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1. Introduction

Tn 1970 Popinigis et al. [1] described conditicns
in which mitpchondrial suceinate (+ rotenone) oxida-
tion become dependent on the exira added citrate. It
has been observed, that when succinaie {(+ rolenons)
oxidation was inhibited by the addition of protamine,
introfuction of citrate into the incubaticn medium
restored mitochondrial respiration. The explaration
offered was that in these conditipns citrale acis asa
proton conducter across the mitochonrdrial membrane.

O this other hand, Gndings that the clirate was
nongompetitive with respect to succinate in thest con-
ditions [2§, were In discordanc with the wsll established
compétitive manner of carrier dependent entry of
anionic substrates into the mitechondria |3, 4], and
put in doubt the propoesed citraie movement.

Therefore, the possible role of citrate in resioration
of protamine inhibition on succinare {+ rotenone)
oxidation was te-examyined using inhibltors of citrate
entry into the mitochondria: benzene 1,2,3 tricarbox-
vlic acid and high coneentrations of sucrose, Resulis
obtained indicate that the ability of citrate o reverse
protamine Inhibition increased when the citrais entry
into the mitochondria via citrate iranslocator was in-
hibited.

2. Materials znd methods

Rat liver mitochondria were prepared and sespended
in (.25 M sucrose + 3 mM Tris ehloride, according to
Loewenstein et al. [51, but with omission of the last
{digitonin) step. Oxygen consumpiior was measured
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with the Clark oxygen electrode E 5027 Radiometer
and PHM 27 pll meter with gas monitor Radiomster.
pH was measured in the same vessel with the combined
glass calome] electrode GR 232 Radiometer and

N 512 pH meter Elpo.

Both oxyeen and pH were egistered with two syn-
chronized recorders type 1 37/N from Zip.

Protamine suifate ex herring (froch-Light) was used
as a pH 7.2 Tris solution. Sclutions of sucrose were
prepared from Analar (Koch-Light) sucross and were
passed through the Amberlite IRC-30 before nse.

Benzene 1,23 iricarboxylaic acid {Aldrich), wasa
generous gift of Dr. I M. Smrly.

Detafled experimental conditions are described in

the lezend to fig. 1.

3. Resnlts

The ability of citrate 1o restore protamine inhivited
succinate {(+ rotenone) oxidatien was found 1o be
dependent on the composition of the medium:

Exp. A was performed in the medium containing
0.25 M sucrose. It can be seen that the eddition of
protamine ‘nhibited both oxygen uptaks and oxidative
phosphorylziion mezsured by ihe proton nptake.
Addition of citrate to the incube- on medium induced
a fast phase of proton appearanse in the medinm {not
shown) followed by a steady state of proton conen-
iration, with the concomitant restoralion of mitochon-
drial respiration.

Exp. B was carried dut in the medinm in which the
SOCrGse consknireiion was increased to G M. Tt can
be seen that this high concentration of snsrose mhibie
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Fig. 1. Citrate mediaied succinate {+ 1olenone) oxidation. The effect of sucrose and benzene 1,2,3 mricarboxylate. Rat Yiver mito-
chordsia (4 mg of protein in 005 ol of 8,23 M sucrose 4+ 3 mM ‘Tris chloride) were added dnto 2.5 m) of the pH 7.2 meda con-
tainlag: 10 mM KCl, 3 mM MgSO4, 2.5 mM potassium phosphate, 5 mM Tris succinate, 3 ug of rotenone and in oxp: A, 250 mM
suersse; B, 400 mM sucrose; €, 100 mM sucrose; D, 100 mM sucross + 75 mM KC; E, 100 mM sucrose + 150 mM KC); F, 100 mM
sucrose + 75 mM KCl: G, 100 mM sucrose. After 1 min of preincubation of mitachondria in the above medium, oxygen uptake
and changes in proton concentration in the medium were recorded simultaneously, Additions: 1 mM ADP, 500 ug protuwmine,
10 M Tsis citrate, 30 M Tris benzene 1,2,3 tricarboxylate, 1 pg valinomycin. Marks {(x) and (¥} indicate changes in gH upon

adaition of 250 nmoles of protons 58 a HCI solutmn in the abmce ﬂ:} of after adﬁmon of Gitrete v}, Fast chm in _p!ﬂtnn wons
umrationin the medinm whi,ch ucmured upon additmn of citrate ave omitted.
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(in most extperiments completely) ADP indvced state
4 = ginte 2 trangition in both oxyvgen consampiion and
proton npuake, Addition of protamine inhibited mito-
chondrial respiration and ihis inhibiticn could be over-
come by the addition of citrate. The rate of this citrate
mediated respiration was sbout 5-fold higher than the
1ate of respiration In state 4.

On the comrary, when the same experiment was
performed in the medium containing 0,1 M sucross
{exp. {1, the ability of cilrate {0 reverse protamine in-
hibition was reduced.

Sucrose could not be replaced by KCL 1t roay be
seenl in =xp. D and E that in the medium with the same
osmolarity as in exp. A or B, bnt in which sucrose was
partially replaced by equivaleni concentrations of KCi,
the effect of citvate on oxygen consumpiion was bl
phasic after an initial subw antial increase, the rate of
respiration decreased rag idly to the level of protamine
inhibition. The addition of beazene 1,2.3 tncarboxyl-
ate resulted in furiher stim.dation in the rais of respir-
ation. Infrodueticn of benzene 1,23 tricarboxylate in-
to the ingubztion med.um beiore addition of citrate
prevenied the decline phase In citrate mediated respira-
tion {exp. F). A biphasic effec: of citrate was observed
also in low KC1 concentration, bt in the presence of
valinomycin { exp. G). Benzene 1,2,3 tricarboxyiate
reversed this valinomycin induced inhibition of
respiration.

4, Discussion

It is known that the bigh concentratipns of sucrose
©an suppress citrate, and other Keebs ¢yele inter-
mediates, oxidation in mitochondria (6], probably
through the inhibition of anion eniry into the mito-
chondria [7] Similarly, benzene 1,2,3 iricarboxylic
acid was described 238 a potent inhibitor of citrale
entry into the mitochondria [8, 9].

Presented resulis indicate that the ability of cirate
1o reverse the inhibitory effect of protamine on mecin-
ate {+ rotenong) oxidation increased with the increase
of sucrose conzentration in the medium {exp. A—C).

In the medium with low sucrose and high KCi con-
centrations {exp. D, E and F), the stimulatory effect
of citrate on respiration was dependent on the presence
of benzene 1,2,3 tricarboxylate. Because the membrane
level of action of sncrose [10] and benzene 1,2,3 13-
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carborrylaze |8, 91 seems 1o be well extablished, it can
be concinded that ciirate enhanced mitochondrial
respiralion when the ciirale transport into the mite-
“hondria was inhibited.

Dn the other hand we can not exclude that the
deseribed citrate infuced changes in the raie of respir-
ation sre orpanized directly at the level of anios. hind-
ing (or adsorption [11]) te mitochondrial proteins.
This possibility is also suggested by the observations
that the high concentrations of sucrose and protamine
showed opposite effects on mitochondrial structuore
and ATPase activity. Sucrose at coneentrations hicher
than 0.25 M inhibited 2 TPase activity [12] and in-
duced appregated state of mairix {13]. On the con-
trary, protamint in concentrations inhibiting succinate
{+ rotenone) oxidation induced marked expansior. of
the matrix space {14, 15] and significantly increased
the activity of Mg dependent ATPase [16]. Therefoze.
it van be considered that the protamine effect is regul-
ated through the chan~==s in the ability of mitochondria
to hind anions.

Omn the other hand it is of interest that the citrate
Testored succinate {+ rotenore) oxidation inhibited
by: progesterons: f17, 18], bilack pigment dispersing
hormone [i9], polyglatamate |20, maleate [21}, or
even chlorophyil {22]. This indicates that the ghenom-
ena described may be of a wider significance.
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