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Regulation of GABA Receptor by Protein Kinase A in
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Major pelvic ganglia (MPG) in rats are an unique autonomic ganglia, containing both sympathetic and parasympathetic
neurons related with the function of bladder, penis and bowel. It has been widely known that ionotropic GABA4 receptors
are the molecular target of y-aminobutyric acid (GABA), a major inhibitory neurotransmitter in central nervous system.
However, their functions and regulations of GABA, receptors expressed in autonomic ganglia have been poorly
understood. I examined the modulatory role of adenylyl cyclase (AC) and protein kinase A (PKA) on GABA 4-induced
inward currents in the neurons of rat MPG. GABA, receptors were identified using immunofluorescent labeling in the
rat major pelvic ganglion. Electrophysiological experiments were performed to record the activities of GABA4 receptors.
GABA, receptors were expressed only in sympathetic neurons. GABA induced marked inward currents in a
concentration-dependent manner. Mucimol (5 uM), a GABA 4 receptor agonist, induced inward currents were significantly
reduced in the presence of SQ 225361 20 uM, a AC inhibitor and myristoylated PKA inhibitor 100 nM. In addition,
forskolin (1 uM), AC activator, augmented the GABA induced currents. The activation of AC/PKA-dependent pathway
could involve in the regulation GABA,4 receptors, expressed only in sympathetic neurons of rat MPG. These findings
are helpful for the better understanding the function of various pelvic organs innervated by MPG.
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et al,, 1983; Akasu et al., 1999; Gill et al., 2004). MPG A7 A
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A7)188] Aol ALgE AEe] AFN FA4L 135 mM
NaCl, 5.4 mM KCl, 1.8 mM CaCl,, 1 mM MgCl,, 5 mM HEPES,
18] 10 mM glucose®] ™, TrisE 3713t ¥ pH7} 747} &
55 At W74 A AHe-E A5 & (in-
ternal solution)fq Z42 20 mM KCl, 120 mM K+—aspa1tate,
10 mM HEPES, 10 mM EGTA, 0.1 mM Tris-phosphocreatine, 5
mM MgATP, 0.3 mM Na,GTP]™, TrisZ 7}8} pH7} 72
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system (VC-6M, Warner Instruments, CT, USA)S ©]-&3}31 2.
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Collagenase type D9} trypsin< Boehringer Mannheim Bio-
chemicals (USA)ZHF-E T43}31.2 ™, mucimol2 Tocris (UK)
ZH-E, SQ22536, mirystoylated PKA A #]+= Calbiochem
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systems Inc, German)S ©]-83}o] 20 ym F7|¢] ZAHHS
A ZFske] Vectabond™ (Vector labs, USA)S 2] 3} slideol
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w2l GABAARE 2 THoll M EE w7kl A ol gk

EATS % 5 A
2. GABA TRl & 513 27

GABA At A2 diele] diFA Cl s%=BAF (C') =
146 mM; [CI ], = 148 mM; Eq- = -0.34 mV)ell A 7] 53}31ct
ofefdt Fxlstell Al Alzelelell 1 Mo} GABAC] ofsl] Wi

Fig. 1. Double immunofluorescent labeling for GABA4 receptor 32/3 subunits (A) and tyrosine hydroxylase (B) in the rat major pelvic
ganglion. Numerous GABA 4 receptor 32/3 immunoreactive neurons are double labeled with TH (arrows). Scale bar = 50 pm.
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Fig. 2. Dose-response relationship of GABA-activated inward currents on the neurons of major pelvic ganglia. A. Holding potential was
held at -80 mV under the voltage-clamp mode. B. Peak data are plotted as for normalized currents. Solid bar: duration of GABA appli-

cation, pA=pico ampere.
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A A7 BEE7) AFgen, GABA §57)F SR SH13H Tk Mucimol®ll ©]3l] kel 7= PKAI HA#]| &
W AF7E g8 ARAE sRoEd vheS Yepit ol F7F @R8] FHAEISITE (Fig. 4A). GABA, 8417}
(Fig. 2A). 713t GABA 2] = H19E 0.1 pMolA 300 pMS AC EA4 A9 forskolin (FSK)oll 2J8] &S xS &9l
th GABA Af+ W2 shollA= Ul dRel @43yl sklth FSKE ACE @438t AlZuY] cAMP] SEE
2|31, B} (desensitization)©] 2 Hojubx] eFokont, = F7MAIW, F7HE cAMPE PKAE EA4ststo] ket A
2 FER AT mE GAset BhAs BT (Fig. 2A). 22 71%S 3L Mucimol AHE FSK (1 uM) AAX]
GABA®l 23t gy AFi= 100 pM o] dollA] 28} (satw-  3F Foll T7HE= AS & 5 AT (Fig. 4B). ool A3
ration) = $1 9™, ECsi= 7.3 pM, Hill's slope 1.4%0.131Th oAlA MPG Al¥EoA GABA, T84T AC-PKAC] 93 =
(Fig. 2B). AEE &4 ATk
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MPG A|¥o]|4 GABA A7} adenylyl cyclase (AC)-PKA FFA deEd
o o8] ZAEE= A& RISt YA GABA, T84 2 4ge] 44 ok a8y AgRA A s AEal A
FHAR mucimol (5 pM)= 713t] GABA, 83 AR/E N EZ &= (Adams and Brown, 1975; Gill et al., 2004), &
Q1% Ul adenylyl cyclase (AC) HAIA|ST SQ225361 (20 = 5 8= (Akasu et al, 1999), == IES Al7]E A
uM)S A g ¢l mucimoldl] 2]3F GABA, &4 A o2 4#A (de Groat and Booth, 1993a) A&7 A FF
F7F A8 743l (Fig. 3A & B). GABA, &4l of wt thFet ZE-S UERE & 7 Utk Aol A
PKA7Z} H|X|= &35 o] sixe AEe F347F 7 F o] FIlAA A2 GABAT GABA, T840 &
“5-¢F myristolylated PKA inhibitor (PKAL 100 nM)E ©]-8-3}¢] ojf oz zZhgste] Alxe HESS dovl= AS G
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Fig. 3. Effects of Adenylyl cyclase on GABA, receptors. A and B. Mucimol (5 uM), a GABA 4 receptor agonist induced inward currents
under voltage-clamp method at -80 mV holding potential were significantly inhibited in the presence of SQ 225361 20 uM, a AC inhibitor.
Solid bar: duration of GABA application, pA=pico ampere.

e Mucimol 5 uM @ Mucimol 5 uM
Control
500 pA FSK oe 500 pA
PKA inhibitor 0s Control

Fig. 4. Effects of PKA inhibitor and Forskolin on GABA4 receptors. A. Mucimol (5 uM), a GABA, receptor agonist induced inward
currents under voltage-clamp method at -80 mV holding potential were markedly reduced by the pre-incubation of PKAI 100 nM, a myri-
stoylated PKA inhibitor. B. Mucimol (5 uM) induced inward currents were increased by the pre-treatment of forskolin 1 uM, a AC activator.
Solid bar: duration of GABA application, pA=pico ampere.
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vl B Ao M= 1 GABA -&A417F 2EFHo] e AlE
o] 54 2 GABA F-8A9] 2-87|1S ©AstaA} a8tk

FIAAEL e Ag0E s gy ag 9 K
0] 2 21734 el EAlskeE 53 A8 o]
T} (Keast, 1999). HxA3}34 WS &3 GABA,

LA7F MPG A FA X EA8kH, WAl
tyrosine hydroxylase (TH)$} GABA, 584 2/3 (GABAAR
2/3) 2~+8] (subunit)Z FAlo] A3 A3} GABA, &
A= F2 THo A< AlEe F& o] At (Fig. 1). uf
24 MPGll A GABA, &A1= F& THol| GA¥]= wzt
ANAAE EAel= Aoz AbrETh
THel 24%E MPGolA GABAE W4
Aom, GABA®] =7t S7VEE W AR %
A& FEEY S Hoj, 52 FLER =
gste} G3As YERIITH (Fig. 2). 420
AAGEZA R 2835 GABAE A9
(<3}
A

AX) L marker?]

A= Ao2 dHA 3 A=t (Ganguly
et al, 2001), o]¢} 22 =fole] LRlel i = AL ¢
8] oJsfE|aL UA] ¥l ot "ﬂJ_‘H Cl 4 s 92 x4
71l mg Aol AzbdEr) 5 =
ARAZEN Cre] s= A i% A A
oF e O Lo ATt GRS 8 o AR
Hrt

GABA =&+ Src family tyrosine kinase, PKA, PKC, 1
2] 3L Ca**-calmodulin &J&4 kinaseSol| 93 Zdgrtu o

24 A2 (Moss and Smart, 1996) ©]i= T2 FFA1H A

il

A R 7)o, BENAAL) MPGA PRAC] €13
GABA, 584 24L& Buyo] x| &) wyk FZukal

A AEol A GABA AF7} Adenylyl cyclase (AC)-PKA 73
2o o3 2HE=AE g1e v}, A4 GABA, &4
A AL Mucimol (5 pM)°ll £J3] 2% GABA HH-+ SQ-
225361 (20 pM)S AR5 Fof] TA3] 71431900} (Fig. 3).
L3 GABA, T840l PKA7} WA= &35 dolry] ¢
3 PKA SA#1S1 PKAI (100 nM)E 23] 3+ 23} Mucimol
of ojal] e HAR7 dAE TS IRl Wi,
AC A A2 forskolin (FSK)% A 2§ o=
AF7F 713 4 5= IQIT) (Fig. 4). 3H8 AC-PKA®] 2
g GABA, T& ﬂH Z4L F2 GABA, 849 o1d
3 pl & p39 &) =4

= oz A gout F
SN AN A ool WA Sl glo] (Aatel he)
A B9kE), B ok olslel y okgo] ghelm kol 2
w, ole] B Fele AHHE FF AT

7t Bastele 4
2,

ol/dell Al ACSF PKA A= algt F2akl787d Matof A

Mucimol

GABA, T84 o3t AFE FaAFeH, AC 24A=
GABA A& S7MIZTE o= o= Axe] AC &3t
TN WA A 7] o2 o] Folx glown, AC
o] 9%t A3 14k} (phosphorylation) 2} H] 2128} (depho-
sphorylation)”} GABA, =& &4l w]$- 23 &5
gt 4= lgS o]t &, MPGell EE o] 9l GABA,

TF&A=, Alzuela EdstE ACTE AlEEUlellA] 23 AF

E429l cyclic AMPE S7MA7]14L, o]+ tHA] PKAE A4
kA7) AC-PKA Ao o8] A=t} a4} o2 =3
GABA, 587 MPG w7 AAE2] daksll] 9l 2kt
W e g7l AYA 7eE 2dated dofska s A
o7 Atz Eh

r

@Al 2
& Ae] Il WA sty dde ekl
AAleheta 5=o]zeist sf-stuldd
Akol] AH @2 Amoh =is A
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