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Enzymatic Studies on the Muscle of Aquatic Animals

3. The effect of various inhibitors on aerobic glycolysis of fish
(Cyprinidae) and squid (Ommastrephes sloant pacificus) muscle

Takeshi SHIBATA

Abstract

A study was made of the effect of various inhibitors on aerobic glycolysis in
fish and squid muscle extract.

(1) Jodoacetate inhibits lactate and pyruvate formation and also fructose
diphosphate utilization.

(2) There is no effect on the end product formation of glyeolysis by ma-
lonate, 2,4-dinitrophenol and cyanide.

(8) By fluoride lactic acid and pyruvic acid production is inhibited.

(4) Arsenate exerts a slight acceleration on the formation of lactate and
pyruvate.

(5) The effect of arsenite is the same as that of arsenate on pyruvate for-
mation in squid, whereas lactate formation in fish is fairly inhibited.
(6) The role of these inhibitors in the multi-enzyme system is discussed.
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Table 1. Effect of jodoacetate and dinitrophenol on aerobic glycolysis
in carp muscle extract

The standard medium was the same as the Lepage’s glycolytic system®, except
that 1.9 g moles of FDP and 0.96 mg extract protein per ml of incubation mixture
were used. Incubation, 30°.

+ and — represent increase and decrease, respectively
The values are expressed as ymoles per ml of incubation mixture.

Inhibitors Control Jodoacetate Dinitrophenol
Concentration 0 10-3 10-4
Incubation time - FDP ' +Lactate —FDP +Lactate —FDP + Lactate
min. p moles 1 moles 2 moles p moles pmoles 4 moles
20 0.58 1.42 0.59 0.18 1.12 1.55
40 1.36 1.73 0.46 0.28 1.34 1.64
60 1.40 1.71 0.46 0.31 1.52 1.73
80 1.42 2.13 0.46 0.31 1.60 2.08
120 1.61 2.44 0.56 0.31 1.63 2.44
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Table 2. Effect of jodoacetate and dinitrophenol on aerobic glycolysis
in squid muscle extract
The standard medium was the same as the Lepage’s glycolytic system, except
that pyruvate and fluoride were omitted and 2.8 pmoles of FDP and 0.50 mg extract
protein per ml of incubation mixture were used. Incubation, 30°

Inhibitors Control Jodoacetate Dinitrophenol
Concentration _3 -4
an 0 10 1.3x10
Incubation time —FDP ! +Pyruvate —FDP ‘ + Pyruvate —FDP L + Pyruvate
min. p moles 2 moles 1 moles | 2 moles £ moles pmole
20 2.00 1.40 1.10 ! 0.63 2.00 1.69
40 2.11 1.54 1.39 | 0.76 2.11 1.85
60 2.15 1.54 151 | 0.7 2.13 1.86
80 2.15 1.51 1.67 | 0.81 2.15 1.84
100 2.21 1.49 177 1 0.80 2.16 1.86
Table 3. Effect of malonate on aerobic glycolysis in carp muscle extract

Experimental conditions were the same as in Table 1, except that 2.8 ¢ moles
of FDP and 0.89mg extract protein were used.

Concentration control 10-3
Incubation time —FDP ‘ +Lactate | —Pyruvate —FDP +Lactate | —Pyruvate
min. pmoles pmoles pmoles pmoles pmoles pmoles
20 1.34 1.16 1.46 1.00 0.99 1.08
40 1.65 1.88 2.26 1.83 0.89 1.84
60 1.78 1.88 2.83 1.50 1.69 2.41
80 1.92 2.05 3.13 1.56 1.69 2.78
120 1.95 2.32 3.26 1.83 2.49 3.20

Table 4. Effect of malonate on aerobic glycolysis in squid muscle extract

Experimental conditions were the same as in Table 2, except that glucose,
moreover, was omitted.

Concentration Control 0.5x10-3 0.5x10-2 0.5X 10"
Incgilsgziqn —FDP|+Pyruvate| —FDP |+ Pyruvate, —FDP |+ Pyruvate| —FDP| --Pyruvate

min. pmoles  pmoles |pzmoles g moles |zmoles) pmoles |zmoles pmoles
20 2.52 1.39 2.44 1.45 2.52 1.48 2.52 1.29
40 2.70 1.72 2.53 1.86 2.69 1.98 2.52 1.73
60 2.70 1.81 2.61 1.93 2.69 1.98 2.69 1.83
80 . 2.70 1.87 2.57 1.93 2.69 1.95 2.72 1.92
120 ! 2.76 1.76 2.59 1.91 2.69 1.4 2.76 1.89
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Table 5. Effect of cyanide on aerobic glycolysis in carp muscle extract

Experimental conditions were the same as in Table 1, except that 3.5y
moles of sodium pyruvate and 0.91 mg extract protein were used.

Incubation ' Control Cyanide (10-*M)

time i —FDP ‘ +Lactate \ —Pyruvate —FDP +Lactate ‘ —Pyruvate
min. £ moles ‘ ¢ moles £t moles ¢ moles 2 moles : p moles
20 0.6 . 0.89  0.66 0.86 0.85 | 0.46
40 . 1.06 | 1.60 ‘ 1.40 1.06 1.16 \ 1.00
60 Sl \ 1.69 1.77 1.12 147 | 1.0
8 . Lz | 18 | 1.9 1.32 1.8 170
120 | 122 | 200 | 227 1.42 1.87 | 2.06
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Fig. 1 Fig. 2

Fig. 1. Effect of fluoride on aerobic glycolysis in squid muscle extract

The standard medium contained 40 2 moles of phosphate buffer (pH 7.6), 6 #moles of
MgCly,, 0.242mole of DPN, 8.5xmoles of FDP and 0.49 mg extract protein per ml of
incubation mixture

: decreased FDP; - - : increased pyruvate. O : no added fiuoride;

A :107* M sodium fluoride; @ : 10-* M fluoride

Fig. 2. Effect of fluoride on aerobic glycolysis in cruesian carp muscle extract

The standard medium was the same as the Lepage’s glycolytic system, except that
40 xmoles of Tris buffer (pH 7.6), 4.9 2 moles of FDP, 3.5 #moles of sodium pyruvate and
0.70 mg extract protein per ml of incubation mixture were used without glucose.

————— : increased lactate; - - :decreased pyruvate; ———— : decreased

FDP. O: no added fluoride; @ : 2x10-2 M sodium fluoride; W : 4x10-2 M fluoride
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incubation time(min.)

pmoles per ml of ineubation mixture

Fig. 3. Effect of arsenate on aerobic glycolysis in squid muscle extract

Experimental conditions were the same as in Fig. 1, except that 3.7 #moles of
FDP and 0.40 mg extract protein were used. (a) shows amount of FDP decreased
(b) shows amount of pyruvate formed

O : no added arsenate; 4 :10~* M sodium arsenate; (J: 10~ M arsenate;

@ : 102 M_arsenate

— 205 —



102M T 10% 720 RES WD, ULh LABOERMCIE TR Y ORER R L A, 107°M

#moles per ml of incubation mixture

K oK E R O# [XII, 3

[

jal

= p

_‘és.o (a) 3.0F (v) 3.0r (e

a

2 Q
= 20}

E ' j

Q

£

% 1.0t

: ./ .

%

=

% e " " i I

T 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
xA

incubation time (min.)
Fig. 4. Effect of arsenate and fluoride on aerobic glycolysis in crucsian carp
muscle extract
The standard medium was the same as the Lepage’s glycolytic system, except that
4.7 pmoles of FDP, 3.5 umoles of sodium pyruvate, 10 #moles of sodium fluoride or/and
8 zmoles of sodium arsenate and 0.90 mg extract protein per ml of incubation mixture
were used without glucose. (a) for fluoride (b) for arsenate (¢) for fluoride and arsenate
O : decreased FDP; @ : increased lactate; @ : decreased pyruvate
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Fig. 5. Effect of arsenite on pyruvic acid formation in squid muscle extract

Experimental condition were the same as in Fig. 1, except that 4.9 umoles of FDP
and 0.49 mg extract protein were used.
O : no added arsenite; @ : 10~* M sodium arsenite; (P : 10> M; @ :102 M

Fig. 6. Effect of arsenite on aerobic glycolysis in crucsian carp muscle extract

The standard medium was the same as the Lepage’s glycolytic system, except that
3.6 umoles of FDP, 0.90 mg extract protein per ml of incubation mixture were used with-
out glucose, pyruvate and fluoride. (a) shows amount of FDP decreased. (b) shows
amount of lactate formed.

(D : complete Lepage’s system (but without glucose only); [] : no added arsenite;

O :10* M arsenite; a :10°* M; @ :10:* M
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