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1. Introduction 

The thermodynamic properties of the mitochondrial 
respiratory chain are of the utmost importance for an 
ultimate understanding of the mechanism of electron 
transfer and oxidative phosphorylation [ 1, 21 . A 
systematic study has been undertaken in this laboratory 
to define the equilibrium oxidation-reduction pro- 
perties of the components of the respiratory chain 
[3-71 . The present paper is a continuation of these 
efforts and it reports the oxidation-reduction mid- 
point potential value of the component responsible 
for the 830 run absorption band in pigeon heart mito- 
chondria; this band has been previously identified as 
due to a copper of cytochrome oxidase [8-l l] . The 
data presented are relevant to the results of Tsudzuki 
and Wilson [ 123 on isolated cytochrome oxidase as 
well as to those of Wilson et al. [ 131 on the EPR 
determined midpoint potential of copper signal in 
intact pigeon heart mitochondria. 

2. Materials and methods 

Pigeon heart mitochondria were isolated according 
to the method of Chance and Hagihara [ 141. Oxida- 
tion-reduction titrations of the mitochondrial copper 
were performed in the equipment designed by Dutton 
[ 151 which permits simultaneous potential (calomel 
and platinum electrodes) and absorbance measure- 
ments under strictly anaerobic conditions. The ana- 
erobic cuvette is continuously flushed with helium. 
Any oxygen present in the aqueous phase is removed 
by respiration via endogenous substrate or by addition 
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of small aliquots of NADH. Removal of oxygen 
resulted in anaerobiosis evidenced by a drop in 
oxidation-reduction potential to less than 250 mV. 

The redox mediators used in the present study 
were 40 PM phenazinemethosulphate (Eb t 80 mV) 
and 40 PM diaminodurene (,!& = t 240 mV); both are 
two electron acceptors (n value) [ 161. Oxidation- 

reduction potentials were made more positive by 
addition of potassium ferricyanide and more negative 
by the addition of NADH. In some experiments (at 

higher pH values) the presence of endogenous sub- 
strate caused a slow negative drift in the oxidation- 
reduction potential rendering external addition of 
reductant unnecessary. The oxidation-reduction state 
of copper was measured in a special dual wavelength 
spectrophotometer by the absorbancy changes at 
840-1000 nm. At these wavelengths interference 
filters are more efficient than monochromators since 

the absorption bands of the copper components of 
the mitochondria are relatively broad [ 171 . The 
photodetector was an RCA electron photomultiplier 
(7102). 

Protein was measured by the biuret method [ 181. 

3. Results 

The results are plotted as the logarithm of the ratio 
of the oxidized and reduced form (abscissa) against 
the observed oxidation-reduction potential (ordinate) 
(,!&) on the hydrogen scale. In this way, according to 
the Nemst equation we could expect for a sirigle 
electron transferring component (n=l) a linear curve 
with a slope of 59.3 mV per log decade. As shown in 
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Fig. 1. The oxidation-reduction potential of the 840- 1000 
mn signal of intact pigeon heart mitochondria. The mito- 
chondria (12 mg prot./ml) were suspended in 0.225 M 
mamdtol-0.075 M sucrose-O.050 M morpholinopropane 
sulphonate (MOPS) buffer, pH 6.8. The redox mediators used 
are described under methods. (0) reductive titration, (4) 
oxidative titration, (m) reductive titration in the presence of 
ATP, (0) reductive titration in the presence of 15 PM penta- 
chlorophenol. The line is for theoretical n=l. 

fig. 1, the titration points follow a theoretical line 

with an n value of 1 which has a midpoint potential 
of +240 mV at pH 6.8. 

Oxidation-reduction titration performed on tightly 
coupled mitochondria was repeated in the presence 
of 1 mM ATP and the curve obtained (solid squares) 
was found indistinguishable from that in the absence 

n=l 
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Fig. 2. pH dependence of the 840-1000 run signal of pigeon 
heart mitochondria. The mitochondria (6 mg prot/ml) were 
suspended in 0.225 M mannitol-0.075 M-sucrose, 0.05 M 
MOPS buffer (pH 6.5,7.0 and 7.5) or 0.05 M tris (pH 8.0 and 
8.5). The redox mediators used are described under methods. 
(0) pH 6.5, (A) pH 7.0, (m) pH 7.5, (0) pH 8.0 and (A) pH 8.5. 
The same symbols are used for oxidative and reductive titra- 

tions. 

of ATP (solid circles and open triangles) or in the 
presence of 15 N pentachlorophenol (open circles). 
Since pH dependence of the midpoint potential of an 
oxidation-reduction component can.provide evidence 
for or against a direct coupling of an acid or base 
group to the oxidation-reduction process the titration 
was performed at five pH values in the range 65 to 
8.5 (fig. 2). The midpoint potential of the 830 nm 
band is pH independent in the pH range 6.5-8.5 and 
the mean midpoint potential value is +235 mV 
(*lo mV), identical to that of fig. 1. 

4. Discussion 

It has been known since the early studies of 
Griffiths and Wharton [ 8-91 and those of Beinert 
[lo, 1 l] that the 830 nm absorption band as well as 
the EPR copper signal have been associated with one 
of the two copper atoms of the cytochrome oxidase. 
These findings were further confirmed by the data of 
Tzagoloff and Mac Lennan [ 191 in which the oxida- 
tion reduction potential of the 830 nm band of the 
isolated oxidase was determined from the equilibrium 
values of the relative states of reduction of the o band 
of cytochrome c. The absorbing component had the 
midpoint potential of t284 mV and an n value of 1. 
Tsudzuki and Wilson [ 121, using the potentiometric 
technique of Dutton [ 151, titrated the 830 nm band 
of the isolated beef heart oxidase and found it to 
have an n value near to 1 and a midpoint potential 
of t225 mV; oxidation-reduction titration of the 
characteristic EPR signal gave a midpoint potential 
value of +225 mV. In addition the EPR signal of the 
copper in pigeon heart mitochondria was found by 
Wilson et al. [ 131 to have an n value of 1 and a mid- 
point potential of +250 mV. 

The present communication affords a direct com- 
parison between the 830 nm titrated copper signal and 
the data obtained using EPR technique. The midpoint 
potential values obtained by both methods are 
nearly identical: +240 mV by absorbance measure- 
ment and +250 mV by EPR technique. Furthermore, 
it was found that similarly to cytochrome a, c and cl, 
but in contrast to cytochromes a3 and b,, midpoint 
potential value of copper appears to be unaffected 

by ATP. 
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The pH independence of the midpoint potential of 
copper moiety provides evidence against a coupling of 
an acid or base group to the measured oxidation- 
reduction process [ 161. 
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