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When beef heart mitochonciria are disrupted by sonic treatment in the 

presence of EDI%, the resulting sub-mitochondrial particle (modified E!E'H) 

requires a soluble protein fraction for maximal phosphorylation (Linnane, 

1958). This factor was purified 8-15 fold by Linnane and Titchener (1960), 

who showed that the factor restored phosphorylation coupled to the oxidation 

of both succinate and DPNH. Furthermore, evidence was obtained that the 

restoration of phosphorylation depended upon a recombination of the soluble 

factor and the particle in the presence of magnesium. 

This factor has now been purified about 250-fold by fractionation with 

CM-cellulose, DEAE-cellulose, and Sephadex. The factor appears to be a 

protein. Activity is destroyed by exposure to 100° C for three minutes, or 

by treatment with crystalline trypsin for two hours at 30' C. The absorp- 

tion spectrum of the factor exhibits a maximum at 277 rnp and a minimum at 

252 rnlJ-. It can be precipitated from solution by mmonium sulfate, by 

ethanol, or by lowering the pH of the solution to 5.4. 

In Table I is shown the effect of the factor on the P/O ratios of 

modified E!ITH in the presence of either succinate or DPNH. It can be seen 

that the factor increases the P/O ratio by approximately 1.0 in the presence 

of each of the substrates. Maximal increase is obtained when approximately 

5 pg of factor protein are added to each mg of modified EITH. As the concen- 

tration of factor is lowered, the increase in P/O ratio is lowered propor- 

tionately. Increase in factor concentration above the optimal value, however, 

produces no further increase in P/O ratio. 

245 



Vol 7, No. 3, 1962 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE1 

EFFECT OF PXEPHORYUTION FACTOR ON P/O RATIOS OF MODIFB ETP H 

Substrate Additions 
P/O Ratio 

NO Plus 
Factor Factor 

1 pmole DPNH 0.1 1.0 

0.01 pole DPNH L 0.8 1.8 

1 wale Succinate - 0.1 0.8 

0.01 pole DPKK 

1 pole Succinate 

30 moles Ascorbate 

0.1 mg. Phenazine 
Methosulfate plus 
0.001 M Cyanide 

0.1 mg. Phenazine 
Methosulf'ate plus 
0.001 M Cyanide 

0.02 mg. Antimycin 

1.1 1.0 

0.1 0.1 

0.1 0.9 

The reaction system consisted of: 0.25 M sucrose, 0.002 M ATP, 0.002 M 
ADI?, 0.006 M M&Q, 0.024 M glucose, 0.01 M Tris-HCl (pH 7.5), 0.003 M 
potassium phosphate-P3* (20,000,OOO cts/min), 10,000 units of crystalline 
hexokinase, approximately 2 mg of modified EITH, prepared as described by 
Linnane and Titchener (l$O), the additions listea in the table, and, where 
indicated, approximately 9 I-IQ of the purified factor in a total volume of 2 
ml. In the case of DFXfI oxidhion, the system also contained 0.04 M ethanol 
and approximately 0.03 pg of crystalline alcohol aehydrogenase. Reaction 
rates were measured during the initial l-5 min. following temperature equi- 
libration at 37’ C. Oxy@;en consumption was measured with a recording GME 

3 
graph, and phosphorylation was measured by determination of the phosphate- 

P3 incorporated into glucose-6-phosphate. 

This observed increase in P/O ratio by a value not exceeding 1.0 is 

apparently due to the fact that this factor is necessary only for the phos- 

phorylation step acccmpanying the oxidation of cytochrome 2 by cy-tochrome 

oxidase. Table I shows that the factor, even in high concentrations, has 

no effect on the phosphorylation accompanying the oxida.tion of DPKH or 

succinate by phenazine methosulfate (A. Smith, unpublished results) in a 

system in which the cytochrome oxidase step has been blocked by cyanide. 

In contrast, the phosphorylation accompanying the oxiddion of cytochrome 2 

(kept reduced by ascorbate) by cytochrome oxidase in an antimycin-blocked 

system is almost entirely dependent upon the presence of the factor. 
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Although the original soluble fraction obtained by sonic disruption 

of mitochondria contains considerable ATPase activity, this activity is 

eliminated during the purification procedure (Table II). 

TA.BLE II 

EZFECT OF PURIFICATION OF THE PHOSPHORYLATION FACTOR ON 
ASSCCIATEDENZYMATICACTIVITIES 

Activity 
Original 

Supernatant 
Solution 

250~f01d 
Purified 
Fraction 

ATPase activity 3.6 0 

AD-Pi exchange 0.4 0 

ATP-ADP exchange 0.2 12.5 

Reaction system for ATPase assay: 0.05 M Tris-I-K!1 (-@I 7.5), 0.01 M 
ATP, O.OlM MgCQ, and O.lmg of protein in a total volume of lml. 
Activity is expressed as poles Pi formed in 10 min/mg protein at 37' C. 

Reaction system for ATT-Pi exchange: 0.05 M Tris-HCl (pH 7.5), 0.005 
M potassium phosphate-P32 (20,000,OOO cts/min), 0.005 M MgCl2, 0.15 M 
sucrose, and 0.1 mg of protein in a total volume of 1 ml. Activity is 
expressed as wales Pi incorporated into ATP in 10 min/mg protein at 37O C. 

Reaction system for ATP-ADP exe 
k M MgC$, 0.003 M ATP, 0.003 M AI&C1 
ange: 0.05 M Tris-HCl (pH 7.5), 0.001 

(120,000 cts/min), and 0.1 mg of 
protein in a total volume of 1 ml. Activity is expressed as wales ADP 
incorporated into ATP in 10 min/mg protein at 37' C. 

The purified factor fails to exhibit any detectable ATPase activity, either 

alone, or in the presence of dinitrophenol, calcium ion or magnesium ion. 

The factor, therefore, would appear to be different from the cold-labile 

ATPase-containing phosphorylation factor which has been purified by 

Pullman, et al. (1960) from disrupted beef heart mitochondria. The soluble -- 

fraction fram disrupted mitochondria also contains a detectable ATP-Pi 

exchange activity tiich is likewise cumpletely eliminated by the purification 

procedure (Table II). In this connection, it should be noted that modified 

E!lTH possesses an unusually low ATP-Pi exchange activity (about 0.1 that of 

ETFH or of intact beef heart mitochondria). This ATP-Pi exchange is not 

increased to a measurable extent by the addition of ten times the amount 
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of factor necessary to increase the P/O ratio of the particles by approxi- 

mateb 1.0. In contrast to the complete disappearance of the ATPase and 

AT+Pi exchange activities during the purification of the factor, the 

ability to catalyze an ADP-ATP exchange increases with the increase in 

ability to promote oxidative phosphorylation (Table II). 

The ability of the purified factor to catalyze an AICATP exchange, 

together with the specificity of the factor for the phosphorylation accom- 

panying the oxidation of reduced cytochrome 2, suggest that the factor may 

be a transphosphorylase specific for one phosphorylation site. Evidence 

has been obtained in this laboratory (A, Smith and M. 'Hansen, unpublished 

results) indicating that additional factors OCCLZ which are specific for 

the other phosphorylation sites. In the light of these results, one would 

expect that the enzyme preparation with ADP-ATP exchange activity, which 

Lehninger (1960) has found to increase the P/O of particles from digitonin- 

treated mitochondria, might likewise be specific for only one phosphoryla- 

tion site. 

The evidence indicates that the factor loses both ATPase sd ATP-Pi 

exchange activity during purification. Furthermore, the lack of restoration 

of the already-low ATF'-Pi exchange activity of modified mH when phosphory- 

lation is restored, suggests that ATPase and ATP-Pi exchange may not be 

reliable criteria for the study of oxida;tive phosphorylation. Although 

ATPase and Al??-Pi exchange have been studied extensively in connection with 

oxidative phosphorylation, the present results suggest that considerable 

caution Should be exercised in the interpretation of the results so obtainea. 

The recent finding of Vignais, et al. (1961) that potassim atractylate -- 

strongly inhibits mitochondrial ATP-Pi exchange and dinitrqhenol-promoted 

ATPase, while hardly affecting oxidative phosphorylation, is in line with 

this suggestion. 
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