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1. Introduction 

It has long been recognised that a rather non-speci- 
fic inhibition of mitochondrial respiration is obtained 
in the presence of high concentrations of sucrose 
[ I-31 or uncouplers of oxidative phosphorylation 
[4,5]. Similar inhibitions may be obtained by the 
addition of ionophores under conditions resulting in 
ion efflux from the mitochondrial matrix [6-91. The 

uncoupler stimulated ATPase activity of liver mito- 
chondria also appears to be sensitive to inhibition un- 

der related conditions [ IO,1 l] 
A common feature of these conditions is that they 

lead to an osmotically related decrease in the volume 
of the matrix compartment, either by an increase in 
external tonicity or by a loss of osmotic support 
within the matrix. Recent results from our laboratory 
[ 121 have shown that the respiration of hamster 
brown adipose mitochondria, in the presence of a 
variety of substrates, may be correlated with the size 
of the matrix compartment, suggesting a causal rela- 
tionship between matrix condensation and respiratory 
inhibition. In the light of these results it was of in- 
terest to determine whether some of the inhibitions 
described above could be similarly ascribed. 

2. Methods 

Rat liver mitochondria were prepared and stored at 
0” in 0.25 M sucrose. Oxygen uptake was determined 

Abbreviations: 

Tris : tris (hydroxymethyl) aminomethane: 

DNP : 2,4-dinitrophenol, 

amperometrically at 23” in a chamber having a volume 
of 1.4 ml. All media were potassium free and adjusted 
to pH 7.2 with Tris. The sucrose impermeable space 
was determined by a [3H]H,0, [‘4C]sucrose dual 
label modification of the technique described by 
Malamed and Recknagel [ 131 Mitochondrial protein 
was determined by the biuret method. ATPase activity 

was determined by the method of Lindberg and Ernste 

]I41 

3. Results and discussion 

When rat liver mitochondria are incubated in a me- 

dium low in potassium with the addition of nigericin, 
or DNP and valinomycin, there is a loss of potassium, 
an inhibition of respiration and an increase in light 
scattering indicative of mitochondrial contraction [6, 
8,9]. Fig. 1, however, shows that this respiratory in- 

Fig. 1. The effect of valinomycin on the oxidation of malate 

and glutamate by mitochondria in the presence of DNP and 

varying sucrose concentrations. The incubation contained DNP 
50 PM, Tris-phosphate 4 mM, MgCI, 2 mM, Tris-EDTA 1 mM, 
Tris-malate 3 mM, Tris-glutamate 3 mM and sucrose as shown. 

Where indicatedvalinomycin,O.S PM, was added. pH 7.2, 23”. 
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I,‘&. 2. The Inhibition by st~crosc of malate and glutamate oxidation in the presence of DNP and DNP plus valinomycin. Incubstion 

conditions were as described for fig. 1. Oxygen uptake in the presence of DNP alone was measured immediately after addition of 

mitochondria. while \vhen valinomycin was present, rates were measured after 5 min. 

hibition is dependent on the osmolarity of the incuba- 
tion medium. At a low tonicity no effect of added 
valinomycin can be observed within the time scale of 
the trace, but on increasing the sucrose concentration 
the delay before inhibition is apparent decreases, while 

the extent of inhibition increases. Fig. 4 contains con- 
trols in the presence of 50 FM DNP alone. We inter- 

pret these results to imply that under hypotonic con- 
ditions, the tnedium does not exert sufficient osmotic 
pressure on the matrix to collapse it to an inhibitory 
level even after the valinomycin induced loss of osmo- 
tically active ions. 

Support for this contention is provided by fig. 2, 
which compares the inhibitory effect of sucrose on 
malate and glutamate oxidation by mitochondria in 
the presence of DNP, and after the further addition of 
valinomycin. It is clear that this latter condition great- 
ly increases the sensitivity of the sucrose-induced in- 
hibition. Hamster brown adipose mitochondria show 
a similar high sensitivity when freshly prepared [ 17-l , 
and are believed to be depleted of potassium [IS] and 
phosphate [ 161 on preparation. These results are con- 
sistent with respiratory inhibition resulting from osmo- 
tically induced collapse of the matrix compartment. 
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More direct confirmation of a valinomycin induced 
decrease in matrix volume is given in fig. 3, where the 
sucrose impermeable space has been determined under 
the same conditions as fig. 2. Both in the presence and 
absence of valinomycin, inhibition of malate and gluta 
mate oxidation. therefore appears to set in when the su 
crose impermeable space decreases below 0.5 pl/mg 
protein (determined by biuret). 

The inhibition of malate and glutamate oxidation b: 
DNP alone bears qualitative resemblance to that induct 
by DNP and valinomycin. Thus fig. 4 shows that in 
hypotonic sucrose even 180 /.IM DNP causes only a mo 
derate respiratory inhibition, whereas in hypertonic 
medium 54 I.~M DNP is sufficient for almost complete 
inhibition within the course of the experiment. With 
both 300 mM sucrose and high uncoupler conccntratio 
the inhibition is most pronounced but is still evidently 
time dependent. In this latter case dilution of the incu- 
bation with water is sufficient to reactivate respiration 
It is thus likely that at least some of the uncoupler- 
induced respiratory inhibitions which have been report 
ed may be related to the osmotic collapse of the matri> 
compartment. 

The sensitivity of the uncoupler stimulated ATPase 
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I:ig. 3. The sucrose impermeable space of mitochondria. The 

incubation media were as described for fig. 2 with the in- 

clusion of [3H]H@ (1 PCi) and [ t4C]sucrose (0.1 PCi). 

The spaces in the presence of DNP alone were determined 3 

min after addition of mitochondria, while IO min was allow- 

ed for the incubation with the inclusion of valinomycin. 

activity to conditions resulting in a decrease in the ma- 

trix volume was also investigated. High concentrations 
of sucrose [IO]. or the addition of ionophores under 
conditions leading to ion depletion of the matrix, 
[ 1 11, both lead to a decrease in ATPase activity. Fig. 5 
shows that the inhibition resulting from the inclusion 
of valinomycin is sensitive to the osmolarity of the 
sucrose medium in much the same way as was the 
mitochondrial respiration shown in fig. 2. 

Almost certainly it is an oversimplification to as- 
cribe all inhibitory effects of uncouplers, ionophores 
or hyperosmolarity simply to the osmotic collapse of 
the matrix. It is, however, a phenomenon which must 
be carefully eliminated before alternative explanations 
are accepted. 

It is possible only to speculate on the mechanism 
of the observed inhibitions. The loss of water from the 
matrix is of course parallelled by an increase in the 
concentration of the material enclosed by the inner 
membrane, and a level of dehydration could easily be 
reached when the matrix components precipitate or 
the matrix becomes so viscous as to limit diffusion. In 

addition, electron micrographs of highly condensed 

I:ig. 4. The effect of DNP alone on malate and glutamate oxi- 
dation. The medium was as described for fig. I 
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I:ig. 5. DNP-ATPase activity of mitochondria. Mitochondria 

were preincubated for 5 min at 23O in a medium containing 2( 

mM TrisCi. pll 7.2. DNP 50 PM and sucrose and valinomycin 

as indicated. 3 mM ATP was then added and thr incubation 

continued for 10 min. 
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brown adipose mitochondria [ 171, show that large 
areas of inner membrane may be deprived of contact 
with matrix, thus rendering a large proportion of per- 
mease or translocase activity non-functional. 

It is unlikely that such extensive matrix condensa- 
tion could occur in viva, but it should be considered 
as a factor complicating the interpretation of in vim 

experimentation. 

References 

[ 11 E.C. Slater and K.\V. Cleland, Biochem. J. 53 (1953) 

551. 

121 D. Johnson and 1l.A. Lardy, Nature 181 (1958) 701. 

[ 3 1 A.L. Lehninger, Physiol. Rev. 42 (1962) 467. 

141 P. l:mmelot and C.J. Bos, Brit. J. Cancer 13 (1959) 520. 

[5 1 t1.C. llemker and W.C. Iliilsrnan, Biochim. Biophys. Acta 

48 (1961) 221. 

161 I:.J. Harris, K. van Dam and B.C. Pressman, Nature 213 

(1967) I126. 

[7] l1.A. Lardy, D. Johnson and W.C. McMurray. Arch. 

Biochem. Biophys. 78 (1958) 587. 

[8] S.N. Graven, S. Estradu-0 and t1.A. Lardy, Proc. Nat]. 

Acad. Sci. U.S. 56 (1966) 654. 

[9] G.A. Kimmich and H. Rasmuwn, Biochim. Biophys. 

Acta 131 (1967) 413. 

[ 101 A.L. Lehninger. J. Biochem. (Japan) 49 (1961) 553. 

[ 11 ] R. Cerei.jo-Santald, Arch. Biochem. Biophys. 148 (1972) 

LL. 

[ 121 D.G. Nicholls, 11.J. Grav and 0. Lindberg. in: hlechanism 

in Bioenergetics, Pugnochiuso, I972 (Academic Press, 

New York and London) in press. 

[ 131 S. Jlalamed and R.O. Recknapel. J. Viol. Chem. 234 

(1959) 3027. 
[ 141 0. Lindberg and L. Crnster. in: hlethods in Biochemical 

Analysi+, cd. 1). Glick (Interscience. New York 1956) p. I 

[ 15 ] Z. Drahota. in: Brown Adipose Tissue, cd. 0. Lindbcrg 

(Elsevirr, Ntx York, 1970) p. 225. 

[ lh] J.I. Pedersen and 1l.J. Grav, European J. Biochem. 25 

(1972) 75. 

[ 171 A. Bulychev. R. Kramer. Z. Drahota and 0. Lindbcrp. 

Lxp. Cell Res. 72 (1972) 169. 

64 


