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SUMMARY

Mitochondria of Saccharomyces cerevisiae selectively were labelled
in vivo by incubating cells with radioactive leucine and cycloheximide.
In yeast cells grown in galactose, 8-9% of the proteins of whole
mitochondria and about 15% of those of mitochondrial membranes

are calculated to be synthesized by the cycloheximide-resistant
system of protein synthesis.

INTRODUCTION
After inhibition of cytoplasmatic ribosomal protein synthesis by
cycloheximide, SEBALD et al. (1, 2) demonstrated in vivo persistence

of mitochondrial protein synthesis in Locusta migratoria and Neurospora

crassa. Protein synthesis of isolated mitochondria in vitro, however,
is left unaffected by cycloheximide (3, 4). This experimentally well
established result leads to the conclusion that in vivo residual
synthesis of mitochondrial proteins, not inhibited by this antibiotic,
is not governed by mitochondrial DNA. Cycloheximide thus allows

a selective labelling of mitochondria in vivo, an approach avoiding
the uncertainties of incorporation experiments with isolated mito-
chondria. This paper deals with experiments to use cycloheximide

for studies with Saccharomyces cerevisiae., Experimental conditions

have been elaborated which are assumed to allow quantitative measure-
ments of the contributions of both the intramitochondrial and extra-

mitochondrial protein synthesizing system to mitochondrial protein,
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MATERIALS and METHODS

The haploid yeast strain Saccharomyces cerevisiage A 1327 A, ad_, leu.,
a, originated from the Seattle Stock Culture, was a gift from Dr| Zim-
mermann, Forstbotan. Institut der Universitit Freiburg. Yeast cells
were grown at 300C under rapid aeration in synthetic medium described
by WICKERHAM (5) supplemented with 1% yeast extract and 2% galactose.
Early stationary phase cells were isolated by centrifugation {5 min.,

2000 x g, 25°C) washed in Wickerham synthetic medium and suspended
to 30 mg wet weight/ml in the same medium supplemented with 1%
galactose. The cells were aerated for lo min. at 30°C. Cycloheximide
{Sigma Chemical Company)y and 4¢_1eycine {The Radiochemical Centre
Amersham) were added as indicated. Labelling was terminated by the
addition of a hundredfold excess. of unlabelled leucine., Tests for bacterial
contamination were performed by plating 0,1 ml of the incubation mixture
of Wickerham medium solidified by 1,5% agar and supplemented with lo mg
cycloheximide, lo g yeast extract and 20 g galactose per litre.

Yeast cells were homogenized by use of a MERKENSCHLAGER Homo-
genizer (Braun, Melsungen) in a medium composed of o, 25 M mannitol,
0,02 M Tris, 1073 M EDTA, final pH 7,4 following the method described
by TUPPY et al. (6). For isolation of mitochondria the homogenate was
successively centrifuged in the following way: lo min at 800 x g, the
resulting supernatant 20 min at 9,000 x g, the resuspended pellet 15 min
1,100 x g, the resulting supernatant 20 min at 7,500 x g. The postmito-
chondrial supernatant (9,000 x g) was centrifuged for 30 minutes at
30,000 x g. The resulting supernatant contained microsomes and cell sap
and wad designated the 30,000 x g supernatant. In some experiments mito-
chondria were further purified by sucrose gradient cemtrifugation following
the method described by TUPPY et al. (6).

Protein was determined by the biuret method (BEISENHERZ et al. (7).
The preparation of inscluble mitochondrial protein from the mitochon-
drial pellet and the 30,000 x g supernatant and the determination of the
specific radioactivity have been described. Succinate-cytochrome c
reductase was estimated according to ARRIGONI et al. {lo)and malate
dehydrogenase according to BUCHER et al. (11).

RESULTS

In the presence of about 50 mg cycloheximide per ml incubation medium
the radioactivity incorporated into protein of the 30,000 x g supernatant
is less than 1% of the control, whereas the radioactivity incorporated
into mitochondrial protein amounts to about 7% of the control without
cycloheximide {fig. 1). A further increase in cycloheximide concentration

up to looo pg per ml is only of minor effect, Figure 2 shows that the

Anhibition of 14C-leucine incorporation nearly reaches its maximum

after a preincubation time of 1 min with cycloheximide. An increase
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Fig, 1
In vivo incorporation of 14C-leucine {5nCi/ml) into mitochondrial protein
{¢ ————o) and into 30,000 x g supernatant protein (@ ————m) for

different cycloheximide concentrations. The values represent percentage
of the control without cycloheximide. 1lo0% correspond to about 2, 0oo
cpm/mg protein for mitochondrial fractions and to about 3000 cpm/mg
protein for the supernatant, Cycloheximide {CHX) was added 5 min prior

to a 20 min labelling period.
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Fig, 2

In vivo incorporation of 140 teucine [5nCi/ml) into mitochondrial

(o ®) and supernatant proteins (M -—-—— @) for different
times of cycloheximide addition. The values represent percentage of
the control without CHX. The labelling period was 20 min.
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in preincubation time up to 20 min does not reduce the cycloheximide-
resistant protein synthesis in mitochondria. By density gradient centri-
fugation, crude mitochondrial material (fig. 3) can be separated into
two major bands, one (I) containing soluble (malate dehydrogenase)} and
insoluble (succinate-cytochrome c reductase) mitochondrial enzymes and
the other (II)} containing only insoluble, membrane-bound mitochondrial
enzymes, Band I (density 1,18 - 1,19 g - cm'3) is assumed to contain

whole mitochondria, band II (density 1,14 - 1,15 g - cm_3) to be com-
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Fig. 3

Distribution of in vivo incorporation radioactivity (e o)
succinate-cytochrome ¢ reductase,AE 550/min/mg, (x ------- x),
malate dehydrogenase, units/min/mg (0 ———— o) and extinction
at 420 mp ( ........ ) after sedimentation of crude mitochondrial

preparations in a sucrose gradient. Yeast cells of this preparation
were incubated for lo min with 14C-leucine {20 nCi/ml) under CHX-
inhibition {loo pg/ml). The fractions of the density 1,18 - 1,19 g - cm
and 1,14 - 1.15 . cm-3 are assumed to contain whole mitochondria and
mitochondrial fragments respectively (12).
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posed of mitochondrial fragments, mainly mitochondrial membranes.
After labelling the cells in the presence of cycloheximide,the specific
radioactivity in band II is nearly twenty times higher than in non-mito-
chondrial fractions and about 50% higher than band I. In the control with-
out cycloheximide,there is only a slight increase in the specific-activity

of mitochondrial fractions in comparison {0 non-mitochondrial material.

The time-dependent incorporation of 14C—leucine is shown in figure 4.
Without cycloheximide the incorporation rate into mitochondrial and super
natant protein remains almost constant during the first 1o minutes and
thereafter ceases rather rapidly due to exhaustion of the precursor.

In the presence of cycloheximide, however, the incorporation rate into

mitochondrial proteins remains constant for at least 25 minutes.
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Fig. 4

Time course of in vivo incorporation of 14C-leucine. Mitochondrial
fragments were collected after sucrose gradient centrifugation.
CHX (loo pg/ml) was added 5 min prior to 14C-leucine {lo nCi/ml).
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These experiments were carried out with a leucine auxotrophic strain in
aminoacid-free incubation medium with 1‘J‘C-leucine added for labelling.
Dilution of the pool of radioactive leucine by synthesis of unlabelled leu-
cine within the cell or by transport from outside therefore is eliminated.
Since the incorporation rates of 14C-leucine are constant at least during
the initial labelling period (fig. 4),it is concluded that the turnover of
cellular proteins or other factors do not influence the ratio of labelled

to unlabelled leucine in the cell, The decrease of incorporation into
mitochondrial proteins after prolonged cycloheximide inhibition is assumed
to be due to secondary effects. Accordingly, it seems possible to compare
the incorporation rates of 14C—leucine in experiments with and without

cycloheximide inhibition. Figure 4 and table 1 show that the cyclohexi-

mide-resistant incorporation of radioactivity into mitochondrial fragments
or insoluble proteing during the first 1o minutes of labelling amounts

to about 15% of the control. Both protein preparations represent mito-
chondrial membranes. From these experiments specific activity of whole
mitochondria is calculated to be about 8 to 9 % of the control without
cycloheximide. Soluble proteins of mitochondria show only slight radio-

activity after labelling in the presence of cycloheximide.

Table 1

Influence of cycloheximide on the in vivo incorporation of 14C-leucine
into mitochondrial subfractions. Labelling of cells is identical with that
in fig. 4. Mitochondria wereisolated by sucrose gradient centrifugation.

protein fraction cpm/mg protein % of the control

30,000 x g supernatant 105 0,7
whole 1400 8,5

mitochondria insoluble 2800 15
soluble 125 1
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DISCUSSION

The experiments were performed with a yeast strain defective in the
synthesis of leucine, an amino acid which, for labelling of the cells, is
added to the incubation medium otherwise free of leucine. Dilution of the
cellular pool of radioactive leucine by transport of unlabelled leucine
from outside the cell, or by synthesis within the cell, thus is excluded
under the conditions applied. Accordingly, the time-dependent incorpor-
ation rate is expected to be constant for at least the initial phase of
labelling. Since this has been proved in the experiments described, the
cycloheximide-resistant synthesis of mitochondrial proteins directly

can be correlated with the synthesis of these proteins in the control. The
ratio of the incorporation rate with cycloheximide to the rate without the
inhibitor is assumed to represent that part of mitochondrial proteins
which is coded by the mitochondrial DNA and therefore synthesized

by the mitochondrial system of protein synthesis. With view to the strain
used and the growth conditions {early stationary phase cells grown in
galactose), it is calculated that about 8 to 9% of whole mitochondria and
15% of mitochondrial membranes are synthesized by the mitochondrial
protein synthesizing system. These values may slightly increase after
further purification of mitochondrial preparations. It also must be
mentioned that the cultures, due to the characteristics of the strain used
for incubation, contained about 20% respiratory-deficient cells. With a
more indirect method, SEBALD et al. (13) for Neurospora crassa esti-
mated the rate of mitochondrial protein synthesis to be in the same

range,

For a cytoplasmic "petite" mutant of Saccharomyces cerevisiae (geno-

type PSA_) it was not possible to prove protein synthesis in mitochondria,
although in genic ''petite’ mutants (genotype p f+) incorporation of label-
led amino acids by the mitochondrial protein synthesizing system could
be demonstrated. This is in agreement with the results recently pub-

lished by SCHATZ et al. (14).

ACKNOWLEDGEMENTS

The authors are indebted to W. SEBALD, A.J. SCHAB and Dr. W.

734



Vol. 38, No. 4, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

BANDLOW for fruitful discussions and to Miss M. Werner for valuable

technical assistance. The work was supported by a grant of the Deutsche

Forschungsgemeinschaft.

REFERENCES

1. Sebald, W., Th. Hofstttter, D. Hacker, Th. Biicher, FEBS Let-
ters 2, 177 (1969)

2. Sebald, W., A.J. Schwab, Th. Biicher, FEBS Letters 4, 243 {1969)

3. Lamb, A.J., G.D. Clark-Walker, A.W. Linnane, Biochim. Biophys.
Acta 161, 415 (1968)

4. Beattie, D.S., R.E. Basford, S.B. Koritz, Biochemistry 6, 3099
(1967)

5. Wickerham, L.J., J. Bact, 52, 293 (1946

6. Tuppy, H., P. Swetly, J. Wolff, Europ. J. Biochem. 5, 339 (1968)

7. Beisenherz, G., H.J. Boltze, Th. Biicher, R. Czok, K.H. Garbade,
E. Meyer-Arendt, G. Pfleiderer, Z. Naturforschg. 8b, 555 (1953)

8. Sebald, W., Th. Biicher, B. Olbrich, F. Kaudewitz, FEBS Let-
ters 1, 235 (1968)

9. Neupert, W., D. Brdiczka, Th. Biicher, Biochem. Biophys. Res.
Commun. 27, 488 (1967)

lo. Arrigoni, O., Th. P. Singer, Nature 193, 1256 (1962)

11. Biicher, Th. W. Luh, D. Pette, H0ppe-Seyler/Thierfelder, Hand-
buch d. physiol. - und path.- Chemischen Analyse VI A 292 (1964)

12. Schatz, G., H. Tuppy, J. Klima, Z. Naturforschg. 18b, 145 (1963)

13. Sebald, W., A.J. Schwab, Th. Biicher, In: Inhibitors - Tools in
Cell Research (Biicher, Th., H. Sies, Editors) Mosbacher Collo-
quium, (1969), Springer-Verlag

14.

Schatz, G., J. Saltzgraber, Biochem. Biophys. Res. Commun, 37,
996 {1969)

735



