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Role of G-protein in the Contraction of Rabbit Trachealis Muscle

Jin Sup Jung, Tae Ho Hwang* and Sang Ho Lee

Department of Physiology, Pusan University School of Medicine and Dentistry*

Fluoride (F-), a known stimulator of G-protein, induced strong contraction in rabbit trachealis
muscle. AlCl; (5~20 M), which is required for G-protein stimulation by F-, potentiated the contrac-
tile response to F-. Ca?*-removal and verapamil, a calcium channel blocker, inhibited the
fluoroaluminate-induced contraction. Fluoroaluminate increased ‘*Ca influx in the absence and
presence of verapamil. In heparin-loaded muscle high K*-induced contraction was not affected, but
acetylcholine and fluoroaluminate-induced contractions were inhibited. The fluoroaluminate-induced
contraction was partially relaxed by isoproterenol, a stimulator of adenylate cyclase. Pertussis toxin
partially inhibited fluoroaluminate-induced contraction and potentiated isoproterenol-induced relaxa-
tion in the presence of fluoroaluminate, but had no effect on acetylcholine-induced contraction and the
isoproterenol-induced relaxation in the presence of acetylcholine. These results suggest that fluoro-
aluminate has the ability to stimulate at least two putative G-proteins in rabbit trachealis muscle; One
causes Ca?* influx through the potential-operated Ca?* channel and the other induces intracellular
Ca®* release by the increase of inositol-1, 4, 5-triphosphate.
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A2 G-protein(Gy) & A7} 7428 AlAks 3 gL
t} (Berridge, 1987; Claro et al, 1989; Rana & Hokin,
1990), °]2]g G-proteine oJei7}x] F &2 +% &

M 1=

Guanine nucleotide regulatory protein (G-protein)
< A7k AAFAEA Y FEol doJA FEA
ob ME L effector Afols] HuADe] FLE A
£ 3 Aoz 4=A 9lch(Gilman, 1987), o]k
G-protein of] = adenylate cyclase2] Aol Ihed3}
< Aog el G,- ¥ Gi-protein, o}3] 7]5o] &
2143} G,-protein, “atA] o &) 31 transducin
5] glen] #ZoE Ca®t mobilizing receptorst
phospholipase C(PLC) Alo]e] A v Aulol] aaix]

29 Agols FoT AR e AoE A=Y
2 v (Kitazawa et al, 1989; Murray et al, 1989)
+ 83 B P2l G-proteino] A= Aol T
)¢l o} (Katawa et al, 1989),

NaF& AICl, &4 AlF,- (fluoroaluminate) 2}
el = G-proteing] g-subunitell $] X%} guanosine
5’-diphosphateg} A} & 2}-2-3}ed of 2] 7}A] G-protein
<+ A4 4 U= Aoz dei] (Sterweiss &
Gilman, 1982) of2] F7F2] A|Zol4 G-proteine}
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288 o F5ler] o] 45 .1 gt} Fluoroaluminate
£ 79| o]atAelA carbacholz} FAME 7]H o2
A Z VY Ca?*e] % 2 Z7}4) 7] 2 (Mertz et al,
1990) #H 2] 7FA)FojA] vasopressin o|1} glucagon
7+&. Ca?*-mobilizing hormone®} A3 &35 )
EflE ZAo® Ry uslo] 9o v (Blackmore et al,
1985) ofel7kx] HEZoNA FEIEE eblE
Ao 2 ez glc}(Marc et al, 1988; Zeng et al,
1989; Hall et al, 1990), -r2{\} fluoroaluminate+
e YAHGToN AL Fol we} $50] Boishe
Ca®* F471de] & 222 ¥ 15 3len (Nguu-
yen-Duong, 1985; Zeng et al, 1989) 7] 353 &-Z o
Ae 2 #go] BE3 waA x| et

7133 82 o) A acetylcholine & muscarinic re-
ceptorZ m,S} m, receptor® E3ho] 48 vy
o] (Meda et al, 1988; Lucchesi et al, 1990) = F9.
8} 240 2 = inositol phospholipid tA}el] ked &}
£ 7183 AMP 555 24471 717 5o] gl
o) ionic channelel] 2H&3}e] 299 BB o
o9 71ME g Aoz delx 3lck(Coburn &
Baron, 1990), ©}2]3} t}oldl acetylcholinee] z}-&-
£ £ inositol phospholipid thA} &4 3o 23} 7)
o] acetylcholine®] F32}-&o| 23 JL% 3}
o] ole] G-proteine] Feddte Aoz whazleont
(Rasmussen et al, 1990) 18] t}2 2+-&E-o| acetyl-
cholines] 7125 = 4%o] oA Tholehn] ol
5 71410] G-protein & 438 Faho] ojuf 7|
= 2 A sl e,

web ¥ QAFelAE Erle) A Bel A
G-protein activator & % 2] & fluoroaluminate £}
acetylcholine¢] z}8--2 A& u|mdto g x4 fluoro-
aluminates] 9|3 7B B2 $270L BHn
tho}rt acetylcholine] 2}-8-of 3} G-protein®] 4
@g wo B e e e shan,

4 #
1. 5o &Y

. A% 2~2.5kge] New Zealand White E7]9] F
5 7etbsle] SR 2T Ak 1/29) Y =F Fe
ol AYEA} AUENE AR} A e} T4

o 4

whekg upet £33 Aosigch V= dsAE
€ 712 5ol olshHE S vEhE Ao
2 oedA 9l7] ulEoll (Morrison et al, 1990) wj %
ool Fo 2 YAs e BRI 9%
oz sMA A AASZ 249 7Rl A
Ao BT Felste] FEAZol AT AEF
A5 FolM g edich HEde WS A
L70o &A §F L THFA7 AA L &
EE TF% 13| (Glass FT .03) ] A7 3}e] A2
71%7)(Grass 7E) & $34 4% 7158 U=
Z & ohg 1g9 H2AHE 71 F 37°ColA
100% Ab25 FFatadA 1A]7F o4 HHYA2 &
AL Azteigich Afel AR e 242

t}& a1 zic}, NaCl, 136; KCl, 5; CaCl,, 1.8; MgCl,,
1.0; dextrose, 5.5; Tris, 24 (pH 7.4 at 37°C) (%] :
mM),

2. ¥Ca influx &%

45Ca influxe] £ 4-& Aaronson?} van Breeman2]
W (1981) 02 sgich Aeld Alddold 1417}
So} WHA|7 & 22S 5mM NaF, 20 uM AICL
(fluoroaluminate) o] Sofgle Ae]a A2 &
A 5E7E Aelgt F 2 pCi/mle] “Cag T3t
Sisk z4dol Be Aeld Adsz £ 382 T4
t}, verapamil®] A5 A wx fluoroalu-
minate Fof 52 Aol 10 uM verapamil-g- 7}35}5i ot
222 7ulo] 6.5mM CaCl,, 5mM EGTA>} %
& A2H Aedqol Yol 4Cel A 2587 A 23l
of Azl AFHo] Y& “Cag AASAL, =
2o 2715 AlAGR FAF ¥ 5mM EDTA &
o} 3mloll Y 1247} o} AH2jg F o7]e]] Tml
scintillation cocktail -2 @ 3 liquid scintillation
counter (Tricarb 300C) 2. &7 39t}

3. M| ZW heparin loading

A Z 5ol heparing loading A]7]7] 93] Ko-
bayashi%-(1989) o] A}-8-3} reversible permeabiliza-
don WHe ALsAch ol Edoz 27 2
2, 903, 30%, 3084 A2 AYRF 153 7
© 2 CaCl,-& 0.001,0.01,0.1, 1 6 mMA 7}&}a
243710 Aoldl 147 o4 BHAZ ¥ SA4
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%% 24995, $99 24e thes) Reow
ghlE mM o] e},
1) EGTA 10, KCI1 120, ATP 5, MgCl,, TES 20, (2°
Coll 4} pH 6.8)
2) KCI 120, ATP 5, MgCl, 2, TES 20 (2° Cof| 4
pH 6.8)
3) KCI 120, ATP 5, MgCl, 10, TES 20 (2° Col] 4]
pH 6.8)

4) NaCl 140, KCl 5, MgCl, 10, glucose 5.6,
HEPES 2 (22° Coll 4} pH 7.1)

A Z W) 30] heparing loading Sl 2), 3), 4)2]
£l 1 mg/ml heparing 3 7}8to] A}-&3519 o},

A4 AL mean+SEM. o 2 Yehlla F 7
e vlad Yyt S ol student’s t-testE 7
3kl e.m p ko] 0.05 mjakedel f-o8 Aoz 3}
ek

Agell A48 Alfe2 “Ca (1.78 mGi/ml) &
New England Nuclear A &S, SITS+ Pierce A&,
acetylcholine, atropine, EDTA, EGTA, heparin,
HEPES, histamine, isoproterenol, pertussis toxin,
AL

sertonin, TES %) verapamil 52 Sigma A %2

33iet,

Abbrevation: EDTA, ethylenediamine tetraacetic
acid; EGTA,
ether) -N,N,N,N’-tetraacetic acid; InsP,, inositol 1, 4,
HEPES, N - 2 -
ethylpiperazine-N’-2-ethanesulfonic acid; SITS, 4-

ethyleneglycol-bis( 3-aminoethyl

5-triphosphate; hydroxy-
acetamido - 4'- isothoiocyanostilbene - 2,2’- disulfonic
acid; TES, N-tris (hydroxymethyl) methyl-2-amino-
ethane sulfonic acid; Tris, tris (hydroxymethyl)

aminomethane

4 @ 2 o
1. NaFe| £ 57

Fig. 1+ 27] 71945 8204 NaFg #r1Hoz
g W Hehbe +294E el Aole,
7 7139 G-Zol| A NaF& 0.6 mME&| 4%¢ e}
Wi e}, Fluorides] £ & G-proteine] z4Zof n] 2ol
aluminiumo] F8 3 3 &g 3= Ho2 Udeix 9
7] wi-F-ofl (Sterweiss & Gilman, 1982) NaFe 2]}

4-Z=0]| 4} G Proteing] o3 g

oo
80 -
50 I

50

20

Tension, X of Maximal Contraction

0 T — N
4 3 2
— Log [NaF], M
. 1. Dose-response curve of NaF in rabbit trachealis
muscle. Data, which are expressed as a percen-
tage of the contraction induced by 10 mM NaF,

represent means+S.E.M. of 4 strips.
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Fig. 2. Effect of aluminium on 5mM NaF-induced
contraction. Data, which are expressed as a
percentage of the control tension by 5 mM NaF,
represent means+S.E.M. of 4 strips.

$U9 520 T AlCLY E3E BESGL,
T gEezt SRR 432 U5
%6 g0 mM NaFel| 2]3} &2 A 715 AICL
o] Fxol W‘PF/} F7hskalend 20 uMollA] 2o &3}
% Uehigic(Fig. 2). whebd ozl Aol
= 5mMe] NaFs} 20 uMe] AICLE A18319]c}.
Fluoroaluminate+ phosphate®} A3t +x=2
AN Bz LS S8 Lol @A) 2 A
ZW2 ol§5o] 288 ekl sbsAlel ek, o]
2 seleh] SAstod SolenBrlAe AAEA
(Cabantchik & Rothsterin, 1982) SITS®] & 2}-2 3
A3 A3 1mMSITSZ 208 = x 2] 4] fluor-
oaluminateoi] 2| g 4~%-2 Sk 8] A=}, o37]
o 5uMe] acetylcholineq 3 7}d 23} acetyl-
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Fig. 3. Effect of SITS on fluorcaluminate (AIF-,)-
induced contraction. After a 20-min preincuba-
tion with 1 mM SITS in PSS, fluoroaluminate
was administered to elicit contraction and then 5

#M acetylcholine (ACh) was added.

_~ng

S min
Atrop
S AN Y
1 t
ACh ACh
A1F4 AIF4

Fig. 4. Effect of 30 yM atropine (Atrop) on 5 uM
acetylcholine (ACh) and fluoroaluminate-
induced contraction.

cholineol] o] 422 M3l 952 wx oz
SITS7} % @zo] ofat v Sl Ezhof ofaf fluor-
oaluminateo]] 9% 4%-& A3 A o] ohiels A
S ey el (Fig. 3), Fluoroalummated] ol& 4
Z o) A7 utlol| 4] acetylchline?] 2]} Faio] gl
=x]& o7 $3te] fluoroaluminate 430l i3k
atropined] &5 [ A 30 M9 atropine
Z 2] 2] A] acetylcholineol| &)3} &2 <A 3] A
59j o1} fluoroaluminateo]] 2|3t %2 F kg ¥
#| ofsket(Fig. 4), utzbr] fluoroaluminateol] )3k

A244 A 2 3 1990—

i

5 min

[ i Ca free, 1mM EGTA

l

N Lu\

?

ACh ACh
Ca free, 1mM EGTA
|
_ e
3 W
A1F4_ AIF:;

Fig. 5. Effect of Ca?* removal on the contraction in-
duced by 5 #M acetylcholine (ACh) and fluoro-
aluminate(AlF-,).

22 A7 atrlol] A 9] acetylcholine -f-2] ¢} F3t3}

| ebdg o 4 gl

2. Ca?* tAjol] cHgt F&t

Fluoroaluminateol] o3&} %o ojw] 3 2.5 &3}
Ca2*9] 50| F97 A¥E A ¥V H35}d
Ca?*o] gz 1 mM EGTAS ;qaﬁ& oHol] 587}
#]2]8F & fluoroaluminate®] 4ZofAMS BT A
3} A AFgollolf 8] 3led o] vieht=d] A+ A
7hol M 3] ZFrtE R 29 A7)E €A JA
slgjon] HAlgolo g ulFw $Fo] YA]Ho R

#A 3| sl et (Fig. 5).

Fluoroaluminateol] 2]g} Ca?*2] 4]} voltage-
dependent Ca?* channelg %3 ZHUAE ¢7] 9
3}e3 voltage-dependent Ca?* channelg %3} Ca’®*
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Fig. 6. Effect of 10 uM verapamil (Vp) on the contrac-
tion induced by 100 K+ (HK), 5 M acetyl-
choline (ACh) and fluoroaluminate (AIF-,).

o 52 o35 Aoz el Al (Triggle & Swa-
my, 1980; Goodman, 1981) verapamile] #3185 =
A3t9d o}, 10 M verapamil 2] 2] 4] resting tension
£ 4% WA gokn 10mM Kol &% £3£
AA3 AAl=Eg) o] voltage-dependent Ca?*
channel2 %3l Ca?+9] §¢] o] resting tension®] -
Aol & FodE B 2L ool ek 10 4M
Z A K] o]] acetylcholineol] v]&}ed fluoro-
aluminateol] 2| F52] 27|17} % €l 7HelA o
Asiglont Ca?* G ool )k 430] 27
v}e}ste}(Fig. 6), Verapamilo] acetylcholineo]] 2]
T 55 A+ -2 acetylcholineo) 2)3) 42
of] potential-operated Ca?* channel$- 3§} Ca?t<]
FYdo] d¥ Hod 32 oju]sl o]& acetylcholine
o) BHYTAHN YXTE FRYGE 23
(Farley & Miles, 1977; Coburn, 1979) 2} <l x]3glc},

verapamil

420l 4] G Protein®] o &—

Table 1. Effect of fluoroaluminate and verapamil on
4Ca influx in rabbit trachealis muscle. The
experimental conditions were in detail ex-
plained in the method. Data
means+S.E.M. of 4 strips.

represent

45Ca influx

Condition (pmole/g tissue/min)

1. Control
2. Verapamil (10 uM)
3. Fluoroaluminate

0.1521+0.024
0.116+0.011
0.4361:0,092*

4. Fluoroaluminate +

Verapamil (10 ;M) 0.222+0.016*"

*, significantly different from control; *, significantly
different from 2 (p<0.05)

- J: HK
L L AR
2 BX%: ACh
S w0} —

[+]
5
g 8ot
(8]
£ s}
o
o
® 40t .
o
g 2l Lo
: | |
K
[l
0

Control Heparinized Strip

Fig. 7. Effect of intracellular heparin on the contraction
induced by 100 K+ (HK), 5 yuM acetylcholine
(ACh) and fluorcaluminate (AlF-,). Heparin
was loaded intracellularly by the reversible per-
meabilization. Control tissues were also treated by
the same procedure without heparin. Data,

which are expressed as a percentage of HK-
induced contraction in the control strips, repre-

sent means+S.E.M. for 4 strips.

*, significantly different from respective control

value (p<0.05)

$5Cag o] 23l Ca Fo i3l fluoroaluminate
o] A7-5 343l 4 7} fluoroaluminate: 43Ca2] ¥
AS #HA3 =7 Z 1 10 uM verapamil E x| 4]
o)) = fluoroaluminateol] 2]& 4Cag] - Z7}+= 2

Z5] 9l c}(Table 1), olAle] Azt fluoroaluminate
o % 450 yEAoz Lrjsl Carre) F9
o] 29 42 v Car*el SUHZL voltage-

dependent Ca?* channelo] £ g3 d&& 3} o}
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Fig. 8. Relaxant effect of 10 yuM isoproterenol. The
tension was elicited by the addition of fluoro-
aluminate (AIF-,), 5 uM acetylcholine (ACh), 1
1M serotonin or 10 xM histamine and subse-
quently 10 M isoproterenol was administered.
The magnitude of relaxation by isoproterenol
was expressed as a percentage of the contraction
before the addition of isopreterenol. Data repre-
sent means+S.E.M. for 5 strips.

o199 B A2E 5@ Cave FYE Belgg
A A,

3. Heparing| &1}

28] 78 AZ WA InsPe) 88 S0z
AA e Aoz dedxl (Worley et al, 1987; Chor-
pra et al, 1989) heparin- loading A] 7] =] of 4}
acetylcholine®} fluoroaluminateo] 2]3l &8 100
mM Ktof| 2]¢} %3} vlmdt Helet, n¥E K+
o ©)4 422 heparin loadingo]| o}a 3 %& 4]
okl 0 1} acetylcholine#} fluoroaluminateol] 2|3} 4
L FEE 71 F 450 doltmd Aelw A
Zke] FA 3] AA= YL 2 27| = A LS
},

4. cAMPeto| AztA|

Fluoroaluminateol] ¢]3} 430} cAMP £ x w3}
7} B st S 47] $8ked adenylate cyclase2]
AL Z7HA) 7)== Aoz 4elA isoproterenole]
A7e B339k 10 4M2) isoproterenole- sero-

X of Relaxation

% of ACh Contraction

PT - + - +
Contrection Relaxation
by agonists by Isoproterenot

Fig. 9. Effect of pertussis toxin (PT) on the contraction

induced by fluoroaluminate (AIF-,) and 5 uM
acetylcholine (ACh) in rabbit trachealis muscle.
After a 2-hr preincubation with 0.1 gg/ml per-
tussis toxin in PPS, flucroaluminate (AlF-,) and
5 4M acetylcholine (ACh) were administered to
elicit tension and subsequently 10 4M isoproter-
enol was added. Data, which are expressed as a
percentage of ACh-induced contraction in
control strips, represent means+S.E.M. for 5
strips.
*, significantly different from the magnitude of
fluoroaluminate-induced contraction or
isoproterenol-induced relaxation in control strips
(p<0.05).

tonin % histamineo] 2|3} 4-&.2 9} 5] o]2A|F]
91} acetylcholine®} fluoroaluminateo} 2} 3k %2
3302 ogiRen 1 o|YAEE FAB

c}(Fig. 8).
5. Pertussis toxin2| M| &}

Fluoroaluminateol] ¢ 3 4 =o] B o3+ G
-proteing] &£HF-& ¢>] $3le] ADP-ribosylationg
Sto] G proteing AASE Roz e (Gik
man, 1987) pertussis toxing] F & FAs gt
(Fig. 9). 0.1 pg/mle] pertussis toxing 23] 7} A A
23§ & acetylcholines} fluoroaluminateoi] 23} <
8572 3431 27 fluoroaluminateo]] ¢]3l 42
2 A5 9 o1} acetylcholineol] o)t 4322 o
- kx| ofgki 10 uM isoproterenolel) 2j3} o|glE
3} pertussis toxin & 3] %] A] fluoroaluminateo]] £)
@ 420 AL BHY Fohshgont aceyl
cholineol] 913 %o helME FHe WA ok
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ki

&

Fluoroaluminate (AlF,~) 7} phosphate analog &
A G-proteind }=3hed 7hAZ, ellA, HI2
& AR AZolA S b e A el
e, & Aol BB FRAN NaFe 55
o Wb 438 e vl AlCl A7t o3
o &0 HA3 Z71E o 24 fluoroaluminate:
G-proteing 433} 428 Yo7 g vehiglch
(Fig. 1, 2), =2]1 fluoroaluminateci &}g} 4=-2Z0]
Folo] Hrhe 3 2~38 el e Sol & w e
7148 A EA 1 mM SITS A o] ole) gk
3] QA=) of (Fig. 3) fluoroaluminate7} 4| Z1j+-of
A g +22 Yo e ehigla,

Fluoroaluminateo]] 23} 4=%o0] & Lolloj| Ca?*
AAA] A3 AAsn Y4 Ca* Golloz AH
Al FFo] A3 715 2(Fig. 5) potential-
operated channel$- %3} Ca’to} o]%& o3l =
verapamilol] o]8} 30| QA =L}t Cazt |7 &)

oAl o] +&H ) 24 Jeldo 24 (Fig. 6) fluoro-
aluminateol] 2|3} 2o 2]H 2 X E 9] Ca?te] &
3ol 83 J & 39 Ca®* o] F-9 %2 2 potenti-
al-operated Ca’*-channelz} 2 o} 9] &) # 2 5 0] 83
S vehl 9l ol o]=*“Cainflux 4 & of] 4] fluoroalumi-
nate7} “Ca 9% #13| 27441712 o]l Ca
<2l F7}7} verapamil £ slol} 4 = Vel o 2
A H5 S S (Table 1), o]213} A=
Zeng 5 (1989) o] [5G Aol A Aalgl Ao} 5
d3hdeh zevt Hall 5(1990)2 49 7] 2% g
o] 4] fluoroaluminateo]] £]3F 4&o] 9 H-Lalg]

Ca?* A A ) A== Pk spdch, 24
3hal sl speciss] Aolod 210 AU 2
43) gkoh Hall 5(1990)¢] Agubtol sloiA

Car* g $Ae4 9] A= 45bo]i EGTA 27H%
F5o 93 dFo] long ARARNE 53] v)

;w37lE ol th

HEZol A A2t T3] o ¥ atel Ca’ol
FEHE A22E 94 9o potential-operated

Ca?* channel 3} receptor-operated Ca?* channel

T FFoll 4 G Proteing] o —

%3} Ca®*2] f<9o] 3t} & receptor-operated
Ca’* channelg &g Ca**o] -7 Ao o3 2
g A7t o] FolA ofoll Al Zutell EA3l= phos-
phatidylinositol th A& 2 el InsP,7} 2lujol] =5
Ca**& A7z felsl =i A ie] Ca**g
BE37) f6te] R 2HE ] Ca’ o] 3o o]
v Ao 2 ol#dz o (van Breemen, 1989; Coburn,
1990), z8lx o] HA2% %3 Ca?tel f3le A3
# o] Ca?* channel antagonist 5-¢] o 4] 2}-8-of off 3l
potential-operated channeloll w]sled = wlztet A
o2 od#z} ¢lr}(van Breemen, 1989), 2 A1y
A odez Ao A M| Z ] InsPyo] 2H8-& Hejzio g
AAd= Aoz o)z (Worley et al, 1987; Chor-
pa et al, 1989) heparine] 355 K*of 93} 420
+ 94 %3] o] fluoroaluminate$} acetylcholineoy] <))
G225 23 AA A7) 22 4 acetylcholined} fluo-
roalu-minatec]] 2|3t 4o PLCY 3LA13lo) 9}
o) 449 InsPyoll &) ¥ Ca*e) U3 olof
g =hE F3 Cato f9lo] o FgE el
1’/}( -1, B3 271FF0] v]S A3 A= o]

-‘E fluorcaluminateo]] 2}3F Z7|4Fo] 28
.,UE—% 8-S A A}slgd e, wtebA] fluoroaluminateo]
2] &} 42l o3} potential-operated Ca®* chan-
nel o] 2] ¢] Ca®* #-9]7] £ ¥ = inositol phospholipid
metabolismoi] 213} InsP; Z7}9} a5 Ca?t §-9)
o] oI L % ok,

Fluoroaluminateol] 2} &} 43¢l o 5l+= poten-
tial-operated Ca®* channelg %3} Ca?*e] §9o]
G-proteing] =}Fof 23} potential-operated Ca?*
channel®] 21A activationo)] ]38l dolili= Rl
Z} t}Z ion channel®] activationol ¢]3f whgs} =t
A9 BETel oo ol ez ek AclAE
£ qFsto 2 W @ 4 gich, w9 Goprotein
o] & A ion channel$ activation A]7]£3] cof& 7|
Aol BoASHEA L HakA] o} H 2 G-protein
o] =7 A K+(Pfaffinger et al, 1985; Codina et al,
1987) o] 1} Ca?* channel (Holz et al, 1986; Hes-
1987) & 24% 4 Yve Riago]
3 AR dZo 4] G-protein

E-3}o] nonspecific cation channel-2-
o] BtE3F& 3l 2.1 (Inoue & Isenberg,

CIQ

cheler et al,
9laL  acetylcholineo)

activation

S mto
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—opa Al e] s 2] ¢ A4 A 2 & 1990—

1990) 7+ 9)7] W ol G-proteino] A3 H§-& 1ieh
4 bsdel ek

A Z9te] G-proteinoll = adenylate cyclasee| #
A4zA o] #olsht Gesh G-prowin S o] e}
(Gilman, 1987), w2}4] G-proteing] activationo]
AZ cAMP 5ol W8S 2o sl 482 et
@ sh54o] Qleh e & APl cAMP S
& Z7}4] 7]+ isoproterenolol] 2}3] fluoroaluminate
ol 9& 430 o|gkg .o 24 G-protein 25 o
# £22 cAMP ¥29 Z7bz 49T 4& @i
(Fig. 8), Serotonin o]\} histamineol] 28} 3ol
u]3}od acetylcholines} fluoroaluminateei] 23l 4=
ofl e isoproterenole] o} gt & 77} ok o} (Fig. 8),
o]2{ &t 7 7}+ fluoroaluminate”} G-protein F2] 3}
1}o] G,-protein-d =}=3}o] isoproterenole] ZH£-&
AAgozA vehd shs4e] leow ol G
protein-g ¢} A 8} pertussis toxin A X ] ol] 2] 3}e]
isoproterenolol] 2] & o] A w7} # A 8] Fr}3to g
4 Belsoleh(Fig 9), A2 YU YT (Zeng,
1989) ol 4] fluoroaluminate”} isoproterenolol] £]3l
z}= 5] adenylate cyclase?] &41-2- A 5lod cAMP
FEE 2aAgE Las) ok, olgk gEAH e
2. acetylcholine?] 7§-$- isoproterenole] o]gl& 37}
pertussis toxin®] Aol o8 J3S wkx] 9ok
o}, 7133 2o A 5% acetylcholineo] 213} 4
Zo] el isoproterenole] ol Sk 7} v ostehe
AL gz 9o} (Madison & Brown, 1988; Ras-
mussen et al, 1990) = 7]A & o}F =i &3] v A
9]z 9c}, acetylcholineo] G,-proteing- =}53}ped
isoproterenolol] 2]3&} Al ¥ U] cAMP2] £7}1E5 4|
A 7)7] afFolebe Ha % )21} (Rasmussen et al,
1990) Madison®} Brown-2-(1988) dibutyryl cAMP
% Fo] Al X cAMP =& AH S HEE
histamine2] 73$-9}= =] acetylcholineof] &3t
InsP, &) Z7b} A4S 0 oo} Ted Goe
protein®] A Zrlube 2 acetylcholineo] 2|3k
4Zoil 3t isoproterenole] W& o] A& FE A
g 4 etz 3gln Gunst 5(1987) & & =&
agonist Sol] u]3}od acetylcholineo] large receptor
reserved 71A)7] wWEoz AREigich 2 AHe
A G,-protein-g A3} pertussis toxin A A X} A]

fluoroaluminate?] 739 isoproternolol} tij3t oj<l=]
T 7} Z716}93 21} acetylcholine®] 73-9- A& <3k
o} ¢lo (Fig. 9) acetylcholineo)} tf) 3} isoproterenol
o] w|oFdt o] kA& acetylcholineoi] 2|3gt G-
protein®] &4F7t2 A9E = g5 A%
o},

2ol whe} PLC $4Z7}oll Zed 3= Geprotein
o] 287 & Aoz od#A gl (Cockeroft,
1987) &35 32 of| A & fluoroaluminateol] £}3F 4~
Z0] G,-proteing] 2] A]-E2 9] pertussis toxino] <]
8 o34 5]} (Cushing et al, 1990) <125 2ol 4
+ pertussis toxinol| ]3] A 5]z 9= G-protein
o] WddlE= Ao g Haxlo] glrh(Marcet al,
1988), 7|@aBaolH PLCS] S4o] THeishs
G-proteine] ZFol HefA & deidl o ot 4
Z Lucchesi 5-(1990)-& 49} 7|33 32ollA] mus-
carinic receptor®} acetylcholine®] 73}to] pertussis
toxinol SJaf A3 J& WAl %L W] Gr
proteino] oi @ H54e Achn e & Y
ol| 4] G-proteing] A-&-2 A &= pertussis toxin
ofl 23 fluoroaluminateol] £)%t =33} &) acetyl-
cholineo] &% 43 37512 @keh(Fig. 9). 5
Uy A A PLCY 4z A2 ¢
G-proteine] Fojdte Ao A€ olH 2
2 7133 gZo)4 PLCo| 2 3} inositol phos-
pholipid t Aol G;-protein ©] 2] 2] G-proteino} 3o
3 o=z AztEv fluoroaluminated] 739 Gp-
protein inositol phospholipid thA} o]9je] 7]A-&
Fohe] #30] DI Y o2 AR,

- | =

7|89 F2o) 4 G-protein®] 53Rz deiAl
fluoroaluminatee] %713 & sz st ok
Flouride: 0.6 mM}-5 7|35 g2 438 o7
3] 5mMollA Ao 4%& el AlCL
7o) &3 4Zul2o) A3 Frl=dch, fluoro-
alumintaeo]] 2]3 42 1 mM SITSo| 28 <A
3 gA=lo] AEWENA 2E3E b,
Fluoroaluminateol] 2}3t 4% Ca? gl £,
verapamil | 8), z2]lx 35 K+ &34 &
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23] 7+4 5 fluoroaluminate: 4Ca®l -+9-%
A3 Z7} Al e o]l& 10 uM verapamil Zz)
st A = elstel, AlZWoll4 InsPyo] 288 &
ol7 o g ogA|sl= Aoz Ude]R heparing load-
ing A1 2l LEE Kool 98 $5 3%
ukz] 9kol o 1} acetylcholines} fluorcaluminateo]] £]
& 552 A9 sk

Fluoroaluminate$} acetylcholineol] &3 4-&-&
isoproterenole]] o] & HEA o2 o]9Egl o
fluoroaluminateo]] 2]§} 432 pertussis toxinol] 2]
3 LR "og oA %9 isoproterenolo]] &]3} o]
SEAE F718I31e. Acetylcholineol] 93 453}
o]ol] o3t isoproterenole] o] 9l & 3} pertussis
toxino] S8} L WA Wskeh, o)) AT L
fluoroaluminateol] 2}3} G-proteing] =<4} poten-
tial-operated Ca?*-channel-& E3} Ca?*to] ¢}
InsP,o )3 AL Ca?*e] Eo] BAJof o]
Sl F|BY B2 238 Lo UL b

o
o,
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