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IV (213 ffil) == —nrrOHMHE2WRMINIE > TEEL LS 7 7% Fig 17 K531, R8P 7220 Bregma 2> 6 RMNIZ 6800
~7300pm (—6800~—7300) DFEIKAERVCHMAE (Fig.17B) 2R3 &, Type Ia, Te 35 LI 7600~8800 pm /i < 4570 L
723, Type la {3 7800 pm {3542, Type Ic & 8300 pm fHEICZVMEMZ R L, £72, Type IT1X 7640 um 124 < BN EE1E
HeEMAED Lz, —F, Type HT WM IIIE & A EHFEWT, 8730 pm FHE £ 572, Type IV i3 7300~9160 pm O3 K
80%fiith % Hf, ZOERCEGHKINI=2—1 08 21 %PPREHEE=x -~ Thotz, £/, Typel, I B LI
B 11:3: 1 OFETHRB SN, ZOFTHEL O REHEE= - — 1 U NEH I N7 Bregma 55 EMAIZ 7640~8800um
DRI IS B 5534 % Paxinos and Watson ORHIR LIz 72y R LAEOM, Fig.18~23 Th 5. Type la i34l PAG 12 %< i
THZ RS, THICH L, Type leid 8000um TIIMSMUIZZ <. 2 LY BAITIE, SMUl PAG E£7213% OREICE L
LTV e, Type XM PAG IEIZ < 57 LTV 7z, Type TTIEAMI PAG i2£< R b7,

Typela Typelb Typelc Typell TypeIII TypelIV

Bladder Pressure

i 30 Fofig, ;15
% w0 [W\ A, 30

’ 1 LI
,0 10 5

Unit a

Fig. 10  Classification of neuronal firing in PAG
Type Ia: decrementing firing in the micturition phase. Typelb: augmenting firing in the micturition phase. Type Ic:

constant firing in the micturition phase. Type II : constant firing in the storage phase. Type Il : no-relative firing against
micturition or storage.
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Fig. 11 Cross-correlation analysis between bladder pressure and firing rate of Type Ia neuron.

AtoC: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were

shown in lower graphs.
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Fig 12 Cross-correlation analysis between bladder pressure and firing rate of Type Ib neuron.

Traces shown in upper graphs were analysed and the results were shown in lower graphs.
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Fig. 13 Cross-correlation analysis between bladder pressure and firing rate of Type Ic neuron.

AtoC: Three examples recorded in different. Traces shown in upper graphs were analysed and the results were shown in

lower graphs.
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Fig. 14 Cross-correlation analysis between biadder pressure and firing rate of Type II neuron.

A to C: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were
shown in lower graphs.
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Fig. 15 Cross-correlation analysis between bladder pressure and firing rate of Type II1 neuron.

AtoC: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were
shown in lower graphs.
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Fig. 16 Cross-correlation analysis between bladder pressure and firing rate of Type IV neuron.

AtoC: Three examples recorded in different neurons. Traces shown in upper graphs were analysed and the results were
shown in lower graphs.
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Fig.17 Number and the percentage of existence of each type neuron in PAG along
rostrocaudal axis.

Type la
rostral caudal
G —p
-7640 -7800 -8000 -8300 -8720 -8800

Fig. 18 Location of Type Ia neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance ffom the Bregma in micrometers. Qutline were adapted from Paxinos
and Watoson.
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Fig. 19 Loc:

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos

and Watoson.
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Fig. 20 Location of Type Ic neurons in coron

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos

and Watoson.
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Fig. 21 Location of Type II neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos

and Watoson.
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Tig. 22 Location of Type III neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson.

Type IV
rostral caudal
e —
-7640 -7800 -8000 -8300 -8720 -8800

1000 um

Fig. 23 Location of Type IV neurons in coronal sections around the PAG.

Numbers shown upper the maps indicate the distance from the Bregma in micrometers. Outline were adapted from Paxinos
and Watoson.

Table.2 Firing patterns of micturition-related neurons in the PAG.

n Decrementing (@) Augmenting (b) Constant(c)

Type | 33 14(25%) 1(2%) 18(32%)
Typell 18 0 (0%) 0(0%) 18(32%)

Type Il 6 0 (0%) 0(0%) 6(11%)

90



B3E B R

AEIZRWTC, $FRRF L EH L 5 MEOWERKFBE= 2 —a 3 PAG CNEEREET A ERBE LN Lot £,
Type I, Type [1 3 LU Type L OFHEIL 11:3: 1 Thote, Z0I &, PAG REICIEMEEN S ORIMEANZ ST, 0K
HaN—) 2 PUBEEASETO) VB TCRARAVWI LR T 5, LIATINE TORETIE. BEMNENYEROMEE
AR, 2FEY, BERPOPRAERA v TFTHLEEORREKT I o — 2 URFRMBESEERICEV T, 12, ERE0
B & BRI TARMEIC BT D= —a =) 2 b UEBO R E BB LU VTA il CRE S LTV 51820, PAG 238V Tl
FOLI BRBEKIR LN ST,

Liu &3k = @ PAG RISV T, 4E® Type la~c & Type HIZHYS T =2 — Y OFERREL TV B0, K HORKET
i, TypeIa, Ib, e BEX N ITIZHYE T D=2 —u v OFEL 6%, 3%, 33%. 5T% ThHo/z LHE L TND, SEIORKERIL 25%.
2%, 32%, 32%T#HY (Table.2) Liu L DR ELH~D L Type O B472<, Type la BEhor=, TD K 5 IEV-O—21FE
EBREZBND, LA L, Liu bOMEITLAEN PAGH COREICEINTVD, 2O N LARNTHS LEXLRD,
Type I & Type [IMM T Do —m i v F e ZORBICBO CHREEIN TS, ZOFEKR T, Type 1IZH YT
H5oa—arOREMABA=Y P OBRNEHFEL, FHIIERT =2—n 0 THEOIH L, Type Il ORFH L A—Y o b
BOSMUZH Y | FHICIZRA LTV EREINRTVEE, ZOZLeEXEDLED &, Liu bOBREICH<, 46 Type IT 23
DI oo D ik, R OECRELTHEY ., Type [ PAG NIZSWVWI L 2RLTVB LI RERD, £/, Type IT 234
fE=a—ny & LT, PAG WG PAG 235 /5~ & b %0 D fEIR~BI Y 5= 2 — 0 L OB AR INET 5B B 5 H0 MG L
higvs, FRPIRTH D L RISV TiE, 78%7 Type Il ma—n VYT H =2 —n s L BRER IR TN BIDT & (TEBREE
Ve AEOHEMEMTOMEL G, Typell ma—w i3, BHAED LFIC 1.242069 B TCRKPBD Lz, Z0OI &,
BEREGHE OFER, Type Il = 2 — 2  OMBRBEABPHR SN L2RET S, PAGOFRLELD Type D=a—a L RED LS #
BENZRFONL, SRS LICHFBBRETHAD,

L ZAT, PAG &2 ORBEOFICK T D PRKE B = 2 —a L OGOV TIE, B0 Lin bO®ERHD, LirL, %kic
WA SITHE L OREIIZ LA LN PAGH TORBIZESHTEY  PAGICKBIT A EREHRBE= = — 0 ONDHITL L FHT
bofo. APFRE, RS EE= 2 -2 VRRBAIO PAGIZEL DM T 52 L 2H LT Lz, F72, Type I BFMUES X OMESMaI
PAG 2% < M4 2 Dkt L, Type Il BESMA PAG 2% < FERB S, Type 11 i Bregma 7> & B 8720um OFIRICE
mE, Type L LV ERDHMETHZ LWL Lo, THHOAFERICKT 5HREBFIZOVTERT 2L Type Ia, Type
Ie, Type II, Type III 3% < fER8 S M- RA DI PAG 13, JEALEED & ROMEMEB AT T 5 #BA8.82 40 L —F L Tu iz, Type I
ME L5 LIz IMUl PAG (XEAUEED b B 72 < 3, PMC ~OMAIIE L A ERER I TR0, F 7= o> PAG 488
LE, GOBSR (RMkE, SRk B, D 2L ORMEANCZ L o0, —Eo8B% (B0 MAUBTEEZE, 5 TPl
. BRE) »oDANEZTLDHTHDBOm, i, Type Ie BE< A LNERBUOKEIMU PAG 2, ~—V v b P DE
BWAOBRERERBINTODIMLTH D6, /N—U v U ZRNTE, SEOSED Type Ie KHY T2 =2—nyig . FhH
B BE LTV A EREINTWD, £/, BUOEAIPAGIZI VY I U BERET L LRRAPERSND & 0ORE L H
%8, S biz, SEOMAELEEET O RIZ, Type [ =2 — 2 U OKREHE, BABERNED LSIH 3L L &2R/LT
Wh, TOZ kL Type e = a—n r OREIERIHEORE R CIILWTREELZTRY, TNbOZ L2EXAbES L. Type Le
PDHPEREHOH =2 —a & UTHEELTWD S Ly,

WThCE & HRAPER PR TH D) U P URETIEIRE O Type TICH YT B =2—n L Th Y, BRPIETHH LK
THEKRERSA Type INITARYN T2 =2 — a3 ChaH EOWEDL LARD L AE, HBAEVEFE T Type Ic & Type 11 2813 iF F%
RS e Z LBk, 20T L3 PAG MHEREHOBIICEERREEBE LTI I L2 FET 2L 9B L5, Type Ia
= a—n L, AHEARBIRAT 2 O B R KB BERNED LR LV R SBEL T LR EN, 0T, Typela=a—o
DREKXGHEMNEDO LROBEREI DO TIIRNWI LETET 5, BRFED EEBIRABHOT D2 L 6EZET5 & Type Ia

91



Za—u VIERPLOWRA~DAA v FIZBEho TOL s LIV, %X 510, H=a— o v OBREOBBEREHES RS, Type
OLEZ2W T, BEBENED ERIZHST > TRAT B2, Type la lo <3 & EH B0 R - TRY . ERMLHER~DAA v F
YD LIEFEV BT, Type Il OEFIC OV TIIRL FTHTH B,

FAE PAG=a—nl DA EIVEBIUS) VUEEE

Bl1E AEOHM

FEIRERNT, REHEE= 2 -0V OBEAHENEE L ZOSHER LML, LHL, ZALD=2—n B En
8O MEFWEBREN 2R IR AR TH 2, E, BUOEAMUPAGIC /A2 I VB2 RE5T 2 LEREEAER SRS -
& BWESWEN TV D, —F YIFHE T, Bregma 75 BMIC 8300 ~8800 wm DS PAGIZZ Y o v R EBEAT S &,
RRBMEANED 8. JERBEDET, SRBGOEMR. Bit= 7547 v ADHM, YERTEOHEM & RERROE T A -
D, EREKEMRET 2P EERBML TS, LAL, ZHETOFETE, WR2oa—n Ul /L8 I U7 ) VU E
RLIONI2< TR THS, £ir, BEREETHDHoTHLIRETEMAV LN TE 2 FEIEEO = 2 — o VEETERARRS
FEThole, £ T, RETE, WREEWEOEMEL bELTE 213 PR H B/ T~ sulfFr k7
A VYV REE, BowERERaIE L ARe by TR =2 a0/ F I UEE, Y VY UBIURRA M F oo
T HREMEERET L1,

EoH  BRBRAUE

Bregma 2> 5 B 7300~8800pum @ PAG & ZOLERICE W C . RE L EMEMO A L HREEPIDESA TS D L
ERERR LI, b LA R L2 vV F A LAROT7 I VBB LA MY F=—22EH 20 nAOER T 10 HIEE L,
ROBEETHR LS 0 POMBEZET 2. FAEEOWBN R LSS, ERAEKEHD ALV ACERRECHVWEZD
CRILEREZR L, BAEEORLAERYRIC L 56O TRV & &I D (Fig.24~26),

B1E Y I UBISERE

WELIZ B3 IO DD 37 4 (69.8%) 17N 4 I VBEREOBESS LRKEESEML, BERT & HTHABEITICFE- 17
(Fig.24), RAMBEEDHMIL, Type I, Type I BL U Type IV =2 —a v CR LML (Table3), ZhbO==—nL ik, LR,
TR, AU PAG, MESMUPAG IR 5343 LTV 2 (Table.d, Fig.27), WIhOBE&L, A% I VEBEEIHRKEHOIIES L 52
BT R0 O 16 IV T I I VB LTSS 2R S Do e, £ DI E A L1 Type IV Tl 7= (15 f§l : Table.3),

ol S VUREEE

BEfLTz 69 HID 5L 60 il (87.0%) 137 Y VU BREOEBRY G RABENHL L, BEKT L HITRIEEITITR >~

(Fig.25), F&KEEOWA L, Typel, Typell, Type HIB LV Type IV =2 —n TR LN (Tabled), TA LD =a—m Y

. kR, TR, SMU PAG IZJE 7 LTV /2 (Tabled, Fig27), 205 b, 61 HliCiBW TREFREFICEEY 52 b0 2,

Lo L, 1ARBONTEZY VU REIC LY BRAKEERBL TS & & bICREHBME S (Fig28), Z0=a—o il %

KFED FFEBICERNERS LR T2 Type Ia =2 —u v Thotz, BABEAECHMLIZCD, BERNESDL LR LEE

& (Fig28 CHRBORETRYT) K7V Va5 5L, BAEEOHD L ERNELAOMHABRI-, BERKTTS
92



L EEBICRKEENA LR L, ERKEIERESREZ, BYO 9 IR TR, ZY ViR U TnBeRE ot HE
Ligholr=a—arDiFE AL Type IV Thotz (84l : Table.3),

#E3MWE AN F=—RSERE
WET L7 2605 H 17 (65.4%) (ZA MY F=—RXBEOBEE N LREABEESEM L, B THS 60 DRI PEREEL
72 (Fig.26), F&KHEEEOBMIX, Typel. Type I B LW Type IV =2 —a L CRLN S (Table.3), “hbD=a—nid, FE.

TR, MUl PAG IZJAL 5 LTz (Tabled, Fig.2T), WTNOBFEL A b F=— R EREBCREEL S X o hoTn, Y
O IPNZINTIE, R P Y F 2RI LTREETRST, TOTRTH Type IV Th ot (941 : Table.3),
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o 210 e )
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Fig. 24 Neuronal responses t¢ microiontopharetic applications of giutamate. Fig. 25 Neuronal responses to micr phoretic of glycine.
Unit activity was recorded from Type Ic neuron. Glutamamate and saline were applied Recording was obtained from the neuron shown in Fig.21. Note that saline applied at positive
during the period indicated by bars above the voltage traces. Note that saline applied at charge did not affect unit activity.
negative charge did not affect unit activity. Recordings were obtained from the same neuron
in vIPAG at 8300um from the Bregma.
Strychnine 20 nA Saline (+) 20 nA
Tabled Summary of neuronal resy to microl phoretic appllcations of
E glutamate(Glu), glycine (Gly) and strychine(Str) in each type of neuron.
0
< n Augmented Inhibited No responded
Glu Type I 3 2 0 1
Type Il Type I1
Type lI 6 6 0 0
Type III 0 0 0 0
15 1% TypelV 44 29 0 15
~ i i — Gly TypeI 9 0 8 1
N ¢ N
T | e TypeD 7 0 7 0
& &
<] [ Type I 2 0 2 0
25 2s
£ & TypelV 51 [¢] 43 8
i ic
o Str Type 1 1 1 0 0
o o e
10s 10s Type I 4 4 0 0
Type III 0 0 0 0
TypelV 21 12 0 9
Fig. 26 Neuronal resp to micr efic applicati of strychnine.

Unit activity was recorded from Type II neuron in vIPAG at 8300pm from the Bregma. Note
that strychnine but not saline excited the neuron and the affect of strychnine remained after
termination of application.
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Table.4 Distribution of meurons responded to microiontophoretically applied
glutamate (Glu), glycine (Gly) or strychine (Str).

n Increased Decreased No responded

Glu dIPAG 1 0 o] 1
IPAG 9 6 ¢ 3

vIPAG 12 7 0 5

out of PAG 31 24 0 7

Gly dIPAG 1 0 0 1
IPAG 11 0 10 1

VvIPAG 12 0 12 0

out of PAG 43 0 36 7

Str dIPAG 0 0 0
IPAG 2 0 2

VvIPAG 3 0 2

out of PAG 17 12 0 5

dl: dorsolateral, 1:lateral, vl:ventolateral.

caudal ok (el Y 7\ i VAN o rostral

-8720 Brgggma
(pm)

@& Typela
O Typelb
Typelc
i Type II
. @ Typelll
. @ TypeIv
O no effect

Glu

1000 pm

Fig. 27 Location of neurons responsed to iontophoretically applied glutamate (Glu),

glycine (Gly) or strychine (Str) on coronal sections around the PAG.

Numbers indicate the distance from the Bregma in micrometers. Color of circle indicates the
type of neuron recorded. Outline were adapted from Paxinos and Watoson.
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Fig. 28. Effects of iontophoretic application of glycine on the unit activity in PAG and VIR SR LR - SRR REIC G AV BT

the cystometrogram in an anesthetized rat, Kt AFRIE. FAF I VLS LU BRI O
A: Red dot in the brainstem map shows recording site of single unit activity. Right traces ’

indicate simultaneus recording of bladder pressure, unit activity of action potential and its REERE L LTEIV WA D & Rl 5, i

frequency.

B: Glycine was applied for the period indicated by blue bar. As indicated by red arrow, TV AN TR, BREICERS LA N F=—x
glycine decrease the micturition reflex together with the action potential firing in this
Type Ia neuron. Note that the firing was rapidly increased after termination of glycine M Type le B LN Type M =a—n o ZFREXG-Z L

application and bladder pressure was increased immediately.
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IR — GIRK F ¥ FNVIEHEH L BRI T 5 7 0T T OERICET 55458

REARRZREM BEREH AGENFER &6 - RENFHE (B8RS FHRERHT) HBIRE B

ZE

GIRK F ¢ Rk, FRERICES F L, WREZEOBH LN L TRx e EBBRE L b > T\ b EE X LB, SHE, 4
W= Tk, ERMT MR ST R B ORI A R L. A TR COPREE%ER T o h= %% GIRK
F o RMEMLERE IR T2 I L2 RH Lz, 2ORTROMOEEER LY 05 RF 3, EES OPEIREE Ly
BLERFEEERDYTINTHLMI L, TO LI, GIRK F v R A OB M2 U RBEETRER & 672 5 TTREMEN B 5 28,
GIRK F ¥ # N D EGEAPHRBEEREER L OB 2V TE, FHERPEBEINATV D, 715 250 GIRK F+
AR A J = R B DT EH LI TRV, BIE, A GIRK F v 37 ny b —id, "NFHECRXTF FOFALFT
el EOTAFTECBMO Ke F v 2ACTRT 242 L, BIGERIRNZ GIRK FY¥ 270y - L IEX A, &
DESRIEMND, GIRK F ¥ RN OREIOHY, GIRK F¥ 2%k ¥ —5 y M LEZERGOMRBEO LT, BIRMMASIEHEOR
WOIRK Fv A7 oy i — ORBHAEEND,

AW TE, BRI GIRK Fy 2 A7 0y — OB LRBFIZ, 7 125 RF 0 GIRK F v 2 A4 A 5 = X 5% Hik
KFoZLaAME LT, UTOERREITo/, B, SHTWREERT T=R N Th 5 8-0H-DPAT 05 v MM iZat: BiE=
2 — AT BEM % outsideout /Sy F 7 T VTR L D LU ST v R LUV AT LT, % 7. 8-OH-DPAT BE %10
WD BHTWEERT7 L F =R bORAEny R¥F vy R L7 0y H—n Bazt, GIRK F¥ XL T 0y —DFALF7 ELD
ERERE L, ZhiCkD, REBRTHBONERN GIRKER CHHZ L EHA L., BT, 7 029 2F L 08— GIRK
F ¥ FVIRT HERERE L. Am v, Baz, ROFAFTECOERE LB L, UTFICR#EERT.

1) 2MEHEEEREE = 2 — 0 BT 5 8-0H-DPAT 3 3 o 7 VF v R ER O MR

F v MERSMEREEE= 2 — o 2BV T, 8-0H-DPAT (3X10° M) (3 22.7 pS O F ¥+ XN OB AN W, A
2y (107 M), Baz (3X108 M), 7AFF7EY 3X10TM) BWFRbIDV L IAF v JVEREMH L, =0
TENL OB SHTWREEEZNT 5 GIRK F ¥ ANVERTH D Z L BRI,

2) a5 RF 0 8-0OHDPAT HRY v V' VF v 2 VERICKT 5 1EH

Hiast s bHBE Lics a7 RF 0 (108 M) ik, 8-OH-DPAT FEET OV U INF ¥ RNVERD oL 55 & o Ao Bl
L&A, FHRERHEZERL, BORYOEHANMLER L, £kl BEMRE2E 2 T ICHRE L ER L
T ARy, B & AR A B REEE 5 oz Baz, BX U2 oORBERA OEERE X T AF 7 0
ERERDZLEPALNL o, S LICHIIRAND DIEA ST s 05 R F 4 8-OH-DPAT I2 & 5 B— GIRK F % &b
B OB REER W IN % 58 < il L7z,

AL, 7 0T RF O GIRK F ¥ FAMFHERR A7 F v 2070y 71055 b O TRV AR, 250N, Gy
V7azy b & GIRK F v w1 & ODHAEEROEBIC L2 b0 THLRVWTERELRET 5, 2, 705 AF L i3 laE 250
U CHIIZMRIDS b GIRK T KA IHY 2 TREMENRIR I N5, AHRIE, K VIBRMZ GIRK Fv 347 0y b —0MRK, O
W GIRK F v A& 4 — 5y b & LEHHERMBEEO L CHEEREBMRZEX L b0 L EXHNE,

P & BEPAED ) 7 A Kin) T ¢ RAVE BN FHEIEED A 4 v F ¥ FV T Bk BB ORI EE A 4 v F v 2N T 5.
ZOKirF ¥ RNE, 40DV Tamy MyFnbiRY, F20YTamy VATIE, 2 OOBERER E FRICEE L 4 L EIR
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AT O AT IR, NASH & OCoRIG O MBI REIR 2 AR 5 3B L% L 52(Fig. 1D, T/, KirF v 3 U@L T, Y 8
HCHDOPIPAC L HHAMI 2% 1T 5. SFE Y KirF v OB MICITHIEN FA A OEEET I /BT A¥ =0 LS LPIP:
BRETHY, PIPOMEBEF Y FALOHNZEITEBELHN T B8 + 0,

INBRr7 7 I Y — 0P CORABEHANE X ERMES Y 7 AGIRRF v 2 0id, GEATLEHSREOIIC L - &k
ILENDHCEEHADB y Y722y MG N &Y | BRERL SRS, THIC K D R EERE PR E VRS L CHIa N85y
L., BEBMHEND, o, i 3T ¥ RLOS—~ MERR L TI0, BIOTE5F v XA OBERMI T2 L RESN TV 59,

& AT, FEATTREICIS T, FEREME P AR ESIROIER AY = A MEF OBR T, Zhb 25 AT S FEHRGIRKT v 3
IAEVEC RIS T BB DN LT, ZhE&opiTic, AFFEEOIRIZLY, FRMESEED b CRL O GIRKT Y R (b
BIRMHERZL 07 u_IAF V1| MEER OHERBEE 2B T 5 LSRRI~V THLM R 5T, UL, S IER YRS
EDBEERICGIRKT ¥ R 8350305 R PR M S, BUIEDE AR BRI HDOBIRMGIRKF ¥ 3L 7y — I AHEL A,
GIRKF ¥ N T oy 1 — L EDNBET LT T, ROMK1F % 347 P OKie F ¥ 2% BNE 4 5, $o, FAFTEAI2EOT
BN BIRB T TR THY, GIRKF ¥ KA O#E LU Tin vivo CRWBZ SRR SH B, 20550 ES T OREMGIRK
F RN T oy — OB R MNIEHEEY — L L Th, FHEEL L ThLRDEHNS, ,

TR TAT L GIRKF v AW T 52 BB ESNTOBY K ODDERZLEY O HTRLBVEREL D, 20X Enb,
IR GAF AZLBGIRKF v RO AN = X 2EHB T L0, AR B RAERA T 54E 2 5ND, THETORNEETORNT
W, 7 7 RF URGIRKTF ¥ AAOHMIBEN B A A VACfER L TPIP: & GIRKF v %0 & OMEAVEM &+ 5 THEENZ X b
B. UL, DAL =ALDFEMIREFHCTHS, TITEAFETE, —FFOA 4T ¥ INOBELEZEERL LTI 7
WS A DITHERS MIETE DR Ry F7 7 TR LY, VU TAF % FA L~ UL CY aT AF L OGIRKT v R /LHIH A
A= AN ERE LT,

AWMIXDOEIFTE, 7y MEREREMEE= = — 0 128 58-OH-DPATSHE R L v / VGIRKF v X A ER O BEE L2 -
FEEORMEC OV CRIE L, 4 FE TR, §-OH-DPATHER Y~ VA GIRKF ¥ R VERICHT 57 a5 2F L OERIZOWT
R L7, ARSI NCRIEL B 505 ZMATELDELDTHS,

Dascal N. et al. (1997). Nishida M. et al. (2000) 9

Fig. 1.1. Schematic drawing of GIRK channel,

[, NEUROBIOLOGY

f! Gury G. Matthews
A Primary structural view of amino acid sequence involved in GIRK1 channel. In red, frining
arginine 191 and arginine 219 were found to interact with PIP,. B: Stereo view of the
GIRK channel model. The transmembrane pore of the Ca?*-gated K* (MthK) channel
from Methanobacterium autotrophicum (red and yellow) was docked by matching the
4-fold axis with that of the cytoplasmic pore of the GIRK channel (blue and green)
and bring the C-terminal end of the inner helix close to the N terminus of the
cytoplasmic pore’s C-terminal fragment (dashed lines).

ooty

Fig. 1.2. Functional model for G protein activation of GIRK channel.
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2% R

1 # Z v MERE = 2 —n ORI

B

B

B1TE SRR

4% 8~16 B Wistar 77 v b & MEHEDFIZR < FBITHE Ui, 07— AESHETT v b & IRTE . BTEEL . 130 < s
ZHH L7, <A 27 ux549— (DTK-1000, Dousaka-EM, Kyoto, Japan) % FVyTMERD B X 400 pm © 2 T A RS %1
L (PFig.2.1), 95%02/B5%COMBAN A THH AT Y 7 Uiy U7 AP, EIRT60 2MHE LIz, £0%, 7 V7 RER
B LT 31C o 7 o 42— AEEAQ mg/8 mD) T 20 H~30 F, &V CEEEICY—EY ¥ 51 mg/8 ml) T, 20 4 EIERQHE %
Fol, BEROHEE, BT 60 NMER T/ V7 APICHE Lk, EEEKSE (MS-5, Leica, Wetzlar, Germany) Fiz, 11
# 4 A (Surgical Blade, FEATHER, Osaka, Japan) % FWCUBERR T4 AIA & 0 RSN 2810 H L7z, 100%02 4 2 G+
Sz AT Y 2 LTz HEPES fBEM /MK Tz L7z 35 mm OREEINL (Priamaria 3801, Becton Dicknson, USA) 2819 H L7-#
MR 2% L, BB (DM-IL, Leica, Wetzlar, Germany) FIZSGEE 50~500 um D HF 5 R B2y MV C, BRI S8

L OB = o — 1 > % B (Fig. 2.1),

E2m FFR S
IR R T A A G OFER LUBERLEIZIE, LT OA A (inmM) O L7 A% FVv 2, NaCl 1215, KC1 4.7, MgCle
1.2, CaClz 2.5, NaHCOs 15.5, Glucose 11.5, KHsPO41 1.2, pH i 95%02/5%CO2iBAH A TAT Y 7 L, 7.45 [TFE LIz,
Za—nOHBB IRy T2 T o TRRICIE, UTOA 34 (inmM) @ HEPES @ #IasME % v 7=, NaCl131.7,
KC15, MgCla 1.2, CaClz 2.5, Glucose 11.5, HEPES 10, pH % IN NaOH (2 L b 7.4 iZF885 L7,

Fof RoFo T

#1118 IR T A BHE

S 15 mm, B & 90 mm OWEY S A% (G1.5, Narishige, Tokyo, Japan) i L7z, 100 %A & ) — L CUlg . +4>Ee
X, oy FEMBIEIS(PP-83, Narishige, Tokyo, Japan) # AV T, ESMAERH 1 pm Oy FEREER Uz, MBENKETE
U7 & & OB 6.5~8 MQO b O & EZBRITHER Lz,

2 1H MNIE

GIRK F ¢ A A EMLEROREICIE, T OA A Miin mM)® 100 mM KHIJas g% v 2. Choline Chloride 36.7,
K-gluconate 50, KCI 50, MgCls 1, CaCls 2, Glucose 10, HEPES 10, pH it INKOH & £ ¥ 7.4 I2 S0 L 7=,

BIBNIEIZLL T O A A4 M Gn mM)O#% vz, NaCl 40, K-gluconate 100, MgCle 3, ATP-2Na 2, GTP 0.1, EGTA 4,
HEPES 10, pH t INKOH I X9 7.2 ICHi#fi L7z,

BIE e

hLARZEERREE (TMD-2, Nikon, Tokyo, Japan) THE LR b HEXZKEYAS 7 uv=ta L—4& — (MIW-3, NARISHIGE,,
Tokyo, Japan) % ilV> T BMRJH % BEE= 2 — = - ORME I B S BBHNEH < BEC LT ¥4~ L20—1(GQ seal)
R LT (Fig. 2.2.4), & bICBHAEEEIC LT, BEEROMKEHEL, wholecell £— F& Lz, £0%, [rIHZHMK
BCHBELRPL, WERZRZvA 7 av=ta b—F 2T, EBEAHELHE= 2 — 0 U ORFE»GEFRIG > < D L5

EHEY Z & C, outside-out T— N& Uiz, REMRIL, S F7 7 7B (Axopatch 1D, Axon Instruments, Burlingame, CA,
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USA) ok ifiE#. 7 /4 — (3611 MULTIFUNCTION FILTER, NF, Kanagawa, Japan) T 2kHz YL EOGERE ) X%
By b LIk, AvrAa—7 (CS-4125, KENWOOD, Tokyo, Japan) b CHEIEY % & L bic, PCM 7 at v 4 — (RP-880, NF,
Kanagawa, Japan) &0 LC, £F 4 L a—&— (NV-HV72G, Panasonic, Tokyo, Japan) T VHS 7— 72k Uiz, RERC
online (K TH 7Y » 7@ H 10 kHz ©F V4 Al (Digidata 1200A, Axon Instruments, Burlingame, CA, USA) L7-%. &7
—ZB4#%Y 7 b pCLAMP 9.2 (Axon Instruments, Burlingame, CA, USA) = C/8—YF AL Fa—4&— (Celeron 1.2GHz,
Gigabyte UGA-6VTX, Windows98, laboratry made) = b8k L7,

BAE BROBEE
BRI 2 BICR Y 100 mM KAIIRAMBICIAME L, YF a—7HE 10 LY 20 I U BUPICAERE Uiz, Y9 2 —7 0—iik
HIRY P2 UL b ) — WA BES, BECYEA UCHB R 7 L, BRAEENHE 2 LTy Fa— TR
HEeFE L, BRAPHACE, BEOEE S VFa— Tkl OBAKENEI LY, WE S0 pm O Y Fz— 75l b Sy
TR TRIEZ BV R SEH S8, Y Fa— T ORI, SRTEvA/0v=al—4%— (M-152, Narishige, Tokyo,
Japan) &MV Ty FEMIEH L Y ACESTMICHK 200 pm, T4 v 2@ L0450 um OBy ML, Y Fa— 7 Hns
DORFOH LNy F BB 5 X 5 CHELE (Fig. 2.2.B),

BEH T — ¥ DTS LU

‘oI v ST v 2 VERE, £ — ST 7 b Clampfit 9.2 (Axon Instrument, Burlingame, CA, USA) % A\ T
FRBTA AL T v ANORABEOBRMEIT, ANV bR MRER LI, O Y R bW CERIRIE, BRRER
D OE PR & SBR S OF G, FRHERO O, FHRKE, £ERSOEE . RUOMMBEL RO, £, SFIREME,
Origin 7.5 (Microcal, Northampton, MA, USA) % f\ CEMENRNA bR b, #iFH7— 213, WM EEmE s LCH L,
¥@ﬁ@%dEmdmwoWmeﬁRMmmiw%iBM%WWT\%EZﬁt@ﬁKiU@EL\ﬁ@gp4m5@&%\%@
EEEBThD LBl Uiz, Tz, P<0.1 O, b v &4 LI,

B DIRFT IV Tl A2 P Y R ks Bin iR (bins / decade) 20 Ot A R 75 2% ER L, BT O 2 kISHEHK T
74wy LT, BRSORER CEHRE) LROOBEERD:E,

n tn(t)-1n(z,; )

F(6) =3 B x el s )
i=1

t . dwell-time

P RHOEAE

n  RE

r o RREK

R DFFFTIZB VT, A b Y R +235 Bin 8 (bins/ decade) 20 DRI E A F /S A ER L. (1) 0> 3 WSS
T7 4y FLT, BMHOKREE (CHFRE) LROOHEERDTE,

BIRIEIL, <X h U R 25 BiniE (Binwidth) 0.1 O L A 75 A&ER L. UTO Gaussian ¥ T7 4 v LT
KT,

7(x /uz) /20

f(x) = ZAvX o \/__ eennnene(2)

i=1

A : EIARNE
n CRE
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