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Reticulocyte lysates contain a cytosolic factor
which stimulates uptake and processing of pre-
cursor polypeptides by mitochondria in vitro.!?
The factor behaves like a protein in several re-
spects.>* However, the identity of the cytosolic
import factor and the mechanism by which it
stimulates import/processing of precursor poly-
peptides remain unclear. The factor could not be
demonstrated in dialyzed cytosol fractions from
rat liver and kidney or from wheat germ ex-
tracts,? but is present in an Escherichia coli ex-
tract.® Furthermore, stimulation of import/proc-
essing by the reticulocyte cytosolic factor has so
far been demonstrated with only one mammalian
precursor polypeptide (the precursor to ornithine
transcarbamoylase; EC 2.1.3.3).

In the present study we have shown that the
reticulocyte factor is able to support processing of
three additional rat precursors destined for the
inner mitochondrial membrane. These results,
together with results reported by Ohta and
Schatz® for yeast precursors, suggest a rather
broad specificity of the factor. We also show that
the lysate import factor does not stimulate proc-
essing by the isolated matrix fraction, indicating
that a membrane event is involved.

* Communication at the Meeting of the Swedish Bio-
chemical Society in Uppsala, August 21-22, 1987.
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Experimental

In vitro translation. In vitro translation was car-
ried out in nuclease-treated rabbit reticulocyte
lysates® programmed with rat liver free poly-
somes prepared as described by Ramsey and
Steele.” The composition of the translation me-
dium was as described by Merrick.® Translation
was carried out for 60 min at 30°C in the presence
of 30-40 A ,¢-units of polysomal RNA per ml and
35S-methionine (Amersham, >1000 Ci mmol™!)
at a final concentration of 1 mCi per ml of trans-
lation mixture. Incorporation was terminated by
removal of polysomes through centrifugation at
105000 g for 1 h.

In vitro processing of precursor polypeptides with
mitochondria and the mitochondrial matrix frac-
tion. Labelled reticulocyte lysates were depleted
of the cytosolic import factor by centrifugation
through Sephadex G-25 equilibrated with 50 mM
Bicine [N,N-bis(2-hydroxyethyl)glycine; Sigma
Chemical Company], 90 mM KCI, 5 mM
KH,PO,, pH 7.6.° Preparation of mitochondria
and the mitochondrial matrix fraction, as well as
precursor processing by mitochondria (0.5 mg
protein ml~!) and by the isolated matrix fraction
(1.6 mg protein ml~') was performed as described
by Kuzela et al.® in a final volume of 500 ul.



Samples were incubated for 60 min at 27°C and
mitochondria were separated from lysates by cen-
trifugation. The supernatant and pellet fractions
were prepared for immunoabsorption according
to Kuzela et al.®

Immunoabsorption, electrophoresis and fluoro-
graphy. Immunoabsorption’ and sodium dode-
cylsulphate polyacrylamide slab gel electrophore-
sis!® were performed as described. Fluorography
was carried out with sodium salicylate-impreg-
nated gels." Films were analyzed densitometri-
cally with an LKB Ultroscan laser densitometer.

Results

The data in Fig. 1 show the effect of the reticu-
locyte lysate factor on the in vitro processing by
mitochondria of the precursors to the B-subunit
of F;-ATPase (Fig. 1a, c¢), apo-f-hydroxybutyrate
dehydrogenase (Fig. 1b,c) and the iron-sulfur
protein of Complex III (Fig. 1c). Although the
fluorographic image obtained with the iron-sulfur
protein was too faint to reproduce photograph-
ically, it could be analyzed densitometrically, as
were the images obtained for the f-subunit of
F,-ATPase and B-hydroxybutyrate dehydrogen-
ase (Fig. Ic). In all three cases, the non-filtered
lysate, containing the import factor, increased
the amount of processed polypeptide sediment-
ing with mitochondria.
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One way in which the lysate factor might act is
by maintaining the precursor in a conformational
state required for import or for cleavage by the
matrix protease. To determine whether the lysate
factor could stimulate proteolytic cleavage di-
rectly, processing was carried out with the iso-
lated matrix fraction as described earlier’ (Fig.
2). Again, the fluorographic image obtained with
the iron-sulfur protein was faint, but was ana-
lyzed densitometrically. The apparent low level
of processing of pre-iron-sulfur protein by the
matrix fraction (Fig. 2c) is probably due, at least
in part, to the faint fluorographic image and the
non-linear relationship between sample radioac-
tivity and darkening of the film in this range.
However, the results obtained for all three pre-
cursors indicate that the concentrations of non-
filtered lysate which stimulate uptake and proc-
essing by mitochondria do not influence proc-
essing by the isolated matrix fraction (Fig. 2).

Discussion

In the present study, import/processing by iso-
lated mitochondria of the precursors to three top-
ologically and functionally different mitochon-
drial inner membrane polypeptides has been
shown to be stimulated by a reticulocyte lysate
factor. Earlier similar observations, obtained
with the precursor to the mitochondrial matrix
polypeptide ornithine transcarbamoylase,!? have
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Fig. 1. Effect of a reticulocyte lysate factor on uptake/processing of precursors to mitochondrial inner
membrane polypeptides by mitochondria. /n vitro labelled and Sephadex G-25 filtered rabbit reticulocyte
lysates were incubated with mitochondria and decreasing amounts of non-filtered, non-labelled lysate (28 mg
protein mi™', lane 1; 14 mg protein mi~, lane 2; no non-filtered lysate, lane 3). Mitochondria were
immunoabsorbed with monospecific antisera. Fluorographs are shown for (a) the B-subunit of F,-ATPase and
(b) B-hydroxybutyrate dehydrogenase; m = mature, p = precursor. (c) Quantitative measurement of the
mature polypeptides formed was made by densitometric scans of fluorographs. BDH = f-hydroxybutyrate
dehydrogenase, F1p = the B-subunit of F,-ATPase, FeS = the iron-sulfur protein of Complex Hl.
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Fig. 2. Effect of a reticulocyte lysate factor on processing of precursors to mitochondrial inner membrane
polypeptides by the mitochondrial matrix fraction. /n vitro labelled and Sephadex G-25 filtered rabbit
reticulocyte lysates were incubated with the mitochondrial matrix fraction and decreasing amounts of non-
filtered, non-labelled lysate (28 mg protein ml™*, lane 1; 14 mg protein ml~', lane 2; no non-filtered lysate, lane
3). The incubation mixture was immunoabsorbed with monospecific antisera. Fluorographs are shown for (a)
the B-subunit of F,-ATPase and (b) B-hydroxybutyrate dehydrogenase; m = mature, p = precursor. (c)
Quantitative measurement of the mature polypeptides formed was made by densitometric scans of
fluorographs. BDH = f-hydroxybutyrate dehydrogenase, F1f = the B-subunit of F,-ATPase, FeS = the iron-

sulfur protein of Complex Ill.

thus been extended. A broad specificity of the
lysate factor is therefore suggested.

Since import factors were not detected in the
cytosolic fraction from rat liver and kidney or in
wheat germ extracts,? but were found in E. coli
extracts,’ their role in the import/processing sys-
tem is unclear. The trivial explanation that they
merely stabilize the mitochondrial membrane has
been discussed and rejected.® Our findings sug-
gest, however, that a membrane is required,
since processing by the isolated matrix fraction is
not influenced by reticulocyte lysate. The latter
finding also seems to eliminate a direct role of the
reticulocyte lysate factor in maintaining a pro-
tease-sensitive conformational state of the pre-
cursor. If the lysate factor is required for target-
ing precursors to mitochondria or for transport of
precursors through the cytosol, as suggested by
the studies of Argan and Shore,* the components
involved must be well conserved since mamma-
lian reticulocyte lysate also activates processing
of yeast precursor polypeptides by yeast mito-
chondria.? Furthermore, E. coli extracts also con-
tain a factor which supports processing of a mam-
malian precursor polypeptide by mammalian mi-
tochondria.’

The picture which emerges from the present
study is that the reticulocyte lysate factor has a
broad specificity and is capable of promoting
processing of the precursors to a variety of un-
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related inner membrane proteins through a
mechanism which requires a membrane.
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