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REEIAIC B/ 2 2 21c kY, ~7 a2 pWIsicing
Z LR T B,
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TV RYA b= RBEREED A D = X LD

TV RA F—T AT, MIROREISE DR &
7o TV A IEBIIE R TH D, Fxld, =2 KA b—
TARIEIC K D v T T OARTERIE 7 & o EPERE & £ 0
AR=AL, ZLT, ZORFEIZLDPEOMIAL HIE
L, ZORBEORMHIEAZL Bk s FHWCHIT 21T - C
W, ZNETIS, EEO®RY T FY— LD CHO
TREERE, L oA VARSI X —C L D%Bl7a—
=y 7RIk, Bl K Y — ALK (MVB)
DD IR D ZHZED, MVB 75 ORI - #HIz
AVLATR—LARRETHLHE, S HIT, MVB b AL
U DORERTE AEET DRIEFENTHY, aL AT

EFHRFEORR] o, TeE -5/ LOXEET (=BS

I TAEMHIE, HTICE-T, EmEHMELE D &
THRFETHD) LEHIND, Zhicx LT, FE#k
BAE, B NOFED, ERA T =R LEIICL X D
ETARETHD) LFTELETHAY, B bDF
FEAERRD, A= X AENT) DT, BEEKR, B
WO S (=7 A4y ad A0, "B~
7, TrArvy) LIRS S0, ik
O, BHIG (=~rno& i) KR T
72, Lo, HESR (=~27voE1m) ) 1L, —
WRSEE, Zediely, BMES N0 o7, BRI L7
WERKOEM | X, %oy, THef & =R OBIED, ek

KRIBIEA, 7KL

a0 —/LERR OB IRESR TH D NADPH A7 v A Rt
K EFREFEREEAE (Nsdhl) 23, BT RY —ATO%
RARBIEREE AE Tdh 5 TIP4T L& HINLN O 2
THFT D EEBRWE L, REFEE, b MaERA
HEHTH% CHILD JEBEHEOIRIK & 725 I At AR
DUE D, G205S %2 Nsdhl 1%, LD _RIZBIETE 20
S22 L PR FWEL, Nsdhl OHEIG~DBEDN,
FEREMY 2R M A FF o TV B ATRBERN VY o & 5 TR < SCFF
Shie, NRNIHZFRERE & B R — L3RGkl
#, avATae—LDAGRK, BIORERERE DM
AOEREEIND,

fiEeR) | DEH
B

D, YERELE E O MIGG L IXRR D) HTHA D,
T, AFER, BWETOREIR L, R
DHEAEME S & 0, PROB R (= L = s i) 722 BLE)
RIS BEYT, T—ROBFEDN, BT, UL,
MRAETE 2 & 9 BRI G (=3 Pa—2on
Ty )] EEL, o, THIEHO BRI RE E L
T, & b5 LOIUEMRNT (=W 5 g7 OET V] &
A LT, B/ 7 v TIEER (=7 MViRtrhl) Z5R387%
WDT, [FR—AL~— (=http://www.nips.ac.jp/~higashi)
®, HLAR—kNo.l0, No.ll] Z&REN7=\,

e P X BB T 2T A P

(#£]

FUIEPAREEA I C L, AiE e B oM — 0l e Pl o)
VAT ek 9~ 2 AHAR 0D M S KR, I P S A T A,
HIO S RETE BUMERE 2 B JE 0 Gt & LT D, ISR
FNRIEPERE O A )L 7 I A F > (Cah) DEhHE % T
BIEHTEERE 2 TSR T2 Z &2 kv, Liio
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AN =RLOMRAE B LTS, £z, ZHEFO Ca®
BEINRe Ca” IR B DRI 72 % 38 L C A2 REREME, Ik b
WO ZAT> TN\ D, WEEY (7 =01) RO
N DEAGIZ DWW TREM R L2 T NEOb (6 2 FE
(Fura-2 & Ca Green) # WAL A L— X —DfHE



TERZFLIME L, Eio~ v ATRREMIE O B 56
Ca™ IRBHHERE, WA BELE (=R hrsy) OUf

WHFER B oy 1 AR B E R

I~ DB DOWTHFEZIT o 72,

AN IDLFL—E—D) ZZERHADELZLHR

U =PI ALY T A F L— 2 —BAPTA ZRITEAL, %
FERE ORI 17 V> I HEIN & I TR A % R RE L
7o MR CaIEITIXREMN R AN > 7 MO HE
fura-2 & Ca Green %\ 72,0.5-1.0 mM BAPTA I & &
AR Ca® 89 & Ca® {171 phase 2 i & PNl
L7z, 1 mM °FNLLED BAPTA & fura-2 OIFTIE

EFIEEE,
Chambers EL (Univ Miami),
Landowne D (Univ Miami)

phase 2 FEFL & MM DL T AN & b ICEl S h
72, & AN, FEED BAPTA & Ca Green DI Tl phase
2 BIWIEIHISNDD, [ EoX D Lty y A%
RLTZ, 2O END fura-2 & CaGreen DO HIZDNT
ME SR 72, F 72 Fura-2 @ InsPy A KIZ% 3
LIHEER N RIEZ ST,

TYRKRBEANBHEADBRN CaPIEHICHT 2T R FOY U DER

R L D R EAIIR 1352 R R LS AR PN 2 7L o o7 I i 3
EETD (I LRE), ZOUVY T LMRENTE
D% DIFEAITNE D k& ZRIRN O SOG % 51 8 Z 3 RIRIC
BRHBRTHD, —7, WENLEH Lz~ v AR
YRREMAL (DL RIRREMAE) & BRI LD AREEIR L
TWDZEnbh, JIRNTY, I v AREZ LTEH
D EFARLE ORI EZIT TRAT D EE L LD,
2L, REMRELESTHDZA a4 L IR
fugsizE & OBMRIIAATH D, AW EHED Y 2
Ik T DR IEE ML T B2 DIC T A hr o=
Z b a U RRN WD < ELWVELT £ % DNAR iR I R IE

ra
P o

1 {1/ min?

m =
i
o
!
H
H
!

o

=

0 30 60 90 120 0 an &0 an 120
Time: {mir) Time tmin)

B, E2EBALL D LRBOEN. a- ALY D LR b REME

BRIz
HHEO% Go#R BT

TR EZMR ATz, ~ 7RG SERI L 7 IR REMA 2
Ny BENAHE Fura-2 THE L, BT T CHEMND
LT LRENRIE & FIREIC IR COTRBZSLARIT & 35
Tz, Fio, HERRRETZ T T2 < JIEN TOMRE
FEDD DTIZDIZAT A REAER LTz, FOREE, 1) H
BESRRFAC 721 T < AT A A LTI T & IR RLHERR
BRI LT DMREIZ R LTS Z ERbnol,
(H1azl), K2zZH).2) =Xl rofRET
7% E2 (17B-estradiol) (X4 /v v 7 MEEY A MIHIT 272
JTRL, BB - bELT B L (K 1b
ZH) .
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207

0 10 20

Time {min)

B2, a: 25 AALT= BH*(%EDIQ:BN‘E’ET?") b a®iiKE.
o iRk AIL o L

a0

L RimARRE R

Na' V&5 PE Na"F % /L Nac (c=concentration)/3 ¥
ET2EBx20N05 ERMBGBIHT: =41k
[tanycyte] ) DHEEE & fRBI 3 5 7= 912~ 7 A (C57BL/6J)
TN RIFE 2 & 2L 0D 150250 2 7 B JEAT A A
ZAERL L C Na sz MEdoi (38 (SBF) T L, Mifiasth
Na'Ji2 B VAT et 3 2 55 =04 =8 & PSS o0 S 28 % I fg AT
HEE CTHIZ L2, 140 mM Na BEHERIRRANE D> © i
160-200 mM Na VERICEE % 5 &, PARIREES 45355 o AR N
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ZHF R DLFYRIL

BREE G
HH O QD#RT BT

FEERFT)
AR

/NIEFREZ (AL AT FEET )
AR (IR WA TEIER)

RATET EERKE 5 AR
Na'H S L EHREH 7 D FTROIC 5 Lo, iy,

SEIBEHES £ 0D
FUETIAT, W, K
BHEER DR, —F,

T A R LRSS UC Na @& 54 L,

Wi LTOREIN B INT,

OEBIEiEE Na VBRI E - ;’céé
SRS L7Zehhotz, BEELIZZ =Y A bNEeRXvF o T
K B2 iesk S5 DA CHl
R O ARRE, B3
—nzk
NORIMERIEO Na'BRELZE=4—F 5% =91 hDK



WHFER B MR B gE%

Mg B T FE R

HEIKIERF R ERPY

(2]

WERFY CIIBE D « 0 7 AERERERE & 2 e T-BEK
gEE L e LT, G FEwTRIEER, Ny TF
T, A Y RREECE TS 2 A G TRl
{LEBALT DR 2 HEE L TV D, REEITA X7 b
oW o F N ABNOE—D A A ) B A R

ZEESUE T o HiEmERRE L, £, 7, MXA
T A ZFEARPN O PRI 2 L — 3 77 R LTl
WL, TREMIBIEZFHERET D Z LITEI LTS,
ARBILRBFIA A F ¥ RV OB FNE L,
JlekeEtEdTVD,

EE, DHEORORHEEOHR

RS, AT, @i, FARNL, RERE, 2 EE

AHERIERR O & A 2 2 7 S 7Ry Wbl CE BRI T
BT Gk, 2 6L EZ VT L TV 5,
WERDTELITRR Y, #OCBH 2 MRIMEIZ A T
Z DEFED U NE~D TN & - T B iz 4
Do ZOHET, MIES DGR DR ERRIENTERIC 2
YhR=ATELOT, BAKHICERET DAL
DO EZREST 2 ZENFETHD, £, 2 KT
b iE DRI LR AN LY, 2O KBS~
Ba 2 FOBEERRLZENTELRE, HE<D
iz b0, AL, ZoNiEmE A 27 FRREE S

VAN AT LT, RN oA 2 Y B0
HERMT S Z LT Lz, TOfE, Easmoin
OB G, BAHTLE W 9 R E RN S R ODIER
oD EDBMERR I, EDIEEDIEEOTAHIFL
OROIZHEITTHZ WL LT, T AR
DN SFEIFE T TETCWD I &Rt - ARk L
Rotn, £z, ZOBERTA AU /NNEO@AHILIL
BIARNZ 2 FNEELETH D Z ENDIH->TETEDY,
G AR FLIZ R~ 0D 53 1B A B © 23T T 2 OITHR AT 7 iR
KBz,

2RFHEEEFRANEXRKSF TADHE

2 e hhiEiEE A Y R VE I VERITSH LT, K
IR R SRR O B — DB S 7 2 2R L, HIZ,
XD T T AOMKREZHET D HIEEMLL TV D, A
FEREL, ZORERT, VT ARBENGERT S AR
PEIZ DV THRET L7z, TERERTHEMELT whole-cell clamp L 72
MR TIIFAEFE LI InoTe, £ZT, ATA RA&HEL
T, gene gun C GFP {5743 A L, whole-cell clamp |2
L 2EBREROBEAMUIS, HREFEMEL BT 252 %

TPFRER, fnlRrBoie, SR, B0 b, LREm

NG BT, Mg free BERH THEVN A /XA 2 Z SRR
BHE, FES LD AL OB RA LIZLIZRS
nNadZ ENbrot, ZOREKIZ 10-30 /3 CHIET A
W% RED0, PoofTiE, 1 KL Tkt
L7z, ZOBBIIHEFICZELTRALNLDT, 414,
FOL TR, TVE I VBIREEOBLETHNS Z
EBHEETH D,
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HIEERENE T — MO G FRISN DM T UV F v RILDFAF 2 VI EHEE

A 5 Na F v R K F ¥ RVITEEME R CTF
DMK LLF U 7ol B B TS 2 b 21T, 20D
FZBR #9213 Hodgkin & Huxley O HUA 72 5o #1372 )T
LWEBRFEETH LN, FLOn TAEWFNTIEE AV
72— MEREOFR ORI LY, FERSHHTE 5,
BHERAIITROETH D,

1) 77— NI ARG 2 Y b 2 BB e S AL AVKIE
PEER Sy DMEIZAEIET Do

2) AKVEMERS 5y ORERE LI < O AT » 7SS
WL TR Z 2 Z LIxhs L, & /37 B FHEOMIEH
DB RHEEE (T —NT A v TRT T =T
A TRE) NEDEETH D, BEOEE O B -
EILu =4

DX D IEZTENE Y —(S4) DEEEE A v
L (S1, S2, 83, S5, S6) THEMNI=fE (S4 F v /)
EERARNCOLIICBEIT S LW BT EITHAN
W, LnL, B TIEBIKED 7~ sS4 DL < O

YN NEBES

NEBEHTEDZ LD, S4F ¥ pUFsea/efIR Tl
72, T —HOHEPGN TIHEEMZEZTEHL 7%
WA LV, S4 OMOMFIIAKEREICTEL LWL &
BB L5127 TE T,

20034 D FZMacKinnon 5 1347 ZAE (Aeropyrum pernix)
@ Shaker 8 K F % /1 (KvAP) @ X #RiT & BAEEfRAT
DRERERELLZ, kb LB MBI —IT S4 &
S3D 1L S3-S4 Ui —THO L S etz b, #
LR AN K S CF v RO EIEICATE L, By
FRIRFI AR O SO & 5 ICRlEs L, Mfast oKz K &
<FEMTDH ZL%RL7E (Paddle Model) ,

ERROET L CTHAMERAEE D 7 — Mg A BT 51X
KHTHD, ZOHELBROEEDEN ¥ P —Paddle
NEHET D720 TIEAR+T, FHAREIIKPICER
T DE DI O INEOMEZEAL, VLT S4-S5 U
—REFMSEHETH DL LHREIND,

M RE R A BT 2T AR P

(2]

HERRSRE DT~ T, MBI 2 F v 3 (A4
PFvRN, KFXRN) R T UAR=Z (Fr VT
Ro7) oFEFIZL->THb, XA\, HiE
WA BARFFEERT Cl, AFEFHECWIN - 73 RE B Bl
WA ED X DT b — MBI TEARR MR TE S D A
A=A Lz, ZibOHERED FOBE & LTl B
FICAEI L, 205 ORE & RFCMIESE & OBfRIZS
WTHHOMNZL LS ELTWD, D08 EITK
D@ Th D,

O THIRRARRE ON T A =X N &2 OEBRZENE
Fo T (RERELERE NICBWTY) FORME
ZIEWICHERFT 2RED 2R, 2O A I = X A3
FX¥ AR RN T VAR —ER LT Z =5 L TN5,
D ORFEPEEEERR S , FRCRREEE M v T
A4 RF v, OGTRIEEITV, TOMWEEELA =X
L E AR RI 2 RS D,
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Q 7RI VR, 27— 2K OEMEMIAZED
A=A L) BIEFEREOBHE ML (7R h
—VARR I B—VA) ICHELSEE TS, 2 b O
HAFEFRIE A 7 = X W%y F L~V TR L, 2 OnkhERh
WOHRERT D, R, IR 0.0/ M ia O R
MAERIFIZEOFFE X 5 = X A& L PR 5,

@ A F XY RNVDLEREED AT =X L) A F
YT X RIA A VRERERE S REDOHR BT, &R
BRAIZRT 234 A v —=0, thoF v 20
kT U AR—Z OFINC b 5T 2 2Rt s X B
TdH %, KT, CFTR D F ¥ RV A 7 = X LR ATP
F ¥ FIVOFEE Y — A N =KL NaCl & — 2
B =R DTN TORFEEAT S,

@ THLE EEGBROD W « WL A J1 =R 5] 12D
THIRET %,



WHFER B MR B gE%

BT Y F—CRAMOMERVT ) THREROFREIBRRBEZIMET A V0 F vy RILOBEICEL D

M N DI T v R—Y A, =a—a &
77U 7 IR R R AR A S 72 5 LT, MR & &
AUSHE MIRFE A 5 & 23, BT — BRSNS
MIRORMEN, T > N— ABREE T ClIfric iy
My 20T, FEHEHESRESN TS Z L BT
SN, ZZCTRZEITZOWEEEZMHREMESE T
NG108-15 Hifid & s 7" U A —-~ 3k C6 #ifia 2 AV T
P L7, FOREER, Wil s bEMRLEEE AR T,
K1OXI> A=A AL > THIEEZRL, TOKE
IXER M L7z, Z D% N TIE, Regulatory Volume
Decrease (RVD) & PRI 2 AFEREIZ B 57 5 2 A
ST = A T FVDIEERKRDNTND Z NP L
Mepol-, FE, MR CRKEETESEMFICENW L X
DIRFBEMRZICH 5D RVD MNHEET v F—v &
FUTTEHAONRL 2D Z LM L, BiZiE, =
DI T > F— AMBEEOE KL, 7T IV k
DAFFT ¥ XNVOEANTL > TUIHEELZITRVO
WZxtl, EaU@EBmRICLANRET =4 F v 3D

& O, A PE AR O WMERM
HOZ L o THODIHIEEN T, EFRAMICEET 5
CEAIRENTL, ZHDDOFRERITIRD 2 DORHICITHE
L 7= (Mori, Morishima, Takasaki & Okada 2002 Brain Res.
957, 1-11; Nabekura, Morishima, Cover, Mori, Kannan,
Komune & Okada 2003 Glia 41, 247-259)

Cl-
== RVD

A2 F v HILBA

H,0
HZCOS/

<€— |Lactate

N co,

Acidosis HCO;s

o CF e
o e Cl

Lactate

!

NVI
1. BLBE7 Y F—S RICKBMRAMEA DAL E
FoAUFryRIILBAIZE BEE (RVD : R
PERFEBD, NV %7 a— ZPERFEE)

CFTRICK ABHERRMT A v Fr RILOMHITE 2 XY LA F FESHERICE > THA SIS

KT, LF. Abdullaev, E.L.Lee, [fHZE#, R.Z. Sabirov

FENPEBRAEAE O SR K BIZF DY T 5 CFTR I,
ABC NIV AR—FD77 IV —IZELARNBE cAMP
RIFIE ClF v V& LTS D =— o IpZ Xy
BThD, &L, CFIR [IhoF v+ R LD F a2l —F
ELTHEL SHRENEX VXV BETHLH D Z & THEHR
INTWD, £< OMIIZHE LTV CAREMENCBE 5
T 5 RFEREE M - SR T =4 v F v * L (VSOR)
bEZ, CFIR IZLoTH YL F¥alb—vay (ThH
Hl#) &b (K2), ORCC 7 =4 F ¥ £/<° ENaC
F U T AF ¥R ROMK2 U U AT ¥ R2~D

CFTR OHIIOHEITIE, H 1 X7 VAT NG 3K
(NBD1) BWEEREEHEZRLLTHDZ EBMBNTND
723, VSOR #IfHID A 5 = X AIFRACTH o7, FAEIL,

CFTR & = DfEx DK% HEK293T Hila D ERIC
SRIHIFEBL S, VSOR T v RVEGT~D ML LT,
ZDFER, NBD1 Tid7Z2 <, NBD2 ® ATP /Kf#EHED =
TA—A 4 ap, CFTRIZL 2 VSOR HEIZ A AR
THDHZEBHLMNIR ST, T D OREFITRDFHT
I[CHA &7 (Y. Ando-Akatsuka, I.F. Abdullaev, E.L. Lee,
Y. Okada & R.Z. Sabirov 2002 Pfliigers Arch. 445, 177-186) ,
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Mock CFTR

Hypotonic

Hypotonic

K2 CFTRERIZLIBBREZMT A UFrRILE
FOMEH, A) RIFELOmMV M5H40mMV OXRE
NILRAENMNTTEHE CIERDOBRHMNE(LER
#%. B)-100 mV M 5+100 mV T 20mV 320

AT 7n»x§(A®Emwﬁr)#Hrcr
ERDOETKRFEEZHE,

FS5E RUBIC& D ATP RHIET ZA4 0 F ¥ RILOHE

~ 7 AFURE D C127 ANEIXIR I IRRE
uwwpmm%rﬁh,_®%%iﬁ4mpswﬁﬂ
Fx N aALH I B AREFOTR T =T X RV
VDACL Th b Z L #FZE|L/R L7z (Sabirov, Dutta &
Okada 2001 J. Gen. Physiol. 118, 251-266) , 48] Z Oi2i%E
JEPE ATP fiftHi & VDACL % 3kiC (A CAEBRIRE  (Kd~5
uM) DT T F RUER TRl SN b Z L &R L,
VDACL 7% ATP gt 248 5 B2 HRE M A _ I LTc, 77

20

AXK. Dutta, [fHZ&ffi, R.Z. Sabirov

X RUBEORIEA 7 —RBIC L 2 EED (2 A
ANV ZRTRRF T TV E) ILEB DT
%<, TNHHICRDEHEHRTHD Z &N LT,
7 7% RUBRIIMER L LT VDACL OMIIENHlofs &
FA MCHEA L TEDHTDZERH LN, I
D OFER IR ORI HE &7z (AK. Dutta, Y. Okada
& R.Z. Sabirov 2002 J. Physiol. 542, 803-816) .



RGOk =AU R eV

EIN RIS

MR IFMA R

(%]

DIVON OB E TIIHALEMR R DR A - ikt
IZDWTHIFE L TV 5, BRI B HRRG (o aimAe)
Mo ED X DI LT BRED e 5 M la il (Fhig i,
TAMaYA N, AVITFRaA L) Bkl
TL D0, IZHOWTHBEZ R > TR ZED TN D,
FTo, HBONTH LWBEESCENT T 272 1T a0k
IZNTHRIBOTEY, BRAFTEA~OH ZHE I A
NN G, JREOMHTIZSEE I L TWD, IR D%

fbaEBEZDEE, NRMER (BEFICESI
5H0) BIOSEER GBS ORI - i &
DML FRPRESIND H D) 20T TEZDDITYEK
THDH, WRR TILMOMBORA & IRV R
BIRZEND D, THUTSERETH D, —F IR
EEoCHEENMIE, SRR VAN AZRIEREDR
Raasdr 5 L, KB E o AL & OREEF OMlln
L0 ZOBEEN R D, £, MR G EYE O Rk <
Thd, KIFSIZE 2, WAL —>— 22 it %
FoTEY, TOZTNFRIZOWTRE - HSLEX LB
TLRTNERLRWERTH DL, £, W—Tho L%
ZONTE7 YV T7HE (A MY AN, AV T
FetA b)) b WEORR DZERMPBE L FHET DS

il

EBHALMERoTE R, 20720, D£ < OMlafE
MDD AL & 13522 0, FITRREC AN D 53 ks
FTRE AW TIXE OAREIZIA DITIERA R S 5,
bhvbivdin vitro TH LN T-FERZH X F in vivo 1ZHE
LTS 27200 T <, FhisR Ol R G DT 2 &
FAENZAT > TV D, R ~OBIRFEARE LT
BIZE L7om iy h e oA )V ARY X — |3 OB G 1R
IR X —ThHDHDT, 7 ) A—~OMiEs ¥
—Fy M LIISHAEZ 2 T2 D TR Y, BRIKIS
AL bR A —FTEEITHD, £, BIRED
Bl =7y M FLRWELEZOT, TOISH LB
P TH D,

WEE O EREHOMITIE LR L, TOAEAYIE
DNWTHRF LTS, b MEFEMIIBWNTIZZDOREN
A= NMEANBTEIZE-BIRIZATEY, BES
AHITVWDL LY, bo b BEREHEZRZLTVWD L
Bbin b, FESHEMPREMRBIZENTZDORE F
=V DB LT\, Fi, BOBBIC Y b E A E R
BEELTWDZ L ETRBRTHT—XHHTNHDT,
JRBIREIC IS 1T D ESHILFICAE B L TIFJEL TV 2,

FUITY RO A bRAEFIEEEOER

BN IS rsET

FV AT Fad g MIPIRERRTI ) &R
NOWEEZ O D7) 7R TH D, IV TR
JEOhR 2B %< Z Lk W EBERMICHIR L, BRE
FLWIHBIRAGI SR ZITHETH D, MEHHFRHETIX
FV AT Mo SaiEsi g o Z <R e
WP BRET D ERMONTND, Fx DT NA—T 1
IHETRAESFHOEMCAY A7 Fad 1 bk
ZMEIT2IEENH D L AR L TEL, ZOIEHEHE
5 F O e LT, A, BRI TS Wat 7
7 I U—IZFHE L, invitro & H1Z1F in vivo IZBWT I
OMRAY A7 Fuy A Mpba ALK 5 2 & &R

THREESE BRI (IR Sz

[FIWFFERsAs - LA ZERT)

L7,

iz, BERTO Olig2 #FIEL, WAERBLERE X

PRAETE R ERRIZ LY Olig2 NiEF == —v, 4V I
T Rad A NOBAICKWATHDZ L2 RLTE,
Olig2 EfnFREICFEEM: Cre Vv B F—F¥E2 /) v oA
VLU REERIL, ZEFXRTT = REHRT Cre 8
EHALT D AT LB LT, 2OV AT ATMEZ,
T L7 hrARLb—va ke CreloxP & AT AEFLAE
DR EAR A =GR A & O R REE B EBR 21T -
oo ZHVETORBRED, FIKIZIBNTH 0L 0 M
bA Y I7 v Rt A MRS AL IS Z &,
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S HIC, BN - Be T RIEORRD 2 2O5LD/
B RbDIEERVELEL, TRERT 7 —A b

Jx—"7, BHUR s vz—T LT, EHIZEELL
fiEfTr LT 5,

TR bAOYA bDOSE - REKKICET S8R

BANWF, NIFRIL, TG,

T AR A N ORI O R AR & R B
LT, hfREHi D> & mHiA oo 38 4 138 B %
MR ELLNEITERIRICEEIND Z ERNRE
NTETWD, Thbb, TAMad A FOFEAE - 51k
FEHE O IR E SRR E REREAT 5.

b7 A bu¥A FOSMEFEERFL LTy
AVAZF L C (CysC) IZHEB LTHE L TE 7, CysC
X7 A hat A ORAET HREHNCRAET DGO E
ERBMBIND Z N ghoTo, £, ~ U AR
REEFMAAR TIX in vivo DIEHARZ —2 LIS LT

b — (R [ S LRI FER8As - A= BRI JERT)

CysC BEEFIRPICH &5 Z &, & BITH CysC Hiik
EMzBE, TARatA hospfbn3mglsinty 37
YRat A NOSGEBMRBESILD Z B LN E R oT,

£72, KE==—3— 7 INT KD Matt Rasband & 3%
FRFEEATV, 7 A b A NEEET 22500
J7a—FAgiEEAWTY U RFRET A hat A b
FAEBRBICBIT B EEEEIC OV TRE Lz, ZORE,
T A bat A N BIRRHIIEEAS N A A ATKE LT EER
ELTWBZ ENRBENT,

N#EEENES 2\ EREH DA

AR, WS, AR, EARE—, HREL, b8

MlaREZE S L0 ICHFETHEEABEDIZE A LR
TITHESHIERIDMFAE L, MIRRIAE EAER 24t LT 58
A o LA RRZEMETR RO AL OFRRER BRI LB A
HEHoTNDEBR BND, FxIXTIVE TSR
TS LR B A R 0 U — = ST B R L,
ZOHBEICKS LT,

Z OFIEIXEE S OGN D BREMTAIRE TH D Z &)
5, BHBKRMTZEET & OERIBFFE T b O RS
PEGR RO MBS IRIT 21T > 7o, T OFER, MRS S
PO D FH 72 P FENLENEEZ LN TN T Y
A = =IO FVE AR CHSHORBL X — L B PR D
b, T2 LITHEHORE BIREO R —RUFET D
AREMES DY, MRZEMER B OIEE B (Kb S LT
BAREMEFRRIB T b D ThoTz, (FEA)

WIZIEHE ~ 7 A KM E OFA DK BB 51T 2 %M
B2 BEGEIRAT 24T > 720 ORGSR, I FF A 72 B RS
EPRRAT DITHEVBALIHEIN L T 2 Z &g s
72o 2RO 70% % 8 2 2 FERES OIS E 2 BRI
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(W [ 7 36 [RIBTF JER s - ZEBR R SERT)

X°MALDI-TOF-MS % BEfti L CIRE #4T > 72, Z DFEE,
MR BESE DS D8 A - ks KOV B A L C
B EZEZ BN, (iH)

— D OFESFHEE O A A RIS I HEE O FEE R SE S
VETH Y, FEHA R RE O MRS 75 5L O MR AT
MARAIR T olz, 2 Tv v APEHA G BRI T
108 fH%Z 27 v—=227"1L, DNA 7 LA Z5epk S8 T2, WA
STV DB RER AR TR BLD ) — W URTARE R &
R USSR DG DA, MERERIREAT S IEE & 72 0 & iR D
G & RS & OB A BT D, (R

Ba 3% 77 MR OFESH & T iR g gR O RE R A A D B
BT, B16 AT ) —~DWEBIEREIToT2, v~ U RAEH
WR2~ 5 A L 72 B16 AlAal il K Ol i R B T A
L. FUEaBMis bt L CE 2 BI6 ik TlI%< D
PSR 1S S B 2 I & 70 0 AR O BESHR L LRI L -
RE—v R LT, ZORERH Y — TR 2 1A
RICRT ERMNTLE S 2 L0 T MDA B ER IS
MR EREHNEE ChH D LB v, (RARM)



JIPHB AR A (T RITE —TH Y, B ITHIREEECH
P EAERTRE T D Z & HREFERE, MR AL
5T A D PEBMIE T LT, T ORE, —HoObEH
HEEOHDA B E 72D, RESHTWDLIFAT Db

RGOk =AU R eV

DEITRBEDEDThHoT-, O LIXIERHEET 5B
LRI T ORI & Tldd <& D BB 5 mE a1
GETDLZEERTHOTHoTZ, (HH)

EEETFAROERRR

HATEE, fRBRA, PTRIASC, o —4 (MR E SR RIAT e - A8 2htJErT)

F 41X, LLAT Serial Analysis of Gene Expression (SAGE)
EEHOTEES ) A —~ I ICE BT 2 G A PR
MAGE-E1 #7 r—=1>7 L7, MAGE-El |Zx}3 % 3 ff
HORTF PR ZERL L, S8k 20 22 b 2>
MAGE-El 23 HfaEMFREI~B 5 L Tnd & Z LT
&Mz, MAGE-E1 OHRFECHIALE IR~ B 5%
HIHMNNCT 5 2 &ICT, BIBEORRKRIZIW TR,
FIZEBFRREOSTENE L TUCHTELZ D EE X
TRIIMH FECOWTHRATFTH 5,

DIDIIEEIMEL hr T A VAT Z—% TR
DBARTIRFIEORFICE D A A TW DR, REEIL
PEG-PLL (polyethyleneglycol polyLysine) 12 &5 & 57225
Fira LB U TRt L7z, PEG-PLL 1L b a1 LA
RY B — DGR I E I D L 2Dl mD TN,
ZOBBIIL P T ANART Z—FEb L THEDD
oo, T h, PEG-PLL 13V A /L AZKE % HAR
WML TS Z ERHALNE ST, T OREETEN
BT L, BYSIFEERD DL EICEII LT,

ETILIIREZRW-HEORERTE L WaREDR

FAARES A, HHAHE, (LH

AWFFEETIE, BEICHEET L~ A THD PLP k7
VAV z =y IR U ARFRLBE LTV D, ZOFET
o~ A AR A AT D R A TN L, BTG
WL VIEROWER L LD N E ) RFTLER, &
Tl % OFRRRERAAL Y 3T, Rorbre F BRI
BIZEES>TWDLZERRALMNE ST, 2O EMND
BRI W TIEA Y 57 Kad A oy il

, i (R [E N7 LRI JERAs - A2 B2 SERT)

IhTWsZenBZEzxbhiz, ThbDRRT% DNA +
A7 L—%ANTHRIFLTND,

in vivo D HARANRRR (BRI, HHERTRERS, SEMARE)
IZBW TR EREORER LML LTz, SHIT, I
BEZRBZ LTS PLP h TV AV z=w I~ AILE
W, 2L ORI ORISR A TR 72 EBRIC
XolEL, HEOKTEMR LR,

BRI ST AR

(BE]

RPEE AT IEE I T, ZHE T FETFRTIEE
AR FIEZ VT, MERRICR T DM ORER
FURED L B, oF « fIEAO L~ BT 5
TLEHAME LTIIEATT» C& e, L LIBFEDSF
RO B TR R LT, 47 LR &
UDF D HIRDOPIER AT TH Y, EI2Z OO

RNETETEELR>TRTWDLZ LaE X, HIFEHE
MoOGmtEEELZ TE iz, AMEETZOERITH Y,
HHBER, EVBIFNEE L, 4%k, BREHNTF
HBaPLe LT, oFa L U riREE OBREfifT
AHRONRT —< L LTHMEEB 2D TS FETH
Do
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Ca¥Fr RIERTHRIZBITAMBEIKEEDRE

D5 Ca™' F ¥ KAA T X A 7T D PIQEL Ca™
F X FVOBB T REIZ LY, NMEMIE e SRR R
Ne b, vURATEI S Z, vV AT, tottering, rolling,
leaner 72 ¥ DZERN SN TN D, LvL Ca¥'F v F/v
DEFEN, EOX T L THL s OMRIER LS R
DI EV S BERNITMR S TR0,

tottering, rolling Nagoya D/ A 7 A AREAR % T,
FATHAE— 7 v =il (PF-PC) I8 & UVER Lk —
TF il (CF-PC) ¥ 7 AETOREN T
A 1% it & whole-cell patch clamp %% FVCTHIE L7z,
F IR R R 2 N A T2,

WEAEJE PF-PC 7" A @ EPSC AMEMRITAHBE L CTIEEs
LTV DIk LT, CF-PC +F 7 2 EPSC(CF-EPSC)
DR E S, tottering TIEFEZE /<, rolling TixieL A
HMLTWD Z &z #iy Lic, AR4EEIE, CF-EPSC 25%
T2IVTND & BN LTz, AN V2 T DR
LS TG, CF-PC v 7 A Cld Ca IR & BN

GFP ZHWV=&AEHILIHLTO

G-CaMP 353 FWIZ 1 DOkt E R (GFP) &b
DWHINT T AT —T ThD, G-CaMP T Ca® Dk
BTN R & R B E O R 2R3 2 L B3 RHT
THDHH, EHBENRTFTNZ R pH EZ 2R Z &
NEFTTH o Tz, & 2 TR TIL G-CaMP DS R %3
F1, GFP OFAFTEM ZRET 5 Z & B3 |E ST
% V163A/S175G D7 X /) WEZE# % G-CaMP ([ZEA LT
LA, ZOERK (G-CaMP1.6 &%) 1L G-CaMP (T
LT, (DM40505<, (2) pHEEMERKL,
(3) Ca®' LRRREDA AL B BREHT D 2 flih T4 D

24

WF ks, xR FHE, R H
SHTH EPSC DSEFN MM &2 /R DIZKE LT, PF-PC &
FTATIL, EPSC 2% Ca™ JBRFED 3-4 FlIHAIT 25 it
BRICERE R LT, YT 7T ARBD 77 I R
OEMEIRLNRND, VT ARET VS I VR
RO ME DI rolling ~ 7 A CHIEL S iz, 720
FTHOER~ T 2 THNE Ca?'F ¥ F/VKEEN R E W
ZEDRO LN, ELICHEFNRRFND, —IK,
TRRTIRZE L T E LS S e O RZEL 28 rolling "l
BB ST,
INHORERIT, BRICEAZEBEILELEDOVS

TAOHEIZREKFELTHY, mkiEEo> 7
TEBEZ T WZ ERNRENT, o F I v
W RIROMWE OO 2 Eb/e L, BlEEsh
TENWANASRIEAIE, Ca¥ D E BN AR+0TH L1201,
EEFRFEEI ) BN EINTELTEL LD LE
Ny AN

—7J G-CaMP O RIADEF

IR E—, KA EE

BRPERE <, ) BRI EZTERT 5 2 &0 A
WrEENTZ, 2D Z &% G-CaMP1.6 7 G-CaMP X ¥ & #¢
YTy hTa—TE LTERTND ZEE2RT,
—J7, G-CaMP @ Ca® &=\ CiL, G-CaMP O
LA L0 bR EBFEMICY T P LTV, 2 Th
bt G-CaMPL6 /3 FHOANEY 2 U D Ca®'fk
BEMMLICT R ) BRAERAEAL, Ca® BFED i 528
BAREER LT,



RGOk =AU R eV

RIEMEEIZH 1T S8R mGIUR1-PLCB4 1 R4 — KD fHktE

ITEDHITET, FEPLHHE L1
09 SFIRITH LN AR > TEZR, HELY Bk
T, 1T&AEH BN/ > TV, phospholipase
CB4 (PLCB4) X, fR#AI /4 I VAR 1 87 &
DOZER G BEHOD Gg/ll fEEAZAREKICIEL, 1P3,
PKC Z#BEEI L, v F 7/ AHERBICHIE & 423 HBFK T
bb, Fxrix~ 7 ATURV B Tk PLCB4 H3ME—d PLC
DTAIBR—LTHDLZEEHONI LT, BT, Z

ST, RPEREE R & 0 DT RMER R ORI
HHETEHEDENETRDT20, PLCPA DT KB~V
AERWT, EREEITEOMT 21T>72, /v I T D
k=1 2%, hot plate test, tail flick test 72 £ S I
AR LR THERETRO LN o7z, LinLi
B, R T A MIEDRIEERITENIA B
FLTWe, —J7, KMORIEFTR, RIEMEZEOF§E
B fy THRIEENE & )X 5 ¢-FOS FEBLZITZAEN 2 2
LB, PLCPA IFRIEMIEIEICH 5 LE OIEREALIE
KWL EArchsr Z LRI, SoICH LI

BWT, WREE

BHH R

¥ U ATOMENEGE, SURNEGEEELL, T4
K12 PLC £72F 0 BRI V2 I Uik 1 i
(mGIuR 1) DFEFEA, FRFEL&RET D & RRICRIENE
FIEHIETS LTz, T HORERN S, mGluR1-PLCBR4 D
T3 A — RDMEIR L~V THIE ML SR OIE I B - T
WD ZEBHBMNIRoTe, EHIT, RIEMHE TR RER I
DK VPL B—thifiia oisdh 2, #E: T o PLCR4 /
v T Y vy A, By A TS EEEREE VLT
Pz, B~ U A TR B TE) O Rk & R <
—EH L THRIEEIN R OoNDDIZRL, /v 277U KT
VXRAE SR N S PR BN A BT LT, 2
NHOFERN S, mGIuR1-PLCR4 1 A — R3HHE VB
DOMRRIEEEZE T 5 2 LIk > T, RIEMWKERZ =
— FLTWS Z ENRH SN2, VB @ mGluR] (%
KNP D> SRR ~D feedback 277" A DR D FrlZ
FAET D728, SRITE —HBIR~D feedback 77 A
OEME & EIEER S 512, mGluR1 12 K B EHGHEHE % 7
WrdsTETHD,

M= a2—0O2IZEITS cdkb DHEEEDERR

Cyclin-dependent kinases (cdks) (&, FlfaEH I
HER BT CIRERERE TH D, Cdk 77 I U —

D—2 cdk5 1L, A= 2 —a L BHTDH &b,

AR B OBIE & 3 o&F b S & FREND, v
T AKEREIC 1T D cdkS DFREZRFET D720, 2 T
v FINBIERL LI/ NEA T A A TRy F 7 5 0 7 5tsk%E
1TV, cdkS FEERPFAESK roscovitine 73 7 AREICE
JIETIEH 272, Roscovitine Z #5735 &, #

P —ps, FHAR
AN SRR (AL RYERSET)
M- 7" % o R O Ml M o 7 AR TE R L OV
ITHRAE- 7L 2% o AR O BB M o ) 7 AR IS
IR E N, BT S, 2 OER IR ED
BOMHMEREZMRSED 2 ENRB SN, —F,
AR L R o BB PR R L
BT oTm, Ck5 1%, 77 R OFREE R DD
BRI L0, N OB EERIEIC B D L HEE S LD,

roscovitine |
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B R AR R 7R £ P

(2]

AR ZEER P TIX LB O MR EES & D K 5 T2y 7
AN = AL L VG - HH ST D0 a2 fT 2 2
LERERE L, MEERNR L OMREREER - iR
FRICB o D151 &2 RIS~ U ADERMZ EIT-
TW5, EZERF L U LB Fyn O X~
U A TIHFE TR IATENC B W TERERRD bz
DT FynF 1L —E L ORESTHMEZ BIEICH Y
TERI V== T LI 2 A, ¥ R R
BiF5 57T % CNR (Cadherin-related neuronal receptor)
ZHBES 2R K, 2O CNR XS 7 RICRTEL,
S OIS R AL AN RANY VB F—T 2 HT5Z
& D DR REEE CEIRIC b D Z E RTINS,
Fro, TNETOMFERED CNRICIZ 14O T 7 2

V=007 B FEL, ZNOOBETEERE I ar ) o
T HIRZFEEOBETICUE s T2 —EE LD L,
CNR DHREFEMICHSMBAE RN R oMo 7e T Ll &n
oo Tz, BEDZ L XY, CNRIZVTFTTATO
BIRFGIIARES L IERTOA L/ 7 a7 ) R T Hill
SR LU L2 SR 2 3R 2 T2 0+ TH Y,

RIS A 2L EfRIL 2 725307 Th
LETFHREIND, TONTHREDOMITZED D Z LITX
0, BT ECCRERESE BLIZ B 1T B MBI HEE @ AR T AP
ol D ZAEAVIERE D5 T A 1 = R LI3H & 2732 5 DTl
ROMNEEZTNWD, £z, I TIRERREREIT ISR
DHLWVFEE LTI/ a—r~ T AHWEREEATD
fi, BARTFEHRT v MERROBR LRATVD,

CNR 1 FAY U FRSHRIE DB

~ 7 A CNR 43 RIS RIS O #2705 14 T O
BF77 IV —=bR0, 14 FEES THRPIRMRRICEHE
WTHEB LTS, ZTHhETIZ, 4 CNR mRNA 23
ML Z LI AEDETRIL TWD Z L &R, £z,
ERLL 72440 D> CNR Zp FREFFERFURIC K Dtk ~ o 2
I TOSIEILAEDORE RIS, 4 CNR & FE O M
I8 B REEOENARD b, U EORREIZHS CNR

SR g, IR

Doy THEREDS 72 D FIREME &2 RS 5, & CNR 431
DT X BRBLE R DRSS BEC2-3 fEIE oo FA R M 23K
<, ZOMEMIZ CNR S FEEDOSFHRE DB D H 5
ATREMEAS IR S 41, EC2-3 SHIRICK T 6~ U RAE/ /|1
— T NHUREERZ 1T o7, BUE, 578 CNR
EC2-3 fEIRHIAR % F T CNR EC2-3 Ik O 7y T HEREfRAT
Z{THo T3,

+£IJ5 74 v a1 CNR DHEEERRIT

CNR 13 R RS BRER 7R T, #hHII CF
BL, MREALHRHCEDD Z Mo TS, £
1% Whole mount in-situ  hybridization, K OVefE#A#kAL
ERAWT, BAEEMBICBITLZEY 77 422 CNR @
REMIA, 2SRRI NN — U B BN Lz, 2 OREE,
MREARRR DR AR - FEIS S — 2 LT CNR DOFEBLNA K,
L, RRIZHEIZRIC CNR & 287 NRTET D 2 L N5 h
oty Fl2, BT T 7 4 v v lZBOTHHRERZ &
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ZHMEA, AR &

M3EI 5 ATV Morpholino 7 F2 v A4 Y I X7 LA
F REMAWT, CNR # U 7 BRBMELZITH> & T
CNR DOBEEREFRNT 24T o 72, Z OFEE, FHIE Lok
ZAMEBICEFAL CTT AR b= ARBE SN, 5> axon
DR L, MEEEREOBMA AR A Oh, Mk
A, BRI EIT D CNR OBIEAVRIE ST
%P



RGOk =AU R eV

CNR BIZFRETIADEE

CNR %3 T DOSRE A B L~V T2 Z L & BN
L LT, CNREEFRIA~ U ZADIERAZ#ED TN D, 7
T A =R R T % H D CNR BB 11213 14 fH o]
BHIRT 7 Vb 3 ODx Y i 7 % IR EEHIE M E
FEL, % CNR 77 I U —I3ZFNFN &0 A ZE5EI
Ty Yy L IGREE N BEEE SRS, 2 CARMZETIE
£, LEEkT 7 Y 2B T 2 I PTIC loxP RS &

TR, AR

WG H =5 T 4 Z7EIC L WE AL Cre-loxP &% UV
HTETERTOD CNR 77 ) —BETFHRXETIVY
ADVERERA TN D, £z, FIRFZE CNR 77 3 Y
—DOREFERT Y YRR RBSELDICNT
VAR U RWTEH LWR T RIBIEDORFE 1T T
W2,

v FESHIOBIIE ENZRV-EGEFERS v MERRDRARE

7 v M AW R AREYERE BT T
7 v |~ ES MR ORI 23 AT, ~ o A BS MR T
EBIZ LD, Ty MRz 7 v MEMEEEHIIE E T8RS
BEAToTAER, 1548 5 A BT RE 2fiast 2’k L
oo ZOMMEBEE N TV CRE LR 2T o728 2
5, 4~5 HRICRIMEMIA~ — A —DT VA VR AT 7
Z—BBtEDan=—n8hi, LaL, ZOMk R
DiIRTICONAKG oo =—nkbhTdE, 4 [EIHD

S, AR

MROBITITHANTZ 2o tz, ZORERIE, 7 v N ES
ML, ~ 7 & ES Ml TORELM TR IkESR
TRV 2 RIR L TW5, £2TC, v FLIF %
rm—= F UTRRAANY Z—EA L THEA L,
Lo LG RIZRRR T, RopIkEED Z ~ b ES AT % 5t
MY DI EIETERPoT, 2 r = —fFEEFIECMTE R
v b, RIS EORRE A AT © To SIS LIE ORESLITIT R
HIpnoT,

70— AERICK DA EARMEKICE 1T D RIFRE L OB

F I LRI BV TR O LN A U5 2 &
MARBREN TN Z LG, H—aiao s/ o
DNA OBEHFHREZHLNICTHZ L2 HME LT, £#%
0—4 HED~ 7 A KNMEE H kD B — 1k A% 2 A
W7 n—rv U RBOEM AR T, £ ORER, 42 18
DOIRE 105 B HZ n—r =0 XRIFHHE LI, EORND
40 JCICIERERE (MHREPAH AR L) Nl
Z ORE R O MBI L, ML O RIE X

WErE, AR

D HIEANICE L, EfoEiifag s n—r~U 2k
FTIIRRE TORFIXZILALERBDOOEN RN -T2 L
Mo, eAEIREE Tk, MR b DOETICHES T,
B A AT AE U T 2 FTREPED 58 < TRIE &
i, BUE, baifdgmko 7 v — o fifaofiiasr b
BEN%E, EFBREDEEF AT R& W TIITL T
WD,

27



AEERAF IR 5 24 8 (Dec,2003)

Y IORAEBKTCOREREFICE > THEE SN BT A 2 DDRIR

In vivo TO~ T AFRKIRR D & OFRIER) O FLék,
FENT R Z WL SE T2, ZOMWBOHFT, ~ o AREKICT
MBI BE I K - CRERs S 4L D AT ED (LFP) % R
72 liz, ZOEENE, MERIZHE SN TV AREMDH
HIEH) GHEE) X VIRWEEES (7-14Hz) IS — 27 28
RoNd, SHICEESAELEZAVT, ZOMEER
BRIRE & EEMREORICHERT S Z L2 RWELE,

HffHIT, K

Tz, ZORBWEIEEN T CTOANL 7 OF BRI RITA
DN TeBHEBEZ R Lz, ZTiub OFSRIE, BRERIC
BV TEEEHRIC & o THEE S L2 MAL72 2 DO
FIETHZ EaRL, KE KRR (Low Frequency
Oscillator) & L THXAHEERICE W THREEL T D Z &
DR END,

R e B 2T P

(#1£]

e A O R 0 S50 P LR T S L OV R R D A
B2 Fgext g & LT D, x OBEEPRRITEHE
WENYES AT LT D, £ Z TS < OIMERALAS R
o EE R LI LoD, BIRE LTHER—O LN
EREU DR AN S D EZEX LD, Fo IR
DRI 2 HHEF O =k eHEZ E L < BT E S0
By ElboTND, FARICEIT 2 I b OB iR

HIL7-0l2, RMEEZTLET D=2 —1 ORI
R, 57 RO R~ O SIS O 5347 2 i~ T
%, BARHREE E LT (1) MR ISR T 2 8o
FH, Q) WHEREICRIT 2 EOREL, (3) BRIEE
(2 X DT R K ONREREB) PSR = = — v R B) D%
w, (4) KMEEICB T 2 fFMoOMEod#Aa, 2Eic
B e ZAT - 72,

MPRERICE T HWEBROFTNEA Y DRI

TR D YIHITE RAF TN B CUIEREBAR O R HLZ IS 1
2 EAR ST R RN D X (kb 5 3R O T 53 A
SNTEZD, ERFROPTILEA D ol & F 7 il
D =TT G A KRBT 2 BER TN TH D,
BRREZAT R OV L O R 2> b Afas ek & 1T
W, TS OFAA DRI X Y RO ERRE Y &
OREGDE THES LR O Il A &2 KB O
DN BN U TR AR o0 SOSBIR M 2 FE I~ T, 2
NE T~ IIE R IIIIREOMALS Y (R
FROPTIVEAY V) 1Tk U TR 72 SO R & 77 3
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OHEgE rE, /MRSEE

MR ZEAEET 5 Z &2 RWIE Lic, AR o
B S & B CHR LTZBR O SR 2 b L1, Pravh s
V) N A MRS D LB AR A Ve g 2 RO & v 23 0
W92 SO & ORISR ET Lz, £ ORE, i
ELRR AR SR % 5 (LI 7 BUE D AT AT,
AN R ELRR O SR LTl < G ALEIR A 2 v o 1R
MEREZRD D> ETEEREEZRIZL TV L
R U7z, DL EORERIIH “RETEE AR O
230 LI RN T D /RMDOAT v T THDH T & &R
-



WHFER B AR 5E %

MPRERICE T HEDORE. SLEHAIC K S8

RN RO = 2 — 0 U RN IR O FH T 1 Tl
REDORIE HLEBRL TS Z EMNERSND L)1
Rolohy, ZO XD IR G RN O A 1 = X AT F
FPHLATIER, T4 AT A DEHEEZ —KOE L&
2 CEDRE ZERIIRCZ EIC KRS, 2y
REZRIT D RIEEN 2 NRIMAE 512 L 2 FHIC L
PR & 2 A, Fox i 18 BRI OB SOERIZ X 0 iR S
DEEE (HSSHEIR) 2% 17/18 TR 5 L o i< o
WZDPITCIFET B 2 LB RWE Lz, ZofEko st
THIRISN LR E AT o 72 & 2 A, filx O L~z v
TH ERO LD RFER L BET D L O E 2Rl
ZEBGLER Lo, AT Z 0 X O A RS HEK & B o

& R, BUE o, O M, MRoE
H Z (AT

FHLE OBMRERARD A\, ERIRFEIEONID = 2 —
02 OB UL S F S F 22228 B A o Mg I
T DR AT, TORER, HRICRIET D=2 —
7 D% < 1% 0.5cyclel LA OAR 22 R J& e £ % 5o
FERRIZ 8 L C O BRI G2 2 LR SN o
720 T OSBRI O AL C it 70 22 R e & e 4% &
R 18 BT SOGEIRAN T & 0 AR 22 | R 0
WMo Z ENRP LT o7z, FFIT 0.08cycle/” DREHIE /R
W LIRS LT R GT 2 = 2 —m i Eik N
WCOBZEAFEL, HROSHEREZER L TNDEEZD
na,

by TEDAMEEENYIIL VAT EHERFO= 1 —0 VEBICRIFTHE

FRRE T, OB B9 & (visual saliency)
XA R DR E BT O OEERER L 2D, L
L7end s, A AT Tl R4 2 BT 125 72 2 FF
WL THNDRIENEEE S 5720, EOHRNLNTER
MBREBFETT-OIZE Ny 7T VR L - THRREIC
AR FIR T Z BRI T D BN S D, FFE DRI T
IR HAVTZEE D, R TRR ORI RT3
BFARD 720, LR RERFEIRE % V14T T V4
B L ATEEIRE N D = 2 —m IEEN A SRek LTz, BRE T
2 O LB LD RS ER RO VI 6 6 2R
SH, ZOPITTEAK TR IT TR 203 1 >3
(B, Wm0 EEnd B, 1 SORNMA, 1
DO, 4 DORMA), FIEE, FTBKLTH
SEORIBRIZ A3 o Ty I — RELTH @A E 525

NIL IR, /IMATEE

B, EHHLOWILTHMNDHIIME BIE L 3 503377
ny 7 28IV EAOND, Bl a—r UTEE)
TR LTS3 VA B = o — 0 3 AN ORI E
DRI L TRELITEDO ESL HDRITLTHRR D M
IR L ORI E L LT, £, 5 LORERITIC
FEEITRENEUIVEZD L, BRRITANRFEEKTT
ANLORREA~D = 2 — 1 UIEBIHR S B 720y, 2T
7RNRIE T H SO A~D = = — 1 UAEB) T S w7,
AU K LRTZEIREF T BHEN ORI &5 & OFFR
WIETHEHNDHEINZIZ L OF, Vv b — Ko BIERPE
Lol BBl a—u VIEB A RS2, L,

BRI S A TNICERIN Ty h— FAREE
RBRVEAE, FEEOBINTbT I THh-T-,
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BRIZETARADHETHRIHG LI=H L 1 REBEFHETE

B ROWANS 2 RO ARFR—HER EICRRSNnD &,

BRI S O ARV H D 5T, —&KDD
RS TR BT EIND, ZOL D RmmENAE T
5 L&, VORMBEE—KBETEE (VD) TERICHIST
DHEBERIL TV L (EARBHEE) O==—n
U, BOOMEINDLGES CMHBLEEE T 00
EX BT, OO TR A — )7 OIROE A
FHEOHEFIC R L, MOYO—MEERIMCEE L- %
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AARTESE, /MaieE

F b —EEROFNIMN THIEL TW o 7z lfiZ
VI =a—a  rOIFEN ED X HITET D0 EHR~T,
FHERFEHFICBN TR N E L 2 DI oM TR 4 IZIEH)
EERSEIE=2—nr 0L 0, EREMIZEVTH
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The macaque inferotemporal (IT) cortex, which serves as
the storehouse of visual long-term memory, consists of two
distinct but mutually interconnected areas: area TE (TE) and
area 36 (A36). In the present study, we tested whether
memory encoding is put forward at this stage, i.e., whether

association between the representations of different but

semantically-linked objects proceeds forward from TE to A36.

To address this question, we trained monkeys in a
pair-association memory (PA) task, after which single-unit
activities were recorded from TE and A36 during PA trials.
Neurons in both areas showed stimulus-selective cue
responses (347 in TE, 76 in A36; ‘cue-selective neurons’) that
provided, at the population level, mnemonic linkage between
the paired associates. The percentage of neurons whose

responses to the paired associates were significantly (P <

0.01) correlated at the single-neuron level (‘pair-coding

HILTEMABREICE 1T 5E

A number of studies have shown that the perirhinal (PRh)

Rk, FEOBBIZENTHRAOKEZRZL TS L
DAEFEAGRDORAEZTT > TV D,

BECEDIER M IFHRLE

Yuji Naya, Masatoshi Yoshida
Soichi Nagao, Yasushi Miyashita

neuron’) dramatically increased from TE (4.9 % of the
cue-selective neurons) to A36 (33 %). The pair-coding
neurons in A36 were further separable into Typel (68 %) and
Type2 (32 %) based on their initial transient responses after
cue stimulus presentation. Typel neurons, but not Type2
neurons, began to encode association between paired stimuli
as soon as they exhibited stimulus selectivity. Thus, the
representation of long-term memory encoded by Typel
neurons in A36 is likely substantiated without feedback input
from other higher centers. Therefore, we conclude that
association between the representations of the paired
associates proceeds forward at this critical step within IT
cortex, suggesting selective convergence onto a single A36
neuron from two TE neurons that encode separate visual

objects.

CIER R DR REE R EHE

Masatoshi Yoshida, Yuji Naya
Soichi Nagao, Yasushi Miyashita

cortex, which is part of the medial temporal lobe memory
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system, plays an important role in declarative long-term
memory. The PRh cortex contains neurons that represent
visual long-term memory. The aim of the present study is to
characterize the anatomical organization of forward projections
that mediate information flow from visual area TE to memory
neurons in the PRh cortex. In monkeys performing a visual
pair-association memory task, we conducted an extensive
mapping of neuronal responses in anteroventral area TE
(TEav) and area 36 (A36) of the PRh cortex. Then, three
retrograde tracers were separately injected into A36 and the
distribution of retrograde labels in TEav was analyzed. We
focused on the degree of divergent projections from TEav to

memory neurons in A36, because the highly divergent nature

of these forward fiber projections has been implicated in
memory function. We found that the degree of divergent
projection to memory neurons in A36 was smaller from the
TEav neurons selective to learned pictures than from the
nonselective TEav neurons. This result demonstrates that the
anatomical difference (the divergence) correlates with the
physiological difference (selectivity of TEav neurons to the
learned pictures). Because the physiological difference is
attributed to whether or not the projections are involved in
information transmission required for memory neurons in A36,
it can be speculated that the reduced divergent projection
resulted from acquisition of visual long-term memory,

possibly through retraction of the projecting axon collaterals.

BEY T FRERITHRDOI A Y Y ILVKINEB O S REENR AR

Kiyoshi Nakahara, Toshihiro Hayashi, Seiki Konishi

(Department of Physiology, The University of Tokyo School of Medicine)

Functional brain organization of macaque monkeys and
humans was directly compared by functional magnetic resonance
imaging. Subjects of both species performed a modified
Wisconsin Card Sorting Test that required behavioral flexibility
in the form of cognitive set shifting. Equivalent visual stimuli and
task sequence were used for the two species. We found transient

activation related to cognitive set shifting in focal regions of

Yasushi Miyashita

prefrontal cortex in both monkeys and humans. These functional
homologs were located in cytoarchitectonically equivalent
regions in the posterior part of ventrolateral prefrontal cortex.
This comparative imaging provides insights into the evolution of

cognition in primates.
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Hideyuki Kikyo, Kenichi Ohki

(Department of Physiology, The University of Tokyo, School of Medicine)

The "feeling-of-knowing (FOK)" is a subjective sense of
knowing a word before recalling it, and the FOK provides us
clues to understanding the mechanisms of human metamemory
systems. We investigated neural correlates for the FOK based
on the recall-judgment-recognition paradigm. Event-related

functional magnetic resonance imaging with a parametric
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analysis was used. We found activations in left dorsolateral,
left anterior, bilateral inferior, and medial prefrontal cortices
that significantly increased as the FOK became greater, and
the activations remained significant even when the potentially
confounding factor of the response latency was removed.

Furthermore, we demonstrated that the FOK-region in the



right inferior frontal gyrus and a subset of the FOK-region in

the left inferior frontal gyrus are not recruited for successful

WHFEE R AR R EITTE R

recall processes, suggesting their particular role in

metamemory processing.
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Seiki Konishi, Idai Uchida

(Department of Physiology, The University of Tokyo, School of Medicine)
T Okuaki, T Machidda, Ichiro Shirouzu (Radiology, Kanto Medical Center NTT EC)

The prefrontal cortex plays a critical role in recollecting the
temporal context of past events. The present study employed
event-related functional magnetic resonance imaging (fMRI)
and explored the neural correlates of temporal-order retrieval
during a recency judgment paradigm. In this paradigm, after
study of a list of words presented sequentially, subjects were

presented with two of the studied words simultaneously and

were asked which of the two words was studied more recently.

Two types of such retrieval trials with varied (high and low)
levels of demand for temporal-order retrieval were intermixed

and compared using event-related fMRI. The intra-paradigm

Yasushi Miyashita

comparison of high versus low demand trials revealed brain
regions whose activation was modulated on the basis of
demand for temporal-order retrieval. Multiple lateral
prefrontal regions including the middle and inferior lateral
prefrontal cortex were prominently activated. Activation was
also observed in the anterior prefrontal cortex and the medial
temporal cortex, regions well documented to be related to
memory retrieval in general. The modulation of brain activity
in these regions suggests a detailed pathway that is engaged

during recency judgment.

BENT T MZEHIT S E SRIEERTE O F BRRE SR FE

Seiki Konishi, Toshihiro Hayashi, Idai Uchida, Hideyuki Kikyo, Emi Takahashi

(Department of Physiology, The University of Tokyo, School of Medicine)

Functional organization of human cerebral hemispheres is

asym-metrically  specialized, most typically along a
verbal-nonverbal axis. In this event-related functional MRI
study, we report another example of the asymmetrical
specialization. Set-shifting paradigms derived from the
Wisconsin card-sorting test were used, where subjects update
one behavior to another on the basis of environmental feedback.
The cognitive requirements constituting the paradigms were
decomposed into two components according to temporal stages

of task events. Double dissociation of the component brain

Yasushi Miyashita

activity was found in the three bilateral pairs of regions in the
lateral frontal cortex, the right regions being activated during
exposure to negative feedback and the corresponding left
regions being activated during updating of behavior, to suggest
that both hemispheres contribute to cognitive set shifting but in
different ways. The asymmetrical hemispheric specialization
within the same paradigms further implies an inter-hemispheric
interaction of these task components that achieve a common

goal.
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The voice-specific process revealed by neuromagnetic responses.
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