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In previous experiments, an ATP-induced oxidation of nitochondrial 

cytocbrone (CImnce,B. 1961 a,b) has been shown to accompany an energy- 

linked reduction of pyridine nucleotide in mitochondria (Chance and 

KoUnpr, 1960) which have been rendered anaerobic by treatment with 

dithionite or which are terminally inhibited by cyanitle or hydrosulphide. 

This reaction has been observed in several types of mitochondria: 

rat liver, rat brain, and pigeon heart. This type of experiment identifies 

reversed electron transfer in the cytochrone chain and provides a 

measure of the kinetics and stoichiozetry of the ATP-to-electron transfer 

reaction. l%e intact nitochondrial preparations studiec? are Fnperneable 

to added cytochrone c and thus are no t suitable for a dwonstration of 

the oxidation of "substrate" mounts of reduced cy-kochro~~e by addition 

o" RTP. In rsorc recmt e,xperi22ents subnitochontiial particles have been 

obtained fro1.i digitoiliil treated preparations of pigeon heart nitochodrio 

(u. FLl~~nn., u;qgblished observations); these particles react readily 

With added C>+XlVOi.lC c. Cbservations of the oxidation of aailed cyto- 

cbroine c on addition of ATPto cyenide or sulfide-inhibitc6 iiigitonig 

particles arc reprted here. 

ilaterials and ikthoods 

A double-hem spectrophotomter (Chance,lg$) with attached record&i; 

i"luoroLcter (Chance, Conrad, and Lqallais, 1958) was used for recorc:inz 

the oxidation of endogenous or added cytochrone 5 using 550 np as a measur- 

irg wave lenC;th ad. 540 np as a refere:lcc mve length (550-540 r2r.l). 
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Reduction of pyridine nucleotide was measured fluorometrically with 

365 rnp excitation and 450 rnp measurement. 

Preparations 

Pigeon heart mitochondria pepsred according to the method of 

Ragihara (Chance and Ii8gih?3r8t 19.960) were treated with digitonin 

according to the general procedure described by Devlin and I&ninger 

(1958) but modified specifically by one of us (U.F., unpublished 

observations). The particles obtained show a high phosphorylation 

efficiency and values of respiratory control 2 in the presence of 

glutamate and malate. In addition, they retain considerable pyridine 

nucleotide. The reaction medium consisted of 0.27 M mannitol, 0.03 I$ 

sucrose, 0.02 1.4 "tris" (pH 7.4) and 1.7 mMversenc. The temperature 

of the experiments was 260. 

Highly purifihd cytochrome 2 prepared f’rom pigeon breast muscle 

was used ( courtesy Gr. B. Hagihara). 

E@ez%ental Procedure 

The oxidation of cytochrome cwas studied as folJ.orro (cf Pig 1). 

The digitonin particles were suspended in the reaction medium and 

treated with 330 @l sulfide. Traces of- endogenous substrate caused 

reduction of cytochrome 5 to be largeiy complete in about 40 seconds. 

In this way the contributions of mitochondrial and added cytochrome 

were separately evaluated. 670 @4ATPwas then rapidly stirred into 

the suspension and the extent and rate of oxidation of ferrocytochrome c 

was recorded with the double beam spectrophotometer. The extent and 

rate of reduction of pyridine nucleotide was simultaneously recorded 

fluorometrica33.y. 

Experimental Results 

Figure 1 Cllustrates a typical experiment. Addition of sulfide 

causes a reduction of 0.8 #I endogenous cytochrone c. Addition of ferri- 

cytochrome 5 leads to its reduction and the optical calibrations indicate 
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Fig. 1: ~8tretiItg the r&UCtiD~ of endo@;enous cytochrcm~ 2 &id of 
exogenous cytochrome z in a sulfide-inhibited preparation. Addition 
of ATP cewes otidation of exogenoui3 cytochrome can13 reduction of 
endogenous pyridine nucleotide. Digitoninperticles ofpigeonheart 
mitochondrf~ (0.8 p&i cytochrome E). 260 c. @pt. 276b). 

the fornation of 3.1 $1 ferrocytochrome 2 Addition of ATP causes an 

oxidation of 2.7 @I cytocbrome 5 3 tines the mount of the endogenous 

material, Thus at least X.9 $4 exogenous cy-tochrome 53.6 oxidized. The 

fluoroneter records the sirrmltaneous reiluction of'mitochondrial pyrikine 

nucleotide. 

The record indicates the oxidation to be stable for e considerable 

interval; this is due to the low "ATFase" activity of the preparation. 

Since mitochon&rial cytookt-ome c_was approxhately 25 per cent of 

the tatal in the experiment of Figure 1, it wa8 consI&ered desirable to 

repeat the experiments over a range of mitochondria3. concentrationa so 

that the oxidation of exogenous cytochrorae c, could be demonstrated with- 

out any question of the contribution of the endogenoue material. !Che 

results of such experiments are shown in the graph of Figure 2 ulaere we 

have plotted the micromolar concentration of cytochrome observed to be 
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0 2.0 4.0 
pM Endogenous Cytochrome-c 

Fig. 2. Eiffect of v8ri ti a on in the comxxtr8tion of p8rticle8 (as 
e-mlmted by the micromolar cO~Centr8tiOn of cytochrome 5 (8bscissa)) 
on the AT&induced oxidation of cytOchromc. In all experiments, the 
concentration of exogenous cytochrme c 118s 3-4 @l. Other conditions 
as in Pig. 1. @pt. 276b). 

oxidized by 670 w ATP-agd.nst the microrm+r concentration of x&to; 

chonari81 cytochrome * This gmqih clearly shows that the oxid8tion of 

reduced cJrt;ochrome ~by the parficles in the presence of ATP does ndt 

involve anunllmitedtur~~ver of cytochromc 5 and that presumblyonly 

a stoichirnn~ic smpnt ca~ be oxidized. At lou mitochnndrial concen- 

tmtions, the curve rises abruptly, the initial slope corresponding to 

about10 mlecules of exogenous cytochrome ~oxidisedpermlecule of 

endogenous cytochrome fi At higher concentrations of mitochondrisl. 

cytochrume 9 the curve t&es on a fl8tter slope. The remti?nis 

completely inhibited by 3 r/ml oligcmyci~ 8nd is more than 50 per cent 

inhibitedby17/d.hydroxyquinoUe N-oxide. 

Discuseio~ 

m oxfaationofexogenous cytochrome ~i.n@loslJharylatFngpEurticles 

to which the material is accessible proceeds rapidly and to a high degree 
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of completion. me mount of reduced cytoclrraw 5 which can be oxidized 

by such preparations appears to reach a editing ratio of roughly 10 

molecules of cytochrome 5 oxidized to lmolecule of cytochrome c_present 

in the perrticles. Qhile this ratio closely awoximtes the ratio of 

pyridine nucleotide (1 electron equivalents) to cytochrome 5 chiwacter- 

istic.of these particles, only a portion of the total pyriaine nucleotiae 

is reduced. Thus, other substances may also act as electron acceptors for 

oxidation of cytochrome c under these conditions. Figurelclearly shows 

that the rate of the reaction is rapid. TllUS, at low nitochondrial con- 

centrations the "turnover number" of endogenous cytochrame c, in oxidation 

-1 of exogenous cytochrome c exceeds 1 set . This rate is no less than the 

rate of oxidation of endogenous cytochrome c 

&ie nature of the oxidant for exogenous cytochrome 2 requires con- 

sideration. It has been observed spectroscopically that ATP causes the 

oxidation of not only endogenous cytochrome cbut also of cytochrome a- 

(Chance, 1961 a, b). Since cytochrome s_is an effective oxidant for 

cytochrome c,, we are inclined to believe that it is the otidant for 

cytocbrome c under these conditions8 In this case we would be observing 

that the cyanide- or sulfide-inhJ.bi.ted cytochrome oxidasc can oxidize 

felrsocytochrome cby reversed electron transfer. 

This interesting reaction suggests new approaches to the mechanism 

of phos@orylation and the process of electron transfer. 

-Y 

'The oxidation of exogenous cytochroaae 5 on addition of ATP to a 

suspension of sulzelae-inhibited digitonin pwticles fYom pigegn heart 

muscle has been demonstrated. The reaction is rapid and reaches a degree 

of compldion depending upon stoichiometxic considerations; roughJy 10 

molecules of exogenous cytochrome 5 can be oxidized per molecule of 

endogenous cyiiochrome 2 
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