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Enzymatic Studies on the Muscle of Aquatic Animals

1. On the properties of carp muscle aldolase

Takeshi SHIBATA

Abstract

An aldolase has been isolated from carp muscle and partially purified. Its properties and
kinetics have been studied. The results may be summarized as follows:

(1) The enzyme preparation was either fractionated with ammonium sulfate between the
concentrations of 1.75 Mand 2.4 M, or precipitated with acetone between 40 and 45 per cent
from muscle extract; both were lyophilized.

(2) The optimum pH was approximately between 8.2 and 8.5 in 0.05 M Tris buffer, 9.4
in 0.05 M glycine buffer, and 8.4-8.6 in 0.05 M borate buffer.

(8) The optimum temperature was found to be 45°C. for a period of incubation of 15 min.

(4) No bivalent metal ion effects have been detected, but some heavy metals, especially
Ag, Hg and Cu salts, inhibited strongly the enzyme in final concentrations of 10-¢ M.

(5) Michaelis constant for fructose diphosphate has been determined as about 0.45x10-3
mole per liter at 30°C. in Tris buffer of pH 8.3.

(6) Arrhenius activation energy was abcut —11,000 calories per mole in Tris buffer at
pH 8.3. :

(7) From the above~mentioned, it was concluded that the properties of the carp muscle
aldolase, except the unstability of its activity, would be similar to those of rabbit muscle aldolase.
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Table 1. Partial purificatibn of carp muscle aldolase
Enzyme activity | Protein content o Yield
Step Amount S&?i‘i?c T
per cc | total | per cc | total y activity_ protein
cc unit unit mg mg unit/mg % %
Crude extract 950 0.58 551 10.9 10355 0.053 - -
(NHy); SO fraction 1
1.75 M supernatant ’ 1036 0.48 496 6.7 6911 0.071 90 67 .
(T4 S04 fraction, 18 | 184 | 330 | 79.1 | 1424 | 0.238 | 60 | 13.8
(NHa)z SOq fraction,
2.4 M supernatant 1065 0.03 30 5.1 5432 0.005 5.5 53
Jmprecipitation. 1.4 | 263 | 303 | 68.9 | 78 | 0.38 55 | 7.6

Extracted from 350 g carp muscle (1.6 unit/g wet weight of tissue)

Enzyme activity was estimated by Taylor ef al.®>
Unit : 1 mg triose-phosphate-P/ cc/min at 30°
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Fig. 1. Ultraviolet absorption spectra of the enzyme

preparation
Each 0.18 mg protein (based on the determination of
Kjeldahl-N.) per cc of redistilled water; cell path, 1 cm
—@— lyophilized acetone fraction; —O— lyophilized
ammonium sulfate fraction.
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Fig 2. Time course of carp muscle aldolase activity
in assay

The reaction mixture contained, in moles per 0.2 cc,
fructose diphosphate 5x 10-* M, Tris buffer 5x10-2M,
pH 7.2, KCN5x10-2 M or in the place of KCN, mono~
jodacetic acid 1.8x10~3 M, 32 ¥ of enzyme preparation
(specific activity: 0.263). Temp. 30°C. —@— KCN;
—(O— monojodacetic acid
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Fig. 3. Linearity of response with enzyme concentra-
tion

All reaction mixture contained 1 cc 0.1 M fructose di-

phosphate, 1ccQ.2 M boratc buffer pH 7.3, 1¢cc0.25 M

KCN, and varying amounts of enzyme solution (specific

activity: 0.18), in a final volume 5 cc. After 3 min reac-
tion at 38°, aliquots were estimated for alkali Jabile p.
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pH (T & B BUSEE— Bl 7 DI BRI The final concentrations of reagents employed were:

BLE % AV R 058 5 Mla) b) ©) IR & fructose diphosphate 5x10-3 M; Tris buffer 5x10-2M,
_ . . pH 7.3; KCN 5x10-2M; 50 7 of enzyme preparation
v/ NS )
N80 BRI & O TEH pH SR + Y (specific activity: 0.165). The total volume was 0.2 cc,
A BEE TI18.3~8.512, 7V ¥ v Ry — incubation time 5 min.
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Fig. 5. Effect of pH on the reaction velocity
The final concentrations of reagents employed were: fructose diphosphte 5x 10—3
M, KCN npeutralized to each pH, 5x10~2M; 42 7 of enzyme preparation (specific
activity : 0.165) the total volume 0.2 cc. Temp. 30°, incubation 5 min. a) -O-
citrate buffer 5x10-% M. -@- Tris buffer 5x10-2 M. b) boric acid ~-KC1 -NaOH
buffer, 5x10~% M. c) glycine buffer 5x10-2 M.
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Table 2. Effect of metal ions on carp muscle aldolase

Inhibition DTHEMOEbS L, BED

Metal ion Final concentration |—— 3
M without KON | with KCN Mg* ™ Znt+ 2ERML T b
2 2 IHRP DT, @7TAF s

Hg++ 104 Y 32%

= — LU  ERBER T3 v

103 100 42 r 5 ey
Agt+ 0.7 x 10-4 5 1 DL 9, EDTARK O KA
0.7 % 10-3 85 9 &0 bEESREENSDOHEE
Cu++ 0.5 x 10-¢ 1 0 0 SBEOHREH TV 2055
0.5 x 1073 i 0 0 hicvy, Hgt+ Agt+ Cut*o
0.5 x 10-? | 80 37 B4R bEEBERTD
Mg++ 10-3 — 0 Hg++ B8RSR &V BERA
107 - 14 Y HERET B LEBESEH S
ot 10-? - 0 N5, MEOREREOHSE &
all ~ %0 FRETH 5, XBATL K>
The reaction mixture contained: fructose diphosphate 5x10-% M; — I AT 4 LD THER
Tris buffer pH 7.2, 5x10~* M; 317 of enzyme preparation (specific 5 15x10-"M pH8.6T8.5%

activity: 0.263); each concentrations of the inhibitors described above
were added, in a final volume 0.2 cc, Temp. 30°C, incubation time

DIEEEN D, EHRCESRE

5 min. The inhibitors were mercury acetate, silver nitrate, copper RETHESBETDH Y, #-
sulfate, zinc and magnesium sulfate. In all the experiments enzyme CMBA 2t D> THEEEN 3
solution was preincubated with the various substances for 10 min at DOTHOEAIC S SH hfrEge
30°C.

T5EFEZ BN 5, Benesch et
al® FETALF F—FIZ DFEITNZEJMESN T B8, v RF 1 v OIEHN Swenson ef al.® D
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THEARBERE LB, PHICE DT Km B L, pH 7.5~8.6 3 Ti3 0.45x10—*M & #¢ Y pHO.0 Bl LTl
1.0~1.456x10—°M &7 5ho TAHVPEIRBIFEDTELS LD TL %0 I 7 A% VIR AR, RS
HEEYNEL T B, AT FF—CRBEEMRO 7N —T RSN EBIIN TV B 00FEE s 7L 5 Vi
TIHEEALNT, HELOBAYEEC T30 LBAbN S, BTHIERIC & T Kn OEREET
5558, order 13I—3KT %o WFEHNHEL #2848 D Km 11 10-°M @ order T, EER TR OBET
EBLT3bDEELILNS,

FEE LR —BEOREOFE & L T Arrhenius O % AV TEMABZHIEL o BREHIT v+ BRE
BRIE Y v e, BREIB TR ROEN 3, BEBEYEX TATHABRIEUIIZ L5, 20~30° Tid L
CEBICDZH30°LL E TR VES Y ¥ A€ 5, PHIC X DTEMALEA LR Y, pHE.3TE =-10,850+
387%w ¥ —pHQ.0 TI3—15,140340 Hw ¥V —& 7 0, pHO.0 THIBEMALT B e dICIBICK E R =R
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Fig. 6. Effect of varying substrate concentration
! on the reaction velocity
The final concentrations of reagents employed
were: botic acid -KC! -NaOH buffer, 5x10-2M;
KCN npeutralized to each pH, 5x10-2 M, and
varying amounts of fructose diphosphate; 42 v of
enzyme preparation (specific activity :0.165); total
volume 0.2 cc. Temp. 30°, incubation 5 min.
-®-pH 7.5, ~@-pH 8.6; -O-PH9.2,

Km=0.45x10-% M/L. (pH 7.5, pH 8.6);

Km=1.36x10"3 M/L. (pH 9.2).
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Fig. 7. Effect of varying enzyme concentration
and pH on the initial velocity against the
inverse of the absolute temperature.

The final concentrations of reagents employed
were: fructose diphosphate 5:x10~* M; Tris buffer
5x10-*M, pH 8.3, or glycine buffer, pH 9.0,
5x10~% M; KCN neutralized to each pH, 5x10-*
M; 41 or 77 v of enzyme preparation (specific
activity 0,100); a final volume 0.2 cc. Temp.
30°, incubation time 5 min.

~O~ pH 8.3, 777 enzyme preparation; ~@~ pH
8.3, 417 enzyme preparation; -A- pH 9.0, 777
enzyme; —a— pH 9.0, 417 enzyme.

E = - 10,850 &= 387 cal./mole at pH 8.3,

E = — 15,140 3= 340 cal./mole at pH 9.0,
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Y—, pH9.0Ti% -7,830:849 » w ¥ —TH & —F U 1oflic e 5, ZEBEIC & DT HIEMALED (LT 3
#5, Herbert & DfEi3f18,000 # = Y —IZkDTv 3, ZOREIC L 3 BEMIBERLOTMICE S DD
PEDGIIHFHERTH B, 1Y 2 7 —FOHELET E OfEICEIFRs vy & Herbert 580 Tv~ 5,

* =" .
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