
1 5 8  S H O R T  C O M M U N I C A T I O N S  

Properties of copper in purified cytochrome a 

EICHEL et al.  1 and GREEN AND CRANE 2 have reported that  their cytochrome oxidase 
preparations contain a high concentration of copper as well as heme iron. On the other 
hand, many  investigators 3-5 have observed from dietary experiments that  copper- 
deficient tissues had a low cytochrome oxidase activity and a decreased content of 
heine a. Based on the above results, it has been considered that  the copper in the 
cytochrome oxidase of typical cytochrome systems plays an important  role in the 
mechanism of the cytochrome oxidase reaction. However, there is no direct evidence 
to support the above role of copper. The present communication deals with some 
properties of copper in the preparation of cytochrome a purified by  our method s. 

In a previous report s, we have also reported that  our cytochrome a preparation 
contains copper in an amount such that  the molar ratio of copper to heme iron is 4.5. 
Later, we repeated analyses of the copper content of various preparations and found 
that  about 80 % of the total copper can be removed from the protein moiety by  dialysis 
against cyanide, but the cyanide-treated preparation shows the same oxidase activity 
as that  of an untreated preparation after the complete removal of cyanide by re- 
dialysis of the preparation against o.i  M phosphate buffer containing 0.5 % Emasol 
413 ° at pH 7.4. From these results it seems likely that  a large part  of the total copper 
is not required for oxidase activity, and it may  be adsorbed on the protein during the 
purification. In order to determine whether  or not this is true, cytochrome a was 
prepared according to our method by  using water from which copper was removed, 
and the copper content of the preparation thus obtained was determined. As illustrated 
in Table I, five samples of Fraction S 4 of cytochrome a contain equimolar amounts 
of copper and cytochrome a or iron. The relation between cytochrome a and copper 
contents during the purification process are also illustrated in Table II .  All the results 
indicate that  the molar ratio of copper to cytochrome a is always I.  About 50 % of the 
cytochrome oxidase activity is inhibited by copper-chelating agents such as ferro- 
cyanide, salicylaldoxime, or ethylxanthate as illustrated in Table I I I .  However, the 
copper in cytochrome a is not released by dialysis against cyanide or salicyladoxime 
and the activity is not altered by the treatment as described the above. The activity 
after the above treatment  is also inhibited by the above copper-chelating agents at 

T A B L E  I 

COPPER AND IRON CONT]~NTS IN FRACTION 84 OF CYTOCHROME a 

Conlems (zo -2 ,ua~ms or pmoles/mg 
Preparation protein N) Cu Cu 

No. "~e Cyt. a 
Cu* Fe** Cyt, a*** 

I 6 .35  6 .07  5 .65  1.o 5 1.12 
2 5 .68  5 .65  4.91 I . o i  1 .16  
3 5.91 5 .65 5 ,36  1.04 I .IO 
4 5 .58  4 .89  4 .23  I . IO  1.32 
5 6 .27  5-95 5 . o 9  1.05 1 .23 

A v e r a g e  5 .96  5 .64  5 .05  1.o5 1.18 

* T h e  c o p p e r  c o n t e n t  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of  McFARLANE 8. 
** T h e  i r o n  c o n t e n t  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of  SANDELL 9. 

*** T h e  c o n c e n t r a t i o n  o f  c y t o c h r o m e  a w a s  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  a s s u m i n g  1° t h a t  
~(reduced) __ 

005 630 m ~ - -  16 .5"  103 M / c m .  

B i o c h i m .  B i o p h y s .  Ac ta ,  38 (196o) 1 5 8 - 1 6 o  
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T A B L E  I I  

RELATION BETWEEN COPPER AND CYTOCHROME a CONTENTS DURING THE P U R I D I C A T I O N  P R O C E S S  

Stage o/purifwation* S~ S, $3 S, 

T u r n o v e r  number**  (/*moles O3//*mole cyt .  a /min)  114.2 15o.o 42.2 36.4 
Cy toch rome  a (IO -~ # a t o m / r a g  N) 1.o 5 i .o  7 3-75 5.o9 
Copper  (lO - 3 / , a t o m / m g  N) I.IO 1.43 4.76 6.09 
Copper / cy toch rome  a 1.o4 1.33 1.27 1.19 

* The  nomenc l a tu r e  of t he  f rac t ions  is the  same  in  a p rev ious  repor t  6. 
** The  a c t i v i t y  was measured  m a n o m e t r i c a l l y  in  I ~0 E m a s o l  413 o1°. 

T A B L E  I I I  

EFFECT OF COPPER-CHELATING AGENTS ON THE ACTIVITY OF CYTOCHROME a 

Co~en~va~m I ~ , ~ *  Reagent (M) (%) 

KCN Io  -5 60 
l O  - 4  ioo 

N a N  3 i o  -3 72 
K4Fe(CN)e io  -2 5 ° 
Sa l i cy l a ldox ime  10 -3 5 ° 
E t h y l x a n t h a t e  i o -3 58 

* The  a c t i v i t y  was  measured  m a n o m e t r i c a l l y  a t  3 °0 b y  us ing  hyd roqu inone  as subs t ra te .  
F r a c t i o n  S 4 was  used as purif ied cy toch rome  a. 

the same ratio. Acid t reatment  of cytochrome a can easily release the copper from the 
protein moiety, while heat t reatment  cannot even at IOO ° for 3o min. 

To check the valency state of copper in cytochrome a, color development by  the 
addition of 2,2'-diquinolyl or 2,9-dimethyl-I,Io-phenanthroline was also examined. 
By the addition of either of the above reagents, cytochrome a in Emaso1413o strongly 
exhibits the specific color due to Cu +. However, as in the case of iron in succinic 
dehydrogenase 7, the color is not developed in the presence of p-chloromercuribenzoate. 
Based on these results, it appears that  the copper in cytochrome a exists as in the 
cupric state. Cytochrome a in its oxidized form shows a spectrum having absorption 
maxima at 280, 34 o, 424, and 600 m/~. Absorbancy at the 340 mr* peak is decreased 
by dialysis against cyanide and recovered by the addition of Cu++ but not by the 
addition of Cu +. However, there is no direct evidence that  the 340 m/, peak is due to 
the combination of cytochrome a with copper. We are now studying the valency 
change of copper in cytochrome a in the presence of reduced or oxidized cytochrome c 
to investigate the possibility that  the copper Call act as an electron carrier. The results 
of these studies will be presented elsewhere. 
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Studies on the electron transport system 
X IV .  The isolation and properties of soluble cytochrome c,. Addendum 

Since the publication of the paper on the isolation and properties of cytochrome czz 
it has been pointed out to the authors 2 that  the calculations of the oxidation-reduction 
potential of cytochrome c 1 were not based on the most reliable E 0 value for the 
benzoquinone-hydroquinone system (see p. 44 and Table VI in GREEN et el.Z). When 
the more correct value of + 0.696o 7 V 3 is used for the E 0 of the reference quinone 
and 0.060148 for the factor 2.3o258 RT/F, the mid-point potentials for cytochromes 
c 1 and a shown in the accompanying table are obtained. This table is a reproduction 
of our original table, but with the revised values substituted for the earlier ones. 
The mean E o' for the cytochrome cz system is + 0.22o V, and for the cytochrome c 
system + 0.248 V. This latter value has to be compared with E o' values obtained 
by  others, which range from + 0.254 V to + 0.262 V. 

T A B L E  I 

DETHRMINATION OF THE OXIDATION-RHDUCTION POTENTIAL OF CYTOCHROMES C 1 AND C 

The measurements  were made in o.i M phospha te  at  3 o°. The p-benzociuinone and hydroquinone  
solutions were prepared  in ethanol  f rom recrystallized samples.  

Co'AcenttoAion Total con- Final comemra~io~ ol 
ol quinone- E o" o[ quinone centration hemoproCein o.o6oi48 × 

ox hydroxyqctinone Cytochrome pH system (V) o/hemo~o~n oxidi*ed reduced log ~-~ 
mixture (l~moles/ml) (l~moles/m2) (pmoles/ml) (araous/~) 

~o' (v) 

I Cl 6.73 + o.2913 o.o34 o.o314 o.oo26 o.o651 + o.226 
I Cl 7-55 + o.2419 0.034 o.o26 o.oo8 0.o308 + o.211 
0.5 cl 7-55 + o.2419 o.o34 o.o23 o.oi I o.o193 + 0.223 
6 c 6.73 + o.2913 O,lO 5 o.o81 o.o24 o.o321 + o.259 
6 c 7.55 + o.2419 O.lO5 o.o58 0.o47 o.oo55 + 0.236 

The authors wish to thank Professor W. M. CLARK for drawing our attention 
to the error in the potentials. 
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