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Fluorescence resonance energy transfer (FRET) technology
has been used to develop genetically-encoded fluorescent
indicators for various cellular functions. While most
indicators have cyan- and yellow-emitting fluorescent
proteins (CFP and YFP) as FRET donor and acceptor,
their poor dynamic range often prevents detection of
subtle but significant signals. Here, by using new construction

method, we developed FRET-based Ca”" and active caspase3
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sensors that show dramatic and much bigger change in the
ratio of YFP/CFP in accordance with Ca®>" concentration and
caspase3 activation, respectively. The new sensors enable
visualization of subcellular dynamics of Ca’" and active
caspase3 with better spatial and temporal resolutions than
before. Our study will provide an important guide for
development and improvement of indicators using GFP-based

FRET.
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(16) BIRME K9 MEEDFEIZH (T HAIEE K'F v =L (Kir7.1) DRE

R o HE, 22N A RS

R AR 0D FE AR AL AR & IE S R P 3 2 ME— Dl
WTHDN, FHAERENIRERMAREEG R M A A s
HERE7e P OBHRENRATH D, T, HEKROIMm
T KRB TR A O TEFIRIC L NEE 2 RT3, (AR L)
BIEORRC > TR T LIEEBICHfish b, BES
BIRET DA &M K F v /L (ROMKI, &Ik
S Kir7.1, MERD) ORBEEDOEE, Z OMOFH AT
Z v FORYK PIEEDIRTE L T 5 FETENEND
K" v 2L O E| % FFt L7z, RNase protection assay
fESL, ROMKI mRNA (%, #AF#I#I (1 wk) 1288010 T
% (2-3 wk) D S0%ENFEIHL L Tz, R (2-3

EAARERR (LB RZEEE S - A 5H)
wk) (23 TlE, ROMKI mRNA OFEHL&| itgmwgbx
o727, Kir7.] mRNA (3 ECEM Lz, —F,

WHEDFFEIZEB WO TIL, B DAL K*@Jitfﬂ«@ﬁkhj%
(’A\E) X2 DR (2-3 wk) B L7220 723, WIHIE (1)
HARER] K /0 Wp i) 13 BN U7z, S ik it
R, ROMKI & FVBE 3R ANEE T, Kir7.1 & H 23
B BE L Tz, Db OFERERIZ, ROMKI
(B DSHAEI T v NERAE K s LT
RET 2 LW ORI A SR 5, & 512, Kir7.l (f
JEERE) ANAh eI B STz KT ORISR A4 I RE D 6 1
WCHFETDHZEERLE,
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2. MREEDFE & FHIE - T0HFHE & EEREHEE

200349 H29 A—9 H30 A
R - MREA R A GRS -l A e - 1 iRt 785 BF)
PTG « R Zefh (EEEF5ERT - ML s BArZER)

ISt & HAEH3 5 % ) — B Dihe
TR T GO RS 0 FHla EW A T FERT « 1587850 1)
A RN L ARG L LTO ASKI #R#%
—fEFHE CUXRFRFEIFZRVIER - MR =)
Y7 LA —E DR & HHE
B R, EERE GROURER PGSR TR BRI H )
FREASVERR BRI BT % VCP EHH OB HE]
HE ¥ R RABAEMEEITER - @R AR )
/N S U R REC BT D SR
AR R FRABEAEMEBEITERL - R 2T A% 1)
Bel-2 DJRIfEZRET DA L/ 7 1 U FKBP38
Pl —, ARET OUNRZAERBEE EOTIERT « 5 7R B0 BF)
Bel-2 12k 2 X hay R 7 &4 L7l sE I
THRER, EAEE (RIRCRFERFBEE SRR - 85 T5)
L RITTrTT—E, Omi/HtA2 12 X 5 MidsEsE
IARZAT, it RE GHMEANERTINE R ST v — BB R AR VETIET — L)
) OFELEFRIZ IS 1T 5 DNA D53 fiF
RHE— RIRORFR AR A mERENTIERE)
A b U RGBT MAP &) —8 OIGTE LIRS & = 08&E
RS, PIEORES, %k oo, ARFESER, BHEAH GORRFERFEGEERIITER - AL EHE)
vayvaunziEH\WieTa s T MasED S TRsT:
SIHIER GRORRFRZEGEE SRR - BURTEH=R)
vayvaunziET L LA HRMIZSE DR
LiE B (PR SEERAES - N HBREE A ARBR BT L)
NF-kB 2LV 726 SNDEFL T T NADyF AT =R .
e (ER BRI - o)
Cytosolic ATP dynamics during apoptotic cell death: a bioluminescence study
with intracellular luciferase
Ravshan Z. Sabirov, Maria V. Zamaraeva, Emi Maeno, Yuhko Ando-Akatsuka and Yasunobu Okada
(EBEZEBIERT - MfaE B FTER)
R T T Y T AV EATRERIIRB Y KT R b — 2 A
FHRE, BERTR, Z2EEIL GURERE R R AR AR B MR AT FEE)
FMREAR 2 & OMBLIERS B S X T b D531 HhE L /L PR RE
KIE AR U R RSB A B AT 2R



(&mEA]

TR, B (K - FEEREE), —GRFE,
WNEFEF, @RE—, R B RRRFFEIE TR
ZERD, B B ORRKRZFBRFRFSRATFERL), [ H 2R,
Ravshan Z. Sabirov (422 - Miflass BAFFER), HE 7,
ATHEXR, TFHE, FERT GURRFFe M
2R, miiE R, gsARTRIT (YL - IR AR A AFsE
V=), EAE R, EKER (BROCKRZFEREFRFFEEL,
FEHEGE, ZEEIL, AIAR CRE#E KRR EA
AR, RHE— (RRKFERAMEREIER), +

(2]

AMFFE TIRSEOFEE & HIE - 2 00Tk & R
PFEREERE ) 2T —~v & L, REAWT e —F bl
FEDOHERS & HREA T DS T IR ICBE TL L OE
WIS Th D, AARTHIRENEE U — R DF5HE
DT e e U GRERFEIZE Y F—E B S

BRI, AR OERFAESER), il — uURAER
DA AR TERT), (RHE S, o) IRRS, Pagk oo, R
FEERR CRRR BT RMEFER), =i 1ESE, AR sg,

FHRE, @i T GERRFBERITERD, & A
e, R GORRSFBE - AR ZERD, K,

B ELk, KRR, RS, BA T =, PSR,

REFER UK - U VAP, RERFT, #H30E,
ANNERGF, Bbl T, KIEE B, HA R GO -
53 ENF)

NTHY, HFREMOMEMRIEDL L LT, FiILFE
FEDFEOE L U CHERICRE AR 2R LT\ D,
KA G AR UROWIFED IR LIEIE R NTT A, i
BlE R WA R R LR ol b BEZ TN D,

(1) MRRFEZFIET 5FF—EDHhE

IR ZR T GROURSES R A AT JERT - 1 BB AT 7800 )

INK IEMAP ¥+ —87 7 2 U—IZJ® L, 65 RIS -
ER A b LA EORPLIZ L 0 IEH LI T R h— 2
EHET 5, TNETIS, EMH(E L7 INK L c-Jun 72 &
DEER TV Vb2 Uizl FRBEOFIEC X -
TTRE—=VR2AZHBELTWD Z ERRESN TS,
—F T, INKIZE BT KR b= AFFEIITHRG R T- %50
ERVEBBIFEET D0, ZOWADERSTFICE LT
HF LA EDR> TR, AT INKICED TR b—
o A RS A TR D T D ITIE MR INK % Ml 23 &
HmLZH, INK 8 c-Jun » 7 A=V IFKIFERIIC Bax

DI b FUTBITRBELOT R b= A %5HET L 2
EERH L, Foll, Bax 1 1433 ICFAT A2 Lick
> THIIEIZRTET 2 2 & MK « AR BIC L - TS
ENTWVDHZ EMnD, INK 2 14-3-3 ZERT 5 D ket
E{Tolz, TOREE, INKIT 14-3-3 2B ) Vb5
Z &, FNIT X 5T Bax 2 14-3-3 S ilEEET 5 Z & %A
L& ipote, BLEDZ L iX, INKAY 14-3-3 % {Z/1Z Bax
DI har RYUTBITEEEL, 7R M2 Z27FHEL
TWAAREMZRIZEL TS,

(2) R FLRIEEFELTO ASKT %

—EFHE CRRFERFABEIR RO ZER - Ml e )

ASKI1 1% JNK & p38MAP ¥ —F D LEFICIHFEMET D
MAPKKK T D, T 6D MAP ¥ —E I, Kx
REBRBEA N U ATIEE L THBER T R b — v A0S -

MEEIZ T D & B2 EMIEE 2 RIT A 720Dy
TIMRESRE L TEERBEL R LTS, ASKI
w7 T U =T AOMEHIZ LY, ASKI1 2% TNF <ofiz{k

199



AEBRRAF IR 5 25 % (Dec,2004)

AR VARLN/NMIEA ML RIZE DT R b= RIT
VAETHDLZERPLMNIRY, F72 ASKI R Y 7L
B LUPFRT VY A = —IRICR O TCER D DAL D AR
JFED AT 4 == — L LTI EDEERIICED> T
DT ENTRRENTWVWD, —J7, ASK1 {F—#FD Toll-like

Receptor O Tt TEIT p38 DIEVE(LZRINAICH S Z &
Ik > TERGENECLADEE 2925 2 L AH LN
W7o C& Tz, AL VAT T LTI, ASKI-MAP ¥ 7 —
BREENT DT R b= AH#EZR S CITRIE - RER
T DR A FR B ENZ OV THE L7z,

B) r—tI LE—EDRMAK L L

wEE R, E R R RER PR R R S =)

T IV NA = —¥F (AD) I TR AR Z TEKT 5 AR~
T RIx7 X v A RHiBEEK (APP) 225810 HEN 5, Fik
PEAD OIFEREETFEY 7 L' =1V (PS) 1% ABD C R
a Y Byt LA —B oMY T 2= o R BB
T 5, PS HULTIXUIWHEMEA FF- 3, PS IREEGT 5
BHEOa7 7y 7 4 —EAPLEL B Lz, Fxix PS
L 3fEHD a7 v 7 #— (NCT,APH-1,PEN-2) By & 7 L
X —PEBHRT HIBBRIZONWTH, £3° RNA T
BIZED NCT HAH WX APH-1 &/ v 7 X058,
7 L2 —BEHEZ LD PS bRIFFICHEK L, £2A

N PEN-2 ®J w7 &7 TiLPS, NCT, APH-1 ® 3 %
DD LT R R AN ERE L, W2 PS OIFE(E
TTNCT & APH-1 ZBRIFEE T 5 &, FERICAERZR
AN TE -, ZZIZPEN2 #MZ 5L, yEZ LA
— PN U, SR OREEND 1)y Ly —F
DIEEGETE T, F&PINZ APH-1 & NCT 78 PS IZ#54 L TH
MR ZAR L, B PEN-2 2MBIOCTIEMEAAET D, (2)
YE7 L E—EOHEAFHKIT PS, NCT, APH-1, PEN-2
LW ADDEANGIRD T ENRGh 0T,

(4) HEEHEREIZSITS VCP ZEREDEE

HE % GRS RABE AR AR TR m A RS 2250 BF)

THET, MRAMRET, KR LR OREEL
fir b 2R E UCTRE DREIR (B - BB - 2%
EE - R TE) Z2RL, 2L OBERICYTUTELHE
—HRFEMAE B D O - TR A g T L
ECERNEBX LN TE, UL, ¥4FE, EfELo
D& D FRIRANE NI EL R A O BRI RERY IR
%72} (vacuole) 23237 V) EEAGIZIFAET 5 2 & A3H]HA
L, PRERASAME - WRT 2IRRIZIE, L& - 725 FHs
BEETDHENIBZRZITANOND L HITm-TE
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ARFERTIE, ZIVETHA BT o TE BB
PERBORIERA =L, ThbbArF o b HE
% - Machado-Joseph DR & 72 5K L7z CAG V
E— RAEOHT A Z I B T o THIE RS
SN DR DIE - VD 5y T-ENT 2 4B L, VCP &
LTI D AAA ATPase 7%, FRESZEPES I IE+ 2 FIE
DL Tdo D ATREMEIC OWTEm L, 3 LU R
BELET D,



(5) /IMNEAR R LRABEIZH I+ 515

A& R GRS RABEAEMF AN TER R S 2 T L5245 8F)

DYWL X RS X B D EIRIEET R O35 T
BHo/MERIZ, BEZ O ENERT S Z LITEER
WRE G2 5720, EEMIT/MIER b LR RE LI
WD PR VS L U, TER R L K 5 &5,
BT DB ARFFEDOHERIC X > T, LB TlL ATF6
#&#, IRE1-XBP1 &%, PERK-ATF4 & &5 3 D
RN EE R Z LI LTV D Z R L T
2ot, /NMERA N L AIE ATF6, IRE1, PERK &9

/MR EERL 2 o7 B L o TR S U nE S
NDH, ZRZNO T Tl < S5 EF OIE Mg
B B2 DT-0C, BAEOBBNIXFA L ThoTH,
TIROEER T 2MEE 4 bh oD HRERNCZEN A U 5, Bk
DD &, WL Z O E AR L TS,
FHFRNEHI, DfRE VD 3 o0 a AL TND D
EDVEIA Lie, /PR R b L RISEIC T D IRERHIRTFH
FEBIZ OV TR 5,

(6) Bel-2 DEREZRET 14 L/ T 1') > FKBP38

L —,

JRRE I, PR, FFRERLS & W o TR IR I3V T
RGP SR FFAE D7 TR & R~ 2 & LT 2R
BTH D, HRAEBSICITIZSOEBER AN =X A
TR BHIIASE D & OBGE & AR O MBS LAE & e
Do DIDIUIMZEFBLL T DT R h— 25
+ FKBP38 %, Bcl-2 # X hay RY TICRESEHEHEE
RRFTHDHZ EEPLNC L, &5 FKBP38 & 4H
HERT 22 0 BERFT L2 LiI2k>T, VR
BREA RAAL VBT DHHLY 737 E Protrudin % % AL

ARIET CUNARSEAERBGEIE FRFZERT « 53+ FE B 700 BF)

L7z, Protrudin [F##RZERICHBLL TR0, MATP/IM
ZWUNE I o TRIIRZE IS L, BEIRE Y & 22
TR T D Z LIk » TR ER 2 ME SRS Z &
% RN LT, s O 22 AT Protrudin [ZM A TH 5,
FIEEL A& Z LT, Protrudin X FEAREHIIEIC BRI,
SHTHMRIGERDOER AR T D2 &b, HEE
ROFLHRGTTHDEEEZLND, KFEETIE, M
FRAMARIC 38 1) B FKBP38 & Protrudin 4 HFEREIZ DT
EET D,

(7) Bel-2I2& B Fay KY 7 #A LI-HRATEHIE

TH/KER,

TRRN—=VADY T FNNE, TR b— 2 AR
W7es 7 RERE 2 @il L=k, FIZI har R
TIEKHIN, I hay R THEOGEEZ TTET 5,
FORER, ¥ M7 v LeHIIREIZIH L, Apaf-1,(d) ATP
L DOWRER TH A= ZADIFEMEAbEER LT R b —
RAERIER T,

T2 IZLIET & 0, 7R b — AR O NEFE M T R,
BN Bel-2 7 7 U —EHAEIC &L 2% OFiHieg 4
Bt L C& =, ZOfER, 7R b— 2R DOBax / Bak

HEARER (RO RFBEE R 9ER - s T77)

WM A TTHE L, —HFHHIELOBel-2 / Bel-x, [3M8%
WYEZMH L CWD Z e &R RWE LTz, 7z, BokiEtk
TLEDOEMS T LT, SMECRET 2T ¥ rVEHE
voltage-dependent anion channel (VDAC) % [FIE L 7=, FEFE,
VDAC |Zxt3 2 ik sz I b2y R 7oMilaic 5
T5E, I har R TEHERESERICIE S, »
DT R M=V APER S Lz, TS OFEFET VDAC 2
TRV RAFHEIINATHDLZ L ERLTND, 4
X VDAC #fE% & 7= Bel-2 7 7 2 U — A DO 7272
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KEREICEE L TS T2, 72, maolifhx i, X Bkt
THRPF=VRZBIT S hay R 7 G TR+

ZRIELIZOT, ZhzieTmbsds,

(8) T ravKY7ZF7OTF7—+t, OmiHtrA2 |12 & AHIFASEEE

SRAAT, R (BRI

IAP (Inhibitor of apoptosis protein) 7 7 I U —& L /X7
B, 7R =Y AOETICH LR EE % Ri=4 0 A
R—E3,-7,-9 DNEMEAER 1T D, IAPIIH A/ —
PICEEM S L2 OEELZEEL, EbicaexF Y
H—¥ E)EEICL Y, hAAA—FEabEFF T
T TV — MEAFHIMRRITE S, — 05, TAP DIERNITE
? IAP ERFIC L > TRICHEE SN TWD, Fixid,
t MAPDOU &2, XIAPOFEAZ L /37 BOMHTIZ L -

MWEMIit v # — BRI NENTIE T — L)

T, Smac/DIABLO {27 <55 2 @ IAP FHFE A ¥, Omi/HtrA2
ZFE LT, HrA2 133 b2y R 7IREEICBET 5
vV o7rar T —ET, TR RARFKIZECTT b
7 1 A ¢ X Smac/DIABLO & LM E IR 5, Fx
1% Omi/HtrA2 A EEEL D F 7 o 7o & B CTHITASEFF L 8 <
Z &, F72Omi OHEE & U THRIZSERAEEIA T & R L7z
DT, KLz,

(9) DR EBIZIZE TS DNA D fE

FRISEIZ & & F B, Bk x 7o AN 72 DNA S iR D0
CaFLH 72 21T - 72, DNA /> fi# %5 Dnasell-like acid
Dnase (Dnasellbeta) (DLAD) @ /) v 7 7w k< o A & /E#

RME— RO R B A A ERENTIERE)

L, ZOBEENL VR T AU EE ks 4 R
T LA THLNIIL, ZRIZOWTHRE LT,

(10) R b LRGEM MAP £ —EDEMHLHEE & £ DRE

RS, P IRERRS, Pa gk

T2 1L, SAPKJ/INK FOAEFA B EI 2 5T 5
BT, 2 MEOIGMHILR T SEKI/MKK4 <> MKK7 % K
BT 5~ AL ES Mifld A EH L, SEK1X° MKK7 R~
T RN R E LD B L 70D 2 L BB BT
LC& 7o, AWFFEETIE, 1)TNFoZ A 1 B & SEKI &
DLEE R~ T AOMRHT 2 BB & 72 5 72SEKI R0
MKK7 %419 2% SAPK/IN TG MEAb oD JFF2F 40 A 8 5 il 4~
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Jt, AREEEK, EXHFIH
(RECRFRF ISR IR + AP )

DB 5 (Dev. Biol. 250, 332-347, 2002) , 2)SEK1 & MKK?7
\Z & %R 72 SAPK/INK @ U » 1k (J. Biol. Chem. 278,
16595-16601, 2003) & & AlHg & ¥ 2 o Fi#4E, 3)
SAPK/INK DiEHEAL 3 58412 2o TN HES oA
LR TIER R A NV AFFEMET R F— AR IL-1
PR IL-6 AR FRBLO R 28 L, SEK1 <° MKK7
Z 4 % SAPK/INK FEMEAL D AR EI 2 BRT D,



(12) a2 aINTEZETILE L-EEEMNHREDOHE

LE

FEAEMBIZ ISV TIE, B - 40k - MR SEITAR AL B
REFLRPLHESND EEZ NS, ABKRTILZ
NEOBURIZHOWT, vavyau_"zzHHLEEN
SADEGE DR SRR BRRAT D,

1E 5 72N R o0 F IS BRI BE MR R L 7=l (M7 +)
WAEEND &, Z ORI & 5 A7 KT (TGF-B
A—=s—=7 7 I Y —DDpp) DZEFRENVIETL, TH F—
TANEBN D, TOBINK 2 HEMICER SN D 2

EO(MERSERER AR NRBREL B RBRST ik )

ERVETHD, —J5, Dpp DIERE &0 EHEMICIKT
SR GE (tvthkv) 21X, Dpp WNENALT 7 L LTH
SHEND, MICRE RoERN b6 34, £
WA Y OIEE 2N £ o CRRik S oS R, EAEm
72 INK OIEHAE N RETT R b= A~m»nH, 29 L
oMM BEER 2 L IiasEFRE I, err st
ERORFEREIZFICRONT, BAMIEZR Skkx 7 5H
MR OREFREICSHIRT 2 & B2 b,

(13) NF-(kBIZ&Y L =0ENBEFVITFTILORFA D=L

TN ETOWZEIC &L Y NF-xB OiFMALIZ INK OiF
{EEMHIT 25 Z ENRENTVDERZOFEMR A =X
LB E o TV, Fix 1E TRAF2/TRAFS ¥ 7
NI I T U R~ AHREB LU ReA (p65) / v 7 TV
kT 2 HSR O R EHAHESF MR (MEF) Z v 72 251
£ 0, TNF HIIEATEIERESE (ROS) OERAEFEL, T
ER S 7= ROS BT 5 MAP T —E DGk
FOHIIESEIZEE G- L TWD 2 EEB LT LTz, TNFIZ
L O FE SN D MBI EIRIENZ L IZT R b= 272
TR, 27— AOEELRLTEY, fifEl

PR OIE R B R A S )

FITHLIBHALEIZ LV, 17 m— ARFIHH S
N7=Z L LD, ROS ZEICTNFIZ LD F 27 m— A5k
WG LTWAZ R LN E R oTz, S HIZE RO
MEF CIETNFARZKIZ £ 0 ROS DEFELEBAL(L 45 MAPK
OIEMALIEFE SN2 > 2 & £V, NF-xB D=7
HERE L LT, W CIITNF I L VFEEIND ROS 0F
FEEMHE L, ROSIZEY b7z S AEIELT 5 MAPK
DOIEMALB IR 7 0 — 22 L TWD Z LS
neigoiz,

(14) Cytosolic ATP dynamics during apoptotic cell death: a bioluminescence study

with intracellular luciferase

Ravshan Z. Sabirov, Maria V. Zamaraeva, Emi Maeno, Yuhko Ando-Akatsuka and Yasunobu Okada

Apoptosis is a distinct form of cell death which requires
energy. We made real-time continuous measurements of the
cytosolic ATP level during necrosis induced by hydrogen
peroxide in HeLa cells and throughout the apoptotic process
in intact HeLa, PC12 and U937 cells transfected with the

firefly luciferase gene. Apoptotic stimuli mediated by

(ZEHERFZERT - Milad B ATFER)

mitochondria (staurosporin) , by death receptors (TNFo) and
by DNA damage (etoposide) were all found to induce
significant elevation of the cytosolic ATP level. The
staurosporin-induced ATP response depended largely on
glycolytic ATP production. The cytosolic ATP level was

maintained at a higher level than in the control for up to 6 h
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during staurosporin-induced apoptosis. This time period
included the execution stage of apoptosis during which
activation of caspase-3 and internucleosomal DNA
fragmentation take place. Thereafter, a gradual decrease in the
amount of cytosolic ATP to the zero level took place in
association with concomitant loss of cell viability. When the

staurosporin-induced ATP response was abolished, both

caspase activation and DNA laddering were completely
inhibited, even if the cytosolic ATP was kept at a normal level.
Thus, it is concluded that cytosolic ATP within apoptotic cells
is maintained at a higher level even on the cell's deathbed and
that elevation of the cytosolic ATP level is requisite to the

apoptotic cell death process.

(15) ®EIOTY T A VLA TRHRENE B Y VBT R b— o XIS

PHRE, HHRTHE, LERL GOUERSER AR AR MR 2 ZEE)

B UV SERITPURZ AR (BCR) & L ClEFlsys 7' a7
Uy (Ig) #3845, BCR ORI Z 1 E TEIZ BCR
ERIgHETEET 5 2 LIC K VbR TE 72, 4,
FA —7 Bl (IgM,IgD i) A HU & 721340 1g Hiik
TR LIZE 24, HURAIMCIEB MARIET A b — 2
B L7, P lg HUARHI CIEB MlRIdAEE L, #M
L7ze $U Ig PUAHIE CIIPURRI & 13820, Bk
BCR 2 (K CD22 B LN CD72 43 FOIEMAL N B 2 6

einotz, Plg PR & & $12 CD22 X° CD72 ~DO#t
EERHNTING DG FZ2EMAT DL TR F— 2R
FEE Nz, LIER- T, CD22 & CD72 13HUF Al o B
DOBMIET AR F— A TERBEREEEZ RS, 51T,
IeG BMEMiaTIL, HURRIK OB CD22 DiEMALD
ool 20T 1gG BHEMIdIL IgM Bl
HBANEMHL LR, SEINEDBROZE L 1gG 7
LD TIBEMRT 20D EEZBND,

(16) #RES M o DMIRIEFEE L X T LD 5T FHE & EEKEE

Fas f%#% & Wnt fRIED 7 v A b= BNIFEETDHZ L &
KL, TEDOAN=ZALEBERRIZOWVWTHRE LT, 72
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3. DMEA A UF ¥ RILOREIZET F =L ER
- 2HORMSTATAIVRA -

20034 11 H25H—11 H26 H
& s FR (BHBRPREEZIEIT)
WEEA © BEE R (R S LRI ERsAs L B 2 SE AT

(1) N=nd RZREBDF 4 F v 30 DIERCRIT B MEZERE LTORREME
MARTE, FREEVE, KK, SRR (G H RS R BT 5T )
BT, IR, E\NR— (ENCERGhE & — - oA
(2) TRERZHCBIT DBMKGEEA LT AT v FL B YT 2= b OMRERRYT
(FF v AV 2=y 7~ AEHANC)
B R M, PERERME, REAS—, SREEZ (BKHERZZE SRR E e E)
(3) DFIEZEILO La* T3 L OV PEG (2 & % FA#H
Rpes, K EM  (ERERPEFLE A PHE)
(4) BEWHEIEEA A F ¥ R OFEERHIHEERE & S ne B 5 35
FIRZE—RS, BY R, A A, WL fR, HEEREE
(RER R T R B Al R b e il 4E 75)
(5) Kir2.1 OHFFENHEBLNIZ0G Kk OB EBIRO A =X LT D HEA
2O00F—FRORY T Ivr7 a7k bl
FIRET, FEE R (R ER R A PR E)
(6) GEAHIED Y 7 LF ¥ FAVOEERIEE S S 21— g >
BREZEA, SAREE, AH EF  CRIROKRFER PG R E)
(7) Na-Ca ZSHfiiis{A > mRNA 22 &Ik % Rho D5
K, mIEEEF, AR Zh (@RI ER R EE P E)
(8) V. Vulnificus M AT 5 7 O CFTR {H L EEE
Efs B, EEINRF, AR, IIARTR, hREAE
B EAsfEE, hE B ([ ERPES R TR )
MARZEE (LB RPERE A RS AE)
(9) PI19CL6 S MR D A A 2 F v R VS BLOMBLN > 7 F LAl
BROAAT, PIMIRT, EOREREZ, /NEE (R RPE 6 BRw e HiI iR E)
FIRTSESRS O R R PR ER N L)
INE— (TEERFPRFEGHE R ERERY)
(10) “BA&FHZFARAG & AR HRHE D BB AR BRAE ORI
KBk, EAEKL, PR, B OB, RIEEH, HaE—B
(BT B R P B B I S T SR T i M R 0 50 7 )
Wy 8, & SEE, L /T, WE Rk
(46 iR R PR E A JE T B e o0 1)
(11) FRBAFANLE AL DT > DLBEDOA A0 F ¥ XL OEH
WEE W, B OME, BB MR, BEAE, M B, MR, OB, MiEs
BB R AR GG B 77

i

)

A
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(12) B AL 2 MRS L — 71233 5 B CHUERIC K o TA U7 IBRBLLFHE U ¥ C oLl R A B
ZhE R (BUEFRBR P E ARG BR 2R,
B ERBRFE SR THE, BERRRTFE ST OB EER Y #E)
WEAEL T, SAFEIRS, BARET, SEEE, &6, ZANEE NI R
(B EFRBR FIE R IE SR ER R, BRI 0 DB e e R i )
SFEIE (BEZBRRFEFHARTHE)
AF T VUF RN & A A RIRPED LA & A D KR L EMENZE S Na F v 2L
e RN, HHES, BFHAR CLfEE R R PBE R BN R
ARAE ST, FREF CGRORERERR S HHE R BT ZERT)
HERAE (7527 AI A7 54 oL THIEFT)
BT 7 > MO OB MM ATP fil & ATP TRt~ ¥ 27 =4 v F v FEAL
A K. Dutta, R.Z. Sabirov, JHA#E, [w MR
(O W ] 37 3 [ AT e A 2E B 22 ATF SR T B W BEATF R 568 )
b MR IR M FEELT D BAMKTFEME Na” F ¥ /1 (SCNIA) 12D\ T
PR, W KHh, SUHEGT, ST, kHR=
R R PR IR SR AN EL)
77 b — Y OB L IGBYENLRHERFR: computer simulation {2 X % fFt
T, EREERM GRORER R Ea BT ERT R AR BT FEET (T8 BR289%) )
Z v MR OB RACHE S —iltE S U v AEREEIN & KChIP2 D% E
AIHREGE FLIRER R FE AR — i, FLIRERREE VB3 5 E)
WHG—, REMHA, B #Z, FMEE, FERERZE, #Wiim
PLIRIER R P 50 AR P 5 — )
T+ =% (FLIRERIR P E AL 7238 a8 e)
PHAETCAL, RS GLIRER R E S E 5 E AT JEE )
I SR T DHENRA & B 2 b 5% KM QT T RIEFEH
SRR, RS, &

(13)

(14)

(15)

(16)

an

(18)
A =3, BEEA, KL &
(] LR AR B i BRI R

A,

(19) VYU U EEIC & D00 Ik, F ¥ VO FEH

Tt BEOK, R EEREAEENEE )
(20) HIfEANZ DO Ixs T v RV IR
HIER, B RE, #EEE GOTERER KRR BN ERT A ARG RS 5F)
(ZmE4]

FATEE (AR - Kb, 4RilR (BHR - Kb, BRI, HiYs

il F K- E), RES— (KK - E), K bo), B M CRRK - Kbo), —AFR—1 (BHEX -
Bl OERK - =), d)lb s ERK - [R), B 5 ), fex ARFR (LR - KRB, HEES (JEX - Kb,
CRR « KBe), flsEs (EREER - ), B ] et (ZEERAE), hEEI G- [E), i E] O

FE Gk - B/, R # GIEK - K

(EEER - A8, BN (K - KB, AAHF
EERIERXR - B), &iF = (EeX-E), £
AT ([EEK-E), NFmE (KoK-E), % W
(ROTK - [B), KRB (BR8P, AERH (4
KBRWP), MEE I (BR8P, LHE— (BK-
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SERK - HHARE), ARG FLBREX - [£), J5h
A (R - KRB, A 71 (LR - KB), Kit
(LK - KB, T e (EEX - AR, SH
X EEER - &), B & GEEEKR - &), &
JIHES CRORE R - R IRE)



(#1£]

MIE RIZBT D4 A F v 2L, D OBE DR
AERO(RE, IR ARR DO FES, MRS DA A DRIk,
RTF ROFEERT W EOEFIREIEE BT LT B,
oA F T v FMCERRT D 0MEREIT, KO 10
ETRBFRTNOTF ¥ X VEHOBERBICESET
FORENEMLRWICHAL NI ENTE L, £ 4T v =%
IV DI Z OFHREIC BF SRR T 25K EBIE T4
CF v R LW BEER TR S, B IXE RN QT
FEEAEERES Brugada SIEEREIZ K" F ¢ R0 Na™ T %
JVOREEZE T X HHERE R D D O I RE R Tk IZ
S OFHREORFE IZHNRT 5 Z LAV Lz, — 7,
DARRDIE KRR LI ZE I » TA A > F v XL OFRE
HERLCUET Y VI HEL, BOBEROBRIIOM

SR S ARFEAR 2 56 LT WREIC R > T d 2k
B O oo, TR TR TFIESREENICHESR L,
7 KERORBINTHHEAE (T 0T A — L) ZENT
THLTY ) MMEROMREE A MENT L, EAEMAED
FRAAEF & fRAT L C2 OBERE S & ITHIR ORSREE %
M=% OMNILE S T D HFARH D, KiffEs
%, 20X R A ES, OIEROA AT R
NDyHEE & AEBEEEEICE LT, orEYE, BisT
T%, BRABPEOTEE AW O TR O %
REEREZBRL, A2 F v R OHEERE & HIEHE
HEDRGE IR DI BR 2395 O &8 LUV RIE Ok
NEDISTHEDOTH D,

(1) N=O0A4 FSBREBAFAOFrRIL  DIMEEBIZBIT2HESREL LTORTEENE

MATEZ D, BRHTY, FBRKRY, HEREEY, KR Y,

M IR E 1 D B FEME O 7 BRI M A TE 2 HilE9-
LEERRFTHD, AFRTIIZOMBIRIZEIT H
=uA REREHH F 4 F % v (TRPV) OB 5125
VTR L72%,

RIZ B EHIPL (HS) 12 L0~ 7 A KBRS v 77 A A 2
LS L 25, NMEER (nsc) PIETELT KO
AP A VL SRR ([Ca*')) O LREAEE S, WG
&L TRPV OERTHDH LT =T ALy RIiZ k0l
&N 7z, RT-PCR JEIC LYW TRPV OG- RIEL AR L
LA, U AOMEEERHIZITEIZ 2 8 (TRPV2) &

)l SRR

(" 40l BN RFR B TR

@ ENEERAR T v F — - 1A
O 4 B TRPV BRI L T e, & 51T TRPV2 FERAVH
RAEVERL L, TRPV2 DX 37 FEHIZOWTHET L7 &
5, IRGERNT 7 F BRI TRPV2 & 2%
JIRFEHE LTz, F7- TRPV2 N7 > F L 24
VAXT VAT RE~ U AOMEFRHBICEAL,
TRPV2 XX % ) v Xy S¥-& A, HS %
D Inse L O[Ca™ ), EF A E K S iz,
M AR IZ 3T, TRPV2 (3575 B8R & i 4 5 (B
SZRICEETHRREERREWVEZS 2O,
*Cir. Res. 93:829-838, 2003

(2) ERBICEFTBREMEKTFEEDILSDLF Y RILB Y Ty FOMEERENT
(FSVRDIZYIIDRFRANT)

BNIRIFIE I VL T BT UL, DHINAGEZ &, Bl
BIEIICRB T DY T T IRED - O EE R EE A2 A

HE % %

W, VERRRAE, REFSN—, SESRE
(BK R R [ 2 B RE A0 = =R )

T5, BxIFINALTLF X FLORIY T2=y hTH
DR T =y MIERENY T, ZOAEMEHEEN, A
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BRTER~ T ZAEHOTHIT LTV 5,

RT-PCR (2 & 2 B BT TILLHICBIT 5alC £B2,3
DRBETER LI- JFEREICBT S 234 OB, BLO
0l1C & oalD DFBLAMERR L7,

B3 EE%’E&%V?Z JEEZ M ERE BV THEIS
FVEMEZ R Le, & HICSHBYIRIAEA S35 E

E OIK T 0358 Hiiz, B4 R~ 0 213/ RFRER

L, ARKEMTEET S 2 EBRMRENT, 132
B~y A IHFEERMERTEZRL, OHBFEEARIZE
8 DHP f5 & BEDME N LT e,

DBIZ 1T 2B ORY 7=y FRFBELTNDH
L, KPP T o=y MEBTARICLY, IFIEhE
BRIRARD OGN LT, ZREREAO%E 2 -
STND I ENRBINT,

(3) DEREZRID La* B &K U PEG I & B84

KHuFET,

BB ZHREIIKRES RS E I E L
@ﬁj\@i‘o & O lysophosphatidyl-choline (LPC) {2 L % 7 ¥
AMiE OELEALIE, AERIZWNm & EHR Thi X

, BB X OHIINE O ethidium (EB) 3 6H K CRIE L
9%, AMFSETIX Polyethylene glychol (PEG) 35 & U8 La**
DORIRZEFLEBASHIER 2 et L7z, La’ 1% Thi ZIREEKRTE
PEIZIEA L7223, EB #OBA &N Th - 72, PEG4000
Q2 BILU5%W/V) (X Thi IZEEET D Z L, o<

(4) BABERBGA

FRZ S, B W, AW

DAREIIEME « B i DR B Ok 2 7RI T4
U, ZORROKIEHE L 5 REENRIE - 2E5RE DRt
IR E RN, — ISR W T ERR
RTF R (ANP) IREFE S5 IR AL B 5 7 D T3
BNRTLHET 5, REUHIcE VT, BRAA 4T %
DD G, WFTFHHGA A F v RV (HCN2 B LY
HCN4) &, T % CaF ¥ kL (CACNATH) DI FH
L2 ERMENT WS, B4 1%, HCN2, HCN4, CACNATH
HRT DFEBLA NRSF & 5 il MRS K 112 L > Tl
ST Y, NRSF DIRE & JoTiE S B 7 B Ml 28 Rk
EOGRRMICEFIRRSEZBETHE~ Y A (dn
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X o TEILT B,

FUF v RIILOFEEHIEHE L REE RS

RE Mg ERERFEFHE AR THE)
JVAE T IZLPC (10uM) TEE¥E S 415 EB # e K& %
WHIH L7z, & 512-160mV, 40s O/ UV A EKE LT,
7OV AED Thi B0 & EB SEH KA R T PEG O1E
M ZEBRFT L7, 5%PEG4000 |X[H 5|2 EB #0GHE K % Bl
L7z, 431 400, 4000, 20,000 DOZYE % LLiaEt L7z,
T T EB #OEH R A GBI L7223, PEG4000 D%h
MR TH o7, PEG ITBHEEHRZE L, Irykx
SF OB L THEMRE b bT LB b,

MEE

A, YT e, FERREE
CRUAR R 27 R 2 el i B RE R 1 272)

NRSF) Ti, JEBRALLE &k 2 3 & RIS REERIC &
AR T B Z & & #HiE L7~ (Kuwahara,K., Saito,Y.,
Takano,M. et al. EMBO J. in press) , Z @ dn NRSF ¥ 7 A
O HPEOER OFF LB IX-77.8£3.0 mV &, HpAER
BL6 ¥ 7 A (-82.7+27mV) XV b AFIZE L, E-TEE)
WAL R R (APD90) b B AT < 7 2> 1208 £ 7.1
1% LC 148.5£14.9 msec & A EITIER LT\ e,
& 51 dn NRSF Tg ~ 7 ALEFHHIT DT 2T 2
Wz kv BEAEREE RT Z L% L, MAAN Ca A—
N—m— RPRELCTNDZ LA LT,

msec



(5) Kir21 OMENSFLNT-IDE Ik ODHNABEERDA DX LIZET 5%
HE :2D20FE—FDOARY7I2TOvYIZ& S5

DEFHHILOF BN TRE KHNLD Ik DIMA

EEIIRIEIX EISMIANR Y 7 I 12 K 2 EBALRAAE T

By ZIZEVHIlShD EEX LN TWD, e ixaem
JaFiEk T I LM TRIZeME 473 Kir2.l Fv 1L %
293T I3 B S, inside-out /X FEHEEGREI NS
FERMERICHT IR T I T ay 7 2R,
5-10UM AL 2 2 8 BT 10-100uM AL 2 2 U TELE
TSk E B O -V BRI I DS & BR O -V B
ERITWER, ZRUTORETIETZ h—H2D 0T
Wt 2oR Uiz, Bar X r 22 (G) LBEOEREM
Wise, Ary<rRickoTr 4y FENRW “IB
F” avZ 7 2 ANEBMANZIFEL, 5-10uM A2

AR, AR (B R R R AR )

L2 U/10-100uM AL U UTRE(E R B4 m & 7B
TEZOBR L X7 2 AL DD THoT2, Zh
H? G-V BfRIE, Kl F¥xxLORIT7IvyTay s
WCHMMERRRL o0 — RRHD ERELEZETT L
WEoTELLHHEI N, mfiftEE—FTryry s S
NAEIEIIAIV I VAFIEFT09, ZA~ULI YV UFTET
TO0.75 HETTEHIOHMETH-7=, AU T I U
F ¥ oL EHIRNERICB W TREA T2 ko T,
KU T IO R D 2 DOF ¥ F/VRIED Vi %
MET o Lo LB b, AR K VI, 4
M) & BIROKE T LB MEE—F Ty ry 7 Sh
DF X RIETIND T EBRB I,

(6) GEBRIHA Y DLF v RILOERERIEE S 2L—3 Y

BEEA, BAEE, A E

GE B Y A 7 /Ll (Regulators of G protein signalling;
RGS) EHEIF=EEKGEAEDaY 7=y s LDOGTP
% GDP \ZHIK GRS % BUG ZRET 2 2 b, Tk
% RGS & AEVIEGHELRETIEHR AR Y U IRED—
FTHD, SAT7FF 4 A ) b—/L3 Y B (PIP)
BREETHZ LICEvmflan<Tsy, ILET 2 v
(CaM) 2371 /2 7 LRI AEMELT PIP; I K 2 4k & i 47
T 2REE R DD Z EEPL M L, F2hn
ODEMICETET 26 EAEREI Y U AF ¥ 21 (G
IZ R 535 relaxation &
PRI D 8 5 R IR B AP IR E DT 5 & 7> T
b0 THDZ EEMA LI, &5IZRGS EHEITHAA

protein-gated K channel: Kg) il

CRBR RS2 R B 17 A S B 7 A )

RYUNEED S B PIP; & FERMICHES L, CaM BHEARY
CRGS BHEICHATHZ &KV, PIP; & RGS EH
BOREGEMEET D Z &N yholz, Zih PIPs B LD
CaM & OFEEITWT LY RGS R A A > EoBEHEMET
JWEFRIL Y T AL — ETIThil, ZHUTIEEAETRT
D RGS EHE TRIFINTWVD Z L0 D, ZOFEEE
ITEBEH R DO THDL Z EARBINT, ZDOXIITAE
ML CIIGERE YA 7 VA RGS EHEIZ XLV #E9IZHH
HishTBY, GEAERENT Y T LF v XNV OREL 72
WA XT 4 7 AT 2281k, GEARE
FA I N OB BT T NGS5 2 L ICBTER
JHLoodb 5,
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(7) Na'/Ca?'3z#ufiiAd mRNA ZE{LIZxt3d % Rho D5

DD Na'/ Ca® 22k (NCX) FEHITFRBIC L v 21k
TOPET IR TH D, SRIMIEE T VAR EZTF
(Flv) IZ HMG-CoA B iR ZHEL, a L 2T v —1LE
AT 525, (R F & GTP #iAE QS b9
D ARG TR GEAIL, fx REAGKICEE LT\,
Z 2 THA IEINCX BBUKS 78 G EAVEET 27
Flv Z HWTHR~72, 7 > MO HSR H9c2 Mifiaz vy,
RT-PCR 7: TNCX1 & GAPDH ® mRNA &3 & % Fi~7-,
Flv I3 NCX1 mRNA ZJRE$ L ORI T S
72. HMG-CoA #IClEHRE CTAEMEIN D A /38 V[ (MA)

AR, miEERT, B )
(8 B VRSL R R R [ P 3K P P =R

% Flv LRIBCINZ D &, NCX FEBUMHNIfRER S iz,
MA @D Z =17 J=rtul VB, FiZ77
xR r Y VEEEINZS E, Flv IZX %5 NCXmRNA
BEEIE Lz, ZofRIE, NCXImRNA R HLIK5y
-8 GTP % 4 Rho, Rac, Ras D5 %R~1E9 %, Rho
EREAICHET 2R Y Y X ABHRCIE T S B Mk
T NCXmRNA B A%t AL b~ B Lz,
* 72, mRNA & RkFHLESK 5,6-dichlorobenzimidazole 1F1E
T, Flv i NCX mRNA b %t L7z, BlH, Rho i
NCX mRNA OZEIZE L LT\ D Z &R Iz,

(8) V. Vuinificus hEAXT 55FD CFTR EMHL1E

mis WD, EFnRT D, ARET D,

Vibrio vulnificus %, YRR O KT AR H{KE
RO 7T AEHERETH Y, ABEWASAZ T YT L
TRROLNTWD, REOEERFHRR L LT
07 7 —¥ LA (Vvha) S 5TV 5, IS
DOIERIE, 7 v MREIROIGEZ S| SR 3L v 5 #idk
ETHIFEIZRAE L TV D L ORENRDH DD, T O
I Ty, RBFETIE, Mlais#EEs A
faDA A kI G 2 5 8 IS RET LTz,

£, Vibrio vulnificus DVvha 85 1%/ v 777 hL
728 (AVvha) Z1ERL L7z, BRIRSTBERE O wild type Vibrio
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WARTFAGY, dRaE ",
M E&fER D, MAFR?, bR &Y
(0 FERRF R AR R R A )
(AL E I FEREE 2 AR )

vulnificu VX ERAIR O Cloy 2R L7223, AVvha 132
LA o7z, E5HIZ Vvha 2R L, LERGZOA 4
VHRIC G X DA RE LT, 75 L Vvha A cystic
fibrosis transmembrane conductance regulator (CFTR) % /&%
b9 % Z L 2B LT, Vvha (2 X% CFTR OfEMEALIE
sutaurosporin %> Rp-cAMPs DR GIZ LV HEIND Z
& XY Kinas (KFETH D £ & 2 L2, Vvha I3
N cAMP CHIIAN cGMP JRE 2 22 L SEeinoTe, &6
(2 Vvha (2 X % CFTR fEMELFEREIC SV TRk %,



(9) P19CL6 SMED AN A 4+ > F v AL ERIBOHRA S 5 F LI

womE D, e

~ 7 AEC ##lid 3% P19CL6 i dimethyl sulfoxide o
FIBIT &> TOfmMia b8 45215 5, P19CL6 i
H S D o3 DR AL 331 2 B s i B 40 2 F i PN
ST F, EVDIMAP ¥ F—E¥ENTHA 4 F v xR
VA BLOHIFRR O MR 24T 9, P19CL6 MAIE (L%
WAL WA N A & B (1) & 2FHD Ca T v RV
B (cars Lear) Z2FE L BEMAEIM: 2R LT, 0(bahiE
BICHET 2 HEHAB) & =R XA =T A F 2 F ¥ FUT

FIRTEERS D, hE—pk Y, Bok@Z Y, /NEpE D
(VKRG B 2 B R A )

O HRERFERFBEE IR BN

O FHEERPR BRI R E R )

P38-MAP &+ —F DLEIZ L » TRENHHE i, fi
EEEAL b A3 b P19CL6 Mk & FIfEE Ch o7z, —77,
H LAY (ERK1,2) MAP % J—¥ & T8 ERKS O MA4mH T
O b LFEEEmREEE R L, 3 EON—RA A=D1
F U F v RVOFEL L L FREICESE IR, O
AR D AR IT D N—RA A=A F L F v LD
FEUZFEL A MAP %5 —¥ (p38-MAPK) 219 5 v
TFNARKENED D 2 ENRB I,

(10) BEEFME & HiRE DB EEFIRHE

MRS, etk V),

E=

EI=N=N
H 5L

s B RS A SR 2 A O T D~ O AR R R R R 1T
BEIZ & P A~DERRMRE S Eht S, OiEEICE T 5
RN L BBEEICBOEEREREY GO0 2 2 L3 B
LaN TV, SEIFE 2 A% OEREIRMEICET 5
BFE2WA LN ETHI0IT, R OB
DBELRAERFNFEO B ERET LT,

FHik v U AKBRE D B AL A R R I
B - 5548 L7z, 1548 9 A B ER A 2N OB 8iR & 28
HEFHZ &Ik, i~ obfFE Lz, Sy Ty
7 7R W TIREN, RERAFTER LT,

FER 0 1) DEFGRTA ST - LA 5y
FROIRBEIZ & > 7= (-10245mV, n=6) MIEBEATILIEA L
minolz, 9 HHUBZOMBIZLLT O 3 B EE LT,

FERRTD, | BN, AR, HS kY
BEE D, 2R, WG, Mg Y
B PR AR SE AT MR A 2 BF)
BRI IR A SE T 11 Bt 53 BT )

2) IMEFEIE R FHNE - TEEEALILR A L oa
IR B U7 (-4912mV, n=5) , 3) L FEE
B EAA  TEENTEAL (11 20ms) ASFEAE L #F IR AL I
-49mV TH -7z (4912 mV (n=5)) . 4) H IEHET 57,5
JE: T RIEAEIIBE BN 1X-35mV (3542 mV (n=4)) TH > 7=,
TEENENM R R 20mB CTh o712, 728, Ing leas Ixis
Lo Iur @ 5 FEEAD T v FUDMH ML 3), 4) IZHBL T
Wz,

fhaE D) BRI O I, BERER RS D
FMILASHEL L7, 0 BBREDS IR HBLIZ %7 5- L T
WD ATREPEAVRIR S T2, 2) 2O HEIRES NI NRIC B
BET 20 ENERHFT 572018, BIER~IX In Vivo
ETNEANTREFTTH S,
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(11) BRIBRILEVICEKD T Y FIDBEDA F U F ¥ RILDIESR

Wi, B MR,

FR A RE TUHEE B I B WV T ERIE 2 LI LIZADF
THN, ZOMFICET 2 BEBXAERZN LRI+ T
AN
[FE] T v MCHMRIRRAE Y (T3) 27 AR#RS L, M
DEMBICEIT % Kvl.5, Kv4.2, KvLQTI, erg, minK K&}
LA 5F % F/L (alc) D mRNA L ~/L % RNase
protection assay VE(Z 8 U RPHREE & bhl U7z, E 2 WHEC
BWTOLEOIREENMN, —imtEsm & KERR (o),
ultra-rapid K'E i (Tkur) & QLB V> o L& (ICal) %
SRRy F 7 F o TR THAE Lz,

[FER] T3 1005 % cHRBEIC L L 42%38 0 S E72, T3

B% M, ERIEE, MOE,

MR, PO, RS
CHTR R 2R IR ER A 200 BF)

Fe 52 K0 K5 [ ERHRERC L LA EICEN L, KvLQTI
Lole T Lz, Kvd.2, erg & minK [ZARETH -7z,
TEEVEAFHRRFIEL T3 #512T 30%%44E L7z, T3 1%
IKur %5t HRREICEL LA EICHIR S 7228 Tto 228 L &8
Rolz, T3 1 ICal 2S¢ H LAY T T L
J = ﬁ?“é)if“%ﬂf&?éﬁto
[FER] T3 X7 v MLDEMIZ Kvl.s & IKur 28N EE,
alc & ICal éiﬁwéﬂﬁ:o Z DB R BRS RE TC
BEICBT 2 LEMBIOSHHIBEE L T2 ArREtE 3 =
ﬂﬁéﬂ?‘:o

(12) B ZBEARE 2N IL—TICHT H2EERAKRICE >TELEIEXRBELHEV Y X TOLEERER

SHE— DY,

DIEDK) 8 BIDEE M 520 B CHUAD I &
D, ZOF TSI VEE T, B AERIHAEH
DI HPEZEFEE 2 Milasr— 71kt 2 B CHUER KR
Hah s, gtk TOIRRELOFHEBH ORI LI
HOHAR BRIt S, ZEERTZHVERETERD
DEFE TIIAEISOESN L RN LN Z L 5
LY, MHPDLIEERERFHRRAEEZELCD D
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BHAERTF Y,
H14h D

BABFI Y, SRR D, AEEEY

, —HAFHREDY, ErEEY, IR
(" BEHEIG A F R P G B AR 1)

(O BEMEF BN FRE AT E ?)

(O B HEFR IR DN R R )

5>

ErESh, ¥ oachifezy hRIcELESED
EMEROLHIREEZZT D52 0, ZOHACHEA KR
OFEDRIEBFRICEE 2@ & 2 L T\ 2 ATREMEDNE 2
bz, Al 1T Z ORI Y T V% H
WD E R AR A 22 R 2, DR, BUNEMRIEIS
K DIEEENGLE, Ny T T T EKTD Fluo-3 & v
ToABRAM Ca A A REERIEIC TH BT Lz,



(13) A X LFURZMEAS

tex RFR Y, FHHEE Y

[ B ] Brugada JEBEFEORIKELS T O—>Th HE R
N3?¥*WSNNLiNh??*N##%@@%’EE
B % B RIS B3 D@ IRE 7 o L X —FR D

U&o:h&bfmét , BRIZEDF v xtEED
FAL SRS M % B L STV B ATREMER H 5,

S1710L %3 % Na F v VA E SR O SKBR 21 R % 1
U7, [J71E] tsA201 EEEMIAICIES (WT) 7213
S1710L F v RV EFHBLS W, Ny F 7 T U7 IETaEMIE
Na &t & itdk L7z, [H5HR] S1710L (X WT (2< 5T
f%vv%yﬁwMyD%:y&7Dy7ﬁ%%ﬁL

BEERTFIE 7 v 7 W08 Ui, ABERE F Tl
snwL@IﬁﬁMﬂ%@@@iWT;DEmot#

FULFIACLAB Ty 70D OEIEIEHFEIC S1710L A3

. famuE Y,

BREOELLZHE S FRELDEMBZEE Na F v L

BEEAE Y, Ki&5 2, FEF >
(Y AbHEE KRB B RN ELF)
(@ R ER RS SR BTS2 RT)
G TS50 I AI R T A oL ITHERT)

fRELTRBY, BRET 4 L2 —E N LIz AT LT
DFFBFETTHEDN R ST, BREAEEME ) R A L iFEAR
QX314 ZMfENICTRE- L= & 2 A, SI710L @ QX314 fif
HEAS A FACEME L Cuve (REESR : WT=1017's, S1710L=
209s) . & B5IZSI1710L 1% K B@MENAEIC T 5 2
&5 (pK/pNa: WT=0.09, S1710L=0.16) , A 7 > @i fL

WWHLTWAZ EBHB L7z, [#555] Brugada SEFERE
([ZHE TS TNa F % ROVOMEEIR T & ) BRRERH &
Fib7ed 5, S1710L B O ST 2% Na F v F/LEIRT
EH U2 ooBFE, BIRME T o V& —iTF O IERY
B R > TEAD b T v TRRFZ3ITRY, A F 18
WLE MR L I A OfFRENEET D7 ThD B XD
nic,

(14) FHEFS v FOFHRBEOELE ATP H & ATP BBETF 74 U F ¥ RILEEE

A XK. Dutta, R.Z.Sabirov, HA#IE, [ HZMH

(s ] 573 (R AIF e A A B AT FE TR RE 1 BT 728 1)

REI - AXERFE S T TITOIRO R E O ATP L~V |
ATHZENELSDLLALNTNDER, TOAH=X A
EARHATH > 72, PHERE LT 7 v MOERE
EREGE, BRI PHE LS Fick s, »
THOBE LA ATP DS 2 L4 L
Too 2O ATP JHIZ A Z P —iRIC & o TH—LH
MfaEmchb RSNz, £, ZNHO5MT TIHN
390 pS DHE—F ¥ XNV F I XU ADTFR VT =%

F ¥ RBTEML SN, ZOF ¥ LT =F 5 ATP
Wk L CHBREZ RT Z ERHA LN E IR o7, FITIT
ZORXRTT =AU TF X RO, ATP ik
HOZNER—THDLZ ERHLNITRST-, ZTHHD
FEREND, BRI M - (KSR IC% LT ATP
B TIRE L, ZOMEKICY XS T =F o F v AN
B LTW5DZ &R Sz,
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(15) £ FEEFEG (BBIR, MBIk, [EXTREH) MRICEKRT S
BAKEME Na"F v &)L (SCN9A) [ZDL\T

[HE] BAKAFNE Na'F ¥ 1L (Ina) 13, I TlE—
#00 phasic 72 FIRAHICHEIL L TWD DA T, EENR: L
@ tonic 72 VARMHICIZEE XA B2V, 4F, Fxid,
b NEBIR, AR, RSO OB R ML HEL
% Ing DEKEFLHE L O T AW FERRIC S X B
Ftl7c, [J51E] Patch A% V72 whole-cell clamp ik
I L D BEBRAEBLMMATE L OV RT-PCR (SCNIA-11A),
real-time PCR, ffEiefaiz L 5F v % /LEH, mRNA O
FBEREBRF L, EERE] WFNoMBIcE DT, Iy
WRONT, TTX 1%, MAEEAFRITHES L, 0 50%4mii]
EFEITH 7nM TH Y, veratridine, chloramine T 1%, & ®

HEE, WK #h, SREEBT, ERF, KR

(R BRI R

ANEHALZBRLE LTz, Z OARTEMEAL B OV, 1, $9-40mV
THY, DFICHIT D Iy, £ 0 BB H - 7o (KEE
PE, WP H-40~-50mV) , RT-PCR Tix, W Fh ol
Iz TS SCNIA DFBLAFRD, FMFERMIZT, £
DFRBPHER S NT-, Retinoid acid JLERIE, Iy, DFEED
I & o-actin OFRBLOBRERD =, B MrbELNT-
T HEL R 0 S B A AL 0D S S AR AL S OB R CUE, Ing
ORBUTRL N h o7, [#53E] @8k O M
BB REET 5 Iy 1%, TTX ST, SCNIA
MO SN TS LB b, ZORBITIE, Ml
DS E3BEH- LT B ATREMEAVRIR S iz,

(16) 75 F—HEHDEREAL &EFEVELLIFHRER: computer simulation [Z &k 5% &F

PEP Y E], PR S FD

RO = B g B R AR PR B 2T IR RB PRI (TR BR 287 )

D OTE B ENLFFCRFH (APD) 1377 h—AHIZ BT
% K Blit/e E 04 & Bt & Ca Bz & O & &l
DNT R E > TRESND, —RITH & Eiftix
APD i, WM EitiL APD MERIZH G- 5038, 168
BAHIINCERELZLEE L L2 RITLT L Z D
JRANZHED 720y (Wehrens et al. 2000) , 4 13FE 4 D LNE
EEEACET V& AV, 77 b —HyHOBERE (L
APD [ZRIETRREZMF LTz, d 72 Beeler-Reuter
DET MRV TEBNEN I EIS0msec 2 N A) & (BL5545%)
W& 5% 2 & APD [3HME, Shm & EiE TSR Lz,
Z OZAUIE FIREBNARAFIE M X D I OFEIC &
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ST, Luo-Rudy 5 /L CTHERTEALL D" WS
" ~D APD OZALMFRD BTz, Ui Ik DIEHEAL
DEVDLRBT, 77 F—HIHIZIB T Ca DITAR L
Ca transient 23K X < L, TN Iear, Inaca Iks 72 E D
TR A B2 I TIER LT e, Frex O Ca (RIFHERIS LD
FrLWER(LEZEA L7ZE T /L (Biophys.J.2003) Tl
APD OZALIZ L VR < RO bz, DI E T D HIEN
Ca @ dynamics DZAb & ZIZ X 2 @itk OEARIT O
DERIEINIRE RHEBE 521550, FOFEMICIER
BRIZENEL L, IHICHKA RERSLET U 7O
HBUETH D,



(17) S v FDBHHREORRICES —@%H ) D LEFREME KChIP2 D& Z|

AFRRE DD, D, REHEAD,
wRREE "D, ALY,

R A1 & A% D1, D 2L DK v4.2 Tl 72 <KChIP2
DOEALIRTE L T DO TRV B %, HAERITE (R
A 12 HE~HA% 10 HR) I2B5 7 v MOE#R
® Kv4.2 £ KChIP2 ® mRNA OFEBLE DAL % E & PCR
WCCTHIE Lz, BeAMIn b8 AR 208 U T Kv4.2 1354
EEAL L7y o 7= DITxt L, KChIP2 1ZEHICHI A LT
Too T KVA2 IZEBLLTWBER LT & A CBIE
SNZ2OIEA 12 B B OLEFHMEIC KChIP2 5% T 7
S UANARY Z—% {WTHA - BB I ZAK
Tl — IS X RS BIER S T, FEIREE O &
D ZOEGNT Lo THDERE LTz, EoaOtHURIE
X ZfEHTH 6, KChIP2 &3 A L7z Ml TIFEA LTz

B Az, fRHELE D
WY, 2+ =Rk7, EiEsm D
(V) FLIEIEE B2 R 2 AR PR B — )
() FLIRERI R AR5 Gl

(7 FLIEEE LR R 2 43 - B 2R JE T Y

VIR & e Kva.2 O AR SR IEREIRIC 2 S FTEL
TWAD ZEDRHERINT, TNHOHANG, HARTR
DERFENLE D L DBEINIZKChIP2 DIEHIENAKAE L T
Wa EBbhi,

T kR U R EO/NEY O LI TR
IISBEN FHER R O BN B S, TOERFRA L
LT, Ly DWRARBEINTWD, £ T, KChIP2 %
AL, LIy DI EHER ST RO, TOIGENENFF
R EZ R L 2 A, AEREIBEIN 1o
T ZDX, RICHED TEBYEN R R O RHEIZ B L
T L VAN DBERIZOWT OB T HLERH D LA
b,

(18) I [2 T DIAENRE L E X 5N HEXME QT EREREE

RIS, AL, &

QT JEEJEMRE (LQTS) X, L EM 2 QT ™D
#EFRF £ O Torsades de Pointes(TdP) 235 = V), RApFEIE
RS & e HBOEINEE TH D, BENERER
DLERED DL, R, BR800 _IRIIE
KIZ XY QT RN IER T D% RIEICHBETE 5, A
ez 138 RME QT IERSEMEREDJRR A, IKr 1253 D Hiik
ThDHEBZDNTIEFIZRR LD THET 5,

JEBIIE 42 Lotk KM LQTS &% 2 b RINMRE &
T2 bREFEORRKITRD bhpnotz, E-FIEREG
<, UHIOLERG EFTHY, LRMIFIHENTH-
Too BRMEDOH LWRERRZMITLIZE 25, IgG &
& BT SSA/Ro FLIEBER D B vz, 2 HH QT iR

A, PR3 BEEA, KL B
(] LR R B SR BT

DIRE T 5 ARG LTIz,

HEK293 #ildiC HERG & T v A7 =7 ¥ 3 S HT
b D% MAWT, HERG Ei&FHl L7z, ZOEBEDMIE
& IgG THE#E L 7= M1 HERG B DR 2R ST,
GIEGE TR S & ZOBE O IgG 1L HERG T v /L& %
BLCWDHIRICR G L, ThaiEd S8 T,

Z DB D 1gG X HERG F v R/VITKTT 5 H Chilk %
G, FHUTEVLHO IKe DD LTZEZE2bNEL
7oo ZHULXLQTS DF LWREATH D LB bivE LTz,
FlEhis, EOKDLWDHBETHLPRET DI LML
HThD,
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(19) YY1 UEBEIZ&L BIDE ke F ¥ RILOFE

T HEE,

BRI TEFT2Y Y ARAT77F 202l v (LPC)
ISk KT EREOEBEM oMM A SR L, =
D OYERNITE M 2 53 5 RERROIEANZH 5 LT
Wb EBZLNTWD, LiL, LPC OO0 K F+ %
JAZKET 2N RIF A L I EN TRV, Al
x4 1%, LPC OIS PERLEIER M KT v 2L (k) 1
BILIETHRICOWTEAE Y bEEELEGIEIC4HM
faBlo Ry F 7 F o TiEEEA L CRE Lz, ZOR5E,
1) RSt LPC I3 I 2R EERAFMEIZ (K = 1.19 uM) K
S, FORKRIEG MR, 2.03+0.124%) (Z5uM T
BNz, 2)LPCIZL D Kk DERIEMIL GDPBS AT,
H L<I3E B%ESE (PTX) A L v FEIcHH & h

BN, W B (EEERRERE RE)

770 3)LPC \Z & 2 KAEM X compound 48/80 (2L~ T
b Sz, Th b OERRERIE, Mlask LPC 28 PTX
Z MG ER-R AR Y 2A—F C(PLC) &EE L 7= M
SERREMEZN LT L ZHRSELZ L 2R T 5, &
HIZ, LPCIZ LD Ix DR KISITMALAIZ PIP, (100 uM)
AT EAEICHA L, £7-, bisindolylmaleimide T
IZE o THESIICIE &z, Lo T, MlEst LPC ic
£ B Ik DHRAERIZIEL PLC OIEVELIZFE 5 HifaiE PIP,
RO 725N PKC OIFHE(EREbo T 5 &FH
Z b, £, ZO LPC OIEAILEIM L TH LD
ffas o K" EROEBEN OMMEICHFES LT D LA
b,

(20) EEEANS DL ke F ¥ R ILIRETHIE

Wi - BEY] WE NS Panax ginseng 130 & REEMEH
ERLTERY, Fx TRERIEEEIER D Y U LB
(Ig) TEHEAE N EHE L 22 2 L ZH LT L, AN
Panax ginseng O I BERIEAH O A 1 = X L &G L 7=,
[FiE] £y NHEBELEGMENS, Ny F o T
R E RSk 2 VT Iy, sk L7z,

[#5 5] (1) Panax ginseng O AT 1 A FEEFKSY ginsenoside
Re 3 Iy, Z IR ERIFHNHETR L, £ D ICs X 1.3£0.1 uM
&R IR LRI B o 72, (2) Ixs HHTRIT—ER{hEE R
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dIER, B RE, HEET

RO E R o B RS2 B R PR B JE AT E AR 1 K O )

(NO) R —IZ X v HELE N, NOA ISR L E I PNO 2
FRT =XV IHEIE Tz, (3) Ik HiTRIT guanylate
cyclase FHEFETIIHMHI 413, thiol 7 /L= /LALAI TN
SN 72, Ginsenoside Re 2 &k % I #5813 1% T #l
dithiothreitol IZ& ¥ & SR -7,

[F & D] Panax ginseng O Ix HE®RIEMILX, TDOAT A
REEALSY ginsenoside Re MM AR E#IA TH 72 57,
ZHIENO Lk 2 F ¥ X VEADHEED = b r{bic & D,



4. M ADFEoH9—WHE

200345 H21 A—5H22 A

R - HEEA  BAEE (ZEREEE)
FINRIGE « BRBE A AV A =27 —)

(1) B~ 5 HlAD NaCl &> — ATP F + 31
MHZEME, yenr - 770y, HkiB, HREZ, J-Y Lapointe, PD Bell (AHRZZHFZEAT - BERESBAEEM)
(2) 72 /P —0BR%E
SHATE (ERRT: - B - KR HE)
(3) WA T v %L TRPVA OFEE & FEHE
AT (BIRERIRE - JERRRE)
(4) KB E=2—0 r OFME Y —CI Fv %1
JrBFE, R (BRI - BERE I BSE)
(5) DA ML YT EBUY =D A=K A
WG GO ERERY: - BEEYERTERT - A£G WIEE 5 2F)
(6) 15PN AR 1T BAIAE 75 & A G
REAHE, BJIAZE, LB, HeKE, SERMBER (& HRRKFERFRESRIIER)
(7) Cell acidosis BRIRIZ I DIEENAKGET 1 b o F v RV DIRERRK
NP, ME—, BEL, WEIE, NEIET CORBRMSLRF KRR - EFAFI0R)
(8) 7'a b ARTEEBNAEB)ET + # /L PCL
BBE AL T A = R Z— - JfAERRERM)
(9) BEELY—L LTHTRP F+ /v
BRI, B, R, BRI, AHLUARER, BT, EaKEZE
(ZERT - EFE - o Fla e 55 8)
(10) #rH C. elegans IZ8BIF AEHE = = — 1 U HRRED AN
FRACE (A HERFRZERE - H2RR)
(11) MIENGE S EEEE S ~ A 7 g
FERRIES  (RALK: - Z oo AAFZET)
(12) NI EITNETFF A LA N L AD® v v T
WHE . (Bl BRRFRERE - R
(13) T < U IEIC L D A o —BAORENE v 7 A d = X LD
FNHEZE GRENA T A = Rk F— « EERSFH)
(14) MREHFIIZ BT cAMP 1E2 = = L R ERREN T TH 5
TNHRT, B ORISR - it seet)
(15) GFP Z W= T At P — G-CaMP DR & T DG A
s — (BLFRRSEET - IR G st v 2 —)
(16) 7 U7 k7 m—AOHHE
FRECR CRARRY: « WU AT v 2 —)
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(17) BENL &7 % —VDRIZX 2D ¥ I D - 0 FETRRHAE O fifbT
LERORRS, IWHSEF, FAF—RE, SRS ORISR - A miReir 7o)
(18) BHAREBICRIT 24 A v F ¥ FNRT OFHRIED 5y FE
FRIEA—RR, ARFEIL CURERREBRFERTFRT - EH R amrsest)
(19) WEBEEHEES =2 — 0 DT R X—E Y o TR
I E B, =R, FEGh BKERY: - B - AP —aRE)
(20) #E - IRERHE Y —& LT ABC Z U N7 EHDEH A T = X 4

(ZmEA]

FRSEGH, IS (B - %), ZEEES GRIER),
ef v (AR - ), )N GROEREFIRR
Be), Afk ik, BRI B8 CRORERERRELD),
REE Ak, 22RO, AREEARS, & -k, THEe
CRBRRKRBE - AEdtkae), gk ok (BIREXR), T %
— (W), HEE BEBRKEE - E), WHEE (4
dRAKEE), EREE] o - AR, fEEFDE Ol

(=]

ML, FE2RYEREORERE(OHRT, £
DBRIEFBRE MO 7 F LB, HIERNCEFOM
NUBET D Z LI L - TEREZLICKHS LR b A=
TWD, MIRASFIET DlEEs - MRk & - Tl =
WAEFIIRRY, o THRAF- TWAEEEZE
TOMREL B D, Ball, IRONRHIEIZBERO IR 5T,
F X RN T UAR—F =R EOFRREEAE L, S
DIZITHRENOZ ARG BREERE o —0E 4 L
TWAZERHLENIRY SO B, N6y
F—REITE L OTH, WER, EEOERESE L
T, MO 7 F AT NDICERT DREN &> T D,

NAFGT ' —FR DL OHEOFOMBOES
FHC®H D, ENENORFT CREMIZHRBLL T, Miamh

REHFE CGRERZERFRE « RAIFZERH

ARKBE - B2), AW Bz (RIRHRKEE - E), RKE
o (B BRRKEE - ), B B, 7T #+ CRBCK
KB2), Bk BEZE, BRH7, FHRiL WF, S fod,
WOBIR, AT ZRER, =8 B (ZERE), E &
fih, R.Sabirov, VK &k, @if 152, HL #, KRB
CERRAE), Av)lIrd=, R4S BER], Al JA%, AKRH X
F, HEE, R S FESAA)

HOWREICHEEREFZ R L TWD, 2O 451
TV, MRAGFEOEE LS 5BEERFETHY,
ABED X —7 o MZb o> TWD, 25 LIzHmAuEE -
FVEAN - BENICFET DA A e v h—& X80 B
DIfE L HREOR %2, BEICEE T OB LT > T
Do - D% FNCH - e i T OBRBEHLED T, 551
LW, AR, ABREORATIRIC L o THEET 5
DI O ESERME LTz, A4 - 7T e
—, BF - A0 —, EE - pH &P —, Redox
trY—, K- GunkrY—, K@Y —06o
DE v a TN TITOILT 20 OHBERRNH -
Too IEFE 2R, MWD RS, NS F o)
—1 MREOFERBICER RS TH T,

(1) BV ST UY#O NaCl £ 24— ATP Fv )L

[E  Z&fif', SABIROV Ravshan', #& 4,

#E %, LAPOINTE Jean-Yves, BELL Darwin

CEBREERRGERT, 2B b U AR B, 2T TN KA - )

B~ 7 I 0 (EESD T, BIRME OV BT
il - TAL) Wik D NaCl 2 2 R L C, AL & 3z
FERERIRSEE A 5 A X7 LA L CTlaA
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BN AR v A SOk, (L =2 W) Mifglc > 7
PEELT, RERECHEOREICEG T 2=
— 7 OBEERMITH D, £D NaCl & o —F<



T IMBRERF A O DICT A DI R LV E
SR BB L CRENT LT2, TOREER, ~7 77 9
B2 380pS DR —F vy RV a L Xy B A kRmd~
F T =AU T v RVOIFAEDREE S 41, NaCl I
Lo THEMHIbEND Z &, ATP 2 BB ESED LN
HoMNERoTe, £ LTHEEEICYZ 77 2 HililalE NaCl
HIZISE LT ATP 32 Z LRSSz, )i, %
BRIR L TAL 2 & BB L 72HEARIZIR W T TAL BRI T 0
NaCl BE% LR EED L, 7 757 FOEBEMNE

ATP BB EIND Z LR ENTz, BIFA Y F UL
HIRAERIC P2Y, B D ATP L 7 % —DIFE & FER L, =
DA~ 7 77 o REMNCEE ST D &, RERE
NaCl HIZISE L TA ATP L 72 —0\filigsh s 2 &
BHELNE ST, ZROLOBRNS, <2 77
Jid o> NaCl & > —1% ATP Bk~ ¥ 7 =4 F v 3
JV(ATP F v 3 )V) TH Y, AV ¥ v sfila~ns 7
NFTIEEIDPOBHBSNDATP TH D Z L3 fEim S
77

(2) T2/ Bt HY—DEE

ML, 7 BOMERIISUT, F NI EERK
EEDIMRNABZRE L, RRERICHEIGT 5, Z
ORFFREICR VT, Mila~07 2 BRithE T =¥
— T2 28OT I BV —DRERICES D, H I,
AR X e —ThY, TI VBN T AR —
& — L MR 2K E A 5o 12 [BIRERA & o /37 'E Ssyl
PR T F NV ERET H L SN TN D, H T,
MIENT X /Y —ThY, TIBITTIVT
OHLINLE % 58 % TOR (target of Rapamycin) @ ki
Ef& LTHRES TV,

Fex i, EMEEBEMRA~OMEAT 2 BOMEEZHEY
T2 FT7 U AR—Z—LATI Z[FE L, Z O &

Govin S CY VNCSVE S4B SIS S ey

HaBEFEIHD R RS BN D Z L2 5 Lz, LATL
PN & 2 MR EHNIE, TOR 7 J /L% OFF
2T 52 ens, MiaNt =2 0TS THD L
BEZbhb, £z, LATI OfEG ¥ /37 E 4F2he 13,
N Z o N AT B - MBI IRBI B S5 L T v
TN A ER S, BEMIE AT 5 & TOR #%
% & & 61T PI3 Kinase R A TEMELT 5 2 & BHIH 2T
otz HENE UY=L, OS5 TEEITHS» T
RO, Zhda A ACEREE RT I END, TR
J BRIGE I % o3 HEK293 Sl o AR R A Kl 53 oD = o
VURER R R E LCHIlANE Y — R RET D
PECRIFZE A BRAG L T B,

(3) HWHZAEF v TRPVS DI & #AaE

TRPV4 |3 swell-activated channel & L THE T3,
HEWZ A Td 5 Ca FRET ¥+ XNV TH D, T OB
HMEIZDNT, 3 2O[ENLFRET D, (1)CHO FEIC
BE T2 RBL L7 RIL, Multi-sensitive channel T,
inflation, low pH, citrate CHFFEAIZSE L 72, HEK Miffd T
B XS5 L, swell-activated 13ZFIZ/2 D, 2) /v 7
TU MU REERT DL, BEOEWERISITE TS
5, DFV, REOEEMMA EH L, Zhicix, AR, y#
HEIZRE D - Tz, [EZREWDILD CRBMITMmEI T

AR (BIREER, FEHRS 3B Y)

ot B FO% R4y, AHEKOMBEEEZE 2 D,
REWEN DFERE e G XM, BNEIRE IR ORI TH D,

(3) I T B U TR A7 1 D SO I HE B R I D AFAE
Z R4 %, TRPVAC KD Two-hybrid fi#fT 25, BEH
Ca 7u77—t& MAP 72 E03 G572, MAP | actin
EHEATH VDI, ZOEAEIEEHTH LT,

TRPV4 DE~DIEAIT L actin & DERERH D Z &b

>77,
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(4) KIEE=-2—AOVOEFE LY —ClI" Fr )L

b,

BN Cl F v X VITHIRRZRIC L - TIEME L &
T, REGRE, FRCHASIMEARIY (regulatory volume
decrease: RVD) ICHE & FIZ KT LT\ 5, kAl

B L MRERIE, BRI & DORE T O
5T, ERARARIRZEORICHBIE S TEY, o
DF v RV OAEBFN) - R REA BRI E| O BEVEAHE
SN, ARIRL HITAFERESZ M CLF Y VBT R
B =2 —r B FEETHZ L AL U TR LT,
S, KMEE=2—a B0 CREEE I 5
Ik > TEMH b s D CLERIE, ZiE CioMia TR
HEENTVWDEERBEZME Cl F v 3 WIEBT 2 %

B 2R

(FEFSRTFERT - MIRZRENTZER - BEREw BEFEMT)

AL, AhE &, SRR T T O R AR NS
b, &7 1+ —/v RRT =4 581k, ClF vy L7
> J7—NPPB, DIDS, phloretin ~D&ZME:, WA D H
—F X RN ALE T REER LT, £, 20 Cl
Fx¥ X NE=a—a BT H oML & RIS
RVD IZB5H- LCW5 Z LA LI ol IS, #f
AR OBENBE I FF L LT mbisil

EBMEORHIZ L > T, varicosity formation (dendrite O J5)
72 iR) O MBUZ - TR L S5 & ) Ff LS
Boil, TOX KT ¥ 2T X OYRET
DEFEE BRI L THEMLT 2 Z L BH LNk o 72,

(5) DAHAMLYFEUY—DRFAD=ZXL

w8 CRORER R « BRI EHTIERT » A S5y 2F)

DAL ﬁ%&xkv/%t/%—%ﬁﬁWbo
THRY, ZOMFEITOLARE - DIEK « DER & OfEER
FHEE L2679, ALy F Ry —D—(C
electrical feedback 3% ¥, LAHAIIUIZIRS I3 03025 & T
SRR S, BEED B LT T MR I OWHIE >
HIRET D, DI B RIEE T ) U ATy
FIDOIEHEL DSy (Ixg T v RN) BA R Ly T -
RN T > M X D IEME L SN D Z &R BT
DM, TORFAD=ALNIAATH D, RiEH~ 1T
minK \ZFEA T 25 # 2237 & L T-cap(telethonin) % [Fl &
L7z, T-cap i, Z#FFEAZ /37 titin, MLP &ifEE

mechano-

T 5, Tebb, 5T HEAM minK-T-cap-titn / MLP (% T
B & Z % 72 < molecular linker & L CMHI%, T-cap,
titin, MLP H&{5FDERITRRMELAHIEDIRR & 725,
KvLQT1-minK \Z1E H /b & 7 AFEAEALIIAFAE L7208,
T-cap NLHERA T LT AfES X 2737 (CaBP) 12
EAETHZ BB L, BLE2 S, minK-T-cap-titn /
MLP £ £ O minK-T-cap-CaBP (X Iy, % R/VD A KL v
F ANV LY —DENREHEE DN,
mechano-electrilal feedback D/%y1-Hk & L CHERET 5 7]
REMEDSRIE S 41D,

(6) MENKMAEIZE T HHEMZTE & MR

RE {512

SRR

1 L E PN MG C ORI X DMl Ca®t B R
Sy THERES Ca™" OZERBIEIZIZ L A CHLNICS R
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B AT,

b A3, R RES, BImEr Eem
(‘%ﬁ%k%k%rﬁei“%ﬁnﬂ 2CREST, JST
R AR MR Say s N, IST)

TWa, 2 THAIE, b MESHFIREROREENE
Mo Lt~ v v s R (T4 T ax s FV)



HEa—NLIEAFAE -2 HEEIET, £OE—X%
BB 5 2 LI L 0 M RATRRSEOR A 5 2, Bl
FENTAEL D Ca® BIEOZEMBEEL Ca® fRR¥ETh D
Fluo - 3 D86 % FIW TRRNT L7z, e m v— —BE S
EROWTI YA —Z— D@ o T Ca® #hiEa
ET DI ENTER, Ca’ WEEE, KPR R
%I, FTE—XOEE LTI EEE, LM
fa3 R L CO D AIIEHE C ER L, oREn CHilfar
REBTEFT D2 EBbhrotz, Z0 Ca® BEILSA F
¥ FNVOMERITHLH KU = ML o CTHES N,

(7) Cell acidosis I21&

£, E—XOESmEMREROM L EET LA ML
AT FAN=DBEESH, ZOTI7F U E#REASED
&, MO 5 Cat BIE R AN Sz, 2K
FHARLEEG R 2 VT, MEmRTOANT T LEIE
EEELLBELIZE ZA, C¥F LRITIER OHEEBTEE
MBAEL DI EBRDoTe, DEOREENS, Mg
W7 7 F Ui R LTI O#EE BB Y, £
T D Ca?t BmEIED SA F ¥ FAEEMALL T,
A7 Ca¥ BB &5 X iz Lzt Bbh b,

[ZHITHEBLMKEETO PO Fr RILDIGEHR
B DX, B —2, g2, WA, JIRIET S

CRBR i SER 2R PR R A FE Rt

BN AFNE HY F v 2uid, FEFICE N HY SN %
Rl U, BN % & cell acidosis # il IZfigbrd 5, 7
¥ R AEMEITIE AR O HY IR EE O (LICEG LT A S)
L, EARMICIIH BEZEE ¥ v 2035 K5I < 23,
[RIRFIZ FEAL DR 2 30 < 521T 5 AR T, pH 280
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HoTW5, LEEXRIRELY ORFICLHEEnTE
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E AT IER 0 FARRDRE TRGEE ), WS RO SE =
FERFRABEE AW TER oy FE0E), o Rt CRufR s
SEER KRR FBEE A TR B REFI ), BT IE
CRUBRIRF SEE R R 2R [ R FER L ERAR R 772 ,

EHIRARE GO SRR R SR AR R 2 TR A R RE
), IR W5 (R N7 P R i SRR B,
AR F RSP R RERFHE), SABIROV
Ravshan (ZEBESARFIERTEERERSBAERMT), AN (4B
FHTIERTHERE RS, B — (EERAATIERTHEGE

BIERRT), WHMR (ER-AFZEITHERE I B )

B L OGS T OBLE) D2 QARG - SEBRIEM: &
HT5WENERESNSOH 5, BlziE, BEDREA
THEEND KNGS, TOREBA Y T7ITRTHD
TELHALNIENTE TS, AV TITRUN LR
Bk, FRC BRI BT A RI % 308 KOs %
W52 &2k, EERF MY U AT v RAHBLZH
HLTWD] EWHA YT TRDET HBEHFEDY
FAA=ALEHLNERDDOH DL, ZNHLDZ L%
ME 2, AR EEREE A R LT D B
OWERER LW, 7 7R 2L 00 &3 2 4AEMEEYE
DREETEVE DT /3 B DB —HRIC IV THERE L TV DT
RN EAT 720 T2,

(1) BADILET

PRI U SLE R R R A 2ER 0 A(E)

N AACETFIHEDBRFEZ BT > T, LRI OFE

EEEAESELZEEAEEEL LERYMAITIEETH D,

FENAEFIEETICELIFHRFEIL, ZRTHETH
HZENRZN, LER-TEORRICE, #%O TR
FEaALERXR—Ta Y TCIEHT2ZENEHNTHD L
Exohbd, I2& 2L, PATHIRPED LN TWS
TIRIARRIT A R, EFRNENRE DL
EMIEWE T2, MAGDOETHWDS Z ENAEYT
HAHILETRMENTVD, Thbb, [FUMEOIHNA
ZERERIICIIRAC L S I+ 27 IR /A w7

/A RTH-TH, ZNOOIERBEITFZMIT L THD &,
Fx D7 FR A ROBERSREZ SR L, A ICHE
o THI & Z &4 5 55 5% O Iag % o 7T 2 Jii
L7720, WEHmELEE-> T A Lo Y v 77 —if
DOHWBEZEMT 5 Z &2 ENki e LTRABEND —F
T, AuT /A R, DAMERE T ORI RE S
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MERTEDLOTEHRVDEMHINTVWDIOTH S,
BE, EO7IRIA ReuT /A Rellirbdbitd
DN, Flz, EOLD RELEHETHEI OBRRVDI%E
BIR - REL TNV ZEICEREBW TN EA TY

Do
PLED X9 223 AT BEO 5B I AR O BLR
ERRAL, SBOEZIZONTHRH LI,

(2) BREAZERWEEOS FRHTIHICET 2 ERMTE

AT LR SZERN RS « REFEBEEAIIER - 20 FAEROE T ES)

B K72 BB DN D, BRFEONRFIZE D REY 2
IWRRELERFIND Z LIk monTnd, —FT
X TAEWFORMREAIC LY, B MBI R
K201 LV Th7R D O ETHL M SN TE
Tro TOFER, IZLALDE FREEICBWT, RKEMIC
EEIHIEE T TH D RB IR TR FILH /37 LALT
KIETDHZ LM OLNITR > TE FAEITE Z T, fix
DFREFEINHNAE < B SLES Z ORI & 1EMEA LS5 2 &
WLV REE THT D REELZ A RE 21T TE T,
ZORER, BUMHEO R EY Th 2R, EHER LI
BENDEX I D3, BRICEENDI T TR/ A R,

%< DRI N Z ORFEETEL S D Z L2 RN
LI=DT, ZO—EHERN LI, TOX D ReRIROR
HEDRN & 72 B3 T a2 1E & LTk RLEX [T
BRIP4 fT, ZOEEEEZFEL WD, 20
FEERAWD Z 2k, BEMETRWERO TR
DTHEHTH DN TRL, BIITEEHEICREES
PED B AR 2 FRERA) TBAEICE 2 B < ME— D F B
Tbdh b, WEHZHENIZHEREI N T TWHBIEICE
W, bEEHINDIARNEFRDGTFO DO THLLH
ZTW5,

(3) MBEREFICIYECSNST Y FOFEREREICHNTS21V IR/ A FOREER

[B89]A Y 7 FR A RICHEBCIER, SRS,
PUBMME ML/EH } Y scopolamine (2 L VR SN 5 FET
BEEICRT 2 UEER R ERRE STV, £ 2T,
BARA Y T TR A RORIMEER R T T M3 55
BB E OSCEE 2 BE L7z,

[#E R OELR] BRA Y 7 TR/ A 1 (280-840 mg/ke.
po) iE, 7 v FD2VOIZ KV FHFE S D )\ T PRSI
HREEDOIEERLET T — L 2REET T —BofEinz H&
IRAFRIIZ D & B 72, Morris ZKIKEEFRBRTIX 2VO 12 L Y
EEN2 T v b D escape latency DILF: & FH EARIFHIIZ L
FL, 7r—TRITICBWC, 7Ty MR ARRICH
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Bl A (BATRIER AR AR AR JE )

ET DR 2 A BICER Li-, 2VO LE37 B, 7 v b
DRMFEE & 5 CA3 TOMPSMIEOEMERED b,
PR AT %3 2 PRFEE A 2388 B 7z, RIZ, 400-1200
mg/kg.po. TIE~ U A D WA FE R A 1. - ik #-BR 3
DT EIChy, FHLUIEREEE A RIKANICSEL, M
KRk DO NOSTEMED TR & NO & BEOMNE A EIZLE L
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L EORERL Y, BRA Y 7 IR A NIINIERREE
WEVEIENAESICH L THLAEDTH Y, M
PR OIBFEH L L C ORI RIE STz,



4) &S

AR TR R S N7 oY e E O sy HE D
ORI 2 FTRE & 97 25 72 9D T Fl & O WRISARHEER) D BRER AT
ZTPTONTETWD, FxldA O AR S s
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VAY MK TR L OWARE B ORIIZRT LT
T TRRIAEEE ] 2 5 Z L 2 RV Z L7z, AH|
FAKICARE BRI OFIRIESGE O BRIV S
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DIEFE B KIE TR RICOWTHFREEZIT->TE T
%, 7w MEE~O Labrasol OF 50 %25 5 3 L K5y
FNY ORIRER R MR T2 Z & 225, Labrasol

DHILERBEBIEDIRE & £ DHE

EHEE GUESER R A3 Eh e 2=E)
PR ZRR (bR F)
OERIT—BMETH L LEX LD, Fiz, WIUEER)
1% Labrasol O 5-#(ZIEHHIET, Labrasol & K451
AU ORGP T DR F Y CREITRSE
L7z, 7 v MERBIZET DKEMEME OWIPIZIB N T,
5%&?@Immwrvi%@%L@%%mbﬁmot:
LMD, 2%% 2 % Labrasol R & #EkF T & 2BREIICEH
W, ZOREGIEBMEDOIENREZRIETE D BT,
F 72 in vitro fRFE IR EER L Y Labrasol (X% A h¥x 7 &
a U OEM 2R S TR E IR 2 B IR S &
7oo LLEDORER, I'AN LMK E HEER %R &
L, IBBUKEBICOE T 2 KEMEYHE & M A
REEN L THEIIEER ST D Z AR INT,

(5) MR 7/ —ILOEEZERICHT 2R & TOBEEEEE

RIZEEND DT R HL, BILEENDA YT TR
VR ERITIUHE L, AR 7 o ) — VOB
REAEH ST %, Bifiia 4 Ay 7z in vitro EBRIC K
DVRILBHEDORY 7 =/ — )V OABIEHEORES & b7z
RN ME SN TODEN, YR 7= ) — Ik
B b7 v AR—F—%, BEL THYHETIZER
Do TR, 2 THa X, [invitro BB CHIE X
NI kR % e lEPEOBREFE, KU 7 =/ — L OMIfaEE~D
B0 iAREE B DK L CTWVDOTIHRVD] & D
W@ ESLC, TR AT 5 7% Lz, 372b
B, ETNVAEMREEL L CTHEORERY R Y —LE iRkl

(6) Caco-2 MIlBZRW=735/R/ A FEA VTSR A4 FDBE

ERERT,

YRR THD T TR A RiE, fExORKFT
PicFG54 2 2 ERMIIRRENTWD, — 5T, Kk

HARFER, FRM - (EERFE

Bl (RIS kR AR )

L, RV 7=/ —&—ERMHA v Fa— kL7,
BiE L, VARY — ARV IAENT R EEHFHAR
7oo TORER, OHYIALE, OIFE _EEH COFE
A, QOIEOMMEICEZ DB ED, YZOR) 7=
J =V OACFHEE & HRICBMR LTV D 2 E 3 BT
Moty BRCEI TR UBEICEAL T, TaArikoff
ENEE —EE~OHMEOEKICHFES L, 20 in
vitro SR TOEBRFERICKE S B LTND Z L3 5
27807z, FNLA OGRS, IBE _ERH cofr
&, DT xRN ORY Tz ) — L ORISR B 4
WZOWNWT HIRR7Z0,

R YR AT EE B

RESHIP S ER R R 7

HEDOTRNT TR 7 A RIEEEEFET D EERES T
HELEH525Z LY invitro THEINTEY, EERKNT
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B A Z T EICRERE LTHET 2 2 L 3EF
DI TH L NI/ > T D, RIFRETIE, 778/ A
R @ bioavailability 2B H 295 —8 & LT, HLEIC
BT AWINAHERET D0 MFEMRET v
ELTHAEN TV A Caco-2 Z VTR FOEE 27
TFRIARTHDLZINET L (TTR ) —NTITFHK )
AR) EF=ZATAY (A TTRIAR) ORILH
TR L7,

7Nk F % Caco-2 @ apical iliIZ5 %% &, basal {l
BN D EERHWIL I L7 v LB D WVITHRA A

(7) Helicobacter pylori VacA &%=

FIFEE (RRR

Helicobacter pylori D FEA=7 2 ZEfafbEKSLH R (VacA)
IARAUHIR O MR E NI ZE R 2 TR L, JEM S B D, Fx
1% VacA OIE E~OWIUER 2 BRI 2720, B Hkik
{LHRIRAN D VacA AR & SR UL EIEIC CIRE - R L,
ZREBOF o R AT 7 4 —F RPTP)b THDH Z
LEHE L (1), MxT, RPTP b KO~ AT
IER~ 7 AZH B D VacA OROFLIZ LD H%,
a@rﬁﬁ 2NN LR EEIR LT, VacA D B KM
BEEIZIL RPTP b ONEEZH LML 2), Mx T
VacA@Ffé"Jf\HﬂH@ ZHE L CERD B ALT- VacA FE AR H
pl40 78 RPTP a THLHZ LZMHLMNILIE(3), 2D
RPTP a |32 EX X ACHHL TNDHZ LD, RPTP a
BT KO = U A THD LT VacA O B R~
FEA L Z O RPTP a 23MHLVY, 2D~ 7 ZTD VacA DOffifa
IR A & ERERICEE D > T D b D EHEE L T 5,

(8) Nyanysg—-

ANY TS B
ek, BEEK - BB S SITXHEOREICELS B
D, 2T, cagA BIETFEEIED B R U EILRWZEMENE
&
®

vr V@ (ErUE) oFNRRUE

REeBEEL, HBELEOMENHR O TND
RFEMTH D CagA Z 8 2781%, vo ) HEEAN

o cagA
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BHI (bimE R

9%@%%»%%%#ménto*ﬁf,ﬁ
= AT A R ZT54A, basal HIZIZRRFHOT 7Y a
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PR (T 7Y ay) ELTIFEELSTWE PRE,

TThY,

BHROESHEESHRBIZE TS lipd raft DEEM

7RISR T I R R REARATT 20 )

VacA DZERIFE R IEHE « OMILNTEEIC b 5 EA
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SHP-2 DRAT 7 4 —BIEMZFE LT L, ZDRER,
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FERR 8 BK) AUV, CagA DL L H kLSS & D BIR
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PEEERRE & 58 K IE, miiEE ST 2HEETH D,
Rovatirrsn—=o 7L Z0RKELRTFE LT
[ 7E & 7= WNKI1,WNK4 | MEKK kinase & FH[A2E D&
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a7z, Figh : ZRAE WNKS IR 2 05 4 R
PR SE D, 21T PHAILIZE T 5 & MEZSE & &
K MAEDGF A=A LTHDEEZ LN, TDE

1%, claudin & DFEGERV VEMLORE LT 52 L
75, claudin 728 WNK4 ORI+ & E 2 bz,

(11) PREG¥AE D 2 FHEAE & HlH

wEE , RWEME, HREE, Mum H,

b R EF R DT OEFE T Y AR O R
B CTH 2L YU I —F (uricase) & RI LTV D2, fod
BFE & 1322 0 JRIED 7Y R ORAREBIED & 72
Do o THMHREREIIE < RN TEY, RPICLE

DKEEEENED JRIZ DS P S 41 2 Rp IR BE G A DK &
%, BTO ﬁ"“ﬁ%ﬂlﬂﬁ?ﬁu;u‘: s IRPPRBRPEE DS

WK 2 5A B RIRIAE & 72 0, Fﬂ%%ﬁﬁ#%%
%%@)x7777&~

BT O SRERERLHERE & LTI, 4 ERIGH GRERME
W, TG TOFWRIL, SERRAIE TON, 5y
WEOBRIL) NEBINTND, FEEDLIE, ZoF=
R W R D TR AR T O IS rr¢512

12705 Z EITRAMOEFETH D,

SHAF T (R EE AR A B 5

OB L, 2
O URATIL [ZRAR & A OMERERE A 2 & 0 A8tk
WTHY, MHRBEEZGIEL, ZOEEIZL SRR
R IR M M RIR B MAE D JRR & 72 5, URATI
W, HEE PKA U VEBEEMLAMFIE L, Akinase 12 X
%Y UEBGITREBEEAIRT S ¥ 5, ), C R
PDZ R AA UPFIEL, PDZKI &fEAT 5, URATI &
PDZK1 OHLFEHIZL Y, REEEIZIIERKT 5, URATI
1% benzbromarone, probenecid, losartan %5 ¢ R e HEAE 1 348
DIFERZ T ThHLIELH LM ENT, REBOWT
W DRI D &0 35722 0 TP IR SN TRRE T H
o

transporter 1) % in silico cloning (Z

(12) MMV ZEERZHE . FOO R UBIEBEROE ML & ENaCEInFRIR

Bl E @O REE N7 v AR — % —, URATI (urate
BrEsE,
THETH4 L, BEARME LR OET L Th

5A6ﬁ@%mw1ﬁ§@EMﬁﬂ%%)7Aﬁ%ﬂ%
THE T 2 BRI OV CIlE L TE 7z, LavL, ffa
DA RS MR B L LA Rk L, MlamicE o L)
YT FNEARELTH b Y U AR AT D N

ONWTIRIZFE A LML TWARY, FZTHalt, KE
BEMMOMBANY 7 LT, MEitkasREs
RVD) Z LT T ERMmbINTWD ey v
Z A FRE (Cl'e) I2ER LT ERIT-> T iz, TORE
B, RVD 20 L Ol LZ[Cllc iXFa v il ) gk
BERAIEML L CEEOBY Vb A2 L, ENaC &
GBFRAEZHEKTDHZEICE DT B Y 7 LRI 2 i

234

BRI, L R GRS E R R R AR B S SR B RE I 572)

LTS Zedmanic, EbIT, ZORSBERHIZ
&% ENaC B FHIZN LT b 7 ARRIETE
1%, Na'/K'/2CI" cotransporter % AZRIZIEMEAL L CHia
WZrJA RREZBRTHZEL RVD #7274 R
Fx 7wy A—THETDZ LI2 L0 BHFEI S
Mic, Loz & X0, RBERBEIA =X LD 1
DELTHIANZ 0T A4 ROBEEMER 7 @ —XT v /&
nNadEEBE2TBY, MilaNy 7 FreE L TEERT Y
YU UVBRE AT D Fu Y R EEER ORI
REBEA~OBFEISHIEN 7 v 7 A RO RT3 W7 721k
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(13) BR#EE I STUHHMBAD ATP FrvRJLE NaCl RIS FF 1Y o5

[6FHZ&f, Ravshan Z. Sabirov, #k

BIRME ~ 27 T 7 o GEEHE) ML, RMEPER
@ NaCl BEZKI LT, F0OL 7% KR A
BRI IS L = U W R ET D, v R L
DARERIKZ EHBEL 7o~ 7 7T oy 57 7 07k
ZEMAL, 380pS EWHERRHE—FyRrLar g4
VADT =X Fx AN ERM L., ZOY¥ T =
UF X RMIT = A VR ATP BB ST H L, B
HIREAR D NaCl JREEHIC X > TART v 1/UTEMED I <
nNDHZENMABNE o, RMENK NaCl G
LT, FE~7 77 Ml S MBERD 5 ATP 23K

AKIE, A/E %, Janos Peti-Peterdi, Jean-Yves Lapointe, P. Darwin Bell

(2R FERTHERE 1 B &R )

HEh, Zo ATP BEET 5 A ¥ Aflilao P2
BRI B LN, N A —ATP hkihik
R Fura2 1572 BIC L > TH LI 2 5 72,2 L —H—
HEIZE D 3WRTA A=V TRIC L - T, RIETERIR
O NaClIREMZ - T, w7 77 iRk &,
ZIUCFEM LGB RO NGE S BIER Shi-o T, <
7 I7F YD ATP MM E~F 2T =4 F v R DIE
PEAGIZIE, <7 7 O MBZIE A B G- L T\ B ATRE M
DR ST,

(14) Modulation of cAMP-regulated ciliary beat frequency by cell volume in rat bronchiolar ciliary cells

during stimulation with an ,-adrenergic agonist

Takashi Nakahari (Department of Physiology, Osaka Medical College)

Ciliary beat frequency (CBF) of single rat bronchiolar
ciliary cells were measured using video-optical microscopy.
The rats were anesthetized by intraperitoneal injection of
pentobarbital sodium (60 - 70 mg/kg). Lungs were removed
from animals, and then were treated with elastase at 37°C for
40 min and single bronchiolar ciliary cells were obtained.
Terbutaline (a specifically selective B,-adrenergic agonist)
increased CBF in a dose-dependent manner, and it also
decreased volume of the bronchiolar ciliary cells. These
terbutaline actions were inhibited by H-89 (10uM) and
mimicked by forskolin (10uM) , DBcAMP (500uM) or
IBMX (ImM). Studies of ion channel blockers demonstrated
that quinidine (500uM) induces cell swelling and amiloride
(1uM) and bumetanide (20uM) induces cell shrinkage.
Although cell volime changes did not affect CBF in
unstumlated ciliary cells, cell swelling inhibited the CBF

increase and cell shrinkage potentiated the CBF increase in

terbutaline-stimulated cells. The cell shrinkage shifted the
terbutaline dose-response curve to the lower-concentration
side. Moreover, cell swelling, which was induced by KCI
solution containing amiloride (1uM) and strophanthidine
(100uM), inhibited the CBF increase during terbutaline
stimulation, however, the subsequent removal of either
amiloride or bumetanide, which induced cell shrinkage,
increased CBF gradually. Thus, the terbutaline-stimulated
CBF increased with decreasing cell volume. These
observations suggest that the cell shrinkage increases
terbutaline-stimulated CBF, in contrast, the cell swelling
decreases it. In conclusion, in rat bronchiolar ciliary cells,
terbutaline increases CBF and also decreases cell volume
mediated via cAMP accumulation. The cell shrinkage

potentiates the CBF increase by increasing the cAMP

sensitivity.
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(1)

(2)

(3)

(4)

(5)

6. ATP - 77/ L U2 BRAKHEEER DR

2003 48 71 28 H—8 1 29 H
RFE - WEEA I S (LIRS R dn i AR A FET)
BITNEIG A FEAS R (P )

HFHNRRAGERICBT 5 ATP - 75/ ¥ U SR E O EAEA
HEE B!, Gulianguo®, J7 G, R @IS, AEA se— EHAF A
(UM RFR B O AR, 27 v U FREMHFTERT, B R R A B )
WEB HESIE O BEMERIENCB T 5 ATP B LT T VU ZRIEDA v 2 —F LA
JUAS R, AR R (R - SREREE L, PR K - bR
U U UHEEIC K D ATP 2y fflEsE o7& AL
TARE o, fopk R, N TR, AR M (BEER - E - KB, RRERY)
P2Y2 5451 & TRPV1 OFSREERIIC K 2 BMR Tl ik
Bk EEE ORI R, RE BT, MR &AL R B
FHL ekt !, R %% Sk E Y BFok—2
(ZEK - & - i, 2REEK - 2, CENE - A, TURBE - 38)
P2Y2ZFFARRICc L BERENL2 T T 4 =7
MR KA, R B2 R A, W R, BRI E BEFR, HE RS
(CESZRHF - AL, CENCRERF - SR, CTUKREE - 3K - 4 1-iilE)

(6) B "R TF /A FTERINT Ca¥ wave 1T #AS ATP BTN P2Y2 SZRIKZ A L TR R

(7)

(8)

(9)

(10)

(11

(12)
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WZAn#EE N
BET T, R B R R0 Y, R E-EAR O HE E
CESZAERT - AL, P3RBE, SIUNKREE - B - 38 - 7, “EER ) —F k2 )
~ U AN P2X S AR O R E M b BT
GO, B OB BRE OB, RA W I #2, e ERS
(BEISRABE, ZBRAF - Bt 2 & — - AABEL, PRUKEE - AR mEE)
B LTI 5 ATP IR & P2X IARFBL
BB R, LENET-?, @ gek
(R ER R AR —, "HRFRFEGE - BT RRIER - AR LS E)
MNTB == —r 21T 5 ATPyS I K 5 BHB LU T 7 A& BIRICKT 5 5272 il
$REF% — 2 Richard J. Evans®, Ian D. Forsythe?
(MEBENK « E - 3, ? Dept. of Cell Physiology & Pharmacology, Univ. of Leicester)
ATP 35 L OV ATP v S 12 & 5 monocyte chemoattractant protein-1 (MCP-1) FEAFREI BT 5
B Fr 554 5% 2 N T2 A
Al 5, gk SRR, M OMESC, bR NE GRURPE - 3K - AEIRBEREARAT )
B 7 v MIBEBENMIRIAZ O ATP 12 XL 2N Ca BEANSS DM &
BET 2%/ EY 7 2 A4 TORE
KH RIS, AFH B, B BEEE, o8 G, O RS bR - BT - BE - 3K50)
P2 AR E AT D NEHAERE 5 AR AV E
By FET, Wi 1 WEEX - FH248)



(13) ATP JHt aTARAEIC X 5 B A AR AT

HE BENKR, BKE AL, W TR, B B (RN - RO, 24K - E)
(P1) 2E%F CRUKERESE (UCH L1) 12K 5 ATP 24K DFEAE I
BT 4R, BiF BET Y, B AfET Y, Fom EWC, BPE A%

(P 2) P2Y =& EA LI g im e e A

LA SR 1

(JUKBE - 38, PENCRS - ot - BT

ZREIT, EM P, MM R, P R
[l [ % N N

EA B, B RE

(RN LeFok - 3K - SR, 2650, *BIREK - 8 —4H)
(P 3) PC12 #ifmo> ATP FEAREICRIET T T =LfEs 7 T —B D P-HA HEH| D

(ERIRYE A B LA sEE)

(P4) RRYRZREZNTEZI 20l N TOrTdXT 24077 B HHE
M #, R e R RS (ESCAE - SEE, AR, UK - B - S D
(P5) 372U 7B r0] =aF o7t Firal) o ZRRFREBLE TLRS 38 LU P2X, S AR &
AR B, R BRI, RakR LB %, JESE HRKEZ, F Fam', fhm st

(P 6) P2X; S AMRTEMEAIC &L 2 MR SERR A% D fiAT

(RK - EWEAR A ST, iR - A phEEED)

AR e, JFH ¥, fi+8 %, @Ak B GRS - 38
(P 7) BT 7 AR P2X B WIEMEIIC X 5 & RIE EPSC O ¥4

(HRHESER KT - RAEEREITE v & — « SRR EIFFEES - SR AR B2

BE R, N Rk
=)

(P8) YT AFIT T /v ZBRIT K D IMHE > T 7 A m i ) rT v o (&

K T, R SR, IR Rk

(REEER e/

(P9) vy NEBRICBIT AT T2 X7 LAF FREE 2B XIET o

Yok B, Rabd Zh®, ORAS Hl2

(FRRERX - & - T RERRL, 25

(P10) 7A ha¥A MDD EFREH ATP IZ X AN 7 L ai#

N,

B EMES, OET RS, R s

(AR - 'SEBE, SRS, RIS, YUK - B - 5 7-HlE)

(ZmE4]

b Fags (ESZebr - e, K| F% dex -
B « BRIE - HEP), S5k OAHH (EKE - fif#H]), AF #l
F, ki B, B REK, fREF R (REBEX - E - 5K
), ok W (RIREXR - 1E - REY), RS BRI (@
ER - [« MPRERERR), AT B Lz PR - SRS
—), BEEE YR, AR Bl (RRGES), &l B (BS
Ko« AR, A R GRREEXR - P, gk ok,
AR, BCE S, mm se, i 5A . (REEK -
PRRERL - phiE AR, A AT CGRORHREERD), /MR
E—, BT My, 2l W (ENCRRE - REA ),
e B —, PR HR, KR oK, BB EEF (Es
frRE « SEEL/ L), AR RO RhERE), B 1T

—BB (CREST), BF% RN, {TAF 5 CRmsgedn - AI3E
=), P HitE GEENSS, LB i (RRE
B R, AR R, R % GRERSIK - 38), b
F OENK (BHEE - M5, %l 3% (4K,

ZHRy 1 (R, NI R, el -, BE B
s (Z7A4Y—), Bk HE (ZHK - E - ok
), [N B, B ER (BRRIEX - H—43), B
ky FET (WEEKX - H2LE), M ORST, Rl &t
CrUfoR - 36 - ZEIRBEREMRAT), Il 40 (BEVEER - 552
A, R B (BT - W), #E wE (=2
#ZUx VT y—~), BE ME, BF B, s 8%
L RE) LK - 38 - 3688), vl 2%, F R, &
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AN, I B UK - R - SEEhRAT), P i
B, Hl 3 QU R SRR S B, B AFIE,
g o LK - Fe - 385, KA f &K - = -

(1) BEHNERGERICETHATP- 7T/ Y

i BB, Gu Jianguo®,

KL, A HE GEEND, IR g, IWFE ¥+, 0
Wiz, A g (BT

ZREDOHEEER

g J0ES, EH EESES, fEA G EHA R

(CTUMRZFREBER G B E, 27 v U ZRCERRFTERT, e ERR R A B )

KA F T DRI T — vk ORI 2 L CH R
BAD K=o —u AN SN, BTN ETEE
BCEMPHRIBREIN D, FH%RA L~V TiIkx 22
PRI K > TR R O IE AMEfi S 5
LT TWD D, B, FHIN O ATP P2X A K
BLOT T v U BRPEREREAEMT D 2 & A3
Bk iRoTE, T7bb, ATP P2X ZAKIEEZKD
BRENE G & > TITENFRIR R i S b
ZER, TT VUL o THIICEIR RN B LN D Z
ERHE SN, A, ATPBEOT T ) ¥ o Z R ED
FHEZAPERBTFOFEEEZA 2N T 2720, FhHEA
T A AMERE ANCHERSAMRNS Sy F 27 7 75
AT T, BB AMITIRNN D 74 I RS
PEATIZZTTCVDEDT, ATPBLOT T/ VU ZRER
DTN I VERVEEIERLE M Y ) 7 AR R IE T EA
EREI Lz, HEMEO IV Z I CEREEEEEN )
A%EHRICE LT ATP(100uM) Z#Ef#EL5+5 L, =0
FABFE IR OBHIICB VTR L T, ZD%IZE]
e T HES R BRSS9 2 & v ) ko b E

AL, R#BEEMOPX ZTAKEBHETH S
o,p-methylene ATP (100uM) |12 & > T, f/hBfgEs F 7
A EIMOF ML TEINER L2 &2, ATP #2
HAZ & o THE SN RAI ORI FIL ATP P2X 25
KD F 7 AR E T 2 7V & I RO R
ERTHD ZENHALNE RS, —F, 7T/
(100uM) B D\ T T/ ¥ v ALZREIETNEE CPA (1uM)
WX - T, MU S )7 AR B O R AR T
W Lol &b, ATP 512X o T S kikiD
PHIRIIRH SN T T/ v BT T ARG
By 577 vy AZRFEIERL, Z7VvE I U BBOilE
HEAIHIT 2 Z LICERLTWD EEZ SN E-T
FHIIZ BV TS ATPIZEHENIZ > T 7 A RTO P2X
SERRIHMERT 20 Chl, 77/ yvicfkianT
VT ARID AV ERIER L, P2X R & W DR
Lo Lz, UEORERELY, FHEREERICKT
5 ATP OIERITRIEH R ER AT T DL M B e K
ETbo LRI,

(2) EE#HAEMBOBEREIHICEITAATP BLUVT T/ S USREDA VA —T LA

JIES 2!, g I (REE K - SRR, PRRIER - AR AP

MlpsM ot sz A v v Py — D TN RNZE
REEHLSE D DR BT, FRRAERERICI > TH
fash TR 22T 1%, T OREED R E ST DR
R RIRETEL S E D, L) RIE, BIEE TIZ ATP-
TT ) VURIZBWTOA LML TE LT, Ziuk
fOFZTIER LN WHIass ATP Ik 53 7)Y v
Da=—7 2R TH D L F 2 Hivd (Kato & Shigetomi,
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J. Physiol. 530:469-, 2001),

WHITEE ATP /K, 77/ VUK LN
ATP BT T ) ¥ v ~O RIS E T R O B E 7o R B
ERLTCWDT2W, 0L ) 2Hl#EROABER R
5 ECTHELIEMEE CTHD, LavL, BUEETON
RO O NS B HEBEE AR 2 FW 2 2 2B OTE
PEAICBIT 2RI 5 1ESH ATP L LT T/ v v



ZREA~OPRELRIRLIZBDOTHY, ZD X 57 ATP-
TT I DA =T A BRAT I =2 —a
BLOZ YU 7l ORESE S HEFF S LTV D AR T
A A% L<IT in vivo EAZHWTHET 2 2 L3
Thd, FE, MHEIZBWT, ATP ST T/ r~D
ARSI R RII I 5 7 ) 7 IR BL L TR Y,
£7o, BHEETICHESNTWDHE AT A A TO ATP
DORITIFEAERT T )V UZREENLIZHDOTH
N

DX ATP-TT )V RDA U E—T LA DE
KEMAT D720, ST v MNEETERET A Z A 2R
CA3 SRR &, BN LOmSItED -7 2 AT
BNy F T o FECLERGEEL, ATP B LOTY
VERRARER R OE M & g L7z, ATP 13 IPSC DME
&, 232 EPSC OBHE AR S¥-, Zm2 o

DMK 2 VEAIL, ik S A7 sEAHIIE 22 B 4245 C[RIRE
(CBIR ST, FEHEARIRRIZ & > T, IPSC DAHEEHN
1% 2meSATP T < IG5k S 41 PPADS THEWr S 415 P2X
SRR %E, F72, EPSC OB/ 1T DPCPX Tl S 4L
DTT vy Ay ZBFEEROIEEALEN LT D Z LR
Y W

DL EOfERIE, flust ATP 28 (1) P2X ZREOEMAL
N UTZMEREASI OB, BEW, Q) TT /¥ r~D
MKBRERTDOLEDOT T ) > AZREOEE I E
M LI BAEPE N ST DPD & 520D Fip % 30 B % [R)H
WBlERZ LG Lard, BB NZ LI, Zhb
OBHFIFOTI G HERHI O BEMEZ (KT S5, ATP
IX12DFFTHV NG, ATP ZRELT T ) V3%
REEZENENEBIIEHEILL, WXy hT—27 0
BUEEPE A W BRICHIE LSS L B2 b b,

(3) UV UREIZL B ATP N REERODEMIL

FARE By, Vo EEX, NI ORER, AR M (REER - = - HKELORREEY)

#ifust > ATP REHZBE 5 ecto-nucleotidase 1%, P25
KEORITRIER 8445 S & 5720 T2 <, MR
BIDRHERT T ) EEE VIO L, TT VY U%
BEENT DEA~DOIEREBUCHEBE R ER LR LT
W5, i, RIEREIMIFHEIZVI T ecto-nucleotidase
TEYED B Z R TR |G STV D, £z, MR
RN B S B S D ATP R ADP D43 73 &
N5 EERMAREDREIC/R S Z L bHALNIINT
Wh, AL, ED XD BT ATP Ui ORREL
ERAET 2T BTV, Fox i, T v b
ik Langendorff #EAN|Z 38U C, ML U 72 Do i D FRET
21T ecto-nucleotidase 2335 = & & RV L7, &
T Y CFERENREITEL, KEDOY VY
JREREDIREAT 4 =—F —REAIND, £ T,
AMFFETIE ecto-nucleotidase THMEIZIS ZIZT VY V' U U5
BOEREZRF Lz, e MUENEMRG L OEL
Ey NHEELAMIEIZIS T D ATP S, Y YRR
T 7 F a3l (LPC) I LV EERFRIHR LT,
Z O LPC 2L D ATP SyfiEtE O T, FUmiE R &

L CHIMRISE I 4 TUE S8 5 LPC OEH L v IKRE T
ROLNTZ, £, ATP ONMRIEEIZL, AMP D4y
fIRIEME~D BT/ N & Do 72, LPC D ATP 43 fifd i ik
YERIX ecto-nucleotide triphophate diphophohydrolase
1 (E-NTPDase 1, ecto-apyrase) % &3 X 7= HEK293#fa
THHEB SN, T O ZE TR O RE IR F 72
Hffix D LPC OEMZME LIeRER, 70 /A4 1
(C10) TIIERN < I U AF U (C14) L W REHDNF
Witk % 5> Z & 2% E-NTPDase 1D7EMALICKNETH > 72,
T, MOV URETIXY YRR T 7 FULET Y, Y
VIHRART 7 FIONA IV N VITIIERDRD LA,
UVHRRAT 7 F UM, AT 4T -1- UERITES)
Tholz, IHIT, LPC Z P L7 MifE CIXBERTIG D
B R zbEBE L, LPC Z ¥ L 7% CIlEMiE o
ecto-NTPDase liEMEIME T LT iz, LLEDRERN S, &
MO TFE B AL ATP 43RS O WERE 2 DI CREAE
ENd YUY UREIC LS SRS ATREME S RIR S h
77
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(4) P2Y2ZE A & TRPVIDHEEEER I & 2B EE B

i

K EEEL

ARILOAT, BE FET L, Mk AT R OER Y

Frhib Zeete !, @i 52 ks>, B o2
(ZEK - [E - riilaEs, JREER - 2, CENH - REELT, UK - 30

LR, ABFIES T, HEK293MIMEICREL LIz 73 A
VU R TRPVIDSHIESN ATP (2 & - T P2Y 12 B IATE
LA B PKC %4 L CHERERIBI S 1D = L 2 LT,
S DICFEMR A 21T o 72, 89, AEFRRTFIEIC K
T TRPVINE# PKC IZL > TV vfbanhsd Z &%
AEIA U7z, AR RRE O T R E AR AR 20 D
TRPVIDOHIIN KA A > D PKC (2L ->TVY viglkEhn
5200 ) VEREERE L, Ib0® D VEEET
T = ICER LB RIKTIE, ATP I X D TRPVIO L 7
A 2 AEHALEBIR OB KN H LNV DOHR BT, B
AT TR SN ATEMELIRERBE IR T H 38D b/
Molz, TDRAN =KD EBEZEE L~V THEES
D720, ATP 512 K 2 BWER B 2 ~ 7 A TR
Lz, AR~ T A TIE, ATP DEEEEICL > TEL

WAV FOBRELS RO bz s, TRPVIXIE~ 7 2 T,

FOLX ) RWEBEEIITES Ao Tz, B~
\ZBWTC, ATP & TRPVIDOHEREEBIAH 50272~ 7,

B NE LI, P2YIXIE~ U A THBHAR & RO
FOBBAMRLL S, = U AR W T P2Y 12 AR 5
LW Z ERGyinote, 27T, ~ U ADOBBARRKE
faz TNy F 7 5 AR K DERMIT AT &,
BRI RA O, P2Y2Z BN G5 2 & 2R
ENT-, = U ABBMEEEIIZI 1T 5 TRPVI, P2Y1, P2Y2
® mRNA #HEEMFI L= & A, TRPVIE P2Y20D
mRNA OIFEHL SN2 Y, BARAREHRIE %
ToRBRERRNT & X FF T DR R RS SN, P2Y2Z AR
UTP IZ b MR H D Z N HN TS, & Z T, UTP
ZHWCTENERZ1T 5 &, WA~ 7 AW T ATP
ERBROBMER MBI ERL SN D Z LB LI o
Too BLEOBFNG, ~ 7 AZBWTE, HERICHI
ST S D ATP, UTP IC & » T P2Y2Z FIKNTEME L
&N, PKC 241 L7= TRPVID U R L ASEWESR H i 4
SlEEZTHOLHEmINT,

(5) P2Y2ZAERKRHIcLYEREINS T7OT A7

FRL R, /R A2, W A, e A

EA—f bk AEFR, R B

(CESCRARF - ARHEAL, CENCRRT - S, CTURBE - 3K - Sl

ATP IZHTRAMRIZ BN T A A v T % R AWRA P2X 5%
FEEN LT, BRERBICHELG LTS, EE, ATP X
P2X AT 2 =2 ha,B-methylene ATP (0fmeATP) %
7 v NORIEIICEL 32 &, BRx RSB S
N5, FxlZLIAT, ofmeATP Hlig2s, HRICH T YA
> RS M DRGARRICAFAE S 5 P2X2352 ¥R 2/ L C,
FRRII 9 2 MBUSE BRI T 0T =77 AR
95 Z & &I 522 LTz (J. Neurosci., 20, RC90, 2000) ,
Lo L, #BIRAEEET (DRG) IZI3kEX YT 2 A 7D G #
PNy B P2Y R B RBL - R L TRV, Thb
P2Y SZAMRANH - T HAREER CHL D BEI ORI D R 72
nTWnWb, A#fFECTH~ 1L, DRG © P2Y ZEKIZIEHR
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L, OB PHIRE R QYRR L ORRIC OV T
WG 2T o 72, S5 Ca®t A A—2 0 7 (fura-2i) 12
0, 2 oNEIO T T A > U ESZME DRG HHRIC
UTP J&SZ M P2Y2Z B ENFEE L TWHHEEF S MNITL
Too P2Y2ZHKT A= M TH5H UTP % BJEHBICH S
T5HE, BEERFUCT 0T 4 =T B3I, it
P2EZEROFETIE, S 512 PY2ZAKROT v F LA
AV IAXT VAT KT P2RERE ) v I X5
ZEIZKVHR LR, UTPICE W& SNDT T
4 =7 13oPmeATP IZ L VFERINDEN LY bR
it L7, ofmeATP & #2720, UTP ICL W EEINAD
TRT =TI TIA VRN EE LT ¥



NCIEBE I NIRRT, FEATVA VURERT
ZA=ZRA N THHI T EE L, UTPHERT T =
TIEEB L edoTe, Uk, /WNEITH T A v sz
PED DRG MRRIZIE P2Y2S AR B - B L T2 2

6) E FRETSF /Y4 FTERINT- Ca® wave (ZHRE5 ATP RU P2Y25

L EE IO PIY2RFEEHRIC K 0 TV A v U FR
KGR A D= ALTT BT 4 =T RFERENDL L
MR I T,

BEZEN L THRMEIC

mEsnd

BT MET,
CBEISCARR - (AL, SR,

BRI, BIROILWHEFZ SO TRBY, W@l (b5
B, BEEEEE, UV BE 7 SO FRBRER TI2F
WIRENTWB T TR, HBEPRIENRE, 7L
X—[itn7a E12 X W ATP, bradykinin, histamine & VN> 7=

ex WE R T DM TH D, BEITEND
DRI T 2kx ety —2 B L TBY, thz

I LRI Ca IRIE 2 2 b S8 5, Ca™ 1X ARG O ekt
o= 2 REOEFHEMFICEZE TH Y, REALM
NEORHE & L DANT o ZZHIF L TV D, ATP I35
< DAfAIZFNT, FfafFRIcEWE & U TERET S
ZEFRLSAMDBNTWD, A, FaITIERE MR
{LHEfE (Normal Human Epidermal Keratinocytes: NHEKs)

AR KD, < U ARMRAIEET (DRG) MfEHIIL &
DIERFEFRE AN T, MFEA ATP IC L W N S D Ca®
wave DARIEIZ DV TIRET 21T 72 o 7o, FEIFRIFENT DOFE
R, NHEKs [3HERERD 2GR P2Y2S2 AR 2 5885 2

(7) AR P2X %

IR E—?, JEE Y

SR - B -

B E—FA @nv!, L fE"S
o S FHRIE, YEARY T a2 —)

EMH LN oo, B—ONHEK # 477 A~y T
FRM 2 &, Pl C R Ca®" JEE ([Ca®]) @ 1
AR5, W Cliiash ATP &AFHIIZJE P O NHEKSs
~ Ca*" wave DIGIE N THR ST,
WD ATP A A=V U JRBTIZE Y, NHEKs 722 5l
WIRATI 72 ATP O R OE# S BlE2 S vz, DRG 4
AL, FEOBEEMLEICEORGEEZEZL TN D
ZEMREBILTVW D, NHEKs & DRG MM o k3%
FITHE VT H, NHEKs THEBOIIIC & 0 &l Sz ca™
wave 73, FfRAN ATP K O P2Y 22 FARRAEHINC, B4
% DRG &M D[Ca™]; & LH-S¥-, 2D Lavb,
HESL ATP 13 NHEKs (23 THIKEME Ca?" wave &R
T FERIERBEDE L o TV DI TR, RE
LHRMROMTY, ¥4 FI v IR R =T %
%Y 7T RERE & L THERE L T B RTREME SR
®I N,

Luciferin-luciferase %

BARDRERBCFHRET

EHOF, A B, &RE OB, A T I R, e s
CBHGRATR, PR « it o 2 — « PRRAREE, SHURBE - AR

Hfast ATP IZHEEMPRER B O & E 2 b T
W5, HEENICIE PR2X SBFERELC BB L TEBY, 5t
FetElZ e H- L7z ATP 28 ACh OJigtti & il 3% Z & 23
HENTWD, ACh DR OMBENIIEAFAIERN S
P2X ZREEN L TRI B EEBEZ LN TWAEDR, YD
TEATREEGELTHDONIRHATH D, I
IR B P2X ZRRDSAC SN TR ST

WRNWZ ERRERIFAR E 72> TN D, ANFFETIE, <
7 ZHNED P2X1, P2X2, P2X4, P2XTZRARDHyAilc o
W TSR SR FEE W THRET Lz, F72FRRC
Y AR = 2 — 1 THFET D P2X R BROY T X
AZICERBLTZEO YT 7 AMAIZH T 2 RTEE
immunotoxin-mediated cell targeting technology (IMCT) %
AW TRRE UTc, P2XISE A ISR & g RIE D5
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ST R0 9 2 BT MBI S iz, P2X2
SREE—EHOT ~ 7V RO MR & NAERE O
77 27 a THRWGRIE SUSEYEG A8 Sz, P2X4s
BRIE, FhEREHILE TR\ R RS E G Bl S h
oo P2XT5 AL N BRI & iRt B A i oo MR 14 C 1
PEAT AR S, KR OO B R AR A 1 AR & 5
JEARNZAEAE L TNz, P2X2D S SOt iE = U o AEEE =

=D~ —h—"TdH>5 ChAT DHE S E —E LT,

F 72 P2X2OEKGT 2 U AEE M= = —1 | GFP

V7N EFEBIT 2 transgenic mouse (B WTH—EK L
7. Transgenic mouse (Z IMCT & T2 VU U {E#h:=
o— v U E RIS S5 &, GFP v 7 L3 E
Je LTI D 7 T P2X2DSIE L ATHR LT, 2D Z &
NH P2X2DFPEIGIT starburst 7~ 27 U AR ORHK
Zefl FIGIRINEICHIL L TV b tExonb, Uk
DFERMN D, P2X2ZFMEIT~ U AMEIED OFF REED(E
FEEIZEE L TWAD Z LRI,

(8) MEERITHEITD ATPIEE L P2X RBRHEI

(AR ERC R —,

WBE LT, X by, XY T Ly v d FEEK
BEEIZB W THWT DR WMITH D, Fox13ER%
16-23H OREET » k& AV, SR ORI, A
TAANR Yy FEEBEHA L, ATP #5128 5 G & idk L
7o BIRBEELICIBV T, ATP #5012 X Do fids L O,
TEENEM OFAENBIE SN, BREZRITITERIBEE D
I @lEsnz, £z, BAEEL RFFENM-50mV)
IR WWT, ATP E#EIC L > THREEBIROL 25T, &
B2 oM & BRI BB STz, T OWIN & BT
/\iWME’LOTWﬁéﬂﬁ;AWImMﬁETT®

JE-EEE AL, M EFERIEAN R b, AT 4 A

LB sk, LEIET 2, REEgok
PEIARER R - B RERT AR - A RE WAL

Ry FTHESNEBRITT T, BORELEREZ
FOLDTHY, WRAIHEBEC K-> TBEE SRR
EHEBEREEFSDbOIEIR N R -T2, £
of methylen ATP #5IZL > CTHNMEEREZ AL LT
BZEOE— I fEIX ATP 512 L HED10-20%TH > 72,
ATP (T[S 2R LTzilafkds L0, EMmPNE 2z EI L,
single cell RT-PCR #4T\), mRNA L /L TOIEH & 122
LTz, P2X2H 7 Z A 708, LI SNz, R L
MR BN T, P2X2 T # 4 T Bk ET 5 P2X
ZREPHERE L T D Z R S Tz,

(9) MNTB =2 —AVIZEITH ATPS ICL2BEHRBLUVFER LT TRARERICHT HE4 D HIH

fREF — 12, Richard J. Evans®, Ian D. Forsythe’

(MEBENK « E - 3, ? Dept. of Cell Physiology & Pharmacology, Univ. of Leicester)

Medial nucleus of the trapezoid body (MNTB) I3/iM5#1Z
WTEFREMICED DM P ERE @2 LTV D
R TH D, AIIMNTB == —n 2B\, U
SZRENBED LS RBE 2 LTV E0EHLMIT 57
W, HHESY) URREKT TR NOARK LTS AGER
(sPSC) , 3>+ A% Eik (ePSC) \Zxtd 2 AEH & Midt
L7z, 9-14H#HD Lister-hooded 7 » kiR & ¥ 170-200
um DAZ A AEERL, K= XvF7 T Tk
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WX VB ZFS L2, MNTB == —v > ClIEEM,
(SEPSC) 3 & UMM (sIPSC) H 3> F 7 R 1% B 38
BEANDD, P2RAET T=A F THEMI/E S I
WE STV D ATPYS B L OVP2X1,3,65% FIEDRIR T
=R T D 0,B-me-ATP 1% sEPSC I L U sIPSC D4
AR, P2X1L,6ZAEOBINET I=X N ThH D
1-B,y-me-ATP |3 sIPSC DA Z M S 7=, PIZHEKT =
= A ™ adenosine, P2Y Z XK T 2= A s ® ADP, UTP,



UDP (X EIRDOBHE &2 A S R0 o 72, F 72 sEPSC ITkE
THEHOBRN TIXIZE D ERLIZZ & L0, iR
B L UMK D R 72 2 P2X SR KAS sPSC Z il LTy
HeEEZBNE, £7- MNTB =2—1 T, 2MbEo
B4EMmRZ HWTAT A A &R 5 & 3FHD ePSC,

7245 calyx of Held & 5 RS F 7 AR R & A
95 giant eEPSC, Z DT 7 A% &720) eEPSC B &
N elPSC NBIZE SN D, ATP vy ST ZNHDOFHERERD
BIUE 26 L7, ATP, ADP & RERICHIHITER 2R L
7278, o,B-me-ATP 35 L8 UTP, UDP i3EMEEZE(L S

w7203 o 72, adenosine AEREOIHITEH 2~ L, A1ZE
w7 H2d=2AKToh s DPCPX (10 nM) ¥ L O
ecto-ATPase [HEH D ARL67156 (50uM) 725 ATP y S D]
ERZHELESER, 2hboZ iy, Zhoop2r A
= A NOFER T T AGBERIEER LB R T TR
BTN KT Dl & #2720 adenosine Al ZHFEEKE I
THELOThHBEEZOLNTZ, LL ATPyS OFEAIL,
E$% adenosine |20 S LB T2 7D0, 7V T H BT
IR EDNH D ATP OWEREE T2 D Th 5 0MEH
LN TELTABROBRFTRETH 5,

(10) ATP & U ATP v S IZ & % monocyte chemoattractant protein-1 (MCP-1) EEAFRETIZEE S S ixt) Fig
ERTRV-&EE

FrH i, OrER SRR, R OWESC, fERE B GROKBE - 3K - ARRBRREARHT)

RRAERR ) Fr B5 28 /1%, MRS fE &+ Dl DTEM:AL
RENGEIEER L TEY in vivo [ZITVVIREEIC
HHT0, EHELIRREDE NI D RS2 K& < £
HT 570 THBOMEICEFICHERTHLEEZ DN
B AWFFETIL, ATP 38 L O OIEKMREMT v 77 ATPYS
0 MCP-1 D PEA < FHE 3 2R RITHOWT, 2 OffHE)
R %2 VTR 21T 7,

A% 2-3 HET v N OKRMNEE — MR ARFEIE D B TR
YIA (300uM J2) Z1ERLL, 10-11 B R#E R imEsE%,
FEERICH W2, HERLED 7 H o> MCP-1 1351 MCP-1 Hifk%
AWz @b s AV CTRET L, B IcEsE L7z
MCP-1 #:i% ELISA {12 X 0 & L 7=,

ATP 5 \WE ATP y S ALEIZ LV, JREHRIFH 75
i~ MCP-1 DERENBIE S, ZDEAEDH A L=
— A%, ATP HBWTATP yS (& Hi2300uM) 3 KR
LEIC X0, ALEBILG | BRI CERICBER S, ALERE
% 3-4 A E—2 L2 —lED b DO ThH -T2, F
7o, FOEREAMEIZT A haY A FThotz, ZD

ATP 12K % MCP-1 FEAE - BB, 77D SR HIE
suramin & %I PPADS (& $12300uM) EH HIZ L -
Th, RISl S 47z, — 5 T, ATP y S IZ & % MCP-1
PEAE « FEBEIC R L CIE, suraminid &< B A 5 29,
{2 PPADS (ZIZE ARG REZ R LTz, MAP 7 —
PIHERDOZ R AT L= L 25, ATPH 5 VIATP S
IZ k% MCP-1 A - BElEIY, & H1Z MEK FHF3E PD
98059 ¥3 L OY INK BHEFK SP600125 12 & V) #45 HLZ Hil
S, IKXHZ p38 MAP ¥ —E[HEZE SB 230580 (2 & -
THIsR S N7,

U EORER LY, MG A58 RIZB VT ATP 5
VT ATPYS 1L, 7 A hr¥A K TOMCP-1DFEA - iiF
B AR5 2 RSN ENTZ, 2, 2O ATP H
BT ATPySIZ LD MCP-1FEAFBEICB LT, 7l
EHL—ECIER R YT HATOT ) CZRENEE L
TWhHZ L, FmiilEL HIiC ERK B L NINK 7 —
BIIRERIZ, W2 p3SMAP F+—Xi3fflmicEhn<z
NEELTWDZ ERIEEN D,
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(11) BES v MNEERNBEMAD ATP (2L 5HlaM Ca EMRIGDMHE &
BETH2BHYT24 TORE

ANH FF, ARB ¥, # L BEE, OB -, Ok 8% bk - B - BRE - )

ATP I EBENMPRRIC B W ClRWELE M Y 7 A %58
PAEFR T HMRIREWE DO —>ThH Z ENMbEIT
WD ABFFECIIHMERE T » N E REN s 2
W, ATP IC X AN Ca 2% ([Ca®')) % fura-2 L A
AR IRIC Z 0 JE L, [Ca®'] 8IS OPEE K O
HA 2% R KT 5 A T % Py RIS T 58
2 R DB EHRE, Ny T T T I KD ERNIE,
RT-PCR T X 285 R e O detalc X 5 & Ak
XV AE LTz, Fura2 2 AN LIRSV TRl
K R O= 3 F T & B [Ca | BT b 245 58 19 PGP9.5
FURBEMIE O THE U T2 2 L 05, AERTIEm G
DSE U % MR 2 Al & L CHSBEAOIC [RIE L 72,

ATP JLBEPN AR MR 5 W\ TR EKR A 1E (03~
100uM) (Z[Ca® [ BEMBOR A B & 2 LTz, Z ORIRIEA
K Ca BREIC L 0 K& <Pl L7z, ATP IZ & 5 [Ca™] 3
NP IXBENARAENE Ca F v R/VIERTSE D Nifedipine,
-Conotoxin GVIA, o-Agatoxin VIA 7£7E T 55%3MH| &
7z, Whole-cell voltage-clamp L7=Hifi@iZ\\ T, ATP

1AM Na 24 T CHEENAL S 0mV ORGP
TEIMATIEEZ L, Py ZAREWFE D Suramin & Y
PPADS 1% ATP T & % [Ca'], BhN K O\ 1) & B e &
ARSI U, Py S B RIS PEA LR & R — i |

L7fBE, [Ca®') #hno> A filEIX ATP=ATPYS>CTP=
2MeSATP >BzATP (o,p-MeATP [Z4%)) T -7, ATP
I & B NI & BT ITAKE EE(0.2~200 uM) D Zn™*, Cu™,
CA iz LM ENnT, $£7-, ATP Eifiix pH6.6 TITH
3FFICHER L, WIC pHS TIE#I 30%I2i84> L 7=, RT-PCR
2LV Ty MIBERBENMRAIIZIZ P2X,, P2X,, P2Xs @
mRNA A &7z, T P2X, FLikiC & B0 et T
PERRRS R N &4, 2 OMIRL T O P IEME L3O S IE S
bR —F L,

AREBRIZE VR T v MGE BRI IS W T
ATP |2 & B[Ca* | MRS IT EITHNE Ca HfEMED P2X
EAHALTAELTNDLZ L, BIZEOYHT Z A4 71X P2X,
Thsd I ENRBEINT,

(12) P2ZRAZENT SiEMMRES EIRE/ER

~ U AR dSRATEEAR A 3T3-L1 1%, AEMGMiasy
fbDEFT NV E L TR S XSRS T DR RHIn o
— DT D, 3T3-L1 MR HKERIMEITBATT 57201213
BRI IR GGy TIEILT 5 Z L BMETH Y, BHED
B ERCIIMiaZ o 7Ty NI 5 ETHEL,
PR EIC L 0 MR B B A48 1k L7-%%, dexamethasone,
1-methyl-3-isoxanthine &% O\ insulin % /3 {LFHER T & LT
MA D Z LI Ko TRBBTMIRIZ /b S8 5 HiED I
HIRENZRFEL LTI Tn D, ar7irxys b
WL TV W Tl EiFE R+ 2 2 TH RN
RN EFES ML BITWEER, REEDIRETDH
AN L > THRE 25 382 L bFEiETH
LEVHIHENRSDHZ LD, MEERN GyG, TEIE
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Ry FET, kil W (EEX - 248
THZENBEETHDIHILEEZLNTND,

Fexix, ROMEITI-LUMIRIZ 31T 5 Mla-E s & flaiE
ENZONWTHATe L 2 A, BT OMITITT 7 F R
FLVATZ 7 A NR=PRELTNDLN, a7 M
ETDHEARVAT 7 A AN HRHE L, MRESTLC T
7 FUNERT L L, BT oM BT HIR S,
ATPIIA R L AT 7 A N— %8 U CHEBIIRE I Ry LAY
W7 7 F U EBBEL, Ty 7 ) U IRRRIREIZL D
ELOMRBEOEEZSERHIT I8, KO, K30%
DIRWHIARE OfIEIC ATP 252 TA v Fa—v
3 v LI BB T2 A 5 &, Bl A il 7e 3
LB b T A2 &, ZRHLE, Zhoo
BRIE P2 AIRPLEAIA 7 X R OV A+ il 4812 BE



5.4 5 {%45 78 G & H Rho kinase PHEH Y276321C L -
THEINZ, 2502 D, BRI T 5 P2

ZREROUREER IOV TRFTT 2,

(13) ATP JRHAIRIEIC & 5 R BEAEARAT

hE BEUK, KHE AL, LR HTH

TR A 7R N A E B & LT < MR L v
7 AL NI e DA%, MRS ATP (3358 72 /i
SMEBIGEME L LTV TWS L EZBND, FEEE,
FOZHRBRIRFUKZOA A F v 2B L 5% < [
EEN, FEAEOMITRERILLTRBY, Hx 2HE
RELTOWDLZEBHLNITR>TE, LAL ATP &~
TFNVOFAPTHD ATP HHREIZBE L TxE 21
LML TIIRL, BIE, BRW, 14 rFrx
WV, R T UAR—=H =1 EOFRER WL D0 OIET
B S N T2, FLIRMIEIIFE « OBEBURIIKIC X 5 ATP
T EE Y ORI TO ATP ZEMKIEMEL 2 A ik HE I
LD TWAZ EEZRTEBITHLNICLTE R, 2

T TR (BHER - ARG, 2K - 1)

DM TO ATP BT Z W6 23 <,
Luciferin-Luciferase (L-L) % AV 72 ikt ATP O E &, FKEL
RV B BAT o 72, FORE, ATP HH 3R
(2 & B iDL H LA RIS A L > T I -free VST VE
Tl Lo TREBEM R BN S A D, F IR E N % 72 <
ELHEBMICKELTRBY, Zhbicdbe & b2fEN E
DOFIp o7 ATP RSB E LT D 2 & AVRIE S
Mo L-L Z MWl ATP DA A — 20 V5 i Of
KB ZEDORBIZHONW TR T Do ATP FUHREKIT VD
EANT T LT TV TERBTDIN T LT X 2
JMIHELTEBY, 2OBFITEETHY, SHEEOR
BOFEIRBHE TRV EB L OND,

(P1) LEXF > C Kim/kfEEESR (UCH L1) 12k B ATP RN HEREHITE

B AR, BIF B, MR A, Fum EW2, B OE%E

UCH LU= R VFE— KT % R B RBTH
HaEXFr-TIuTT Y —hVAT AMIEEN LI
EX T AR O—D2TH Y, WIS IR
fid & RGBT R RAYIZFE BT 5, UCH LIOAFER & LT
X TF U C R FIRIEDKIFRR Y 2 B F 8

Pric k2% F o2/ ~—DHEEBEEINLTERY,

AR F T NP A R ROBEERRFTHLEER
LTS, U NTEOPAEFF oAULZ L RIE
SROFRFEE LTEETHY, HarvxF AblEED
BRI L DWSRERE b W< o s T b, Fx
PE ST SEEET T gad (gracile axonal dystrophy) < 7 A A3
UCH L1DOHREIE R 2 H T 2 MRENET L THDH Z &
R LHSIEIZ BV T2 B F U UL MR N LT
LI EERWE Lz, TATZ7ZIZBWTILUCH L1 &
FHFPEDEV UCH 3% L RUBICEEThH D 2 LA

(JuKBE - 38, PENCRS - ot - ST

HBENTWDN, HFLE TOMREISAEIZR 1T 5 UCH
LIOZENIWFEIZMA SRy, £ 2T, RIFFET
TSI RIT D UCH LIOERICHOWTHRETT % 2
LI LT, A, MRSEMEZERD 5 6, MRl
bW TIEIR < 534 LT 38 Bl & 7R LIRRRARZEW L 0D 43 Wb
I HBD D ATP ZRRIZOWTHREITTH 2 Ll
720 ATP ZZARD 5 6 P2X SZHET ¥ RV OBRFLIZ L D
ATP FHEMONME X B %, mock, UCH L1b 5\
mutant UCH LIOcDNA % N7 AT =7 v a2 LTz
PC12 Tet-Off gz Y, Fm—nE/L - Ry F I T T
ETHIE L E 25, UCH L1 ATP 580N H & &
MEABICHBR TS 2R\ L, 20 UCH L1iC
X AR PKA, CaMKIL IZIRTFE L TV 72s, £ 0
tho7TaT A o F—RBITIHKFE Lo T2, 51T,
PC12 Tet-Off Ml K— S A LVl SN D U ik
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{tEE DARPP-323FEHL L TW5 Z & & EEM RT-PCR
\Z & DR L, DARPP-320D U gk & PKA, CDKS®D il
R ED X ST P2X SZ RIS R BT D0 et Lz,
AEl, Fox TR RIL, UCH L1723 ATP &I L

T PKA, CaMKII, DARPP-32% /- L CHA&IA 2 1%E 2 J-
7L TCNWDZ EERIBLTEY, iEEICKIT 5 UCH
L1DOBERESEIAIC S22 RN B b D LS5,

(P2) P2Y 2B ZEN LI-ARMRaREEEMRERR

M B, S

REIL, ER PET, MR R, PR R
i 0 WA EE S, EK

B!, MR k!

(B ek« 56 - B, PR, CRREER - AR

(B8] Fex 1L, (RIRFELERIE T CHAR L2 i N R
KHEOEERE GHEMEAREB#E - RVD) 123 L,
WEPED ATP 2MEERICBEET 5 2 &, S bICHREE
WEETIZB W T, ATP 28 P2Y &K%/ L CHllem
WOERERT L LWL TERZ D), 4EIE, ATP
DA E %2 T IZH 5N T 572012, Hia mFE s>
TER & fmiafE i@ & OBHEMIZ W TRE LTz,
[FE]EBAEARICIL T » NREARIES N B 4
W, MBI LY AL L ([Ca¥]) 1 Calcium
Green-1-AM Z fiR3E & U CHME R L — WV —BAMREE - %
FRATEEE A TV CHRIE, MR B sR i L 0 55
A7 MM EfE A NIH Image T L L CEORHE L Lz,
Mg OFi M, PREMIERE % % L7 FITC-labeled
dextran(FD-4) &5t & L THRGE L7z, &bI, T b
JRABREFAEA A VT, RBiEE~%i# L7z FD-4 %1t
R L — Y — BB THIE LT,

[# %] 1)2meS-ATP & ADP, & 512 UTP LM%

AR SEDLELBIC, [CT ZABIC LR ST,
2)2meS-ATP | & 5 MIAH A OB 3 LY [Ca?']; D L5
% P2Y ZAKHEHIE TH D PPADS, PLC PRFEIK D
U-73122 B LUK Ca®* 2 b 7HE1BFED thapsigargin
WL VIl ENT2, 3) 2meS-ATP (3PN AR 2 %4
% FD4 B2 AEICHNSED L &I, ZOBEIMER
% PPADS ([Z Lo Tl &7z, 4) 7 v MNERIBREFEAR
ICRBWTHREBRIC, 2meS-ATP (ZRHEBICHEBT D
FD-4 &4 F 2N S 7o, £72 Z OHIN{EHIX PPADS
ko Tl sz,
[£2] MAANEMIBICIWT, ATP (ZAHEMETFIC
BOTHMEmEEFAMSERZ R L, ZOERICIXP2Y %
BREZN LIZ[Ca™), O ERAEELT0WDZ &, &5
20X iR R ERY, NI ISR oW
BV AR IC B 55 2 LR ST,

(1) Clin. Exp. Pharmacol. Physiol. 28, 799-803, 2001.

(2) Life Sci. 72 1445-1453, 2003

(P3) PC12 #ifad ATP EXEREICRIZTI 7FToIEL IV S—ED P-4 FEERIDFE

EAR BEsE, UPE Tk

Hfas D adenine (LG DAETHIZFRMHADO L L
T, 7v MEGMAEL R PC12 HAZIZ adenosine (Ado)
Zz % &, Ado kinase TlE72 < hypoxanthine-guanine
phosphoribosyltransferase |2 & % Ado @ salvage &% 4 L T
MO ATP OPELZAEET RO H D Z & 2 #
Bl —H, A IEBHWRR LT T =By 7 7 —
P OMILEMNAFTET D P-Y A F & LT cAMP DREAE
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(CE3eePAC S S I I VASE F TR (o 20 Y

FRETLZEDMOLNATND, GEIE, 77 =1k
7 7 —EDOP-YA MAEFID S HLIFEGEEIEDE & HEE
&5, deoxyAdo, 2',5'-dideoxyAdo (DDA) % PC12 #ll
fa> ATP PEAREIC RIFT B MG LT,

Locke's #IZ¥# 7> L 7= DDA D kA% PC12 Mifimic
Iz, —EREEI, AN ORRFTIEEYE 2t Lz,
P TP MR 53 H 0D adenin FHITARFRFAIK chloroacetaldehyde



THOL L7ctk, REA A4 v AR A iV D HPLC 151
LV HE L,

PCI2HifIZ deoxyAdo & 5\ X DDA #/1Z 5 &, #f
AN D ATP & BIZAEICHEM LT, KIZ, deoxyAdo &
2\ I DDA & Ado [AIRFICINZ 2 &, HilAAND ATP & &

(P4) P2Y12

%M #', R B HE R
[HEY] 2 7 o 77U 73R IR b U 7= S 8 2
fa& LT b, ZOMRRERE &ERliEriic
LIRS A — O ZwMERER ZIB TV 5, T, ATP
& ADP 73 Gi/o-coupled P2Y ZFE%EH L, I 70707
D5 E Sy (chemoattractant) & L CTHERE L T\ 5 2
& 2NHIBH L 7= (Honda et.al. 2001), T ENT 2 BRI,
AT TN IR EEESTFEGIET 2, AT 7Y T
o PN DD EE ST 7 2 ) —D—2 T, HiasE
BEORIR LT T FMEENT & LTHHEIEL TV 5,
R a s Y TIEREEOA T 7Y U ERBLL, TD3
BLOMBEIZI 7 17 ) 7 OEHGREE S B o T3
%Eﬁﬁi,mw:i@ﬁ%éhé&%&%VX%%ﬁ
L, 477V B OEKOZE ORI %20~
[FiE] 27 e 7Y 7HbIEAR 12 BOFEFT v b K
M2 5FH% L, DMEM 10% FCS medium T 1 ERE5# L
b Efol, YEXFVAERIZIZTZ A TR
Frea—T 4 T ERLIEAIN—ATTADEIZI 78
7'V 7 & #:3%E S, Dunn chemotaxis chamber % i\l
ELTce AT TV DORAERA TV - Ty 7

(P5) =45 YT7IcBlthor=aF olET7EFILOY) VS

AR BN, AR BR Y
FAZEIT Z U E TAMZE BT, 207070

P2X; XK Z AT LKJNme®ﬁ@W/7+w&%@
MREERIC DWW THE L C& Tz, —F, =aF M4
TEFNa ) UZRIRO—DTH Dol ZREIL, Mitis
BB BRSO R e £, S F S A thiRReIC

([E SZAhF -

AV NN
UEXR - Bl s SRR, ik

1T& 2 BALDGE K 0N L7-, P- A MEHEHR TR
U MethylAdo ZMIfEIZIN 2 TH, ZOMREEITRD S
nizoiz, LEORER XY, deoxyAdo & DDA iZ Ado
@ salvage & LIS+ O pathway %/ L C PC12HIE IR PN
ATP G RICEELR KIFTZ LRI,

FEEENTHIIOTUTOLELXLREA LT BIEH

SRR, CRAVE(L, UK - B - 5 TR

U v VIR sE R aE A VT2,
[FEREB2] ADP I[C XV FFHEIND 7 EX ¥ AT
P2Y 124 IIPAEH] ARC-69931 TR L7z Z b, &
TEZBRERRPRYRZRRTCHDL L 52MR LT, 774
TaxsFr I su ) TERERLI-LE, 207
L FTARBUIA T 7V UBUTKFI ThH o1z, &
BIZ, ADPHIIZE D I 27 a 7 VT EoA 77V Bl
DEBTHZE, FthBATLry - Ty 7Y r
& colocalize 55 F & R L7z, ADP Bz b A 7
TV VYOEFMERTrEX X AFII /0l VT %
forskolin <> dibutyryl cyclic AMP ZLiE 9% Z & 12 K- CTH
Fllee ZDA T 27U RN, PKA HERTH
2% KT-57201 K W [EIf L= Z &5, PKA X ADP (2 &
DFHEINDLA LT 7Y UBIERED negative regulator T
bHZENTHEIND, ULk, ADPIZLDTEXF TR
FRBNZX, 77 VT L colocalize 5477V v
BIDENMIETH Y, ZiIL cAMP/PKA EAFHI 723
MHHZ =T TS 2 ERHLNE ST,

BHRBLE TLRAB & U P2X BB HEAETE
W OREEZ KRR, fRE g
- K SEED

BETHZENMLNTND, JilT, v/ Rr77—UX
rIF YA M EOF MMV T baT SZEE
DRBINHE ZN220H 50, TOMREIZ MmO T
Wi, E72, 27 a7 U TICBITAREALARETH D,

AR TIE, T MEI 7 v 27 ) 7 yREEEMIRIC IS T
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ol ZREOREBERGTT L, P2X, &AM LY TLR4
Z 4t L7z TNF i 881 5 o7 = BB OB E & it LTz,
FT, UV RFUT Ry T 4 T B RIORIEGRAIZ LY
27 u 7Y TS D07 SRR S, o7
ZRKIE CaBRMEDRE A AL T Y IV THD T LN
HHNTWDEN, I 7l ) 728N T=aF (1 mM)
RO MIEN Ca® ER A X L, ZOEMIXa7
AN FH 2 3K methyllycaconitine (MLA,10 nM) (2 & V) 88 <
mHlsni, 72, VARV o734 RLPS)IZLD
TLR4 5K %/ L= KEO TNF i KEE D =2 F

> (1-100uM) I K FEICHIH Sz, —), ==2F v

1T ATP B L UP2X, ZBRT 2 =X k BZATP (2 & % TNF
BT L TR BERBIIRE R LTz, LinLRn b,
=aFUIFATP I L OV BzATP 12 & % TNF mRNA FHLZ
IR EE RIE S o T, 165 T, o ZRERBIL P2X,
SREENT D TNF QA - i & B8R TiR5 % L ~v
THERT D ATREMEAS IR ST,

UEOHRLY, o7l=aF 7w Fral U ZRIK
IE T 7 RZBT 2RI TR T 204725
T, I/n s TICLEBL, P2XZAEEREB LU TLRY
BN LIy TP EZENENEB LORAIERTH &
W&, IMNBREEHIET 2 aTREER A S0 L R o7,

(P6) P2X,ZBREMALIC & HHHFISEF BB DT

AR ek, JRE 8, T+E R, foAk B GEEEIRSIR - 5

[HEY] P2X; AR OEMHAITMIRE L FHEET 2 2 &2
HHIVTWDR, ZOBEOFEMIIRIZPAHE TRV, &
[6], P2X7 cDNA %=1 bk UB il DT40 #RIZEHA L
THLN-ZE LR (DT40/P2XT7 HIAE) Z1ERL L, HUAESE
SR Z SV TR L 7=,

[J515] M B e AR RIS MR E T L Y, TR h—
T ADFHEIL DNA WA LR b AR T 7 F UL
> (PS) DMl ~DFEH % T ¥ v V-FITC %
WTHRHT 2 Z L IC L 07, Mlai Ca® 2 LIX
R R E YRR IR fura-2 2 HWTHRIE Lz, /NMLOTER
1% Hoechst33258 DAINAN ~DEL Y iAL &R EST 5 Z &1
KV LTz, B AAN—BOEMITEOLERSTF N %
AWTHE Lz, £/, MlaEfoZ T a—% A1 K
A MY —IZL Y EHMIEO DNA SREZHET S LICX
Y RN LTz,

[ 53 L O8] DT40/P2X7 flEIC 3B\ T P2X, 2 &K
7 2 =2 ATP B X O’ 2'&3'-O-benzoyl-benzoyl-ATP
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(BzATP) AL & b HIBE N~ Ca¥ i, /NMLOTERK
b NS HIRRSE D FFE A BILE S 41, DT40/P2X7 Allfa A3 HaeE
72 P2X; SRR LERBK CTH D Z LR ENT,
DT40/P2X7 #HEIZ 3\ T BzATP #lli1Z L W DNA DR f
{b72 HONT PS OffaR A~ TN &4, A
—F¥ 3 OEELLLR DN, I ANR—FHEE
z-VAD-fmk (% BzATP |Z & % DNA OWrf{b7z 5 TN PS
DOHIRE I ~DOFTH ZIH L7228, HIEOFEILRE
TERMPoT, PLEE Y, P2X; ZAREMLIC X %M
FERFEIII I ANR—BIKFLRVREB LEET 250
EEZBNT,

E B, Ml E B DO IZ OV TR L7275 %, BZATP
FINA% 3R C G1/GOHI R DD 3788 B 7z, [FIIRE
\Z LDH O b3 bz Z & d, GU/GOHofifad
B REICERT Db EEZX LN, O En
B, P2X AR IEMEL O Hl ) R0 Be B C G1/GOMIC
& D HBUTITMIRIENFHFE I N D Z LB LN -T2,



(P7) ME#ZFH TAHI P2X 2

(ﬁ/’?\ o uKE*’l’ﬁ //u\

LI T ARIEO FEETRIT, AR O B4R A H
W Ca V7 MZEBSNTELS VT 7 A/NaoB o
BHTH D, —MITEBBEN —RER Ca v 7T E
#az 48 5 Sy FIXBALKAEME Ca F v 1L (VDCC) TH 5,
P2X ZRERITTFT T ARNCH R L TEY, ZOEN
Ca®"BBMED =%, VDCC DREH-72< v F 7 ATORN
I Z T L O 5 FENFRZ A X OIHAZ D native
T T RN TORINTE Y, MRl 5 P2X
ZRROEEILHERED —DITMIESL ATP R
KCav I I NVEBRMTH D,

YET  MUKEER T A ZATHB W TR I N OIEEhE
PEIRAFHI B HE 7 V2 X RIS & o TA U D50
BT 7 2% E i miniature EPSC (mEPSC) %, ~10 pA
OIREZFE D, HHF5-10[E138 43 % (basal mini) , P2X
ZRMIEBSE, C7 IR TR W T h Ml Ca* k17

PMIZmEPSC #HE 2 BN~ 5 FHEE T TR LTz, 2 O,

BLF80%D =2 —1 T, EIENE mEPSC (large-mini) 73
Blz2 <=, B ENE mEPSC 13, 20->50 pA OIRIE &£ b,

(P8) L+ FREIFZT/

G M, BOE SR, R Rk (B

FRME, MEH A5E, Mg, EbEhRRED
ARNBREEICBE T 2 PR RS A0S, 5 XX MR & 1%
THEREIM AL G5, 1 UeRD AR (L) 2> 5
FE = a—n v ~OREM T T RIBIT DT T RB
BERRITHEERIBIC X 2 e R, —F, Zov
F 7 A5 EEIL ATP 3 L N adenosine 12 & > T adenosine A,
ZREES LTIl &5 (Kato and Shigetomi, 2001) ,

MM SIMHE = 2 — 1 o ~D T 7 ZREDEH A
YAPEIZ 2 IE T adenosine D% L Z OREE OfEIA % HIXY
LT, T v MMEREIRET A T A 206 A —rt L
N F T T I ETHEN S T T A% (eEPSC) % 3K
AR HBERC SR L7z, AIOR O el (50 Hz, 2-10 [A])
REICHBIEE S 2355 eEPSC #RIRIZ 5 J1X 9 adenosine ™

ERF AR 2 — - AR

SZARRFEHIEIZ L 525iRIE EPSC DFAE

BE R, N Rk
- AR AP ER)

Z D434 basal mini DFIEFEIZE 2> Tz, P2X
ZARBRIEENEEIZ X B large-mini DA+ L, AMPA HEE
BHIZ XDV T Ah AMPA Z AR OHRIEIT 2
BT, AT B 2 L72gdr > 72, Cyclopiazonic
acid, ryanodine # % \ [¥2-aminoethoxydiphenyl borate H&it

(2 mEPSC [ZIEVEHIIT & FIRRICBIE: S e, L -
ERIE mEPSC X &M - &R/ NEM S 7 2%
EiEEL L, £ORMAMEILY 7 A %MIRIZIEE)
B2 FE A ST, RN 7 22T, &
T 7 AT P2X ZRM A LT dhFAER Ca? e B
Mgt Ca> JRAFMI B FE 7 v 2 X g & iﬁiﬁé’l‘%@
HEIC & > T CaMKIER 7V 2 3 R % i ph ek TAEil
L, VDCC &7\ o772 R 2L, “K
Za—u U TOMREROBE LG 32 & 20R
We STz, ZAUE, MMEZICIST DS ATP JREE L5
B, ROV F T AR OBEINEEMTH D &
SHEEMEE TR LTS,

VEBRRICESMEREL LT T RERYPTE OB

R g A EE)

ARG Uz, IMAEBTRE RO 1 H & 2 \HO
eEPSC #R1iE Lt (paired-pulse ratio, PPR) |%, 4flék—=—

WZBWT 1 JVIRETHY, FERLREMmK AR L
72, Adenosine (100 [M) I, PPR % 0.330.04 7> & 0.48+0.05
A BN S W72 (n=35) . Mifdt Ca® IR A 2 mM 7>
505 mMIZIETF&E5 &, PPRIZAEZICHEMLE LA
EHHARERRN R S 7, Z OFF, adenosine (2 & 5 PPR ¥4
TERIIBlEE s le o7, —J7, 20ms k@ CH Z 7=
BEAE (5-10 [|]) 7 > eEPSC 218 o 5 £ B $% 00 o 5 1%
Lo THBEIGRIE L (REES : & 500
1.4+0.5 [A], ¥ 5-747 1.940.7 [a]; n=28) , = ® & X, adenosine
L ANHRGE M O B — IS K D eEPSC R iR &
72.34£2.7%q (n=46) F T I W72, I LD

adenosine
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eEPSC RIEICIT A E B2 LI X7 (113.7£12.4%;
n=45), % =HKIC L D ENEERK T2 (175.5425.9%;

n=30), ZIL5® adenosine DIEHIT A ZARMKIEHISE

DPCPX (1 (M) 7#/E FICIZIETHZ L7z, Adenosine 1% F %

EPSC OiEF L OBHELIZ I3 B2 RIT S e o T,
Pbmnn, EEERTF 7 28] adenosine A ZFIRD

EMEAIE, B2 6 I T T ARTBAKIEIED LS 7 L
F X FADHD CAMAZIHIL, vF 7 AMEEDERD
AERBEABML T T A ARISE 2 P SE 5 2
LITL Y, PIEZESR D ORI 7 A ATNTH
FTHIEEES v U — 7 OIEE &R EL SF D A HEEN
mENT,

(P9) v bEBRICEITAT7TZUXILAF FRBENICEIETRODEE

ik &

ATP O F 53R/ Bt 28 S5 2 &

NEHN TS, ZD ATP OFEMIZIE ecto-nucleotidase
NEEREEEZRZL, KNTESCHIZTT /U

?ﬁéﬂ?ﬁ%é’ﬁﬁ‘&%fﬁ bNTWD, —F, DFHOMEIM
TRERBREE REIZ 1 Zecto-nucleotidase I& 1% D ZE L A3 7RIE X 41
TWDDFEMITIA S TRV, ABFE CTILERRIZIT
X7 AT KORFPHTIE LT T ecto-nucleotidase fHLEFE
DIEH D HATP ﬁéﬁf BbaEEOMEZT~, il

PEETEMIC R & WELERE LT,
[J5:] SEBRIZIT Wister rat (150-250g) D OIEA %
FW, BB H A (95% 0,, 5% CO,) THIFI L 37°CITHNE L

7= Krebs-Ringer % % T Langendorff 7720 4-5 M¢/ 45
DOREREAT o 7o, BEW Z B L TH D 20 7 [k <
7%, 5 /MkEIC, ATP, ADP, AMP, 77 /v B X
OB 7 7 = Aba o7 /SR E BRI P I 5
L7c, HGEZITDE LTI SRR EZEI L, #
i OR#PIT HPLC TER L7z, Bk 5
ATP ORETEVEIE, 30 /3EHTHE 245 1k L5 S ki s 30 27

DR, X7 VAT Fa$5 L HPLC I TREW =
BE%E LTz, F72, BRI O nucleotidase T4 % I E 5

Fafi] Zh®,

A #iv-2 (EEEKR - E - REE, 238

T TR Z TR L, ATP,AMP, 75/ V& 3EE L L
T 30 MRS & HPLC TR & /R Lz,

[ 5 - Z22] IEH.OTIE, ATP, ADP [Z#=CHZ, AMP,
T ) v ATE TR & NL7Z, nucleotide pyrophophatase
phosphodiesterase (NPP) 1 & ecto-alkaline phosphatase (ALP)
%58 < $1l9- 5 PPADS (30uM) T£7E F CiX ATP D53 fi# A3
BHFMHI ST, AMP 22O DT T ) v OREAITRE
SN2 hoTe, ZHUTK L, ecto-5'-nucleotidase (CD73) ™
B LAY 752 [ % 3R o, B-methyleneADP 177E F CliX, ATP D%y
RIS SN2 Dy 1203, AMP BT 5 ) ¥ v DFEAEN
<l S i, LLEORER DS, JEMmERD ATP 43
IZIZEIZ ATP, ADP %537 % ecto-apyrase (CD39) 73F4
5L, 757 v UEAZ CDBICEVENM SRS EEX
b, Fio, Bl THEFERINOEK FICERT 2 &8
a7 T v OEREBRD Lz, ATP, AMP ©
KRNI LA T LTV, —J7, BB O FRHERIK
HIZIZ ATP, AMP, 75/ o v OREIBEENIFIE L, %5
\Z ATP, 77 / ¥ ORISR E o T, PLEDORER
o, A ORELERTIL CD3ETT /v T
7 2B RMIR IR L, ATP AAUERE MR

L7200, EMER, FRERER S T ERKE TREO LT 5 ATREME DS R S 472,
(P10) 7R bAYA A LD BEFEM ATP (& MRS U FILERE
MR E—T, ER EBRE BT ORT, R s
(ENZRRF - SRE, S L, 2RIERLRSE, YUK - B - o T-lAE)
TA MY A MIFEAETXTOMRMREDERE  #HRISET 2.7 A budA OGRS HFAEN
BERBELTEY, VT 7 REB»SIRIASED B H| ¥ < 4 5 &, phospholipase CB (PLCP) /inositol
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trisphosphate (InsP3) 2/ LMK A R 7 6 Ca* 2Nl
BESIND Z EIXE<MBLNTVD A, Gi 4R RN
FIR % 22 P2 B D Ca¥ IR T B LTIy o — Bk
M, RSN, Dopamine TH&E T v MER T A
raHA FEFET D &, Gi &M dopamine D252 &K
ZA L CHIBAN Ca® i ([Ca¥' ) B EF- Lz, Zhig,
GEHEPYyY 7 == v 7 PLCP/InsP3% & &M L+ 5 F
SR LTz, 20 Ca¥' &1L, D2 A& T 5 cAMP
BEAEMIHIER L 0 b B EO dopamine & M & L7223,
TA MY A M GolsSEIRFFB S, D2FERLE
PLCRZEHY 7 S¥ D &, [RAE dopamine [ ZJ8E T

% & 9127 o7, P2 ARSI suramin, PPADS, P2Y1
SZRRFEDIEE MRS2179 K Y ATP 43 fRIE: apyrase (3,
dopamine IZ & W B S 5[Ca¥)i LH-AZHESE, 7
A bt A ML, BEMICATP Z/FHELTEY, 2
dopamine HIPLIZ LW (L Lo 72, UL b, HIEMNZ
ATP fitH & fHE A7 P2Y 12 ARIEMEALAS, Gi JL4%7
dopamien D2Z %K% PLCP/InsP35R % A9~ % Zh=RiH 72
Ca'JBBICHEATHHZ L, £ T7 A budA X ATP
AT 5 2 L2k v, BH O Gi RS RZERE N
T2 Ca¥' A & HIE L T B ATHEMEAVRIB ST,
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7. EADOEEEMBOETT - 1BIE - SEEHIET D1 4 S & Miaae

200348 H11 A—8 H 12 A
R - HEEA - AR iR (BB ARSI AITIERL)
PTG« A 8 (PR )

(1) AR H RN 7 > TR T 2R R - JA 60 & N Al Ca F v 1L
M5 f CROREREEIR R P REal A TE) = 7R m R RESE PR 250 )
(2) Ca¥"v 7 r¥—L LTOLE Ca¥F v FB LN Na'-Ca® Rk & 4 L7z Ca®* o 7 L Ze ]
il
AP [EE RO R R B2 R SR e 5 7 2R
(3) BARAENE Ca¥" F v FAB3 T = MR~ T A FIBTHICEK T 5 Ca¥ @i
LIRMR, M IUNES Y, KR KR!, MATE !, AR, W
(AaThiREE « 58 - MRS T SBNRAT, PR - [ - 3B, O RAEKEE - R - 41 RE)
(4) Ca{KAFMEAMIAHIANIZ351) % TRP & [1'E TRPM7 O #H LWVEENZ SN T
LM, JRHETx, AREET, HRRA
OUNKR R PR E PR TEBE AR A B, * R R R Lt se B A e
(5) M’ K OFEBUMIE I 36T 2 BRIIURSZ MR A 4> F v %0 & LT TRP & H'E TRPM4
M ¥R, AWM R ftR #iz ', Joseph E. Brayden®, Mark T. Nelson®
(" FUIN R AR B = I e e A A S,
2 The University of Vermont, College of Medicine, Department of Pharmacology, VT, USA)
(6) AT/ NAFny— —EZET ¥ 2/ & POl —
A P (4K - B - R - MR, SR T e Y= b
ERILRIBIZE - BEH, AD=HNLA L 2P =7 | - NEDO)
(7) ~Tu__BERT I B NT v AR—F —OMMBIERBIT 2 1 E T 5K+
GF v (EARREE PR
(8) H#h==o—vu NZBIT % cdk5 DFE : HRAPLESK roscovitine DIEANSHE 2 5
PR —RR Y22, FEARM ., /s 2
VSR MR ZERT, 2CREST - JST, ° ABRSERFZEHT)
(9) MRITENZ 1T 5D Na,K-ATPase D FHHAE
M-, RALEE, JIE R
(BIRER KT FRBIRRIT & o & — a2 e,
AR R S S AR B )
(10) PLCY2-TRPC3 F v /LB D A PRAYE 75
E R, R O R RAE?
(AEBRBF - SEE N A, PRERKBE - L% - G RAED)

(ZmE4]

A e (GRS, IR B (BIRERSFWERE AR, Wik B (GifiRl), kil &in, FR B, &
WHgEt 2 =), &dF dfsw (EMRIE), AP EE & N EERGKE), L&A, FE ELOURE), & &
B, AR D) GROCHESE), M3, KER e GRORIE &, Wl R Ea S A), Ml sl GEARD, &7
WR), KRR, AR 2R, A =, HE BE, & MRS, EE ORRET, WE K, JEA s (CEED
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(1) BARBRERIDE>THET HEREER - BRMEE NE CaFrRIL

H% b

RESZRMEIIRITMBEOEE I > THRAET DA T

R BME D A R 2R S R MEPR  X AN 0 & DR FE
FIRECARN OIFR IR 59~ 2 AL RBERE & L Chx, &
MR EE RS EREThH D, —FF, BEOREZR
PEPIR PR R MR R A B MR CTh 0, ThEE
VEETHHOTHD, ZILHOEN IR L OE
FZERI 32 B % i ORRBBER S % 5] & i
TTUEDND TRL, AR T L7 Ok AR
HEFHETDHIEFBS (T uT 4 =7) & LIZLIEED,
PSR B HENET 2 FERFR & 22D, BAKFNE Ca
F ¥ RIS CaD IR AR 2T T D IEEAE Th
v, BB RO EE MRS, % L CCafkfEME
DOAffaERETRE, S IEETME e T4 ORI
VIEDBE 2 LTV 5D, o TEDORIECHERER T
DIEIRRZMEIC B L A RIE L, REREHICE 85
LAREMEIIIERICRE W E B BD, Tl BMERIE
WEVBIEEZENDFERBE NB Ca Fv 1L
DOIZHOWTHREET 272012, 7 v hORERIC—@ME
DRIEZBIERZ L, RIER L OYRH D EFL LT,
JRRIBEE Z > TWD N E I DERIEMEA T 4 =— X4
CEkoTEESNDT T 4 =T ORETIHME L7z,
DFER, W77 =X 5 —lEORERIEDOHK, T n
ARBET TV B2 @FREET e T 4 =T ORYIChZ5

CROR R B} R AR AR A T8 152 2% i A RE S ERL 0 7 )

BIENGED bz, N BT v 2V HERIT, Z OBEIC
% UCMHIER 28 L2, i@ A ESLETH -
7o ZORIEQRFINE LT, SRS KOS A1
BT D NETF ¥ XLOFBOHEIMMB R S L,

AR MM I CEE R B SOG Th 2 REZH D
BT, NRIMERIGIEM bR ESE), 2ok
TR PO /ST 2 2D BB RIE D — 2> D
HERFRICA D EB 2605, fE > TR IH RIS EE
WO & D TV FICBWT, RS HE S
D H DO OWFIE &[RRI, AR O RO PN R Sl H A%
DAN=ALEWHLMIL, HRRDRESELA NS
TU—HLVIRESHEMTH I EbEREE D, FalIN
IRIPE T M R 2 BTG S5 A I = X A OME 51T 5
WFRT, PORBRE SRIiRIC K v S EMLL o E#IC D
Too THUTE SN B A A A RIEGRATNED PNIR SR S
HerE 2 R U7z, PRSI L0 2o X5 RHIC
Dz o TEET 2 TR b R DS F13 72 < I
BLEIEV, S HIC N Ca F v XV K~ U RIZHBNT
I ORI MGRBEEE I RE R AL TEY, B
EOLEFEMEY LML Ly (BN X OUERE) 1230
T, FATMEEIE SRR (2B -7 5 AR A 7 = X A
HEUINE Ca Fr RV BREBERGEHEEZ L TNDHZ LN
Histsniz,

(2) Ca¥*o T F I -t —ELTOLE CaZFrHI
B LU Na-Ca?' TR TN L= Ca®* o 4+ LB Ze R %I feikshs

o

Ca¥'F v F UL, Ca' v 7 F DR - ZERHIE %
— AT v T Thd, DML RIS L
Al Ca® T ¢ K0 B D Ca® i AN Z TR/ Mo U 7
7 VUK RyR) 225 D Ca> it Ca* ittt (CICR)
BEZ N L C v 7V EHIE L, X0 K& RIHEE
NERETDHEICRD, O Ca¥ v 7 T VIR RO
FITIE, BABHEICRT 5 Ca¥' UV O
P ERELENEE T S, LEHMICI T LM

fEE GROURFRFAGI A RITFERH AL 7 2=)

Ca®>'F v R /UTEHE L7- RyR 76D CICR ##FFRT 5 &
E BT SNz Ca?'ic L Y Ca? RIEMERIEME L 2 5] &
29, Fx XL Ca’ T v 10 Ca’ IRTEMERIEMEAL
%4 LC CICR O¥agERZ M L, [EBVEN R
FONEBENEA O CaP AR EFE TS Z Lk 0 i/
o Ca® iyl z —E IR D, Ca’'y /L ORgEFR
ERENTD Ca VI - v —DRE RS -
R OEMT LT,
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LAl Ca¥ F ¥ RNDHT XA T ThHD Cayl2 (o) &
Cayl.3 (aup) W T b DO 732 743,
VT LA TR B R Y, 2R b DERT, ER
AP R T ~D Z — 7 v T 4 v T b
ZEAOMMEEEROER I LI EBEXZOND, 2T
Foxld Cayl2 & Cayl3 DF AT Ca¥' F ¥ LA ER L
TIRNT LT, T ORER, Cayl.3 IZHH DR WIEEL TO
MBI BE— IV WTFR bS53 508, —J7,
Cayl.3 (R OTEWBEN TORNEMEALIZIZY B — M I
WRELFHTHZ R RH LI,

Na'-Ca? ZZH K13 1 55F D Ca® & 3 FD Na' %55

THEEMED C¥ N KU U EATH Y, MlaAN Ca®
BEOCHMEICEE CHL, LrLRRG, EifF OBy
ik &AM Na R EE -5 I X FRET I Na™-Ca” 23k %
Wi — RIZEEE) L Ca™ & Ml N~ A B i FHEE it i
FEBL<, 72 Na'-Ca” 2SR O BERE TUME I T AT AR M
DR E G & 23, Foxlk, OHEEET LT v b
DEFFHICI T D Na'-Ca> SR DOBSRETTHE A FLH L
720 Na'-Ca® S O Hl S & AlhE D A 7 = X 1 % ]
5T B L, BITE, angiotensin (AT-1) 52 A AHKIZ
£ % Na'-Ca” ZHABSHETLIE D A 7 = X A ERFF TH
2,

(3) BIkEHE Ca” F Y RIP3IH Ty FRIETIREBHFICEH TS Ca’' Bk

SRR, AR

BEMECI LB 72 & OB OBV IR B N T, &
PEAAFIE Ca>'F v %L (VDCO) IEPEL T R U H—&h 5
B RIS B DBRIC, Ca 756N Ca IFHEMHS (CICR) 234
BBLTVDNZONTIE, REER1®HDH, HTxlTENL
Ty MERCEEEIC VT, CICR ANEETAgCA ©
% MR & /M O PR B S ER A 23 Bl D (it 24 7=
D 10-20 EFTREE) fF7E L, IHEEMIAERICIZZEND
DIEBAL CTEEHS 72 CICR D3BERE L CRPTAYIC 2K 72 Ca iR L
EH (Cahy hAR Y b) BAEL, ZORICHIKEED
Ca JEE FHEMNIEADEVIHEEZREBLTWVWD (.
Physiol., 1998; 2001) ,

VDCC OBV 7 = MIF v RV RER B B OFHE,
VAL « RIEMELOFRE 2 LICBER L TRY, 4 fEO
T HATREESNTND, IR TER2 &B3 7

2=y RABCEE L TEBY VDCCIFHHIZRE < HEL,

AN O Ca® BIBICEEE 5 A TND EEZLND N,
ZOHRGOREIHAL L TIER, FEDE L BIZH~A
IZ VDCCP3 # 7= K~ T A (B3-/-) KEIARF-18
FHHIIRIZ BT, Ca F ¥ RIVEFTROE N 50 Yot R

254

Wk S !, MRS KR!, MAREZ !, fATR?, N7
(A THTRBE « S - Moy 1 HNAENT, 2RRHK - 5 - REE, O RIEKREE - X -

5y T D)

L, NEMAEPRBIEL TWD Z L xR Lz (BRH) .
Z 2T E BITHEMEIE M MIIRIZ 3 T VDCC DR BRI
£ TV CICR DBEREZIZ DWW TR L 72,

VDCC DFBET, Eif#E TH DHP fEaHii T
B3-/-1Z B\ THI 50%38 LTz, VDCC Eif O E #k
RBIZ I 1T 2 NIEHEAL O ALK A X IE AL RIS AY 15 mV
BB L, REHEGEBRITAEICELS 2o Tz, Ca' IE
PAE K+ 1L (BK, IK, SK) I, BK, SK OFEHE - &
TMBFE TR 2 <, IK IEB3-/- TR LTz, B3-/-
B W TR BARKE % O Ca®' 45 v b AR v hTO Ca
BEEENBOLTEY, S56IZFhy PARy MEED
B (BDVITIEIE) LW, S5ICFBROBSHT
VLS5 Ca? IHMEAL KT F ¥ RVE b P3-/-Hlle T
BAOLTWEZEERB LI, U ORI 7 2=
v MRIBIC LY BB O CICR 2385 L 7= 2 /"
LTERY, BZ L P3-/-BHMETEE S T oo B [EE R o
IO ERFH L oo T D EBbhs, B3-/-TORERE
BB ARV T CICR NERERICAE U D RFED
HR R — 5 /MR DI 2 AT B & & 2 B,



(4) Ca"ikFMMBIEIEIZHS(1+5 TRP EAE TRPM7 O L LMEE|IZDULVT

rbFEw], e, FREETr, REAE

CIWIIPNE PN e 2 P RGN LR e S MIYRE 1 Ne av/Ns 2 Tl e 7 Pt s St [ate )

£i/T, transient receptor potential (TRP) & HE A —/3—
77 U =0, HIRROELFCE - BB E O BR
EORTHIBREWEE T (A T7AZF 7773
— ; TRPM1-8) AR E N7, EOHT TRPM7 I, #Hi
faAfFIc B 5 Ca*', M2 BRBLGA 4 F v XL Th
BN S, DOV THIKN Mg> 7R A 4 A X L AHE
FRHCMAO MBI Z BT 5 Mg RAT ¥ x L Th
DT ENFEINTND, RERTIE, b MEBEM
JE (human retinoblastoma cell ; RB) #ifidz V>, & OHEFHH
REFIENC 331 B FEfEM 22 Ca> AR & L COTRPMT O
A OMIE I SV THRE L7,

RB AfIE, MiECHlnst Ca* JEEICRTE L CHEg T
HUEEEZA L, EHANOMES Ca" OREIC k> TZED
BRI L, 6o T, MBI & - CTRBLY
BAT S M OFFEERL R 2 A LT L7z Ca® 321
HLTWhZENTRENT, EE, Ci'AA—v 7
& AW CHIE L7z RB MR FrE[Ca® ] L~L, Hllfia
S Ca®IREEITIRAET H[Ca™ ] sy (A[Ca™ ) X Ca™ HiEA
B (d[Ca®'] /dt) 1%, EEiA B DO MiERZE (24 -48 )
WX THEIZHD Lz, £z, RXyF o777 (F
A AL F B &V T RB A O Btk 21T
5 &, Ca”' Bt & R T BN A A 2 B o)
MEETE, Z OB IMIEREZESLINIHE R LT,
HIZ, HROEEE, A[Ca™ ], Igom @ 3 HICKIT 5, Fix D
ISR B2 DA A v F v FVPLESR (GdY, La™,
LOE908, 2-APB 72 &) OMEM I # T 5L, »win
DA BITFFRRE MG RN/ BE STz, ROk
F0 D, RB HROBIED, g T ¥ FNEI LT Ca>
AL > T @S —ED[Ca™ )y L-UL a5 2
LIZEoT0) PEMICHBEEINTND Z &AM RBS
nic,

Ny F U T o TETRE LT Lpon DB FIMEE
1%, TRPM7 5 B'E % ff| FE B S -l HRefk S D
WA A Bz s, %< ORTHEEL Tz GRn

Hia) & FEGME A R R R B AR O Ak Al A
Bras - MM MgATP FR%EIC L 5 EH 2 BitiRiE 08K
%) . 7z, RB s SAhH L7 RNA 72513 TRPM7
mRNA OERGFEW 3R 4, FIZTRPM7 FrRPLIK %
Mo S M ik 7 89 F ik I K - ¢, RB MlaEEIC
TRPM7 & ABICRT 2V IEHOL A il 52 2 &8
T&7/z, 22T, TRPM7 X357 o F B AA Y IX
7 VAT RRSIRNA Z 1B L, KiHtHic#in L < RB #l
% 24 Kif55#4 5 &, TRPMT SafEae e O T IcHE S,
Lopon FEFEHFE, A[Ca™, d[Ca™); /dt DA BRI A EIEE

SNz, £72, TRPM7 O X —EHHIKX° zinc finger motif
% g8 B X477 loss-of-function mutant 2383 L C % [AIEE
DFRERMFLNZ, TN HORHEIE, RBHMICE TS
Lipon T % KV LT R Ca” Wi ADFEAELZ, TRPMT
BEABNZDOT ¥ 2N AT D LHDIT (D
WITHIEIR & LTC) & LTEEL TV REMEZ <
RIELTND,

RB AR O HYFEHEFE, A[Ca™ i, Topom Z I~ 2 BILEHRIL,
IS EMEIT 20 LIFEREOR )T, RBHila~D
BrdU IV iAZ & MIHI L7z, —77, FACS & 7o iifa)E
BT TIE, TRPM7 7 > F oAU IX 7 LAF P
FREE T O Ca? TREIC L 5T, Go/G I 5l
DOFIEDHEML S W& 2 M OE G AT 5 Z L
oMl olz, 26 ORERIT, MRENO G %)
5 S W~ O TR 2SS, Ca” WS IC i b i\ Sz I
ZRTEVWHLHETOHME L B —H LTS, Lol
W, T v I v AREIZ X ATRPMT FE O i <° TRPM7
DOIBFFRBUZ L o THIRAAHIL LIEICED L) — A
JETHERFERD D, ZORICEHLTIE, &b,
TRPM7 OFEHL L~V & Z OFERA T iAo kg (£
17 - W5 - 38) ORIZIE, ENEREICHET M5
OER - BRI SN Mg> 7R A 4 A% v A
DHEFE) BEELTND EBXDREES I,

255



AEBRRAF IR 5 25 % (Dec,2004)

(5) WNMERUVHRIFMAAIZE (T 5HEBRIBERZ G A > FrrILELTD TRP EHE TRPM4

AR WL, ARH

2, R #hi2 !, Joseph E. Brayden’, Mark T. Nelson’

(LN A2 K2 R 2 2l A P S,

% The University of Vermont, College of Medicine, Department of Pharmacology, VT, USA)

M PR 22 & DB AT D lisieas & R 3 5 SEIE )
AIRIZIE, EOWNEZ L EZ RIS M 5007 o —)
by, ZhicE->TEMNarre—LEnNTH5HEE
Z BT & 72 ("myogenic" response) , FEE, FITD/Xv
FU 7 TEERCTEEN S, BHOEIC L > THE
BEEMAL SN2 0, 5D WITIEIEOEH 252 1 5 IR R
BB A A > F v KL (NSCC) DIFLEDH BT 72 - T
o LIDLERE, ZRHOF ¥ 2D FEIRICHET
DERPDIZELELNT WP T2, —F7, TR~
OYE AN CIEMAL XD NSCC & LTHEHZED
TWATRP EHEA—/N—7 7 IV —DOHIIRR LR
WL N EAITIEE L TIT L S 45 6 (TRPV4,
NOMPC) B3 H 20> Tnd, £ZT, FxITEOEKE
B9 ~<<, TRP F ¥ X /MTHEREZRK Y, RT-PCR IEK
Oy F 7 5 7 EERCTT > MRENREE M &
HEK HifaZ #4252 LI L W LT OB REG-,
RT-PCR {EIZ LY TRP F v R/ DFRH LM L72fER,
JRIAE 3 & O HEK AR o0 g 1 el U C B 1o R 8l

LU\ % TRP F % /L3 TRPC1, C3, C4, M3, M4, M7, V2,

V4 CThotr, £72, RuF I 70 7HEIZEY, v MK

(6) AA/NA4ADQD—:

B R 7 4 /55 M B KO8 HEK. S B o> 1 5 (3o L T,
Cell-attached mode “C suction tube & ¥V 20mmHg 2L _EDREE
EMZ 5L, 2025pSD L F 7 B A%FL, EIZNa'
R Cs" HEO—MMiGA A v EFBRIEDHA 4T v R
OEENBE S NE, ZOEIRZETF v R
inside-out mode 129 % &2 L7223, HUfAPY Ca®* 2% %
FH GluM) S o THEMRET 2 Z 2R T
i, EDWCZOF v %, MBEAS O Gd3+
(100uM), DIDS (100uM) D512 K 0 5ERITHNf S 417z
7%, La** (100uM), ruthenium red (30uM) % 7= 1% NPPB
(50uM) TixMHl S e ote, TNHDOFREEND
2025pS DAL K I XU AEETLHF vy xrL L LT
TRPV4 KO TRPM4B F ¥ RANEZ bz l=, W
¥ ARV EERFEE L L OMWE L5 L TRPM4B % il
FIFH ST L ORI EFROTF ¥ 11 EFBL L MEE
EHET LT ¥ R OIEEOEMABIE IR, Dz
LG, MEINRCEE 2V T TRPMA 2ol sz
PESERFELIBG A A 2 T v v & LTI O BRaRHERRIC
BEEAHEZREZ L QNS 2 EE2BImB SN,

—MWMZAF Y RILERDIZ—

RS Y (AR B B - A, SO e e b
ERILRAIGE - R, PAB=INAARLAF Y27 b - NEDO)

DIVONORIIARTE - BESE - ME7e & &\ o 7B
FMZFICZR LEYIINE L TWDR, ZOA =X
DITIEARRAZREN L, RE TILD - MERIZBT S
AR ) NAF 0 D= T IR T v V& IR
Do

1. BWZEDERY

D« MR IZMIE A S FWIZA D= I LA R LA
B~ TW5, EHRITIAEEEMEmE RHC X 5
M ~—X A DEFEOMER:, o - RHIRIC M 5
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REI MOV ET Y BRI D, EREME
JiE « BIARGE(L 722 & OIFRE & OBEIURIB SN D, MEIC
BAZE L7-Eml « SR h Ly FHEEICLY, X b
Ly TR A3 2 MR G G s (Ca™),
HERE DR, BZHRE R ISP, BN &) 12
BT 2R ETol, TOMKE, A MLy FHBICRL
T, WBSZRT ¥ XL H LT AA->Tr Y Y
VAR AR - MR R B O AR R — TSR L & Vo
IHAL— RPEIET 2 Z &R LT,



2. BREET ¥ RNVOHT - MlERS

Touch IZfRF SN2 & 9 etz = AT 5 ) &7
H—D—2b LTHWSZRT vy INBHDH, ZOF v X
NOBRABLAFRILIEATORTE D, TO0 T
FERITREVWHEAATH -T2, FEEIC T2 ITEZED )N
SLHATIILO THLY Y AFBBWIEEEZ BT ¥ 2V
(Mid1) @ H#f - [EEIZAE) L7z (Science 1999), F 7=

&, DL VBT LW E A T O AT ¥ /v (SAKCA)
OYLEE - BRI L, B, BRSO F
ERLPED AN = A LFIIC—HIESN Tz, ZDOF v
AT E MO - B TFEH R SIZmMLTNDS Z &
MR S, MEFHERERS 2 SICBEE LTV B ATREMES &
2o

(7) ATOZERETI/BEFS ORAR—2—OMRERTEREYT 5EF

AT a BT I BT U AR—Z—IE, 12 [
H@MOEEY 7 2=y F () &, FEX X7 ETH
%1 EEE SR OHIY 7 2= b(EH) B ALT 4
FREAIC L > Tl 5 Z Llck ik sh s, G
Ta=y MI, FIFURAR—Z—DOKIETHY SLCT
family (2B 32 9 EAMONT, #bhr7=2=> bZ
SLC3 family |ZJ&8 3 2 2 fit (4F2hc XU rBAT) 23 60
TWh, ~T R _&FRET I VBTV AR—Z—ITB
Wi, IEEY T 2=y MIREOHB T T 2=y h &
WEET 5D, 705, 6 MM 4F2he &, 1 HE2S rBAT &
WL, 52002 MITRFEEOMY 7=y b LR
52 ERHLITIR S TNES,

EMEY 7 o=y M T v AR — 2 — DY B RIERERE
EHSOTWDER, M7 2=y FO%ENL, HEDE
P T a=y R L CHEAE L, MIEA~BITESE S
ZLTHhHD, FEHRICEW T, 4F2he (TEAE L7TE
M7 o= b EAMBLEBICEE L, BAT (LEfs Lz
EMEY 7 2=y NETH EBICBE%T 5720, Mgy~ =
=y MR =T 4 TV TFVERNELNTND EE X

Boei N SN LY DN SERE SIS )

LILTWD, LinL, fmlifixix, YAFURIEORE
FRNT OB T, BIRMEN D DT AT VB AR E Y
T 5 ~Tu KA KT AR —Z — (BATI-rBAT
complex) DIEMEY 7' = ~ BAT1 & C-Kii? Pro 482
D Leu ~DOERZFLNEL, Tk ~T e & EKE
BIROMPIEBATRREESND Z L 2RI LIz, &
DOEFIZ LY BAT1 @ C-Kbfi~ bulky 72 {lISHAE A X,
ZOWMALTOL NI ERMBEERNREIND Z &N
HRIERBATRREORIN & & 2 b, ~7 v BREASR
ORIAIEBITICIZE B DB =0RFDIFENRLETH
DT ENTRBI NI,

s T, ~Tu DEERA T AR —Z — O MRS T
OHfRIZIE, ()2 20V T =2=v FEOHARHFHROET
QYT a=y "SI =T 4TI TN, (3)
~T 1 ZREREAROMBUNREAT 2 HEE T IR T
= b C-RIMTHERET DHE DN T &, HOLIZT D4
BNH D, KFEETIE, 20X 5 RBS0 5k LTk
DFFEZ DV THRE L7200,

(8) A= 2—0OVIZHEITS cdk5 DEE : HEMAZEE roscovitine DERANBEZ D

PR —ER 123, ARE 0, /s

V=2 bt AR EIIZEET, 2CREST » JST, * AEBRWFZ2RT)

cyclin-dependent kinases (cdks) 1%, HMifmo> 43k - HiFED
HICRED 5 5 VB Y VLR TH D 2, odk 7
7 XU —D—2 cdkS 1F, A= 2 — 1 OERIZE <

BT 52 E0D 3, MMl - BEFEOHIE & 3B oRkEE
L) LHEEESNTWAS, L, cdk5 /v I T T b
7 A IRMTE R B A Sk 7 LR ERIICAEA TLE H 728
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, = 2 —r T edkS ORFNIBES B 5Tl
W, £IT, YT T AIEIZE T D cdkS OFEREZ T
72, IMEAT A A TRy F 7 0 T8k EITV, odks
K EAPLESK roscoviting®™ 78 L F 7 AMREITE LIETE
MZz~T,

2087 > B INBAER LT/ MR T A A 1Zroscovitine &
ARG 2 &, KEMIRL— 7713 o A R o B 1 o
T T AR L ONEATRME— 770 % o AR o BUE M
VT AMREBETIRE R S e, — 0, B AR
X > Aa i o B M ) 7 AR roscovitine [ IER)
Th oz, HHPERSBELMAT (X7 VAL - 28)
BREOLE) b, ZOMRFERL, PQ N T LT
¥ XL OREREZ TTHE L T, MREWE O Ui % 1
REEDZ Mm@l Gk 7, 83M) . £,
roscovitine 1%, 7 /L% i &Rk L BiltE s
7 AL IR OWERFES (1) X°, tetrodotoxin FEARAFMED
PN 2 7 2 5% B O IRIE 2 R STz,

L7e >, cdkS 1%, Mtk F7 A% T 7 A

(CHHET D HRE D OFE RO LHEES D, cdkS 1, T
7 A ORHER BRI OB O LY, KB D >
T AMREGIEICE D D Z LR ST,
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(9) HWIFEEIZHI(T5 Na,K-ATPase D EHtkae

MHEA, RALE, IR B (BIRERRSES RIS o &7 — it Wb 7E

Fk 4 (INa,K-ATPaseo2 7 == v MN#{E T (Afpla2) X
H~ U 2 DIER KR OIRHT 24T - T2, RE~ U ABEFIT
SMELEREZROT, AEZILORS ERITEEL TV
L0, MAEMIORE) - s BE ST, AR
BT T D, HABEROMIZINTIE, Rk & ZLR
B CHRIRIIE D 7 R b — 3 A K DHEIEDERD H vz,
E 51T, AR EY B G A BIXA BN L Tz,
7R Y — NS B O TR E B BGA - e
EARARTFER, Hx OMRIZEDE OBGANREE ST
W, S BICHARICHEIE SN DMICIS T 2 SRR
c-Fos BEMNFE T ATITIHFE LIHEHRL THNDZ N
HoMMmE oz, Z95 LB 5, Na, K-ATPasea?2
Y7o =y MIREEYE O & HERERIC I L,

BAS T RIBORER, MRHEBROMRIEEDE D Y T 7
YABHEES N, MREREICORRL b0 LHEN S
77

i EYIBIC Lo CTHESEFRE~ Y AT, EHN
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Wﬁk%E?BEE%)

RONTIER AR THEBERIETT D, Z OMREF &
I T D728, T my 7IERERWT, 77
DU Ry FIEICTHEMRE =2 —r U R T L2 L 2
A, AR LERE Y R L ORI IEBEMN DTS
N7, GABA IZ X D BHRHTOR N RITIT A B
WEENT, 2D LIFRES T ATO GABA ZHMED
WY ERET 5, £72, GABAFREICL > T, BART
LR 728 O BB A R 5D Dkt L, T
~ U ATEMSBOANEE SN, 2D &iX, KE
~ 7 ADOMREFANENIC I T DCL A A RE D EF &R
T 5, IHIZ, IEHAESMIEROELRITRIx 25 4 31
BERSAAR (C4) OIXFISE L, 7' v 7 BEATHELE % Ok
EYUATEEODTHES, BIRELHEIZE 72> T
e ZEfET 5 2 LBl STz, £72, E18.5 OFRE
~ U ATIEARMERIEENIL A S0, 1-5uM 7 R L
TV ERGTHE, BN XLARPLEE LW EMSE
EERFRE SN, ZOL & ORI RIEE 7 — %



FFHREC X ORI LTz, 7 FL U R EMENS
B IEF AR CIE, IEHENESMALES (most rostral root of XIIth
nerve) fHTIZFAE L, WldH D5 WITREMA~E RN D, K
EVUATY, FLUOEHAY — BB S, 22
L, BAERTIE, WERBICORENT, Bz HE

SIS b= oicst L, RETIEZNL S
RIHEIIR bR o7z, ZThHDZ &G, Exbh
% Na, K-ATPaseo2 ¥ 7 = Fi&fs 1 DIEEE & ftim

Do

(10) PLCY2—TRPC3 F ¥ R IL:EEDAEEMEER

R, R M A RmAE?

(EBRBF - FEASA A, PRBRRE - THR - SREY)

FEBUAE P IE B MBIV T, SRR X » THE
HE SN D ERY 7 Ca¥RE) (A L—3 3 ) 1, c-Jun,
NF-AT 72 £ DR E DB R F 215 L, BIEFHER
FfasEs A 51 & 2 9, AR X 2 M Ca® i
JEEFIE, HEN Cat R T =B D Catt i & I
Bz O CWMADTREEEN L CHERISND, L
L, Ca¥" AL —a v DFEAEA T =X DO TILR
7 BT,

HIIZBRRE LA /v b= 1,4,5-= U L (IP3) # i
WHT v —T7 % AT, ZRERIC X 2N Ca®'d)
RE L MINEPN 1P3 BHRE A RERFADICARNT L 7=, T ORER, =
BARRPLRL A N7 — B k- TER SN D Ca A
IRAF LT FRe 072 IP3 EEAEDNIE Z 5 Z L ¥boT-, £
7o, ZREFREA T — AR X 5 R % 0

Ca® iEAD, R AR Y /8—F Cy2(PLCYR) DIEEM % 5| %
BTz eNbholz, ZOBSERT, PLCYR @ C2 K
AL AL THIIEN D B2 BND, SHIC, Ca¥'
TAZW) ZREEELT Yy I VON TEETH D
TRPC F ¢ X ABED 5 B, TRPC3 A3, {EHAYIZ PLCY2 &
WMATDZEERLE, BLEOREMND, TRPC3-PLCY2
DORERERFE B DS, ZAMHIIC X D Ca? oscillation pattern
ZHIET A Z ENHLNERST,

IRET, ZEBA T ERI SND CaTHAT D
HLON, B Cat Ay L —va v ERESEL EE
ZHNTE R, LAL, AFE”ERICEY, TRPC3 %40
L7z Ca® ¥ AIHETE L7z IP3 PEAEZS, #AAN Ca¥' 2 b T
—b D CaP G+ & T, Ca* oscillation
AT 2 ATREME DS R STz,
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8. IBHMEDAH=_XL - £ [EYE HERZM7IO0—F)] -3

200246 H19A—6 H20 A
R - HEEAN - IBET R LR E B LEirseRh)
BTN« AMREEE  (EBRSERF SRR AR AN 1 B )

(1) AMoBsTEMEICRT D EFHEEMAE
Vet AEUMTNLRF)
(2) WREMREBLOME—V2 BT 29rhtian v O£
GHE M (EERERFSER)
(3) Iz X 2R DOE ~fHFH - AFPNE N EREHEC ST 2 DB~
BARW = EALIRRY HRY AT LATFR)
(4) REESHFEE»OOAEBHMREZDOETY T
TEHGE  (TEERFICFHB)
(5) FRRBIEES) FE OE DS YL REHHE B2 EOMAR SO 0 RO 1 KT R IR
gAML, HEPEE GUEEPEATINE SR At v 2 —)
(6) Adaptive Optics > A7 2% H\\ 7= LIM $#{KLL D RIE & B
IWNZEH (BEHEnevsR)
(7) & MARIFIZIB T 52 EAER & 2 O SUIRD 5L
FOHE— (ATR ARHEHRE 2B SERT)
(8) HEMRIZKIT B0 A B =X AO&EE-LEYELEAEIEE & AT T 0542
HEREM (BIRTERFEAMIE®R S AT LHERT)
(9) MEANR TR oD W HRAR 22 5& A2 M A e D 1 R A A%
SO A], R —BR CRBRR R B A B RERF 7R
(10) BBRBEOMFIME Z T30 & Lo aREEE
AN R (BRGNS R R LYR)
(11) FOREEBHIEIZ I 2 FLRETFR O FE
FHZE CREBRF SO AR
(12) —RBARBFIZIB T 5 LB E RO A e
VERREE  (CRBRRFAERIR T « R7Bi A mpgRenfJERt)
(13) WM IS X B AT & LiEB Mo mE
W 2= GRERT &1 - HHRIL%R)
(14) Y VRTEBMUEEREICIIT D (B ICEILTAT U T 4 7T 4 RBIDO =2 —n UHE
KRS (BIIEREERIRY  ERH AR

(ZmEA]

Ptz (AETUNITINLRSE), i = (s TRER%R), BEE (BLEREMRKT), = kL (ERERND,
EHME (THERY), gAM (BEL AR A & HEORRE], #EERK, A B30, MIREE, FHEAKT,
et 2 =), WREE (§t¥w vz ), BHE— E@E , AT, KEHBZ, PR, %30 Ok
(ATR ARMESRFPENITERT), HEEN (BRTHERT), PR, &5, fFTHRE, #EE, KRR, SFH
*W&ﬁ(%ﬁ&ﬁﬂ?ki)%Ef(ﬁ%k?i?ﬂ Bak, Stie, fHE, O, iR, WEEE,
JERh), PEpZE (ORIORS), 3 2 (GRER), HERGHT R, Sherry Sung, ERMRMER], MEERELES, 110K
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&, R, wmEY, EESE, KPR, B
=L, e E CGREUTERY), st UK,
IREIER, %R, H8at (EBEFRR), g
s (BHfER - IR, AR 7 (A, ARMEK (B
BF BSD, M & OUNKS), # Bt (NTT CS #F),

(=]

AR TITRRART, DHEpET, HEROUE
FEPR—RIZEEY, BHOERSHEFmE T, £
NENFETR > THLZORMIIF—TH D, &%
IFHTE TIXENEILE ISR E L2, M OE#H
P EZ 0 XS R R, U %#whfwf
%%@;oﬁwi#mﬁwtwf&b Z ARG
DEEERER S D, AFRETIE, EBHENLIXS 4,
DHEWED D i7%,ﬁ%m DIX24DF 14 4 DH
—HROTEE BIFIERRR Z R R Lic, DEMB RN G 1T
BATE A ORI R, ilc X2 6% 0%{k, BHOE
G, MK Lo LM #EAREORE, MR % Hv 7222
AR EAEH O ORGSR OB, BB & A I =X 4,

FOREET~DIRFIFROEEBICOWNTORENH -
7= AEHENS IO V2 BTOFIN O BRI

(ZX DR, PO ISR R E MRS ORI IR
PEOERNR, IERIR TR O mMIRSLEMROBE], —

(1) TARDERLT

HMIHRGAZEC X 2 BATE MRICIZR TR S D & \Wbh
TW3, KEFHORELAR (TRbbAIATUZ =
W, BTSN EHMOZNL (EZA7<UEE
W, HDIWVTEW) IR THARSE#ETH DL LS
TWa, LaL, MREZEIC LD RITEMREICIERER
FANEDTFAET D B2 B, BAEHCELTY, 20
FECIHEIZ DWW COFEMITI & 2 Clidlevn, 2 2T,
BATE R ORGHORERLCMHMAZED A E I BT

AN (BFIRSIRST), WHTE (BRERERT), BA
B, BB, HHIE®R, ZARUHE, SemEr, R
Wor-, AROLTEE, Mases, OHikm, /NINE, 83 FERn,

MAIES:, HLOMAL, RUEL), LHIElR (EBEEHRSERT)

AR CTOSIREDR,  H VAR B C DR A
WEIZBE T D A ERRE RS MG Sz, #HRmbITE
KAFEMEO T LTV X A BRSO 5370 DR EH Y
MEEZHAWCHATEAZ &, BLOWRHEIZ X 20
S V1 R ORZEHBIREE SRR L T D & H B
HIRWVIREN D o7z, WIS BB O RO <
HY, LHEWE O D O T OBy B 2 R
DAH=ZENBIAT D E VISR HBETH 727
B, AFFEOSBHEOPFRFICE > THREHEESH 5NE
Tholo, ABEPFRO R B — RT3l < oo Tk
WIFEDBRENEE LA, Z D X 9 2 CABSPIIZED
BHOT 7 =y 7Rk y FREESRE I, LB
REOLLWHEZ T, SOICERRmTESHTO
IS CTIER IS Thiviz, BMFIC 1ﬁ%h$%y
KHELBI, ZOEX D it L CTIRIRW BRI
TEEWIEE N E > TV ZENHIETE 5,

FHMRICBITHAEAMEBAAZE]

Yotz (b iz Re)

D120, 930 4 OEHREITK LT, BIfTE&Da—r R
7 — MER L RO R E SEE Lz, BREN
Tl FUF ARy MY =V EFE LTV
LY G, BTRONREZ—VERHAWZE EICHRORE
SERFUENLVBEE -2, Zhik, Zho ol
BB LORO RGBT, BB L2 BTE
FRDYPEEREEERZLTNDZ AR LT
ol
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(2) WBRRBDBE-—V2FICE T 5NN Y ORR
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—UREREH O =2 —u 3 DREDOBE 2 RoE

BMRESICORIRICRIST 5 2 i k< mbnTng, <
1229 Lie—IEHRN D ED X 5 @R a2 R Tiko %
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b,

(1) PNMDG+ / PNa+ [ 3F 8% & L A DML R Lz,
(2) WA & HEGRME TR BUE B & A DM AR LTz, B
POV AESICBEE SN DM X BB K OER LLVE
MEEBLOL ST ¥ XN EREIEIUCT D Z LI k- THEMN
L7z, (3) BIRE ATP IC X D VN &Rt 295
R BRI ATP 2535 & NI & itk
HIR L7z, (4)[ATP]- WG BIER D Kd OEIXFEEEE & &

D% R Lz, Hill fREIIFEBE LM /2 —ET
BHole, (5) AT LD RER1328CIZ LY FRLOFHE
BEITARAT L2 ZEIE R LT,

L EDOREFRENS, ATP I X VBIIRIEBIC A7, &
GEFFIZH B P2X2 ZFET v 3B OMAESERIZ LY
AT FEIZBOTRADDOMERLNEZ D, N7 0
MER Y T MRS MEDZE D D ATREME DS R S 4172,

(3) YF TRIRBED I FHEDERICHITT

iR R (PR E SRV S A A A = 2 H )

Tz DFEBERFEOHEBBRD — DT T XD FFRESR
NHYET, xaEOIN—TDRAE>TUT
T ADREFEREIZ OV TR A ITH BN > TEEL
Teo —HTUFT T ADOBMEED 5 I OWTITIR E
> TWERE A, EADOHRREMEED—S>TH L2
ExF oAb, FuTT AL, X RT By
FRIZB 0 D AEAICEHE R CThH D 2 L BIEFR A &

HLNZR->TRY, v 7ARAbL R T U bE %
FCHEENBE EEZLNMAD THET, LLEDOY
T T AFMEICIED 2 X T VRO TEERITH O P
LEMREICB W CREHL M TIED Y /A, £2TH
b, T ARAEOLEXT AL G DS 1
WZOWTETORFTOMAZRZZ Ciam LET,

(4) > TRZIEES PDZ ERE DI AEEFZHIHR

PDZ RAA X, #9190 7 X VERFREN G2 AEA -
EAMABEROEY 2— LT, REBZEKSA 4T
¥ RV OHMFEN COOH K D€ F— 7 Hls (3~4 7
J BEERIE) WA T D, —OOEAERICEE O PDZ R
AL UNEENDLEMICL D, Bix RBREMEE QB
—APNCER S, BEX2R Y 7 FIVREBRSERBPIERK S
I, BRI ORERI IR 7T IARENAIRE L 72 5,

%313 nNOS PDZ & PSD-95 PDZ O AR 1EH O 7 {AKE
WEWFEA1T > C& 72, nNOS 1T NMDA ZEKFTAMED
Ca A F N XV IGMAL =41 5238, 2% nNOS 2% PSD-95
Z4r LT NMDA ZAREHRTET 5 2 LIk v EH

Filg ZN (BEMLRFE KRB & BT 2R

LT3, PSD-951Z =20 PDZ KA A » %5, nNOS
HEESR B A A O N Kl PDZ % £F>, NMDA
ZARKIX PSD-95 @ PDZ1 IZfEA L, & 5HIZ PSD-95 @
PDZ2 |Z nNOS PDZ 2fEET 25 Z £12L Y, NMDA &
{K—PSD-95—nNOS BNEGEELIZMT D, FE HITK X
D PDZ RAA »OSLBHEEZRE L, ZEAEER, Rin
7T R A, YRR NMR % VY, in vitro TO PDZ
OAEEREMRN, 7 JBLSLTHLMI L, F
7o, B OgE#E E LC, B0 PDZ I X 5 @mikifiE o
FRICBE$ 2 HEERFIEIC OV T UM Lz,
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(5) ZaFUMETEFILA ) UREROBEEYFHRENT

—aF T T a Y R (nAChR) X, R
BEOERDORA N F T A LICFET D U A RBARR
AF U F XN ThD, bIvbhid, YELrxAf OES
ZRE2 D nAChR #EEIZEATERA M7 A%
1L nAChR DOF = — 7RG 2 ER, FR{KIE & 7 BEf
$5% T, nAChR OF = — 7RG DA A — P 1R
Lic, Fa—7WiERO T8 A SFEEFIH L7
B 21TV, FRIRRABICH 2 nAChR DONLikEE%E 4
ADSRETHNT L, 1 1 KAEEIZHE - TR Y A~
FR#EZHTITD, FFLLTOREEZRE L,

nAChR OIEEBEIKIZA A T v XA EREL, 5K
Do~V v T ADSIRDAF DBV EERDLNAIY »

i ER EYLAORTETRR R ERT)

7 (BEEBART) &, ZORMY 72 EFORENG
T DLV EATND I5EDa~Y v 7 A0
RBAMUNY TN TETND, E@EARTIE, FikEEE
THEK 6ADRMBWTEY, 7TEFALa R H
v RREGHLICHEAG T2 &, ZRANERN IAIZEN
%, nAChR Z1B8 T 5 Na A A RK A AR EDHF
F TR CIIARFUREEICH D, Z 0% 1 Ko
ERIFSALDRENWEEZLN, ZNHOKID T A
£ nAChR OFF ILIREEIZ R 1T B BRI 6 ADIREEAR T %
WETEY, W REBICB W TERRN 9AILER -7
XD TT ¥ AN EZBIMTEDLLIILRDEEZD
iz,

(6) Rapid motility of dendritic spines and axonal filopodia

FEMNICB T D VT T AL, v 7 ARtk
HOREIENRE R B/ HAL &V D S TEIRTEREZ L
(motility) ##Z L TW5, Fxld, ZhFREBLIOT
4 A 7 AR R EAER 2 VG, BRI AN T
GFP % JEBL S 7o v L OBRIRIGE 2 /31 B LY
SRR ABIERT D2 LICL Y, YT T ARKEOER
TERE\LD T T AEHA~DE G 2R TE T,

T A GRS T D BHRIEE X XA DIGREIE R
25 small GTPase Rho 7 7 X U —lZ L > THliEIsh 2 Z &
0, BABIOGMO 7 V—T 2Ly RrshTng, 22
T Racl, BELURhoA DEHRTT =7 Z—Th % Rho
kinase ZPHET 5 Z £ 12 LD, Racl &£RhoA/Rho kinase D

% 75 (The Salk Institute for Biological Studies)

ERZEMIT L, ZhbD ODIREREN A, DIE
e, BIYJEREZ ks L OV TE( o $ 72 2 Al 4 fil4E L <
WL Z xR LN LT,

Fiz, VT T ARG T DS EIRHE T « =R
T 4 7 OEHITEREEAL & MRS B O BIMR 2T, T
T AR O T % BT TORWRER 7 4 =R T 4
TVEN A = VRS R OTEMEARIC X 0 BRI e ko
EEVWRHEL, YT T RAEROEFEROT 2 LT
74 aRT 4 TIEHA = VB FEOTEELIZ XY B
TEREECDES VR TR D E WD, HA = U2 RIRE
PEILIC L B v F T AR O " EEBEO RIS RIS D,

(7) EGF ®BERHMEZEETILS v FOITEIRMT

Fox L, M RS AEB AR O A TEHERFIC B 5 L
TW5 LR ER T (EGF) O3 E &2 R4 55k
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i L7z, ZDFER, EGF A% EZICEE LT v T
1, 1 BlRC22 % L ES B0 FEM 2R L=, 2 7
Afis & RENET & H B EENZ W CH BT
L7ce MBERBMZHTTE LNV AL v EEY 3 >
(PPD) 3% 5, EGF %57 v M TIL, 17 AlvE Tik
REPREE & [FIRE D PPI 278 LTS, ZO%KRES D
[ZoM, PPI BEAFITIKT L7z, [RIERICHT A8 xh4
2 S HATERRBRIC W T, 20 EGF #5813 #ink
DIETZER LT, £72, 8 FFMMRREE % 7o 25 HR8

B ERMEIC T D 3 < AEEITENC ISV T EGF
T b U8 33k ee oS e sl E e, &6
IZ, T D EGF 58X, IFENSEY Th 5 HERAI A &
V7B IrRaABnA LY BWVEE AR T L
HIBIL, R8I AFEMEmR OB RE U & OFEBAMEA R
BTz, BLENS, R8I AEEMEAR R~ O
KT & m RIS REIE A & DOBIE R bz, 4%, EGF
DRI B D TS5 T AW BRI FE AR FRE FR D7 [K] <>
WHERIHDO—Bh & 725 Z L 2 MF T2 D TH 5,

B) THTAMNYT)—ZFZAWEBEFRETDADKRREENICK 5 ELFHEDER
AN Za—1) 2 a—F Y I RDOFIEFILIZ

&L, ZHET, FEREFHE~Y T RCH LT,
WEIRVEIK 2 0 N — LI ATEN T A by T ) — %2179 =
LIk Y, BFEELFOFRMEEE N L&, &il,
7Y F 2 —t Y TRRFOFR) LS & o IL[FE
FIZL ST, ZOTET A My T U —ikigEAE AW Z
Lizky, Iy =a—1U 2 (CN) OFIMERRI /) » 7
T U b~ U ARBEREELEORE, EEORE, T
DITENOIEE 70 & & BTl A RIEROITEN R F 2 R
TZEERWEL, &b, HEKRRERETDS ) A
DNA # o 7% W T AHBIMEHTIZ K D CN OB T2
BRELHRSHBEL WA Z EbWELE, Thbo
HRICHESE, HE 51T ON A5 D B EREHE O

B R GO ok s de b SRl 5 122 220 FE R A )

FH DS IFIE DFIE A H = X DT P TE A 2275 %
LTS THAD ZEEMDTIRE L, CN 1T F—
R VR NMDA ZFEO THRICAE L TR Y
A RFEDCNIE, F— 33 RS NMDA 4
HOGR & @R AR D, CNI=2—X U F~v T AT
X, MR OBHRZEREOR S AL, b Rn
RE, A RIMEDORIEERFER L b < —FLT
Wb, BT, MERPEBFORERORE, LIFE
BUIC R DmEWSERIESR, FEIRFOEVRESR, Vary~
T DRI 7 ERER DI TIXFRA N 20320 T2
BGETHEHMAT L LB TE D,
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1. £EPHRE THEEMN MRI IR

2003411 H27A— 11 7281
fRF - #EE A EHERAL (BT
FTNARHISH « TERRELAL  (AHF)

(1) Simultaneous measurement of hemoglobin concentration change and BOLD signal response during visual
stimulation by NIRS and fMRI
SmEEE CEBWIIERT, KT - ML R —EENEE v —)
(2) BMIRTERED CBF, CMRO2, CBV D71 v 7Y > 7
A — BHKRY - B x VX —EFEE 2 —)
(3) Statistical analysis of functional near infrared spectroscopy time series -adjusting or modeling temporal
autocorrelation-
Takanori Kochiyama (Kagawa University)
(4) An introduction to the time series approach in fmri data analysis
Toru Ozaki (Institute of Statistical mathematics, Tokyo)
(5) Evaluating effective connectivity: Multivariate time series approach
Okito Yamashita(The graduate university for advanced studies),
Norihiro Sadato (National Institute for Physiological Science),
Tohru Ozaki (Institute of Statistical Mathematics)
(6) Correction of residual motion effects using ICA
Takanori Kochiyama (Kagawa University)
(7) Hemodynamic, electrophysiological and structural interaction involved in human face processing. Evidence from
a combined fMRI-ERP-VBM study
Tetsuya lidaka*, Atsushi Matsumoto*, Junpei Nogawa*, Tomohisa Okada**, Norihiro Sadato**
(*Department of Psychology, Nagoya University, Graduate School of Environmental Studies, Nagoya, Japan,
**Department of Cerebral Research, National Institute for Physiological Sciences, Okazaki, Japan)
(8) MRI fijfg & 50 DZEAGIT A 5 BT BF i SO R ] 0 i 251k
BN, A %, ERRAL (EBELARTIERT)
(9) Application of MRI movie to kinematic analysis of articulatory and orofacial movements
Shinobu Masaki, Yasuhiro Shimada, Ichiro Fujimoto (ATR Brain Activity Imaging Center)
(10) FREQUENCY OF REVERSING CHECKERBOARDS AND THE BOLD SIGNAL IN HUMAN PRIMARY
VISUAL CORTEX: A HIGH-RESOLUTION FMRI STUDY
Pei Sun, Kenichi Ueno, R. Allen Waggoner, Keiji Tanaka, and Kang Cheng
(Laboratory for Cognitive Brain Mapping, Brain Science Institute, RIKEN)
(11) Contrast adaptation and the BOLD signal in primary visual cortex
J.L. Gardner, P. Sun, R.A. Waggoner, K. Ueno, K. Tanaka, K. Cheng
(Laboratory for Cognitive Brain Mapping, RIKEN Brain Science Institute)
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(13) Model-free nonlinear regression analysis in fMRI using an artificial neural network

Masaya Misaki, Satoru Miyauchi

(&mEA]

Kang Cheng (F2 KE) (BiHF), R Allen Waggoner (EE4F),
Pei Sun (BEA), LB B— (WD, & #E+ (D,
Justin Gardner (PRAJF), WL ok (BRAF), 7rH FIR
(BEAF), B%E T (BOF), M Bk (B, AR
e (BRAF), =4y—  SFn (BRAF), IER {55 (ATR),
BHE B (ATR), A M (ATR), #Ft #¥
(ATR) , BN # GEHRD, = o GERAT), )
woEH (B, T MR @EHR), NI R
FENR), IWTF A BEER), e #E— @SR
SEEFRELR), BB #E (EHIF), Jorge Bosch (FR4hfF),

(#£]

ARFFEE T, BERERIRE SIS 475 (LU T fMRI) fMRI
(2B 2 Bt 7 & ONCAE BRI 20 s AR RE I DV CIE 38
REMERBIR) LB, ERRHBOGERMT S 2
EEREMNET D, RFEEIE, BOLD #hift7s & OAETER
M 2 BT D BFFERR & L GRARIMR R AR 77 7 ¢ —
& DFER LeB 338 3 STz, F T-HERER MRI O R 5
T =5 L LTOREE LD LicT — 2 it 7e 5N, 8
IR A ORI ~OE IOV T, FEMIZR 383 & R
Hole, IHICET N EEIROFFHENT 7L (ARA,

(NATBAEN  @ERATFENT B EmiiEr v 2 —)

Andreas Galka (FE500F), fAH  FA GeimEgz v 2 —),
Wil #a=] (BT, fiARFET (BT - B E
), /ML= RPN - REEEFEE), LB (E
PR - SRR BN RE), 48 B — (BRI - SR A ),
ERE L CCEERF - DERAER), AW (M- O
PRAEE), [E FA (B - DERAEE), 7EEE K

(CEZROF - DBRAERR), S 5 (EPRRAF - LEAE,
M EE CERRAF - OFARR), JFHE R (R -
OEAE), HEZEM (CERRAF - B4, AR (&
BRAJE < DBERAERR), (LARSET (CERRAR - DBRAERR)

ICA, PCA) 22T & BRI HLY fLADFEI STz,
— WL O AT TR A B, @S MRI O R4
En LN a3 nd-, £7- tMRI fRERIZHRAET D
J A X ROCTHEREE OIS E RS &0 9 R AP R
N7z, MRIIZ & 5 FF OB R S4, MRI O
HEREMRAT ~DZ W27 e —F N L S, K&
IS RER A~ T T —F L LT, ILVE MR R I
DNT ORI b FER SN, IIFIEDE D J5 1 %
Z, BIRRRIS e SNEIRETHh T2 VR B,

(1) Simultaneous measurement of hemoglobin concentration change and BOLD signal response during
visual stimulation by NIRS and fMRI

BWEL (CEBEWIERT, SHFKRT - M r X —EEE v Z —)

fidt 7 A xF G B R AR IZ % 9 % hemodynamic
response % near infrared spectroscopy (NIRS) & functional
MRI (fMRI) D15 5254k & U CRIKFFHEI Lkl 5 2 &
FEHBE Uiz, SRS LT, 8Hz T#ET 5T = >

—R— FRZ— % 20 ORI Z TS AT L,
2, 4, 8 TP R D session &V K L7=, NIRS HED
optode % P& EHABIZHELE L, oxy-, deoxy-hemoglobin(Hb) &
JEZFHIIL, [RIRFIC 3T-MRI #£§# (2 C BOLD 15 % % & Hil
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L7z, B0 fFHEMRI | C optode 27 D Sz & 7> & NIRS
B EHEL, kg 5 MRI 7 — % ORLEEER E L
72o subject fET, FARHIMIEE D R S ALINIRSE 5515
F ¥ RN DIEF & EOE FIRHEE AL SIS D
BOLD g5 %, time-locked CHNE 44 L Cbb#k L 7=, oxy-,
deoxy-, total-Hb D4R D time course (2351} D KIE 5

B L OWIHR T E s A s & 1, 2,4, 8 B &
PSS D Z LIRS LT TR LN 523, total-Hb
TR EE 23 Ee e linear 72 DM ) 2 773~ DI % L, deoxy- Hb
PREE DN TIX BOLD 15 5 D5-G I 7 fafnfE i 23 7 5
nic,

(2) FXBEH;ERED CBF, CMRO2,CBV ®OAhw T2y

ARFFEIE, MRI K OT RSN EE 2 HI TR ATERF O
CBF, CMRO2, CBV DR & IR BRI KD D Sk
B%L, iMiT2Z L2 HME LT,

AR I e & AR SRR R O BIMRICE L i, BLaidk v,
Jibd f 35 52 & i R R, I R B & o
Wy 7Y TBMRICH D EBER BTV, ZHUT
% LT, 1980 AR 4IEIT Fox 1T & 0 MBRTE A2 13 .
Vit & MEA SR MU IE uncoupling LT 2 &V 9 i
ENTz, ZORMBIZ DWW TCIEBIEE TRV TV D,
—J7, BMImpEE & MR s & OBRRICBE L TiE, &<k
NV A AD TI—T s b R IR w K L R o BT
REND LWV WERS N, 770, ZoWEITHL
Zxt LT M bRFE AR ZAT S &\ B CITbhiz b
DTHY, b b CHETERED MM & & Kk & & OB
RERASTZHEITIFE A LR,

HAR— GEHRT - B ¥ —EEEE 2 —)

AT, CBF & BOLD, CBF & CMRO2, BOLD &
CBV L OfRZERk®HBHZ L& AL L, BOLD 551X
MRI T, CBF /% MRI @ FAIR ¥, CMRO2 % MRI O
FAIR 75 & BOLD 575 & OflAGOENDL, X 5HIZCBV
TTARIMEE TR D 2 & BRI T,

Z OFER, BOLD 55 & FAIR 55 D1E B (LR
R, BETFORELSEEH 2P, IZFE Y =T IR L,
®IZ, CMRO2 (ZBJLC, CBF & CMRO2 L OBMRITIE
FEEBREMRICH D Z EBNbhoTe, & HICERINERE %
FAWTCTHIZE L 7= Deoxy-Hb & oxy-Hb, total-Hb & DO BfRIE
TRWREMBIRIZRY, £/ BOLD & total-Hb & DR
BHIFFEY =T LW HRERICAR -7, ULEORERIE, M
JETEE RE 0D Jibd L B, AR SR AU R, iR R D 25 (KIT A
HIZHRWN Iy T o TBMRICH A Z bR LD L
EZD,

(3) Statistical analysis of functional near infrared spectroscopy time series

-adjusting or modeling temporal autocorrelation-

Near Infra-Red Spectroscopy (NIRS) has been used in
functional activation studies as a non-invasive technique to
detect changes in cerebral oxygenation in human adults and
infants. By a high sampling rate and simultaneous multi
channel measurements, NIRS instruments have the ability
of revealing temporal and spatial structure of brain
hemodynamic response, as the same as fMRI or PET.

However, contrasted to the improvement of the measuring
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Takanori Kochiyama (Kagawa University)

instrument and the wide application to research, there are not
well-organized analytical methods compared with the other
imaging technique at present. The purpose of our study is the
establishment of a method to detect the functional brain
activation with robustness and without losing sensitivity in
NIRS measurement.

In this reports, we focus on the topics about the modeling

and correcting the temporal autocorrelation in NIRS time



series data. We revealed that the autoregressive (AR)process
of NIRS time series exhibited higher order and more complex
form than that of fMRI time series. We examined some
methods of the statistical signal processing techniques based
on the generalized linear model (GLM), which were

developed in fMRI time series analysis: (1) General least

square estimation (GLS) of GLM with swamping approach,
(2) GLS of GLM with whitening approach, (3) Variational
bayesian estimation (VBE) of GLM. We evaluate these
methods in terms of the ability to control the type-1 error
(false-positive)rate and propose the appropriate methods and

their parameter's settings for NIRS time series analysis.

(4) An Introduction to the Time Series Approach in fMRI Data Analysis

We would like to present a time series approach for the
analysis of fMRI data. We have been working on fMRI data
analysis since 2000 when Prof. P. Valdes and I visited Prof.
N. Sadato in his lab in Fukui Medical School. The most
widely used standard method of fMRI data analysis is the
SPM method developed by K. Friston and his group (Friston
et al. (1995)). We think the SPM method does not fully

exploit the dynamic information involved in fMRI data. In the

Toru Ozaki (Institute of Statistical mathematics, Tokyo)

present talk, we would like to show how useful

spatio-temporal information, such as localization and
connectivity, can be extracted from the data using our time
series modeling approach with two types of experimental
data: one is visual stimulus data from Prof. Sadato’s lab of
National Institute of Physiological Sciences, and the other is
motor task data from Prof. Kawashima’s lab in NICHe,

Tohoku University.

(5) Evaluating effective connectivity: Multivariate time series approach

Okito Yamashita (The graduate university for advanced studies)

Norihiro Sadato (National Institute for Physiological Science)

Integration within a distributed system is well understood
in terms of 'effective connectivity'. 'Effective connectivity'
is defined as "the influence that one neural system exerts
over another" by K. Friston. In order to evaluate effective
connectivity, several statistical methods have been suggested :
structural equation model (McIntosh and Gonzalez 1994) ,
regression based analysis (Friston et.al. 1995)and so on. A
disadvantage of these methods is that analysts need to
prespecify the direction of influence. However this
disadvantage can be overcome by causal inference based on
multivariate time series approach (Harrison et.al. 2003). We
have suggested an extension of Harrison's method so that both

direction and magnitude of effective connectivity can be

evaluated. Akaike's relative power contribution is a key tool

Tohru Ozaki (Institute of Statistical Mathematics)

for evaluation. The result for the data of random dot stimulus
will be presented.
Reference:

MclIntosh A.R. and Gonzalez-Lima F. (1994) Structural
equation modeling and its application to network analysis in
functional brain imaging. Hum. Brain Mapp. 2: 2-22

Friston K. Ungerleider L.G. Jezzard P. and Turner R.
(1995) Characterizing modulatory interactions between V1
and V2 in human cortex with fMRI. Hum. Brain Mapp. 2:
211-224

Harrison L. Penny W.D. and Friston K. (2003)Multivariate
autoregressive modeling of fMRI time series. Neurolmage 19:

1477-1491
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(6) Correction of residual motion effects using ICA

In functional MRI, movement-related effects are extant
as residual motion effects even after perfect realignment
(Friston et al. 1996) . As movements of subject's head or
tissues are accompanied with task performance, the residual
motion effects tend to exhibit the task-correlated features. In
such a case, the existing methods, e.g. the voxel-by-voxel
ANCOVA including the estimated motion parameters, fail to
correct the task-correlated residual motion effects because of
the violation of the orthogonality assumption between the
task-related effects of interest and the motion-related effects
of no interest. To be free from a temporally constraint
for univariate time series analysis, we use independent
component analysis (ICA). ICA is multivariate statistical
technique, which can decompose fMRI data into spatially

independent components (ICs) with an associated time course

Takanori Kochiyama (Kagawa University)

temporal-blindly. ICA could spatially separate neuronal
activity-related and residual motion artifactual process into
different ICs regardless of the temporal orthogonality among
them if they have a mutually different spatial distribution.
In this report, we propose the new procedure to automatically
remove the task-correlated residual motion effects using ICA.
In particular, to characterize the IC that represents the
task-related motion effect, we adopt two criteria: (1)
task-correlation, and (2) heteroscedasticity. Heteroscedasticity
is the change in residual variance for a regression across serial
observations, which is most likely to be induced by
task-related motion. We demonstrate the efficiency of our
proposed method by correcting the simulated data sets

contaminated with task-correlated head motions.

(7) Hemodynamic, electrophysiological and structural interaction involved in human face processing.
Evidence from a combined fMRI-ERP-VBM studyl

Tetsuya lidaka*, Atsushi Matsumoto*, Junpei Nogawa*, Tomohisa Okada**, Norihiro Sadato**

(*Department of Psychology, Nagoya University, Graduate School of Environmental Studies, Nagoya, Japan,

**Department of Cerebral Research, National Institute for Physiological Sciences, Okazaki, Japan)

fMRI and ERP experiments were conducted in the same
group of subjects and with an identical task paradigm to
investigate the possible interaction of hemodynamic and
electrophysiological responses. During the task the subjects
judged whether visually presented stimuli were faces or
houses. fMRI identified face- and house-related regions in the
lateral and medial part of the fusiform gyrus, respectively,
while ERP showed significantly greater N170 negativity in
the temporo-occipital electrodes for face than for house.
These results were consistent with the previous studies, and
add evidence that the difference in N170 amplitude between
the conditions is associated with a topographic difference in
activation in the inferior temporal lobe. Correlation analysis
between the BOLD signal and ERP parameter demonstrated
that the subjects with a long N170 latency had greater
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activation in the fusiform gyrus than those with a short
latency under the face condition. The magnitude of face-
related activation in the fusiform gyrus correlated with the
increase of N170 negativity. Furthermore, voxel-based
morphometry (VBM)revealed that the grey matter density in
the right fusiform gyrus had a positive correlation with the
N170 latency for face. The widely distributed correlation
between the signal and latency appears to be explained by the
fact that the demanding cognitive process for face prolongs
N170 latency and increases the signal in the fusiform regions.
The present study suggests that an integrative analysis of
spatial, temporal, and anatomical information regarding the
brain and cognition can be achieved by a combined

fMRI-ERP-VBM study.
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(9) Application of MRI movie to kinematic analysis of articulatory and orofacial movements

Shinobu Masaki, Yasuhiro Shimada, Ichiro Fujimoto (ATR Brain Activity Imaging Center)

The purpose of installation of MRI scanner at ATR Brain
activity Imaging Center (BAIC) was to explore not only
functional brain imaging but also motor behavioral studies.
The focus of this talk is to introduce how an MRI movie
technique was established and has been applied for motor
behavioral studies, especially in speech production researches.
The technique used at BAIC is based on the synchronized
sampling method which was originally invented to visualize
heart movements. In the original method the gating pulse was
generated from electrocardiac signal to synchronize MR scan
to cardiac movement. In order to apply the method to

observing articulatory movements, the pulses for MRI scanner

and tone bursts for a subject were generated using
two-channel signal generating software in a personal
computer. During a data acquisition experiment, a subject
repeats the spoken material so as to synchronize the presented
tone bursts. Since the method allows us to reproduce
three-dimensional moving images of speech organs, it has
been used to accumulate data to investigate human speech
production mechanisms. Currently, this technique is being
applied to the field of rehabilitation, such as in investigating
the mechanisms of pathological speech production and

swallowing.

(10) FREQUENCY OF REVERSING CHECKERBOARDS AND THE BOLD SIGNAL IN HUMAN
PRIMARY VISUAL CORTEX: A HIGH-RESOLUTION FMRI STUDY

Pei Sun, Kenichi Ueno, R. Allen Waggoner, Keiji Tanaka, and Kang Cheng

(Laboratory for Cognitive Brain Mapping, Brain Science Institute, RIKEN)

Previous PET and fMRI studies have shown that rCBF or
BOLD signal in human primary visual cortex (V1) increases
with the stimulus rate and peaks at ~8 Hz. To date, most of
these studies were conducted using visual patterns with a

fixed on-duration and variable intervals, where the averaged

luminance was a function of stimulus rate (but see Fox and
Raichle, 1985). We have performed an fMRI study using
white/black checkerboards (7.6° in diameter; checker size
~0.8°) with contrast reversal frequency of .05, .75, 2, 4, 8 and

16 Hz, but averaged luminance was kept constant across
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frequencies. For each scan, checkerboards reversed at a
randomly selected frequency were presented in blocks
alternated with baseline conditions (a homogeneous gray
background) . The checkerboards were placed at 225°/315°
orientation (7.6° from a central fixation cross)in the left or
right lower visual field through a pair of fiber optic glasses.
During fMRI scans, the subject detected the color change of
fixation cross (eye positions were monitored). Experiments
were conducted on a Varian 4T system with a quadrature
surface coil and a segmented EPI pulse sequence (8 segments;
volume TR, 4.6s; TE, 25ms). Six continuous slices (thickness,
3mm; in-plane resolution, .94x.94mm), parallel to the
calcarine sulcus, were prescribed based on V1/V2 borders
determined in a separate experiment, and covered the dorsal
V1 of the targeted hemisphere.

In all subjects and across all frequencies, circumscribed

activations were observed in expected retinotopic loci within
V1. There were no significant differences in activated voxel
number and percent BOLD signal change between different
frequencies. These results raise the question regarding the
stimulus rate dependency, and suggest that at least in V1, at a
population level, neurons preferring varied reversing
frequencies are distributed roughly equally.

Recently, in a series of high-resolution (in-plane
resolution, .75x.75mm) study, it was revealed that whole-field
checkerboards of high (15Hz) and low (.75Hz) reversal
frequencies preferentially activated spatially segregated
patches in V1. These preliminary results indicate that there
may exist a distinct functional architecture in V1, where
visual information of different temporal frequencies is

represented.

(11) Contrast adaptation and the BOLD signal in primary visual cortex

J.L. Gardner, P. Sun, R.A. Waggoner, K. Ueno, K. Tanaka, K. Cheng

(Laboratory for Cognitive Brain Mapping, RIKEN Brain Science Institute)

Adaptation of neuronal responses is a ubiquitous property
of visual cortical neurons. Adaptation of neuronal responses is
thought to underlie the astounding ability of the brain to
process sensory stimuli over many orders of magnitude of
stimulus strength. Understanding adaptation processes is also
critical for the proper interpretation of the BOLD signal
because non-linearities of temporal summation of the BOLD
signal are thought to be at least partially due to underlying
adaptation of neuronal responses and not necessarily due to
inherent nonlinearities of the coupling of neuronal responses
to hemodynamics. With these motivations in mind, we have
used BOLD imaging to examine the contrast-response
functions of early visual cortical areas for several contrast
adaptation states. We used an event-related paradigm in which
we presented a 7.5Hz contrast-reversing checkerboard

stimulus at a single contrast (base contrast) . Every 8-12
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seconds we would increase or decrease the contrast of the
checkerboard for a brief period (3 seconds). The changes in
the BOLD signal in early visual cortical areas to these brief
changes in contrast were measured for three different base
contrast levels. From these measurements we constructed
contrast-response curves for the BOLD signal. We have found
evidence that similar to cat primary visual cortex, humans
exhibit adaptation of contrast response functions as primarily
horizontal shifts of contrast response curves. These horizontal
shifts of contrast response curves show that early cortical
visual response in humans displays contrast response gain
changes with adaptation, a process that is thought to underly
an adaptive mechanism allowing the brain to efficiently
encode and process stimuli with various average contrast

levels.
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(13) Model-free nonlinear regression analysis in fMRI using an artificial neural network

Masaya Misaki, Satoru Miyauchi

We developed a new method for analyzing fMRI data using
an artificial neural network. In most fMRI studies, searches
are made looking for a correlation between certain
events/tasks and change in fMRI signal. It is known that
change in fMRI signals nonlinearly relates to events. We
employed a three-layered back-propagation neural network,
given a series of events as inputs and an fMRI signal as an
ideal output, for performing a nonlinear regression analysis.
Although this method is almost equivalent to the analysis
using the Volterra series, it is more flexible and model-free

because no assumptions about the shape of kernel function

(IRSEATBHEN

WEHRAUIZERT  BPEImAT e v & —)

and its order are needed. The method can detect any
correlations between events and fMRI signals even when an
unknown response mediates those correlations. The example
results indicated that our model-free nonlinear regression
analysis has advantages of flexibility and detectability, but has
also weakness for false positive errors. Thus, this method is
not just right for a substitute of other model-based methods
like the general linear model, rather it is suitable for a more
exploratory analysis such as to detect unknown brain
activities or hemodynamic responses which are not a priori

expected.
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Drosophila Synaptotagmin I: a Ca®" sensor for synchronized release
and a negative regulator of spontaneous vesicle fusion
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(4) Drosophila Synaptotagmin I: a Ca** sensor for synchronized release

and a negative regulator of spontaneous vesicle fusion

Tomonori Okamoto, Kazuhiro Suzuki and Yoshiaki Kidokoro*

(Gunma University School of Medicine, 3-39-22 Showa-machi, Maebashi 371-8511 Japan)

Synaptotagmin I(Syt I)is widely considered to be a major
Ca®" sensor for fast transmitter release and has two putative
Ca®" binding domains, C2A and C2B. To elucidate its roles in
synaptic transmission in situ, we studied synaptic currents at
the neuromuscular junction(NMJ) of Drosophila embryos that
have mutations in syt I. Synaptic currents were induced by

nerve-stimulation in external solutions containing various

concentrations of Ca>" or by high K* solutions. In a null allele,

syt IAD4, synchronized synaptic currents were rarely evoked
but not abolished. Its quantal content increased with [Ca®']
with a slope of 0.7 in double logarithmic plot, in contrast to
2.7 in control. The slope of 0.9 in an allele that lacks entire

C2B, syt IAD1, was not different than in syt IAD4, whereas

in another allele, syt IAD3, with one amino-acid substitution
in C2B, it was 1.6. In normal saline, the miniature synaptic
current (mini) frequency in syt IAD4 was not different than in
other syt I alleles or in controls. Considering much smaller
hypertonicity and Ca*-ionophore responses in syt IAD4, this
finding suggests that the release probability of docked/primed
vesicles for spontaneous release is higher in the absence of
Syt L. In high K" saline, the dependency of mini frequency on
[Ca®in syt IAD4 was less than that in controls, while that in
syt IAD3 was even lower than in syt IAD4. We conclude that
Drosophila Syt I is a Ca?* sensor for synchronized release but

inhibits spontaneous quantal release.
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AAMEICERE IO 5T, I vy Va BRBL L AL
TH VT T AMGEITERICHEET 5 2 & 2RBT 5,

4 IA VB OHEET T 7 A v b B ESE A
TRETIE S T T ARERICEA LT, I4v 0 IIB EHH
LEDT T TRANEBREIELZLICLoTIA VY
B #REZ PRET 5 &, MR REME BRI T 5,
MRRBEME N EORDE, U UBMbIn T
A 1B OEHT T 7 A hOYF T AKKREANIC K
STOHRBDOOLN, Vb7 T 7 A FRIA 7T

A2 TR EWE R BN AL ThH 722 L b,
I T ARERNTOB/Y v IfbEhizI A 1IB &
7T A NOERNVIA T B BREEBLUCEET
boLEZLND,

SYBY U bI AT IBEET 77 A2 M, @R
i (0.5M JERE) $5-1C X» THIE S5 v 7 A/ b
A i EBAL O RFj 7 — /L (readily releasable pool) ¢ K &
SEEZRVD, BB & o Ty 7 2N A
VHA 7V 7S TOLRITIEZ ORTET — V37
Z 7 A MTEoTHiBENTL %,

)MV kI A B EHEHZ T 7 A %, PPD
(Paired-pulse depression) IZFE o7 FBL RN &b,
100 X URLLINOEN T T ZRNAY Y1 7 U 72
ER L7, Fiz, 18RO THVDEN T T T X
NV A2 Y7 (FHREYSA 7Y ) @i/
a7 — R Lo TREB IS E D &, T AN
i 7 — /v (reserved pool) D ~D/NEREIIM Y Bk
fbX A B EH 7 T 7 Ay Mk o TRES LW
B, T T AR O HEL T T — L~ O/ ag
BEL 22D, BT, Y F7AREKRICE T
2RV A 7Y TE, MROBEIZIE T T
kiss-and-run, WU WA 7 V7 WY Y1 7Y
JDO3BYOBENEZDEEZLNTVD, ZNAHD
MEY A7) T@RO I L, IAT BB YT T A
N 7 — v 5 B /NBH AL~ D 2T 7 RN
ko T D2, IA YU IA, Va, VbiZv 7 x
NIRRT D B2 Z L AMA 2 D,

1. Mochida S, Kobayashi H, Matsuda Y, Yuda Y,
Muramoto K, Nonomura Y (1994) Myosin II is involved in
formed between rat

transmitter release at synapses

sympathetic neurons in culture. Neuron 13:1131-1142.
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(7) EREREEERE FED VICKHHRRERS - MROHIE

BB, BRERY, BHE, REH

LHRIEN, mfse (kb - = - oA Es)

Tomosyn, a membrane fusion related protein, regulates neurite outgrowth

Toshiaki Sakisaka, Shintaro Tanaka, Takeshi Baba, Genkichi Izumi, Masato

PRI 35 1T 2 ihsR PPN G & vy o 7o iR S D
R, /NIt [ L 0 Rk AN SRS oD S 8 ~TH 13,
FIT/MRAEBESEMAET A LIZL VR B, BRAC
I, @R 7R EEh G2 E T H SNARE R HE MBS
LTW5, 1 SNARE ZEHE (-SNARE) Th H > ¥
¥, SNAP2S [ THEREMN LA FET HZ &
HMBHNTWD, ZOT, R 2N FEEE LA DT ¢
FERFRICHE Z B ATEEMEN H Y, -SNARE OIEPHEE AT
HET 20 F A=A LNLETHDLEBZ6ND, T
ML, U H RV THEIAT D SNARE R OTEMEHIEIE
HEELT, FMEVUVEFRHBLTNS, 40, A3,
MRRZER DO MRIZRT D hE Vv OEENT OV THENT L
720 ARSI UEG AR AN & AR SR I F >k D NG 108

Yasumi, Yoshimi Takai

(Osaka Univ., Med. Sch., Dept. of Mol. Biol. and Biochem.)

Mlais, FEVCEZBREREIISE D LMREEOME
08I L 7=, NG108 fIZH VT, VSV-G ZHViz b T v
AR—=FT vEAIZLY, FEVUBFEEABEOTX Y
YA b= 2 EMET D LITL T, ERHESIE
SNTWDLIZERHMNERoT, £, PEV VX
t-SNARE L HAREAL L, BEEAIZMZE e 7S SNARE
BAEEROEMEZIHI LWz, S HIC MET L, B
BPTEFITE Z > TV 2 R MH#EOHRIEEICREL T
Too LLEORERDG, REM#EOHLTICENT, M
o DA IZ 2 R TS SNARE AR DT 245 L,
FI TS BB R AR, FEREREY 22 @l & 2 ikl 5
LT LICEY, MREEOMEEZHEI L TWDLEERD
nic,

8) v FRAIFTE#BZ =1 —O OHREEMEDRTE

TRRREREE, WA, BT,

RIFEMRRAZIT, BB R0%Es, RS o i,
I ZF D PR TH D, AIEMRE = 2 —a OB
B OITEY & BB T 5 2 & D, AR = =
— 0 2 OBERERRZ B & T 5 2 L IR ERRE 2 1
fifd 5 ETEHETHL EZEXLNT NS, THF, HIEMH
D in vitto AT A AREARZE WG T IEA L &
, WRIRTEMREE BV CRIER 2 B R D 7 5 =
2—a UERTEET D 2 EBHL NIRRT, Fh=a
—nrE LT, B—0RS1 7 %BiESm (AHP) 28 B 51
ISENEN O LR S IFRIIZEN D Type A == —1 >, Ff
IF9IZ I8y AHP & U AHP @ 2 5 AHP(double AHP)
NHBND Type B == —nr1 2, TDOHERIZR Type C =
2—rryO3FHEICHHINLTWD, LrL, ZThbo
Za—u VEERRTEMRREN T E D K S e EI R R o T
WD DINTHOWTIE, HaRiEmn Sh Ty, 20
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/NERRRE] (RERS AR « RASRATIER - fhig A 2E)

HE L LT, SN a—a O b ENSEE
M=o —n o TENR = 2 — 1 2R D9 B )
IR TV RWEREIT b D, £ 2 TRIFZETIE, N
BIFTEMRE = 2 — 1 V ONTER R L T D=2 —
7V OMRIREE L OBBRERONCT I %
Hy& Lz, %A 3D T v ko bRlEMTIZ A 7
A AERAERIL, R— By F 7T BT
WRIRTEf R = 2 — 1 > O NTER 72 B ME (AHP, &
KRG =, WORIRNE) BTN, EDO=a2—arhb
MG 2B Y L, RT-PCR JEIT K Y whiis e g M
v —H—OWRETRHIZELET, TO=a2—m1 N
GABA EEhE, 7 V& I AEEME, =) AEEM:, 7Y
VEEIE = 2 —a DI B ENTH D ONEHBI LT,
R VRERORER, NRIRTEMRE = 2 —a 3k
RO 3 LM bk & IR R b o= o — 1 U F



95 Z LWL, GABA fEEiE==
VBRI 2R LTS, RIS, TEBNEAL O LR AN
MHNEBND Z A T DK NRE— I D=2 —a T
XFEAER NN LD, GABA fEEIiE= =
—aUORFEThLEEZX NS, —J, IAEIUIE
i a—a DI E AL, AN TRIBNIZE—E

—na

(9) IYAPERNMNEKBOIILE I VEEFS VR

I 2 2R T D BB, ¥ I U ERONK
HEzED S5, ON AU O /R 28k [ X AT

W7 NVE I VERZRIR (mGluRE) 3BV, IV Z I Uk
OWREMENE A A F v N E, Biofsd

Do L72i3= T, JEHRIIC &> T ON BRI 2 i

R AT B 7=0I121E, YT ARBIBRO SV E 3 g
ﬁf#% ﬁ&bﬁfniﬁ%ﬁwo_@;oﬁxf

WZBWTIE, JAVFIVBEN TV AR—F—I2LD
CFTARBRN DI NE I U BORENERELREE &
floTnoEEZbND,

AREBRTIE~ 7 AN D AT A AEALERL,
RN (ON ) SWHRARREIZ 58 4L/ S T 3o fkid 4 i
L7o, BEASEKEZFHIORAN 32 2 & Tl 5
DAFEAR 7NV E I UEERIN A D ST TR E, Bk
J& % T E RN L7 & X124 U A Msfia o > )

T A BT A LTz, PUSHI~DIEIE S 7 2 A
TNTEH AT IHE L TRV,
KRR D RN & $9-60mV (ZHRFF L 72 fRRE , B

WHNCN S BRABE I, i EicZ<En
(0.2ms) EEM LA E 525 L, —@EICZONmEE
WA 2072 B T, shm & EifA 5L L7z, mGluR6
DT T=R N Th D L-AP4 WG T 5 &, EFR
I & BRI 2 & dklz, BRI 208D
HRLEZ, Z0ZEnb, @iﬂﬁ:;ofétt%ﬁ
TEIRIE, HAE S BRI SN2 I U

(RRURAE » REFBEASCHE 2 R FTERY -

DI K% — %R L, double AHP & H EHRIZ L 2
TRFME R = a—a L Thol, LLEOEREMD
PAETEEMRRERZ 12 BV T, GABA fE8itE=o2—o i
Kk & 72 RO HFYE % 7R3 heterogeneous 72 = = — v U BETH
0, TH I AMEEINE S o — o IR e RS R AR
FTRONIZ=2—m U HTHDHZENEZHND,

R—2—I2&k B IF TRIGERE

BRI, SAEER
DRI E)

WAL D> mGluR6 Z &ML L THA 4> F ¥ R
BAfERZ D SHIERECTZbOTH D Z LR
N, 22T, BRIMOMEZZ{L &, HME» s
DI NE I VBRI E A LT, RO Z K& <
T 2ITO0T, PHRAING THAET L ohm & B OIRIEIX
WA LR, ZOFRERMIZIZIE—EThoTe, —H,
TNE I BT AR— 2 —DHEHITH S TBOA %
TERKGT 5 &, HMOMBEZLZRKE T 5o THA
T BIROBBOIIEKT 2047257, FrpiRef N IEE 1
MR LT,

BAIR TR U TREEMIGE 2T 5 Z LIk - T,
TNE I VEEOBRMEE T e SIS, ZITE

DNOTRENE R & RERIE R & 2/ 5L TWD EE XL
N, LLBRLINE I VEENT U AR—2—% [
FLEEMHICBOTL, Sl o 7 vy I RO
HENZ < 7251200, BABHIIE O JEE TR DO 278 &
TR ECTHERLTCLE S Z&B¥bhofz, ZNT
1, JEOREEERABHEHRUNAR X HILDERIT, FEEE
WICECHEBELEICLEI ZLICRD, RIFENLD
TNEIVEENT VAR—Z =TI NE 20,
fans it Utz 7 v 2 2 0 B e AR B L, B
DB DR E — BT A2 0WEx % L TnDHZ L
MR ST,

* ML BAJIE jun@l.u-tokyo.ac.jp

SAEBUR Itmasao@].u-tokyo.ac.jp
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(10) PSD MR FHEE L T DENRED EERIFT

T AGREIEER (PSD) ICAFEAET 5 &R VB AR LB
I T ADBEIZRBN T I NH I UIRZRARD JFE%
RETRENIC R & E 2 Je7- LT\ 5, PSD S F DT+

B~ DERE L BB D 5 THE & ffNT 9 5 %12, GFP
DR E HIC LT E R 23, A T 5

PSD-95, PSD-Zip45 (Homer 1c¢), GKAP, cortactin binding
protein 0 4 fEFHD GFP & PSD & HEITxt L TR
DEA LT TABEETT/RER, ZNOORAED
%2 DL F T AZBIA~OER - PO Z A ba—RT%
NENETe > T, PSD-95 fr itk b o< D & L7
#REA /R L, PSD-Zipds OFENKLEETHH-TZ, &
(CHETH IR (FRAP) Z WD T, 0 X ) r@heo
ZEROFMEZ, EHFIREETO PSD ~D ) T DRLHIAFIH
FEDENR B HERI
T PSD-95 OERER#HT /> 5, PSD-95 DELREIX, NMDA
SREOFECRELS B LN EEZ BN D, FRIC,
F1F % PSD-Zipd5 OEEMEHT
N, ZOWEOMELER S PSD OBIRERIFNIIXHE < BY
G LTWheWnweEx bhiz, LARTE % I3 cortactin binding
protein ¢ PSD ~D#FE (213 PSD-Zip45 & ORI AA/EM N E

Z72 72, NRI knockout mouse

mGIluR5 knockout mouse |

(12) SDS-FRL EIZ & HtKE LTP

EEDY 7 MEHTIZ LV ERORF2Z N BOIRIE
ETHRRE SN, Ko TORMEFEEHAVLRTY
2 R TR O AR RIFI D=6, AR A % < R
INTWD, MITIIT DIERISET, AR 77
TET DIBEMBEZHEST v 1, M T UAR—F—7¢

DHFIZL > THbAKIEHEATEY, ZnbsTo
W%%@ﬁkmﬂﬁ%@%%ﬂé’ki PRREERE & 32

Do THMOBRICVAEEZEZ DD, £ZTHAD
R CI, BUREEINT L Y b i EkIE  (SDS-FRL %)
ST 2 2 L CTRE S - i MIa Iz 3 1 2 I -HERE
530 2 RICHY JRITE % BB 7SR L~ TRENT 2 i
ZHWSLL, ZOFEIZLB/PHAND T FT 2 CEATHRHME.
T, RO, B Bk L =R 10k
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RS (RO ER A R 2R 2R R e S A JERH

HTHDHLWIHIFEREHTND, ZHUTK LT PSD-95
DR & FEFHYTFAE L TH GKAP, cortactin binding
protein, PSD-Zip45 O RTEICIIR & REEITM) 5T,
MEIRZERL R XA NI T 7 F U HEN BB G TH 0,
T FURER & O BAER S PSD 3T ORMICH
HBELTW2EEZLND, FEEFWNIT 7 F o #ikEZ I
HEHIYE, PSD - OEMEOEE ERE LT, 4 EH

» PSD EHHHE DT 7 F U PESITHT DS NZ
NFR72 0, PSD-95 3k b 7 7 F L BLE A% L TR
Toh o7, £72, GKAP, cortactin binding protein ® FRAP
TBIESNTHS O half life ZFFORNITT 7 F U RTFE
7RI LD bD B X b,

LLEDT =476 PSD 1D HIZIL (A) PSD-95 %
L& L2 A 1K (B) cortactin binding protein & PSD-Zip45
EHLE LTCEAEW (C) 7 7 F U R R SR
EODRALUPL IR ELFETDHEBEIOND, A
BLOB O FAA NIENEI NMDA Z 2, mGluRS
SREBIREFEE TR S, C O RAA 3G T
REAENBERDOL LA T I v 7 RS TH D,

FEICHED AMPA 514 = UEER BB OB

TEBA S CEBRZRDT - MR BB MR )
FBINE I R RRO RN BT o 1o, £ ORER,
INHVFTAO I NG I UBRZRIRO AR EL
DD EEEBMICHLMNIL, KFENV T 7 A
R T O EBINTICE L CWAH Z L ER L (B
6, 2003 AAMBEEERE)

ARETIE, VT T AEROBIAES 7 ¥ I
SREREREEZ ST 5 Z L & HAVIZ, SDS-FRL 5%
AW THRRE] LTP #5382 S AMPA B 7 L2 I st
BARD JIEZAZ AT L 7255 RAC DWW CTEL R O H IR
> THET 5,

1) SDS-FRL DI & iR B 2G5 72 HIC s B

LM
2) TR v R & IS AR R A O MR RE oo oL &



I VRS R AT DE
3) HRREILTP FHE Lk 5 V& X U KD RTEZAL
RETF—RIX, HEOWHSITESI>ZLLEY, T

MR EZLS EHRETN, FHEOREBRNTERZTE
EABOBEIZLTEWVWEEZ TWET,

(13) KRR EREHF -1 —OVOEHEERKICEYFERESNLMH S EEORAMNERREE

BAE, MaffcR (4l B ERETE AT e T AR R )

Fex L, W OMBIE S 7 AEEN W RS
R T HE R CE T, TO—BRELTHET S EO
Sa—RUEABEICLY SHERASED L, oM
IZAE U5 IPSP IZEMIME (LTD) AFERIND Z & %,
Fx TR LT,

ZDOLTDIZIE, 1) v 7P AGHa O SEE R KIZLY
A5, ) BRIV b LAEMKRTEE Ca T+
NV OTEHACIZ X D HIEN Ca JRED R BUETH D,
3) VI T RABMMTD GABA 2 H U H L ADHED %
o, REDFEN DD, A, FOFRBEA = L%
IR-DICHBE T TATA ARy FEATH T LICED, G
IR LD THIET 5,

FERITIZER 205530 HERD SD 7 v s OREEF D
B0 L7z, B X 300um ORTENT A T A AEAR % -,
WM RES DNQX MY APV THIfI L72%, 4 Eli%
IZRVFHER NS IPSC %, 5 Jg O #EAHMALD & whole cell
Bk L7, EHERAICLD LTD 2HET 57018,
-70mV (ZHEEALE E L 72 REED S, 20msec, 70mV DL
3RV A % 20Hz TS5 BHG R, Zhz 1072 &1 30
[El# 0 K3 &, IPSC OIRME I BHIET D 75%F TIC
W55 L7z, LTD %A% CO IPSC OffREM 1T L Lt
F, GABA 2 ¥ 7 2 AN Lz, 12, v TFE
MR %A L CHIENIC BAPTA 2 AW T 5 &, LTD %I
= &7z, & 5IZ, nifedipine Z#IMRAMKICH G L CH
LTD #7813 E SNz, 2 bi, Eiko IPSP @ LTD
DRI L < —T 5,

O LTDITIE S HIZ, 1) Mk I BRI G 2.
72 GABA (T3 2I8EICH, B SV A2 LTD 23
£ U %, 2)LTD #FAi#4 T, IPSC O paired-pulse ratio /%
254k L 72\, 3)LTD @ magnitude (2% L, LTD #EJEai#%
? IPSC DEFRED 2 DML ATy 5 L,
2L MEE | OBEMOBICEE D, 7 EORBENRL
Nz, THOORERIT, VT 7 ARHRS D WIFERET,

LTD I, BERER S F T 2 D% A Lo M4
TV ERET DL, FRZRSHIITE D,
ZDAHEMEICOWTIRF L7 & 25, LT ORERE215 72,
1) MHIEAFERRL & i 2 FESEAIAD, & OB
75 double whole cell FEERZATVY, ME==2—2 D@
EWRAKIZEY, HEASHIRIZA U 5 unitary IPSC & 708k L
Too BEHILICIR OB SV A Z 2728 25, 2=8 Y
IPSC O failure rate NS L7z, 2) 7 b1 K R UAFE
TCHEASHIE D DR ATV, A~ GABA & HEX
PKEIRYIZ, 0.5M O sucrose ¥R & pressure ejection (2 &2
51, GABA JG&IZ LTD AME U & &g,
& 0 #%& S 112 miniature IPSC DIREIEZFHAIL7- & 2 A
ZOWFE A 7T MIE Loz, ZHOREE
L GABA IGEIZH LTD WAEL D Z L 2B x &b, ¥
FTABETH A L2 MERE L TS AEEMEIZ OV T,
S HITHET LT,

GABAA ZHEEOHNIAN~DNIE(LIZIE, clathlin {&7F
Oy RYA b=V ZAOBEERRE SN TWNDHOT
Ry FERy N F UTH 2 OFER % SEERMEIC 2T
L, ZORREHFH~T,

1) dynamin & amphiphysin OfE & #[HET 5 X7F K%
AR5 L, LTD FFRIFAESNTZR, A7 F 0T L
T _XTF RIZIE, EOMEB o7, £z, GDP-BS
DAFHIZL > TH, LTD FHFIFFAE S 4172, 2)PKC O
EH|I T 5 PKC fragment[19-31], BV > — AL A =F%
F-—¥ OBAEH staurosporine Z AT 5 &, LTD #HFiT
[{ERE=R g

PLEDOREREN S, B VA X 0 EEF S5 IPSC
D LTD (1%, 7 7 2 U AERAFHED GABAA AR DAL
LG L TWD EER BND, 722D LTD I, ¥
T ABIERICI T DIERERI S F T A DY A L MEIT LD
BT HZ B RBEND,

sucrose (Z
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(14) A4 T & BN iHIE S+ T XA B0 R

NI A EA,

INWBE DMFIMENTE= = — o > (AR - #EAR)
TR AR O GABA MY T RZBWT, T
¥ IO BLSHRIC X Y GABA, ZH/KEN TS
ISEDNEREFERMEN D Z EBNMBEN TV D, BB
ARl 73 v R O B S RRE L T 7 A TG 23 E
LT 2L, IAdr=filid GABAg ZEKIEMELE
I U T MR AF R SR O FFE 1 I S 11D 2 & & L
L7z, AWFFEETIE, GABAp SZARIC & 2 H5aAE oM
il 23 MR #5553 %1%54/77J/@%%ﬁL%ﬁb
TR T D 2 & 2 HET D,

BTN F o filng, GABAg ZARMIEAIETH D
baclofen (50 mM) % & demEi A KT (50 mM) FERIZ & 0 #l
WML, Biokks GABAg ZAKEM LR Z SE5 &
ZOMHEE 96 FERILL 12072 o THLo K PR
AR DR Rot, ZOYF T AR EBIMIC
DI B0, SRR mRNA A RHESS MAPK
HA—REBICLVERLEZ &G, Bl
GABAg ZAFRIEMALIZL Y, B 5L MAPK I A7 —
RZ A LTl 5220 mRNA BERLS A, & O R4k B i
BN Z Sl ozt EZ NG,

ZOVF T ARBHERB ORI 2 HICEE S

(15) a2z y

1

FHPSLTR RUEBRE RGBS AR IER - BB

TG LTV AREMEZRF Lz e 2 A, Biafme
GABA AR MIEMALDOLMUFE AT I &, AT TV
B3V T =y NF U TBEOREN T ILX i THIN
THI B olz, LT, MEHFEORHICHIZS
MHEDFET, A>T 7V U H R DAEZES
HRTFRR Sre 77 IV —DH NI EFu X
—EOREBEANCEVER LI, b 0ERIT, Dotk
& GABAg ZHEMIEHEIZE D A T 7Y »/Ste I A7
— FRTTE S, FNMERFE L BRI D72 #ik]
TLZELETRRT D, EEE, 4770 OEEER
c-Src X XTI BTN F i o~DE AT X HE5h
DOFEIIAFENDZ 0D, AT 7Y »/Stc B A
— FRHHFE L AICHE L TV B HND,

U EofERNG, 7% ol ThoME GABAg
SZREIEMLRFRIFFICE Z 2 &, MgEESs+Tho A
VTN ENT BV IVEERNERICHIZ Y T
L, ZOfER GABA, SZAROMERAMZ b, it
T AMRIEN AT IR EN DR EL S D &

Exbhb,

HH&E © kawaguchi@nb.biophys.kyoto-u.ac.jp

SRR Y21y FRETIVADTILEXUIHBIZEITS

iEItE S+ T RIEERO I

Kioe, JIOEH,

AEILEBHIEIC DY, F 2 TO T T AR
HEPEOSR LZZ DTS, /NN E AR EEE N
TH—DH NI TH D ¥ o iifaid, BUEME LM
HIPED & F T A AT % 520F, W & RefH-Z2 e & L
TIRENEAL R K NF — 2 BTN D, X =iy
kT DB T ATOREEME L LTy 7 A 5
DEMITE D HIBSE Th 5 EHMEN MO TED,
FMHIE T ATOREE L LT T TR BEORE
HWHNZIE D EREIG T 5 BRI M Hh T
2o
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PEFLR (RBRER BB AT TERE - A ER)

2%, 7 X/ BEHIOFENED & A A TR T L X
IUBEREOY T 2=y MIGEIN, PR O
T/ L AR RAIC B L, BN )
ZREDOEMMEF BRI R TH D Z EMRHMBHI T
LW, VT a2=y bBSHBEANTEH A =X NETER
THTH D, FRI-HOWRETIE, 20N 7T=2=v |
ORI L& M%k%vWX(uT N KE~TR) O
T 2 T o CETWD, ZHETOMIIZLY, 82 K
YU AT, HEEOHEEIMNALN, £z 10Hz DY
AL EFFOREEESNAE L TND I ERbhoT, §2



KB~ T AEENO T VX v RO TG B EN % fidkd
%L, 10Hz A& RmTRE LRI AE—nBlEZSh,
Z D 10Hz D73 K NE — I3 B T
THLTWD Z 2R T LR LELNTND, —7,
8 KIE~TAD/NMAT A ZY T LD 7 v e
i, RO T LR il LD SRR B R K DB
ERNMENoT=, 2T, ZTORNEZBRT S HEDOFER
EiToic, FI B A FRE E I BB I
Mo, INET VR R D EHEIMEA I 62 K
H~UATIRBEAEMEID RN ERbhoT, KRIC

R—IVEBNANRY T I T AEIZLY T flfan s
Pk > F 7 A% &G (LR, IPSC) AitgkLiz& 25,

N KE~ TV AOHRHAREY § IPSC BRIV &M

(16) KRBT ILE I UBEZ

bhotz, E6IT, 2514 AT GABA EH 4% 5
T2, RRE~TATHARLY S ERBKEED E
HANRKEDoTe, ZTOEIT, RKE~TADT LF
A TIEIHEINE S T T RAATIRFRL 2o TN D Z &3
HOMNZR o7z, /MM L% ZHlllE T IPSC ZH K E
HHHAEE LT, MfIvE S T 7 AR O LSRR A7
FNE Z BID, & 2 THARKLOS2 KB~ T A Thiy
MR AR A T2 & 25, 82 KA~ 7 A BERY H
U 72/ BB T U A TR 2 H 2 &2
binolz, TNHOFEBRFERND, 82 K~ v A EEN
DN V3 o IR T R R AR TR = - T
LE->TWT, ZDEDIZTNF i~y
FTAANNPRERL Zeo Tz LB 2 HA,

BRICK MR BHERDO D FHE— A AT BEZPDIZ—

PRS- CRAURT: « ERFATIERT « #hiER v U — 7 57 8F)

LB - FHICESEET A\E T, A A FERTL L
R L WS BERED 7N I VRS A AN LT T
T AMREMTON D, A A TR O—>TH 5 NMDA
ZRIRIL, 7 AR & %A OTEEIO coincidence
detector & LT, 7 AR MO BITENC EE /R 5 E
EHINTTHHEEZLN TV, G
VR A (mGluR) DEENIIRIEARH L RNB L,

I ETHX L, NMDA ZHEEAERIZE TN 2
XX T D PSD-95 A~ 7 AR, PSD-9S fEH 4 v
NI THY MAP ¥ T —PROAOHMERFTH D
SynGAP A~y A7 POBIBTUE~ T AEZHNT,
R (LTP) LEHE (LTD) & W olo v T F X H

WYEDOLEAL, Fx DR — R X5 LTP 054 R E
DEAL, 7o b ONTEE - FEITHOE e LA TE
Too FT2, Bliw U RZBNT, TEFALIY R0V
7 R ) v BT kB LTP B E B OB EA AR X
V7 RLTCWNDBIEERLTE, ZNHORERNDS
LTPORESZDOLDOL D Hie LALTP OFLERBIEOH
HiZS LN - FEITH LR R SHHBIL TV D Z & AR
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(20) Hyperpolarization-activated cation current and its modification of dendritic spike

initiation in projection neurons of the rat superficial superior colliculus
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B : o TIoks ) 5 b MIMETERELZ B & M2

6:ko

WETERE T RE A i R )
WHFER JoitE e BR JE LR A )
WFFER JREERSR = )23 )
FEI R SRR AR )

KG W TREE OB b I Z ORER 2 72720,

FREDOBMRANT AN (25~407%) .
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T iml OFREKE QR L, HERRICLY
W % 40 [@7> 5 50 [H1T - 7=, Neuromag 1 5M4REEE 204ch
ZHWT, FHETNICB T 5 RENHENEMEGDT —F &
[FIFFILEE L 72 (sampling rate : 600, 615Hz) , & L7255 —

X DN, WETBRLART% CHELL L 7-E T R i E XK 2
RV TNV EIEL, ZOSH EXRYEEZEEIC LTI

BOGEPREL32~35E]) Lz, A L7 MEG 7T —4 15
Feda R ER R 2 (2B — 2 A R — LHEE (GOF70%LA 1)
ZATVY, MRIMERICERT,
FER . maHE NICRT S e N IMETE ARk L A E B B
WZIRB L THE A R— L E58 07,

(24) MEEEBHICET S MCE &% A= EEBE NS D fF AT

REF T —,

W B, oo,

JMAFRZE B 2 BT D IMEEBED[EIH A B = X AZDON T,

PET %° £-MRI & W2 BATHRZE AT TR Y, [EEH
NN ORRIELIGTIRE D EH., FEEEAIC b - Txt
N & B fEH 2 OIRIE N SR VW wmE NS h
TWb, LML, REZDRAD=ANIHA LN TRV,
T, BRI A R D I I L R R T 51 A k5
& LTt Gt 2 72 T, EBR Y A7 L L TIRFEDO R
2 o LUIERN A AV, T 2Tk D v o IS

AINBEORES, SEH i BIERFELAMU AT A1 A2 N LR

TEHOSEER (BEPE RA R A e TAmRgER))
R, BEEE CRIRER AR

A R—=/ BTN Z, B OISR A HiE TE %5 MCE
(Minimum Current Estimate) 5% o, T OREE, #id
R ECENEIR & RO EB) B I WV TIEBE A HEE &
Niz. E£7o, MBETHEOEIC L DIEHROHEERH R DA
RO b olc, WMZBEATLZ LT, IHEZER
EINCI1T 2 R RE TS B ORI AR 22 B 2,
BERE 712 & OBIEMEARRFTT 2 2 LN ATRRIC R D LR
Ihd,

(25) % BEMHARR A & FETRSE BIRSSE MR R 5 O GOINOGO RISIZ #5115
1in 5 EDREF n OFEORE

JREGE, PIIRE, AR,

RS, ShiehE, PR ERs

(EEHANTRAAIET BRI ¥ —F 4 7= LY b a =7 AFF3ET R)
Tom Holroyd GEFHAWFFEETRITE e st o % — W EASERARR 7 L — )

TER AR IR T 2 U O b ED~EFen OGO/
NOGO ST/ % 5B 2 st U7z, BAERIIE, GO+
= — (1000Hz: 80%) , NOGO % = — (2000Hz: 20%) % I\
72o ZIVETOMIET, & Fn OEINILEN, (1) TR
~ v F T 4= RO2FEHHEAE NS 5 Z &, (2)NOGO
BGORE, FEBIEDT ¥ RV DR—5 —FOIERHHE
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WEREHINE 5 Z &, (3)GO KIGDEE, E%BEOF v 3
VOB L7z iy & T ORI\ AT 5
EERWMELTER,

L], EBTEDTF ¥ v R OFEB R LIRSy L6
TEIEE B EME R SR D 5 X DN X n 1ZHT 54k
IZOWTHET 2,



(1)

(2)

(3)

(4)

(5)

(6)

(8)

(9)

14. A DEHE SRR

2003429 H4H—9H 5 H
R - AR MG EH (LR RFERZEGEE AR AT e R it A )
PTG« AR (Rl ] Sz L [RIATF e R AR 2L BRI SE AT

TP A 2 AR TRPV OREAE « BUEEAE D 53 11k
ARG (ZERFESH S T Ala A 5)
TRPVL / v 77U b= U RIBIT ST T VX = VISEOITEIFHE L OV ER T
JEFY /A8, Banik Ratan Kumar!, Grion Moreno Rocio®, &7k HEZE2, KFF Fogt?
(A BRFRIFESSIERT T, —HRFPESE?)
U ABARMRRE = 2 — v T D TTX MR Na Bk O iRt
INERER, FAIE—, BRE, KAFE', PARTR!, MEHEZE:, HHEH!
URBRFPRFBEER AR - TR AR, 2 SRR
7 v bR R MBI D
HTHA L DRIIHT DA e A ROMFIZIRIZ W T
RKFRT!, mMAERE', RKE FE?, @#ﬁfﬁz SEIESCY, ORI, JF RECORS, fhmasig’
UL B KRB e SE R SRR TERE,  URRBRAE S, AP < ASIRSRER, 3 ST )
—WRINFEAFRRIZI T B oncostatin M DEENZ-DNT
BT &E - I - e e Frakil Rz ER O3 M)
SRR 2 BB EE T AT D MRS o —a v ORIGE
PEIE RAT12, RO, WK BRES , AMRE T, SAm g2
(" BARRFH AR HE, 2 QAR IR E SR IR Re e,
AARFERFGE COREFE I, RHRER) )
FREZATREMIC T 2% 7 A 52 2 2 P OIf RS E 3 2 s
e, RESE, HILHE, HFHEAN, HHE
CFiE L ESZER R FETEA P AE, JUNKRFRFEBR G R A E)
R FMERBNT & o THE S 2 FB% ARG OIBINE S T 7 2 ISE DAt
L FHE R R - R B— - B O OUNRFERERE Bl foa AR
Z v MRS — IR ERGE B (SI) I2351F D in vivo patch clamp V5% H VT2 20 7 RSB OFRMT
KEFHERE, I, I, TIHE, BAERE, HHE
OUMIR: « EZEFZERE « SEA AR, *JUNTRERTY: - AR TF - HEHR)
AT ) =~ BRI~ U A 2B T 2R NUS & AT
ZEAIAE  (Ca IHER TR R R 5 R A )
7 v NEBBARE AR St o A v D ER
i (REHRFLFEEES AT ALY

N

FrHtL A 1 ORISR D o) 7 A AT
M 5L (EHFRFETAEMARE S A T b T2EF)
PIEMERE M 31T 2 Prostaglandin £ A Bt
PR CRAHEITLE R - FRER)
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(14) G 2237 B ATP ZRIKP2Y2 IS L 27 nT 4 =7
RS (UK - 3 - Ab2ERIE S 1 HIAED
F RS (ESZEE &SR
(15) 1f/MRIGHEALK T (PAF) OFREENIZ 512 L 57 07 1 =7 O 5B O T
REF, FEATOE, TIEBIE (L& KRFRFETE RS E RN BRI E R o e i B 7)
(16) #r L\ N-acetyl-aspartic-glutamate (NAAG) 43 il 5 R E 3K O #E Zh R 12D T
HIACEERS (T HE RS = 2T JE e R k)
(17) 1BMEEIRIZIIT D81 5 DHEDOIERABET
$RE A, ZEKAE, SRHBUZ, HETHET (RPCRFEFERREEL)

\

(18) KiHthix R ORRE% A 31T D8 K+ D 25E)
st B ot — (R ER R AR 75 aRE)
(19) —%7 77 4 —%FA LI O
INMLZgD (BB ERR A PR3 — k)
TRFE G R BRI R R )
BTN (R R R AE I3 — G E)
(20) FFEIEE T V& W2 SR Y S5 I B3 S 5T
FRORY, /OB, R R, PR
(KB ERFRZRER 2, BNEER R ELEEE)
(21) CH#ER HATT D551 L DR, B, KM TOIL : Second pain DFRHIA B = X A2
K =WE, W 3T, E BEZ, Tuan Diep Tran, filiA Pt (WMRESZIEFFFHAS ABRE0FF00T HoA420)
(22) 7 v MEARRAR O I8 F 7 1 XBIREHEARIC X D178 - AR
— FEHEMERIML A~V =T DY RE~
Pex R, KRG E, SHIE— (@& RSIERKRFEEHERIMD
(23) Neuroimaging (fMRI) {512 X % #EEMEIIR 1233 2 I O BERERZAT
WA, FEER, ROEE, BB, R R EaARMB—2, mEpEE
(CEAER K FEBBEREFHE, 2EAERRKERRBFHE, B KRB DI FRHE)
(24) HARPEAR (BLUARTR) (xtd 2 & FSVEHAIR O IR 23
TRBE, EfEER, EWEENE, WA (BRSO RESH MR

BRI

Z01
9H4H k6 mE~TI
JRAOEIE « & —5 >y MIWD, TR
e &R ek
AN RIS

CIESHPNION Y
HT M ek
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9H 5H %3 W20 4y~4 20 4>
FADDF A= AL, ) P—F
TFo e— Sk
ST P K figg

FlE o TR RS R AR
iz AEEF Ak

(ZmER]

R 5FH GRERFER - BRER), /Nl 72D (BEEK -
AR, AT ORA (EEER - A, H OE Oul
KeE-HAER), BT FE OUNK-E-HE4E),
KEF G CUNK - [ - BB AR, i B Oui
KeE-wmasm), AR #i— Oulk-E - a4,
X (UK - - A4, £ M Uik - IE -
WaER), FEM FEB OuUNK - B - FaER), ik
Bl CUNK - B - FeaER), EL B Julk - -
AR, BB OEE CuUNK - E - BEERE), Bk
HE (ZEKRE AW, B W (ZEK-E-AE
), &L T (EEKR-E-AHE), B8 fith (=2
HA - BE AR, K OFK (ZEK-E AR, Ml
WERK (ZEX-E - A, =& B (ZEK-[E -
AR, N BHE (ZEK - E AR, He B (K
PREER - BREY), B BT CRBREER - ), SR 3
ZO(BEWEERKR - BT, FH EE GEHERK - R
SRR, A wERI (SaERK - AR, bk
B (BHER, B B (BRERKT), B
R (BAERKS), HE fuF (ENERLELFEE
WF), FakE KA UK - 38 - (b58E 0y 1l ),
WD Fnz (@R RER - ISR, xR i (@
BRER - IESED, Rk BE (@EEBREX - BB
B, mil SUs WEREX - BEARD, M £ (8
FR T - amfgs A7 AT, W 5L (@HK- T -
HIRES AT A LE), MM —2 (@HK- L ffgs 2
TLLY), AH Rz (@HK- L Fgs AT ALY,
BE WP @K T-mE AT AT, B
(RlgK - 38 - 37368, BmE s (RIgK -3 - 5
FHE), R BR (RRK-E- R, kK 7
& (BIAK-3E-73880), B0 b— (JmpEE Kfg
FD, o fER CEE R, & (REE KR

T, AME o (ERREERARR), W &8 Frgkl
WMD), I B3R+ CnakilRERME), &)
i ERILRERRS)), SFF Bl (S R sk
B, EiE BER R RIMARAELD, s 0
FERRRAED, 52l BuZ CRBRORBRERRL), 1LA
BR (TEERRIERL), #6225k (TEERMMED, (L
T (FREREIEL, HIT XH (FERERIED,
TAE R (I RREREERL, KE fikl (4B REREE
), fepk A (BT RRIREEEND, Ao AP (4
WRRBREEN), /g FF (B EEREREN, M
R AEHBRRREEND, & B GHEBRRERE
EoP), HA M G EBRKEEEN, & # GLR
REEEN), T R (B ETRREEEND, Ak
BE GHBRREREEND, KB AL (AHRKREE
W, Bl T (BEBREEEREE), AE O (B
RIPFIEFRY, fh B URERMRRAER), ikt
NE— URBRMBEAR), K FE (RBRMERAR),
E BE URERPRAR), B RE (JREKRRAE
), A TR REBRMRAER), Bl F£— (AKX
KAER), FEH FAT (HARAER), ARE YA+ (H
ARAR), fik Fedr (CEERSOFERD, &% = (&
PREEWFSERT), Tran Diep Tuan (ZEFRZEAFCAT), £ BEZ
CEESEIMZERT), HFS PR (EEPER), % =
W (CEELAOPZERT), BOL Akt (CEPRSRAFSERT), Nguyen
Thi Binh (ZEFRFHEFEET), HWH K& (EBEPER),
T o UREK - o - 3R, &H i UREK -
3B, A R (BIIEERESMEMY), ZH
(B IEFIERER ), ffH TE UREHK - 3 -
), HL FF URBK-HE-FEHR), KT /F (K
BIARD, 88K ®mIK CREORBREED, ETF 8 (K
BORBREREL), ZE KAE CRBROKBREREL)

W
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(#£]
WA, EIR OB Tl A O Quality of Life (QOL) A3 &
EHREND Loy, F0—2&L LT, ZNETHR
LHRELOE LTREESNTE T DR %, I
I bRV TRETHDLENIBEXTNR IpoTXE
TS, LL2enn, MRERMER e & ORI
1, IBROSIHIENZDET, £OFRIERT AR5
W3- TR LT, BEEFRMCOIZ2MATZIZT
S EMAD LW DRBRTH D, 2O &5 R pns,
HERVEFR ORIEREF O, OV TIIH LWE A T O
PUREOBIRED, BAEOBH LR>TWD, KETI
[ 10 4F: (the Decade of Brain) | (Z#t\V T, 2001 4RI
[f8 7~ 10 4 (the Decade of Pain Control and Research) |
WEHE SN, SBROMZEFRRBERSATHD
EOGTHEMFORHEBERICL - TIEIERS
47@%&i@¢%ﬁﬁ@%:%5#64%V?%*w
BREEINTWDN, 20X D R FERENFZE O Rl R
WE MZBTLEFTEDOL I ITHEE LTV DDNnE N
D RUCBI U CIIRMBA i 132\, ZFELER e
BN 70 298 S D EHBERE CRIRRBLA I = X 20, H
EL_VH DT FERHRE LIzk )~ 7 s iiifise 4

1) ATHA L UER

AARRAR SO RIE R A S 40 2 4k & 7 R B
%ﬁ%é%ﬁ%ﬁﬁ:%%ﬁé_&#ﬂ%nfwéoﬂ
7251, st ATP 7 7 % =28, T b0 Gq it
B FRARIENEAL D> DPKCIZ K » TH 7 A ¥ U FIK
Z Y Ut L CTRPVI OVEMHER A 72 53 2 L 4 W
LTC&7, &5, PKCIZE»TY k&5 TRPVI

D2 oD%V VFEEEEE L, BRFHERBRIZBNT
B SN TP2Y Z (K% LIZTRPVI OGP R BN
DITE L~V EN D E I hE~ T AZANTR
STz, B4R~ 2 TiE, ATP O RJE~OHEIZL -
THMERRBBABE SN,  OBAME B BIL
TRPV1 K~ U A TIEA BT, TRPV] & ATP DOHAE
HEANER L L TH LN o7z, LovL, P2Y1 K1
< U ATHFAR L FFEOBMRRBEARD Hh, <
7 AW T ATP IC X D IR I P2Y 1 AT
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G ANRENL T T —F LTI, B 545E
D= D DHENLHEMEDFEL TE 2, T O XS 7l
5, FERHET ORI BT e B O L A 5 < 2
LEEMELT, ERRI4E9AS-6 BOMA, [HiE
ST [FAFF GO - AEBRSAIFRTIC BT, TR A D HEE L
B : ZOBADPOH LWEBELAZRS) LE LS
EHELI, AMEEIZZOE 20 THY, HFEETIE, M
FEICH E D THEEEE - RO R > 72300 T
DIFFENCHE 10 D 7 2 \ BT DRFFERL R E BTN T2 72Tz,
WAIZIE, WREZRSEA T T v RV T 54
TERIRIFTE, RAEE T NOMIR K MR £ 7 L 72 & OB
BTV TR B OfRET, A RPN BE Y
B OJR ATV IS D AE], AR R PR SO HE AR~
=X 7n EOFRREARR, MRS MR 72 & & VT
HDA A=V T P DFEIE A F7 = X WZBIT D R
77 —F 7 &, Heds X OWERR Ol A EIE 2 1
LicbDEpolz, RERIS, KIREDTZDITLRRES
FZ&E L EF RN AR IE AT BIR B AL
HESHALE B L RiF 72w,

SA TRPV1 DRRAE - BRERAED 7 F 1548

AR (ZERPEFH S Fa A )
BIG- L7222 ENoyinote, = U ARARMIRETIILIC 3
WTC, RNy TF 7T EERNTH YA G LE
FABET S L, UTP (2 & > T ATP & [FIFEE O ERIETR
BBIEIN, TR AT I VLo THHEENTZZ En
b, P22 ZFENEET b0 RSN, Ty Mk
FRAPELE L © TRPVI, P2Y1, P2Y2 @ mRNA 55 & Bt
9% &, TRPV1I mRNA [ P2Y1 mRNA Tid7: < P2Y2
mRNA LHREBLTEY, BEERAE CEONTZHEE
T LTz, SHIT, P2Y2 A RORIMWE TH 5 UTP
O 51T ATP & FRROBWER FE 2 5 &L = L,
KWL TV AT E T, EEERE LTl T
B, MRS Ca KIFIEDBUREA 2 DML L~ L A
H=XLD12EEZLNTND, TIZT, %< D Ca*
BT ¥ FVONEHEICBE 52 Ca MiAEAE
HNEY 2 U2 (CaM) & TRPVI OB#E & Mgt L7z, A1k



FHITEIC & - T TRPVL & CaM OFEA RSN E 21,

TRPV1 & C R¥D 35 7 2 ) BERZFDFEAICHEETH D

TEMNHH L, D357 X AR LT ERATIX

FRaAL Ca® R AFME D BURAEAN T L THB Y, CaM/Ca* 8
BEROZDIST I BN A~OFEG BBEIEE L2 5F
H O EHER STz,

(2) TRPV1 /7 v O 72 FIIRICE T DTS OFZVIEEBEDTEFMNE K VEEZHENT

AR

BEMRICA CL2NERERBYWE Y 7 V%= (BK)
I, RESARBFHUBSESZLICLVEAZSIERD
To TNETICHAIE, RESER/IFLETLANT
AT 2a—h—Th B 7YV ZHK (TRPV]) OIE
PEALIRFEEBEZY, BK ICL VB LM ETRTT 5
ZEEWOMIT Lo, ZDFEBFRE LOMOWmENS,
BK 73 TRPVI OiEH 241 L TR EZAHROME 25| &k
ZLTWDAREMDBE SN TV D, 20 BK OFJEIE
x4 2% TRPVI OB 5 W T E SR 552N x
5729, AEIFE 2 X TRPVIBE 2 RBESE ) v/ 7T
7 MKO)~ U RIZBWT, BKIZ L 24T, &
LU BK T T 2R EZEHFDIGEN ED L H T3> T
WD I i ~T,

FPITE LUV TIE, BJEE T~ BK (B 10-5M)
DIEAZIT R FROITE 2 m T @R OEIG1, BAERIC
NT KOV ATHEIELS, £ %Kd TV D IEHH
H KO~ 7 ADHFTRVMEAM N A b7z, LU b,

/NBAY, Banik Ratan Kumar®, Grion Moreno Rocio!, & 7K

HEEZ OKAS gl
(Gl BRFERBEESAIIEET !, —EHRFEFE?)

10 fEERIE D BK(10-4 M) Z7EA L7254 O TR THE)
T, WMAEOMCAERERZETIALNIR N, ZORETR
225, TRPVIIEBKIZ L 2FFBIZHELTHD DD
EIRE O BKIZK L TIETRPVI OF SR/ EL b2 b
MR T,

RUNT, BK ICKT 5 R ARME L L DIRE %,
B — IRAEAR AR AR AR 2 B Redk L7z, %5 L7z BK @
TR & 77, BR AT 2002 D3R S 36 K UV BK %
PERHED B A DWTIUZ OV T B, KO~ 7 2 & BT <
VAL DOMTHEREWNIRWEZE hote, SHIZ,
Bt ARA R AR L2 38\ T, BR #2512 & 0 BN Ca™
TREOBMPBIER SN2 Mla0EIG1E, KO~ 7 R L 84E
<y 2L OMTIRER L TH -T2,

YL EOFER, BK ICX D EEZF OIS IITHS MY
({2 TRPV1 28859 %728, TRPVI &4 & 2V g & 771(E
T 5 N ENT,

(3) YOREZBHBE =2 —OVITH T2 TTX BZHHFRE Na EFROMEN

FAEEER, ARFTIE—T, BERE, Ka5E’,
URBRFRF R o H A S o 7ERt -

HBARFBELES (DRG) (121 7 FEH O BAARIFNE Na F v
BRBLL, REERE G S E S ERERE B OB
ICHEREISHLTHEL TS EEZOND, TDOH
TTX FEESZME Na T+ 1L Th D NaV1.9 (X EIC C e
Z %9 %/ DRG MIlRIZFEBL L, Kl Na FEii 4k
T EERBICHE L TWD, SRR BIEEICKRE
DRG HIBIZ B W TH B D FrAL D Na Bt 4 7idk L 7o
DTHET D,

RATR, fhH&k?, EHEH
DA, 2 SRR )

KA DRG MW, O —i ko Na BRI LE
- T, KIRE CRMEONm & sy BlgEs iz, 2o
BrttE R T miBE o Ccd2ic L EEZ TP, SME
Na JBREIKGETDHZELD, NaEiRTHDHLIEBS LN
Too ELTIXEHIZEIVERTHZERNART 4 7 A
DIENDD, /N DRG MM TH S5 NaV19 IC L5
e bRRDERTh -7, IEHLRIEIZK-60mV T
Y, —i@ME Na B OB (K9-40mV) X 0 @Mz s
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7 RL Tz, S B Na BRASRIGEHELT 55
EFTH, Bt & Mo ANEE b2 HMT
BRI, ZNHO/EREY, FrgetEmm & oL,
—i#M: Na BERE ITHOF ¥ XNV ENTLHDTHD &
Rl STz, ZAVE THRE STV D TTX B MO R
I Na BRI, s L D%HE, [—ilME Na EROBVARE
PEAEAR) & LTRSS, ST 5T v XA Of s
& LTI NaVL.6 DREEHER TR RSN TV D, — 7,
K% DRG MlEIZ 36T 2 Frf5e i Na BRI, O —@ D
el EEh VBN ThoTz, £, v Fr T
75 & Single cell RT-PCR % #l A A HE 7 E Tl
NaV1.6-mRNA % J8l L T\ - fllfa ¢ b ER A 2 < Fik

SN2 7-Bl, HIZ NaV1.6-mRNA OFRENBLEI N
ool THBRICER ARSI N TZF b H Y,
NaV1.6 & Fifeel Na it & DlT - & 0 L7 FBIBRITR
oo T,

Pl e <, KA DRG Mgl W THE S ik
foe/i Na FEielE, TERHE T\ D TTX FERS MR
T Na Bt & IIERIICH T ¥ XL F A 7L LTHELR
56D TH D AHEMENRTR, T OFHA Na BIRIL, £
DFE L < BORFFFGEC/ NS WEFMEO 720, TEEiET
DHRAE - AR B RIZIZRE 59, /ML DRG Mz &
% NaV1.9 Bt O%E & R, KA DRG i < o RIiE
TToOREBEHEZRHIEL TN EEZDLND,

(4) v MEBAZHVRESEHBRICBIT 2D THA L VORBIZRT S
hoFE/ A4 FOMFZHRIZDONT

KRERFY, FAIAREE,

Ky FE2, FEIHLE?, SHEIESC, FE

Pk ?, B, hEEE

(URRRBEE R R A I ERE, | REERE S, 2 Ak - RS PEREE, © SRR F)

T E A R R MR R E R £ 7 /L B)
WNZ T DIR IR 5 2 L3 s h T D,
—IRINFEARRICIE, BT A RZRE(CBL) &b
PA L DOZRR (TRPV]) BIFEL, £/, ARMEOD
YFE A RTHLT I RiE TRPVI OREMEY
Ay REME LTHOEBSR TS, 22 THUFTEY
A FOERMF 2@+ 28T, e/ 4 R
TRPVI {EVEZFHEI L CW D AR 2B %, 7 v MERM
R ML (DRG #Mif) 2 HW<C, 7o & IR
DF, BROHFHA L ORISICHTHh e A
RS AR LTz,

Wistar SREEMERA T » b &0 B REFARANRRET 2 R L

ISRV RIEIC K 0 DRG Mk Z 1Bk L7z, B3 5 B
HiZ, MM~ 45Ca BLV iAd:, HT A% A P i
B (TVFAML )T v A1E) OEREITo,

ATV A 2 T EERGNEZ 45Ca BV AR EFREL
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7o, Ty RiEEEECch o, THUHIR
227X K /AN ) Er—), HU210 (CBI 7 Z =2 })
WA T A T KD 45Ca BUY JA R A R FE IR AFE I
il L7z, CB1 7 2 =2 MZ X 280l H1% AM251 (CBI
T I=A ) LR vEiishe, —F, A7 A
v, THFUEIRIEIH T RE 2P IEHHEINER &2
L, MZEOKIEH S (TRPVI 7o ¥ =2
M kv mlEni, LnL, CBIl 7I=X MNIH7
YA NS KDY T AL R PRI A L7 h o
770

PULEORERMN S, —IRAEAMRIZIBWNT, AT e
A4 RIZTRPVL IZ X 56 % CBl 24 LTHIfl45 2 &
PRI, £/, ABE0 DRG MaOEATI
CBl Ik vl &5 TRPVI OIGE, CBlIZE i
A Z T/ WTRPVI O UGB I, ZIUIEZHE
DJAEDFREIZ L D ATREME R B D & B 2 72,



(5) —RHAEMIBERIZE TS oncostatin M DFRENZDULNT

BT EE, &

Interleukin-6 A > /N—®—EF T¥ % oncostatin M(OSM)
I, 1996 42T, fEx O A MU A ORI CIEME LI
LERFRTF STATS IZ X VSN 2Bz TFOUE DL
L CHBES Lz, LT, BABBRICRIT 2 Kk - £
FEAR - PREREIRCOEM, IR IR O A e EOSM i 2
B ERAR I NETICHE SN TS, LeLRR Db,
FRERITRIT 20SMOEENZ DWW, REEHEIT D72
W, & T, A2 BT, Bk~ U 2 O#IRRICET 5 OSM
DT 22 FRIE DR R & 3 A T,

HIDIZ, HFERIZEB T D20SM ZRKROFRBERFT 5
7291, TR R K ORI RIZISWNT, —HF
Tuy MENTEIT-T2E 25, RERIZBWTEOREN
RBOLNTZ LITA, = XA & BB ICB
THFITH OSM B RO HEL 2B O 72, ISH 54 Hv
TIRFT 24T o 7245 R, OSM BRI/ M — R INE = 2 —
2 CREB LTV e, OSM S BRICH 3 2 HuiE % Ay,

HE, Al SR Rk L RSZER RS i)

SEGIEBR O E T2 25, 1ZEALD OSM %
HIRBEED = 2 — v 0% TrkA BtECit7e <, Ret BtED
=2 —a NIRRT HI ENbroT, EHIT,
Z D OSM AR D /N = o2 — 1 2 (3 substance P <2
CGRP 72 & ® neuropeptide (3H &3, I 7V A v 2R
B TH 2 TRPVI & ATP ZHFEETH 5 P2X3 DM AAE
EICETDHZERHLNTR ST,

OSM & [A U A 2 /8—"T& % leukemia inhibitory factor
(LIF) OZFE G HRIBREICHBE L ChY, B L=
2= AR U THRERERAEM A B IET 2 B2 5
NTWD, L Laedn, ZEAEMMERAIZEY, LIF
ZRROREBL Y — 1% OSM ZEROFH L — 1 b
T B Ry, oD b, LIF &i138 75 OSM
BRAZERANZBIRE & CILREFZHFHR TH D/
Za— R UIET D 2 E BRI E T,

(6) =EX#EFE2REBEGEETLHVICETH2ETMNER -1 —DO UV DORIGHE

PEIF A2, B

O RS, ARE PR, e

(" BARZFRFE AR, 2 QAR ARG AT e TR RETZ RE AR Y,

[BM] =XApi#sE 2 i CCl i L CER L 72
neuropathic pain E7 /L7 v b EEE T v b =R
R L O XA RS R = 2 — e D%
TR 33 2 IS Z Rt 3 L OVE TG B 4 F =, = X4
TR 2 BRI 36 1T 2 REIREICKT T 2 E o
BOBENZOWTHRE LT, (5] BRI SD Rl
PET w MW, BRI 3 2 HRIERRE & K
(ZXkE 2 IR A I E L 72k, R 7 ¥ — LIRER T T
=X 2 0% 2 P < 4.0 chromic gut THEZ L7
(CCI), BRIk OBSARHIE L % L Tneuropathic pain 73
SNENTEECONWTERERTHEREZI T, [#
K] FTER = 2 — 0 ARBOFLERER D, LUTOfE
REB/T, 1. RIS 5 KB TEIRI X, CCL#)
WD F5 Y sham BT LE~, FEIZMED) > 72 (CCL: 3.1+

HARZERERE CIRAEETL * RFER)

0.8g, n=6; sham: 34.5+8.5, n=4, p < 0.01), 2. HFEHEMH
X, sham IZHE_FEICE D o7 (CCL: 9.4+1.3 Hz,
n=30; sham: 0.2+0.1 Hz, n=10, p < 0.01) , 3. RERHE
BMPE T, sham [Z A~ IS & 22> 72 (CCL: 14.1£2.0Hz,
n=30; sham: 0.9+0.6 Hz, n=10, p < 0.01) , 4. WDR == —
7 DRI % RSiE, FERE LLZERNT
HEIZE D> 7z (CCL: 15.7%1.1 spikes/s, n=16; sham:3.5=
1.1 spikes/s, n=6, p<0.05) , —J7, FHEEZRMNELE ==
— B AEEOREERNOIX, U TFORREEE, 1H#
PRI e 2 AT B RIS, CCT #  J5 7% sham )
WL _RFEITIR > 72 (CCL: 6.7 1.5g, n=6; sham: 34.5
+8.5, n=4, p < 0.01) , EEMEFEMANL I 5T~ 2 PaBEAH
iX, CCI D J5A sham BMICHEARFEICE Do 72
(CCI1:70.8£8.7%, n=6; sham: 12.5+7.2, n=4, p < 0.05),
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2WDR == — 1 & QBRI 642 RS 3R &
LORE L VUTBWTHREICHD? -T2 (p<0.05) .

[t am ] = SCHPife s 2 BRI & B IS S8 iE T % %
WERMICB T, =X it a3 B IR E

B AHRETOREICEAGT AN RSN, —
¥, BEARIZBT 2 BEERBORIEICT L TE, =X
AR B A AN TAZ 3 0 < B 59 2 RIREME DS RIBR S
77

(7) BRZBAFTEMRRICETE2YTRE VX P OEHRAEEECKT HBIELER

HIRBREL, EERA M, T

B, HHEA, ENE
i

75
(PR LIRS EE R R FEIEA R 2 HE, KRR S BB =)

H&E O CTHET DEIHITR L TR A ZRIBHEN™ e S
TW5H2, LR - FHBREERER - KA AR
VA a7 =7 E ORI MR MR I O B
FEMEIR IS )T D IR RIERIZHENL STy, 7 2
Z AP (BLF SP) X2 b EHAMERICEE LT\ 5
LEZLNTEY, WRRICBW TR LM SN
TWARENRMERTF K ThHDH, LnLeRnb, i
A, SP Z ARG FIEI TSR A R S 720 &0 D WEN
BRI, BICNKLZH/E ) v 7T 0 b~ A& ANz
BREEIC BN T G, RPEETR 36 K OB MR x4 2 8F
ERITA SN TIE oo, FxIZZORFEZMIT 5
7D, BHATA AERNG Ny F U T T8k %17
v, FBERATEEMIICRT S SP OER AR LT,

FRES AR DSy F 7 7 Tk EITY &, 7
B UBEENT D BAEM S 7 X% EFT (LUK EPSC)
BT GABA E7237 ) v a4 My + >
A% W (LLF IPSC) MFRifk 417z, SP B LTUNKI %
RERVEBEZETRIR G T DL, IV IVBENTD
EPSC WHEIZHI®T 57217 T2 <, GABA 72137
VU ENT S IPSC bEWICHETE Lz, SP AR IRHEA
DI X EEA VIR 72 & ORRAERICHT L TE S <
WS C& e, REFEMbSh TV RN, 5%, SP
SAREHEROBRICHEZE 2% BT, AFETHL N
(272 o7z SP SZAARIT K DMl o ) 7 AR BRI O ki
LB ZBEICAND Z ENRETH D LR SN,

(8) ERBMRMIC& > THESN L EREARBOMGINE D F TRISEDHET

dL EE - - \SC -

FREZATELE, Wb LBAREIIRAEZIEZ D Ad
BRAESS CHME & & BITIHIENAE = = — 1 o DR 7 B
BT D, Fiz, Hx OEFET VBT
T T ARNNIOBBEPRBEIN D72, BAREITR A D
{EEERCHHET & O IR Bl o WM RSB S e E &
B L TW5D ARWTETIE, BFHA 7 A 2R LWV in vivo
ERND Dy F 7 Z 0 TiskiExw v, BEREMR
FHE SN D IMEWES 7 AGE E ek - BT LT-, 2T
A AERE VY AS BRHESC C RRHEDOBIRANE 1T &,
GABA BX O U v &4 Lic il > 7" A% Bk
(IPSC) SFHke S 7z, TS OFIEO I T R HILIC
Lo TAR—=2 MR IPSC ZFFHRTHHOBEEIN,
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F B OUNRIER B AT SERE #ia )

Z DINETER~HA R RIFfE L7z, &KIZ, invivo A
DO ELER AT B G ~U A N 2. % &, —i#kiC IPSC
DFEAME L IRIESZFITHR L, Z OB TR T
BT B S— 2 NIRICRRE L7z, FEBIISR AR C IRk
PEDISEIFBIE SN o T, —T7, AS BRHEC CHHED
BARRN IS L OV G~ fil- oM )9 - IS K o TRk
S D BEM S T 7 AR T, IPSC CTHITEH T4
B o2& 9 2Bt EPSC O34T &< BRI
Molz, BLEXY, EEFEHAICL > THES LM
FIMED AN =2 MRD T 7 A REI TN E = = — 1
VORI L D b0 SHERI S, 2 OB HFREC
B DIWHOWHNTFET D 2 L3R Sz,



(9) 5v bRINKRES

7K BRI,
UMK - [E22RFTERE -

[BrY] KA il - SRS EIE, BURE L CRMBE ~
IBRBND, RO - I 2 5 — IR
TEEFARREAE D o 7 RSB OFEM 22 R 2 B, B
EHAEA 5 in vivo patch clamp FEEREAT2VY, EE Ol
SR LUK ERHEIC L - THFRsnb 7 A
A& Z RRERIRAT L7z, [J715]In vivo £ 7 C blind patch
clamp %7 v ME—IRAMEETEICHEH Lz, |E~
DRI T 7 > & VTN R 7z, AR IEIRE PR
RN A AV CESMIK L7, o8k L7l ofresis
%, EMBAN2BEA L2 neurobiotin & W TIT72 o7z,
[HE5 & B8] BB VIV JBOMIN bRteka 1T 5 &,

HIEMED B > 7 7 2 4% fEii (EPSC) "Bl s h, &’

—RIKEREEEF (SI) [2E T3 in vivo patch clamp 3 Z B =Y F TRISEDEHT

LI, \Sd—, HILHE, AER, ERE

MAAREY: A FUN TR - EmiR T - M)
FE~filfli% AN Z 5 &, 00 EPSC DOIENE & 3828 KL

FHNCH R LT, FAMR =2 MRO EPSC  (F
oRTHilEbA LN, ZOFvL—v
3 0%, CNQX % BB R M (VR 5972 L il S 7z,
Fio, PEORKREABRERIETHZ Lick-T
LHK L, 2ol &L isiicgisgani-4
Vl—va VIIRRIEBI R TH D Z LR ST,
—%, BIR~EBAPBDESAE L 5 2 256, KED
SO CITEWIERE (F92ms) & RV IERE (9 120ms)
@ EPSC ’MF 67z, Z OREMBIIHR LY o7
HEBLOEL YT TAMED AT EZ1T T D 2 ERRIBES
iz,

TL—a )

(10) A5/ —<HREEMBIETVRIZE T HERRIC EEERF

PR T, I OMEITIZ L > TR A O FE A B D3 HE N
L, QOL DIETEZ 6T ER LR D, LnLARRDL,
FEE 55 A 23 B2 D JRIK] & 732 2 JE98 D 5 AR 72 B9~ S B
8%, BMETVDORIMNBITE L ETDL TV R
Joo £ITTC, Fxl, CSIBLRYUAMKD AT ) —~
HI B16-BL6 % C5TBL/6 52~ 7 A M4 IR I BIELZ [RI Al it 4
D Z EIZ R VBT LV OERERAT, Bl 11 BB
£V, BHEAEKICABERBIENEIZ I, T0%, &
FPIEAIITHE R L 7=, BAE%10 A B £ ¥, von Frey filament

(T & D BRI ek L3 LV R TR E e, RS
DERIE, AR &0 RS & Cle o 1228, D
LA T v ¢ =T AR Uz, Ei, ET~0
ERDATENRERI AN L, A B PRk D B 338 AN L 72,
JIEES 1 320 %415 0D 3% K2 N G protein gene product 9.5 BEPERR AR
MEASEEIN L7223, JEIGE PR D3R B C IR AAE DS T 26

ZERGIAE  Ca IHER TR R R R A )
LTV, Bl 20 HBIZEWT, morphine (3 K
Smg/kg) } OF gabapentin (100 }2 OF 300 mg/kg) D% O #
5.3, IR R 2 )RR AR L7223,
sodium (10 }% O 30 mg/kg) D ENMENSL G- 13 HMH] L7225
2o BAHTE 16 725 20 B H OBMAIGENSH AT ) —~
MfSE AR U, KR (1 %02 mg HiH4/20 ml)
ZAER U 7=, R (1 & OV2 mg fliH#/20 ml) o~
A SR BEA~DVESAY, I SARAEA VIR K ORI
R DRI R A Un, 2405 DO K&, carrageenan
@Ry ICE2EEWE BB EZMHE T2 HED
diclofenac sodium (10 % OF 30mg/kg) DIENEPNIE LTI
flsnienotc, AT 7 —<IZ X DEIERRUG!
< Eb—HB, KIFIZIT DM AT DL LI LT A
Z )= WERES 27 m AE T T D LS D FEIE Y
BERFRER-oTNDHEEXBND,

diclofenac

X, e
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(1) Sy FERBEREMEREICNT 5H THA LU 0ER

AL M TR & W TR B O SEEHIIE 2 VT,

RO R %A MBI, BIR C HE~ ORI CTA L D
MRRBE AL, b7V A L ORE R,

T 7 A 2 (L5uM) X% £ Ik © e 2 stk
I X D2 B AT AR IR o B KARIE % 50 20%40 L,
Z OB FITIRERAFR T Kd=0.5uM Th -7z, ZEKMA
FIRD T (10uM) [T 8 7H A > v DR RITHEDT
L7,

S D pH % 7.8 105 6.6 1T FiT 5 & #k B 23 dmm| &
nien, A7z LvlEs N, BEET I/
Bz R IRFE PSR APS (30uM) & CNQX (10uM) DIFETE F T
RIS ORERRAL S THR LV T ARIBE T b b
ATRRHER R OB NG CTE D, BT A2 (0.15 -

fis £ EIFRZFELAEEEES AT L L5F)

L5UM) 13 2 DRES bR ERFRIINE LTz, £z, B
FA T2 (1.5uM) Z15 53 8L BE Uleld 5 & il S
WLieholz, 7V - GABA DHEIKTH % BMI -
STRY 5 FCHT A o afE5LTH, Mf{ER
BT, WIZHIBANAD DN T bA T B RE LTS
HWFTHTH AL 2 LE 25, IMHERNRD
nigmoiz,

U EORERIL, 7 A2 U REBEY T T AEHERIC
MHIIER L TWA 2 &, By T AF ¥ FA0EE
LTWDZ &, N REREEOBUEIENRS LT
5T L, £ L CpH RBEZLDOZEIIN= 0 A FZEE
DG LTV D AR E A RIE LTV D,

(12) EHEkA 1 BORSHMBICE TS+ TRTES

HRE% A TO YT 7 AREOE HIEERIIF TR 7
R4 =T OFEICEEREHEH-oTHDLEEZE BN
TW5, Froxld, WITYREIC X - Tl S u7- s
MO F I T THITH LT, TG 1 BORE
MRS R EZ R~ T s 2L LD, Lo,
Ry F 7 T TETIREANTOIC R I OIS B o 5 dak
WREECTH D, =2 THAIE, BRI FIRE IRE
AL MR Z AW GEHRNEIC & - CTRii%A 1 8o
BFAILCE 2 2 RUIETROFHA & A 7 = X L Ofight &
AT, W ~EEMESZ AR EZFEAT L LI Lo
THATY ST F R 1| 8 ORSHIIT %R ~DIK
BERESRFRITM (2Hz, 2 43D 18X > T 2 KR LA B
DAITEN OIS Z o7, F72 2 OHIRIE, RIRW
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M 5L (BHARFTARIRES AT A THF

inducible NO (iNO) 3 > % —F¥ O#f|#| AMT O#% 5T T
Wl s e, E£72, EREFRORBEERL (2Hz, 30 )
T X 22 h o 2 RHIEIRS NO R — ORI 5 IC
Lo TREES Tz, WICFR 21T, FRBRHERC R OIR B~
OISR O W BE R D T20IZ, HRRMERR R D
BRI VINEITHEC G U CRHI L, ZofEE, (K
BRI & » THRROFEH N RYNITHER S, £z,
Z OBERITFEHHII TR D - 858 & [k AMT O 5
Toflsni, INOO/RREEY, KIFRTR LN
B O R SR, INO ¥ & — BT K - TREEEM
NO AR EIL, £D NO BRERIERATLIZ Licko
TEZbEEX LN,

(1) Ikeda et al., 2003, Science 299; 1237-1240.



(13) REMREBEICZFH TS Prostaglandin £ 1#4E

FRIEPESIEIAE D R RIWBUZ BN T, RIERFTB LT
FRRX AR R TR O BUE M IRIZBI 532 Prostaglandin

(PG) BEA A 1 = X L DRI %, Cyclooxygenase-2 (COX-2),

Prostaglandin E2 (PGE2) IZ{#H L CT{T>7=, £7 COX-2
B LW PGE2 FEAD RSB MEIEF] TH D PGE2 synthase
(PGES) O JJTE & S AL PRI R T2 & 2 A, Wi
HK, FREOFE, < B TEEOME PN EMICREL
Tz, ZAUO TR — I 2 AF L IAF4R1T 90 %L =T
BT, SHEEBEMEME N EGALIZIA < FHEARR R I oA
LB ZEIERR Y Hie hvo T2, 7ok COX-2 safg Btk
RN 1T AR, PN OB E & 7o BRI BIER S e s,
JIEAIC L W AL L hr > 72, PGES g bathimiax
IR IZITER O bR D o Tz, WRITH 75 = RIEE
TV T COX-2 S M i PN Bz Ml O IREO 2541 2 3
WL DA, N, BB S bICRIEAE 3 BRI Bl
A6 R ICITE OBIIERKRIC A 0 LIk Ui, idF
REHL T OPGE2 b R DRI Z R L, 6 Rifi&IZ3

(14) GHEUNIHAREATP 2R

ATPIFFIREMRIZIBNTA A0 F v XV NI P2X 5%
BEE LT, BRAEICEE LTS, Fx 3B
P2X Z KT 2= % ha, B-methylene ATP (cpmeATP) &
Ty NORIESMIZRET HFT, PRTHTYA I
M OTFBEEARRET (DRG) #HRICH BT 5 P2X2/3
SZREENLCT BT A =T E2FRTDHZEEHLMIC
L 7= (J. Neurosci., 20, RC90, 2000) , —J7, DRG (Z13kE~
YT HEATDGH Y IERPLY SRR FEBL L T

WHBEDL 6T, ZORRBIRERICB T HEEIIAS

IZEN TR,

Z 2 THRA I AITENCE T D DRG TO P2Y Z 4K
DEENZOWTHIFEEIT -T2, £, Ca¥'A A=V
(fura-27%) ZHWT, /NITH 7Y A ¥ &3 EDRG fi
BOE LI UTP EZMEP2Y2 ZFEERN I L TV 5HE
A LTz, P2Y2 K7 A=A FTh 5 UTP % &

DR Fs GBI AZIE DR - BRI

i} % PGE2 @ EF1E COX-2 BRMIBEERITH 5 NS398
BT =V REIOGRNC ST 5 LA R S
D, TR 2 Rt e 5 CIIA B RS BIIR ooz,
BT 7 =TIV TOREIRBIIREEZ NS R o 2
MR #2 IC e RIC1E L LA 6 Wifllf% & CRIREICEIZR S h
toﬁ7&:/ﬁ&2ﬁW%’N$%%EWW&5¢é

(R B EH S A, EREMLFEED =<
%ﬁ?ﬁ&@bt& HERBRIBIR R R oNiz, Z
nNoXv, I 7F=FF BV CRIES O RIE
BUZ P ARIR R 0D COX-2 DBIG-37RE S vic, RAERPT
TlE~ 7 v 7 7 —URMARIC COX-2, PGES #yZ k5
FaMBEL S V7o 3R — MRS 38 1T B A RITRD o 72,
%%Tiﬂm%ﬁWﬁG%@E@%ﬁu%@bfwéﬂ
REMERE 2 B D, RPFTHD & TR R~ RIETE RIB
B G T 2WEERIET D720, MHPEFESA
A OREEAT-72h3, 1IL-6 BEIG-T 5 AlRetED /R X
nie,

SMAP2Y2 (2& (7B T4 =7

FERECRAT LR - 3K - (LA HRES) 7l )
b5 (FE S ERK R i BT

JEEIC G- 2 LREIKTFICT =T 0 =T RFHER I,
TV P2 AT O, BLOP2Y2 ZAEDOT
VIRV AR I VAT KT PY2 ZR/EE ) v I XTI
THZEICEDWEE L, UTPICLDSlER&ENDT
07 4 =7 1XoPmeATP IZ XV FEREINHENLIY B E
RERARE L7, aPmeATP & 8720, UTPIZL W E| &
INDT T 4 =TININ T A O R R A T L
727y FCIEFERINRDI T, LLens, B
AUZRERT B A=A NTHD I TP X UTP
BETOT A =TI B L 2 hoTe, ZNUHOREK
D, UTP &M P2Y2 A RE T 2 Z &1tk v igl&
RZsnd7uas =T, WNTHTYA v stk
DRG ##ICIRTTT D0, I TV A ¥ U ZRIRITIRAT L
BRWAN=ALTEVFERIND Z EBRBENT,
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(15) IM/MREMICEF (PAF) DERERNIZE(ICL ST OT « Z7 OB FEEEBEOBET

AR, ARG, LADEE (LRI E e ST FERHRE AR PR IE R L 8 o ) KB )

KRR CRIEITPE O 1B I 72 & DR EZ R DOFE
fot L7 I& MEALIR ARSI B 53 5 R 36 L OVRiR sz
DOIEIER, FAEASIEREI L, WMERBEST 2T
4 =T EFRETHIERHLNIESNDOH D, TF,
SO FRIITR R OESNR RN, T I VRS
&, ATP ZER, Tr A% ) A4 RZEEENRTIRES
TaT 4 =7 ORIEICEBEREE TSI L3RR E
NTETWD, RIFFIL, RIEREAT ¢ =—X—Ifi/h
BOEMALIR T (PAF) BT BT ¢ =7 FIAEICEI 535 Al hg
PEIZ DWW TR & N2 72,

ML ICR RlEVE~ 7 ADE S, 6 TEHERIZ BERZE N 5
L, 7RT 4 =7 RIGIFETY U ADRIIESE, Fo
b R k9 5 JEBEFTEN, 35 KO von Frey hairs fIlIZ
LD~ U A% AD SO FIE X 0 G L7z,

PAF OHfFEN G 13/ TR E X v BERFN 3
fg-1pg) IR I172 T 0T ¢ =7 KIGE & OV TId i S

EFHRTHZ L EFWH L7z, Lyso-PAF 1330 pg & T
BT Do T, ABERARSHRE IZIC PAF 522K mRNA
DORBIERDTZ, PAF DT 1T 4 =T #H¥1L PAF &K
FHESE TCV-309, P2X A AFHFHEZE PPADS, NMDA %
FIRBREIL MK806, NO A R#FRE M ES 7-nitroindazole
(7-NI), NOA X% — carboxy-PTIO, hemoglobin,
Soluble guanylate cyclase PHFE#E ODQ, NS 2028 LN
PKG [H# 3 Rp-8-pCPT-cGMPS D RiTALE THIfl 7.
PAF#HT 7T 4 =7 Kiad J OV @i i 7"
A ¥ R~ T B W TR LT,

UL EOFER L 0, PAF X PAF ZRRIIERA LT rT
4 =T EFHFEL, TOFICP2X ZEK, NMDA Z 4K
BELUNO-cGMP ZREN LIZHENEENDZ &, &5
\Z, PAFFHHRT 0T 4 =7 B LOERBB S EEZ C
BRMENITET 2 ATREME &2 L7

(16) # L L N-acetyl-aspartic-glutamate (NAAG) M iREERAEZEDERE DRI DO T

NAAG IZ, THFLEN O TR Tl b BRI L
TV OMRAREDE D | D ThDH Z EABEIN TN D,
NAAG 1E, ZHHEE mGluR3 OIEEIEETH Y, [FRFIC
NMDA 522K mixed agonist/antagonist & L CIEFT 5
ZERMBENTWD, F, NAAG [ IofMIns &
glutamate & g3 %728, glutamate OISR TH H 5,
NAAG X NAAG peptidase (2L W 3 fiFS LD 2 & BB
T2, NAAG peptidase 1d 2 FEFHAD isozyme 23F1ET
%, NAAG peptidase 1T glia fEfa O LIZFET D,
T, BIPIZ &0 f S iz NAAG 13 F 7 A BT
BafREND Z L, VT T AN TS o3 fiR
ENDHZL LD, NMDA ZHKR EDA G F ¥ 1L
B RARIT T 7 ARE LICFET 50, RS0 R
KIZT T AINAFET D 2 LB TN D, ZD K
D TR RSN D, NAAG T E D L v TR
%D NMDA ZFEEITHER L, Z0% T 7 Z9MIH
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HIARERS (FIER TR A FEBE PRI )

THH mGuR3 I/EAT2&E2 6%, £72, NAAG
MO XD glutamate (X F 7 ANTHFET D
mGIR IZERT 2 Z e MHEES D, ZD K 512, NAAG
DAERNTORREICE L C3EMETH Y, BIETSITIE
BRETENTWRWDONREBLETH 5, FAlE, NAAG peptidase
inhibitor T& 2% 2-PMPA ZRfilENFE G- L, ZO8FHEEIR
EWELTCEZ, LML2RND, 2-PMPA i mGluR3 (2
SLUTHIMERAR S Z Enmbin Ty, ZokHhk
BFZE24T 5 123 X Tk, AR, mGluR3 (Z/EA

L 7281 LW NAAG peptidase inhibitor Z &% L, % D84
R E BT Lo THET 5,

NAAG peptidase inhibitor & L Ci%, ZJ-11 (BEFENE
5 - BN E), 2117 (BENEKE), Z1-43 (FARN
5) ZAWE, EHETFALLELTUE, Ty A<l v
T AN (T v MEREIZ 5% formalin % 50ml f2 FiE) &
RKMIEIRET LD 1 DT D Seltzer T /L (T v hAk



B A 8-0 silk I THARE) &AW,

R~V T A RNTE ZI-11 RO ZI-17 OFfEN 3
5 - ZJ-11 RN ZJ-43 ORI G LY, B 1 - 52
FHE BTG BRFEICER I R &R Lic, £ DR RIX
B2MHTRVERATH -, ZI-11 OffENES - §k
WG TRIERIC, AL~ ik v iFEsn s %A
DO 111 J&D Fos & HDOFHENIH 7z, Seltzer €7
T, Z3-11 N ZI-17 OfiENE G- - 23-11 T 2)-43
DEIRMN I EIZ K Y 5 8L AFIZ mechanical allodynia
OREIFMH SN, 26 OEFEIEMNL, type 2 mGluR

(mGIuR2 & O" mGluR3) DERAIPHEIE A AiLE T 5 Z

Ll XY ERICHEIE N, FT2, Z)-11,21-17,Z1-43 D
BEENSE S - FARNEESIC XY, BIERIER N
7

PLEDORER X U, NAAG peptidase inhibitor 23 &-FE D&
JRET MCBWTERIREZ =T 2 LRl binole, 20
TEF%F1Z, NAAG peptidase inhibitor (2 L W Zfg S h iz
NAAG (2 X% mGluR3 OIEPEALIZ LV, APt A ke~
DIREREAD MG S D Z AR SNz, b
DHFNL, BEARR OIS, SBREBRCHIERFTE
LM THD EZEZTND,

(17) BHEREICE T3 D EDERKF

AR L,

B IR DTREEIZIE 3 BRRPL 5 DI (TCA) A LIXLIX
VB TWT, KT DB RITEEIR, BT
BrCitl s T g, —HEMERREE T LR LT
IOREERTHZENDY, HRICHETL2Z RS

o MAIIMEFEDZDET, ~ 7 ADMRFEERET VI
BWTARZE « 5 TN BT 5 2 & 28E Lz,
FOHT, JAT RLFT U UHERVIAREROS LT v
7T UK, BURCEBEU RSN Z T, AR kI
STHEEND, I ORRITENIXI L THERIRERDO T,
ZIETTCA OIS, DIk T 2RI 02 7 KL
U V2B (2AR) OB GRS N TE =, S~
I, 02AR /v 77U RS URERWT, )TV 773
v DHUREZAIEN, 2) #hiRf T 7 MBI DH0R T
WS, 3) MIRAEARIC L - T &Nz 5 S TENC
M HIEM, ICOWToR2AR IZIER LKBE L7z, [HIE]
%7&4?@A&amm</yﬁ??%vvxﬁi@:
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(3) Application of Thin Film Phase Plates in Biological Electron Microscopy

Radostin Danev, 7k [LIEIME ([l E 7 LR - oA A A =222 —)

We discuss two types of thin film phase plates and their
corresponding contrast transfer properties in the Transmission
Electron Microscope. The Zernike phase plate and the
half-plane phase plate.

The Zernike phase plate [1,2] consists of a thin film with a
small hole in the center. It is positioned at the back-focal
plane of the objective lens. This phase plate introduces half pi
phase shift to the scattered electrons leaving the central beam
of unscattered electrons intact. We call this new imaging

technique - Phase Transmission Electron Microscope (PTEM).

The half-plane phase plate [3] consists of a thin film
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covering one half of the diffraction plane. Only electrons
scattered in this half will be phase-shifted. We call the
resulting imager Difference-contrast Transmission Electron
Microscope (DTEM) . It produces images with topographic
appearance very similar to that produced by Nomarski DIC
contrast in light microscopy.

Both PTEM and DTEM provide considerable contrast
improvement for biological specimens as demonstrated by the
presented experimental images. Theoretical and practical
aspects in the application of the phase plates will be

discussed.



K. Nagayama, J. Phys. Soc. Jpn., 68(1999)811, R. Danev,
K. Nagayama, Ultramicroscopy 88(2001)243, R. Danev, H.

Okawara, N. Usuda, K. Kametani, K. Nagayama, J. Biol.
Phys. 28(2002) 627

(4) Biological control of magnetite crystals formation in the magnetotactic bacteria: Electron tomography

for cytoskeletal structures of Magnetospirillum magnetotacticum (MS-1)

Atsuko Kobayashi, Takahisa Taguchi (FEEZEHATHAE

ZeAT (AIST) B & % —)

L. Elizabeth. Bertani, Cody Z. Nash® (California Institute of Technology (Caltech))

Identification of chain-like structures and their unique
crystal showing (111) face made of magnetite (Fe;0,) in the
carbonate globules of the ALH 84001 meteorite, of the seven
magnetite-based criteria currently being used to identify life
on Mars, is one of the strongest evidence for the existence of
ancient life on Mars. However, there is a debate about
whether they can form through other nonbiological processes

In living magnetotactic bacteria, it is known that individual
magnetite crystals are formed within a string of vesicles, each
of which is composed of a proper lipid-bilayer membrane. At
present, the biological process that forms these structures is
completely unknown. Biophysical arguments indicate that
supporting structures are necessary to prevent the chains from
collapsing into a disordered clump of particles. As the
newly-sequenced genome of M. magnetotacticum (MS-1)
contains highly conserved analogues of the cytoskeletal
proteins actin and tubulin, these may be involved in the
organization of the chains. However, in the past, the presence
of buddle polymerized chain structure like actin have never
been observed in prokaryote, in situ, by the conventional
TEM.

In this conference, I would like to demonstrate our recent

electron tomography studies, for the analysis of continuity in
the cell, showing clearly the presence of a condensed,
intracellular organic layer that spatially follows the chain of
magnetosomes in 3-dimentions, forming a ™magnetosome
sheath[]. These structures may explain the persistence of
magnetosome chain structures in the fossil record, perhaps
including the putative magnetosome chain structures in the
ALH84001 Martian carbonate blebs.

Thomas-Keprta, K. L. et al. Truncated hexa-octahedral
magnetite crystals in ALH84001: Presumptive biosignatures.
Proceedings of the National Academy of Sciences(USA)98,
2164-2169(2001), Atsuko Kobayashi. Investigation of thermal
heated carbonate; Implication for ALH84001, Magnetite on
Mars workshop at NASA Astrobiology Institute Meteorite
focus group, NASA Ames Research Center, California
U.S.A., June 5-6(2002), Kobayashi,A., L. Elizabeth, Bertani,
Cody Z. Nash and Taguchi,T., Ultrastructure of the magnetite
crystal chains in Magnetospirillummagnetotacticum (MS-1) :
Evidence from TEM tomography for cytoskeletal supporting
structures: Geochimica Et Cosmochimica Acta, v.67,

p.A222-A222(2003)

(5) ZRERKEEBED FDT/ MELE

WA (R} [ S IE IR ZER8AR - SEBNA AP A = 2B F—)

INETE—H—EANT X S —EAGESKREN
LCZOf, BARME & LI/ RERmET 5 A
= ALOIFEZMRAI TR L TE L, I</ill, =
NOZREERZBEMSEDEOREEZT TR, Bbsd

DEDEENE I LHDLE LW ERNbhoTE, &
BIZVT T AN DZFRDBD & 00 & & DI
TMERSH 2D Z EAVHBIL, i b EPUE 2 PRI R
TELOREREOEWMEESARPEE L TV TIEAR
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(7) EHRDWBIZE TSRS DEEDRELIL

Fr BBk (R [E SLIERITIEREAS « S A A A = 27 —)

WE R AR B0 D MR 4 WM (intercellular
canaliculi, IC) I%, BME, /K, # L X7EMREZY HWV
JFER %> < D T RAOIBFIETH Y, MaNE Y 5
WS AL D RSy & MR & @i 9 2 il RIS 5%
FIChd b, RS TIE 1) HEIRRHIBR 2 @il 542k
THXANTUMBHEE LTZor 17 1 V2 —OFEME (Hill,
Cambridge) . 2) MIIAAN D> 5 530 S 57K 57 & Mla b &

BT 5Ky ORFFZL OHEE (Segawa, Sagamihara)
3) B NIRRT HR-SEM (C TR S L5 B Ao B &
EAHA 72 mucin 53 W41 E OELHE (Riva, Cagliari) . 4) flifd
I BB B D BRE FIWTE L L I REEIEE (tight junction B
B DAY & EAlIa ke O B4R, Hashimoto, Chiba) 1Z-D
UWNC I L 7 SR RIAFFERCR A RIS, SRR R S WA OB
INGHREZEAY, & lantng & Rt 277 D,

(8) AILLYLF ¥R hTRPM2 DHFIF, BH L EFRMESRE

TaAAYs (R E S R IERERE - A ANA A A = 2 Z—)

fBi 2 X7 TRPM2 XV K v 7 RYERRIFME I L
VULFY XA THY, TRV TE LL
WZHBL XD, IHEHELKT-B-NAD+ORE EFIZ 20
TRPM2 OF ¥ F/UiEME S EH3 5 Z &v5, TRPM2 (X
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M L Ry 7 ZREEDO L L2 5] & 4 & 2 Ml sEIcBE
HRHDHEEZBNTND,

t FiMD cDNA 74 77 U — X0 B S -2k
DOhTRPM2 iEfn+% T v A7 7 —+~_2 ¥ — pYNGHis



(C) hTRPM2 ~ & 7piA T, HBZNF 2 U A LA —
A 2%%AWT hTRPM2 % KEFHBL S -, AMZ
N7 AR ETE RIS 2 T T Aty
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FERIZEBT B E Y — 7 i E TP B 160kDa

DSy % B ey HAY AR 2 ER L C R T BN SR
TCRELILL 2 A, WBIY A XOHi> o250k 1
Ba R T &z, —HEANEIC XV IR LB T
W LW FIC LY TRPM2 5 FDINEET L&k 2
ﬁ’a%mﬁtoﬁﬁﬁf%%hfmé@i > RRE DS
E432nm BEOTFMIBEDOET L TIEH L0, 51
HOULER OREE FE RN & A BLY PHTe 4~5H D KA A
DI TE 5,

(9) EREBFHUMBEEMBROHSE

TEARAPE, MUISEA, Bt (AARE R

Radostin Danev, 7K [LIEIRE ([l [E 7 AL R AF e - e A AV A o2t & —)

FE T BAMMEE (TEM) TRiFZES %2 R4 51

N%V/xwﬁﬁ@ﬁ_mmW%ﬁﬂﬁéﬁﬁw%w
:HWmeﬁﬁiﬁ%ﬁ&oto —5 7T, #@F TEM
(IniEFEE 100kV, 200kV) CldEE EETEE 2SR —L
E— 2N H 2B T2 DA & AR 22 0N o 7oAy, IR
B YEEITHOF T 120k VIEM TOEMAEZHRL
77

~->(> mini-lens : (transfer doublet lens) (Z & ¥ #% £ s

HA A BT G &k L v XL L RO
L7,

AR G & T v — VP& By L L CngaRL &
—IZEAEL, EHAT—VIC L RSB LT,

AHEEORGHEFIILLTO®@Y TH 5,

FRR Z TR IEICIE LS RETE, I—R T T777
A R D 0.34nm DTG %, MHERB L C@EFBROZN
FAUTHIIL T,

PEFRAOINEIZ K 0 7BAUASBGIE S, NABIR O R RER

MATREDHERR TE 7,

BRI ST 200k V O 25 BA%E 2 D T3 0 (AR
LIFD@y th b,
JEEEE : 200kV
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R. Danev and K. Nagayama, ®Transmission electron
microscopy with Zernike phase plate©, Ultramicroscopy 88
(2001) 243-252, F. Hosokawa, Y. Arai, R. Danev and K.
Nagayama, “Transfer Doublet and an Elaborated Phase
Plate Holder for 120kV Electron-Microscope”, J. Electron

Microscopy, submitted.

(10) Dynamical Properties of Low-resolution Structure (Cryo-TEM) Studied

with Elastic Network Normal Mode Analysis

We present a novel method for the quantitative flexible

docking of a high-resolution structure into low-resolution

Florence Tama (The Scripps Kes. Inst.)

maps of macromolecular complexes from electron

microscopy. This method uses a linear combination of low
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frequency normal modes from elastic network in an iterative
manner to deform the structure optimally to conform to the
low-resolution electron density map. We demonstrate that
refinement based on normal mode analysis provides an

accurate and fast alternative for the flexible fitting of

high-resolution structure into low-resolution density map
determined by electron microscopy. Additionally, we show
that lower resolution (multi-scale) structural models can also
be used for the normal mode searching in lieu of fully atomic

models with little loss of overall accuracy.
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FHNER B Lz, T/ fEdmE BIY X0 B0y TITHE
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(15) DNA D+ / K
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N, 2o OEFIERICE ST, Ematk 354
AR T OBREMEIN 2 BT~ REL TV D, — 4,
7 LA, BT OERE b OET TR, HEH
i, HEEHIE, MBI EDST ) LEE O S L H
MM CTH Y, FEIX X7 BT DNA ORI 7S
DETENZENOEEEZFHE WD, 7/ hv—F oy
YU, THETIZWAWAR X A 7 ORI HE FEELA

KEDE (RIRKRZERABE - A mBERENTFERL

WHZER, RAEMMEO BRI BEE sy M A
TERSRA LN, 77V UEIRATBFRE
BT 20T v 2L 8 L CHIBEPN > & Seii o~k &
n, EARMHEOTEZ S, ZOF ¥ RN EEK
20AC, TONKENPEICHET I /JBRTTETCNDZ
EboNY, ZOMWED, HWF Yy RV EZERT D720
WIEETTREDO T TV = U OB REEICEHE T
bbb EWRBEINT,
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W= EHE O, 2) BISCEANIZI 1T 5 + 74 Al
EZOEROKEEK, 3)I=VTIA - ~Af2uVTT
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60
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(19) Exocytosis of large dense core vesicles and calcium stores

A subclone of PCI12 cell, PC12h, expresses the
characteristics of adrenergic neuron while those of cholinergic
neuron are much reduced. Differentiated PC12h cells have
many varicosities, which contain large dense core vesicles but
not small synaptic vesicles. Using differentiated PC12h cells,
changes in the concentration of cytoplasmic calcium ions
were analyzed at individual varicosities upon stimulation with
acetylcholine by laser scanning confocal microscope.
Transient increases in cytoplasmic calcium ion concentration

were localized in the varicosities and recognized in both the

i (T EELRRATIERT)

absence and presence of extracellular calcium ions.
Immunocytochemical analysis of intracellular calcium ions,
the inositol (1,4,5) -trisphosphate receptors and ryanodine
receptors, demonstrated that immunoreactive sites were
mainly localized on large dense core vesicles in the
varicosities and neurites. These results suggest that the
exocytosis of large dense core vesicles is regulated by an
increase in cytoplasmic free calcium ion concentration from

an intracellular calcium store, and large dense core vesicles

are the possible candidates.
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WLEUTD 3 SOFBRIZHOVWTREELE, () BE1rD
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—THDHILFTVUN, TIFr 74720 vO EEHT
TOEMEZONTHE—FTDA A=V TEITHZ L
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ablationl |2 & ¥ BAFMIEIREDRBLF~T-L A, Hi
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3) 7/ LOEREINT-2 T LA ARYIZBNT, - aE—
VarbAF T XNVOBRERITHICE, A~
T I VHEN D EEERMNICEERT 2 HIENLETH
D, £ ZC, WS EMmR X O TR A IV ik A
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TARPs (stargazin family)/AMPA receptor # & 1& DBERERRNT
‘® M (UCSF School of Medicine)
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Estimating errors associated with the peak-scaled non-stationary fluctuation analysis (PS-NSFA)
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FREMET- CROTEERN 8RR 2R 2B 2 i e S FFER))
JHIZ 1 28 LWMIRER S 7 U v 72 A7 4 CD47-SHPS-1 5% DFRE
RVERE S (RERS R AR EAT ZERT)
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FEEHEFEIER), EANE GERKF D A L AHE5ERT),
IR SR (FREKRFRFEREFIGER), Koaiss (B
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1973 £EIT Bliss & Lomo ©IZ & o THEEAIMMED 7' 1
& A 7L L TCORELHETR (long-term potentiation) 73 %
RENTLLR, v 7 AREDROFTEAHIEIL, Bk
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RIUEZ CHRRREMIESEAT), BAEEZ (RRERKY
WERE), N B (EERFET), AN—E (EF
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AR RIS RS D V2 2 VI RIR A LT U
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(2) AMPA receptor interacting protein GRIP steers kinesin to dendrites

FEPERIE B W TE— % — ARG E B O & ik
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(3) PSD-95 MY S A& ) TN R
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fa D AFEME L RS B Y, REEAERO~/LT K2
A A & I S AT oy T AERER A OFR R, LR
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LT, PDZI IZDHAEEEE A LTz PSD-95 TIXB AT D
) 6T%DNEER LTz, IBIC, BEDER PDZI &
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(1) Imamura, F., Maeda, S., Doi, T., and Fujiyoshi, Y
Ligand binding of the second PDZ domain regulates
clustering of PSD-95 with Kv1.4 potassium channel. J. Biol.
Chem. 277, 3640-3646, 2002.
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(2B T D MRIGERF I 72 > 7 AMRED R
BT, AMPA IS RK (AMPAR) IGE O Z LIZEE /¢

F&ZH 5 TS, AMPAR JEE LD FH 220y 1-Fkk
m,AWMR@v+7z%%LA®%ﬁg%mzié_
L, BRAHZENTEEAOCZERICZIVHELNIC
S>TW5, LT, /NHERAIICIIT 2D AMPAR O v
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Stargazer ~ 7 A D/ T, EIRGME & BERCIE D
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member % TARPs (Transmembrane AMPA Receptor-binding
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Ly TR B HEET D I EARB S, Calnexin %
ﬁﬁbfwém%ﬁGMU@ﬁzbyffxﬁ«@ﬁ#
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15min A AP-5 Z R\ 72 & 2 AMMEE EICFEET S
Calnexin O & EM L=, ZDZ & A5 Calnexin 1,
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(7) Estimating errors associated with the peak-scaled non-stationary fluctuation analysis (PS-NSFA) of

climbing fibre-Purkinje cell EPSCs by Monte Carlo simulation

Division of Cerebral Structure, National Institute of
Physiological Sciences and CREST.

We have recently applied the PS-NSFA to EPSCs at
climbing fibre-Purkinje cell synapses, to estimate the
weighted mean single-channel conductance of synaptic
AMPA receptors. To evaluate errors associated with the
analysis, we carried out Monte Carlo simulations using the
AMPA receptor model by Hausser & Roth(1997). Deviation
from the theoretical parabolic variance-mean relationship was

reproduced by the model, as the skew of current-variance

LB F- (CEERAATZERT)

plots. However, fitting such skewed plots to the theoretical
equation exhibited only 2% difference from the expected
value. Our mean RC filtering attenuated the peak amplitude of
EPSCs by 12% and the estimated conductance by 24%,
resulting in a 15% overestimation of the number of activated
channels at the peak. Furthermore, bootstrap analysis of
recorded and simulated EPSCs also indicated that variation in
transmitter waveforms did not significantly affect our

estimates.
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(11) Molecular Anatomy of the Presynaptic Active Zone
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