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W. Neupert

Cooperation of Mitochondrial and Cytoplasmic Protein
Synthesis in the Formation of the Mitochondrial Mem-
brane

Mitochondrial and cytoplasmic ribosomes contribute
to the biogenesis of mitochondrial membranes. The two
types of ribosomes have been shown to be different with
respect to electron microscopic structure, sedimentation
properties, protein and RNA composition and immuno-
logical properties!:=3],

Polypeptides synthesized on mitochondrial ribosomes
are integrated into the inner mitochondrial membrane,
thus contributing ca. 159 of the total inner membrane
protein. The other proteins of the inner membrane and
those of the outer mitochondrial membrane are made
by cytoplasmic ribosomes!4].

On the level of individual membrane proteins, the two
types of ribosomes cooperate in the formation of cyto-
chrome ¢ oxidase (EC 1.9.3.1) and of oligomycin-
sensitive ATPase (EC 3.6.1.3)t5-81, For cytochrome b a
cooperation is also discussed(9l. The best studied ex-
ample is cytochrome oxidase, for which it is shown that
three polypeptide subunits of the complex enzyme are
translated on mitochondrial ribosomes and four sub-
units on cytoplasmic ribosomes!6.101,

The application of selective inhibitors of ribosomal
function, e.g. cycloheximide for cytoplasmic ribosomes
and chloramphenicol for mitochondrial ribosomes, has
turned out to be useful in studies on the origin of sub-
units and on their assembly to the complex enzymel11,121,
Experiments with isolated mitochondria to study the
formation of cytcchrome oxidase in a reconstituted
system are in an initial stage (A.v. Riucker, S. Werner
and W. Neupert, unpublished results).

The regulation mechanisms which guarantee the co-
ordinated synthesis of membrane components on the
two types of ribosomes are for the most part unknown.
Experiments with Neurospora have shown that in the
presence of chloramphenicol cytoplasmic protein syn-
thesis continues and gives rise to even higher cellular
concentrations of several mitochondrial components
(e.g. cytochrome ¢). On the other hand, in cells treated
with cycloheximide, the rate of amino acid incorporation
into mitochondrial membrane protein decreases in an
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exponential way with a 1/2 of ca. 10 min. However, the
biosynthetic activity of mitochondrial ribosomes re-
mains at a high level for several hours, as measured by
the amount of nascent peptide chains on the ribosomes
and by the rate of chain elongation. This indicates that
the mitochondrial membrane has a limited number of
binding sites for newly formed polypeptides of mito-
chondrial origin provided by polypeptides of cyto-
plasmic origin. If the system is out of balance, poly-
peptides which cannot be integrated into the membrane
may be subject to immediate degradation. Specific
degradation of newly made polypeptides can be de-
monstrated in isolated mitochondria.

A mechanism for the regulation of cytoplasmic-mito-
chondrial cooperation is proposed, in which the nucleus
controls the activity of mitochondrial protein synthesis
via the synthesis (and possibly turnover) of the com-
ponents of the mitochondrial transcription and trans-
lation machinery. Specific degrading enzymes may be
responsible for a fine control.

The number of mitochondrially formed polypeptides
which can be attributed to definite membrane compo-
nents is 5 or 6. The size of the mitochondrial genome
(at least in higher eucaryotes) points to a maximal
number of 10— 15 polypeptides. However, the possibility
of messenger RNA import into mitochondria is not
excluded. The question remains to be answered why for
a few mitochondrial membrane enzymes two systems
of transcription and translation have to cooperate. In
this context, the following observations are important:

1. Until now, mitochondrial translation products were
only found in membrane components which are in-
volved in oxidative phosphorylation. 2. Mitochondrial
translation products have a strongly hydrophobic
character. For example, a mitochondrially made poly-
peptide with a molecular weight of ca. 8500 was isolated
from the nuclear mutant cni-1 of Neurospora which has
an extremely high proportion of nonpolar amino acids
(polarity 0.24) (R. Michel et al., unpublished results).
This polypeptide is insoluble in water but soluble
in chloroform/methanol. These observations led to the
hypothesis that ribosomes are necessary inside the
mitochondrial membrane to synthesize polypeptides
which, because of their hydrophobic character, cannot
be transported from the cytosol to the inner mitochon-
drial membrane and which are essential for oxidative
phosphorylation!13],
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