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LAy cyclic adenosine 3, 5’-monophosphate & 7714
B BB T 5 HTE

I. 4 X.L#y cyclic adenosine 3, 5-monophosphate {7744
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HORER R H I B AR

)"

(RBFI604E 3 A 29 H Z1F)

BRERR IR < FFTEEF % cyclic adenosine 3, 5-monophosphate (cyclic AMP) {KEHEHY >~
BEEBEROA X LDHIC B 2BERFNHE LRI L, A RLHOKREY = 74— b % 29,000Xg T 20 5
BLL, ZOLEEMESEL THRRERE L EAY) VBIBERELEOEBEpH 3 6 ~ 7T, Bkt
ZfiDoEBA A ELELL, v R VY LABBOENTH o, 20 km{EiX 0.7 mM T, cyclic AMP
FINOBE/TERZRD Lo, A MDY YEEICHT 3 cyclic AMP O &2 7 0 km {&!3 30 nM T
5X10°°M T3EOBERFED LENASNT-DIIZL, cyclic AMP LSOO X 7L 4y KTl
5 X107*M T cyclic AMP iIZiT W EEER R LA, BETHSLER Y, 7F /¥ >=) v BO kmEiZ %
HLZ# 100 pg/ml, 20 uM T, cyclic AMP OO FETEER D o7, LA MCUNOEEE L
T7ud 3 v 2EALEEIE cyclic AMP BEEESIZ XA D 1/4 TH -7z, DEAE T —2R
HAZLz70% b 274 —TERY) VEBBRIBHEREDEVIZINIA LTI L4 7UOT AV
ALIDET 2 ZEAHANTVBD, 4 RLEHEH ) YEEERIL 0.1~0.2 M OFWEEE TIEHL,
$ATUNTHE I EMNPEL Mo, BLEX D 4 X0E cyclic AMP 5(EHER Y VBILEEOEE I
BOEBBLOFN EFLL, 2074 VAL L0BE L, Ty EOKRBYL & —B LTz,
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Cycljc adenosine 3’, 5-monophosphate (cyclic
AMP)KEHER Y v BtBRIE 2 OEA L ) VB
b3 28ET, cyclic AMP Iz X » T Iz EM F
A2, VB2 FTE20REAEDOYY 2l
AvA=rBErubhTh 5, KEESIS SRR
D cyclic AMP 2 & - THUIEa h, [ < BRI 7E
T 52 &H5 cyclic AMP 2 & 2 RV E VEIRIZA
BARBBEOENLLBEUTHRET S Z e RB s h
TEr), 2 LCroEteRGRRom<, EAY
YERLBER O R u B2 5 D subunit D — 7 @ regura-

tory subunit (R) iZ cyclic AMP »3&& 4 % &, catal-
ytic subunit (C) 3 EHT 272D B T 5 2 L HHER
ENTn3EM,
RC+cyclic AMP & R.cyclic AMP+C

DR B LT HREER I cyclic AMP DR
RELT, BROBPLEHFET S I LidfHERT
VB, A XL OEBRCOVWTOMRREZL
VW, FIZTEHEIZA X EBRAWE cyclic AMP 241 %
RVE D ETFVEROERNMET L L T1 20K
B2 KBEROBELHEE 2 RETL .

Abbreviations : ATP, adenosine triphosphate; C, catalytic subunit of protein kinase:
cyclic AMP, cyclic adenosine 3’, 5’-monophosphate ; cyclic CMP, cyclic cytidine 3’, 5
monophosphate ; cyclic GMP, cyclic guanosine 3’, 5’-monophosphate ; cyclic IMP, cyclic
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1. A4 X0ff cyclic AMP KEHER Y v B{LBER
DF:E]

HERA Y b LES —VEBTH%, B
COEERE L, OB, Mg ERVLLLOEHEER
lg47zn 5E05mMY YBA Y VLA 2mM
EDTA (pH7.0) T, 4°CTF2afv—-Y 77 v >
F—ERWTHRL ., 29,000Xg T 20 SMELL T
B/l LW 15meg/dl OB 7oy 3 v EHML, 10
SRR EE.G Lz, WICZ O LB 32 g/dl DOFRE
7 vES Y ARMZ, 30 SEMREEL L HREE 100
EEBOSmMM U vEAH Y Y4, 2mM EDTA (pH
7.0 KIBEL, —HREN T, ZOBMKREERE
Bl —HORBRTE, ZOEBEREREEL
5mM VY B4 Y 7va, 2mMEDTA (pH7.0) T
WEEH2.6X40cm D DEAE XLV O—X T AT,
0~0.3M#{7 bV v AERUEEFRIC THEH
L, 74 V¥4 Len8ELT.

2. cyclic AMP {kEMEH Y »BIBSREEOH
E

cyclic AMP M ER ) v EEBEREEORE R
Kuo 5"DHFHEIC & Vo7, HHEDRIGHE I 50
mM Eefg7- b U 7 AEE (pH 6.0), 5 mM Effg~ 7
P L, 5mM 7 vibs Y74, 0.1mMEGTA,
0.1 mMy-32P-ATP (20,000 cpm/n mol), 2mM 7 7
7 4V, 2mg/ml FHHEIHFREE X b >, 2.5 uM cyclic
AMP OFEE I3 EEETBHRER 2N THRE
200 gl & L7z, 30°CT 30 ARG S €72, 4ml D
5%t Y 27 o—NVERE(TCA), 0.25% 9 > 7 A7 v
+ Vv Aa (Na, WO,) # (pH 2.0) 2z CRIG#%
7. 3000 rpm, 10 SR CE D LIRS 1 NAKE:
£+ bV A (NaOH) 0.1ml THEfEL, HU TCA,
Na, WO, # %%, 1.2 NFif# 0.1 ml 202 7z, 3000
rpm T 10 ARELL, ZOBREZLI—ELS DN Z
Lid &, itk % 1 N NaOH 50 pl CH&#EL, 10ml ©
YuFU—F —ER(TB VLT, 30% M) b X~

100 DiE#E L1912 4 g @ PPO, 0.1g @ POPOP %4
L) EMA, WEY > Fr—¥ 3> 77> —(Packa-
rd, Model 3385) Z THIZEL 7=, V&ML pmoles Pi
incorporated/ug protein or tube/min TRL 7z, 7%
BRIGERTIW 2.5 uM £\ L 5 M cyclic AMP %
MAKOFEEERIEE L L, cyclic AMP iz 4
WEFDEME £ DE % cyclic AMP KEMER Y L EB{L
BREELRE L. E081E Lowry B2 X 0 ElIE
L.

cyclic AMP #&8EiE Gilman® DT EIZ X DEIEL
7z,

¥-32p-ATP iZ Amersham Searle #t, F4HEt 2
b > % Sigma #, DEAE + L u— X% Whatman #
Y VAN

B &

1. BEREMERIE &G DOREY
1) B % #
EREE»2 CERY VBRIEBREELHNET S L
(B91), cyclic AMP &I & 2EH Y EBLBEER
¥EEIE 30 ug T, cyclic AMP FERIIEFD ki3 60
ug ETHERHEERNC LELL, #oTUTOER
TREH) VEBEEREEOREC 10~30ug 0E
HEEMAWL.
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Fig.1. The effect of enzyme concentration on
protein kinase activity.
Protein kinase activity was measured in the
absence (® —®) or presence (O—0) of 2.5 uM
cyclic AMP. Incubation conditions were as
described in the text, except for the variation in
enzyme concentration.

inosine 3’, 5-monophosphate ; cyclic UMP, cyclic uridine 3’, 5-monophosphate ; dibutyry!
cyclic AMP, N&-2°. 0-dibutyryl adenosine 3, 5-monophosphate; EDTA, ethylenediamin-
etetraacetic acid; EGTA, ethylene glycol bis (8-aminoethyl ether) -N, N'-tetraacetic acid;

N
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Fig.2. The effect of incubation time on protein
kinase activity.
Protein kinase activity was measured in the
absence (® —@) or presence (0—O0) of 2.5 M
cyclic AMP. Incubation conditions were as
described in the text, except for the variation in
incubation time. The amount of enzyme used
was 20 pg.

AMP DFEHE T CRBEEHEIHIFE LA L, E@#pH
36~7Th-H7.

2. BB B L U effector DIBE L BRIEK

1) R b

BETHLEATNORES»ZTERY VLB
FEELRE L AREER 4 1TRT. ER N BREN
0.4mg/ml E TIHXEHY > BLEBERREYE cydic
AMP JERINAFEMSEIZ E b LR L, ThlED
BEECIHREMIZEA L 2. half maximal phospho-
rylation 7> & EHE L 72 km {Ei 100 xg/ml T, cyclic
AMPOHETE 2R mod. 72 Vmax iZ
cyclic AMP #&/0f% 11.4 pmoles Pi/pg protein/30
5y, JEVRINEE 2.1 pmoles Pi/ug protein/3043TH D,
cyclic AMP ¥RiInC & 0 Bk L BEEOFAHRELE

200

1001

pmoles Pi/tube/30 min

Fig.3. The effect of pH on protein kinase activity.
Protein kinase activity was measured in the
absence (®—®) or presence (0—0) of 5uM
cyclic AMP using 50 mM sodium acetate in
incubation mixture and in the absence (m—#8) or
presence {0 —a) of 5 M cyclic AMP using 50
mM potassitim phosphate in incubation mixture.
Incubation condtions were as described in the
text, except for the variation in pH of 50 mM
sodium acetate and potassium phosphate. The
amount of enzyme used was 15 ug.

Km, Michaelis’s constant ; POPOP, 1, 4-bis [2- (4-methyl-5-phenyloxazoyl) ] benzene ; PPO,
2, 5-diphenyloxazole ; R, regulatory subunit of protein kinase; RC, holoenzyme of protein
kinase ; Vmax, maximal velocity of enzyme reaction.
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protein kinase activity.

Protein kinase activity was measured in the
absence (® —@®) or presence (0—0O0) of 2.5 M
cyclic AMP. Incubation conditions were as
described in the text, except for the variation in
amount of cyclic AMP as indicated. The
amount of enzyme used was 20 ug.
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Fig.5. The effect of ATP concentration on

protein kinase activity.

Various ATP concentrations were prepared by
the addition of cold ATP. Protein kinase
activity was measured in the absence (@ —@) or
presence (O0—0) of 2.5 uM cyclic AMP. Incub-
ation conditions were as described in the text,
except for the variation in amount of ATP as
indicated. Km value for ATP was calculated by
double reciprocal plot as shown in the inset.
The amount of enzyme used was 18 ug.

Fig.6. The effect of various divalent cations on

protein kinase activity.

Protein kinase activity was measured in the
absence (crosshatched bars) or presence (plain
bars) of 2.5xM cyclic AMP. Incubation condi-
tions were as described in the text, except for 1
and 10 mM concentration of various divalent
cations as indicated. The amount of enzyme
used was 15 ug.
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L, 9100 M TH S b —i23#EL 7z, dou-
ble reciprocal plot {2 & % & @ km B 20 uM T,
cyclic AMP OEHETEZBD LM o7z, Vmax X
cyclic AMP FRI0FF 32 pmoles Pi/ug protein/3057,
JE¥S NEEF 10 pmoles Pi/ug protein/30 43 & cyclic
AMP FINZ & DK 3 EDERMA SN
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Fig.7. The effect of magnesium concentration on
protein kinase activity.
Protein kinase activity was measured in the
absence (@ —®) or presence (0—0O) of 2.5 uM
cyclic AMP. Incubation conditions were as
described in the text, except for the variation in
amount of magnesium as indicated. Km value
for magnesium was calculated by double recipro-
cal plot as shown in the inset. The amount of
enzyme used was 22 ug.
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Fig. 8. The effect of cyclic AMP concentration on
protein kinase activity.
Incubation conditions were as described in the
text, except for the variation in amount of cyclic
AMP as indicated. Km value for cyclic AMP
was calculated by double reciprocal plot as
shown in the inset. The amount of enzyme used
was 15 ug.

concentration on protein kinase activity.
Incubation conditions as described in the text,
except for the variation in the amount of various
cyclic nucleotides as follows; ®—e, cyclic
AMP (cAMP); 0—0, cyclic IMP (cIMP}; A
—a, dibutyryl cyclic AMP (dibcAMP); A—A,
cyclic GMP (cGMP); m—nm, cyclic UMP
(cUMP); o—no, cyclic CMP (cCMP). The
amount of enzyme used was 20 ug.
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FE % cyclic AMP OFIR EEEE L 72 (B9). cyelic
AMP i35 X10*M TEB Y Y BILBEREME £ 3 &1z
FR&¢, BRORET UL, KW T cyclic AMP #
HzhT, dibutyryl cyclic AMP, cyclic GMP, cyclic
UMP, cyclic CMP TIHEEREEDRIEIZ S X10-°M
YW ERBELZEL, b VIR RL o,

6) EERFEMN

EANCPANCEBEERE SO Iy, A4,
AT IvEROTER) VEBEBREEEAEL,
& 10 12577, £ R b > TH cyclic AMP O#EmN

Fig. 10. The effect of various substrates on protein
kinase activity.
Protein kinase activity was measured in the
absence (crosshatched bars) or presence (plain
bars) of 2.5 uM cyclic AMP. Incubation con-
ditions were as described in the text, except for
the concentration of substrates as indicated.
The amount of enzyme used was 18 ug.
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Fig. 11. DEAE-cellulose column chromatography of the dog heart protein kinase.
DEAE-cellulose column (2.6 X40 cm) was previously equilibrated with 5 mM potassium
phosphate (pH 7.0) containing 2mM EDTA and 500 mg of partially purified protein kinase
preparations were applied. After washing the column with 200 ml of the same buffer,
protein kinase activity was eluted with a linear gradient of 0 to 0.3 M NaCl at a flow rate
of 30 ml per hour in 20 ml fractions. After dialysis against the buffer, protein kinase
activity of each fraction was assayed in the absence (®-—®) or presence (0—0)of2.5uM
cyclic AMP and cyclic AMP binding (A—4A) was measured by the method of Gilman®.
Protein concentration (---) was monitered by absorbance of optical density at 280 my.
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D kD 6 EOEEEIED Shts, Tas T
i3 1.5 & cyclic AMP 2k 23EMERMICE 2R
;. BEEROAOFBLILANT, ¥ ¥, TLT
S REELLTMATHIELEALY Y RICOBIM
B, AEAY, TLT YR CEEE S Tk
ryOEEZSNT.

1. BARY CEBLEBREDT A VL LT~
BEEROT A VIFA LY = 2B 70T
FDEAE 2 NO—RAHF L2780 T774—0DF
Wy — > %E 11IRE T, A XL eyclic AMP K757
BEEY CBRIERIEFLAZ0.1~0.2MORVE
BEOHMSIELELTBY, DT AV FA LA
Corbin 903 7 4 FUTH -1, BAY ~B{LE
#i3 eyclic AMP I & » THy 3 fEwEE LA 2L,
2OE—71% cyclic AMPE&REE —BLTz. &8
DEAE o —RX#h Z620% b7 574 —THE
Liz# 4 FIT 4 V¥4 L OBERFHEE SERERE
EOFNRER—THT.

z =

cyclicAMP HEUHERY »BLEFRIE, Walsh
Lz kD F BRI RV H & LT, cyclic
AMP ORERBESR L L CL BB HEET B 2 &
P S NT &, 2L T, cyclic AMP DEFIAE
AR OBEOER(LEEL TITbA 2 KHE, 08
KB ZHSSRY, BERESZLL I LS
nTws, BLCRTML, EFoPMELAZT v b
BEUE MOLEHER Y vEEERE 4 X OBEDY
VEBLEROB R R EE I IE RV EELIMESEED 5
RED | %72 cyclic AMP RT3 &2 0 km fE
13 0.7~3.0X10-M T cyclic AMP @ FIHEBMA B
EThz 1 X10M2ztL 1/100{EETH - 72,

> THBAPIZE%IC cyclic AMP #8334 &7 5
r, LEEAY BRI cyclic AMP 2 & D f2F0
&4, cyclic AMP Xk 2HEIABI DT LnEeEL
5415, Lo LEEIZIE cyclic AMP Lt ER ) YRk
BEOMEBADOSHII/EL THBY, cyclic AMPIZ
LAHEB LI THBEELLRSY, ATP, ©7
27 b, EAMIZNT S km {EIE cyclic AMP O
EERTEERDRLoT, Z0DI Lk cyclic AMP K
TS & U cyclic AMP JERIBFOER YV BRILBER
OEES L UBERES LI ENTBENS, &7
DEAEt Vhu—ZXAhFLr70° T 57 4—DEH
Ny —> (@11) washad T EL, mEkRE A
BIZEHLTWw3, fE-> T cyclic AMP JEGRINEFDOE
AL RC— R+C OB KGO E A b 2 &

NEFRLDEELOND,

Kuo &R bz 7oy s v, A€ i
rEREECRL TR DS, SHE LER Y VB
rEEgIc L3 ) vEb e RN, Fhick 2 RCO
BEEOBEIIE A P> 7Y Iy >h¥ADIET
»1, cyclic AMP 2 & 2 RIEO{RERZE R b > Tl
104%, 7u0f v TR1I~4ETHLDOIIHLT, &
A vBREBTRADSA Rz ELTV S, AR
T4 XLFEAY Y RAEBECB LT HRROBRY
‘Boht, Kuo A EA CTHLEBEEDH TS &
cyclic AMP INic & 2V vEORESA SR L
TWaDT, 1XLEOEHY VYEEBRCIOWVLTD
BED 2 LA B  ATEEMIEH 2, ELEHCEST
cyclic AMP RINC & 2 G MEINC EH H 5 DI EH
E1{st RC —» R+C OREEICIER L, 2D ZORES
Brii-dictBbinsd,

—7%, cyclic AMP K HEER Y YRICBERITIET
4 )AL WWEEL, DEAEX L E—AR T 707

Table 1. Comparison on enzyme properties of myocardial protein kinase in rat, dog and human

Km value
Effector and substrate
Rat! Dog Human'?
cAMP 0.7 3.0 2.0 (x107*M)
+cAMP 1.9 2.0 4.0 (X107°M)
ATP
—cAMP 1.5 2.0 4.0 (x107°M)
+cAMP 0.87 0.7 2.0 (x107°M)
Magnesium ;
—cAMP 0.82 0.7 2.0 (x107M)
) +cAMP 200 100 110 {(ug/ml)
Histone
—cAMP 300 100 500 (ug/ml)

Km values for ATP, magnesium and histone were measured in the subsence (—cAMP) or presence

(+cAMP) of 2.5 or 5 zM cyclic AMP (cAMP).
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R+CHEBI VTV ETHIE, cyclic AMP & & 57
12 1 OHWHEB T I OS IR L TR
BOZehBHEESND,

BEDk 34 XLHERY VB EBEROBEEN
HEL ST AV F 4 LBEIEKEG, Bice b
DEFEEBIL, cyclic AMP ZN T 3RVEVDET
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3. BETHBEA by, ATPO kmiBizzhz
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Abstract
The present study was pursued to examine the enzyme properties of myocardial cyclic
adenosine 3°, 5’-monophosphate (cyclic AMP) dependent protein kinase in the dog heart. The
protein kinase was assayed on the partially purified preparations (dialyzed ammonium sulfate
fractions) of the 29,000x g supernatant of the myocardial homogenate. The optimum pH to the

protein kinase activity was between 6 and 7. The divalent cation was required for the protein
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kinase activity and magnesium was most effective for the protein kinase activity. The Km value
for magnesium was 0.7 mM with or without cyclic AMP. The protein kinase was activated
threefold by 5X 1078 M cyclic AMP and the apparent Km Value for cyclic AMP was 30 nM.
Other cyclic nucleotides showed a similar effect at least at 5X107°M.The Km Value for adeno-
sine triphospate was 20 uM with or without cyclic AMP. Histone was more phosphorylated
than protamine. When DEAE cellulose column chromatography was performed with a linear
gradient of 0 to 0.3M NaCl, the main peak of the protein kinase was eluted between 0.1 and
0.2M, which is referred to as type I isozyme. These results delineate that the cyclic AMP
dependent protein kinase in the dog heart showed similar properties to those of various mam-

malian tissues.




