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Previous work in this laboratory (Danielson and Ernster, 

1963; Lee and Ernster, 1964, 1966) has led to the conclusion 

that the energy-linked reduction of NADP+ by NADH catalyzed by 

submitochondrial particles from rat liver or beef heart is 

driven by a high-energy intermediate of the respiratory chain- 

-linked oxidative phosphorylation system. The following 

reaction sequence has been postulated: 

NADH + NADP+ + I-X -u NAD+ + NXDPH + I + X (I) 

where I-X is a high-energy intermediate which can be generated 

either by the respiratory chain: 

I + x respiration, I-X 
(2) 

or by ATP 

ATP + I + X ------== ADP + Pi + I-X (3) 

It follows from the above reaction sequence th,lt the 

energy-linked pyridine nucleotide transhydrogenation and oxidat 

ive phosphorylation are in a competitive relationship with 

regard to I-X generated by the respiratory chain. Recently, 

van Dam and ter Welle (1966) and van Dam (1966) have studied 

the two processes as occurring separately or together in sub- 
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mitochondrial particles from beef heart, and observed un- 

altered efficiencies of phosphorylntion (P/O) and NADH-linked 

NADP+ reduction (NADP+/O) coupled to succinate oxidation. They 

have further found that inhibition of succinate oxidation by 

increasing concentrations of malonate did not effect the P/O 

ratio but markedly increased the NADP+/O ratio, although the 

net rate of NADP+ reduction was decreased, in accordance with 

out previous results (Lee et al., 1964). They have concluded 

that there is no competition between oxidative phosphorylvtion 

and NADH-linked NADP+ reduction coupled to succinate oxidation. 

In this paper, we wish to report data which demonstrate such 

a competition, resulting in a substantial reduction of P/O 

ratio by the energy-linked pyridine nucleotide transhydrogenase 

reaction. 

I!he experiments were performed with submitochondrial part- 

icles prepared after sonication of beef-heart mitochondria in 

the presence of Mg++ and ATP (Low and Vallin, 1963). Xspen- 

slons of the particles were incubated in a tris-acetate-buffered 

sucrose medium, in the chamber of a Clark O2 electrode. f-i 32 , 

ADP, Mg++, hexokinase, glucose, succinate, rotenone, NADH, 

NADP-‘, and malonate were added as specified in the table and 

figure legends. Respiration was monitored until about two-thirds 

of the oxygen was consumed, at which time the sample was rapidly 

fixed by the addition of 0.3 ml 5 M H2S0,+. An aliquot of the 

sample was used for determination of Pi uptake by the isotope 

distribution method of Lindberg and Ernster (1955). The re- 

mainder of the sample was neutralized, centrifuged, and an 

aliquot of it was used for determining NADP+ enzymically with 

glucose-6-phosphate and glucose-6-phosphate dehydrogennse 

(Klingenberg , 1962) . 
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Figure 1. Effect of 

0.4 ; 
malonate on-P/O and 
E-ratios. 

tJ . 

L 

Conditions were as in 
Table 1 except that 

s 
0.60 mg instead of 
0.45 mg particle pro- 

0.3 p 

J! 

tein was present in 
the absence of 
malonate. 

.- 
E . Curve I: - P/O ratio in 

c% 
absence of 

0.2 0” 
NADH + NADP+; 

E 
Curves II and III: P/O 

ratio and 
;ii NADP+/O ratio, 
a respectively, 

in presence of 

.O.l 
NADH + NADP+; 

Curves IV and V: oxygen 
uptake in ab- 
sence and pre- 
sence, respect- 
ively, of 
NADH + NADP+. 

The results of a typical experiment are summarized in 

Table I. When the energy for the reduction of NADP+ by NADH 

was supplied by the aerobic oxidation of succinate, there 

occurred a low rate of NADP+ reduction, and the extent of 

phosphorylation coupled to succinate oxidation was only slightly 

influenced by the energy-linked transhydrogenase reaction. The 

sum of the P/O and NADP+/O ratios was 0.89, indicating that, 

taking 2 as the maximal -/O ratio for the aerobic oxidation of 

succinate, the efficiency of the system was about 45%. When a 

larger amount of enzyme was employed, and the rate of succinate 

oxidation was suppressed by the addition of malonate, the 

NADP+,/O ratio increased markedly, in line with the findings of 

van Dam and ter Welle (1966) and van Dam ,(1966), but, in con- 

trast with their results, the P/O ratio simultaneously decreased. 
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The sum of the NADP+/O and P/O ratios was 1.41 in this particu- 

lar experiment, but could reach a value of I.8 (cf. Figure l), 

I.e., an efficiency of 90%. Little or no effect was observed 

with either NADH or NADP+ alone. Thus, an active transhydro- 

genase reaction seems to be necessary for the observed decrease 

in P/O ratio. Abolition of phosphorylation by either omission 

of phosphate or addition of oligomycin raised the NADP+/O 

ratio as expected. The effect of increasing concentrations of 

malonate is shown in Figure 1. 

The kinetics of the competition between oxidative phos- 

phorylation and energy-linked transhydrogenation was investigat- 

ed by varying the concentrations of the reactants of the two 

systems, i.e., NADH or NADP+ and Pi or ADP, respectively. As 

expected, lack of saturation of the transhydrogenase system 

with NADH and/or NADP+ lowered, and lack of saturation of the 

phosphorylating system with Pi and/or ADP increased, the extent 

of competition in favor of the transhydrogenase reaction. 

Unexpectedly, however, it was found that the saturating con- 

centration of NADH for the energy-linked transhydrogenase 

reaction was higher in the presence than in the absence of an 

active phosphorylating system; and conversely, that the saturat- 

ing concentration of Pi for oxidative phosphorylation was 

higher in the presence than in the absence of an active trans- 

hydrogenase system. These findings, which are now under 

further exploration, may explain the previous failure of 

van Dam and ter 'dclle (1966) and van Dam (1966) to observe 

a competition between energy-linked transhydrogenation and 

oxidative phosphorylation under the conditions of their 

experiments. 

In summary, the present data demonstrate that energy- 

-linked reduction of NADP+ by NADH efficiently competes with 
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oxidative phosphorylation coupled to the aerobic oxidation of 

succinate in submitochondrial particles from beef heart. These 

results are in good accordance with the concept (Danielson and 

Ernster, 1963; Lee and Ernster, 1966) that the energy-linked 

transhydrogenase reaction derives energy from an intermediate 

of the respiratory chain-linked phosphorylation system, and may 

constitute a valuable basis for future investigations into the 

chemical nature of this intermediate. 
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