEHS D
EloTWwiz\v, 22T, BDNF & ZDZEMHDR
WSk CORBEEZ TR & 25, BRI B VT
BDNF & TrkB-T1 235895 Z &, £7 BDNF @
FEADHNG & & DICHEMT 2 2B/ LA, 22
THRMMEIC 51 2 BDNF O#tE % #H X7, 20
fiik. BDNF &, JEWiflEIC &> T TrkB-T1 Z2 /¢
L C PI3-K/Akt., MEK/Erk1/2/S6K &% G AL
L.FoxO1 29 v#gftd 22 Lickh  EBE7 714 K
AA Y D—DTH % EHIREELIEER T Plasminogen



Activator Inhibitor-1 (PAI-1) ® mRNA &8z #]I
fldsZ xRN,

5. RO HE & W 5 R RERARERE 2 h5 Sl
FHHGHERY

BEVIRFERE D — D DIFRIE A~ 2 Y VB DT I
HH. A VAR voibliEd T b % WK 6 Mo -
WD A A = A L2 T 5 L I3 EE L pHEaE
Th 5, Fhl, FICKFAREBEEAVTE R Bz
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& DILFEMZEIC K D RO REHER A ke Z N L
TR Z 64, Zuc kb B HldEhEd % 2
M U7, AUFZEER IR, g HllazHs ¢ %
AR Z W L 2 RICKRELRBEBD D, 205
THEREZ WIS 2010 F 25 2 L1 X o T B Mo Mg
TR H L WIBRIE ORI IC D e h3 2 1D &
%, (Imai J, et al, Science 322: 1250-1254, 2008.)



7 1TE - KEOTEAEY S —
7.1 BILTREHYFERE

B TREHMERETIX, 7y MBI 28
TUAEEAM DR, BE LT A% e 7 i
REMENT 2 HEME S 2 L FIIFIC, 246 F2 Lo o i
HHIToTws, oI, BETI =T v T4V
C&koT/ v 7 7o 7y bR L2HIE
LTw3, TRNETIKEF I VAV 2=y 7 (Tg) 7 v
~ DRI GEP ES M, RS D17 2 5
BB E LI, MBHPHEMEN G L, 7y MTBT
LFEAET B OB ELICI ) A TE 72, BUTIC
2008 fFICFER L 72 8 M 9 HANERMN % 1 ik 2 i
Y5,

Hirabayashi M, Yoshizawa Y, Kato M,
Tsuchiya T, Nagao S & Hochi S (2008) Avail-
ability of subfertile transgenic rats expressing c-
myc gene as recipients for spermatogonial trans-
plantation. Transgenic Res (in press).

& IR e o K 1T BRE 2 3 X 5 72 I IR M
NOBHH T, = 7 A TIER M AE K 48 R 6
(W/W?) 272N 7 7 ¥ %835 U TR O K E
a2 fiEREBIc Lzboz Ly ey FELTHY

2, L2L 7y M2id W/WY OX 9 R
BHRIFVBEELET., 72V 7 7 vEEIcksLy
Ery b7y PO INETH L, 22T cmyc
RGBS 2T v P T i 7R
F=Y AR K> TR >TWE Z EICEHRL,
CDLF I VAY 2=y 7% (MT-myc) 3Kl
DL ey b & LTHMARED & 9 2>, BiatL
72 EGFP b9 v AP 22w 79y P X hHELL /-
KIS 2 MT-myc OB L 555, &
Hi3 7 A EGFP 2 #B 42 an ==&
e (Ka), o DORHlE Tk EGFP BBIEORS 1
MR & 4, BRAKS £ TOIEE R FIRRER b
g cE (M b), EGFP B0 REME > & FRELL
7RG 2 SRR L. RIMHEICBREL 72 & T A,
EGFP EfffE oz (KMc), 2D LI,
PMERBETE 950222y 75y b OEME
i, BHEL 72 B — Ml IEE F A ICHF L5 L ) %
KR - Kb 2 icb i =y F 0355 C
Wi LRI NS, Pk, MT-myc 7 v 2K
BiiokdoL Yy b LCHHAMERZ &2
HH &z o 7,

c-myc

200pm

. MT-myc 7 v MER~OREFEMIRBEME. (a) FF—
Mt 3 » HE&OKHE. EGFP 82 o= — (KH),

(b) FF—MMkD EGFP % %83 2 KM wim. 5

BEIE 10 RSB RIIASOA L, PIREIC LR T B iDL 3.
() 1 — Al S - S010e 00 BB S 1 & 2 PR .
EGFP FfF (1)



8 MtEReEtRl - XEEV Y —

B MBERERTHHI &~ & — 1%, ARFHEE X D Rabgng
AR SERER vy — LU E NS &L b IR
DMTb i, WRERANTE. AR SR E
y%%@ﬁ%i\@ﬁ%%§®4§f%&én5_
Lok, HFREFZNZTNWEETEE T HMEE. %

SALIRIEE . 2 oL — —BEMSE OB B - JHA
ZiToTw3, Insid, KR TH-o L) EE
M AR E S BE SR Cho D T2 LD

5. HFEFH D7 D122 FE O KEDWFFEE ISR
RSN TV 5, HE REFEI T2
FH 2B — M I FFZE 2 00 U Crdb o it & pr
WOWZEE £ DILFRAMESTER I fTbNTws, %
7oy kv Z —TIEINOIER O 72 O O KR
B, Ry 7= —E A ARERENTS AT LD
EHZT->TWS, s DIEEBEDIZD, £F
DUEHFZ, M2 N Z A DI T —< %25,
DT o X9 wtiissEinfrbin e s

nB. PRFEBREIIBERICIZEIESFEINT
BO., BE, FBEFREZITo>TVRELEIATH S,

8.1 REBERENE

. TEREIC BT 2 b
ﬁﬁ (%ﬁ)k ﬁﬁﬁﬁﬁi(ﬁﬁﬂwﬂgﬁ
Bz,

R T MR E Tk, EEEYE S EE
THEMER (H-1250M % 5 % 1,000kV) %, WHF1 57
E3HICEALTHE L HED 2z llvTolt
A S8R % SEME L Cve B, SRR 20 482 1 [H A A
FERFHEIDY 27 FEHIC A7 Z &Il b, REEHA
et OB S EE O R % £ L ICHE D
SR L C2E (AEEE U)@Em%ﬁéb &
13 BUESERIRE LT B, T E T BEM ST

\Aﬂﬂﬁiﬁﬁﬁ%%%?ékk%;\;hém
M2 X Z 5 HRREE O MR B BT, BB
Yy P v 2 1 SR B S 5 SRR T —
DERE L O T SRS R LB R IE O BT 25 £
LY FLA TV B

2008 4F 10 H iz HUHB I 25 HHE o Bk T 28
e oIFAMA DX (Nishida T et al., Three-

dimensional, computer-tomographic analysis of
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membrane proteins (TrkA, caveolin, clathrin) in
PC12 cells. Acta Histochem Cytochem 40:93-99,
2007) DYHAMMMIU AR EZZEL T 5,
RV IR TV IMHEN L —ZT v & DILFEDE
FECIE, MFLET R AT D Al 73 29T pfie b Bzl
HeicBY 3 2 WFZe it (Kosodo et al. Cytokinesis of
neuroepithelial cells can divide their basal process
before anaphase. EMBO J 27:3151, 2008) %t

L7,

BT EEZ 7 7 4 —FRICB L Tid, BlfEKE 2
v 7 FRTHFES N IMOD 7R 25 A TDN k%
T zitEd TE D | JIREROBBHZEZ & ot
FWFZET 7 v b BRERD R e 2 7 A b
0 YA b OREIREDNED BURMIG ICBlZ s s
&% 3RTUHHGAL U 7= 5 (Bl 45, i e FE 7 1 A
BT X ZMERD = 2 —v v & 7Y 7 O ERIUHEER
Br. BEMER 43:250-253, 2008) Z|EL T35, £
EEROICE TNV RE LT vy FRAT A b
2% A FDF—% (J Neurocytol 33:277-285, 2004;
2 R L e —HoOfRE) %2 IMOD 71 27 Al
K02 FES T 74 — T B2 ENTER, 5
#%. TR & OBET ORI L5,

ARG BIEAE TR RE TR L2 T/ ¢
=L L CONEHE LRI B BI 9 5
WH7e) R L T %, SHEEIL, DMEHRE LR
HEEFHIE O HIR 7 4 7 X ¥ b DOFEHDS crypt-villus
K> THRZSTwR I LEZT ARV F V| T
A I v, a-smooth muscle actin % & D &€ / 7
o —FAFEL R Y 7 a—F iz e Tl s )
2 L7,

axis

8.2 AMAHEERHRENTE

oD TR AT L 2 DB 27 L %2 iR
L RVTHRHT 2 2 L2 HIEL T YL OlNIEE)
% KIMECE 7 4 — )V 87 EEERTE S0 b B 1 Wi e ke
Hae TN 20158 217> T 5,
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HNESVE B 10 kHz #8 & v 9 MG REMZIER L THiltR 242 %2, 200 HEEe LT ™7
VATV L) BEAD, EFEAE SN, TVAF VI, BEEMKENCS O TS 282, 20039
AEMIBOR S DK EEZSNTWV S, Fkld, 7LAF 205 E LT, FRET (Fluorescence
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WTHEKD D DEEARTOMG 28 274 ) Zdlc, EFUIHEABERZ & L CTEBEERTC 3 # HiE (PR 20
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EICBO 2 HRELEANETH S, 7o, CSP EHEIZRENZ VI P A UVLEBHiZZ T 2EHETH D .
2OV E A WAESIIZ X D 7L v T AL A DL A E 41TV 5, Luke H. Chamberlain & (& CSP
DI Sy & DA &%V 2+ A VAL & DBIRICO W TR 2T > TE 7z, 4Ml. BFMIE Luke H.
Chamberlain & & HEFEME % 1TV, CSP DL S P AU EZEIEEFE L LTIV PERICEET % DHHCS,
7,15, 17T ZFE L7z, 512, CSP B3I NVHEET/ LI PAUEZRZITE7DITE, Hidb-oTINIRE
S CHAMFHT A EPRETHE I L RR LT,
Greaves J, Salaun C, Fukata Y, Fukata M, Chamberlain LH (2008) Palmitoylation and membrane inter-
actions of the neuroprotective chaperone cysteine-string protein. J Biol Chem 283:25014-25026.

(D) KB EBERENTFE R RINGARE SR 728"
HFEIFE#H: Victoria M. Puig 1z (JSPS Fellow ; [HF A2 ~<4 > ; Massachusetts Institute of Technology,
USA)
W7 —=: KINEE GABA fR#itE = 2 — 0 v ORI B 1T 2 FE KR

Dr. Victoria M. Puig 1% 2005 4E 1 H& b 11 H Z CHEMUHCHE L., Z 0%k, KENSEEIE b 4 & 3
e ZHEl T s, RINFTRZE = 2 — v VIR IC BB O Up JREE LB D Down REEZ DKL |
L~V U DR EMIEN 2 ) AL TIRB L T2, UPIKIZAEY FLVEET Y <D >Tw5, KH
o= 2 —v v TH 5 FSifaicid, Up OHiIELBIDOELLDLTHRALLTVLDBALNT, —ff
B FSHIMEIZAE Y PR 2 TORKMED R > T, IhsDfiHRiE, FSHIEIT &ic Up IR
TOFKNY — 2 DRFZEIIICEE ICIRO 5N TV T EERBL TV,
Puig MV, Ushimaru M & Kawaguchi Y (2008) Two distinct activity patterns of fast-spiking interneurons
during neocortical UP-states. Proc Natl Acad Sci USA 105:8428-8433.

(E) KN4BZEFERENITE R I BT EFEaEM
MET—= WX v v 7P Y72 a v OJRTE
HFEBFFHLDS— b F— : John Rash &z, a1 7 F K2, USA

Rash ZZIZ B4R, WASHBIL 7V A ZHAVWAEX Yy 7'V y v 7Y a VOOTHBSCREDHEN 2fT>TE
72, Rash fff T assistant professor & L TV T2 EEEMIEIE. WEEE X D MIBREMBTORMTIZ & 2 D,
Rash WFCIR & TW IR Y v v 772 v ¥ 7 & a v O3 FHURDO UL SR 0 sk #ll L 7Y 7 fuefiikic
2770V 7Y AEEREHL, HUX vy 7Y% 72 3 »IC connexin36 & connexindd 28HE7FE L. 20
ZFNEL D FRLOEZ X X FRITEEL T3 HEZFEHL 7%,
Li X, Kamasawa N, Ciolofan C, Olson C O, Lu S, Davidson K G V , Yasumura T, Shigemoto R, Rash J E
Nagy J I (2008)Neuronal gap junctions in rodent retina containing connexin4b also contain connexin36 in

both apposing hemiplaques, forming bi-homotypic gap junctions, with scaffolding by zonula occludens-1.

158



J Neurosci 28:9769-9789.

(F) KIBEPERENITE R IR 7EiRM
WoET —~ : BhERA D 7Ly LV BZE RS
HFFFE D S— + F— : Miklos Antal %, 7 7LV = v R¥E NV A —

Antal B3 PK 18 MEEICAEFIE BEIZ E LT3 » HIHEL 72, 2 ORI T b it T 2 55 H
WiL 70 Az v, 7y FEBIEAO AMPA BE X O NMDA BV 8 S VRZEED > F 7 A RTE% R
Mil7e, ZOREHE, IZEALDBMT F 7T AIIE, 206 DRERPEED»DH I3 LT\ 55 AMPA
RZHEERY 7229 F O GluR1 DAIZDWTE, FEAERBL T RWAHOY 7R E2 L —2 a3 vdddh
2HEHS I L7,

JEf8 ¢ Antal M., Fukazawa Y, Eordogh M, Muszil D, Molnr E, Itakura M, Takahashi M, Shigemoto
R (2008) Numbers, densities and co-localization of AMPA- and NMDA-type glutamate receptors at
individual synapses in the superficial spinal dorsal horn of rats. J Neurosci 28:9692-9701.

(G) MEEAIILR B MR
e T —= @ BEREN MRI(TMRI) % o 72 fixiae o g
FFEHFED =+ F— ¢ Gian Luca Romani #i%, ¥ = v 7 1 K% ITAB %R, A ¥V 7

¥y 74 RY ITAB WH9eimid. Bk, MGEX. MRI 7 & O medr#i o I BRI RE I E AR SEE S 1
TWEA Y THRABBEOMEA XA — vV T v ¥ —Th 5, MiKEEIZ, 5 —7TH 5 Prof. Gian Luca
Romani & (EDART & D HEEAH D . IMRI W82 AT 5 Kgbistd 2 4 (PHEKRE. WHARRAT) % 2005 4
XDIREL., HFEAMAZIT>TE R, PHREIZ REEEREIC X 2 Go/NoGo BI#EESE), 1cowT, i
ST O THANSWIZE L, PR K DITON TELIER H 2 W IZHTE R X 2 Go/NoGo BIEiNI%HE) & (ZIX[H
UHrsigEN§ 2 2 L 2o Lic, £, WABNT X, WAHE L L CofBZ 40 L, HOHIE & %
DRPFNN§ 2 BTGB ER AL 2 S I MG L 72,
348 : Nakata H, Sakamoto K, Ferretti A, Perrucci MG, Del Gratta C, Kakigi R, Romani G (2008)
Somato-motor inhibitory processing in humans: an event-related functional MRI study. Neuroimage
39:1858-1866.

(H) #AEAHER RS M Eivi7eisr
Wi% 5 — : BERE MRI(EMRT) % F\s 72 b o ]
FLFEHFFED R — k F— : Mark Hallett, %, NIH, USA

KE NIH @ Prof. Mark Hallett ORI, #fENRIOEKREETH 205, Wik, MK, MRI 7% £ 0
BT D IR RE I ER SR DSERE S N TE D | FEREIE TO RO L RV 255> T 5, FICAERES)
%2 29 5 BH ORI K OV GHEB)ER 12 B 2 FEMHZE T A —DWIEETH 5, MiRE#EZIZ, Prof.
Mark Hallett & 13 20 R DA H O . HENCPHET 2082 M E T 2 LWEE 34 (HAVPEE ARE
WH, REH#TR) % 2004 F & DIGE L., LRFEEIT-> CTE 2, HNFEFEMRENRIETH 2FmE2E02 L, A
BERGEB DO REEERTH 5 dystonia, FHICTFICHRE L 72 dystonia 2 27 2 BH I A DHEE %L BT
WCHSPIC L, ZOBEIAETIEN 1 RIFEREE OIMHIFKREME T L Twa 2 E2Wohic L7,
Tamura Y, Matsuhashi M, Lin P, Bai O, Vorbach S, Kakigi R, Hallett M (2008) Impaired intracortical
inhibition in the primary somatosensory cortex in focal hand dystonia. Movement Disord 23:558-565.
Tamura Y, Ueki Y, Lin PT, Vorbach S, Mima T, Kakigi R & Hallett M (2008) Disordered plasticity in

the primary somatosensory cortex in focal hand dystonia. Brain (in press).
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M7e7 —=  HARLZHEICHT % & MERIFOEN (adaptation) D
HEFFED— b+ > — : Chiristian Altmann f#1:, Associate Professor, Johann-Wolfgang-Goethe K%% (7
FVIT7NE) , FAY

Dr. Chiristian Altmann i¥, FA Y. Johann-Wolfgang-Goethe K% (7 7> 7 7)) OLEPEHET,
F & LTHBERY MRI (fMRI) %z vt b QBT 2178 L TV %, 2004 FFICHiREEZ DR E D 5 56
# L 75X (Noguchi Y, Inui K, Kakigi R (2004) Temporal dynamics of neural adaptation effect in the
human visual ventral stream. J Neurosci 24: 6283-6290.) IZ/&#%% Z ), EWWIREDFEE L H 9 2 kX %2
FOTHEREPIZ 81 % adaptation RIS ZHTET 2 720, HAZZMHRELS 0 SHE AT B ICERR Z 41T 2006 4E
8 H& D 2007 1 HETD 6 » HH. HikBZOWI=E CHFANIIEZ T 7,

YIOR LR D ) 4 R efc ey A 2V 7 CHZTHERFERNEES 2 5H L 72 & 25 RS 0 100
ms 1242 U % Nlm B4y (F12 lateral Heschl's gyrus OMEEGENCHZR) & 3R %K 200 ms #£1c4: U %
P2m 4> (FIC superior temporal gyrus OMEETHENCHER) OMIGICE W THE % adaptation ZIHE1E 2
22 ERBHOIT L, L ING 2 D1FMEHICE LD | [ D adaptation 2342 < %7 % 2 D OEETH]
HMOMTHEL DR L, #%ED adaptation 1& 2 DDFEWHE U FREBR D %2 EATOREROARIZAEL 2,
§ b B IHIOEN 7 NS SO ERA O EEREZ R L TR D, BEREFICE 1 2 FEERYALPE 2 IRF ]
MARBR» M LR ES A 5, 2O Cerebral Cortex 35 ICHBH I 117z,

Altmann CF, Nakata H, Noguchi Y, Inui K, Hoshiyama M, Kaneoke Y, Kakigi R (2008) Temporal

dynamics of adaptation to natural sounds in the human auditory cortex. Cereb Cortex 18:1350-1360.

(J) HAEPNHR R
WHET —~ @ SRR A d DIEBEAAL &M TERAT & DB o i
HFEFFED =+ F — : Louisa Edwards &1, L% E, N— 3 VALK UK

BIRDOESZZE S (arterial baroreceptor) DZALIZ, & b DRk SHEREICHERZ RIZT I NS NTWV S
M, EBAICHET 20E2 I ERLLHATH 57, Dr. Louisa Edwards 13, iR OMIEE CIIHE
B FAFEMG 2 REARTICHIZE L T 2 2D | SRR ZH LIAATZ 547z, Tulium-YAG L —¥% =)
(B 2R E LTH W, LDEMZARICESRL T, EDF A I v 7 TRARMDE 2 6 LRI,
il L BRSHE R TR e D BT G RS AT 5 2 2 BRI INT L 72, SEBRIZAEPESARIERT T T, 7 — 413N —3
YA LRETHNT S Tz, Z ORER, IDHENIC 3 OHRIE ZIERM X D S HRIUE T L T2 : 3010 |
RO EZ BRI ERANCHEZ LIET L I REIGFEI Nz, ZOMRIZERERAKLD by 7P v —F L
TH 2 Pain FEICBRTPETH B,
Edwards L, Inui K, Ring C, Wang X, Kakigi R (2007) Pain-related evoked potentials are modulated
across the cardiac cycle. Pain 137:488-494.
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