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2.2.2, GFE i s s s s s s s v

23, T AAME BT L G R] e 8
2.4, A TJ AT B AL T e 8
25 A=A =3 ﬂfﬂ‘ﬂ%(RT-PCR) ............................................................................ 9
26, EEAZ 2 W AZAFE QA 10
27, ZFBELA] oottt st s s et s s s s s 11
ABFE, ZTF corvrerremsnsensiesisiiiiii s s st s s 18
31. =4k 401])\1 A E 579 u,}% GABAA 584 28 18
32. GABAA F8A ATYESY EAAYETA T oo 18
33. GABA AT 9] ET HFQTFA] oo 18
3.4. Protein kinase Col 9]3} GABAx S8 A FA oo, 19
3.5. GABAs &84 Z A #oI3= Protein kinase C o}& 9] FQl o 20
3.6. Adenylyl cyclase®} protein kinase Ao ©]3t GABA, &4 =4 - 20
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1. &2 3F FZ% A7 E (major pelvic ganglion)] &l 582 Q%] oo 12
2 239 AZARRY PelE AFALEY] BHAGE 27 o 13
3, A wAMo] 93 MBEZA AXY FAE s 14
4. Ao A GABAs 5849} tyrosine hydroxylase2] ™ Zz25}std A - 22
5. MPGo|l Hd ¥ GABAAs & A9 FAAETZ FAH v 23
6. GABA 79 F%-8-8 7l (concentration-response relationship) = 24
7. Gramicidin perforated patch 3}oll 4] Protein kinase Col| ¢33 GABAax

LA O] T e 25
8. Whole-cell patch 3}°l 4] Protein kinase Coll &3+ GABA, 849 =3

9. Protein kinase Coﬂ _g]z:sl. GABAA z‘]:_g_;z.ﬂg] }_;g _g_g}: ............................... 27

10. Y174 & (atypical) PKC (aPKC) 4 A7} GABAx &4 vIX= JF - 28

11. MPGol] T3 H aPKC isoform?] HE A ETFA] A v 29
12. Adenylyl cyclase’} GABAx 8 A 9] Ao HX & G v 30
13. PKA A A 2 forskolin®] GABAa & A0l B X = GTF oo 31
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ol

F2dt AFHoAM PKCof 2

I 254 GABAx £8A0 XA

[

F29 AAEMPG)2 3, Ay

o s =

7 T 2L vuAAA VB d

5o A(bowel)S A M]3} (Langworthy, 1965, Dail &, 1975, Keast, 1991; De

SN2
oo

Groat ¥ Booth, 1993), 1= (micturition)t} 7] (erection)$} 72 A&7 WALE

A3 th(Zoubek &, 1993). Iyt A 7|o] E X3 A&AAA FAse u¢

H AAY AFHEEZSY stz dEA o, GABA FE&A= 2 VHA &
Ay 2FAEY a9 F&7|do] wrel 3714 o} (subtype)©] R il 3
T} (Barnard 5, 1998, Lu &, 1999). GABAx & A2 &Asl= CI 9
Hrs F7HAIY. QR ABAEZAAN o5 Fol2Ed FAdS AxH A
< I = (hyperpolarization) *|ZITH(Farrant ¥ Nusser, 2005). & A3JNAM= F
=9 AAAE AEdd GABAx FEAVE EAd=AS #FFe EAIHE 2

GABAA T8AY ot H 7|55 £2138taL, protein kinase Co| 93 +&4 x4

=
kst A VeSS @33t GABA(y-aminobutyric acid)= FF 4173 A 6l A
=
3

SAE FAslE 2 =2 3 subunits’l FE2 wWAAFAA FAEA3, RT-PCR
A7 & A 26 obFF [2, 11 2 27t FAHASY, GABAc FEAE T
A3t p subunite AEFHA Edoh. FIHF AAY n@gA A £33 = GABAs
F8 A+ PKC activatorEol| 9alA 435U, dAAEA JalAe= dA=HA
=, o&9 Ad= AEXH  Zgoled FHESFA  oFoAFY. FH
diacylglycerol(DAG)S] MEF#3 KA 1, 2-oleoylacetylglycerol(OAG)ol 2]
¥ GABA, F8&A19 &= WFo] glojA o] #Ao #d= PKCe HIAF



(atypical) PKC(aPKC)¥ & & 4 913, o]S RT-PCRS 3 A&AT 5 U
o},

GABA % 7} adenylyl cyclase(AC)-PKA®] activatordl 9|3l F7}3}aL,
AA A ols) Fadte] GABAa FE&A7F AC-PKAC] siMe =AWEE &2
skl ot

o] AE wFo] Hop FEyk NAHY wAAAAEAA Sd FTEA
GABA, F&Al= PKCel o3 o< A¥3s] @A43EY, o8 ofd F HAEY

PKC7} # o3t} ol9} e aye= ngAZ Zo] A e noradrenalined] £HE

Z43d d% 23420 7S 2932 ole #H(bowel) &7, Hix ¥ TV F
3 ge AT Bl BHEE 2ASE FR A4 B 5 o AR
o},

N A== @ GABAx 584, Protein kinase C, Protein kinase A, Major pelvic

ganglia

_Vi_



A1 A &

GABA(y-aminobutyric acid)e FF AZANA FE JAA8 AAHAZ=Z9
stz deA len, GABA F8&Ac 2 7HA ad¥AYU AFAE AR #
&7 wel 37}A] o} (subtype)©] R i E i Uth(Barnard 5, 1998; Lu %,
1999). GABA <F&A|= ionotropic F&A <A GABAs % GABAc F&A %
GTP-binding protein®} <372 ¥ metabotropic 58 A< GABAg &A= A Y
FolAth GABAx F&AH o A3t CI 52 HCOy o9 Axe Fixs 5
ZEA T R ARAMEAAN o]F Fol2EY FUS AETL HAES FEF
(hyperpolarization) A]ZITH(Farrant ¥ Nusser, 2005). GABAx &A= UIZ®EA
acetylcholine(ACh) & A, glycine & A % 5-hydroxytryptamine type 3(5-HTs)
FgA9 2ol A MY 2T (subuni)E FAHEH LFA T F(pentameric
structure)®] cystine-loop ligand-gated ©]-2% Z¢|t}(Lester 5, 2004; Farrant %
Nusser, 2005). GABA, F8&A= 4 $/72 A2 & 299(q, B, v & §)7F Bl
A A YA TH(Macdonald E Olsen, 1994), HZole F Mo ML 2@ (e 2
n)7} Bi H7|%E 3 ¥ h(Davies 5, 1997; Hedblom % Kirkness, 1997). GABA
FEAE T2 v ADEE benzodiazepine©| L} barbiturates} 72 = A
ZHmodulator)E°] & D=L vHE Ao wet o AEs Hed as 65 R

(al-06), BE 3FF(B1-B3), 2el3 yo A% G4 3FF(yI1-v3)d obFel LA



ATH EZ GABA F&A HFT dFHoE A&HE dEo wet zolrt s
dl, barbiturates, benzodiazepine, neurosteroid 12| il imidazopyridines¥} #-&
SFE S 9 Z7E 1, vt & B-carboline? zince} & modulatordl] &A=
AA == AukE W8S B At (Smart 5, 1991; Macdonald 2 Olsen, 1994).

GABAs &4t G-oW A7 JZ2% metabotropic FEAZA, K 25 &
AN 7IAY, S &8 s T=2E A h(Bowery 5, 2002; Harayama
5, 1998). GABAg 48 A& adenylyl cyclase(AC)2] E4S ZH3IE Aol & &
#7 om(Knight ¥ Bowery, 1996, Kubota 5, 2003), 45 A EZ A= PKC &
A& %A 7|E o (Taniyama %, 1992). GABAz F&dt G9H AL X3
forskolinll °| 3 ACS @43S At AEZY cAMP $EE EojxgE Ao
Z 4# A dth(Bowery &, 2002; Knight ¥ Bowery, 1996). ©] <} Hitj 2
FEA Z4L ¥ slicedl X Gs @A} AZH Bot=dddA FE&A Ao 9
3l cAMP AAS FIA77IE A TH(Enna, 1997). E3 FH Tz AR
(olfactory bulb)ol Al GABAp &A= ACY Z4< F7MAZAEH, IHFAE o
g3 F= PTXl 93] =], Gs @l do] ofd Gy, G Ao oaf dojd

< B9 Fth(Olianas ¥ Onali, 1999).

£ ionotropic GABA 812 GABAc &%= p subunit(pl-p3)o] Z 3%
Cl B Zo|th(Ogurusu ¥ Shingai, 1996, Barnard 5, 1998). GABAc &4+ &
Y A d(single channel) conductance’} GABAAx & A Bt o™, bicucullinedl
93] A E A @31, barbiturates, benzodiazepines, =2 neuroactive steroidol| <]
3 2HHA gv 5A4S Adth(Dong 5, 1994; Bormann % Feigenspan, 1995;

Akasu 5, 1999).

ZREYE 7] (pelvic  plexus)oll = A3} (lower bowel) % H =4 2 Al (urogenital
system)E BIE3S o2 IWA7|E Aujste AEA Aol 2T R AE4T
A (pelvic autonomic ganglia)2 o T2 7|#AE 119 F4 A (efferent) E 4

’d (afferent) AT ES HFEFo2ZH HEAAAE HIET 9 7Y 7 HA ol

e T8 IS FEFeta v 53 G Feole AsAdzAA WP
g7t v A ded, 2doly e r d8) Hskd Axe ASAAA



Eodol gt stdaE FANAE AAYS Ast 44 2YEE 9 o oA
B ogal g 22 RS FA @S stsAol wun &¥A Ah(Dail, 199).
W AR Ay R =AH 5L F(species)ol wE B A7t go
v, 72 FeAes AA A2 dZ25z AA™Ee] BF & Fx2E wu
9l t}(Bradley 5, 1974; Janig ¥ McLachlan, 1987). A% F o= 2 FZ7} 4|
A T5ste o8 ASAAMITE st 2 AAAEE olF1 YgEH, FA
] 2173 (major pelvic ganglion, ©]3} MPG)°]g} 3l &%
o] Agde AF4# A7 A (paracervical ganglion) %2 Frankenhauser 4172
olg} gtt}(Langworthy, 1965). MPGE 3}5 417 (hypogastric nerve)© 2 FE ¥
2 wPANAF ZHA A (pelvic nerve)LERE 2 RugA Aol nF EAF)
SEANH L Ao 4= Q4 (rostral lumbar)ol A 71A1F FAA AR w77
At szt 417 A (inferior mesenteric ganglia) ¥ 7 417 A (sympathetic
chain) o278 2+ A4 AF7F 7 LIl 3lth(de Groat 3 Booth, 1993).
o} Zo] wAANAI FuaAgel e AAA AaEdd EAE FHE de
A& AB-HAAE ZotE F gle W 553 I olth(Dail, 1996; Keast, 1995;
Keast, 1999).

MPGE W3, dgd 2 $45% 22 vla A2 71#H 59 (bowel)
< A}l ™ (Langworthy, 1965; Dail &, 1975; Keast, 1991; De Groat ¥ Booth,

1993), Hll = (micturition)}; R e

i
N,
i
e
[¢)
(@)
o
=]
2
to,
m
rlo
X
o
>
o

(Zoubek 5, 1993). IFuk A7|o] BEs = ALAAAY S5 = wg g A
g4 7S B9 E 1 #FF). ol wFET  d 2 (bladder outlet
obstruction)t} 7] X 7 (erectile dysfunction)? 22 WA Fe|oA MPGe &
2 2 753 W3y Rud vk gMills 5, 1992). wekd Fuk F e A&
ARA - #F Agd 52 He) A2H AT dolx MPGE #FE&3 2d

olg}t & 4 lth(Keast, 1999).

e

AR FF AAANA 2 AAH AAADEDY shbel GABAE Ful

Ag ABANE T2 J¢E FdH(Maggi 5, 1983). A AFEd w=w

_3_



73 A (superior mesenteric ganglion)dl &3}, MPG Al Z A £ GABA AdH
¢l (binding site)7} &A1 3ol B i1 ¢lth(de Groat, 1970; Kusunoki 5, 1984). 7]

ATl A GABAE MPGE 7l AANASE AF39S W deldys $3+5
%)

Y

AAsGger, IFH MPGo GABAES T &3 AAANEES EA3H, FHkal

o

< 2339 S E9 GABA7VF 2]l Eth(de Groat, 1970; Kusunoki 5, 1984). 1%
o] WFol ZWiAA AN GABAE TSt EdEFH, dEF o]Fo BHEF]
w2t doJub= biphasicst ®FgS Holw, o]y 3t ¥k ClI' ©] 29 conductance
7b Wsle] dojdti(Mayer 5, 1983). Akasu 5(1999)9] A golA MPG A
GABAE= GABA, 84 ZA3E 53 x7] 28337 ©]ojA GABAc =84 &
g2 3 BREIS Uo7 biphasicd WS RIS B3}
Aot ol Kong 5(2001)2> MPGS w7t A7ZAELo| Az o2 GABAxA F4
A7 Ao o, &3t HH FFAAANAGE 2E gEFS dos
B33k
GABA, F&AI= Al MY 2992 FAHH A2 & 4 9gs B
Tk GABAx &A= 299 FAY thddt xdol 753t7] WE ol native 27
X GABAAx F&A = wWl¢ dstA AT F Utk £ A7 MPGlE o
2] GABAAx F8&A 4£©9So] TAH U A AFEANA MPG Wl
GABA T4 &4 % GABA Ffr 274 sl &AM, 7153 A3FA GABA
°of Aol RIUHUAT MPGY AFH AAS AF3AY WAL F (reflex
activity)©o] S7FE S Wl Ul ?1/d(endogenous) 7|2 E GABAZ} ] EH=A
FZ3te, MPGE M3 A& 27 A A GABAx 584
29 FAd B AFeE A9 FAHA FAUAT GABAL FEAE 1 AT
T/ ol w2} protein kinase$} Z-2 AXUl ZZH A (modulator)dl &3 thFstAl =
EREh=g
Protein Kinase C (PKC)oll 23 GABAx &A1 itste B 43 &5,
A S Ao F23A B th(Hodge 5, 2002). PKCE A Z W] Aade

2AZ AzAG

_E
o

of Fo 4¥e wPse] MEFA, 2D, AZAEA 5

} Aoz L#EAUY. oy Al A2 UHe=dH, HF

ofs
rr

2

R



PKC(conventional PKC; o, BI/BI, 1), A1¥ PKC(novel PKC; §, ¢, 6), ¥A
PKC(atypical PKC; {, i/helth. zZtzte 243157 &) 273sts 2247 A%

To2 #RH<ed, ¥ PKCt diacylglycerol, phosphatidylserin, Ca™ e <3l
#4981, A8 PKCE Ca*'ol Jaide A ¢gov, vYF PKCeE

phosphatidylserinol] o] 3 A 7F €73 3l ¥l o}

>~

o}zl GABAA 849 7]5S H3te PKCY HTE s v sk
Su B IHA in vitre AR E A7 e 2AVNAS F52 F e S ATE

. Xenopus ‘& E A X (oocyte)$} Hlj ©}4l 7 (embryonic neuron)ol 4 &4 3tE PKC
7} 3l 5% W 3l(posttranslational modification)o] #ojste] GABAA FEAE A
Al Z o} (Chapell 5, 1998; Herring 5, 2005; Kittler 5, 2000). L&y ¥td= = 7
%= =4 3lrt4Al 7 (hippocampal neuron)ol Al PKCS ZAdA|o] 23] GABAa
F&A 9 7lwel FT7Fste Aol A HA I (Poisbeau 5, 1999), AF e HS
(spinal cord)dl A= GABAa FE&A 9 75 JFE vAA e Zo] R
THTicku % Mehta, 1990). ©]# g PKCol °|§ GABAx &9 ot =4 &
e BE GABAx 789 29 74 @st= PKCO otg 5ol a7 o
Y Jez FSH.
= M

PGl EA3E GABAL S84 2wgl #A3 zdAe @ =

o

Aol FWE GABAs F8A7 AR MAE Aol UF FEF FRE
AZE Aotk metA ¥ ATNAE MPGOIAH GABAx #8419 WEL 3913
1, PKCo| 9 o5 £EA9 AEN £ /1A 4vE FPtng dgoh



1. 9%

2
N
=2
M
i

o

be A7 4aA %

Tissue Nerve supply Effect
Lower Urinary Tract
- Bladder detrusor (body) Parasympathetic Contraction
- Bladder trigone (base) Parasympathetic Relaxation
Sympathetic Contraction
- Urethra/sphincter Parasympathetic Relaxation
Sympathetic Contraction
Large Intestine
- Muscle (non-sphincter) Parasympathetic Contraction
- Muscle (sphincter) Parasympathetic Relaxation
Sympathetic Contraction
- Enteric ganglia Parasympathetic Excitation
Sympathetic Inhibition
- Blood vessdls Parasympathetic Dilation
Sympathetic Constriction
Reproductive System
- Smooth muscle? Sympathetic Contraction
- Smooth muscle? Parasympathetic Relaxation (non-pregnant)
Sympathetic Contraction (non-pregnant)
or Relaxation (pregnant)
- Glands Parasympathetic Secretion
- Erectile tissue Parasympathetic Relaxation/vasodilation/erection
Sympathetic Contraction (prevents erection)

2Vas deference, prostate gland, seminal vesicle
b uterus, oviducts, vagina

adopted from McLachlan (1995)



o

E2 £ 180-200 gm W& ¢ 47 F (Sprague-Dawley rat)E Ab-& 3}

o

22 438N # 4=

p=)

221. A8 &

2

A7 Ad 2 Zg SAHO AEE AEZ 9 #FFAY 24 mM)S 137
NaCl, 54 KCl, 1.8 CaCl,, 1 MgCl,, 5 HEPES 12 i 10 glucose (pH 7.4)2. = 3}
g 9% W 8o 24 mM)S

120 CsCl, 20 TEA-Cl, 11 EGTA, 10 HEPES, 1 CaCl,, 183 2 MgCl; (pH 7.2)&

of 435t GABA 243 A7 54 A AHEE A

2 3t th @, gramicidin-perforated patchE 9% A= W &4 ZAH(mM)S
140 KCl, 5 EGTA, 10 HEPES, 0.5 CaCl,, 5 NaCl (pH 7.2)2.2 3}glon, A=
& Aol = dimethyl sulfoxide(DMSO)dl =& FE=Z ¢l gramicidin(gramicidin
D)E HFT T=7F 50 pg/m7t HEF FH7Mste] ARSI FEO Foes
perfusion valve control system(VC-6M, Warner Instruments, CT, USA)S ©]§-3}
pom, fEol hew # & ALAEY] 100 m oWl HASES st T

o] 93] Ao 7IAAEE A
222 &

Collagenase type D$} trypsin Boehringer Mannheim Biochemicals



(Indianapolis, IN, USA)ZH%E FY3 27, GABA, muscimol, forskolin 52
Tocris(Tocris Cookson Inc., Bristol, UK)ZFE Y3} th. Calbiochem Co.(San
Diego, CA, USA)S 2 5§ SQ22536, mirystoylated PKA < A4, PDBu, PMA, 4a
-phorbol, GF-109203X, Calpostin C, OAG T& FY3t% 3 gramicidin, DNase
type I 53 AxZ wjda #Ad 2E wjA @ %ES Sigma Chemical Co.(St.
Louis, MO, USA)ZHH T35t

23. 9 AABAME B 2 FA

Wi

7 #(180 ~ 200 gm)E pentobarbital sodium(50 mg/kg, ip)2 = "} A7
H, NES ARAY 5o A MPGE A=3t1(2¥ 1 #Fx), o] A7bE
(4C) Hanks' balanced salt §4 o2 £ZT F2& B7|1 2 EAE A F,
°]& 0.7 mg/ml collagenase(type D), 0.1 mg/ml trypsin?} 0.1 mg/ml$] DNase
type 1°] E°13l+= 10 ml 2] modified Earle’s balanced salt § < (EBSS, pH 7.4)°l
A 1AIZE Bt WGBS TC)SFAtH(Zhu 5, 1995). olwl EBSSOl = 3.6 g/L<] glucose
¢k 10 mMe] HEPESE XA Ml & ABAESS WiFE7led B &5
o] £ F A B3y, B E AAAXEES 10% fetal bovine serum, 1%

x3" MEMeol AFFA17 F, poly-L-lysine® 2 318 5]
o] 9= cover glass(Z7% 12 mm)el plating 3Tk oS 37C AxE w7
(humidified incubator; 95% air-5% COz)ol A ®j &3t om, Fat F 1247+ ©]
ol Aol A&ttt Ead Axse] FdAvF4 2342 29 20 e
A,

24. A7 EH A Y

A7 A A3 EPC9 52 EPC7(Instrutech Corp., NY, USA) patch clamp

= 3L

% % 7] (amplifier) & AF-&3t] 23 A<l whole-cell patch clamp WHE = ZA A



tH(Hamill 5, 1981). 574 Z =2 borosilicate glass capillary($]7; 1.65 mn, W 7;
1.2 mm, Corning 7052, Garner Glass Co., Claremont, CA, USA)E P-97
Flaming-Brown micropipette puller(Sutter Instrument Co.)Z A|Z}3le] AF&-3} A
tt. H=2 Sylgard 184(Dow Corning, Midland, MI, USA)Z I H3How, A=
Ro] §Hs AMYS o HFgo] 1.5~25 Me] He AE AFE3AT. MEV E
o] A= cover glassE =Y PP| 7 (inverted microscope) ol &¥F i, ME <A
< S99 93 1~2 m/min £EZ #AFAIZHT. FHASY 1178 ¥ (voltage-clamping
method)o. 2 =% Al A X7 &% (membrane capacitance)? 2 E A 3} (series
resistance)> 80% ©]’¢ EAI}NSH, 4% Al sampling rate & 1

o AdETA=

B
Pulse/Pulsefit(v8.50)(Heka Elektronik, Lambrecht, Germany) % -2 pClamp6(Axon

kiz, low-pass

ZE+= 2 Kk(-3dB; 8-pole Bessel filter)Z 3l 7=

Instrument, USA) 2ZE¢ oS 53] IBM ZHFE AAse 24390 ZE
Age A221~-24T)ollM AgPstFoen, B Ao Al AF =4 AAE

3¢ =22 o g yely gl

M

o

25. A F3F A 6-S (RT-PCR)

Guanidinium thiocyanate-phenol-chloroform F+% W< ©]&3e MPG 4l

WMNEEZHE total RNAE £33 AthH(Chomezynski ¥ Sacchi, 1987). WA Al

x|

£ guanidinium thiocyanate buffer2 &3]A7] T # = (phenol) ¥ S22 X
F(chloroform)s  7kste] L& HolA 158 o AlAFAH. ol& 4TelA

10,000xg= 203t DAFest] Fqnte 2HASHA HAsAdd. o] FS AL

S
(@]
2
R
—_
>
=
o
o

5 @9 isopropanol®} 41& thE -70° A Fol RNAS A
Atk thAl 4Tl A 10,000xg 2 20%3F A41% 2 3Fe] RNA pellets doH, o
£ 75% ethanolZ Aol & YA E2] 3] RNA samples LAt

cDNA9 A4S Y3 2 ug RNAS}F 0.5 pg random hexamerES A 70T of A

Rl

587+ W2 A7) 21, 200  units? murine  leukemia  virus  reverse



transcriptase(Promega Corporation, Madison, WI, USA), 25 nmoles?] dNTP, 20
units®] RNase inhibitor(Promega) 55 E&3(25 ) 37ColA 1 AZF ¥FEA]
Zth. PCRE ¥ GABAAx &4 ©}3 (subunit)d]l ©f§ primers ¥ atypical PKC
isoformell ™3 primerg ©] &3] o]FojF o, o5 FVIMES & 29 3
g oFstAth. PCR WS H(50 w)ole H¥E cDNA, Zt7+9] primer(10 pmoles),
1.25 units®] AmpliTaq polymerase(Perkin-Elmer, Norwalk, CT, USA), 10 nmoles
o] ANTP5 S &334, 94T 30%, 60C 30%, 72C 1222 35 cycle 53¢ W&
=3}

Al 2 T} 2HE 2 ethidium bromide’} Z3¥ 1.1% agarose gelol % 7]

of #FsA

O

1~

A

2 3}

N
o
=5
rhe
2
_L'>i
N2
)
12
EN
2

o A
= 1

MPG ZE AL 9, dHE etherZ v 3, 2& 3] Ao 92 4

oz

A& F3 09% NaCle Xg3st= 01 M AR ZSN(PBS; pH 74, 37C)S &F
st NS A ASHNIL, o]oJA 4% paraformaldehyde® 7, 1A 3 AT HHF
1AL v s W9z dAS s MPG BES AHEdte] sds 1A
MO Z 4ToA 162047 &<t FAHSATEH o]F ZES 25% sucrose £ (in
0.1 M PBS)ol 16417 ¢ IFEA| 7|3 70T isopentan®. 2 FAA A, 52 A7
(Reichert-Jung, Germany)E ©]-&3te] 25 um T4 HAS AZAsATt. BTG

2

o BE HPe AFTAYOR Atk $4 T2 AR 3% ARHFE
0

o 2087

ﬂd
AC)
—{ g

3 1 M PBSE Al ¥ FAQ I, o]x3A o thdk Bl Eo]F
B2S A A7) 93 5% normal horse seruml 2 F A7 FoF A8 sy

o]o] A & GABAa B2/3(1 : 250; Upstate, USA)S 4 £ 9] A overnight %233

K

0.1% Triton X-1002 X3%3l= 01 M PBS(PBST)Z Ul =& FAT

o

2

biotinylated mouse IgG(Vectastain Elite Kit, Vector Labs, USA)Z & A7t &
A AY. FA F2S v 2ELE PBSTE A $ avidin-biotin peroxidase

complex(Vectastain Elite ABC Kit, Vector Labs, USA)dl| g A7t &<t WA
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o dWgurgS vx 2FE PBSE FAT F 001% H.0.5 EFIE 0
Ni-DAB(Sigma, St. Louis, MO, USA)Z A7 o™ cresyl violeto 2 x4
= AP F BN FoR AT

2 Agsgon, 2 F 9 Aol ANA Tukey WL AHgshel AF Y

Ak F & e Aol F2 FE A A AFY Aolo tiF AL A4 =YHA -

A7 (unpaired t-test)?} HH|n t-7AA (paired t-test) &2 SIS HTE ojuf pgke

0.05°l8td  w  fFeF  Aolrk At HFEATY. FAE AR A=
3

Pulse/Pulsefit &~ZE ¢ ©](Heka Elektronik)E ©]&3lo] A4lstgon, AP H
WA, FE-9F8 3 (concentration-response curve)?] ECsy &-& 1Cs, 184l
Hill slope= Prism 3.0 software(GraphPad software Inc., San Diego, CA, USA)E
o &3t T3t
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- SEMINAL}/M/ J

VESICLE -

UROGENITAL DIAPHRAGM
E =
PENIS

a9 1. &R #FFH FZ9 A7 H(major pelvic ganglion)o] 3| 587 $]3]

_12_



99 2 FEw AAAERY 2ed AAATSe FAANAE 27 (x200)
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EPC-9/ EPC-7

pClamp6

39 3 HAG AP T ol AF{F FA FAY EAE. HH Sz A
&4 X E 9| o] (Pulse/Pulsefit &2 pClamp6)E ©|&3ty e A TZEFE 1
B

122 she A (Veom)S A/D converter(EPC-9 352 digidata 12005 7 A

N

ol @ A5 E upire] x| HF(patch pipette)S Fato] Hgstn A Euto

Aste oleTEe FAAE we watste HAdS nAS] fadl FFH7I

(EPC-9 52 EPC-7)E &3t EHF< ARF(lcell)s UA HALR H&ste]
FElel A3 ojwf EPC7 SF 715 ©] &3 Ffolle AFE 8 HFHE o

A3} o] (scaled output), FeliX &2ZE o} Aolx FHFA}.
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E 2. GABAAx % GABAc F&A o3 FJHA dAFT TS AER
primers
Size GeneBank
Primer Sequence (5" to 37) Position
(bp) Accession #
Sense CAA GCC CGT GAT GAA GAA AAG 46-68
al 300 108490
Antisense GTG GAA AAA TGT ATC TGG AGT C 441-420
Sense CAG CAT TAC TAC TGA AGT CIT C 132-150
a2 399 108491
Antisense TAA GAG ACT TCC GAG GTC G 530-512
Sense TTT CTC CTC TCT GCT TCG GG 115-134
a3 340 108492
Antisense AAG CCC AGG TCG CAG TCG GIT CT 454-434
Sense CCCTCT CCT CGC ACCCTG 14-31
a4 342 NM-080587
Antisense ATC AGA AAC GGG TCC AAA GC 355-336
Sense CAA GAA GGC CIT GGA AGC AGC TAA 1351-1374
a5 348 NM-017295
Antisense GGT TTC CTG TCT TAC TTT GGA GAG 1698-1675
Sense AAG CCC CCG GTA GCA AAG TCA AAA 1396-1419
a6 390 108495
Antisense TAA CGC AGG AAA ATG GAA AAT AAC C 1785-1761
Sense TCT CTC TIT TCC TGT GAT GGT TGC 113-136
B1 432  NM-012956
Antisense GTG ATC CGT AGT CCA TAG AGA ACA GT 544-519
Sense TGG GGT GCT TTG TCT TTG TCT TTA 1005-1028
B2 360 NM-012957
Antisense TCA GGC GAC TTIT TCT TTT GIG 1364-1344
Sense GGC TTT TCG GCA TCT TCT CG 93-112
B3 417 NM-017065
Antisense CAT CAG GGT GGA GGC GGA 509-492
Sense CAG AGA CAG GAA GCT GAA AAG CAA A 1197-1221
y1 361 NM-080586
Antisense CGA AGT GAT TAT ATT GGA CTA AGC C 1557-1533
Sense AAG AAA AAC CCT GCC CCT ACA ATT 1158-1177
¥2S 337 108497
Antisense TTC GTG AGA TTC AGC GAA TAA GAC 1494-1471
Sense CTIT CIT CGG ATG TIT TCC TTC AAG 1328-1351
y2L 391  BC031762
Antisense CAT AGG GTA TTA GAT CGT TGG ACT 1718-1695
Sense CGA ATA AGC CIT CAA GCA CCC TCT 1201-1224
Y3 331 NM-024370
Antisense CIT CTG TCA TCC TTC AGA GCA GCA 1531-1508
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Size  GeneBank
Primer Sequence (5" to 3) Position
(bp) Accession #
Sense ATG GAC TAA TGG AGG GCT ACG C 183-204
§ 313 NM_017289
Antisense TCG GGC TGT AGG CGG ATA AG 495-476
Sense GCA AGA TGC TCA CTC CAC ATG CTC  2049-2072
3 385 NM_023091
Antisense  TGT GGC CAT GGT GAG CAC AGA AC  2433-2416
Sense TCT CAC GGC TTC TCG GGA GAA CTG  72-95
pl 586 NM_017291
Antisense  CTG TAC CCG CAA CAT GAC GIT GIC 657-634
Sense TGC CTGTTG CGT CAT AGA CGT TTG  141-164
p2 522 NM_017292
Antisense TGG CCA TCG GGA AAC ACT CGC AGC 662-639
Sense TGG TTG GCC TTC TTC ACC TAC ACC 211-234
p3 560 NM_138897
Antisense GTG TCC AGA GGA AAC CTG CTG AAG  770-747
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® 3. PKC o} 9] J@dA A5 FuEl A& 3 primers

Size  GeneBank
Primer Sequence (5" to 3) Position
(bp) Accession #
Sense CGATGGGGTGGATGGGATCAAAA 852-874
PKC% 681 NM 022507
Antisense GTATTCATGTCAGGGTTGTCTG 1511-1532
Sense GCTTTCTGTGATCACTGTGG  1063-1082
PKCn 1341 XM 234108
Antisense AATTCCAAACTGTCCAGAAC  2384-2403
Sense GCTTATGTTTGAGATGATGGCGG 1505-1523
PKCA 197 XM 342223

Antisense TGACAACCCAATCGTTCCTTTG 1680-1701
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A3 2 3

31. FIWAAA AE FF

R=)

£ GABA, F8A 2d¥

AN

GABAAx 847 MPG A3 Az EAdt= ASs WAz A3s £ I34
AL Fal gdstAt. MPGOlA  GABAx F&AC digh WS whgA
(immunoreactivity; IR)S Hole AHE7F EASATG(THE 4). AEX FTFHA G

1
GABA S84 2HdEL LolxH 7Y st w7 AIAME markerdl tyrosine

f

hydroxylase (TH)$} GABAx & A [B2/3 (GABAAR [2/3) AT %] (subunit)s
Al AAE AT GABAx FEAE F2 THel 44 AZolA @d= oAt
(¥ 4). GABAAR-IRE 7HA= 92% AZA TH-IR7F &4 #ZHJoH, 4F

o] MEB%)NM= TH-IRZF 10tk MA MPG AXEoA GABAAR-IR$} TH-IR

BE %4A AMEE 21 %, GABAAR-IR® FAQl MEE 2 % 283 TH-IROI T
F8A MEE 3% AT WA GABAARE T2 THO A=< mzh A Z A X
EATS &+ AT

32. GABA, 84 &G 9E

Lo
M
)
ox
(i
&
)
olft
o

MPG 21 ZAEA HdE= GABAx ¥ GABAc & A% (subunit) S

=
¢15l7] 93], MPGEHRE mRNAE ®F3 tg EAH FL&A A4

g

primer( 2)E ©] &3l AL A FTERSES HAISAT. 29 5ol BRKEo] a3,
a6, B2, y1 2 y25°] mRNA7} Zo] & FRomw, a2, a5, ¥ y2L GA] 235
Atk SHAIRE a1, a4, B1, B3, §, ¢ ¥ p1-32] mRNAT A gt

33. GABA A 79 & H-3 A

i



GABA AFe AX W9 A4 C F=A4AHCI]; = 146 mM; [Cl,= 148
mM; Ea= -034 mV)olA 71Z3Ath olys ZzstolA Axede] 1 uMe
GABA°l o3& WIFAH HAR{7E #FEH7 AAPYoen, GABA s&7t S71Es=
WeEAd AR7F g% AAE $2dF3F B8-S YeERR A
o = WHHE 0.1 uMdlA 300 tMA T GABA AFe e TEoAE WA
A7 &A437F =83, &72(desensitization)©] & dojuz] eFgrony,

w2 242 we 2439 20s BUt(2Y 6A). GABAY °F U

I8 6A). 713t GABA

I
M
rlo
off

K
o,
)

F+v 100 uM o] gol Al A 3}(saturation)H 1 2™, ECso= 7.3 uM, Hill's slope
14201 H2E 6B).

3.4. Protein kinase Col| 2|3 GABAA, 584 X3

MPG A% 4 GABA /7! protien kinase C(PKC)dl 93] ZAFH=AE
PKC &744 g JAAE AEste] #lstgth. PKCe 25 12 F79 of3o] &
HA deow AMITW Zg JEFH] AR HIYEZHA Ao Us F

AZBAMEAN PKCl 93 GABA H77F A2l 2w fE4AA FAstr] 95t
o AEZU 7] FA == gramicidin perforated patch®} ruptured patchE Al§

Attt MPG

st AlzU ZF5S 283 FEHoA 4¥S 3. Gramicidin perforated patch
sto Al PKC &4 A1Ql PDBu(100 nM)ell 9JalA Ajzto] A4 GABA 77t
S7F8E9 2™ (33.0 + 94 %; n=5), PKC A #A|Q] Calphostin C(2 uM)ell 23| A+=
267 + 71 % AAHAAR(TH 7A B B). AXW ZES AAG}Y A =& v%
o] EGTA7} 2389 AU &4& AE3t whole-cell ruptured patchE TH&
PKC &AA 3 AAA axkE #FIAG. AxW Zas AAT FedAxE
g4l PKC 24 4<¢ PDBudll 93l E GABA AF7F F7H243 = 44 %) 5

A

oft 2

32

o

on, JA A Calphostin Coll 93X+ AU 450 = 11.3 %; 1 8).
B o
GABA A+ PKC 4420 PMAS] Bl&A e 4a-phorboldl] oA = &7}

9= T2 T/ PKC 44 9 A o3 GABA AF{F A=

m{m

o
o
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7 fldlem (¥ 9A, D), PKC &A% PMACl o34 = GABA {7t F7t3t
Ao 9B, D). &= ©E PKC 9A¢ GF109203Xl ¢34 GABA AF7F
AHAHZE 9C, D). o] MPG AAA XA GABA HAFE PKC A Al 2 s}
7 & JAHEe e Hol HGA PKC/F o= Ax A3 mHo glon,

Zg W& PKCO o3 &43tdS & & AATH

35. GABAA 58A %A #A3+= Protein Kinase C ¢} 3
(Subfamily)®] <l

GABA, &9 ZH-o| #ostes Zg WdEHQ PKCY olF S F13}7)

#13l conventional, novel PKC2 &A1 diacylglycerol(DAG)9] AEZF#E &
=49 OAGE Al£319th OAGY] ©3] GABA Af9 =77 OAGE a3l
A vlwste] AAA @gkow o= whole-cell ruptured patch®} gramicidin
perforated patch EFolA YA Yetwti(2¥ 10). ZF HIE3 <] PKC F
DAGe] 93] 43 =% ¢+ atypical PKC(aPKC)9] ¢} o] &3S 137
3 XA AAFTENES FAT A7 29 1104 Eenket o] FERE AA

Ao AE ) 2EEHE A FASA

3.6. Adenylyl cyclase®} protein kinase A°| 2|3 GABAx F&
A =4

MPG A E A GABAZ R 7} adenylyl cyclase(AC)-PKAY| &3] ZAHEH=AE

o

213tk A e 2 GABAx €A EAANY muscimol(5 utM)S 7}le] GABAa

J

4
i

| RS A3t adenylyl cyclase(AC) A A ¢l SQ22536(200 uM)S %]

U
Y
o

% muscimol®] 23 GABAx F&A AF{F7 dAs] LTS #FET

n
b4

32

TH1¥ 12A, B). GABAs €A PKAZ} WX &%E dolry] s A

e

2 £ 37} 7} ¢k myristolylated PKA inhibitor(PKAL 100 nM)E o] &3} 3 t}.
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o

PKAI A% %<l Muscimold] 93] FoE AFe A3 ZFASAL(TE 13A).

Forskolin(FSK)& ACE €A 3t A EW cAMPY =5 F7HA71H, F7H4
cAMP= PKAS ZA43tsto] b gt Ael3 7es F3dH. AC 2449 FSK7t
GABA, F&A 43S FEAE &AstAth. Muscimol AF= FSK(1I 1M) A
A Fol S7HHE As AL 5 AATH(THE 13B). °]Fe 23l MPG Al=x

ol GABAx &A= AC-PKAC] iz 2dES & 4+ AU
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GABAAR 32/3 . GABAAR (2/3+ TH

P

a9 4. FENAEAAN GABAx 8 tyrosine hydroxylase®] W <=2 3}3}t

o

E4. A. GABAx &4 B2/3 AT (subunit)?] TH. GABAx & A (H2>4)71
Azt ddEE & EoFTh.  B. Tyrosine hydroxylase(TH) 94, THE Al
TUol dA(EFMEE AS HYFET. C. GABAA F£4 (2/3 2799 THY

double-labelling. TH®} GABAx F=&A B2/3v &Y AXAdA FAAES HoFET).

rr

THel @4 x= 22 AE 5 small intense fluorescent(SIF) Al X+ GABAx

SA 7 FHEEA k. AR wl &S 4001,
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400 bp —»
300 bp—>

M ol o2 a3 od a5 ab GAPDH
400 b 4 u
p — g TS
300 bp
M Bl B2 B3 M vyl 28 +21. v3 GAPDH

400 bp —»
300 bp —

ﬁ-—l =1 ‘?‘
=hdo] B E GABAx T8A AT ES 7] A, ols HOER
B mRNAE £3 b, 54 Lol A8 A primers o] &3t oA}

= glyceraldehyde-3-phosphate dehydro
-genase(GAPDH)E A}&3}% 21, M2 DNA size markerd].
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GABA

2nd

1
3 p
10 pd
30 P
100 pd

10z

18 A (dose-response relationship). A.

TE

9
FElel A 7]

=
£
How GABAS #

&l

13 6. GABA

o FEE 9z AN

pul

3t GABA

7}

pul

3t GABA A .

=z
=

3

zé S

-80 mvell a2

[
s

199t B. GABA ¥ %-

ERE

o))

3}-5 & (saturating concentration)o| X 7| =%t

2]
BN
«

uly
=
T

Hr

BN

A,

A2 UERY

of
N
2!

)
‘mo

)

)
N

™
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10 sec
B Calphostin C
GABA i
.............. e w\r‘. ey VO
‘\ \ | \
\ \ \
\L . .
/
7 200 pA
10 sec
cC . *
ER |
=
O _ 8
=2 =
s &
< 6
L&
2 4
2
< 2
0
Control PDBu Control Calphostin C

19 7. Gramicidin perforated patch 3}l 4] protein kinase Co| 2] 3 GABA,
F8A<9 =4d. A PKC Z441 PDBu(100 nM)7} GABAx S84 HFol| v A+

1:0{1

g3, B. PKC 9AIAIQ calphostin C(2 uM)7} GABAx F&A HFol w A=

o

7. C. A9} B A QoF EE 7|52 gramicidin-perforated patch d}oll Al =7 ¢}
-80 mVel uAste] dPstgion, o olFof A Aite 10 uM
GABAE A Adte] fFEetlth dtoldle HI+REFLLAE YehdoH, CaX AR

12
N
o,
rlo
a1
Az
o

o] A7+ MXEY §ZF(capacitance; pF)Z E T 33 AT AF d ¢+ 6d. * p<0.05
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o’ e |
Y | ) | )
/ /Jl nA
10s
Calphostin C
GABA v
N} T T ’ /,u_—r_—[,ﬂ
oV
\ V4
/ / \/ \/ J 1 nA
/, / 10s
C 80- * x
g 60
e
;3?:: 404
0

Control PDBu Control Calphostin C

713 8. Whole-cell patch 3}l A] protein kinase Col 23 GABAx &£ A9 =%
A. A. PKC &44#12 PDBu(100 nM)7} GABAx &84 AFdl vlxl= &3, B. PKC
AA A calphostin C(2 uM)7} GABAA &4 A Fol WA= &3 C. A9 BY
A3 8% EE 7152 wholecell patch 3tolA AXW Z+%S EGTAZ A A3 A
AM 71234t AFe GALS -80 mVel 1283 10 utM GABAS] 7}3te] 7] 23}

qom, AR 4L s&vtt o]FoHTh HelHE HF+EFLAE YEACH,

£

_26_



A 4z-phorbol, an inactive analog of PIvA B PMA, a PEC activator

GABA 4ot-phorbol GABA PMA

J v/f.l '-.
e |/ o

10 sec
C GF109205%, a PEC inhibitor D Summary

1009 1.4+
GABA GF109203X

Normalized Current
(=1 -
b

0.6

I f 5 04

\“j I nA 4]
10 sec L

Conirol 4o -phorbol PMA GFI09203X
* p=0.05

23 9. Protein kinase Coll 213 GABAx & A2 & Q9. A PKC ZA4A <
PMAS] HIZA k&<l 4a-phorbol(500 nM)7} GABA AFol wx& 9. B. PKC &
AAQL PMA(500 nM)ol 93 GABA HFe %H C. PKC YJAAQ
GF109203X(500 nM)7} GABAx & AFo| wx= &7 D. A-CY ZF g9

EE 7152 whole-cell patch 3toll Al AEXY Z#5S EGTAZ AAT eldlA 7|53}
AfFe FALES -80 mVell 283te] 10 tM GABAE 7138t 71531t dl o]

B+ FAZ YWY 43 dae 68 * p<0.05

22
=

i)
r‘li‘
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A

—_ —_ —_ —_ 10uM GaBA 30

100 uM OAG
U U U Mzoo )
5 sec 0 Conmol 0AG
B 8
—_— - - I 10 uM GABA
100 uM OAG 5
—\.f U- _\a/- Za
200 pA 2
5 sec 7

0!
Conirol OAG

29 10. YA ¥ (atypical) PKC(aPKC) &4 A7l GABAx F&A w A=
9. A. Whole-cell patch 3}l A OAG(100 uM)7} GABAx S84 AFol vl
%= & 7. B. Gramicidin perforated patch 3lo| A OAG7} GABA, &A 9

nAE 23 AFE HALES -80 mVel LA 10 uM GABAE 7tate]
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MPG Brain

I3 11. MPGo] 23 aPKC isoform? EAANESZH FFH. FZFudo|
N wAE aPKCel ob¥ e Hals] Hdl, o5 ZHOTRE DNAZ #A
g g, 54 otdel HdEA< primers o &3l FHAL

stk dxzTos AF9 WAHE YYO2 DNAZ &

A FHAL A FFUSS HAFHA L, M2 DNA size markerd.

>

3

=
o
o
e
by
A
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Mucimel 5 22536
_ ucimol 5 phd 500+ 5Q
&
B L
E -1000
o
<
4
o -1500
Control 200 p& E
208
-2000

5Q225361 20 uh 0 10 20 30 40 50 6 70 80

Time (min)

¥ 12. Adenylyl cyclase’l GABAx F&A ¢ A WA= 9%F. A 2 B
GABA, €4 &84 muscimol(10 uM)oll 2|3 A ZW Z¢ Z7kel B3 AC
A A QD SQ22536(200 uM) A X &, EE 7|52 whole-cell patch 3toll Al Al V)
Z5S EGTAR 453 dHdA 715380 AdFs Fd9S -80 mVel 12434 10
UM muscimol& 7t3te] 7] &35tk dHeolHE Bd+EFAE e 28 #5

= 6. * p<0.05
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A B

Mucimol 5 ui Mucimol 5 pi
Control
200 pdy FSK 300 pby
o 20 g 20
PE A inhibitor Control

2% 13. PKA 2 AIA % forskolin®] GABAx F& Aol m A= 9. A PKA
A A A (PKA inhibitor) WA %] %] muscimol(10 pM)°l &3t HF. B. AC &4

A2l forskolin(FSK, 1 uM)<S A 2§ & muscimolol] 93t AF =7 W3}
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A4F 1 =

ug Al

T T

73 A

e

41. F o] B FH GABAxr +F8A 9 EA

i

GABAAx &A= 5-HTs, glycine, YZ® A acetylcholine(ACh) & 53 v}
FINAAZ 5HY £G9E o]Folx @Al (pentamer) TXO o] FE|T
GABATE TFAZ4AY dEA JA8 ABALEZLRE 4o oy, A&7

AdM e AES] FEFS FEstr(Adams F Brown, 1975), |3 dE=F&

GABA, &4 Ao os&] 2ago] Ry dti(de Groat ¥ Booth, 1993).
T MPGell EAsts uwxt 2 Fuzk AFAAZEE A7y 9 A7 33
(neurochemical) 54< 7|¢oz2 FEIHE = A=7F HAA $koh(Zhu &5, 1995).
MPG AZAZ FH we 7H3 & A7Agd SA2 T-8 2% A7 A4

[l =]
T ©
=2

_4

9 (Zhu 5, 1995; Zhu ¥ Yakel, 1997). &= GABAs &A= A7 &
S2E T-8 ZF AFHI e AEoA F2 EA3H (Kong 5, 2001), £ AT
AME w7 A4 markerQl THel o] He 92%¢] Al ZoA GABAs &4
™ o ¥F-&- 4 (immunoreactivity)©] YEFS T 0] o] AHRELS MPG 4l A Lol A

GABAx T&A= FE wzh AZA Axdd ZdHUSES AlALETH MPGe A

o

GABA T4 &4 Y GABAE /3 AAAMEe EA(de Groat, 1970; Kusunoki
S, 1984) 183l GABA Z 797} EAjgto]l B ¥ A tH(Kusunoki 5, 1984). 3}
Ak MPGOl A A Ee] R0 W2 GABA $&A9 T4 o5 F&4 Z2Hd
A A7 dANA EEZ A Ao & AT
A= MPGTAA F2 agABAZ EAsts Aoz 584 I3 GABAS

O
B2 E o GABA +&

iih)

2o oA Fx9 5-HT:; F&AE F2 Fauzt AAAE @y glon
(Cha %, 2004), UZ€A ACh F&AE wzt 9 Fuzg 2730 wa 1
AR ggo] ¢HHt(Park 5, 2004). MPGE UE A&A74dIE 2

Aol BU AZE Wl EARE SEF AsuZ Dol

=

—
I
o
."_‘.
[y
O
\O
(=)}

Keast, 1999). W&} MPGO A AX FFol ©WE GABAA 84 &TdS MPG
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ol
rr

Al GABAx F8A% & FE&A 119 cross-talk £H& AT
2 AR Ao

MPGl A GABAx FEAE T3 = 29 E9 mRNAE a3, a6, B2, y1 ¥

]_

0 Fe =2y

¥252] mRNAZF F2 %38 =HAow, a2, a5, E y2L FA] T HEHUY. GABAA T

—

A= B2 X239 o]F(heterogeneity)o] EAH B ATES Ho F o

et e FEXE $th(McKernan ¥ Whiting, 1996; Sigel 3 Buhr, 1997). Native
GABA, F&AAA ast B £EHES F8&A TXE olFcd TFAA 847
RFFHE, FEAe A SAS A4 adde] FAdd wE gEA Yedo

GABAs 8 A& benzodiazepine, barbiturate, neurosteroid, &4 dA#| I ¢F T
I 2 oAy FEEY fHFHo] HH, o]YF FEE5Y AHE= GABAx FEA &
A AT ES £H0]

@91l 23] wel 2 A vErdh. o3 GABAA
U 9ol wel g2r, AEX FH "t AR 5d F
Ueld 4 glth Bl = native GABAA FEA A alB2(ZL 3) y2 29 =%
o] 7}d Bel EAdtE Aeg A UAT A4 FHAAY 1f Vse 9

3 dHA dA &sktk. MPG A4 A E 4 GABAS ECs 7S 7.3 uMol Atk

Az AAxg A

i)

oA a B, E y subunitd] ZFOoZ F GABA FEA 9 ECs
W= 1-50 pMolle™, aBe, aBs =& aB subunitd 7H$oe oJEHT e
ECso HHE 7H3da &8 A Ath(Angelotti 5, 1993; Saxena % Macdonald,
1994). £ A3 Ao 2 MPG AABHNEE a, B, © Y subunit® 2 o] Fof3l
GABA, T892 ECso #k% AR T 3 GABAA 84 4299 749 &
o oel 2] g Ao #HE AFEe] WEE HE HNES FF2

AlA APeRom, AE&AAAE BIES TRAAAANE AF7 vIFSAT
wepA Hx XA B AZeRe AsAAE FFE EE MPGY wAA
GABA, F&A7F 2@ Holglen, 2dd FE&A9 42ddE]

5

AR getFol AEste 8 5 GABAL F8A ZAEAEO A& AAAC 7

o,

Ale 9

ofk
o

olgletetl 83 VxS AT Ao AlgdT
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4.2. Protein kinaseol| 23} GABAs, 849 X3

GABAx 849 A2W$ 5L PKC, PKA, Ca’° “_calmodulin-dependent kinase,
2 tyrosin kinase ¥ #Z-2 protein kinaseo] 9|3l <14H3s} H & ofw|:=4HS
233 Atk Song % Messing, 2005). PKCE= phospholipid -dependent
serine-threonine kinase2] ¢ FHFEZ M I Az ddo] Fo3 d&g G
O obF F79 PKC otg 5ol &4 e, A A 2Fe=z FEdn. A
H A= ‘conventional’ PKC(cPKC; a, B, ¥)2 Z<4, phosphatidylserine(PS)
2 diacylglcerol(DAG)°ll 93} &Adstdt. + ¥MAl 152 ‘novel’ PKC(nPKC;
§ ¢ 1, B 0)Z PS % DAGo] 93] &3} Hu Zgel dsis A3t e A
det. vAY O§8 ‘atypical PKC(@PKC; § 2 A/uyolth. ol&L2 Z¢
DAGO| #rg3tA] @om, b AW HAEA(lipid messenger)dl <3l &4 3}
o B AT7olM  GABAA FEAE PKC A A <& AA 1 7% AA

=)

5

o, JAA Jee FaHe £2H 7S BAFUAT. old 3 PKC &4

AR gAA o3 =de MEZW F4E& aWE FAAZ gramicidin

O

perforated patcht} & 5% EGTAE X33t whole-cell patch dtollA 5
AT =2 EGTAE AM&dto] S FE3] A&eAS F5o= PKC 9

1

oX,

3 2A-o] dolgE AOoZ Hol MPGOlA GABAA F£AE Z¢ HW
PKC o}gd] 93 =2 & Aoz A gdHu. 5¥H3 DAGY HMEIERAY &
A2l OAGo 23 GABA A F9 T7ol YElUA ES52Z GABA HFo &

N

l
JI
o

ol3t= PKCE atypical PKCo| i, ZAAEETH FH o2 139 PKCYS
sttt 39 FH Y retinadl A 139 PKCE GABAc F8&4 p 2994 9

(o
r

32 GABA current® %A 3Thi(Croci 5, 2003) HiFo] glou} B Ao
ME GABAAE "I/NE 2 &37F AU

BHao w2 PKCl 93 GABAx F8&A9 &d9A7E Q4tstE = #1471
in vitro 2¥ o2 W HEH, 2 JAE Bl 2F A2 Ser409(Moss 5, 1992)
o} y2L AW A19] Ser327, Ser343(Whiting 5, 1990)7} GABAA +&49] 7%
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PKA YAl GABA AF< Ao #Asdtn HuHl=d MPGO A= PKC
ot WwE = WEdo= PKAS 4AIS AAA ofs] =AHJYG. FF A
T A PKColl 93 2= GABAA TE&A 9 AT9A ¥ PKAY =

HaAE eejof & Aotk

_35_



A5 4 &

7 A FEw 4747 AEo GABAx #8749 o¥ 2 J%e FA,
G

ABA 243 AFol v -9 SAS A8t g3 g2 2

oA = At
5. Z5ol 93 GABAx TE8AY T3 &= AEW ZAgolo FHEA ol F
oJ & o

6. GABA°l 93] ==+ AFE OAGA os JFS wx Aghed ol F=
PKCol 93 o] v 3 (atypical) PKCo| o] FojF& AAISIH, o] 5 PCR

KN %—5-“ ZHQ‘O ) ,/': 01041;]_.

7. PKAS & A ©3] GABAx F&A o GABA M F{7F JAA, A
A ols F7hskA

ol4eo] AxE wFo] Hol FIuk NAFAH wHAAM TN Feld FTEA
GABA, &A= PKCol 93 d& ZAgs] A3y, o8 odF vAY

PKC7} #sith o]9f e aue wAl A 2w A9 noradrenaline & E1H]

it

243t HE EARAQ 7leS FTEL o= H(bowel) +F, wWix F 27
sH 2 AT FAAVY gHEE 2Hde Fo dAV 2 5 e oA

=

Ir

2
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ABSTRACT

Modulation of GABAa receptor by Protein kinase C in MPG

Choi, Yeun Jong
Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor In Deok Kong)

Activation of autonomic nervous system in various pelvic organ plays a
role of various physiological functions. Major pelvic gangliaMPG) is implicated
in autonomic reflexes such as penile erection and micturition in urogenital
system and in bowel.

y-aminobutyric acid(GABA) is the major inhibitory neurotransmitter in the
central nervous system, and its actions are mediated by subtypes of GABA
receptors, GABAs, GABAs, and GABAc. GABA,, receptor consisting of a, B, ¥
and 6 subunits is a heterooligomeric ligand-gated chloride channel. It is well
known that the occupation of GABAas receptor by GABA leads to
hyperpolarize the membrane potential due to increasing in chloride
conductances in many neuronal cells.

This study was performed to confirm which types fo GABAa receptors are
expressed in the neurons of MPG and how protein kinase C(PKC) are involved
in the regulation of GABAA receptor function.

GABA4 receptors are expressed particular in sympathetic MPG neurons and
one mediated made  excitatory function in  neuronal  excitability.

Immuno-staining studies revealed that major expression pattern of GABAj4
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subunits was 2 or 3 in sympathetic neurons and RT-PCR showed expression
of mRNA for 12-6, {2, y1 and 2. However, mRNA of ) subunit consisting of
GABAc was not detected.

The GABA-induced inward current was increased by PKC activators in
time-dependent manner and decreased by PKC inhibitors. These effects were
not associated with intracellular Ca®* and OAG, membrane permeable
diacylglycerol (DAG) analogue. This result means that the subfamily of PKC
participating in activation of GABAa receptor is atypical PKC (aPKC). %
isoform of aPKC was detected by RT-PCR. Taking together, we suggests that
excitable GABAa receptor in sympathetic MPG neuron seemed to be regulated
by aPKC. On the other hands, the GABA-induced current was decreased by
PKA activators and increased PKA inhibitors. These results suggest that
GABA4 receptor could be also modulated by adenylyl cyclase-PKA.

The regulatory roles of PKC on excitatory GABAa receptors in sympathetic
neurons of MPG seemed to be an important factor to control the functional
activity of various pelvic organs such as bowel movement, micturition and

erection.

Key words : GABAa Receptor, Protein kinase C, Protein kinase A, Major

pelvic ganglia
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