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Studies on the Glycogen Debranching System of
Carp Skeletal Muscle

Takeshi SHIBATA*, Yutaka HiROSE*
and Michio Kawapa*

Abstract

In order to obtain further information about the glycogen degrading metabolism in fish
skeletal muscle, the glycogen debranching system (EC. 2.4.1.25+EC. 3.2.1.33) of carp skeletal
muscle was investigated and compared with that of bonito muscle. The results obtained are
as follows :

(1) Optimal pH and temperature are pH 6.1 and 37°C, respectively.

(2) Michaelis constant is 0.09%, and substrate specificity for phosphorylase-limit
dextrin is the highest.

(3) The titration of SH groups in the presence of SDS revealed 18 thiol groups per
molecule ; for 509, decreases in the catalytic activity, 35%, of total thiol groups are reactive.
Soluble starch protected the enzyme against modification of thiol groups with DTNB.

(4) The carp enzyme is stable in the pH range of 5 to 7 and up to the temperature of
35°C.

(5) Triethanolamine and Tris concentration for 50%, decreases in the activity is 256 mM
and 10 mM, respectively.

(6) Despite overall similarities, the number of total thiol groups are markedly different
between the carp and bonito enzymes.
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Fig. 1. Effect of pH on the activity of carp glycogen debranching system. Maleate buffer was
used at 0.02 M concentration.
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Fig. 2. Effect of temperature on the activity of carp glycogen debrahching system.
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Fig. 3. Effect of substrate concentration on the activity of carp glycogen debranching system.
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Table 1. Substrate specificity of glycogen debranching system from carp muscle.

Substrates Enzym(eu I(lli(zlx/l::;lr;tmtion Re]ativ(%/ﬁctivity
Phosphorylase limit-dextrin 0.13 100
Glycogen 2.76 0.7
Soluble Starch 2.76 11
Amylopectin 2.76 0.2
Pullulan 2.76 0.3

Carp enzyme : specific activity =1.95.
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Fig. 4. Titration of SH groups in carp glycogen debranching system.

The enzyme (0.34 mg in 0.2 ml) was added to 2.8 ml of 10 mM phosphate-1 mM EDTA
buffer (pH 8.0) with (closed mark) or without (open mark) soluble starch (final concentra-
tion: 2.5%). The mixture were titrated with 0.02ml of 10mM 5, 5’-dithiobis (2-
nitrobenzoic acid) at 25°C and the reaction was stopped by diluting with 10 mM maleate-
140 mM gB-mercaptoethanol buffer (pH 6.5). The reaction was followed by changes in
absorbancy at 412 nm and enzyme activity was determined. For total SH groups determi-
nation, the phosphate buffer contained 2%, SDS (dotted line).
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Fig. 5. Effect of triethanolamine on activity of carp glycogen debranching system.
Full line: carp enzyme (3.5X107® unit in the reaction mixture); broken line: bonito
enzyme (4.5 107% unit in the reaction mixture).

~ 100
&
b
Z 80
>
S
o 60
o
=
—~ 40
=
©
E
e 20
[+ 4
o 1 1 ) ) A
0 10 20 30 40 50
Tris {(mM)

Fig. 6. Effect of Tris on the activity of carp glycogen debranching system.
Full line: carp enzyme; (3.5 102 unit) ; broken line: bonito enzyme (5.0 x 10~2 unit).
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Fig. 7. pH stability of carp glycogen debranching system.
The enzyme (0.37 mg/ml) was preincubated with various pH of 0.01 M Mcllvaine buffer for
15 min at 30°C. The preincubation mixture was diluted with cold 0.5 M phosphate-0.05%,
gelatine buffer (pH 6.5) and then the enzyme activity was assayed.
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Fig. 8. Temperature stability of carp glycogen debranching system.
The enzyme (1.12 mg/mg) was preincubated with 50 mM maleate buffer (pH 6.1) at various
temperature for 15 min. The preincubation mixture was diluted with cold 0.1 M maleate-
0.05% gelatine-1 mM EDTA buffer (pH 6.1). Aliquot was removed and the enzyme
activity was assayed.
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Fig. 9. Inactivation rate of carp glycogen debranching system.
Experimental conditions were the same as described in Fig. 8, except that the preincuba-
tions at two constant temperatures were carried out for various times. The inactivation
rates of the enzyme were calculated according to first order kinetics.
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