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1. Introduction

Elucidation of principles underlying the assembly
of various intraceflular membranes and organelles is
an indispensable prerequisite for understanding
numerous aspects of cell function. Successful reconsti-
tution of tobacco mosaic virus {11, large and small
subunits of Escherichia coli ribosome [2], and struc-
tural elements of bacteriophages [3] suggested that
their assembly in vivo is accomplished solely through
recognition and spontaneous binding of component
parts owing to their high mutual affinity. The next
question to be considered is whether the same prin-
ciple can suffice for the more complex structures, in
particular the mitochondrial inner membrane. The
gist of this paper is an hypothesis that membrane
assembly is supervised according to the principle of
section by a performance criterion.

2. How mitochondrial inner membrane is designed

The mitochondrial inner membrane is known to
contain some 40 types of polypeptides [4,5]
embedded in an elaborate lipid milieu and highly
organized in a unique fashion to form the energy-
transformation machinery with related enzymic and
transport systems [6,7]. The fine structure of the
membrane is marked by:

(i) Asymmetric location of individual proteins with
respect to the sides of the membrane; and

(ii) Sub-integration of proteins into various enzymic
complexes [5,8].

Abbreviations: complex 1I, succinate:ubiquinone reductase;
complex 111, ubiquinol: cytochrome ¢ reductase; complex 1V,
cytochrome ¢ oxidase
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According to the data available, 20—40% of the
inner membrane proteins are mitochondrially made,
while the others are synthesized on cytoplasmic ribo-
somes (see references in [5,9]). Several enzymic com-
plexes, such as complexes IIl and IV of the respira-
tory chain and H™-ATPase, are built of both cyto-
plasmic and mitochondrial translation products [5,9].
It is interesting to note that some cytoplasmically
made proteins (e.g., succinate dehydrogenase, NADH
dehydrogenase, F-ATPase) face the mitochondrial
matrix, whereas certain proteins of intramitochondrial
origin (e.g., subunits I and III of the cytochrome ¢
oxidase, cytochrome b) face the intermembrane space
(see references in [5]). That is, membrane asymmetry
is determined not only by the site of synthesis of its
proteins.

3. How mitochondrial inner mambrane is assembled:
hypotheses and facts

A key role in membrane assembly has been ascribed
[10] to mitochondrially made proteins. These were
presumed to:

(i) Specifically interact so as to form the ‘basic
structure’ of the membrane; and

(i) Selectively bind a defined set of cytoplasmic
translation products.

While the latter assumption has received some exper-

imental support [11—16], the former is purely specu-

lative. Moreover, there are grounds to think that the

binding of cytoplasmic partners is not very specific

since it takes place even when mitochondrial protein

synthesis is blocked [17-19].

A number of works have discussed the role of
heme in the binding of cytochromal proteins to mito-
chondria. In particular, heme attachment was found
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to be essential for the insertion of apocytochrome ¢,
[20] and apocytochrome ¢ [21]. However, the heme
appears to be a poor candidate for the part of an
assembly-controlling factor, since it is not obligatory
even for apocytochrome binding [22], to say nothing
of non-cytochrome proteins.

It has been shown in [23] that oxygen is necessary
for the formation of cytochrome ¢ oxidase from pre-
synthesized subunits in yeast. Unfortunately, no
plausable explanation has been offered for this
phenomenon.

The possibility of spontaneous self-assembly of the
mitochondrial inner membrane could only be directly
shown by reconstituting it from individual proteins
and phospholipids. No such data are available, though
a certain set of inner membrane functions can be
reconstituted from oligoenzyme complexes in proteo-
liposomes (see [24-27]).

Thus at present we have no clear ideas on the
mechanisms of inner membrane assembly. It can only
be said that it is a multi-stage process involving the
proteolytic processing [24—-34] of some precursor
proteins (which possibly takes place in the membrane
itself [32]), attachment of heme to apocytochromes,
and lateral and transmembrane movements of pro-
teins in the search for their partners in complexes. As
the specificity of the interaction between the molecu-
lar constituents of the inner membrane is unknown, a
reasonable assumption is that membrane assembly
must be subject to errors. It follows therefrom that
this process should be somehow supervised.

4. Control over assembly of the mitochondrial inner
membrane

Ways and means of control over the assembly of
the inner membrane can be envisaged from the data
on its degradation and stabilization.

Isolated mitochondria have been long known to
degrade rapidly. Most often degradation is ascribed to
the cleavage of membrane phospholipids under the
action of endogenous phospholipase A,, oxidative
destruction of phospholipids and breakdown of mito-
chondrial proteins (reviewed in [5]). As follows from
[35—38], in all cases degradation of the oxidative
phosphorylation system (which is a major membrane
component) is prevented or retarded in conditions
when the system performs its energy-transformation
functions. This means of stabilization is physiological
and quite universal [5]. The role of energy transfor-
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mation in the maintenance of the integrity of the
oxidative phosphorylation system in vivo has been
demonstrated for the facultatively anaerobic yeast,
Saccharomyces cerevisiae [39 40].

Obviously, the most general criterion of the cor-
rectness of inner membrane assembly is a functional
one, which implies the ability of the membrane to
generate the transmembrane electrochemical poten-
tial of H, to carry out ADP-phosphorylation and
metabolite transport. Taking into account the depen-
dence of the stability of the oxidative phosphoryla-
tion system on its functional state, one can suggest
that improperly assembled membrane elements that
fail to carry out their potential functions are elimi-
nated in the course of membrane differentiation. This
principle (a principle of selection by a functional cri-
terion) had been formulated in [35]. To test the idea,
it was first of all necessary to find out:

(i) Whether anomalous (non-functioning) elements
can occur; and, if so,
(ii) Whether they are subject to elimination.

Data along this line were obtained in studies on
the development of the mitochondrial respiratory
system of 8. cerevisiac. The results [41 42] indicate
that yeast growth in a galactose medium is accom-
panied by formation of a portion of respiratory
chain components (complexes II-1V) that do not
contribute to the respiratory activity of the mito-
chondrial population and are proteolytically elimi-
nated during mitochondrial differentiation. As fol-
lows from general considerations, the content of non-
functioning components is determined by the relation
of their formation and elimination rates. Accordingly,
situations are conceivable in which such components
are accumulated to a detectable extent only in the
presence of proteinase inhibitors. In particular, this
refers to yeast growing in a glucose medium [42].

According to the data available [5,42], the non-
functioning components possess potential catalytic
activity and do not participate in mitochondrial respi-
ration only because of improper alignment within the
membrane which hinders interaction with adjacent
electron carriers. There are also grounds to think that
the elimination of non-functioning complexes is
selective [5,42].

5. Conclusion

Thus, some experimental evidence is already avail-
able for the formation of non-functioning respiratory
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chain components and their selective elimination in

vivo. This strongly argues in favour of the inner mem-

brane assembly being controlled by a performance
criterion so that the only viable structures are those
capable of energy transformation.

There are a number of points to be clarified:

(i) More detailed information is needed on the non-
functioning respiratory chain components: how
they are oriented towards the sides of the mem-
brane; how they are distributed within a mem-
brane (at random or in clusters) and in the mito-
chondrial population (whether they are present
in every organelle or only in some);

(ii) One has to know the set of proteinases (mito-
chondrial or cytoplasmic) involved in elimination
and the actual sequence of events (i.e., whether
defective elements are destroyed directly in the
membrane or are first ‘shed’ into the cyto-
plasm by endogenous proteinases or phospho-
lipases).

Obviously, there are no trivial approaches as yet to
solve these problems. Still, efforts along this line
appear to be necessary since this is a matter of eluci-
dating the fundamental principles underlying the pro-
liferation and differentiation of mitochondrial as well
as probably other intracellular membranes.
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