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A simplified procedure for the preparation of cytochrome oxidase by 
non-ionic detergent 

JACOBS et al. z have described a procedure for the preparation of highly purified 
cytochrome oxidase from rat-liver mitochondria using Triton X 114" and Triton 
X IOO* as solubilizing agents. This preparation is free from lipid but requires exogen- 
ous phospholipids for maximum activity. SuN AND JACOBS 2 modified this procedure 
and isolated cytochrome oxidase from beef-heart mitochondria with essentially the 
same properties. This report described a procedure for the isolation of a lipid-con- 
taining cytoehrome oxidase preparation from beef-heart mitochondria using only 
Triton X IOO as solubilizing agent. This method yields a highly purified but very 
active oxidase preparation with considerably less work involved than in most pro- 
cedures described in the literature. 

Beef-heart mitochondria, isolated by the method of L6w AND VALLIN 3 were 
suspended in 0.25 M sucrose containing o.oi M potassium phosphate (pH 7.4) and 
subjected to sonic irradiation (Bronson Sonifer, maximum power output) for 3 rain. 
After centrifugation at 30000 x g for 30 min, the turbid supernatant and the dark 
brownish red residue were all discarded. The middle yellowish fraction was collected 
and resuspended in sucrose-phosphate buffer, homogenized and the protein concen- 

o~ aqueous solution of Triton X IOO tration was adjusted to 30 mg/ml. Enough IO /o 
(w/v) was added, with vigorous stirring, to achieve the final concentration of I m g  
per ing of protein. Solid potassium chloride was then added to the final concen- 
tration of I M. The mixture was allowed to stand for IO rain at o ° and centrifuged 
at 40000 rev./min for 30 min in a Spinco preparative ultracentrifuge. A distinct 
separation into red and green fractions occurred and the red supernatant was poured 
out. The green residue was collected, resuspended in sucrose-phosphate buffer and 
the protein concentration was adjusted to 20 mg/ml. Enough aqueous Triton X IOO 
was added again to the suspension to make i rag/rag protein and potassium chloride 
to I M. The mixture was centrifuged at 40000 rev./min for 30 min and the green 
residue fraction was collected and resuspended. The second treatment caused some 
loss of the oxidase but was necessary to free the final preparation from any cyto- 
chromes b or c r 

Essentially the same treatment was used to solubilize cytochrome oxidase from 
the second residue. The protein concentration of the suspension was adjusted to 
30 mg/ml IO % aqueous Triton X IOO was added to make 1.5 rag/rag of protein and 
solid potassium chloride to I M. The mixture was allowed to stand for 30 rain at o ° 
and centrifuged at 40000 rev./min for 30 min. The dark brown residue was discarded 
and the green supernatant fraction was collected and stored at --  20 °. The final prepa- 
ration is optically clear and quite stable at this temperature. However, aggregation 
does occur if the enzyme is heated at 37 ° for 15 rain. 

This method for preparation of purified cytochrome oxidase was considerably 
easier than most of the previous methods 4-6. If beef-heart mitochondria are available, 
the entire operation can be finished in 5 h time. 

The activities of this enzyme preparation are listed in Table I. Good activity 

* Trademark of Rohm and Haas  Company. 
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can  be o b t a i n e d  w i t h o u t  phosphol ip ids ,  b u t  m a x i m a l  a c t i v i t y  can  on ly  be o b t a i n e d  
a f t e r  p r e i n c u b a t i o n  w i t h  phospho l ip id  before  assay. Non- ion ic  d e t e r g e n t s  of t he  

T w e e n  or  E m a s o l  series can  rep lace  phospho l ip ids  in s t i m u l a t i n g  the  ox idase  ac t i v i t y .  

As i n d i c a t e d  in Tab l e  I, these  ac t iv i t i e s  are  i den t i ca l  or  h ighe r  t h a n  m o s t  of t he  cy to-  

c h r o m e  ox idase  p r e p a r a t i o n s  desc r ibed  in t he  l i t e ra tu re .  

TABLE I 

P R O P E R T I E S  OF C Y T O C H R O M E  O X I D A S E S  P R E P A R E D  B Y  N O N - I O N I C  D E T E R G E N T  

Preparation Heine a* Phospholipid Specific** Specific 
content content activity without activity with 

(%) phospholipids phospholipids 

Mitochondria o.97 26 3.49 5.87 

Cytochrome oxidase prepared 
by this procedure 8.2 2 2 . 2  56.3 ~ 73.3 

Lipid-free cytochrome oxidase 
prepared according to ref. 2 8.9 2 5.52 58.29 

* Heme a contents are expressed in m/~raoles/mg protein. 
* *  Cytochrome oxidase was assayed according to the method of SMITH 7 in citrate-phosphate 

buffer (pH 6.o). The initial reduced cytochrome c concentration was 15 tiM. The activities are 
expressed in /,inoles cytochrome c oxidized per mg per min. 

The  vis ib le  spec t r a  of th i s  ox idase  p r e p a r a t i o n  is i den t i ca l  to  t h a t  r e p o r t e d  b y  

t h e  au tho r s  for the  l ip id-def ic ien t  p r e p a r a t i o n  and  also i den t i ca l  to  t h a t  r e p o r t e d  

p r e v i o u s l y  4-~. Chemica l  ana lyses  d e m o n s t r a t e d  t h a t  th is  e n z y m e  c o n t a i n e d  the  s a m e  

a m o u n t  of h e m e  a, as t he  l ip id-def ic ien t  p r epa ra t i on .  The  phospho l ip id  c o n t e n t  was 

s u b s t a n t i a l l y  higher ,  close to  °/ 2o :o per  p ro t e in  basis.  T h e  y ie ld  is a b o u t  5o m g / g  of 

s t a r t i n g  son i ca t ed  m i t o c h o n d r i a .  
The  so lub i l i ty  of the  e n z y m e  depends  on the  presence  of i no rgan ic  salts.  R e m o v a l  

of t he  sal t  b y  dia lys is  aga ins t  3 % a q u e o u s  T r i t o n  X i00  caused  c o m p l e t e  a g g r e g a t i o n  
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Fig. I. Visible spectra of purified cytochrome oxidase. Enzyme was dissolved in o.I M phosphate 
buffer (pH 7.4) containing i o/ Triton X IOO with protein concentration 1.8 mg/ml. - - - - ,  
oxidized; . . . . .  , reduced with sodium dithionite; . . . . .  , carbon monoxide-treated after reduction 
with sodium dithionite. 
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of the enzyme. The aggregated enzyme was not active, but the activity could be 
regained by solubilizing the aggregated enzyme in 1% Triton X IOO containing I M 
potassium chloride. 

We feel that this cytoehrome oxidase preparation is quite significant because 
it permits a study of the effects of detergent and salt separately. Most cytochrome 
oxidase preparations described in the literature are solubilized with bile salts, which 
precludes this advantage. In addition the simple procedures yield a high purity 
preparation in good yield in a mininlum of time. 
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