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Proteolytrc actrvrty m yeast mrtochondrtal membranes and soluble fractions was studred usmg a labeled 
substrate [‘4C]drmethylcasem Optrmal actrvtty for the two fractions was at pH 6 m phosphate buffer at 
37 C Actrvrty was partrally mhrbtted by adding 3 mmol/l ATP Acttvtty was enhanced rapidly m both frac- 
tions when yeast cells were grown aerobrcally on a derepressron medium and transfered on a repression 
medium m anaerobrosts Mttochondrtal protemase medtatron m the mttochondrtal breackdown observed 

durmg transitton from aerobrcal derepression to anaerobrcal repression 1s discussed 

Proteinuse Mltochondrla Yeast Aeroblosls Anaerobrosls 

1. INTRODUCTION 2 MATERIALS AND METHODS 

Yeast mttochondria contain several protetnases. 
Some are located m the matrix [1,2], others are 
associated with the mttochondrial inner membrane 
[3,4]. These mitochondrial proteinases may play 
several functrons. Some proteinases cleave the ter- 
minal extensions in polypeptidic precursors of 
cytoplasmrcally synthesized mrtochondrial pro- 
teins [5,6]. On the other hand, when yeast cells 
grown aerobically m derepressron medium are 
turned over to fermentation, mitochondrtal pro- 
teins are catabolized to peptides, certainly by pro- 
teinases [7] either of mitochondrral or cytoplasmrc 
origin. To obtain more information on this point, 
we studied changes in mrtochondrial proteolytic 
acttvrties of yeast cells grown in derepression 
medium, with low fermentable carbohydrate con- 
centration, when transferred to a glucose-rich 
repression medium. We searched for an eventual 
variation of mitochondrral proteolytic activrtres 
depending on the physrologrcal state of the cells. 

Abbrevratrons [14C]DMC, [‘4C]drmethylcasem, DB- 
CAMP, drbutyryl 3 ’ ,5 ‘-cychc adenosme monophos- 
phate 

Saccharomyces cerewsrae, strain Q+ IL 8.&C, 
was grown in a derepression medmm as m [8]. 
When cells reached the exponential phase, part of 
them were harvested. Glucose to a concentration 
of 100 g/l was added to the medium and aeration 
stopped. Cells were harvested after 10, 30 and 
120 min of culture at 28°C in anaerobiosis. 

2.1. Isolation of mltochondrla 
This was performed according to [9], except 

that cytohehcase (I.B.F., Vrlleneuve-la-Garenne, 
France) was used [lo]. The soluble fractron, i.e., 
mrtosol and intermembrane space, and the mem- 
brane pellet were obtained after osmotic lysis of 
mitochondrra and 105000 x g centrrfugatron as m 
U 11. 

Proteins were estimated according to the method 
of Lowry et al. [ 121 or of Bradford (131 with 
bovine serum albumin as a standard. 

2.2. Enzyme assay 
The reaction mrxture contamed 3 pg [14C]DMC 

(7.8,&r/mg protein, CEA, Saclay, France) and 
5 fig protein of the enzymatrc fractron. Volume 
was adjusted to 0.15 ml with phosphate buffer 
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(50 mmol/l, pH 6.0). The incubation was per- 
formed at 37°C during 15 or 30 min; the reaction 
was stopped by addition of 0.15 ml trichloroacetrc 
acid 10% (w/v). After 15 mm centrifugatron at 
1200 x g, 0.15 ml supernatant was adsorbed on a 
3 MM Whatman paper disc (0 25 mm), dried and 
counted in 5 ml liquid scintillation medium con- 
taining 4 g/l Omnifluor (NEN, Frankfurt) in 
toluene. Blanks were not higher than 150 cpm for 
1 mm incubation. 

3. RESULTS 

3.1. Optimal pH for proteolytic actiwtres in 
mltochondrial soluble and membrane 
fractions 

The effect of pH on activity was studied for the 
soluble fraction and the membrane pellet, using 
citrate-phosphate buffer (50 mmol/l from pH 4.5 

1 
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PH 

Fig. 1 Proteolytlc actlwtles m mltochondrlal fractions as 
a function of pH q , Soluble fraction; n , membrane 
pellet; -, citrate phosphate buffer (50 mmol/l), 

=- -, phosphate buffer (50 mmol/l) 

to 7.0) and phosphate buffer (50 mmol/l from pH 
6.0 to pH 8.0) for both fractions. Passing from pH 
6.0 to 8.0 lowers the activity by nearly 30%. 

3.2. Effect of adenosme nucleotrdes on 
mltochondrlal protemase actwitles 

ATP or DB-CAMP were added at a concentra- 
tion of 3 mmol/l to the membrane and the soluble 
fractions (table 1). In experiment 3, ATP was add- 
ed batchwise at 0, 5 and 10 mm of mcubatron (3 x 
2 mmol/l) to the medium already containing 
0.1 mmol/l DB-CAMP. 3 mmol/l ATP induced a 
partial inhibition of mitochondrral protemase ac- 
tivities, reaching 30-38%. Higher concentrations 
of ATP up to 10 mmol/l did not increase the in- 
hibition (not shown). DB-CAMP had no effect on 
either activation or mhrbrtion of the proteolytic ac- 
tivities. When ATP was added batchwise with DB- 
CAMP present the inhibition of the proteolytic ac- 
tivity did not rise significantly. 

3.3. Evolution of mltochondrlal protein concen- 
tration as a functron of the physlologrcal 
state of the yeast ceils 

Humid cells and mrtochondrial purified pellets 
were weighted in the case of the four following 
types of cells: derepressed cells grown without 
glucose, repressed cells grown anaerobically in the 
presence of glucose and harvested after lo,30 and 
120 min. In our conditions 85 f. 3% of the cells 
were converted to protoplasts. 

Table 2 shows that, after glucose addition to the 
medium with oxygen cut off, the weight of the cells 
did not change much during 30 mm; it increased 
after one generation time at 120 mm. But the 
mitochondrral weight decreased in the cells with 

Table 1 

Effect of ATP and DB-CAMP addrtron on 
mrtochondrral proteolytrc actrvrtres 

Inhrbrtron (070 + SE) 

Membrane Soluble 
fractron fraction 

1 ATP (3 mmol/l) 30 * 4 38 f 5 
2. DB-CAMP (0.1 mmol/l) 0 0 
3 ATP (3 x 2 mmol/l) + 

DB-CAMP (0.1 mmol/l) 38 + 4 44 f 6 
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glucose repression: the decrease is small after 
10 mm represston but reached about 50% after 
30 mtn. Mitochondrral protein concentratton 
decreased durtng the repression; the membrane 
proteins were spectftcally reduced: 25% of mem- 
brane protems were lost after 30 min. Protems of 
the soluble fractton were decreased only by 15% 
during represston by glucose in anaerobiosis. 

3.4 Mrtochondrral proteolytlc activity vanatrons 
as a functron of the phymologrcal state of the 
yeast cells 

Proteolytic activities measured tn the two 
mitochondrtal fractions are reported in table 3. 
The proteolyttc specific activtttes increased in both 
mttochondrial fractions after a 10 min repression. 
They remained at a htgh level in the membrane 

Table 2 

Wetght of cells and mttochondrra, mrtochondrral protem concentratron, durmg the derepressron and various repressron 
states of yeasts 

Weight of humid cells m g/l medtum 

Wetght of humid mttochondrta in g/100 g cells 

Total mrtochondrtal proteins m mg/lOO g cells 
Membrane proteins 
Soluble proteins 

Derepressed 
cells 

20.5 

80 

360 
295 

65 

Cells under repressron by glucose 

10 mm 30 mm 120 mm 

18 2 19.5 27.0 

75 42 4.8 

320 280 255 
260 220 200 
60 60 55 

Results are the means of 4 experiments 

Table 3 

Mrtochondrral proteolyttc activities durmg derepresston and repression by glucose m yeast cells 

Proteins Spectfic proteolytic Enzymatic actrvrty Proteolytic activtties 
(mg/lOO g cells) acttvnies* c(g (vo) compared to ratio of membranes 

[‘4C]DMC hydro- the actrvtty m vs total mrtochondrra 
lyzed/mm per mg derepressed 

protein mltochondrta 

Derepressed mttochondrra 
Membrane fraction 
Soluble fraction 

10 mm repressed mttochondrta 
Membrane fraction 
Soluble fraction 

30 mm repressed mrtochondrta 
Membrane fractton 
Soluble fraction 

120 mm repressed mrtochondrta 
Membrane fraction 
Soluble fractton 

295 1 84 100 
65 2 35 100 0.78 

260 2.29 110 
60 2.86 112 0.78 

220 2 35 94 
60 0.60 24 0.93 

200 1 84 68 
55 0 40 14 0.94 
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fraction after 30 min repression but decreased to a 
greater extent in the soluble fraction between 10 
and 30 min repression. After 120 min repression, 
the specific activity decreased in both fractions and 
the activity in the membrane fraction returned to 
its initial value of derepresslon conditions. 

The percentage of the total proteolytic activity 
as compared to initial activity in derepressed cell 
mitochondria increased slightly within 10 min 
repression, but then decreased during longer 
repression m both mitochondrial fractions. At first 
the proteolyttc activity was decreased m the soluble 
fraction already after 30 min, whereas the mem- 
brane activity decreased only after 120 min repres- 
sion. Membranes which exhibited 78% of total 
mitochondrial proteolytic activity in derepressed 
cells, showed 94% of total activity after 120 mm 
repression. 

4. DISCUSSION 

When S. cerevrsiae cells are transferred from an 
aerobic derepression medium to an anaerobic 
repression medium mitochondria are transformed 
into promitochondria. During this transition, 
mitochondrial proteins could be transferred to the 
cytoplasm through mitochondrial membranes, or 
they could be proteolyzed to peptides and amino 
acids, which in turn could be transferred to the 
cytoplasm. To obtain more information on this 
mechanism we measured the mitochondrial pro- 
teolytic activities in aerobic derepression and dur- 
ing increasing time of anaerobic repression, in 
order to search for a regulation through mitochon- 
drial proteolytic activity variations. 

After a short time of repression (10 min), 
mttochondrial proteolytic activities indeed m- 
creased in both membrane and soluble fractions. 
With a more extended repression (30-120 mm) 
these activities decreased extremely in the soluble 
fraction, more weakly in the membrane fraction. 
Thus, the protemases of the membrane fraction 
behaved towards glucose repression as some yeast 
cytoplasmic proteinases, like endoproteinases A 
and B or carboxypeptidase Y [ 14,151: these enzyme 
activities increase slightly during short time repres- 
sion and decrease later on. Contammation of mito- 
chondria with cytoplasmic enzymes IS not likely 
because sensitive search for cytoplasmic con- 
stituents like cytoplasmic tRNA or cytoplasmic 
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amino acid tRNA synthetases [8] was negative. On 
the other hand, lysosomal proteinase A is strongly 
inhibited by pepstatin, but mitochondrlal pro- 
temases are not [16]. 

Catalytic properties and chromatographic 
behaviour of proteinases from repressed or 
derepressed mitochondria are the same (to be 
published). The increase of proteolytlc activities 
after short time repression by glucose in 
anaerobiosis, which we describe here, may partial- 
ly explain the mitochondrial catabolism noticed 
during repression. The fact that mltochondrlal 
proteolytic activities are optimal at acid pH and 
partially inhibited by ATP at 3 mmol/l concentra- 
tion is also in favour of an increase of proteinase 
acttvittes in mitochondria during repression. In- 
deed, intramitochondrial pH is about equal to 
7.8-8.0 when yeast cells are derepressed; under 
those conditions mitochondrial proteinases could 
be partially inhibited. In repression conditions, the 
intramltochondrial pH may be decreased by acid 
production during fermentation and therefore the 
mttochondrial proteinases would be activated. 
During fermentation, ATP production is also 
reduced as compared to derepresston conditions 
and this could be in favour of mitochondrial pro- 
teinase activation, as we showed that ATP inhibits 
mitochondrial proteolytic activities by 18-30% in 
both soluble and membrane fractions. 

Yeast mitochondrial protemases are able to par- 
ticipate in the degradation of mitochondria during 
repression. But up to now we cannot exclude a se- 
cond mechanism, which perhaps adds to the first. 
Glucose repression also stops the synthesis of inner 
membrane proteins. Therefore, the mitochondrlal 
membrane permeability towards protein is m- 
creased [ 17,181. This higher permeability could ex- 
plain the exit of mnochondrial proteins to the 
cytoplasm and the decrease of proteolytic activities 
noticed m the mitochondria after 30 min repres- 
sion. Work is m progress to try to confirm the 
passing over of mitochondrial proteases into the 
cytoplasmic compartment during the repression by 
glucose in the yeast cells. 
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