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1. Introduction

Isolated mitochondria can incorporate amino acids
into their insoluble structural proteins [1-3] by a
mechanism apparently similar to that of protein syn-
thesis in the hyaloplasm [4,5] . The soluble mitochon-
drial proteins, like cytochrome ¢ [1,3] and malate
dehydrogenase (1] are not labelled, when isolated
mitochondria are incubated in the presence of labelled
AA *_ These mitochondrial proteins are synthesized on
the extramitochondrial ribosomes [3,6,7]. On the
other hand, the present evidence does not exclude the
possibility that enzymes which are tightly bound to
mitochondrial structure, like GDH and SDH, are syn-
thesized inside the organelles.

It has been shown that CAC is a potent inhibitor
of AA incorporation into mitochondrial protein
[8,9]. In contrast, the incorporation of AA into pro-
tein by mammalian microsomal systems is normally
not affected by this antibiotic [10,11]. Therefore,
CAC may be a useful tool for finding out which
mitochondrial proteins are synthesized in mammals
by the mitochondrial protein synthesizing system
and which are synthesized outside of the mitochon-
dria and thereafter transferred into the organelles.

Since it was suggested that increases in GDH and
SDH activities in rat liver mitochondria induced by
thyroid hormones are due to enhanced de novo syn-

* Abbreviations

GDH a-glycerophosphate dehydrogenase
SDH succinate dehydrogenase

CAC chloramphenicol

T3 3, 3, 5-triiodo-L-thyronine

AA amino acid

cpm counts per minute
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thesis of the enzymes [12--14], we have tried to as-
certain whether this process is affected by CAC,
hoping in this way to obtain a clue concerning the
site of synthesis of these enzymes, Our results suggest,
in accord with the findings of Kadenbach [3], that
these enzymes are synthesized outside the mitochon-
dria.

2. Materials and methods

Male Wistar rats (Potsdam-Rehbriicke) about 4
months old and weighing 180 to 200 g were used.
CAC (monosuccinate-Na salt, VEB Berlin-Chemie)
and T (Calbiochem) were administered intraperiton-
eally in the doses indicated in the legends of the
tables. The rats were killed by a blow on the head
and liver mitochondria were isolated at 0° in a
0.25 M sucrose-0.002 M EDTA solution of pH 7.4
by a procedure described in detail elsewhere [15].
The mitochondria, resuspended in 0.25 M sucrose
solution of pH 7.4 to a final concentration of about
10 mg protein/ml, were disrupted by a 30-sec treat-
ment at 0° with a high-speed Ulira Turrax homo-
genizer (Jahnke and Kunkel, Staufen/Br.). They
were frozen overnight at —200 and thawed, and the
activities of GDH (EC 1.1.2.1) and SDH (EC 1.3.99.1)
were estimated spectrophotometrically at 25° and
600 nm according to Ells [16], except that the
concentrations of phenazine methosulifate and
dichlorphenolindophenol were 2.28 X 10~4 M and
6 X 10=3 M, respectively.

Experiments with labelled AA were performed
with U-14C-labelled algal protein hydrolysate (UVVR,

187



Volume 1, number 3

Prague) having a specific activity of 769 mC/g. Radio-
activity was measured in TCA-insoluble proteins in a
Nuclear Chicago Mark I liquid scintillation spectrom-
eter. The labelled protein samples were placed in
amounts up to 100 ul on filter paper discs (Whatman
3MM, 22 mm in diameter), which were treated ac-
cording to Mans et al. [17] and placed into vials fil-
led with 10 ml scintillation solution. This solution
contained, per 1000 ml toluene, 5 g of 2, 5-diphenyl-
oxazole and 0.2 g of 1, 4-bis [2(5-phenyloxazyl)] ben-
zene.

Structural protein of rat liver mitochondria was
prepared according to Richardson et al. [18] without
the final step of acetone treatment.

CAC was estimated colorimetrically at 414 nm
with 1-naphthol according to Masterson [19] in
blood plasma and in a 10000 X g supernatant of a
liver homogenate in water (1 g liver + 1 ml water),
prepared by using a teflon-glass homogenizer. To eli-
minate any turbidity CAC was extracted before
estimation with ethylacetate from aliquots of the
liver supernatant and the plasma by the method of
Glazko et al. [20]. Aliquots of the organic phase
were dried in a water bath at 100°C and the residue
was dissolved in water.

According to Worth et al. [21] the LDs for
CAC is 1800 mg/kg body weight, when given i.p. in a
single dose to adult rats. In our experiments all rats
were still surviving on the 3rd day after having receiv-
ed 2100 mg CAC/Kkg i.p. in 4 successive doses within
2 days, but, when the dose was increased to 3500
mg/kg more than 50% of the animals had died within
this time. Therefore the former dose was used in the
experiments with T;.

Protein was estimated according to Lowry et al.
[22], using egg albumin as a standard.

3. Results and discussion

At first the influence of CAC on the T3-induced
elevation of GDH and SDH activities in rat liver mito-
chondria was investigated. Twelve rats were divided
into 4 groups of 3 animals each, of which the Ist
group served as control, while the others were treated
with T3 and CAC in doses indicated in the legend
of table 1, in which the results are summarized. It
can be seen that CAC has no inhibitory effect on the
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activity of either enzymes in liver mitochondria and
that the percentage increase in the activity of both
enzymes induced by Tj is the same in the presence of
CAC as in its absence.

The uptake of AA into mitochondrial protein in
vitro is inhibited by 50 to 90% by a CAC concentra-
tion of 50 ug/ml [9,23,24]. Three and a half hours
after the animals had received 53 mg of the anti-
biotic per 100 g body weight the levels of CAC in
liver and blood plasma of 3 rats were 206 + 49 ug/g
and 77 £ 0.0 pug/ml, respectively. Because these rats
were given CAC in 4 successive doses of 53 mg/100 g
each, one would have expected that the T3-induced in-
creases in the activities of GDH and SDH in the liver
mitochondria would have been inhibited by the anti-
biotic if these enzymes are synthesized by the mito-
chondrial protein synthesizing machinery. Such in-
hibitions did not occur (table 1), even though the
CAC concentration in the liver attained levels much
higher than those required to prevent the AA uptake
into mitochondrial protein in vitro.

We then tried to determine to what extent the in-
corporation of AA into total and structural protein
of rat liver mitochondria is inhibited in vivo by CAC,
when the tissue concentration is raised above
200 ug/g. CAC-treated and control rats were given
14CJabelled algal protein hydrolysate 1 hour prior
to death and the cpm/mg protein of the whole mito-
chondria and of mitochondrial structural proteins
were estimated. The results are shown in table 2. As
can be seen, no specific inhibition of AA incorpora-
tion into either structural or total mitochondrial
protein took place and the ratio of structural to
total protein cpm remained unaltered. Because in
isolated mitochondria labelled AA are incorporated
into structural proteins [3] and because their incor-
poration is very sensitive to CAC [8,9], we expected
to see a strong inhibition by CAC of the AA uptake
into structural proteins of liver mitochondria in vivo
and a decrease in the ratio of structural to total pro-
tein cpm. Surprisingly, this was not the case even in
the presence of a high CAC concentration in the
liver.

The most plausible explanation of the results of
the experiments presented in table 2 is that mitochon-
dria are capable of synthesizing only a very smatl
fraction of their structural proteins in a process sen-
sitive to CAC and that the bulk of their structural
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Table 1
Influence of chloramphenicol on the T3-induced stimulation of the activities of GDH and SDH in rat liver mitochondria.

(Means £+ S.E.) Enzyme activities
Number umoles/min/g mitochondrial protein at 25°
of animals Treatment GDH Increase (%) SDH Increase (%)
3 - 8.4+ 0.9 21.24+ 49
3 + T3 179+ 4.9 213 319 5.2 151
3 + CAC 9.1+ 1.7 29.7 £ 9.8
3 + T3,CAC 20.2 + 2.7 222 48.5+ 3.3 163

CAC was given in 4 successive doses of 53 mg/100 g body wt. i.p., dissolved in 0.15 ml H7O, 47, 40, 25, and 16 h prior to death,

while T3 was given in a single dose of 100 ug/100 g body wt. i.p., dissolved in 0.1 ml of alkaline 0.9% NaCl solution, 44 h prior
to death.

Table 2

Influence of chloramphenicol on the amino acid incorporation into protein of rat liver mitochondria and into structural protein of

the mitochondria

Number Treatment Incorporation of labelled amino acids CPM/mg protein
of animals
Mitochonilrial protein Structuralzprotein Ratioof 2 to 1
2 ‘ 14c.a7 240 166 0.69
2 Hcaa 369 249 0.67
+CAC

14C-AA: rats (200 g body wt.) received 1 hour prior to death i.p. 10 uC algal protein hydrolysate (U—14C-1abelled), dissolved in
0.4 ml physiological NaCl-solution.
CAC: 4 h prior to death rats were given 53 mg CAC/100 g body wt. i.p., dissolved in 0.15 ml H2O0.
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