
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Studies On The Cytochrome Oxidase. Ⅳ. Effect
Of Salts On The Cytochrome Oxidase

Inaoka, Megumu

https://doi.org/10.5109/22641

出版情報：九州大学大学院農学研究院紀要. 9 (4), pp.361-364, 1950-11. Kyushu University
バージョン：
権利関係：



Journal of the Faculty of Agriculture, Kyiishii University, Vol. 9, No.4 
November :~O, 1950 

STUDIES ON THE CYTOCHROME OXIDASE. IV. 
EFFECT OF SALTS ON THE CYTOCHROME OXIDASE 

MEGUMU INAOKA 

INTRODUCTION 

Although it was shown that cytochrome oxidase is widely 
distributed with ~ytochromes in cells of aerobic organisms and 
one of the most important oxidizing enzymes for intracellular 
respiration'" we have no accurate knowledge about the nature of 
this enzyme, because its pure enzyme preparation has not yet 
been obtained. 

In a previous paper", I examined the preparing method of 
the crude enzyme preparation and some conaitions for the 
measuring of its activity. And it was found that. this oxidase is 
extracted not by acidic buffer solution but by neutral or . basic 
side of pH, and the optimum pH for the oxidase activity of this 
preparation in phosphate buffer solution is at pH 7.17. 

In this paper, I propose to exam inc the effect of several salts 
on the cytochrome oxidase activity. I have not yet found a report 
descriptive of this problem in literature. 1 found that the presence 
of a neutral salt activated the oxygen consumption when hydro­
quinone is oxidized by this cytochrome oxidase preparation. 

ExPERIMENTAL 

1) Preparation of enzyme and measuring method of its activity 

Throughout this study, I have made use of the following 
procedure. Heart muscle of ox cleaned from fat and ligaments is 
minced and pressed out blood as much as possible, and then 
washed five or six times in water with stirring it at the same 
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time. "U g. of this pulp is mixed with 15 C.c. M/l5 phosphate 
buffer solution of pH 6.81 and a little sand. and ground in a 
mortar. The thick paste thus obtained is mixed with 35 C.c. of 
the same buffer and centrifuged hard. Red·brown cloudy fluid is 
obtained. This fluid consists of a very finely divided suspension 
of muscle tissue and contains not only cytochror;ne oxidase but 
cytochrome c. Therefore, at the measurement of oxidase activity 
of this enzyme preparation, the addition of cytochrome c is 
unnecessary. 

The oxidase activity of this preparation is determined by 
measuring the amount of oxygen used up when hydroquinone is 
oxidized in Warburg apparatus. 

2) Effect of NaCI 

... A ... S the used enzyme preparation is not pure, its activity IS 

not constant according to the condition of extraction. Therefore, 
at the experiment the control test is carried out at the same time. 
The effect of NaCI on this enzyme system is shown in Table 1. 

Table 1. Effect of N<lCI on the cytochrome oxidase. (Enzyme preparation 
1 ce., 0.27 M bydroquinone 0.2 c.c. and NaCl solution 1 c.c., at 37°C.) 

Concentration of 
.\'aCl 

O2 uptake in 
20 min. (c. mm.) 

II.oJ M12! 1~._1'1/731 Mill 11 __ 0 ! ~M!2~_11 »1/44 II 
:1 147,0 I 67,6 ! 158.0 ' 180.8 I 199.U', 16461 21R 0 2056 

Relative activity 100.0 46.0 

Concentration of II 0 NaCl 
'! ---------

O2 uptake in : 206.0 235.5 20 min. ( c. mm.) Ii 

I~ it4.0 . Relative :~~~:;-II 100.0 

, 

I 233.0 
I . 

I 
112.6 

1--'-
126.0 100.0 i 132.4: 124.6 II _ 

o 

218.0 

100.0 

~~4_1~11/4~ 
_ _~ ~ -I- 220~ 

106.0 i 101.0 

From the results shown in Table 1, it IS found that l\"aCI 
accelerates the oxidation at this enzyme system, and when the 
concentration of NaCI is M/22, the activity is maximum. 

3) Effect of KCI 
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The properties of KCI resemble that of NaCI chemically. 
Therefore, I examined the effect of KCl next time, and found its 
effect also resembles that of NaCl as shown in Table 2. 

Table 2. Effect of KCl on the cytochrome oxidase. (Enzyme preparation 
1 C.C., 0.27 M. hydroquinone 0.2 c.c. and KCI solution 1 C.C., at 3rc.) 

Concentration of I M/22 

-::_~_I-U-?t;;-k~--;~-~-,, ___ 15_:'_'9_.I--2-12-'-O--i 
20 mm. \.c. mm.) 11_ 

.. lO~o ___ 1 

M/44 

126.0 

195.6 

Relative activity 136.9 

These data of Table 1 and Table 2 are results of experiments 
with the fresh enzyme preparation. The activation effect of these 
salts is the strongest when the oxidase preparation is .fresh. If 
the oxidase preparation is stored in an ice chest, the activation 
ratio decreases with a decrease of oxidase activity. That is found 
from the result shown in Table 3 in contrast with Table 1. 

Table 3. Effect of NaCl and KCI on the 5 days stored enzyme preparation. 
(Enzyme preparation 1 C.C., 0.27 M. hydroquinone 0.2 c.e. and salt 

solution 1 C.C., at 37°C.) 

Concentration of 
salt 

o~ uptake in 
20 min. (c. mm.) 

Relative activity 

NaCI KCl 

I. .0_ J~2~_I_~/~ .c= ~ __ M/2Z! ~/44-
I. 1~1_1860_1 ~:l.j 1592_1_~70 ! 1788 

, 'II I 

l~~L 116.2 I 1051 i 1~_~~~1 l12.0 

The activity given Il1 Table 3 shows that of the same oxidase 
preparation with that Il1 Table 1, after 5 days storage in an ice 
chest. 

4 ) Effect 0 I MgCl, 

Next time, the experiment on the effect of MgCl, which has 
the same anion with NaCl and KCl was carried out. The results 
are given in Table 4. 
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Table 4. Effect of MgClz on the cytochrome oxidase. (Enzyme preparation 
1 e.e., 0.27 M. hydroquinone 0.2 c.c. and salt solution 1 e.c., at 37°C.:: 

Concentration of Ii 0 M,122 i M/44 I' M./440 0 M/240 . M/800 
MgCl, II I ----- ... ·--~----I ~--- ;'--,~~ ~-----.---

~)z uptake in Ii 1672 28.5 71 2 I 189.5 I 200 0 2090 I 210 0 
20 mm. (c. mm.) ,I I I 
~e-;:::-a~:;r 10~- ---;:;-;1~4~ ;;-I-;~ r-~~- -;~~:~T~:~ 

The activation effect of MgCl, is different from that of NaCl 
or KCI, and has a maximum point at the concentration of about 
M/440 as shown in this table. At the concentration of M/22, at 
which NaCl or KCI has the strongest activation effect, MgCl, 
inhibits considerably the oxidase activity. 

From these results, it is found that the activation effect of 
salts on the cytochrome oxidase depends upon not its anion but 
its cation. 

SUMMARY 

1. The effect of NaCI, KCI and MgCl, on the crude cytochrome 
oxidase preparation was examined. 

2. The presence of these salts activated the activity of the 
cytochrome oxidase system. 

3. The activation effect is maximum at the concentration of 
Mj22 for NaCI and KCI, while it is at the concentration of M/440 
for MgClz. 

4. This activation effect of salt depends upon not its anion 
but its cation . 

• 

The author is indebted to the scientific research fund of the 
Department of Education for a part of expenditure of this research. 
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