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The methods most  widely used for determining the activity of the oxidative enzymes suceinate dehydro- 
genase (succinate : cytochrome c-oxidoreductase,  I .C.E.  1.3.99.1} and cytochrome oxidase (cytoehrome 
c : O2-o:~idoreductase , I.C.E. 1.9.3.1) are  the methods of Potter  and Schneider [I1] and Hess and Pope 
[7], which were developed for t i ssue homogenates. 

Results  of determination of the acti~'ity of these enzymes in the mitochondria of the cat ' s  -brain are  
descr ibed in this paper.  The determinations were based on the methods indicated above. The only modifi- 
cations concerned the concentrat ions of the components used in the enzyme reaction. The effect of dif-  
ferent  method of t rea tment  of the mitochondria on the level of activity of the oxidative enzymes was also 
studied. 

E X P E R I M E N T A L  M E T H O D  

Mitochondria isolated f rom the ce rebra l  cor tex of the ca t ' s  brain in 0.25 M sucrose,  made up in 
0.01 M t ~ s  buffer as desc~bed  previously [3], were investigated. The purity of the suspensions of the 
mitochondria  was verified in the p h a s e - c o n t r a s t  microscope and by staining with acid fuchsin byAltmarm's 
method [12]. It has been verified by the use of the electron micrascope that the mitochondria of the ca t ' s  
cerebra]  cortex, isolated as described above, are  adequately pure [13]. 

Prote in  in the mitochondria was determined by Lowry ' s  method [8], using Folin 's  reagent [1]. 

D _ _ e t e r m i n a t i o n  o f  S u c c i n a t e  D e h y d r o g e n a s e  A c t i v i t y , .  The succinatedehydrogenase  
activity was determined on the SF-4 spectropt~otometer at 550 m/~. 

The following reagents were used; 2.5 M sodium succinate, 0.15M KCN solution, and the "mother" 
solu~on consist ing of a 1.9 • 10 -s M solution of cytochrome in 0.15 M phosphate buffer (pH 7.4}. The 
"working" solution of cytochrome (4..4 x 10 -s M) was prepared from the "mother" solution in 0.04 Mphos-  
phate buffer on the day it was to be used. Aqueous solutions of A1CI 3 and CaCI 2 of equal molarity 
(4 x 10-~ ~ M) were mixed in equal volumes before the experimenL 

The mitochondria,  to the amount of about 0.14 mg protein, were added to 0.1 ml sodium succinate 
and the mixture was carefully s t i r red  and incubated for  2 rain at 22-23 ~ Next, 0.1 ml of KCN was added, 
followed after  1 rain by 0.3 ml of the mixture of A1C1 s and CaC12 and 2.5 ml of eytochrome c solution. The 
~-~-b . . . . . . . . . . . . . . . . . . . .  .~, p l a ~  . . . .  ,~ . , e  ,~a~o~hrom~ c was recorded every  30 sec fo r3mln .  
At the end of the determtrmtior., sodium hydrosulf~te was added to the sample until the c3~ochrome c was 
completely reduced; as shown by the termination of the increase  in optical density of the incubated mixture, 
The difference between the optical density of the sample before and after  enzymic reduction of the eyto- 
chrome c (~:E), corresponding to I m g  protein of the mitochondria, was a measai 'e  of the succlnate dehy- 
d rogenase  activity. 

Rememberir4~ that potassium cyanide may react  with cytoehrome c, in a control sample all the com-  
ponents were present  except the mitochondria.  However, no significant change was found in the optical 
density of the control during a period of 3 min, in agreement  with resul ts  obtained by other authors [5|. 
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TABLE 1. Succirmte Dehydrogenase Activity in Mitochondria 
with Different Concentrationz of Sodium Succinate and Potassium 
Cyanide 

! 
Fi~a! concentration of | 
potassium cyanide J (too}e) . 0,005 0,01 0,002:5 0,0025 

.~,d~um s ucc h",a~e 
(mole) 0,04 0,0~ 0,16 0,08 0,04 

(,X~ ~ m) . . . . .  

AE 550- 60 rain Note: Activity of enzyme M = 
mg protein 

TABLE 2. Effect of Hypotonic Treatment  of ~Vlitochondria on Succinate 
Dehydrogenase Activity 

Index 
Int2~ct 
mitochon- 
dria 

l~itochondria 
preincubated 
in 0.02 M tri$ 

buffer 

Enzyme acti~ity (M -* m) . . . . . . . . . . .  12.2--0.564 14.7~0.478 

Number of measurements  . . . . . . . . . . .  19 i1 

! D . e t e r m i n a t i o n  o f  C y t o c h r o m e  O x i d a s e  A c t i v i t y .  Because t h e c y t o c h r o m e o x i d a s e i s  
localized on the inner membrane of the mitoch0ndria and inaccessible to the oxidation subs t ra t e -exogeaous  
eytochrome c, the mitocbondria were f i rs t  t reated in various ways. 

'The mitochondria were broken up ~Sth 0,37, 0.75, and 2.5~ sodium desox3,cholate during incubation 
for 10-15 min s~2th this substance (0 ~ o r  by freezing and tha~Sng, and they were also incubated for 30 min 
in a hypotonic medium of sucrose  (0.06 M) in 0.02M tris  buffer, pH 7.4, 0", leading to an increase  ~n the 
permeabil i ty of their outer membrane.  

Solutions of cytochrome c were prepared in the same concentrations as for determination of the 
succiaate dehydrogenase activi~,. The solution of 0.SM sodium hydrosulfite in 0.04M phosphate buffer was 
made up before each measurement  from previously weighed out samples .  

The maximal value of the optical density of cytochrome c, reduced by hydrosulfite, was determined 
beforehand. For  determination of  the activity of the enzyme, 0 .02-0.04 ml of sodium hydrosulfite solution 
~us added to 2.5 ml of the "working M solution of cytochrome c. The mixture v~s carefully s t i r red  for 
5-10 rain to obtain complete oxidation of the sodium hydrosulfite, for even a slight excess of this salt 
disturbs th.e course  of the reaction, Lhe suspension of raitochondria was then added, and the optical  density 
~as recorded every 30 sec for 3 rain. The activity was calculated jus tas  when determining the sucelnate 
dehydrogenase activity. 

E X P E R I h ~ E N T A L  R E S U L T S  

The resul ts  of experiments to determine the succinate dehydrogenase activity when using different 
conce~trations of oxidation substrate and potassium cyanide are  given in Table 1. 

Maximal succinate dehydrogenase activity was determined within a wide range of concentrations of 
sodimn succinate and potassium cyanide. The differences between the activities of the enzyme during the 
measurements  indicated above were not stat ist ically significant. In most  determinations, however, the 
enzyme activity was grea tes t  with sodium succinate in a concentration of 0~ M and potassium cyanide 
in a concentration of 0.005 M. For  this reason, in la ter  experiments the succinate dehydrogenase activity 
was determined with these concentrations of ingredients.  
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TABLE ~L Effect of Various Ways of Trea tment  of Mitochondria an Cytochrome O• Activity 

Method of treatment of mitoclmndria 

Index 
hypotonic 
medium 

sodium desoxycholate 

2.5~ 0.75~ 0,37% 

Enzyme activity (M~m) 35.4~0.88 23oI~0.47 29.6• 25.6• 24.5-*0.6 

Number ,~f measurements  23 8 18 5 8 

f reez ing  and 
~mwing 

A marked increase in the concentrations of sodium succinate 10,16M) or  pomssittm cyanide (O.01M) 
and a simultaneous decrease  in the concentrations of both these substances, led to a stat ist ically significant 
increase  in the succinate dehydrogenase activity. 

To detect succinate dehydrogenase activity, intact mitochondria and mitochondria preincubated in 
isotonic medium were used. The results  of these experiments (Table 2) showed that in mitochondria 
t reated with isotonic medium, the activity of the enzyme was on the average 20% higher than its activity 
in intact mitochondria.  

The results  of experiments to determine the cytochrome oxidase activity in the mitochondria t reated 
by various methods are  given in Table 3. 

As Table 3 shows, maximal cytochrome oxidase activity was character is t ic  of the mitochondria 
preincubated in h~,potonic conditions. After t reatment  with sodithm desoxychctate, the highest resul ts  were 
obtained when this substance was used in a concentration of 0.75%. The act i- i ty of the enzyme in mi to-  
chondria frozen and thawed three times ~ms almost the same as in mitochondria treated ~ith sodium des-  

2. .  ,~. The resul ts  obtained were statistically significant. oxycholate in a concentration of : ~ 

Preincubation of the mitochondria in a h3~otonic medium, as used in *,.his investigation, increased 
the permeabil i ty of their membranes  for sodit~.ra succinate and cytochrome and enabled maximal acti~qty 
of the corresponding enz~nes  to be obtained. The lower acti~:ity of the cytochrome oxidase in mitochon- 
dria destroyed by sodium desoxycholate or  by freezing and thawing was evidently attributable bothto partial 
disturbance of the chain of electron t ransport  and to the inhibitory action of sodium desoxycholate on the 
activity of this enz3une [6, 9]. 

The i~r in  succinate dehydrogenase activity following preincubatio n of the mitochondria in 
hyp0tonic conditions evidently took place onaccoun t  of that par t  of the enzyme located in the cr is tae  and 
not detectable in the intact mitochondria because of the insufficient permeabili ty of their  membranes for  
the oxidation substrate and cytochrome e, 

The results  obtained may clearly be interpreted as confirming the view that a large proportion of 
the succinate dehydrogenase is located in the inner membranes of the mitochondria I4l. They are  also in 
agreement  with results  obtained by Pearce [10], who considers that higher succinate dehydrogenmse activity 
can be detected histochemieally in swollen mitoehondria than in intact mitochondria. 

An increase in succinate dehydrogenase activity was also found during h3~potonic treatment of mi to-  
chondria from other parts  of the ca t ' s  and rabbi t ' s  brain possessing a less marked ability to swell in a 
hypotonie medium. 

L I T E R A T U R E  C I T E D  

1. A . N .  Be lozersk i i  and N. I. Proskuryakov,  Textbook of Pract ical  Plant B iochemis try  [in Russian] ,  
Moscow (1951), p. 362. 

2. A . G .  Bulychev and V. F.  Mashanskii ,  Tsitologiya,  No. 3, 312 (1964). 
3. G . P .  Gulidova, Byull.  I~ksp. Biol . ,  No. 4, 42 (1965). 
4. V . F .  Mashanskii ,  Ts i to logiya,  No. 3, 275 (1964).  
5. S . J .  Cooperstein,  A. Lazarow,  and N. J. Kurfess ,  J. B io l~Chem. ,  186 (1950), p. 129. 
6. S . J .  Cooperstein,  Ibid., 238 (1963), p. 3750. 
7. H . H .  Hess  and A. Pope, Ibid., 204 (1953), p. 295. 
8. O, H. Lowry,  N. J. Rosebrough,  A. L. Farr ,  et  al. ,  Ibid., 193 (I951), p. 265. 

37 



9. K. Okn~nuki, I. S ekuzu, T. Yonetani,  et al., J.  Biochem. (Tokyo), 45 (J958), p. ~ 7 ,  
10. A . G . E .  Pea ree ,  t i!stoc.hemistry,  Theore t ica l  and AppIied [Russian translation],  Moscow 

p. 490. 
1t. V. ]~. Pot ter ,  and W. C. Schneider,  J .  Biol. Chem., 142 (~.942), p. 543. 
12. B. Romeis ,  Microscopic  Technique [Russian translation],  hloseow (1954). 
13. E. L, IX)vet]ova and N. N. Bogolepova, Ts i to lo#ya ,  No. ~l, 469 (1966). 

.q962), 

AH ahb.'~evla~ons of rer iodicals in the above b~blio~r~phy are let ter-by-|at tar transL~tera- 
t~onS of ~ e  abb.-e~-iat~s ~s given in ~he or iginal Russian journal .  So~e or a l l  o l  thie per i -  
o d z c a l  I ~ r e r a ~ r e  n'~ay ~ ,e : i  b e  e v a i l a b t e  an E n g l i s h  l r a n ~ l ~ t i o n .  A comple te  l i s t  of the cover-~o- 
cover E n g l i s h  ~ r a n s l a ~ n s  a ~ s r s  at  the back of  the F~rst i s s u e  o f  t h i s  year.  

38 


