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1. Introduction 

There are some indirect data on the participation 
of template RNA’s of nuclear origin in protein synthesis 
in mitochondria [I] although the major fraction of 
mitochondrial mRNA is a transcript of mitochondrial 
DNA [2,3]. Our preliminary experiments [4] showed 
uptake of labeled nRNA* by isolated mitochondria in 
a reconstituted system, some characteristics of the 
process being described. Similar results were obtained 
in model experiments with synthetic polyribonucleo- 

tides [5]. 
The present work was done to study the interaction 

of nuclear RNA with the structures responsible for 
protein synthesis in isolated intact mitochondria. The 
data obtained showed that penetration of nuclear RNA 
into mitochondria is followed by its binding to mito- 
chondrial ribosomes and by its template activity in the 
mitochondrial translation system. The established 
compatibility between mitochondrial translation 
machinery and exogenous mRNA’s is discussed in the 
light of the problem of the foreign genetic information 
expression in animal and human cells. 

2. Materials and methods 

Isolated rat liver mitochondria and total nRNA 
were used in the experiments. Pulse-labeled nRNA was 
isolated 40 min after intraperitoneal injection of 

*Abbreviations: 
mRNA, messenger (template) RNA; nRNA, nuclear RNA. 
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100 &i [ 14C] erotic acid. For nRNA isolation ‘hot’ 
phenol-detergent extraction ]6] was used with final 
RNA purification by centrifugation through a cesium 
chloride density gradient [7]. 

Mitochondria were incubated with nRNA aerobical- 
ly in the medium which had been shown to be optimal 
for oxidative phosphorylation and for template syn- 
thesis in mitochondria [8]. In most experiments acti- 
nomycin D was added in high concentration (50 pg 
per 1 ml) to prevent RNA resynthesis in mitochondria 

from radioactive breakdown products [ 11. 
The amount of RNA taken up by mitochondria 

was expressed as RNAase-resistant trichloroacetic 
acid-insoluble radioactivity of the mitochondrial 
pellet after incubation. RNAase treatment of mito- 
chondria was at 20” for 20 min (pancreatic RNAase 
EC 2.7.7.16, Calbiochem, 50 pg per 1 ml). Mitochon- 
drial membrane fractions were obtained by differential 
centrifugation after digitonin treatment [9] which is 
also the most reliable procedure for purification of 
mitochondria from contaminating cytoplasmic mem- 
brane-bound ribosomes [lo]. The inner membrane- 
matrix fraction was lysed with 2% Triton X- 100 and 
the lysate obtained was used for sedimentation in a 
sucrose gradient in a fixed-angle rotor [ 1 l] and for 
equilibrium banding in cesium chloride density gradient. 

Analytical methods: Protein content in mitochon- 
dria was estimated by the biuret reaction, RNA con- 
tent spectrophotometrically [ 121. Trichloroacetic acid 
insoluble radioactivity was measured after precipita- 
tion onto nitrocellulose filters (HUFS, CSSR, 0.3- 
0.5 pm) in a Nuclear Chicago liquid scintillation coun- 
ter, Mark II. 
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Table 1 Table 2 

The distribution of nuclear [ 14C] RNA in mitochondrial mem- 

brane fractions. 

The effect of nuclear RNA on the incorporation of [ 14C]- 

amino acids into protein by isolated mitochondria. 

Subfractions 

TCA-insoluble 

radioactivity 

(cpm) (%) 

Intact mitochondria 3600 100 

Inner membranes + matrix 2100 60 

Fragments of inner membranes 400 11 

Outer membranes 360 10 

Intermembrane space material 370 10 

Mitochondria (80 mg protein) were incubated with nuclear 

[ 14C]RNA (400,000 cpm) in the presence of cell sap (5 mg 

protein per 1 ml) and actinomycin D (50 ~g per 1 ml) at 32” 

for 20 min. After incubation mitochondria were treated with 

RNAase and fractionated (see Methods). 

3. Results 

Table 1 demonstrates that [ 14C]nRNA taken up 
by mitochondria during aerobic incubation was found 
mainly in the inner membrane-matrix fraction while 

10 20 

Fig. 1. The occurrence of [ i4C]nRNA in ribonucleoprotein 

particles of inner membrane-matrix lysate. Mitochondria were 

incubated with nuclear [ 14C] RNA for 20 min and then spun 

down by centrifugation. The pellet was treated with digitonin 

and the inner membrane-matrix fraction obtained was lysed 
with 2% Triton X-100. The lysate was layered on the top of a 

linear (lo-30%, w/w) sucrose concentration gradient con- 
taining 0.01 M Tris-HCl buffer pH 7.4, 0.01 M magnesium 

chloride, 0.01 M potassium chloride. The centrifugation was 

performed in fixed-angle rotor No. 30 of a Spinco L2 ultracen- 

trifuge at 29,000 rpm for 4.5 hr [ 11). Abscissa: fraction num- 

bers (from the bottom). Ordinate: trichloroacetic acid-in- 

soluble radioactivity of fractions (cpm X lo-‘). (m) 
Control; ( m) lysate was treated with 20 mM EDTA. 

[ 14C] amino acid 

incorporation, 

Additions (cpm per 1 mg 

protein of mito- 
chondria) 

None 1430 

RNA 1870 

Actinomycin D 100 

Actinomycin D + RNA 1480 

Cycloheximide 1220 

Cycloheximide + RNA 1750 

Actinomycin D + cycloheximide 130 

Actinomycin D + cycloheximide + RNA 1310 

Mitochondria (1 mg protein per 1 ml) were incubated with 

cell sap (1.7 mg protein per 1 ml) and [ 14C]amino acids 

(Chlorella protein hydrolysate, 2 &i/ml) at 32” for 30 min). 

Additions: nRNA, 100 pg/ml; Actinomycin D, 50 pg/ml; 

cycloheximide, 50 pg/ml. 

the other subfractions contained insignificant radio- 
activity. The detection of nRNA in the inner mem- 
brane-matrix fraction containing mitochondrial ribo- 
somes (see [ 131) suggested the binding of RNA which 
had penetrated to the mitochondrial protein-synthesiz- 
ing structures. 

After sedimentation analysis of the Triton X- lOO- 
lysed inner membrane-matrix fraction in a sucrose 
concentration gradient (fig. 1) the bulk of acid-in- 
soluble radioactivity was found in ribonucleoprotein 
structures which could be tentatively identified as 
mitochondrial monoribosomes (55 S) and polysomes 
(- 100 S) (see [ 14, 151). The sensitivity of these 
structures to EDTA (fig. 1) which caused a shift of 
radioactive material to the top of the gradient could 
be considered as an evidence for this suggestion and 
allowed them to be distinguished from EDTA-resistant 
informosomes or artificial informosome-like ribonucleo- 
protein complexes formed after addition of exogenous 
RNA to cell extracts [ 16, 171. 

In order to test the template activity of nuclear 
mRNA in the mitochondrial translation system a study 
on the effect of nRNA on [ 14C] amino acid incorpora- 
tion by isolated mitochondria was undertaken. 

As can be seen from table 2, nRNA did produce a 
marked stimulation of mitochondrial [ 14C] amino acid 

94 



Volume 31, number 1 FEBS LETTERS April 1973 

IO 20 W 20 I 20 

Fig. 2. The template activity of nuclear RNA in the mitochon- 

drial system of protein synthesis. Mitochondria were prein- 

cubated for 20 min in different conditions and then pulse- 

labeled with a [ 14C]amino acid mixture (5 fKi/ml, 5 min). 
Fractionation of mitochondria and sucrose gradient centrifuga- 

tion - see legend to fig. 1. Abscissa: fraction numbers (from 

the bottom). Ordinate: trichloroacetic acid-insoluble radio- 

activity (cpm x 10e3). A) ( m) Control lysate (without 

additions); ( -) chloramphenicol added (100 ng per 1 ml); 

(-) actinomycin D added (50 ng per 1 ml). B) (w) 

Control lysate (without additions); (-) puromycin 

(20 ng/ml) added after 5 min pulse labeling for additional 

10 min chase. C) ( m) Actinomycin (50 gg per 1 ml) and 

nuclear RNA (100 ng per 1 ml) added; ( e) the same, 

lysate treated with RNAase (50 ng/ml, 20 min, 20” ); (e) 

actinomycin D and nRNA added (see above), puromycin 

chase - see legend to fig. 2B. 

incorporation into protein. Several-fold enhancement 
of this stimulatory effect was observed in the presence 
of actinomycin D which itself produced a profound 
inhibition of endogenous incorporation. On the other 
hand cycloheximide affected neither endogenous in- 
corporation nor activity of added RNA. Hence, the 
stimulatory effect of nRNA seems to be due to its 
template activity in the cycloheximide-resistant mito- 

chondrial system. 
The experiments on pulse labeling of isolated mito- 

chondria with [ 14C] amino acids and gradient analysis 
of the structures carrying nascent radioactive polypep- 
tides supported the suggestion concerning template 

activity of nRNA within mitochondria. 
Fig. ?A demonstrates that pulse-labeled structures 

in such experiments have sedimentation coefficients 
of 55 S (monoribosomes of mitochondria) and of 
about 100 S (polysomes). Sensitivity of the incorpora- 
tion to chloramphenicol and to actinomycin D seems 
to prove the actual mitochondrial localization of these 

structures. The nascent character of pulse-labeled pep- 
tides was demonstrated in the experiments in which a 

puromycin chase caused the acid-insoluble radioactivity 
to move into the top fractions of the gradient (fig. 2B). 
On the background of actinomycin D-produced inhi- 
bition of amino acid incorporation unlabeled nuclear 
RNA caused activation of the process_(see table 2) 
which correlated with re-appearance of nascent pep- 
tide-carrying structures in the sucrose gradient profile 
(fig. 2C). The sensitivity of these structures to a puro- 

mycin chase is an indication of their ribosomal 

character. 
These data provide evidence for template activity 

of nRNA in the mitochondrial translation system. 

4. Discussion 

The data obtained demonstrated the potential 
possibility of both nuclear RNA transfer into mito- 
chondria and its translation on mitochondrial ribo- 
somes. These facts suggested that in a living cell the 
nuclear control over the mitochondrial structure and 
assembly can be mediated through the specific transfer 
of a certain group of mRNA’s of nuclear origin and 
their translation within mitochondria. That this is in- 
deed the case can be proved by hybridization of in 

vivo pulse-labeled mitochondrial RNA with nuclear 
DNA [18, 191. 

The establishment of the nRNA template activity 
in isolated mitochondria suggests that mitochondria 
seem to have a special kind of RNA-dependent protein- 
synthesizing system which is able to form polypeptide 
chains on exogenous templates using endogenous 
energy for these processes. The availability of the 
mitochondrial system to exogenous mRNA-directed 
synthesis of ‘complete’ proteins possessing specific 
biological activity was demonstrated in our earlier 
experiments on the induction of virus-specific syntheses 
in mitochondria programmed by infectious viral RNA 

[20-231. 
The ‘simplicity’ of the structure of mitochondrial 

mini-ribosomes from mammalian cells is probably the 
basis for the relative unspecificity ofthe mitochondrial 
translation system which appears to be compatible 
with different classes of template RNA’s including 
mRNA’s of ‘prokaryotic’ type - transcripts of mito- 
chondrial DNA [l-3] and phage RNA’s [24, 251 as 
well as templates of ‘eukaryotic’ type - animal viral 
RNA’s [20-231 and nuclear RNA’s (see above). 

95 



Volume 31. number 1 FEBS LETTERS April 1973 

Such a feature of the mitochondrial translation 

apparatus provides a good test-system for the study of 

foreign genome integration into an animal cell and 

their expression within a recipient cell. In particular, 

it is the mitochondrial protein-synthesizing system 

that seems to be responsible for the expression of the 

DNA phage genome in the experiments on the in- 

corporation of transducing phages into human cells 

[26]. From this standpoint the interaction of nuclear 

mRNA with the mitochondrial translation machinery 

is of great interest not only as an approach to the 

analysis of nucleo-mitochondrial interrelations in a 

living cell but as a model for the study of the mechan- 

isms underlying the expression of foreign genetic in- 

formation in animal and human cells. 
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