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SUMMARY

r. The stimulating and inhibitory effect of nitrophenols on various mitochondrial

systems are compared. Both respiration and ATPase are stimulated by low dinitro-

phenol concentrations, followed by inhibition at higher concentrations. The concen-

tration of dinitrophenol inducing maximal activity (con1) differs for ATPase, pymvate

oxidation, B-hydroxybutyrate oxidation-and succinate oxidation.

z. It is conclud.ed that dinitrophenols have a gpecific inhibitory action on the

uncoupled respiration and on the ATPase of intact rat-liver mitochondria. This in-

hibition can be located. between NADH and flavoprotein and between flavoprotein

and. cytochrome c. Aithough the third phosphorylating step is as easily uncoupled

as the other two steps, no inhibition of this step by uncoupling agents occuls.

3. The inhibition by alkyldinitrophenols can be reverced by lowering the parti-

tion coeffrcient of the inhibitor between the mitochondrial lipid and the medium.

4. From the fact that a difference exists betwe€Il c6ptr for ATPase and for NAD-

linked respiration it can be concluded that dinitrophenols act by hydrolysing 2

high-energy intermediate rather than by allowing respfuation to proceed without the

formatiorr of a high-energy intermediate

INTRODUCTION

Although there is still some variation of symbols, there exists nowadays no funda-

mental difference between the various explanations, in terms of a chemical mechanism,

of the coupling of oxidation-red.uction in the respiratory chain with the sSmthesis

of ATP. It is generally accepted that during the oxidation-reduction reaction a

high-energy compound (t.g. A - I) is formed between one of the respiratory-chain

components (A) and an unknown mediator (I). This compound reacts with Pi in an

oligomycin-sensitive reaction to give a high-energy phosphate compound (e-g.I -P) '
thereby freeing the member of the respiratory chain. Since, however, oligomycin

does not react with either A - I or Pi, we have to fegard. this reaction as being

catalysed by an enzyme and oligomycin as an inhibitor of that enzyrr,e. Finally the

" This article reports experiments that were part of the M.D. thesis of the author published

in Dutch in April 196z (see ref. r).
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high-energy phosphate compound reacts with ADP to form ATP (for an extensive
discussion see refs. z-4). These conclusions are summarized. in the reaction scheme:

A H r * B + I  +  A - I + B H 2

A - I + P i A + I - P

I - P + A D P  +  I + A T P

Simple as this may seem there are still many points to be investigated, e.g. the
nature of the first high-energy compound which is thought by CneNcr eNn
Wlrrreuss to be AHr - I, by EnrllstBns to be BH, - I, by LrnNrNcBno to be
A - I, while SrerBnz leaves the choice between A - I and BH, -, I open. The
mechanism of inhibition of the second reaction by oligomycin is also unsolved.

No agreement has been reached as to the mechanism of uncoupling of oxidative
phosphorylation by phenols. The two alternative mechanisms proposed by Lannv
eNb ErwnJuuT still qemain open, although the original formulations have had. to
be modified.in the liglt of newer knowledge. The two alternatives are:

(a) An uncouplinf phenol (@) allows oxidation to proceed without phosphoryla-
tions-10. The reaction mechanism of uncoupled oxidation is then given by

A H , * e ( 3 e * B H z

and the mechanism of nitrophenol-induced ATPase by

A T P + . I + A D P + I - P

r - P * A + A - I a P ,

A - I + B H r + A H r + B + I

(@)
A H r * B - > A * B H ,

(@)
A T P + A D P + P r

(b) An uncoupling nitrophenol reacts with the first high-energy compound to
form a labile, but not energy-rich, nitrophenol compoundll,l2. The reaction mecha-
nism of uncoupled oxidation is in that case:

A H r * B + I + A x . I + B H 2

e - I * @ + A + @ - I

.  O - r + @ + I

Sum
(@)

A H r * B - + A * B H ,
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