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1. Introduction 

In experiments with flight muscle of Locusta mi- 
gratoria, a cycloheximide-resistent mitochondrial pro- 

tein synthesis has been demonstrated in vivo [l] . 
This cycloheximide resistant amino acid incorporation 
into fractions of mitochondrial membrane proteins 

separated by electrophoresis has been compared with 
incorporation by isolated mitochondria in vitro. Simi- 
lar labelling patterns have been obtained. In the present 
communication, these results are confirmed and ex- 
tended in experiments with growing mycelia from 
Neurospora crassa. 

2. Methods 

Neurospora crassa wild type (strain 74 A) hyphae 
were grown for 18 hr under conditions described 
previously [2]. For each point in figs. 1 and 2, one 
50 ml culture was taken. Mitochondria were isolated 
by grinding the washed hyphae mechanically between 
two corundum discs [8] in a sucrose medium (0.44 M 
sucrose, 1 mM EDTA) [3] containing the unlabelled 
amino acids (10 mM), which were used as labelled 
precursors in the experiment. The homogenate was 
centrifuged 10 min at 1,500 X g. Mitochondria were 
isolated from the supernatant by centrifuging 30 min 
at 8,000 X g, resuspended in sucrose medium and 
purified by repeating both centrifugations [4]. The 
postmitochondrial supernatant was centrifuged for 
30 min at 20,000 X’g yielding the 20,000 X g super- 
natant containing ribosomal and cell sap proteins. 
Methods for determining specific radioactivity, pre- 
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Fig. 1. In vivo incorporation of 14C-L-leucine (10 nCi/ml) into 
the protein of whole mitochondria (o-o) and of 20,000 X g 
supematant (A-A) in the presence of different concentrations 
of cycloheximide. The values represent percentage of control 
without cycloheximide. Cycloheximide was added 5 min 

prior to a 10 min labelling period. 

paration of insoluble mitochondrial protein, electro- 
phoretic separation and quantitative evaluation of 
radioactivity in the pherograms have been described 
[l] . Mitochondria were labelled in vitro in a medium 
described recently [2]. Cycloheximide was purchased 
from Sigma Chemical Company, and U-14C L-amino 
acids from the Radiochemical Centre, Amersham 
(leucine 305 .mCi/mmole, isoleucine 311 mCi/mmole 
and phenylalanine 459 mCi/mmole). 

3. Results 

In the presence of 100 pg cycloheximide per ml, 
the radioactivity incorporated into proteins of the 
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Fig. 2. In viva incorporation of 14C-L-leucine (10 nCi/ml) 
into the protein of whole mitochondria (o-o) and 20,000 
X g supernatant (A-A) for different times of cycloheximide 
preincubation (100 &ml). The values represent percentage 
of control without cycloheximide. The labelling period was 

10 min. 

20,QOO X g supernatant is less than 1% of control, but 
is 1 S-20% with whole mitochondrial protein (fig. 1). 
Thus, incorporation of amino acids into the proteins 
of the cytosol is inhibited to a higher extent than 
that into the mitochondrial proteins. 

The radioactivity incorporattiduring a 10 min 
period decreases with increasing cycloheximide pre- 
incubation (fig. 2). However, incorporation is still 
observed following preincubation up to 2 hr, where- 
as after 4 hr an incorporation into proteins both from 
the cytosol and the mitochondria is undetectable. 

Mitochondria isolated from hyphae preincubated 
in vivo for 4 hr with cycloheximide incorporate in 
vitro about 50% of the r4C-amino acids as compared 
with mitochondria isolated from untreated hyphae 
(fig. 3). Thus, the mitochondrial protein-synthesizing 
system is not irreversibly damaged following even pro- 
longed cycloheximide preincubation. In the experi- 
ments shown in fig. 3,5 pg cycloheximide per ml were 
used. Similar results are obtained with higher concen- 
trations. 

Amino acid incorporation into extractable mito- 
chondrial proteins is inhibited by cycloheximide to 
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3. Incorporation of 14C-L-leucine into mitochondria in 
vitro. Control: mitochondria isolated from untreated hyphae. 
Cycloheximide: mitochondria from hyphae which were incu- 
bated for 4 hr with cycloheximide (5 &ml) prior to isolation. 

the same extent (97%) as incorporation into proteins 
of the cytosol. Cycloheximide-resistant incorporation 
is found almost exclusively in the mitochondrial mem- 
brane proteins. This fraction still shows a specific 
radioactivity of 40% of the control (table 1). 

The electrophoretic separation of mitochondrial 
membrane proteins (fig. 4) indicates that the radio- 
activity incorporated in vivo (control) is distributed 
almost proportionally to the amido black staining of 

the individual bands. The radioactivity incorporated 
in vivo under cycloheximide action is found to be 
highest in fractions 11 and 18, while minor radioac- 
tivity is concentrated in fractions 8, 10, 16 and 23. 
These fractions correspond to the protein bands 2, 3, 
4,6,8 and 10 as defined previously [2]. 

4. Discussion 

A cycloheximide-resistant amino acid incorpora- 
tion into mitochondrial protein from Neurospora 
crassu was recently reported also by Kiintzel [5] . In 
addition, experiments presented in this paper show 
that only a few fractions of mitochondrial membrane 
proteins are synthesized by the intrinsic mitochondrial 
protein synthesis in vivo, confirming the results ob- 
tained by amino acid incorporation into isolated mito- 
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Table 1 
Influence of cycloheximide on the in viva incorporation of labellcd amino acids into mitochondrial subfractions of Neurosporu 
cmssu. Hyphae in ten 50 ml cultures were labelled in parallel experiments for 30 min with 14C-L-leucine and t4C-L-leucine and 
14C-L-phenylalanine, each 100 nCi/ml, followed by a 30 min chase with the corresponding unlabelled amino acids (2 mM). 5 cul- 

tures were preincubated with cycloheximide (100 pg/ml) for 5 min. 

Cellular protein 
fraction 

cpm/mg protein 
control With cycloheximide 

20,000 X g supernatant 130,000 3,000 

Whole 120,000 28,000 
Mitochondria Extractable 105,000 3,100 

Residual* 140,000 60,000 

* These fractions were used for gel electrophoresis (fg. 4). 
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Fig. 4. Densitogram of amino black stained insoluble mitochondrial protein after gel electrophoresis (smooth line), and distribu- 
tion of in viva incorporated radioactivity (edged lines), in the presence (-_) or absence (- - - -) of cycloheximide (CHX) 

(100 mg/ml). 

chondria [2] . In in vivo and in vitro experiments, after 
electrophoretic separation of membrane proteins, the 
highest specific radioactivity is found in a band of low 

mobility, previously called band 4 [2]. In mitochondria 
from flight muscle of Locusta migratoriu and from 
Neurospom, the labelling pattern is similar, showing 
labelled bands nearly in the same positions after elec- 
trophoretic separation of the membrane proteins. 

After the labelling of isolated mitochondria in 
vitro, incorporated amino acids are partially associated 
with mitochondrial ribosomes, as demonstrated recently 
by Neupert et al. [7] . This is not observed, however, 
when mitochondria are labelled in vivo under cyclo- 

heximide action followed by a 30 min chase [6]. Hence, 
it may be assumed that the labelling pattern obtained 
in viva in the presence of cycloheximide represents 
predominantly complete peptide chains. 

It cannot be decided, however, if the peptide chains 
synthesized by the intrinsic mitochondrial system are 
integrated into functionally active proteins, when the 
extramitochondrial protein synthesis is eliminated 
simultaneously. This problem may be considered 
with experiments in vitro as well as in vivo under cyclo- 
heximide action. Nevertheless the mitochondrial pro- 
tein synthesis is functioning for at least 1 hr after the 
elimination of the extramitochondrial system by cyclo- 
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heximide. This indicates that the two systems are not 

closely coupled or that the coupling is weakened by 
the action of the antibiotic. 

The incorporation of 14C-leucine into mitochon- 
drial proteins decreases with increasing cycloheximide 
preincubation (fig. 2). In preliminary experiments, 
however, an increased leucine pool was observed 
after inhibition of the main part of cellular protein 
synthesis by the antibiotic [6]. If the dilution of the 
added 14C-leucine by the pool is considered, it may 
be calculated that about 50% of the original mito- 
chondrial protein synthesis persists after 45 min cyclo- 

heximide preincubation. 
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