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Degradation of Mitochondrial T r a n s l a t i o n Products 

i n Neurospora crassa 

A. v. Rücker, R. Michel and W. Neupert 

I n s t i t u t für Physiologische Chemie und P h y s i k a l i s c h e 

Biochemie der Universität München 

Several mitochondrial membrane proteins (Cytochrome 
oxidase, Cytochrome b, ATPase) (1) are composed of Polypeptides 
synthesized a t cytoplasmic and at mitocbonrial ribosomes. The 
formation of thesfe p r o t e i n s , therefore, requires a coordinated 
supply of bpth types of translation products. I f one of the 
translation Systems is blocked, the unblocked system continues 
to form Polypeptides (2). What happens tö these. precursors, 
which cannot be assembled to integral complexes of the mito
c h o n d r i a l inner membrane? This question was studied i n the case 
of -the t r a n s l a t i o n products formed i n the mitochondria. 

Two experimental procedures are widely used to study the 
mitochondrial t r a n s l a t i o n process: (a) Incorporation of amino 
acids i n t o p r o t e i n of i s o l a t e d mitochondria; (b) Incorporation ' 
of amino a c i d s i n t o mitochondrial p r o t e i n i n whole c e l l s , i n 
which cytoplasmic t r a n s l a t i o n i s i n h i b i t e d by cycloheximide. In 
both cases cytoplasmic t r a n s l a t i o n products are e i t h e r t o t a l l y 
absent, or are.present u n t i l a c e r t a i n pool i s exhausted. 

1» T r a n s l a t i o n i n i s o l a t e d mitochondria 

Incorporation of r a d i o a c t i v e leucitie i n t o TCA p r e c i p i t a b l e 
p r o t e i n of i s o l a t e d Neurospora mitochondria occurs f o r about 
30-40 min. Following t h i s period a decrease of incorporated 
r a d i o a c t i v i t y i s observed (F i g . 1). A l s o , a f t e r a chase of 
unlabelled l e u c i n e which e f f e c t s that no more l a b e l l e d Poly
peptide chains are formed, a continuous decrease of TCA p r e c i p i 
t a b l e r a d i o a c t i v i t y o r i g i n a l l y present i s noticed. T h i s r e a c t i o n 
can be t r i g g e r e d regardless whether inc o r p o r a t i o n proceeds or 
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Fig., 1. Incorporation of r a d i o a c t i v e l e u c i n e i n t o i s o l a t e d 
Neurospora mitochondria. 

I s o l a t e d mitochondria were incubated i n a medium described by 
Sebald et a l . (6) with 3-H-L-leucine (32 uM, 70 uCi/ml) at 25°C. 
Mitochondria were p r e c i p i t a t e d with TCA and washed as 
described (6). R a d i o a c t i v i t y was determined on glas ^ f i b r e 
f i l t e r s with a counting e f f i c i e n c y of 20%. 

At the points i n d i c a t e d e i t h e r u n l a b e l l e d l e u c i n e ( f i n a l 
concn. 3 mM) or puromyein ( f i n a l conen. 0.4 mM) were added. 

F i g . 2» Degradation of mitochondrial t r a n s l a t i o n products a f t e r 
l a b e l i n g of i s o l a t e d mitochondria with r a d i o a c t i v e l e u c i n e . 

I s o l a t e d mitochondria were incubated with 3-H-L-leucine under 
the same conditions described f o r F i g . 1. At the time p o i n t i n 
di c a t e d a p o r t i o n of the ineubation mixture was cooled to 0°C. 
The mitochondria were repeatedly washed i n I s o l a t i o n medium (4) 
and resuspended i n ineubation medium .at 25°C. A l i q u o t s were 
su c c e s s i v e l y withdrawn. the mitochondria were spun down a f t e r 
immediate c o o l i n g to 0 C and r a d i o a c t i v i t y was measured i n the 
supernatant and i n the TCA p r e e i p i t a t e of the mit o c h o n d r i a l 
p e l l e t . 
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has ceased ( F i g . 1). P r a c t i c a l l y the same e f f e c t i s observed, 
i f p r o t e i n synthesis i s blocked by adding puromycin ( F i g . 1) 
or chloramphenicol. S i m i l a r observations were made by 
Wheeldon and Lehninger with r a t l i v e r mitochondria (3). 

In a f u r t h e r experiment, i n c o r p o r a t i o n was stopped a f t e r 
30 min, free leucine was removed by repeated washing of the 
mitochondria.. Then the mitochondria were resuspended i n ineu
b a t i o n medium not containing l e u c i n e . üpon f u r t h e r ineubation 
at 25°C the same decrease of TCA p r e c i p i t a b l e r a d i o a c t i v i t y 
as described i n F i g . 1 can be seen. The r a d i o a c t i v i t y l o s t from 
the mitochondria i s found i n the supernatant ( F i g . 2). Double 
l a b e l l i n g experiments show that only newly formed m a t e r i a l i s 
r e l e a s e d but not breakdown products of p r e e x i s t i n g p r o t e i n 
components. 

These r e s u l t s s t rongly suggest that mitochondrial trans
l a t i o n products are broken down by p r o t e o l y t i c a c t i v i t y . I t 
appears that i n i s o l a t e d mitochondria a simultaneous formation 
and breakdown of Polypeptide chains takes place. 

2. T r a n s l a t i o n i n whole c e l l s i n the presence of cycloheximide 

I f mitochondrial t r a n s l a t i o n i s studied i n cycloheximide 
t r e a t e d c e l l s , i t i s observed that the amount of r a d i o a c t i v e 
products appearing i n the mitochondrial membrane i s h i g h l y 
dependent on the time period, f o r which these c e l l s were pre-
ineubated with the i n h i b i t o r . A f t e r preineubation of the c e l l s 
f o r one hr with cycloheximide, the amount of r a d i o a c t i v e l e u c i n e 
which i s incorporated i n t o TCA p r e c i p i t a b l e m a t e r i a l of the 
mitochondria i s g r e a t l y diminished ( F i g . 3). This d e c l i n e can 
have two d i f f e r e n t reasons: (a) Mitochondrial t r a n s l a t i o n i s 
blocked by some regulatory mechanism, or (b) Mitochondrial 
t r a n s l a t i o n continues, but the products are not any longer i n t e -
grated i n t o the membrane and are degraded by p r o t e o l y t i c 
enzymes a f t e r release from the ribosomes. 

The f o l l o w i n g r e s u l t s are i n agreement with the second 
assumption: (a) Mitochondria i s o l a t e d from c e l l s which were 
kept i n the presence of cycloheximide f o r 4 hrs, incorporate 
amino acids to an extent comparable to that of c e l l s not t r e a t e d 
with the i n h i b i t o r ( F i g . 4). (b) Mitochondrial ribosomes i s o 
l a t e d from c e l l s which were kept f o r one hr i n the presence of 
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Tim, period of cycloheximide pcincubotion (rn.nl r > m t o f M ) C u b a | | 0 n { m j n , 

Fig. 3 F i g . 4 

F i g . 3. E f f e c t of the time period of cycloheximide ineubation 
of Neurospora c e l l s on the i n c o r p o r a t i o n of r a d i o a c t i v e 
.leucine i n t o mitochondria i n vivo 

Neurospora c e l l s were preineubated with cycloheximide (0.1 mg/ml) 
fo r the time periods i n d i c a t e d . Then 3-H-L-leucine was added Q 

(0.4 uCi/ml). A f t e r 4 min the c e l l s were r a p i d l y cooled to 0 C, 
mitochondria were i s o l a t e d and the incorporated r a d i o a c t i v i t y 
was determined. 

F i g . 4. Incorporation of r a d i o a c t i v e l e u c i n e i n t o i s o l a t e d 
mitochondria from normal and cycloheximide preineubated 
Neurospora c e l l s . 

A c u l t u r e of Neurospora c e l l s was d i v i d e d i n t o two equal 
po r t i o h s . From one p o r t i o n mitochondria were immediately i s o l a t e d . 
To the other p o r t i o n cycloheximide was added and a f t e r 4 hrs 
mitochondria were i s o l a t e d . 3-H-L-leucine was incorporated i n t o 
mitochondria under the conditions described i n F i g . 1. 

http://rn.nl
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Time of ineubation (min) 

F i g . 5. Incorporation of r a d i o a c t i v e leucine i n t o mitochondrial 
membranes and i n t o t r a n s l a t i o n products on mitochondrial 
ribosomes i n cycloheximide treated Neurospora c e l l s . 
To a c u l t u r e of Neurospora c e l l s cycloheximide and a f t e r 
2.5 min 3-H-L-leucine (1 uCi/ml) were added. A f t e r the time 
periods i n d i c a t e d , a l i q u o t s of the c u l t u r e were withdrawn. 
Mitochondrial membranes and mitochondrial ribosomes were 
i s o l a t e d and r a d i o a c t i v i t y was measured. 
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cycloheximide and of r a d i o a c t i v e l e u c i n e , s t i l l c ontain about 
one t h i r d to one h a l f of the nascent r a d i o a c t i v e t r a n s l a t i o n 
products (4) of the zero time c o n t r o l ( F i g . 5). Since the 
c e l l u l a r pool of f r e e leucine i s increased to about three times 
i t s normal s i z e by cycloheximide ineubation (5), i t can be con-
cluded that the ribosomes are a c t i v e i n t r a n s l a t i o n to an 
extent s i m i l a r to that a f t e r Short cycloheximide treatment. 

These observations suggest that mitochondria contain proteo
l y t i c enzyme a c t i v i t y which may have the f o l l o w i n g funetions: 

(a) Removal of incomplete or aberrant mitochondrial 
t r a n s l a t i o n products. 

(b) A regulatory funetion to remove excess t r a n s l a t i o n 
products which cannot be integrated i n t o the membrane and 
assembled to f u n c t i o n a l complexes, because t r a n s l a t i o n counter-
parts of cytoplasmic o r i g i n are missing. 
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