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1. Introduction

It is known that succinate dehydrogenase of sub-
mitochondrial particles can be activated by succinate,
by its competitive inhibitors and also by reduced
CoQ,, [1-3] or by NADP(P)H [4] its conformation
being thereby changed [1, 2] . Recently Gutman et al,
[5] have shown that the activity of mitochondrial
succinate dehydrogenase may be regulated not only
by the above agents, but also by ATP. It was previously
shown that ATP changes the kinetic properties and
thermal lability of succinate dehydrogenase from rat
brain mitochondria [6] . One of the explanations of
this effect was that ATP is capable of changing the
succinate dehydrogenase environment, thereby
affecting its structure [6].

It has been shown in the present investigation that
the agents (succinate, malonate, fumarate), which are
known to specifically interact with succinate dehy-
drogenase can cause essential changes in the phos-
phorylating system of submitochondrial particles.
Hence, it is possible to suggest that the conformational
changes induced in succinate dehydrogenase by its
activators, can in some way affect the structure of its
immediate surroundings and the properties of other
enzymic systems of submitochondrial particles.

2. Materials and methods

Submitochondrial particles ETP(Mg?*, Mn?")
were isolated from heavy mitochondria of beef heart
as described by Beyer [7]. The P/O ratio, the rate of
the ATP-32P exchange, ATPase activity and the rate
of the ATP-dependent reduction of NAD" by succinate
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was measured as described previously [8] . When the
ATP-dependent reduction of NAD™ by TMPD with
ascorbate was measured the medium contained,
instead of succinate, 0.25 mM TMPD and 0.25 mM
ascorbate. When the particles were preincubated with
succinate, the measurement of the rate of ATP-32Pp
exchange, ATPase activity and the rate of ATP-
dependent reduction of NAD* by TMPD with
ascorbate was made in the medium containing
0.3 umoles tenoyl trifluoracetone per mg protein or
0.8 mM malonate. When the particles were pre-
incubated with trypsin ihe assay medium contained
soya trypsin inhibitor (5 mg per mg trypsin).

The particles (3.0 mg protein per m]) were incubated
at 30° in the medium containing 2 mM MgCl,, 10 mM
potassium phosphate, pH 7.5, 5 mM Tris-HCI, pH 7.5,
0.5 mM EDTA, 33 mM glucose and 100 mM sucrose.
For details see the figure captions.

3. Results and discussion

As is seen in fig. 1, preincubation of submitochon-
drial particles with succinate in anaerobic conditions
results in an increase of the maximal rate of the ATP-
dependent reduction of NAD* by succinate and in the
disappearance of the lag-phase in this reaction (fig.
1A). This effect is not due to the increased rate of
electron transfer because of succinate dehydrogenase
activation, as was previously suggested by Gutman et
al. [4].In fact, the preincubation of the particles in
the conditions indicated above was accompanied by
an increased in the rate of the ATP-dependent reduc-
tion of NAD* by TMPD with ascorbate (fig. 1B), al-
though the latter reaction involves no succinate dehy-

131



Volume 24, number 1

FEBS LETTERS

July 1972

Fig. 1. The effect of the preincubation of submitochondrial
particles with succinate in anaerobic conditions on the ATP-
dependent reduction of NAD* by A) succinate and B) TMPD
with ascorbate. 1; Untreated particles. 2: The particles in-
cubated with succinate. Submitochondrial particles at a con-
centration of 3.0 mg/ml were incubated in anaerobic condi~
tions with 7.0 mM succinate for 6 min at 30° in the medium
described in Materials and methods. A coacentration of the
submitochondrial particles in the spectrophotometer cuvette
was 0.15 mg/ml Temperature was 30°,

drogenase. Moreover, after preincunation of the
particles with succinate the rate of the ATP->2P
exchange reaction increased by 20--30%. This means
that the results presented in fig. 1 testify to the phos-
phorylating system being activated by succinate in
anaerobic conditions. This effect did not occur in the
presence of oxygen.

The action of succinate in anaerobic conditions is
not only that of activating the phosphorylating
system. Fig. 2 shows that succinate in anaerobic con-
ditions protects the phosphorylating system from
proteolysis which is revealed in the retardation of the
decrease in the P/O ratio, the rate of the ATP-
dependent reduction of NAD" by succinate as well as
in the rate of ATP-*?P exchange on treatment of the
particles with trypsin. This effect should be inter-
preted to mean that in the absence of oxygen*

* In aerobic conditions succinate does not increase the re-
sistance of the phosphorylating system to trypsin [8].
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Fig. 2. The effect of succinate, malonate and fumarate on
proteolysis of the phosphorylating system of submitochondrial
particles. A) The change in the P/O ratio (succinate as sub-
strate) on the incubation of the particles with trypsin (18
ug/ml). 1: Control. 2: Succinate (7 mM), anaerobic conditions.
B) The change in the rate of the ATP-32P exchange reaction.
1: Control (Ag = 59 nmoles ATP3? per mg protein per min).
2: Succinate (7 mM), anaerobic conditions (Ag = 69). C) The
change in the rate of NAD" reduction by succinate in the
presence of ATP, 1) Control (Ag = 119 nmoles NADH per
mg protein per min), 2) Succinate (7 mM) anaerobic condi-
tions (Ag = 193). 3) Malonate (1 mM), aerobic conditions
(Ag = 119). 4) Fumarate (20 mM) aerobic conditions
(Ag=119). Ay was measured after a 6 min preincubation of
the particles with succinate, malonate or fumarate, D) The
change of the ATPase activity. 1) Control. 2) Succinate

(7 mM), anaerobic conditions.

succinate in some way induces specific structural
changes in the phosphorylating system. It is note-
worthy that succinate does not affect trypsin-induced
activation of ATPase (fig. 2D).

Besides succinate, malonate and fumarate also
produce a stabilizing effect on the phosphorylating
system in anaerobic conditions (fig. 2A).

The question arises why succinate, malonate and
fumarate which are known to specifically interact
with succinate dehydrogenase, produce a marked
effect on the phosphorylating system of SMP. It has
been shown that these compounds activate succinate
dehydrogenase by inducing in it conformational
changes, the succinate activation being especially
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pronounced in anaerobic conditions [1-3, 9]. Since
nothing is known about the direct interaction of
dicarboxylic acids with the phosphorylating system it
remains to suggest that the structural changes in
succinate dehydrogenase are somehow extended to
the phosphorylating system, which results in the
increased resistance of the latter to trypsin. For
example, it would be possible in the case when
succinate dehydrogenase and Factor F, which is
known to possess high sensitivity to trypsin [10]
where localized in close proximity to each other in
the cristae membrane. Such a suggestion holeds if one
has in mind the model of the inner mitochondrial
membrane suggested by Racker [11] and Sj6strand
[12], according to which succinate dehydrogenase is
closely related to some components of the phos-
phorylating system. An alternative approach to such
local structural changes is a cooperative rearrangement
of the whole membrane resulting from the altered
structure of succinate dehydrogenase.
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