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Summary

In yeast cells subjected to glucose repression, the succinic
dehydrogenase complex is found to be solubilised into the
cytosol, and during derepression, the soluble activity is
reintegrated into the membrane. This reintegration has been
shown under in vitro conditions also. Membrane fractions from
cells treated with chloramphenicol (CAP) and not cyclohexi-
mide (CHI) fail to integrate fthe soluble enzyme, indicating
the need for a mitochondriglly synthesized product. Prelimi-
nary evidence presented here implicate phospholipids, parti-
cularliy cardiolipin, for an anchoring role in the membrane.

Introductigg

Glucose repression of mitochondriogenesis and the subsequent

derepression in yeast (Saccharomyces cerevisiae) cells have

© been extensively used in this laboratory to understand the
process of mitochondriogenesis (1-5). In this communica-
tion we show that during glucose repression, the sucecinic
dehydrogenase is solubilised into the cytosol. This solu-
bilised enzyme is reintegrated into the membrane, in vivo,
during derepression and in vitro by incubation with appro-
priate membranes. Results presented also show that cardio-

lipin might have a specific role in this integration process.
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CAP - Chloramphenicol; DCPIP ~ 2,6-dichloroind ophenol;
CHI - Cycloheximide; CL - Cardiolipini PC - Lecithin;
PL. - Total phospholipids
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Materials and Methods

The culbturing of the yeast (Saccharomyces cerevisise 3095),
induction of repression and derepression, preparation of
mitochondrial particles, have g1l been described earlier (1).
Succinic dehydrogenase activity was measured following the
methods of Green et al (16). The assay mixture consisted of
succinate (0.05 mi, 33 mM) azide (0.05 ml, 3% mM), DCPLP
(0.06 ml, 0.01%), phenazine methosulfate (0.6 ml, 0.01%) and
approximately 100 mg protein. The total volume was made upto
1 ml with the isolation buffer. The rate of reduction of the
dye at 600 nm was followed and the activities are expressed
as nmol of DCPIP reduced per minute per mg protein (specific
activity) or as nmole of DCPIP reduced per minute per 50 ml
of cell suspension (total activity).

Protein was estimated by the method of Lowry et al (7). Stan-
dard procedures were used to extract and estimate phospho-
lipids (8-11). Cardiolipin was purified using the technigue
developed by Murugesh and Jayaraman (12). Fresh sonicated
lipid preparations were used in all the cases. The isolation
buffer used was 0.1 M phosphate buffer (pH 7.4) containing

50 mM succinate and this was found to keep the enzyme acti-
vity stable for more than 10 hrs.

Results and Discussion

Fig.1 shows the variagtions in the succinic dehydrogenase
activities in the mitochondrial pellet as well as the post-
mitochondrigl supernatant fractions, during the wvarious

stages of repression and derepression.

During repression, i.e. the first 2¥2 hrs, the total as well

a8 svecific activities in the mitochondrigl fractiocns

decrcased by 4 and 3.1 fold respectively. Subsequently
during derepression, the gctivities in the mitochondrial
pellet increassed in parallel with the other enzyme activi-
ties reported earlier (5). The tobtal activity (mitochon-
drial plus the supernastant fraction) remained constant
during the first 1¥Y2 hrs and between 1Y2 and 2V2 hre showed
an increase of 1.4 fold, at which level it remained during

the derepression.
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Fig.1

Cells were inoculated (4 mg per ml) in the repression

med ium, then harvested at various times and mitochondria
were isolabed. Total activity is expressed as mmole of
DCPIP reduced per 50 ml of cell suspension. Specific acti-
vity is expressed as 0l of DCPIP reduced per minute per
mg protein. The time interval between O to 2V2 hrs repre-
sents the repression phase, while that between 2¥2 to 5¥2
hrs represents derepression phase.

o mitochondrigl pellet

0 —=——- 0 post mitochondrial supernatant

The results suggest: 1. that during repression the enzyme
is released into the cytosol. The rate of turnover is slow.
ii. The solubilised enzyme aglong with some newly synthesized
enzyme is integrated into the membrane during derepression
(see also Table 1, where it is shown that treatment of cells

with cycloheximide reduces the enzyme activity only by 40% -
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50% under conditions where synthesis of ATPase and cybochrome

oxidszse is blocked to gbout 90% (data not given).

In order to verify whether this integration can be achieved
under in vitro conditions, the following experiments were
carried out. Mitochondrial pellets from repressed (2V2 hrs)
and partially derepressed (5Y2 hres) cells were incubsgbed
with the supernatant fraction of the repressed cells which
contains the maxinum enzyme activity in the soluble state.
After incubation the pellets were isolated and assayed for

enzyme activity. The data on the 'expected values' calcu-

lated, and the 'observed values', for different mixtures
are given in Table 1. Under the experimental conditions,
any increase of the 'obgerved values' over the 'expected
values', is a measure of the migration of the soluble

enzyme complex to the membrane.

These results show that: a. the soluble enzyme does not
integrate with the mitochondrial pellet obtained from
repressed cells, but integrates with membrane fractions
from partially derepressed cells, and b. treatment of the
cells with chloramphenicol at the start of derepression (2V2
hrs) prevents the membrane Traction from inbtegrating the

soluble activity.

While the above results suggest that mitochondrial vrotein
synthesis is necessary for the integration, so far a direct
involvement of a mitochondrial protein in the expression of
the enzyme activity has not been demonstrated. Preliminary

results indicate that cardiolipin could be involved. That
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cardiolipin could be g factor in this integration was con-
sidered for the following reasons: a. Lipids are essentisl
for maintaining the membrane structure (13); b. Racker and
his group have reconstituted the NADH oxidase enzyme using
liposomes containing cardiolipin (14); c¢. Cardiolipin

levels are chloramphenicol sensitive (15) and 4. Cardio-

lipin levels are decreased in the yeast cells in the

repressed stages (19).

4 series of experiments were carried out with the addibtion
of cardiolipin, lecithin and total phospholipids in the

in vitro integration systems and the results are given in

o=

able 1. The data are indicative of an important (if not
exclusive) role for cardiolipin in the anchoring of the

proteins into the membrane.
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