A EEtel=] A8 A 2E

3k A 20] Adenyl Cyclase Activity of] u] %]

SEELEICEEL L LR

ool

22 &0 & 52 5

A

= Abstract=

Adenyl Cyclase Activity in Cold-acclimatized Animals

Bok Soon Kang, M.D., Sang Ho Lee, M.D., D.M. Sc,,
and Doo Hee Kang, M.D,, Ph.D.

Department of Physiology, Yonsei University College of Medicine

The object of this research is aimed to determine the activity of adenyl cyclase in both skeletal
muscle sarcolemma and fat cell ghost of epididymal adipose tissue isolated from rats exposed

to cold for various length of time in an attempt to evaluate whether the tissue sensitivity to

catecholamine is increased when rats are exposed to cold for long periods of time.
Methods:

a) Animals:

Albino rats ranging in weight from 150 to 200 gm were used throughout this study. For
experimental purposes, the rats are divided into two groups: experimental animals were placed
in a cold room at 4°C, controls being kept at 25°C. At the end of 2,4,6,12, and 16 weeks.

exposure to cold the rats were used to measure the adenyl cyclase activity.

b) Isolation of plasma membrane from skeletal muscle and adipose tissue:

The plasma membrane of skeletal muscle from hind limbs of rats are prepared by the method
employed by Rosenthal et al. and fat cell ghost of epididymal adipose tissue of rats by the

method employed by Rodbell.
¢) Adenyl cyclase assay:

Adenyl cyclase activity were measured by the method employed by Marinetti et al. Briefly,
plasma membrane was incubated with *H~—ATP, various amount of noradrenaline and other
incubation mixture at 37°C for 20 minutes. After stopping the enzyme reaction by immersion in.
boiling water, carrier 3/,5-AMP was added to the system as a marker and 100 ¢l aliquots of
incubation mixture were pipetted on 20X20 Whatman No. 3 MM filter paper for one dimensional
chromatography. The cyclic AMP spots were cut off and placed in counting vials containing 10-
ml of Bray’s scintillation cocktail. Radioactivity was determined with a Packard Tri-Carb liquid

scintillation counter. The enzyme activity is expressed as nanomoles of cyclic AMP produced per
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mg of membrane per hour.
Results:

#]-3o] Adenyl Cyclase Activity o] ®]xj%& o gk—

1. Average adenyl cyclase activity in the plasma membrane of skeletal muscle before and after

noradrenaline administration was significantly higher in the cold-exposed rats as compared to the

control. Continuous exposure to cold produced an increased adenyl cyclase activity before and

after noradrenaline administration. Adenyl cyclase activity reached peak levels at the 6 weeks

exposure to cold and level of adenyl cyclase activity remained high.

Noradrenaline administration to the incubation medium induced a significant increase in adenyl

cyclase activity and the degree of stimulation were proportional to the hormonal concentration.

But the rate of increment in adenyl cyclase activity by noradrenaline was the same in both

groups.

2. Adenyl cyclase activity in fat cell ghost between cold exposed and control rats showed no

significant differences before and after noradrenalme admmxstratmn

In summary, it can be concluded that cold adaptation give rise an increased activity of adenyl

cyclase in plasma membrane of skeletal muscle in rats.
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gl oo} FAYTHBLW, ol YA
Pl $d =% F2d =ebd dzAl Jehved 4
AEES U FAS mEAAE HAd A9
.catecholamine 34 @ $87 E7Ha B =8 'Bﬂ/ﬁ
5] & catecholamine & oF% 7} £} 18~17,243D 75
1 APFES TR AU =24 TEAS
o] Adojd AudlAE mFol wids e
8 ok o3E F&HT EANA AL LRFFH
nonshivering thermogenesisel] £]3F g4 Ale] 715
3 oE WA 589 ZWE noradrenaline &
51235l noradrenalinedl wigF 229 N FEs} g2
el woed WAS AN 9ed BT,
1965 Michael 3= i A g5 Ex% A uld]
.catecholamine -2 31 %3 723 brown adipose tissue
<A Ak AxgE gl F7EE nmEgch
196913 Lutherer®$-2. 71214 »%e] Astd #F o
Al =2AR L ALY e wzEel ot
o #As wEh wale 2%e] wAsE catechola-
amine &) o3& WE T ¥lgte] 48 YA HEE Bu

catecholamine

S0,
o] # AF4A.& catecholamine o] gk =44 =l 7+=7}
A1 g7 w-Folekn dkgdvh oleldt FEel thy-

roxine ¢] 1} theophylline & %o dtam P33 =%
A7 E we] WA= catecholamine &) ¥ 7r4
mg o]k okE By} catecholamineo] @ F42]
HNAEE A SRS AT sk

o] A8 AATL v Te] AL 2AHAA ATP
(adenosine triphosphate)& 3,5, —cyclic, AMP(3’,
5', cyclic adenosine monophosphate, c-AMP)Z Al
A7 2 #4351 Avle ELd
adenyl cyclase 8] 24 level & Z7HA13 7ts4del gl
odebn] Fekshe] L Adl F4gh

phosphorylase &

1. ASKE o gy

>

HEEE

= 1500 =) 200 g 5= 4 27 (Sprague Dawley)

£ AgFER sk
438e AT Wate F ToR e A
sged, 4gEL 4°C2 28 BFA, A2FT
1

2 25°C o] ARl A QTR 2 AR
Ageked Al Agstd

A48e FI=FF F8 2%, 45, 65, 125 9
165 Ao 2 A3y 2E 2] 10skd]l st
= 3379 §xFA 25 epididymal adipose tissueZ-
AR ke o) Bl A A E7E F25he adenyl cyclase



—ul g2l A 84 Al 25 1974— 155

9 activity & 2R3k

B. dgutd
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T Zol A A 2] el Rosenthal 5 uld]
Feget. F 4P T 2T 2331E Aol
A7 F A5 §x FAZE AAStY 2
Aukg AAT F BegF HFsd 0°Cz WYA4s 50
mM CaCl; 4o 100mlel] ZA2& zhzo]l Waring
Blendor £ 10# 7} homogenization3}i ¢] homogenates
£ cheesecloth & %3te] o5t & o3s}H4.L sorvall
superspeed RC2-B Automatic Refrigerated Centrifuge
(8S-34 Rotor, Ivan Sorvall Inc. Newtown, Connecti-
cut)Z 4°Coll A4 3,000Xg & 527 Q427 sx o
o A7 AAEL 80ml ¢ KCl Buffer(d5mM KCl,
30 mM KHCO;, 2. 5mM DL-histidine monohydrochlo-
ride, pH 7.8 #-#A#A 4°Col4 3,000Xg & 5z
74 33 LA Ee] stk ol AR AEHL vy
FAEo| v}A 80ml ¢ KCl Buffer & 75t 37°C
= Ze] 4 3027} incubation §13, incubation
S0¢ Agol 5E2 ANE F AL A3AL
AAE2 320ml &) KCl Buffero] r}A] 24
A A4 45 FFstgdet o] 2L
43] AbEgrh olw] FAZ A A3e] 5135 sar-
colemma & &3t4 28 AAF 9. AAE-L 320ml
8 AFfraod] FHAA 2o 527 WA Az
2 swelling A1 A AFu JEo] A3 »d o
=5 k3, Asde Wz AQEL 2.5X10N 9
NaOH g-oa} B84 4°Cll4] 3,000Xg = 15& 7k
dAaEdsted AN WEyaz o] 22 By o 4
5-5le] sarcolemmal tubule & F-eldlgrl, sl sar-
colemmal tubule 2] ©A X% Lowry # #e] =
she] A shgivlo,
2. Epididymal Adipose Tissue 0|4 Fat cell Ghost
o] 2al
Epididymal adipose tissue o] 4] fat cell ghost ¢
2% Rodbell 4 59 upgl o2 ohglc}am®,
A@Es 2T 3F A epididymal adipose
tissue & AAdtm, 4 lgm B 1% albumin buffer
(124 mM NaCl, 4.0mM KCl, 2. 0 mM KH,PO,, 1.0
mM CaCl,, 1.5mM MgCl;, 2.5mM Tris-HCI, 1%
Bovine Albumin, pH 7.4) 3mlg} 10mg9] colla-
genase & 7lsle] 37°C 2 2AH 244 147 S
incubation 3}¢] sorvall centrifuge(SS-34¢ Rotor)z

4°Coll 4 400Xg 2 17 AL F, 5429
o AZe] B85 A £E 1% albumin buffer
dl eRAl FGAA 400xXg 2 1874 33 A2+
dte] kA EE gtk 283 AMdEE s5mld
lysing medium(2. 5 mM MgCly, 0. I mM CaCl,, ] mM.
KHCO;, 2mM Tris-HCl, 2.5mM ATP, pH 7.4)
of FfAA, Ffole] € AL 32 2hom 20
3 AR BEo] AW T E swelling A7 F sorvall
centrifuge 8 4°Cdl 4 200Xg 2 127 QA% 3o
Eergt sE9-s 2t o] 224 AukAl 24 swelling:
o] o o] 4k dofrlx kg 7R HEESIGE o] Al
A QL 315 Ng 4°Coll A 900xg & 1587k WA=
gt AFAL wigln AAEL 1mM KHCO; 84
Bg-AA 4°ColA 900xg 2 1587 4= 54
fat cell ghost & «1git}.

Fat cell ghost 2] wMRA FELX Lowry x| o2
24 s ek,

3. Adenyl Cyclase Activity 2| &H

Adenyl cyclase activity 9] £34.& Marinetti %] ¥}
o EHe®. F 150 pg o wiw A SFEHE TH
& A x= == fat cell ghostd] 5mM MgCl, 10
mM Theophylline, 10 mM NaF, 5 mM Caffeine, 25.
mM Tris-HCl, 0.1% Bovine Albumin, 2. 5 mM ATP"
9} 25 uC 9] SH-ATP(specipic activity; 531 mC/mM)
7} 85 e] 9lx, pH 7. 4% 523 X incubation medium
< 75t 37°C = 243 2o 4 2037 incubation.
&gl Incubation o] &vbwl o] Lol 70 ug & 3,5,
cyclic-AMP(c-AMP)E 718 ¥ &+ Bl 387 &
0] enzyme & MH-3-& A AFlx, A-Hel e
WA, o] £ 100 xl & # 3] 20X204] Wha-
tman No. 3MM filter papere] <73 isopropyl
alcohol: cone NH, OH: H,02 7:2:14 vl &2 &
gg 4olel 2ol cAMPE 2zdte ultraviolet.
lamp 2 ¢] c-AMP spot-E e} Zelwe] ¢]E coun-
ting viale] 23 o] vialel] Bray # £4P 10mlE-
7+8ke) Packard Tri-Carb liquid scintillation spectro--
meter(Model 3320, Packard Instrument Co., Inc.)=.
e SA s

Adenyl cyclase &) activity 3= b4 1 mg 7 A7
%olo] JAx c-AMP & nanomoles 2 X A8},

Y43 49¢ AT E2TY F42 Azt
fat cell ghostel}l 1077, 107, 1075 2 10~* M &) nor~
adrenaline & 2 7}3] €] adenyl cyclase activity 2}
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ZAZY Az A F45E ccAMP 9] ¢k3) incu-
ibation A] 7+3}+9] AAS A = A 1 Eoll Vebd wlol 2Eel

Adenyl cyclase 8] activity = < & 3lvj2} = incuba-
‘tion A] 72el] wel FAE = ccAMP 8] ok thzAl U
E}yti=d] incubation 5 djd] = 14 n moles/mg v} A,
102 ool 34 nmoles/mg ¥ A, 158 djofli= 45n
‘moles/mg M2, 321 203 idli= 58 nmoles/mg
kel 4 2 4 incubation A] 7te] A o] Fd] wie} c-AMP g
HAgL A4 o F/48z 9l 2} incubation A 7}
302del A= c-AMP 4L Aol ol sa-
turation phenomenon g ®.o] Fgirl, wehs E 43
-of] A4 = incubation 4] 7+-& 20802 34 FH o),
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“Table 1. Effect of different exposures of environmental temperatures on adenyl cyclase activity in ske-
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incubation period of time.

A A1 E Jebyd wbet v}
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of c¢c-AMP formed by varying

noradrenaline 22 c-AMP

34 ek A8 Fo] 40nmoles/mg ¥ A /hr.o] 2 o

letal muscle sarcolemma before and after noradrenaline administration.

Adenyl Cyclase Activity(n moles/mg protein/hr)
P reEs
T N . A Noradrenaline % %= (Molarity)
CP)
F o4 A 1077 106 10-5 10+
o O 36+2.5 41+3.5 51+4.6 66--5. 2 704.7
2 4 & * 40+3. 1 48+4.0 59+5. 1 75+3.6 78+2.5
P >0.1 >0.1 >0.1 >0.1 >0.1
2} E 51%+1.2 624+2.6 75%3.7 95+4. 4 9610.7
4 4 # + 60+2.6 704+1.5 91+3.5 107:+1. 4 108+1.5
P <0.02 <0.02 <005 <0- 05 <0. 05
o - 68+2.6 8042.5 97240.9 11242.5 118+3.0
6 4 83 ¥ 77+1.0 94+1. 1 1174+2.5 130£3.5 140+2.5
P <0. 01 <0.01 <0.01 <0. 02 <0. 05
4 2= F 6442.0 77+4.4 96+4.2 119%7.6 120*1.4
12 4 3 * 83%3.5 94+3. 6 12545.5 145+7.7 1484£3.5
P <0.01 <0.02 <0.01 <0. 05 <0. 001
] A 65+2. 6 78+3.7 98:+3.5 11748.7 1214+7.4
16 4 F + 845.0 97+2.0 12444.5 1508. 0 145+6.5
P <0.01 <0.01 <0.01 <0. 02 <0. 05
P: A3 s dAx3Y J3F3] 324 Pae o

NA: Noradrenaline
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“Table 2. Effect of different exposures of environmental femperatures on adenyl cyclase activity in fat
cell ghosts before and after noradrenaline administration.

Tl B 7 Adeny! Cyclase Activity(n moles/mg protein/hr.)
(-] gLl
T N A Noradrenaline 5% (Molarity)
S = oa oA 107 10-8 10-5 104
ER i 1.0%0.3 3.640.5 9.6+1.6 15.3+1.5 19.1£1.0
2 4 ¥ ¥ 1.3%0.5 3.3%0.3 8.441.1 14.3%1.5 19.2%1.1
P >0.1 >0.1 >0.1 >0.1 >0.1
z 1.0+0.2 3.0+0.6 8.8+1.3 13.5%1.5 19.240.8
4 a4 7 F 1.240. 4 3.020.4 9.9+0.9 15.342.3 18.5+1. 3
P . >0.1 >0.1 >0.1 >0.1 >0.1
9 9z F 1.2+0.4 3.3%0.7 9.0%1.3 15.3:1.7 18.3%0.6
6 4 8 % 1.4%0. 4 3.6=0.5 10.8%2.0 16.0%1.0 18.5+0.4
P >0.1 >0.1 >0.1 >0.1 >0.1
z T 1.140.3 3. 60.4 9.00.7 13.5+1.8 16.4+1.5
12 4 8 % L.240.1 3.0%0.9 9.620.8 15.0=2.5 17.5+1.5
P | >0l >0.1 >0.1 >0.1 >0.1
g = F 1.140.2 4.2+1.9 10.24£2.9 13.5+1. 6 15.0--1. 2
16 4 3 x 1.3240.5 3.6x0.6 9.0%2.3 14.2+1.2 16.010. 8
P >0.1 >0.1 >0.1 >0.1 >0.1

P: AW T3 22 JTA 2 Parg o
NA: Noradrenaline

F7°] 36nmoles/mg =9 /hr.2 AgFe) vz
vt &7 & AE 2ot 99 gle Aol oky
grh 1077, 1078, 107° 2 10* M &} noradrenaline -g-
A7 S W c-AMP A B2 HsbskrlAle] uldhe
I FESA Mg wlEl AQA Lz kT A T F
7t st et o Abeldl = 48] gl Aolst dgdeh
W =F ALE AR cAMPEAFE 2L
w} gl =% T 46| ¢ A= noradrenaline ¢4
c-AMPS] of.& o} 2-F9] 51 n moles/mg wh# A /hr,, 4
P FL 60 nmoles/mg kWA /hr, P F F 65 &
noradrenaline 514 ] £Fo] 68nmoles/mg wkud 3/
hr.e]x A3 Fe] 77 nmoles/mg gk} A /hr., ¥4 =&
1230 noradrenaline ¥&A W2 FEL 64n moles/
mg w8 /hr.o] 3 4 87L& 83n moles/mgyl W A /hr.,
163 noradreualine H-e§zx W2 FL  65n moles
/mg sk A /hr., 4% T4 84 nmoles/mg w3 /hr,
2A A7 Y =32 T ALl deirimm
A c-AMPYAZHL FAFE AL ¢ 4 gtk
Noradrenaline ¢} 2 adenyl cyclase activity 2] &4
32 cAMP A ke o4 BF Y3 £2 F
Sd HHsted FAstgEd 2 FAEe 10°Ms

10°Mol 4 743 Esieh.

C. 8I'¥ X}=0] Fat Cell Ghost 2] Adenyl Cyclase
Activity 0| O|R]|e 9sf

g H&x 3¢ epididymal adipose tissue 2]
fat cell ghoste]4A noradrenaline £oxl3} Eoj%
ol glelA c-AMP &2k A 286l vhebd wheh 7
o] ZAA BE ule} o] fat cell ghostdlA
c-AMP A wg AT WEFE Apole] o] F
£ 4 ddedd, 3 =& A3E 4F AFdeE=E
c-AMP YA 28] F7l= & 4= ¢l4it}. Noradrenaline
S 34 FuznA cAMP Y4 gL TdAld ulsle
FEA vdstel AR Fotgos FAT Azl
At vt R 2 SHEE 10° 2 10°M 9] nor-
adrenaline & 7FAlo] 743 Fokelth.

V.o &

ARFES WY A Bl A A2E A
L2 7237 $5te delskx AE fAde] o kw
o] % catecholamine o] $23 F3L gle AL o
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z2.0 Xy o noradrenaline & 53} noradrena-
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Catecholamine & ATP & c-AMP 2 A A7l &
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gdeel olEe T =FAY A& 24 d¥=
thyroid hormone 3} catecholamine ¢} A}% 28 0 2 o]
Foagz st A A1l AR FEAAE
ZAY adenyl cyclase 8] oFo] ®Hxjz wlelA o]

= catecholamine Bul7} Aoz o] Foxdz=
c-AMP &) g4o] 744 Aolztx FE3gr,. ol
T S FEAAE T AT welslde] 2% H
Aolzm =& FA U adenyl cyclased] Z4E cate-

cholamine o] W% A4 wAEE Azt 3

2 AYAA AAE 4°C 8 FF4Q4] 2F, 47, 65,
1% 9 1657 =2AA W4 A3 A2E e
4 W9 A5E o7 F AAY Fx 2AZY A%
uksl fat cell ghosteof] 4 aaenyl cyclase ¢] activity

u A& Fg—

2 23 vl 3y 3] dolwd Ao A = adenyi
cyclase 8 activity 7} 2 Fel] dleled HL& AL &
+ g

T =FF 259 AL, AP TFo] dzTdl #F
&} noradrenaline oz ol v} B Fdl 9lel 4 adenylk
cyclase 9] activity 71 E¢teut 218 g Kol o}
vget 28 g =25 4540 = 258 A4 ¥
3le] adenyl cyclase 9] activity &= noradrenaline %
dxoly FeFe gleld EeAE nglen oy
§ ZAL 8 =27S 6%, 125 281 163F2
AAstzzA 459 ZAd #ste] adenyl cyclase?]
activity 7} S/ 2 g€ ¢ <+ gk 28u &
Y =% 650 adenyl cyclase ) activity & 3| 23S
debia, 1259 1652 @Y & 7 E QA
2% adenyl cyclase &) activity & 659 Zz ¥
ol 7 @oieh,

A SHAAL T 2F 4F kol o] Fo] At
2R 2 APNA adenyl cyclase 9
activity 7} @Y =% 65 74x& AR Fukstebst 65
ol A% ghlel] =FSlHEtE v oA FAbEA ¥
AL P A Lol o] FolA] AR ZAGA adenyl
cyclase & activity 7} Azl S7tslzm 4=k A -3o]
o] el xm o] oA} FUMEA & AAEld Fn
Qeb 2ok weld A28 B9 =EE WY AL
o] o] Rl A E A$ A-sHAY hiw TAT A=
o] A adenyl cyclase &] activity 7} St e AL
2AEE 5t o5 dsieh

FAZ Alxzese 2e] white fat tissue ¢l epi-
didymal adipose tissue ¢} fat cell ghostel]l & FF

2=F o 2 adenyl cyclase activity &= S/ =] o
okairh. 18l brown fat tissued] A ¥ =pFo]
FATI =R AEE
AR AL FojE A4k brown fat tissue
= pofe] §idr Hol A fat cell ghost & Rgld~] 7+
Zuete 2 Agd A AL Fgod & AL
58] kgt At A A4S = atolv,

i ~5\—l.1;],]3).

adenyl cyclase &} activity &

v.g £

FF 1500A 200g5E AR A2TL25°Co 4
B46] ABTL 4°C 8] WA mFaed, 9 =%
2%, 4F, 6%, 12F 9 1654 SAFATY A
Xtst epididymal adipose tissue @] fat cell ghost
ohesh

Al A adenyl cyclase ¢] activity & &3 354
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