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Effects of temperature and additives on the stability of actomyosin extracted from skeletal
muscle of Israeli carp, Cyprinus carpio nudus, were studied by analyzing free SH-group, ATP-
sensitivity and Ca-ATPase activity. The used additives were sucrose, sorbitol, Na-glutamate and
L-~cysteine.

Furthermore, the denaturation constant(Kp), protective effect(4E/M) and the other thermo-
dynamic parameters on protein denaturation are systematically discussed. The actomyosin showed
4.12~4.68 mg/ml in protein concentration, 2.63~2.93% in ribonucleic acid to the protein, 1:2.20
~2.63 in the binding ratio of myosin and actin, 4.33~5.26% in fat content, 109.78 in ATP-
sonsitivity, 0.159~0.201 uM-Pi/min/mg-protein in Ca-ATPase activity and 3.3~3.4 M/105g-
protein in free SH-group content. The first-order rate plots were obtained on the decrease of
Ca-ATPase activity and ATP-sensitivity with an increase in temperature, while the free SH-
group was increased to 60°C and decreased rapidly above the temperature. The half-life of Ca-
ATPase activity on the actomyosin Ca-ATPase was 280 min at 12°C, 125min at 20°C, 55 min at
30°C and 13min at 40°C, and activation energy, activation enthalpy, activation entropy and
free energy of the proteins at 20°C wene 5, 395 cal/mole, 4, 814 cal/mole, —40.42 e.u. and 17,626
cal/mole, respectively.

The protective effect of the additives on the actomyosin Ca-ATPase showed that the most ef-
fective material is 3% sorbitol and followed in the order of 8% Na-glutamate, 1% sucrose and
1% L-cysteine. The actomyosin was more stable at —30°C than at 0°C and —20°C, and when
the additives were used in the low temperature storage, 8% Na-glutamate was the most effective.

3% sorbitol, 1% sucrose and 1% L-cysteine was to beccme lower in the order.
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Table 1. Specifications on purified Israeli
carp actomyosin

Items Condition of sample

Protein concentration
Nucleic acid

4.12~4.68 mg/ml
2.63~2,97%

Actin: Myosin(w : w) 1: 2.20~2.63

Lipid content(w/w) 4.33~5.26%

ATP-sensitivity 109.78

Free SH group 0.33X10~4M~
0.34X10~4M/g-prot.
0.159~0. 201

Ca-ATPase activity
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Fig. 1. UV-absorption spectra of Israeli carp
actomyosin
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Fig. 2. Effects of temperature on the changes of
Ca-ATPase activity(Q), free SH-group
(@) and ATP-sensitivity(X) in accor-
dance with the denaturation of Israeli
carp actomyosin, Ca-ATPase activity
and  ATF-sensitivity were measured
after 60 min treated at the directed tem-
perature but free~-SH group be done after
30 min
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Fig. 3. Inactivation of Ca-ATPase of Israeli

carp actomyosin during heat treatment
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Fig. 4. Arrhenius plot of apparent rate constants
for inactivation of Ca-ATPase during
heat treatment of Israeli carp actomyosin
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Table 2. Thermodynamic activation parameters of ATPase activity of Israeli carp
actomyosin compared with that of some other fishes

Assay Lipid

Species temperature content Ea 4H” 45" 4G
&) (%% (cal/mol) (cal/mol) (entropy unit) (cal/mol)
Cyprinus carpio nudus 20 4.8 5,395 4,814 —40. 4 17,626
Seriola quinqueradiata* 25 5.3 10, 500 9, 900 —32.8 19, 700
Amphiprion sebea** 18 — 17,300 16,700 — 6.1 18,500

* Seriola quinqueradiata actomyosin (Hamada et al., 1983)
*% Amphiprion sebea myofibril (Johnston and Goldspink, 1975)
The assay for Ca-APTase activity was performed in 60 mM KCl, 25 mM Tris-maleate buifer,

pH 7.0, 5 mM CaC],

1 mM ATP and at a actomyosin concentration of 0.4~0.5 mg/ml. The

reaction was terminated by addition of TCA and the Pi liberated was determined.
Thermodynamic parameters were calculated according to the following equation: JG'=4H'—
TAS'; AH*=Ea—RT; 4S'=4.576(logK~1 0.753—logT+Ea/4.576 T) and K=V/(100/M)X 240, 000

%10~% (1/60), where M is the myosin content of actomyosin.

‘The proportion of myosin in the

actomyosin was applied 659, which is practically measured, with a molecular weight of single

myosin of 240,000 per enzyme site.
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Fig. 5. Logarithmic plot of the apparent rate
constants for inactivation of Ca-ATPase
of Israeli carp actomyosin treated at
30°C for 60min by the condition of suc-
rose(() and sorbitol(@) concentration
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Fig. 6. Logarithmic plot of the apparent rate
constants for inactivation of Ca-ATPase
of Israeli carp actomyosin treated at
30°C for 60 min by the condition of Na-
glutamate((Q) and L-cysteine(@) con-
centration
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Table 3. The apparent rate constant and the protective effect of substances against
inactivation of Israeli carp actomyosin Ca-ATPase treated at 30°C for 60 min

: Apparent rate con- Protective

Substances Optimum conc. (%) stant(Kpx(105/sec)  etfect(AE/M)*
Sucrose 1 3.55 8.62
Sorbitol 3 5.13 3.03
Na-glutmate 8 3.31 0.91
L-cysteine 1 3.31 2.89
1% sucrose in 3% sorbitol . 5.88 2.07
8% Na-glutamate in 1% L-cysteine 4.47 0.51
8% Na-glutamate in 3% sorbitol 2.78 0.12
*E: log Ko—log Kp, M: Mol of additives
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Fig. 7. Changes of Ca-ATPase activity of Israeli
carp actomyosin during low temperature
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—=30°C(A)
M #{LE Fig. 76 tebsith. —30°C o4
Rt A2 BFRE 14 H71x] Ca-ATPase fE(E A
8 BEstA dgtout, 0°CojA Brgist Re B
13H o BEEHES 46% o] BEFINRLA,
—20°C ol 4 BT AL 2 Aol FERS] 50%
wkol det 9lelsl 4 Hal ¥E oA Einste 6 B
o] 74% ¢ el2ow, 2 £ chh it 13H
e WANEHES 22% wto]l BFsigich. Connell &
(1960 ) o7 W& BEAAL 5 ~20°Co A
ATPase JEfko] A& #|bstx] g ou, o] uxf
ohd & HEA —22°C @ —14°C o)A & dA g
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Fig. 8. Effect of additives on Ca-ATPase acti-
vity of Israeli carp actomyosin during
frozen storage at —20°C
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5. {EIEBFEF; actomyosine] b FEd BET
~30°Co]glom, 0°C, —20°C L2 AZEs4Y
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