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Abstracts

A detailed procedure was described for the isolation of cratine kinase (ATP-Creatine phospho-
transferase, E. C. 2. 7. 3. 2.) from the muscle of the snake Bungarus fasciatus. The original isolation
procedure of Kuby et al. for the rabbit muscle enzyme has been modified and extended to include
a chromatographic step.

The properties of the enzyme have been investigated and kinetic constants for the reverse reactions
determined as the followings:

A molecular weight of the enzyme was determined by gel filteration on Sephadex G-100
and by electrophoresis on SDS-polyacrylamide was 86,000.

2) Two reactive sulphydryl groups were detected with dithiobis nitrobenzoic acid (DTNB).

3) The nucleotide substrate specificity in the reverse reaction was determined as ADP<2’
—dADP>GDP>XDP>UDP with magnesium as the activating metal ion.

4) The order of the metal specificity in the reverse reaction Mg=>Mn>>Ca ~Co was determined with
ADP as substrate, .

5) A detailed kinetic analysis was carried out in the reverse direction with MgADP™ as the nucleo-
tide substrate. Initial velocity and product.inhibition studies(tMgATP2 ™ competitive with respect to
MgADP— and noncompetitive with respect to N-phosphorycreatine? ™~ ; Creatine competitive with
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respect to N-phosphorylcreatine? ™~ and noncompetitive with respect to Mg ADP™) indicated that
the reaction obeyed a sequential mechanism of the rapid equilibrium random type.
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Table |, Kinetic constants for rapid - equilibrium random sequential mechanism,

Kinetic constant

Equilibrium

AR RAARRRA
S o5 e g &

»

E + MATP 2 EMATP

Cr + EMATP 2 CrEMATP
Cr + E 2 CrE

MATP + CrE 2 CtEMATP
MATP + E 2 EMADP

PCr + EMADP ZPCrEMADP
PCr + E 2 PCrE

PCrE + MADP =2 PCrEMADP

m % &

(1) ¥ B RPE 9 Creatine K inase HEAN

Kuby %4 of fMRE0 azve @EL &
maked SEEsEsE #8 KCldl 93t DEAE
cellulose o 2Re Filis& @R HESRE
+ 9% 16.07 # moles / min /mg protein ojg
o, 4 creatine REH o= EMEEE WEY
BR Y 45% EeZES ugta ok 9.39e mmst
ol¥e17ct (Table 1). MBEREAA o BEE

1.0 -

~ 0.8

g

[=] b

g 0.6 ~

5]

o

g -

2 0.4 Absorbance at 280 nm

g e—a :Enzymic activity,
0.2

Sol| st REEHA 0T A4 BE BRE #T
8 of EllgERol BMSIctE WK WA 283
MgAC, = MgSO, HBHE Mitid o 1 RES

Kuby & 9o kel R 6% 4%A4 8%

% 4%% LA s a slEHEE 30 94 1B
o2 ERSbe Aol of #HEAyolll, Alcohol 5
FREEE 36 ~ 50 %A 40 ~60 %2 EIKslE
Aol LEsiets Aol #a el (Table 2). 8
) o) @R o s e BEFE+ polyacryla -
mide A BEXE KR st =& Jebilo] vla
A MR BRYE 4 + dglEh

- 250

1

&

<
Activity Cunits /ml)

Fraction number(6. Q0 ml)

Fig. 1. Chromatography of Fraction T of ADP- creatine phosphotransferase on

DEAE -~ cellulose DE 23.
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Table 9. Purification of snake muscle creatine kinase by alcohol fractionation
and ion exchange chromatography,

Protein R
Fraction Volume concent UL scuvity acuvity punit- V1S
(mg nl) (mg) (unitsx1(®) (units/mg) cation °
1. Homogenate in 10 mM 420 10.25 4.31 8.79 2.03 (1.00) (100>
KCl
2. 60% (VY 95%) alcohol, 962 2.04 1.96- 8.20 4.18 2.1 72
OC, 60 min,
3. MgAc, extract of 62.8 28.9 1.81 7.91 4.36 2.14 69
MgSO, precipitate
4. 40~60% (v, v 95%) alc- 153 68.2 1.04 7.20 6.92 3.4 63
ohol fractionate and
dialysis
5. DEAE- cellulose chroma- 5.20 49.3 246 3.95 16. 07 9.3 A

tography and ultrafiltra-
tion
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- umin st
2 2
( 1 Il 1 1 —_ 1 1 i 1 H I 1 -
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Fig. 2. Molecular weight determination of
subunit of ATP-creatine phospho -
transferase .

Fig. 3. Molecular weight determinatien of
ATP- creatine phosphotransferase
on Sephadex G 100. V, AV, of four
standard proteins are plotted aga-
inst their molecular weight.
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Table 3, Metal ion sﬁecifieity of snake muscle creatine kinase

activity apparent michaelis

Metal Ion (% of MgADP-) constant ( mM )

Mg2+ 100 0.144 * 0.009

Mnz2+ 86 0.123 = 0.006

Coz+ 2 0.055 =+ 0.009

Caz2+ 20 0.057 * 0.018

Ba?2+ 4 ND

Sr2+ 4 ND

Ni 2+ 0 ND

Znat 0 ND

ND : not determined
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@B Morrison 329 o] o 5ty MgATP2™ Mg-
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te , 2 MgdADP~, MgCDP~, MgGDP~, Mg-
UDP~ MgXDP el w g g-e¢ MgADP™ o grst 3t
o] EughstsichtV

P EE HES £33t creatine kinase o #§
BREN A MgADP™ 2} A& 4 e o7ty
Mg - nucleotide ¢ fE)& Mz sttt ol o Mgzt
o WEEE 1.25mMz #EgA g el 2 d3 nucle-
oside diphosphate o) EiEE o2 IEFZ WY
st MgADP™) Mg2/ - dADP’ ) MgGDP™) Mg-
XDP~ ~MgCDP~> MgUDP~ (4§l 4) 714
apparent Michaelis constant &= computer 4

ol o sled g AHfolh
(Table 4).
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Table 4 Suhstrate specificity of snake muscle

creatine kinase,

Acivity Apparent Michaelis
Substrate (% of MgADP™) constant (mM)
ADP 100 0.14 = 0.01
2/ - dADP 51 0.18 = 0.04
GDP 8.2 * 1.0
XDP 6.5 4.4 = 1.2
CcDP 7.0 = 0.43
UDP 3 3.5 = (.18
Ka
=y {05 * e zi?j)}
(3) REEEE Ol 3t RERSSR - Kb, 4
Coupled spectrophotometric assay B2 FIH —t ( 1+ ==
’ i (A)' ¥, (BJ
3l &b SMBion Mn2*ol gRypphEt creati- 1 Kb (P Kia p
ne ¢ wAsHs Sl MMKEEES NTT B8 ——=~{( 1+ = ) + ( 14 2 J)}
v v Kip CAJ Kip
= Adstas 2 & FHAKME HEHES a-naph- 1 ) Ka
thol diacetyl i FIMsHA . Bt (14 5)
b O RE EE 1

Fig. 4954 vepll R YREAN4 dou-
ble reciprocal plot o] Efgols 7t B 9
HBELRES vebdicl, Mg2* g4 Mn2+g g
519& # S = double reciprocal plot( Fig .
6, 7)< vl=d 24E Ebyg
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Fig. 4,5,6,7 ¢ data = computer S¥roz B
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A3 (Fig 89) MgATP?" & MgADP™ o o3}
o EPH BEM2 fEA i N- phosphoryl -
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T A el
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+ BRI 98t Z2EE HERL ohoa e

BIESS o o] Kol o3t BBR A4 U5
Aot
£RY BEH 24 creatineo] MgADP-ol o 5o
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assay o = BES 9 o (Fig. 10, 11).

ol 49 Hax Morrison o) 2HE FHEAE
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_ {1 +K1b
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Kb P)
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Table 5 MFMES £RM AERKo 21
& Eyu #Rolch Kigst Kig o gte  Fig. 8,

Table 5, Michaelis and dissociation ce-
‘nstants for creatine kinase ac-
tivated by Mg2+and Mn2+dete-
rmined from the initial velo-
city of the reverse direction,

1
v

Value of constant(mM) in the

Kinetic
Parameter Presence of
Mg2+ Mne2+
K, 0.12 £ 0.02 0.016 = 0.003
Kia 0.26 = 0.06 0.033 = 0.007
K, 2.3 £ 0.3 0.3 * 0.07
Ky 50 £ 1.3 072 * 0.17
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Fig. 11. Product inhibition of the erverse reac-
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Table 6. Inhibition constants of the reverse reaction of snake creatine kinase *

Apparent inhibition True inhibition Concenration
Product Variable Type of constants constants of constant
inhibitor substrate inhibition K;,(mM) Kq@mM) substrate
Kiq (mM) K mM) ¢
MgATP?- MgADP~ competitive 2.14 + .17 2.03 PC 5.0
(0.87 +0.03) 0.68)
MgATP? PC noncompe - 7.97 £161  23.38 + 17.59 448 871  MgADP- 0.2
titve (2.94 £0.31) (1590 = 3.70) (1.35) (3.18)
Creatione MgADP~ 4876903 6609519 244 208  PC 5.0
(36 £5) 201 @3 (13
Creatione PC competitve 50.75 % 3.13 107.0 MgADP- 0.2
(86 £05)

¥ The vdlues in parenthesis are values reported by Morrison and James (41) for the rabbit

muscle enzyme,

9, 10, 119 #E£E Cleland*® COMPs} NONCOM
computer programe 2 Zifste]l o2 #Efo|t}

true inhibition constant Kias¢} Kiqzt-& Morrison
3 Jameseo| ©] ste] s apparent of real

inhibition @l HEBRGR HER o sd FHEs
Aek. AHEE 5o RBER2VH & BRRER
= rapid equilibrium random mechanism o =
BEs e HES ~FHEE ¢ + 230k (Table 7).

Table 7. Expected pattern of product inhibition results on the basis of a rapid equilibrium random
reaction mechanism for the reverse reaction catalysed by creatine kinase.

Variable substrate

Product
Creatine MgADP- PC
MgATP‘ Competitive Noncompetitive
Creatine Noncompetitive Competitive

v, # - 4 sled GYE ¢+ AR

Kuby %2) alcohol 4 5I;&82+) DEAE - cellulose
3 2vte aEte] & Fnsted 9 #HEy creatine ki -
nase & #iffsiAl HRESI . SnEHHY ¥ HA
ol &= creatine kinase 7} FREY THH EARBe
FEIIATL 2 EEEEE A2 Lad EmE)
B Aol vl HEE et ¥ 4 Ak

1% B - mercaptoethanol o] ZZE T4 SDS
polyacrylamide & pkBio 2 o & subunit 4HF&
(43,500)2 dogfish HiAEEEs) subunit 4 F&
(41,5003 = 71f5py 8% subunit 5 F& (42,700)%

A ¥ fppy creatine kinase o] REEME SHE 2
SHE & NIZEY #F BmEy FHey creatine Ki-
. nase 8} —gatd 6~8Me SH7|7 9o 2 %
REMH: SHEE 27 9 4le}, Simonarson %o 7P
dogfish el 4 73 4He KiEKE SHES #
S Halgch 28y olF 249 SHES BRE
el o KEfyoleb= 44 5, 5 - dithiobis- (2
- nitrobenzoic acid)o}o| HEEKS = W3 zi=h
W f5py creatine kinase & 5, 5/ - dithiobis- (2
- nitrobenzoic acid) & ggPEstH BERIEM] T
5 glold SHE BREMIMA BRY-E vetd

_70_
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