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Fove  EWTHREE ORI IILS SIS TH 5
b5, # DROVETBHIC OO TR/ DS 0. B
FETENT, TORERRG L MU LI E
LT, HHR-3°, -7 =ufig (MUF BER AMP 2%
T OWET 2{RHERBHIF 5415 (Robison et al,,
1968). bbb, RFFFFNVELOHTFIA—NT
UDEHNRGCIEINT % &, MIRBLED 7 7 = v
175 —¥ximEEL, —[)ii'U\ AMP /KT 5. 2D
3R AMP (3 3 5 1CEHR AMP (K (AED 2 2% 5 1T
Y U RRIEAESGCYEAI T A (Walsh er al., 1968).
D% FiL regulatory subunit & catalytic subunit
HIRDTUNE, TAVS D B Cilk st w337
VB3, RTAICEYR AMP 3550 UC Bedins B o
5fiitd A &Gk 2 ity (Kumon er al,, 1970).
ZORHL, O AL RO v A K Y - FF

— (Walsh et al., 1971), 7Y a—4"GNRER
(Sodering et al., 1970), VY ,¢—+ (Huttunnen et

al.,, 1970) /s & 72 0 gL L, 25 OFERITER L
fbxgrcticky, 3 v —(RYeRisse%
ABTNTVA. —TF, /-J%#K{MF@“?’ 395 —oDilt
WREEURR 7 L A5 1k, BHR-3, 5'-4 7 = Vg (i
IR GMP) Th%. ORI LT+ Kk, /EARTE
IR AMP ESEOMEM 250 &0 9 FEAHHE S Tin
7% (Hadden et al., 1972). Z OLHR GMP O

MR DOO EDI3 BB AMP SIAC & HiT, 2o
PETY RIS ROEELTH B & m?bﬂ%. e,

WS 000 R S BHR GMP IIKEE D B
DN TR L BAERERD Milid T s (Kuo and
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Greengard, 1970; Kuo et al., 1970). z OBFEIC
DVTIE, RO SR &, RPN &
$EDITDIT, Z DiEHALC MO E IS 2>
TINTUVED., —BIiZLEY OMERTIX, MK
BOFNTEIR GMP O&RIZENA AMP OZ2h L
DKL, Zuox By VBB F o0 T L, BHR
GMP (KD § DIGYE &Y. ChuexiL T,
Hall, = « b =iz EME B DI T BN GMP
P& b % TREL (Ishikawa et al., 1969), & tuzik
1D & e 0 Y CER{LEEROEE S, BIR AMP
itz hEse (Kuo et al., 1971).

KKRERTX, H4 3 (Bombyx mori) Olfin 5 BHR
GMP {BIFHED & Lo U BLY B UEESE 2 o i » Rt
U, MR R#~T, $abb, CORFEOFYHLHIT
HAEBHRR I U AF R L NWTCHETHD ATP D2
FIBIOR 7 L F B &G & OGRS, HEHVS
ERHWTRLUEL, COMSROIMYEL & mliitfe
HEDBRPHERLT.

MR NI IS NIz I W BEZ, RED—H %
2 sz 8, WERidl, # VCA:a’diﬂ'@f’Fui tday
BN IO B OO 2 T ER DS RS B B
AR I NITIUNASEO LI BT & A, &
TR RSR R N D 2 iC i 2 2T 5.

MoE & B B
B #4143 (Bombyx mori) OASHFRAE NI,

LB DD BT H BICEHR GMP KT DR G
PEDSERRIE 78 Y, & 12 C OIFER AMP {KTAE OB
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I DD THF M Ml NI T X o
(hﬁfﬂ B, RIER) OT, T ORI % WA EO
MEHRZHWA C Lz,

BHEX MV OBEGE v X b3 ORIRE Y
Johns (1964> OTFULICTHED TR L OSATBRIR UL T4y
AR, 7 3 2 BRI & 1 F T 5
T & Bz,

Cr-"PIATP OFB& (7-7PIATP (B Lo¥ (r-3P]
GTP) i1, Glynn and Chappel (1968) & 75141

DCHGEMEL , FEHEMATU ALK X > TR LTz,

RUNROHEY BEBEOEEREEX O
X Reiman et al. (1971) OFk2EEL Tz
T Z2OEEE, ATP or {ﬁf»t} s T PRI
HERET 5 ) VIO W 2T 5 OTdh 5. Table
|t B A | J&%f\ﬁiom,,g‘?ft;@i% 30°C ¢ 1049y
BIEISS BIZD L, vf 70y hT30al 2H
b, ERHE (L#R 2.4 cm, Whatman 3MM) i<

2Ry b, B10% N Y 7 o UETRISHIT 30 4y R
UTEUS Rk Uiz. © OMBEE% Ry © 3 gL
TREIGD (7-2PIATP RN, HENTI9 %
27—, ILEEZFVI—FTUHIELIZO LM
U, 4%BDY7 2 =—vt %47 — v (PPO) % {4t
hvzy 10ml 204, SoFL—varhvi
— (Beckman -4, LS-250 #9) TIHUL Tz, B
WARCIFIE R THT AR R KV IRAT I —+, KR
FFRTALERAT 4 —%, ATP 7 —¥ XD
AWFEINICOT, ChbLDMERMELT, 20F
NFA7 49, 7ofbFr vy o4, EDTA L8
ITFLLYY AN R-(f-F 2 ) TFN T — F V)
N, N'-7 b 78 (EGTA) % )GImkicni .

BEIMORT F9HHECH S r-P] ATP ©
15 nmole H72 h DILHGHERWE LTI &, KIS,
FEATARED &2 L O BUCTRAT T B IREHHED B, & X

Table 1.
activity.

{,’?—Glycerophosphate HCI buffer pH 50 mM

Assay mixture for protein kinase

Sodium fluoride 20 mM
{Ethylene glycol bis-(p-aminoethyl- 0.3 mM
ether)-N,N’-tetraacetic acid :
Ethylenediamine tetraacetic acid 0.2 mM
Theophylline 2mM
Magnesium acetate 10 mM
[7r-*PJATP 0.3 mM
Histone or other proteins 4 mg/ml
Cyclic nucleotide 0.5 M
Enzyme 10 pl
Total 50 ul

THEIEPIIC & YA NI Y Dt (nmole) &ty
720 TR NIC RSB SAT FIT 3T 1 oY I Or-
2P ATP %5 1 pmole O 7-32P % % o< 71 LP]
IS AREAR 2 1 AL Cunit) & L7c.

IEMED R RPAIRD EI D TH B BOSH D S BHA
R LUAF R RO E SO, B L A4
RITHIKAEED 2 2 ov 7 1Y) /WEF‘HMWT{J;@/J:L.,

BARR 7 Lok F R R A T & SOIGPRIZENR R &

F R KA RO EBURR 7 L 5 RO
DFZ2 LY. 72025, SIS HEELIE 2R d o
D7 B E U C 25l & b5 L
12,

RUNOEBE 5o 7 TSR, &
7212 Lowry et al, (1951) ) jCilL .

BEBE AL UL IR SR 12 IR 1 0.1
M i3 k5 Clr'fl{MﬁfM Sy s i, pH %
6. 5~T. 0T{RIST % &, WMMNIILM T HOT, T
NRudh U Tk ﬂi/u?ﬂ‘f TSN 5, ciui s
iy nBs, AP OTTHIE, Ve LHNL
TS 5 & %, Wb, & U masd 59k
TR UITMIRLTH % (KB, 1955).

AF BN A—AOFR G 5
Bt —2E LT, DEAE-k/w—2 (B
it 0.8~1.0meq/g ZM{k, Brown #l:%1) %M
o0 iR Cik, 0.5 N Hifg, /K, 0.5N »
T A =&, KOG, Frd O T &
S UL Iz,

I 7Tw O G200 AT LDFE 7 AT
&, 777 v ¥R G-200 (o ARG 7 >
5w 7 21 30~40 ml/g, kil 40~120 x, Pharmacia
FEBD BT Rk, 100°C THEL 75h1 5,
8 I S, BIMOBENT X b, MbOREE A5
&, EOMEIKTY-M{LLTIZ0E, #TF MTHERL
7.

CH] B GMP #4830l <o i iciz
Gilman (1970) DFjLAEAELTIZ S O/, Jx‘
IR DML Table 2 12739, HEd 504815
ADTECE D BISRIGLTz. 30°C ¢ 10 534
MUTEDB, 0.04M MgCl, 2733 0.01 M
MY R HigRRERE pH 7.5 & Sml fiA T iR b
1L, T URT 7 44— (pore size: 0.45 z) T3
WUTE. 7 42— 351 Sml ORI L %
WigDDL, 80°C T 205lizkL, PPO-trx
0ml o vFL—vy URFHIILTI. fis, RCC
S CHIBHA GMP (10 Ci/mmole) % Jiju fz.

HEAYEE I
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Table 2. Reaction mixture for cyclic GMP
binding.

Cyclic [*H]GMP

0.2 xM
Phosphate buffer, pH 7.5 0.02M
Magnesium acetate 0.001 M
Enzyme 10 gl

Total 50 pl

ks R
R oK

WiibO#H 6 ~ 7 F1EIOWHT, % 0OTiio 3 50Ky
HUT20.05M Y RGN (pH 7.0) ZnAz, 7—
VT L= 4,000 [AlE/4Y, 5 O TIEEREL,

U - TIEL, M A A0srE (10,000} g,
30 min) U CHEBm 2R c. © ORI TR DS
0.1M &72 2 X S IZIMARERE DoV &y A 2 A, BHE
UZsh3n, pH 6.8 [ ro. 16 NEfFss, s
DM €10,000X g, 30 min) U C Ihaldy % pmate.
AT AR 45 5 72 % X 5ITInA, 301k
PiL, AU TCTEdE % mb gy itk (10, 000X g, 30 min) L
TH, 0.05M by RIWEAEIEIE (pH 7.5) iZigh
U, ML T I6REIENT LIS, O IR
DWT 5 PH TOLEYE R J~TZ & 07, CORERI
pH 4.5~pH 7.5 T 48N TH % T LW B>
LI, CODX S VM RRITIL T pHIT & 5507
AT 75T, BIFRO BN 1 NEER 2 nA. T
pH % 4. 831z, 30 LT-0h, B
TEBs P LG (10,000 g, 30 min) ULCHi %, 1IN
TR VIR AT, pH 2 7.0 LT, ©
DOFEFRIIT, VAR5 25 9 ffn & 75 5 & S ImA
120 4RO, b0grEE (10, 000X g, 30 min)
Wk DRt TR B e 35 phaRn & s
HEBAT. U Tk a0k (10, 000X g,
30 min) i Lo T, 7RO 0.05M kU RIFERLE
i (pH 7.0) s L, BRI L T BITL
1o, COREEI 2 0.025M R Y AR (pH
7.5 TH 6L Pt L1 DEAE-tvu—x7%
J nTESMU Iz, AR C-Fariciiile Ut s, ik
FRY) I APER 05 0.4M FCHTERNNIC BN X
VT 2Ts212. W% 15 ml/hr @i, 3%
i 8ml TR 7 I v g rab s 2—THRL
120 By & o o TIRYE & BEIRIGYE 2 WEL,
Fig. 1 I #impidrc. O BfEic X b st
FIT e LH U,

DERLIav ST T s ~OFMEI IO T
/% &7 (Sartorius-Membranfilter ¢80 (2 k> TH
LTS, 7759 7% G-200 itk A5 VR %2

L f

‘
ACTIVITY Cepmon 209

% 2 w0

FRACTION NUMBER
Fig. 1. Chromatography of pupal protein
kinase by a column of DEAE-cellulose.
Details are as described in text. Activity
was measured in the presence or absence
of cyclic GMP, ——absorbance at 280nm ;
@——@ activity with cyclic GMP; 0——0O
activity without cyclic GMP.

fogo
ACTIVITY ( com x 10%)

0 20 4 60 80 100
FRACTION NUMBER
Fig. 2. Gel-filtration of protein kinase
through a column of Sephadex G-200. For
details, see text, Symbols for drawings are
the same as those in legend to Fig. 1.
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ACTIVITY ( pmoles/min )

0 o 20 120 160

FRACTION NUMBER

Fig. 3. Re-filtration by Sephadex G-200.
See text for details. Symbols are the same
as designated in legend to Fig. 1. The
filtrate, which was the purest preparation
of the enzyme, was thoroughly used for
further experiments.
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Table 3. Summary of purification of cyclic GMP dependent protein kinase from pupae.

‘ Total activity ggﬁf,llftlc Recov-
(pmoles/min)x 104 for y ery of
e e e— - —L Tlotal - |activity
Fraction Vglnulr)ne (a) | (b) | (c¢)> | protein cg[(\:hf for = | (6@
No Plus Plus (mg) Cpmoles/ cyclic | (b—a)
addi- | cyclic | cyclic rlrjlin/mg GMP
- tion | AMP | GMP | Jyrofeiny| B0 |
Crude extract 3200 330 915 1075 52000 207 100 1.27
Ca-acetate precipitation 2970 30 71 279 41700 67 26.0 6.07
First AmSO, fractionation 450 79 151 729 23900 305 67.8 9.03
Acid treatment 460 63 109 593 17250 344 55.2 11.5
Second AmSOQ, fractionation 292 62 88 484 9140 530 45.0 16.2
DEAE-cellulose fraction 280 15 28 531 578 9190 49. 4 39.7
First Sephadex G-200 filtrate 54 11 17 334 145 23000 31.1 53.8
Second Sephadex G-200 filtrate 58 12 17 258 119 21700 24.0 18.9
fileotc. ZDk5H% Fig. 2 1IGRT. WEREMEHE
e, BUmRE TS S - BER O I AT
il D DWW A BT, OB b imk
2R BRI FVIREOFEMI Y 2 2w Ut LN ABELDIAR NN % Table 4 ITF Ehtz. Th

w TR LI B, ¥777 92 G200 H5
AT YA VBB AT, R % Fig. 3 TRk
T Z o7 EDIR IR & EED 20 EaNEE
Lic.

FEBD RIS AREAROANTE, 5L O HIGHE
D LHAE% Table 31WRd. HUOERMZED T,
BRI 105 fHie ERL, BEATRMEO MK 24
BThot. T, THEAT v FPOF VGBI E h I
— e bR 2 1T D8, T OEINZ, FVEES KN
EOTEAD#Z VB ONY R2BA1ZOT, ¥17
BT oErEbhiz. UL, ZERDS Y
METE, WEENETT 2BECH» DT, T
T DEFET, BRERELECZO>TWA LHilb
iz, iz, BASNAHPATES T2 LE LFI DRI
ik AEEE, WKL ThE oz, 20k, C
BT EUANOBUODF i, 12 AEN1 o
FUTINEL PR, FAK BNV —~RITLAYaw k
5T 4=, TrIFT4 MMM 4 R2ILL B
WRIKEN S WO T SN LT3, B2 RE %21
AL ERTEID DI, LIZHOT, BEEETIReh
PlE, BMORMELTERD C ERNAMTH 2 Efbh

59T 2 OEMHIERD 5 B8 I NIZEYR AMP
FOWEHR EBMLIL T Y, #7z, Nishiyama er al.
A975) DFFIZ 74 Ak O BER GMP (AR A &
b, ATP 295 K fHPDZ T, 3I3—HL
T,
Table 5. Specificity of nucleoside triphos-
phate for histone-phosphorylation.

Nucleoside |  Activity (pmoles/min)
triphosphate No ‘ Cyclic / Cyclic
| addition | AMP GMP
(r-PJATP 33.92 59.10 295. 40
(r-%PIGTP 1.38 1.74 0.03

) YBBSETHELR IV AT F M) ) vER
Voxdd B R

COWE LN, TPz 2 v A4 F
POEET . CNEDR I LFF K EWHETEED
BRI, 95, MHITHAR VAL R RY Y
VRRITOWTHERH LI, DERBERRX 7 L FF Rieo
WTHTz. r-PJATP 3550 (r-#PIGTP % 7
ENIKIEDS 0.3 mM &78 % & 51T Idsmwicin

DT, CORBTREOHET 2 LizU. A, BEFRSMERWE LS. 454L% Table STy,
(r-*PJATP %V URULGAE UTHIOT Sy, P
Table 4, Properties of protein kinase from pupae.
Optimum pH ................................. pH 6.5~7.5
Metal ion requirement «--eeeeeeeecieenes Mg?* or Co?*+
Specificity for protein substrates ---Histone F,,
K, value for ATP ---eececeeeriiniinnans Plus cyclic GMP, 5.5x10-5M; Minus cyclic GMP, 6.4x10-5M

K., value for histone Fap «eeeorvenenenn Plus cyclic GMP, 6.7mg/ml; Minus cylic GMP, 6.7 mg/ml
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TR X 7 v A F OREik L OV & EEG
& DBk

(1) 2,3-BBLV 3, 5-BBRXILFAFIFO
E LB & ITTHE AMP 15 L0f GMP o 27, 3~
BoR e 3, S-EHRM O 0%, REEBZNRZN
5 K107 #5108 1 XI05M & 25 % & 5 I S F
WA BEEIOYE 2 MW Uiz, 4559 % Table 6 (TR,
AMP 25108 GMP O Hucisne b, 27, -5k
O OTREEMEGIZKC 59, 3, S-EHRIITOA
2~ 8 I DIEVEAEDS LS TTs. LIChs 2 T DEIR
RV F R T A i NT 3, S-BHREIO
L DN,

(2) FEHECHIIBRIOLIFVNREOCEE
(1) kb AMP, GMP t 3} 3, §-TERENZH
VPRI D D L E DS E D> E78DT2DTC, Thb
DOPILITHST DU 2 Pz R AMP & BB
GMP 0> 23 i1 EEAVE R L, Fig. 4

Table 6. Activation by 3/, 5- and 2/, 3/-

cyclic nucleotides,

Activity (pmoles/min)
5 X10~7(MD|1 X10-5¢MD

Cyclic nucleotide

No addition

3.2 3.2

2/, 3/-Cyclic AMP 4.6 6.0

3/, 5/-Cyclic AMP 7.2 18.4

2/, 3’-Cyclic GMP 35 5.6

3/, 5-Cyclic GMP 26.2 26.2
8 T T T T T T

ACTIVITY ( pmoles/min )
IS
T

CYCLIC NUCLEOTIDE ( - tog M)

Fig. 4. Influence of cyclic GMP and cyclic
AMP on the phosphorylation activity. As-
say was made as stated in text, but with
the various concentrations of cyclic nucleo-
tides. @——e with cyclic GMP; e@----- [ ]
with cyclic AMP,

R ESE 2. BYR GMP Tk 1 X10"M T
FiEaiTEb I, chuTl, SRR AMP T
RIRED JEAL 2 #5121 1 X106~ 1 X1075M 3
WETHDIC.

H ML I-BR GMP OBE#RA~ORE

(1) BRELRGROBEE (CHI 23R GMP O
SERLSBRORIC L OT, FBmEORBUINC L2
T, EDE 3BT 2RI, % Fig. s,
Table 79, [PHI Tk GMP #E4RUIRERELD
Bihme & & 2o TR B U T, 12 100°C T S

S EIBMTE L TR R CRAR IR 6 R7adoTe.
T T T T
3 1.5+ -
g
= 1.0 —J
2
o
=
S 05 n
g
S
0. 2 I I [ S—
0 2 L] 6 8
ENZYME € ul )

Fig. 5. Proportionality of cyclic [*H]GMP-
binding to increasing amount of enzyme.
The binding was assayed as accounted in
text.

Table 7. Effect of heat-treatment of enzyme
on cyclic [*H]GMP-binding.

Un— | Heat Cyclic

Experi- :

mental Cyl\(/:llfl,c treated | treated b(c})ll\xdn%

number eNzZyme, enzyme| oo olesy
1 + — - 0.015
2 + — + 0. 005
3 — + — 0. 006
4 -+ -+ —_ 0. 789

(2) CHIEBIGMP 8L 2/ 0HY VBt
EME HIS pH KEk o B & pH TkiT 5
CHI B3R GMP #iaht & % o 7 1) U BR{LIE: %
WL, Fig. 6 WWRTHiR 2}z, CHI 3R GMP

HE R pH 7.0 ffEThH R E /8072, STz 208y
PUY LbRNED , BER GMP O7amiThdb b g
{, pH 7.0 (¥ ClEAZHR LI,

(3) CH) Bk GMP #4&(CH LT IREHRER
ROLFFVORE Table 21T/Rd & 5 ITUSHKIT
i3 2 X100"M @ (*HJ HYR GMP 37715 305, I
BT 2 DIREDHAREIRRX 7 L A F K 2MA T,
CH] BYRR 7 L F 7 K OFHAD fEEITs Ji3d
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ACTIVITY ( pmoles/min )

CYCLIC GMP BOUND ( pmoles )
(=]
>
?
T
L

0 1 1 L ! 1
4 6 8
pH

Fig. 6. Comparison of optimum pH for his-
tone-phosphorylation and cyclic [*H]GMP-
binding. Both were assayed as indicated in
text, with using the following pH buffers
(20 mM) : Sodium acetate buffer for pH 3~6,
sodium phosphate buffer for pH 6. 0~7.5, and
Tris-HC! buffer for pH 7.5~8.5. e—e@
phosphorylation with cyclic GMP; 0—o0O
do. without cyclic GMP ; A——a cyclic
GMP-binding.

0.8 |-

0.4}

CYCLIC GMP BCUND ( pmotes )

0 108 108 0% 102
CYCLIC NUCLEOTIDE ¢ M)

Fig. 7. Inhibition of cyclic [*H]GMP-
binding by non-labeled cyclic GMP and
cyclic AMP, Assay was made as detailed
in text, but with the changing amount of
non-labeled cyclic nucleotides, a——A with
cyclic GMP; a~---a with cyclic AMP.

MBI, K2R % Fig. 7 /ORY. BUSRIEMA
AIEBHBER R 7 VA F RO B §10 3 3icoh

T, CH] ik GMP Of§&dplds iz, 125k
AMP i & 21BN GMP o Z 1.k b ildo1z.

TF=vRAET X B ) I LOPEE

TESLED & & S NI THR AMPIIT{EeiD 2 oov
SEY UEEEER, 772 R AT ko Tk
INBHONZ. CONEIIBUR AMP I & &M
b i1z72¢, ATP Orfim) o 2o
T A BETRCHT 2 DTH D 2 L35, BEFH
D FTa=y MESERFHL THEP XN TS dwai
et al,, 1972), 2T T, BMRGMPK{itE 2 L0 ]
) UERIEBERIZ OV T A FiAD X 7 L 7 Rit k B
RPN, X 5ROV & SR RHSIE— O
THRRDNANE S RRMLIC.

A ~ (e
o [ 1= 31 7
o
: z
52 15 2 E
ER N 1E 1+ 1
=1 2

4, TR °

0 . —_—
& T 0
¢ 10 w10 0 08 b gt
CYCLIC 6P (M)

CYCLIC 6P (M)

Pt

ECTIVERY oo
ACTIVITY Ccpr x 105 )

108 106 o

0 108 106 0
CYCLIC 6P () CICLIC P (1)

Fig. 8. Effect of adenine and guanine com-
pounds on histone-phosphorylating activity,
Incubation was made as mentioned in text,
except that each of the compounds was
added to the reaction mixture at 5X10~*M,
and the concentration of cyclic GMP was
varied as indicated. (A), with adenine com-
pound, ATP 3X10-5M; (B), with adenine
compound, ATP 5Xx10-*M; (C), with gua-
nine compound, ATP 3x10-sM; (D), with
guanine compound, ATP 5Xx10—'M, e—e
control; ——@ with base; H——M with
nucleoside ; 0—- with nucleoside mono-
phosphate ; A——a with nucleoside diphos-
phate.
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(1) B GMP TEMELABE AW
VEALIZEHR GMP 253k U, ATP 232350
C, BT F = RET T 2 U REAMCHHL, &

o EEY % 5 X10'M &738 A & 51 MIBRm
A1z, ATP OPfEE 3 X10-5M F70id 5§ X10-*M
Iz L, Tk GMP O % 10-9~10-3M 2hic
LUHTE A, MiVERMIE L. &id% Fig. 8 (TR
I T = VRS, JETT ATP B0 & T
ATWILE IS P E 2R LTz, ADP>757 7 oo
77 =2 AMP OITHLIES RS-0 Tc. T D%

YR GMP OBl % BS S8 T LU g0t
iﬁ, ATP OS2 8nd 5 Iz, —Jf, &
7= URMEATROTHIENBRY b AT Y
otz

(2) B AMP TE#ELICBS (1) 04
ENBHT S XI0TMM E 8B k57T =y REST
-szdl: u/%m[;\,ucﬂn;t ATP #5 L OVBHR AMP

W R A THEAEE 2L TC. #59% Fig, 9
ltuw“ ATP OWIEDIRNE LA TR, ADP>7 5

T = > AMP ONTCHIEEIERLEM B
| 1 T T T N
-~ (ANt '
o
= S0
G }— L
l ] |
0 lg.', — { Lo ! 1 1
wh b et n G Bt
CYCLIC ABP ¢ ) COLIE A
C— T _.[;;v... R s .,_.’
[ [V
A “ 6 - —]
i & !
= P
Loy & oy -l
£ -
oot SRy
G [
i L L °
I | Ly 1
o Lty - 0 ;
0 w8t 0 wé 10t gt

CYCLIC AWP (M) CYELIE AP (M)

Fig. 9. Effect of adenine and guanine com-
pounds on histone-phosphorylating activity.
Incubation was made as mentioned in text,
except that each of the compounds was
added to the reaction mixture at 5x10-1M,
and the concentration of cyclic AMP was
varied as indicated. Symbols are the same
as Fig. 8.
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1203, COBERBHA AMP OBYEIIIIARZ <,
ATP OBEED L L b E i, 77 = R1k
AT X BRI, B EAERED LRI

(3) #ofoER, XFLFALVEN, XHLAFF
OFE E ATP % 3XI10M &L, BHRX 7L
T F FIZoWNTid, BHR GMP D4 1 X10-M, B
INAMP OB 1 X107 M 785 % 5T MINIRIT
MMA T, IDICHLZ DM, 7 vAvE, R71F
FR%2 5X10*M 85X SWNAT, BRIV
B AR JsTo. 5% Table 8 12753, v F
oML X AN, BER GMP F 10BN
AMP D g B AINTELLIZE X%, ADP @
K AMHBICHEARSD EDTHTHOI. FHFAF7
FIYUTIE, VAR=RWO T /v L RS DN
AL NI,

Table 8. Effect of nucleotide compounds
on histone- phOSphOI‘ylatlon

Base, nucleoside or Relatlve »ac§1v1ty (/5)

nucleotide Cyclic Cyclic
GMP ‘ AMP

No addmon 100 100
Cytidine 103 97
Cytosine 101 94
CMP 98 99
CDP 101 91
CTP 102 88
ADP 20 21
Deoxyadenosine 22 27

77 =y RS X BEERGE
(1) UrVEelIxtd S5 ADP é:"-?-':“x@ﬁéﬁf

AT R T2k 9T 757 = o FLEY O JE i3 47T
ATP OBy CJ:O'C“‘UO’CL‘ZJ 2Tk ATP
B ERHOBRE 3 SICHEL ML, MRS

LT ADP &75=v% 5SXI0-M E752 L35I
ISR INA, ATP OFFIETE T 5 it 2 3
U, Fig. 10 @R #5244, ATP OWFN o
BT T S ADP OFids 77 = > & D HIIEEE DS T
holz. %Rt 5 Lineweaver-Burk plot % &
% & Fig. 11IORT & 5 st s aotz. #h7ho
VIO B D 1 HTREL T b, IS ATP
ERSUNBIRICH B T ERRL TV A

(2) VUrEgks CH) B GMP of&ICH &
BIT7TFUo RGO E MO L 5757
= VAL ST ATP T UL VEHs 2 &
B 305, MR TEALBESIC S 5 Dh>, flHg
HEZ & 2003, BIHETIEV. CO/ERILMMTT 5
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Fig. 10. Inhibition of histone-phosphoryla-
ting activity by ADP or adenine. Assay
was made with the presence of various
concentrations of ATP and 5X10-*M of ADP
or adenine, @——@ control; B=—M with
ADP; O- - -0 with adenine,
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Fig. 11. Double reciprocal plots of histone-
phoshorylation as a function of ATP con-
centration (Fig. 10). For details and sym-
bols, see legend to Fig. 10.
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Fig. 12, Effect of ADP on cyclic [*H]GMP-
binding and on histone-phosphorylation, Both
were assayed as designated in text, with
the presence of various concentrations of
ADP. Data are expressed by percent of the
maximum rate, @——@ phosphorylation ac-
tivity with cyclic GMP; O0——0O do. without
cyclic GMP ; a—a cyclic GMP-binding
rate,

RELATIVE PHOSPHORYLATICN ( % )

CYCLIC GMP BOUKD ( %)
o)

o, (PHI B8R GMP OEEEA DR ICN T 275
= VRILE O T, ATP #4)E 3 X10-5M,
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Fig. 12 1CRY. 209 78 B ADP 32
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HlEZ ADP OWFH O T 3 2538w 5 s,
27z,

IOMIBIT IG5 E IR TN TN DT NEE
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THHED DAY, AERTIIMmHI LV Y2k D
LR Vs, COfT X 5 &, BE T CIEMY

B L, B EE2R5CENTES. FT0L0
BREDOOD LIRITHIME R U Tcds, Chug, Cax s
AW 2 —NE Nl Ao b s, DEAE-
wu—RTuw T T 4 —TCRHIGHED —2T T
G EAL, DoEHoniid <, AORyT R
i, By TTHOI.

R GMP 2z izt X EBMR AMP %A 7c &
XDEEDOINE, TR AMP M\‘(rAWh FOWBANZHS
—DOO{FEIE I B, FHEOEMEI 2 TAaDLE, C
DHOMEFHFIISE T, S ThI». TR
BT, MRl &t RRWNE L, IEHIEM»
SNENC 2T LADTHA S, BRIV T D L
DBLAYINCE 2 BIZ 0TI T OLOIZH T
LU 2 ho1z05, DEAE-w Vo —220<9 hsS
74 —=DOOHAE L L0l

RS NCEERSE pH 7.0 fhiiic w0l pH 2771,
EYEOFEBITIE MgH AT H-oto. w1z Car ¢
3 Mg @ 67 BOITHENTEY bz, & oo hidE
Pl U TeA Ly By i THDIZ. Fuii
i3, EXRURRE, Va2 R IITH BWAREED
&30z h s iz,

714 aINT § BUR GMP KTt 2 Lo O 1Y U TRL
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TFe a2l h) VBALU SRS TARLSE & s

%k 5 TCds (Takahashi et al., 1974)
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EF ) URbEERE (r-2PIGTP % (r-¥PJATP
D40 DR T HEE UTRFHRS Z &M HIS
N5 (Goldstein and Hasty, 1973). U»U
(r-2PIATP LA OR 2 LA v K MY Y LRI &
UTHIH CERVBENIZIEAETHS (Labrie et
al,, 1971).

ARELOENLIE AMP, GMP O iucisinT
b 3,5 OBRMTOA{TZDNT. 18R GMP
EBHR AMP T AR LORER 2 RTA B &,
M T O 1/10~1/100 DPYETIHMALT & 5.
R AMP ROBFFEOE/ITE, TOWR I LA
RAD EIEED 2558, HLXHET O WDERTDH B
(Kuo et al., 1971). #t->TARRZHIEIR GMP 12k
(e 2 o 7 TT) o RRIEMEE L RIS 2 e T &
£9.

CHI B GMP LR & ORI RIGIMA T2 R
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otz 72 CHIBYR GMP &Ik E & e s 1Y &
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VLI N ABOMER 7 Lo F ¥ O bie ) %2 KL
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WAL E DTRBNZ ERRTEDTH 5.
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7y bR ER MY S s s L, BHR GMP

GEATED D AT E, 2T EY VEBLED D B

BT ONBEEBRLTHA. L L OERRT
RV LB L ATIEEORITGBE L D END
RiEHSDH B, ARKEBTHML Tz CHIBHR GMP &
EHEE 2 B Y VBRILEIHEDFR A T 4 v I X
DG, TIPSR EOJIDMEITH B E WV H K
WX LICYIRICTFT 56 DTH 5.

1 E

#4 IO BPR GMP &I 2 Lo 72 TRk
WFE2, BERIIVL v AT, FRATE, WEL5HE,
DEAE-%2Vu—RAAS 670 537 4— &7
77 v 7 &2 G-200 77V IERNT & O 105 AL 7z,

WU zREE T pH 6.5~7.5 i Eid pH %55,
2O Mg 95 T HDIZ. BA MY Py
D5, PWAIIHTE D B0 Th O, COMEIX
[r-2PIATP %I & UTRIAIC 875 & o 72, BHR
AMP L EHR GMP OWFHucisnTd 27, 3 T
wEtkahg, ¥, 5 "MeosmEkEbIne.

KEtFicE CHD Bk GMP 2§67 50801055
b, COEMEE 212 Py LRGSR pH 48
B (pH 6.5~7.5) ezl pH ®#2oTW 5. IR
DOFFETEEE, FEREDEIR GMP LBHL AMP



188 HE M- NEED M B

Y hBlESR. 1077~10-*M OB EGEIRCImao
HHS, ®%E X HBLE I I,

Fo 0 R ST L S
t‘&ﬁ?ﬁ¢y7fzayméuu%i#@ot.

yR=y T

77 = R Y b LSRRI L T
INihot. 7= UoREEYICIs LTI ADP>
5wy 2w > AMP OIATCHIY Jihiimbs

12, CONBEEER X 2 LA F ROBER FHIVT
LELL s e01zhs, ATP ORI RRML TR 5 &
RS .

ATP 05 L s & 2080 o N U TATIRS
W 7= o RSN ATP T U TR b
L TWA T EHURR NI, ADP OIS N

BIZO, 27 F) VERILEMHE R U oo
LU, C3H 53R GMP OFiA4Hc i3 £ 208y 5
nholz.

ZMZ &3 ADP OVEHEDBHR GMP D5 E3
T2, flERinTch A &, LIt TThs O
SRRIHSEEFE L OORIDAIFHT & B T & iR T 5

X ik

Fallon, A. M., and G. R. Wyatt 1975 An impro-
ved assay for cyclic GMP using an insect
binding protein. Anal. Biochem., 63: 614-619

Gilman, A. G. 1970 A protein binding assay
for adenosine 3’: 5’-cyclic monophosphate.
Proc. Natl. Acad. Sci, USA, 67: 305-312

Glynn, I. M. and J. B. Chappel 1968 A simple
method for the preparation of 32P-labelled
adenosine triphosphate of high specific ac-
tivity. Biochem. J., 90: 147-149

Goldstein, J. L. and M. A, Hasty 1973 Phosvitin
kinase from the liver of the rooster, J.
Biol. Chem., 248: 6300-6307

Hadden, J. W., E. M. Hadden, M. K. Haddox
and N. D. Goldberg 1972 Guanosine 3’:
5'-cyclic monophosphate: A possible intra-
cellular mediator of mitogenic influences
in lymphocytes. Proc. Natl, Acad. Sci.
USA, 69: 3024-3027

KECT 1955 BB OERIL RIS BRI
I, saEE, Wl 101-173 17

EARIE - RIMEM - thR=EF - REREEE 1975
Cychc nucleotide {2 v e 2 B Y v B LiEE
RICLBER YD)V IRILIBAL. AL, 47
427 1 (EEE)

Huttunnen, J. K., D. Steinberg and S. E. Mayer
1970 ATP-dependent and cyclic AMP-de-
pendent activation of rat adipose tissue
lipase by protein kinase from rabbit skeletal

muscle. Proc. Natl. Acad, Sci. USA, 67:
290-295

Ishikawa, E., S. Ishikawa, J. W. Davis and
E. W. Sutherland 1969 Determination of
guanosine 3’, 5’-monophosphate in tissues
and of guany! cyclase in rat intestine. J.
Biol, Chem,, 244: 6371-6376

Iwai, H., M. Inamasu and S. Takeyama 1972
Inhibition of the protein kinase by adeno-
sine compounds : Competitive inhibition
with respect to ATP. Biochem. Biophys. Res.
Comimun,, 46 : 824-830

Johns, E. W. 1964 Studies on histones. Biochem.
J., 92: 55-92

Kumon, A., H. Yamamura and Y. Nishizuka
1970 Mode of action of adenosine 3’, §5’-
cyclic phosphate on protein kinase from
rat liver. Biochem. Biophys. Res. Commun.,
41: 1290-1297

Kuo, J. F. and P. Greengard 1970 Cyclic
nucleotide dependent protein kinase. VI.
Isolation and partial purification of a pro-
tein kinase activated by guanosine 3’, 5'-
monophosphate. J. Biol. Chem., 245: 2493~
2498

Kuo, J. F., J. R, Sanes and P. Greengard 1970
Cyclic nucleotide-dependent protein kinase.
V. Preparation and properties of adenosine
3’, 5’-monophosphate-dependent protein ki-
nase from various bovine tissues. Fed.
Proc., 29: 601-602

Kuo, J. F., G. R. Wyatt and P. Greengard 1971
Cyclic nucleotide dependent protein kinase
J. Biol. Chem., 246: 7159-7167

Labrie, F., S. Remaire and C. Courte 197]
Adenosine 3’, 5’-monophosphate-dependent
protein kinase from bovine anterior pitu-
itary gland. J. Biol. Chem., 246: 7293-7302

Lowry, O. H., N. J. Farr and R. J. Randall
1951 Protein measurement with the Folin
phenol reagent. J. Biol. Chem., 193: 265-275

Nishiyama, H., H. Katakami, H. Yamamura,
Y. Takai, R, Shimomura and Y. Nishizuka
1975 Functional specificity of guanosine
3’ : 5’-monophosphate dependent protein
kinase from silkworm. J. Biol. Chem. 250:
1297-1300

Reiman, E. M,, D, A, Walsh and E. G, Krebs
1971 Purification and properties of rabbit
skeletal muscle adenosine 3’, 5~-monophos-
phate-dependent protein kinases. J. Biol.
Chem., 246: 1986-1995

Robison, D. A,, R. W. Butcher and E. W.
Sutherland 1968 Cyclic AMP. In “Annual
Review of Biochemistry,” Vol, 37, ed. by
E. E. Snell, Annual Reviews Inc., Palo



HA DRV SIHY v BAEE 189

Alto, pp. 149-174 phate-dependent protein kinase from silk-

Sodering, T. R., J. P, Hickenbottom, E, M, worm eggs. Insect Biochem., 4: 429-438
Reiman, F, L. Hunkeler, D, A. Walsh and Walsh, D. A., J. P. Perkins, C. O, Brostrom,
E. G. Krebs 1970 Inactivation of glycogen E. S. Ho and E. G. Krebs 1971 Catalysis
synthetase and activation of phosphorylase of the phosphorylase kinase activation re-
kinase by muscle adenosine 3’, 5’-mono- action. J. Biol, Chem,, 246: 1968-1976
phosphate-dependent protein kinases, J. Walsh, D. A,, J. P. Perkins and E. G. Krebs
Biol, Chem,, 245: 6317-6328 1968 An adenosine 3’, 5-monophosphate-

Takahashi, S., T, Kageyama, T, Ohoka and E. dependent protein kinase from rabbit skele-
Ohnishi 1974 Guanosine 3’, 5-monophos- tal muscle. J. Biol. Chem., 243: 3763-3765

Summary

A cyclic GMP dependent protein kinase was purified 105-fold from the pupac of
Bombyx mori, by using calcium acctate precipitation, acid-treatment, ammonium sulfate
fractionation, DEAE-cellulose chromatography, and Sephadex G-200 gel filtration,

The purified enzyme was able to phosphorylate several proteins, among which
histone F,, was the best substrate as far as tested. The kinase was activated only by
the 3’, 5’-cyclic monophosphate of adenosine and guanosine, but not by their 2’, 3/-
isomers.

The enzyme exhibited an activity to bind cyclic ["H]GMP. The rate of binding
incrcased in parallel with the increasing amount of the enzyme protein. Both of the
phosphorylation activity and the binding activity showed an optimum at pH 6.5~7.5.
The binding of cyclic [PH]GMP was inhibited by non-labeled cyclic GMP and cyclic
AMP, The inhibition by the former was 100-times as large when compared to that
by the latter at their concentrations between 1077 and 107*M.

The protcin-phosphorylation activity was inhibited by derivatives of adenine including
its deoxy-compounds. The inhibition by guanine or cytosine derivatives was slight if
any. The order of inhibitory capacities of adenine derivatives was ADP>adenosine™>
adenine>AMP. The inhibition rate did not depend on the concentration of cyclic GMP
or cyclic AMP, but it decreased as the amount of ATP was increased.

Double reciprocal plots of the phosphorylation rate against ATP concentration suggest
that the adenine derivatives competed with ATP, On the other hand, cyclic [*H]-
GMP-binding activity did not change according to the concentration of ADP, suggesting
that the cyclic GMP-binding site and the protein-phosphorylation site are separately
located in the cnzyme protein.



