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Abstract—Mitochondria of the yeast Endomyces magnusii were examined for the presence of a Ca?"- and phosphate-induced
permeability of the inner mitochondrial membrane (pore). For this purpose, coupled mitochondria were incubated under
conditions known to induce the permeability transition pore in animal mitochondria, i.e., in the presence of high concen-
trations of Ca®* and P;, prooxidants (t-butylhydroperoxide), oxaloacetate, atractyloside (an inhibitor of ADP/ATP translo-
cator), SH-reagents, by depletion of adenine nucleotide pools, and deenergization of the mitochondria. Large amplitude
swelling, collapse of the membrane potential, and efflux of the accumulated Ca** were used as parameters for demonstrating
pore induction. E. magnusii mitochondria were highly resistant to the above-mentioned substances. Deenergization of mito-
chondria or depletion of adenine nucleotide pools have no effect on low-amplitude swelling or the other parameters.
Cyclosporin A, a specific inhibitor of the nonspecific permeability transition in animal mitochondria, did not affect the
parameters measured. It is thus evident that E. magnusii mitochondria lack a functional Ca**-dependent pore, or possess a
pore differently regulated as compared to that of mammalian mitochondria.
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Calcium plays an important role as an intracellular
messenger in signal transduction [1-3]. In animal mito-
chondria, elevated matrix Ca?* concentrations up to 1-
3 uM induce an increased permeability of the inner mito-
chondrial membrane due to opening of a nonspecific
pore (Permeability Transition Pore, PTP) (for reviews see
[3, 4]). The Ca*"-dependent pore has been postulated to
be a complex structure formed from the adenine
nucleotide translocase, the peripheral benzodiazepine
receptor, the outer membrane voltage-dependent chan-
nel, and cyclophilin D [3]. This complex, following bind-
ing of Ca**, forms a pore 2.6-2.9 nm in diameter that
allows solutes of molecular mass <1500 daltons to equili-
brate across the inner membrane, resulting in a decrease
in the membrane potential value, release of the accumu-

Abbreviations. CCCP) carbonyl cyanide m-chlorophenylhydra-
zone; PTP) permeability transition pore; Ay) mitochondrial
inner membrane transmembrane potential; Atr) atractyloside;
CsA) cyclosporin A; OA) oxaloacetate; PhAsO) phenylarsine
oxide.

* To whom correspondence should be addressed.

lated Ca’*, and high-amplitude swelling of mitochondria
[3-6]. Pore opening is stimulated by inorganic phosphate
(P,), prooxidants, SH-reagents, and depletion of the ATP
pool. Conversely, Mg** [7], adenine nucleotides [3, 6, 8],
spermine [8], antioxidants, and cyclosporin A (CsA) [9]
are potent inhibitors of the pore. The Ca**-dependent
PTP is considered now as playing a role in the crosstalk of
two different physiological pathways, one of which takes
part in the Ca**-dependent signal transduction during the
cell cycle [6], while the other initiates a reaction cascade
leading to apoptosis [3, 6, 10, 11] or necrosis [12] in ani-
mal cells.

The presence of a PTP-like pore in yeast mitochon-
dria is still uncertain. Mitochondria from the yeast
Saccharomyces cerevisiae, unlike animal counterparts, are
resistant to relatively high ambient [Ca**] [13]. This was
attributable to the lack in brewer yeast mitochondria of a
Ca*" uptake pathway of any significant physiological rel-
evance [14, 15] or to the presence in yeast cells a highly
active antioxidant system [13, 16, 17], preventing oxida-
tive stress, and ultimately, PTP induction. Jung et al. [18]
found that S. cerevisiae mitochondria, when incubated in
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isotonic medium containing ethanol (oxidizable sub-
strate), the Ca?" ionophore ETH129, and 10 mM P,
accumulated large amounts of Ca?* without classical PTP
(pore) induction. However, a Ca®"-independent, CsA-
insensitive pore did arise in response to ATP.
Kowaltowski and coauthors [13] showed that a Ca’*-
dependent PTP in permeabilized S. cerevisiae sphero-
plasts could be induced only by high (non-physiological)
[Ca?"] in spheroplasts from wild type cells under oxida-
tive stress conditions (in the presence of SH-reagents and
inhibitors of catalase) and from mutants lacking the
thioredoxin peroxidase gene. PTP induction was accom-
panied by enhanced production of hydrogen peroxide
and decreased cell viability. At present, it is difficult to
construct a comprehensive picture of PTP induction in
yeast mitochondria using as a background the above-
mentioned conflicting data. It seems reasonable that if S.
cerevisiae mitochondria could have elevated permeability
transition of the inner mitochondrial membrane, the
pore would display properties differing significantly from
those of the PTP or possess a pore not coupled with Ca?*
uptake (S. cerevisiae mitochondria have no Ca>"-uptake
system) and differently regulated compared to that of ani-
mal mitochondria. Additionally, the absence of consider-
able changes in the volume of S. cerevisiae mitochondria
may be associated with some peculiarities of their ultra-
structure, as they contain few cristae and therefore have a
decreased extending and stretching capacity [18]. This
means that the maximal amplitude of swelling of yeast
mitochondria is expected to be less than that of the ani-
mal counterparts.

This study was undertaken to examine mitochondria
from the yeast E. magnusii harboring the high-capacity,
effectively regulated Ca*" uniporter [19-26] and a sepa-
rately functioning Na'-independent pathway for Ca?"
efflux [27, 28] for the presence of a Ca’"-dependent PTP.
Remarkably, E. magnusii mitochondria are very similar in
their structure with heart mitochondria as they contain a
large number of well-structured cristae [29].

MATERIALS AND METHODS

Materials. Bovine serum albumin (BSA), EDTA,
EGTA, sorbitol, mannitol, spermine, murexide, CaCl,,
ADP, ATP, Tris, pyruvate, malate, valinomycin, nigericin,
atractyloside, dithiothreitol, and carbonyl cyanide m-
chlorophenylhydrazone (CCCP) were purchased from
Sigma (USA), Coomassie G-250, safranine O, and
NADH from Serva (Germany), A23187 from Boehringer
Mannheim (Germany), and cyclosporin A (CsA) was a
kind gift of Novartis (Switzerland). Other reagents of ana-
Iytical grade (of highest quality available) were obtained
from domestic suppliers.

Organism and growth conditions. The yeast E. mag-
nusii, strain VKM Y-261, was grown in semi-synthetic
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medium with 0.6-1% glycerol as a sole carbon source as
described earlier [30]. Cells were harvested at the late
exponential growth phase (10 to 13 g wet weight per
liter).

Mitochondria were isolated by the method developed
in our laboratory and described earlier [26].

Depletion of the intramitochondrial adenine
nucleotide pools was performed by supplementing grind-
ing medium and washes with 10 mM pyrophosphate [31].

Deenergization of mitochondria was monitored at
540 nm as recommended by Halestrap [32] after a 1-min
incubation in 0.4 M mannitol containing 0.1 M KCI,
20 mM Tris-acetate, pH 7.4, antimycin A (8 pg/mg pro-
tein), and 2 uM A23187, with subsequent addition of
100-500 pM Ca?* and pore-inducing agents.

Mitochondrial swelling was monitored with a
Hitachi-557 spectrophotometer (Japan) by recording
changes in absorbance at 540 nm in 0.4 M mannitol con-
taining 0.1 M KCl, 2 mM Tris-phosphate or 20 mM Tris-
acetate, pH 7.4, 20 mM Tris-pyruvate, 5 mM Tris-
malate, and mitochondrial protein corresponding to
0.4 mg/ml.

Ca’" uptake was assayed with a Hitachi-557 spec-
trophotometer using dual wavelength photometry at 507-
540 nm with 50-pM murexide as a metallochromic Ca?*-
indicator [33].

Mitochondrial transmembrane potential (Ay) was
measured at the wavelength pair 511-533 nm with 10-
20 uM safranine O [34].

Mitochondrial protein was assayed by the method of
Bradford [35] with BSA as standard.

RESULTS

The most important markers of the PTP of the inner
mitochondrial membrane are: high-amplitude swelling of
mitochondria due to non-controlled entry of osmolytes
with M, of <1500 daltons and, ultimately, water; a
decrease in the mitochondrial membrane potential (AY);
and a rapid release of the accumulated Ca?*, all together
indicating that mitochondria are becoming loosely cou-
pled because of disturbing of the membrane integrity. To
reveal a Ca?"-dependent nonspecific pore in yeast mito-
chondria, we investigated the swelling of mitochondria in
the presence of various [Ca?*] and different PTP-trigger-
ing agents including P;, oxaloacetate (OA), SH-reagents
(N-ethylmaleimide, menadione, phenylarsine oxide
(PhAsQ)), atractyloside (Atr) (an inhibitor of the adenine
nucleotides translocase), and the uncoupler CCCP. As
the rate of electrogenic K* influx was shown [36] to be a
decisive factor determining the rate of swelling of animal
mitochondria, the yeast incubation medium was supple-
mented with 0.1 M KCI.

Yeast mitochondria, in contrast to the animal coun-
terparts, did not show high-amplitude swelling even in the
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Fig. 1. Ca**-induced swelling of E. magnusii mitochondria in the
presence of 100 (7), 300 (2), and 500 uM Ca>" (3) and varying
amounts of phosphate (P;, mM): 2 (a); 5 (b); 7 (¢); 10 (d). The
incubation medium contained 0.4 M mannitol, 10 mM Tris-
phosphate, pH 7.4, 0.1 M KCI, 20 mM pyruvate, 5 mM malate,
and mitochondria corresponding to 0.5 mg mitochondrial pro-
tein. 4 =0.1 (a, b) and 0.02 (c, d).

presence of massive Ca?' corrected text loads (600-
1000 nmol/mg protein) and P; (Fig. 1a), the most potent
inducers of the PTP. Addition of 100 uM Ca?** (Fig. la, 1)
induced only a slight increase (A4 = 0.012-0.014) in the
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mitochondrial volume. The swelling amplitude increased
only insignificantly in the presence of increasing P; con-
centrations (Fig. 1, b-d, 7). Just the opposite, a decrease
in the organelle volume was observed. In the control
experiments (not shown), increased P; concentrations
(22 mM) inhibited CsA-independent Ca?" uptake by
yeast mitochondria. It is reasonable to suggest that the
observed decrease in the amplitude of mitochondrial
swelling in the presence of elevated P; concentrations
resulted from the hampered entry of Ca?* in the matrix
space. Higher, 300-500 pM Ca?*, initiating irreversible
alterations in mitochondrial functions in animal tissues
[8], induced only low-amplitude swelling of yeast mito-
chondria (Fig. 1, 2and 3). The addition of high [Ca?*] did
not produce either massive release of the Ca>* accumulat-
ed (Fig. 2a) or dramatic decrease in AW after uptake of
the cation added (Fig. 2b).

We did not observe the hallmarks of the classical
PTP in yeast mitochondria even in the presence of mil-
limolar [Ca?"]. Figure 3 depicts that in E. magnusii
mitochondria, 1, 2, and 5 mM Ca?* triggered only low-
amplitude swelling (A4 = 0.01-0.02) (Fig. 3a) and a
moderate, reversible decrease in AW possibly reflecting
cation translocation in the mitochondrial matrix (Fig.
3b). Mitochondria took up 1 mM Ca’" with the rate of
650 nmol/min per mg protein, approximately one third of
the Ca?" added was accumulated (Fig. 3c, 7). The uptake
rate considerably decreased in the presence of 2 or 5 mM

AY generation

W \

P+M

Fig. 2. Photometric recording of Ca®* uptake (a) and Ay (b) in E. magnusii mitochondria. The incubation medium contained 0.4 M manni-
tol, 10 mM Tris-phosphate, pH 7.4, 0.1 M KCl, 20 mM pyruvate, 5 mM malate, and mitochondria corresponding to 0.5 mg mitochondrial
protein. Where indicated, 100 (), 300 (2), or 500 uM Ca?* (3), 1 mM EGTA, or | pM CCCP was added. Designations: P + M, pyruvate +

malate.
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Fig. 3. Photometric recording of swelling (a), Ay (b), and Ca**
uptake (c¢) in E. magnusii mitochondria. The incubation medium
contained 0.4 M mannitol, 10 mM Tris-phosphate, pH 7.4,
0.1 M KCI, 20 mM pyruvate, 5 mM malate, and mitochondria
corresponding to 0.5 mg mitochondrial protein. a, b: /) no Ca**
was added; where indicated, 1 (2), 2 (3), or 5 mM Ca*" (4), or
3 uM CCCP was added. ¢) 1 (1), 2 (2), or 5 mM Ca*" (3); 2 M
(1, 2) or 5 mM EGTA (3) was added. A = 0.05 (a) and 0.02 (b),
respectively. Designations: Mt, mitochondria.

Ca’" and mitochondria accumulated only 2% of the Ca>*
added (Fig. 3c, 2 and 3), thus indicating inhibition of
Ca’"-transporting capacity of yeast mitochondria in the
presence of very high, non-physiological [Ca®]. A 1-min
preincubation of mitochondria with CsA did not perturb
the Ca?" uptake pattern, the membrane potential value,
or changes in the organelle volume (not shown), thus def-
initely indicating lack of a PTP in yeast mitochondria in
the presence of high Ca** and P, concentrations.
Because P;, one of the most potent inducers of PTP
in mitochondria of all studied animal tissues, did not
induce a pore in yeast mitochondria even in the in the
presence of high [Ca?*], our next step was to examine
effects of other agents which are known (considered) as
triggers of the PTP in animal mitochondria: Atr [8, 37],
N-ethylmaleimide [9, 38], menadione [39], PhAsO [13,
40], OA [9], and EGTA + CCCP [41, 42]. To prevent the
effect of P;, all media contained acetate instead of phos-
phate as permeable anion. In the control experiments, the
addition of 100, 300, or 500 pM Ca>* to E. magnusii mito-
chondria initiated predictable, dependent on the ion con-
centration, changes in the swelling amplitude and a
reversible decrease in AW values, but not PTP (Fig. 4).
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Mitochondria accumulated about 70% of the Ca*>* added
(Fig. 4c), releasing the accumulated Ca®" due to activa-
tion of the Ca*"/nH"-antiporter of yeast mitochondria,
whose properties and regulation have been previously
described [27, 28]. Upon examining effects of several
agents that influence PTP, some cautions were taken into
consideration. Before addition of AO, the medium was
supplemented with antimycin A in order to prevent the
subsequent mobilization of malate from OA in the malate
dehydrogenase reaction [43]. In experiments with the
uncoupler CCCP, 0.2 mM EGTA was added 1 min after
addition of Ca?" in order to block possible reversible
activity of the Ca?"-uniporter thus allowing to maintain
high [Ca?*] in the matrix space [44], which is necessary
for PTP development [45], and to prevent redistribution
of Ca?" between subpopulations of mitochondria with
different stability and to inhibit progression of sponta-
neous PTP [38, 46]. With all these factors considered, in
the presence of 100 and 300 uM Ca**, none of the above
mentioned PTP triggers induced high-amplitude swelling
of yeast mitochondria (Fig. 5). The effect of each poten-
tial PTP inducer on the organelle volume correlated with
its action on the Ca?"-transport system (Fig. 6¢c). EGTA
(0.2 mM) partially chelated Ca®" (Fig. 6¢c, 2), then [Ca?*]

4
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Fig. 4. Photometric recording of swelling (a), Ay (b), and Ca®*
uptake (c) in E. magnusii mitochondria suspended in acetate-
containing medium. The incubation medium contained 0.4 M
mannitol, 20 mM Tris-acetate, pH 7.4, 0.1 M KCl, 20 mM pyru-
vate, 5 mM malate, and mitochondria corresponding to 0.4 mg
of mitochondrial protein. a, b: 1) no Ca?" was added; where indi-
cated, 100 (2), 300 (3), or 500 pM Ca?* (4), or 3 pM CCCP was
added. c) 300 (/) or 500 pM Ca>* (2); 0.3 (/) or 0.5 M EGTA (2)
was added. 4 = 0.02 (a, b). Designations: Mt, mitochondria.

BIOCHEMISTRY (Moscow) Vol. 69 No.9 2004



LACK OF Ca**-DEPENDENT PERMEABILITY OF YEAST MITOCHONDRIA

increased, probably due to release of the accumulated
cation. CCCP, being added 1 min after EGTA, did not
affect Ca?* release. SH-reagents such as N-ethyl-
maleimide, PhAsO, and menadione (Fig. 6c¢, 3, 6, and 7,
respectively), being added to the mitochondrial suspen-
sion after Ca’?", considerably inhibited swelling of mito-
chondria by blocking Ca>" accumulation. All these com-
pounds also insignificantly decreased the rate of Ca?*
release from mitochondria. OA and Atr (Fig. 6¢, 4 and 5,
respectively) did not affect the organelle volume. Atr had
no impact on the Ca?" transport process, while OA inhib-
ited Ca®" uptake, most probably decreasing the intrami-
tochondrial NADH/NAD ratio. All these potential PTP
triggers changed AY differently (Fig. 6b). CCCP and
antimycin A (Fig. 6b, 2 and 4, respectively) immediately
produced the collapse of AW as a result of uncoupling and
inhibition of the electron transport in the respiratory
chain, respectively. N-Ethylmaleimide and PhAsO (Fig.
6b, 3 and 6, respectively) brought on a slow decrease in
AY, possibly as a result of interacting with ¢ SH-groups of
membrane proteins. In the control experiments, the same
effects of the potential PTP triggers were observed when
Ca’" was omitted from the incubation medium, providing
addition weight to the conclusion that all these com-
pounds did not induce PTP in yeast mitochondria. Thus,
energized E. magnusii mitochondria did not display an
increase in the membrane permeability in the presence of
high Ca?* concentrations and a number of potential PTP
inducers.

As we described above, one of the factors limiting
changes in the volume of yeast mitochondria may be
ultrastructural organization of their cristae. E. magnusii
are characterized by well-structured cristae [29], resem-
bling in this respect heart mitochondria, which suggests
potentially high amplitude of mitochondrial swelling. In
order to diminish this limitation, experiments with pore-
forming alamethicin were performed. Antibiotic alame-
thicin, being inserted into the mitochondrial membrane,
forms channels with a diameter of 1 nm that are perme-
able for divalent cations and low-molecular-weight
solutes, resembling in this aspect the Ca?*-dependent
PTP [47]. Figure 7 depicts that the amplitude of swelling
of yeast mitochondria in the presence of high [Ca?*] and
various PTP inducers in media with varying ionic strength
(see legend to Fig. 7) was approximately 10-fold less
compared to the same parameter after addition of alame-
thicin (A4 = 0.2), thus giving additional evidence for the
lack of high-amplitude swelling (one of the most impor-
tant hallmarks of PTP development) of yeast mitochon-
dria.

Previously, it has been demonstrated that deener-
gization of mitochondria [32] or depletion of the
intramitochondrial pools of adenine nucleotides [8, 31,
41] make mitochondria more sensitive to massive Ca?*
loads, favoring the PTP development. We examined, on
these experimental grounds, effects of potential PTP
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Fig. 5. Photometric recording of swelling of E. magnusii mito-
chondria in the presence of 100 (a) or 300 uM Ca’* (b). The
incubation medium contained 0.4 M mannitol, 20 mM Tris-
acetate, pH 7.4, 0.1 M KCl, 20 mM pyruvate, 5 mM malate, and
mitochondria corresponding to 0.4 mg of mitochondrial pro-
tein. Where indicated, 500 uM N-ethylmaleimide, 30 uM Atr,
8 pg antimycin A (AA) per mg protein and then 0.1 mM OA,
0.2 mM EGTA and then 1 uM CCCP, 50 uM PhAsO, or 50 uM
menadione was added. 4 = 0.1.

inducers on deenergized E. magnusii mitochondria;
deenergization was performed as recommended in [32].
Briefly, the mitochondrial suspension was preincubated
for 1 min with antimycin A, an inhibitor of the respirato-
ry chain (to prevent oxidation of endogenous substrates),
and with Ca?"-ionophore A23187 (to equilibrate Ca*"
between two surfaces of the inner mitochondrial mem-
brane) (for details, see “Materials and Methods”). After
a I-min preincubation, mitochondrial suspension was
supplemented with 500 pM Ca?* and potential PTP trig-
gers. However, even under these conditions, we did not
observe appreciable mitochondrial swelling (4 = 0.003-
0.007), the swelling amplitude being one order of magni-
tude less than that in energized yeast mitochondria (Fig.
8a).

Similar results were obtained when the Ca’'-
ionophore A23187 was replaced by the uncoupler CCCP
(not shown). Low-amplitude swelling of deenergized
yeast mitochondria was parallel to their inability to take
up Ca?" (Fig. 8b). Adenine nucleotide-depleted mito-
chondria fail to swell following 500 pM Ca?" addition
(Fig. 9). The only unusual feature in the behavior of the
mitochondria was the lack of spontaneous Ca®* release of
the accumulated cation (Fig. 9c), most probably because
of the high (10 mM) pyrophosphate concentration used,
which is known to decrease [Ca®'] in the matrix space,
thus preventing activation of the Ca**/nH"-antiporter.
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Fig. 6. Photometric recording of swelling (a), Ay (b), and uptake of 500 uM Ca** (c) by E. magnusii mitochondria. The incubation medi-
um contained 0.4 M mannitol, 20 mM Tris-acetate, pH 7.4, 0.1 M KCI, 20 mM pyruvate, 5 mM malate, and mitochondria corresponding
to 0.4 mg of mitochondrial protein. Where indicated (b), mitochondria (Mt) (0.5 mg mitochondrial protein) were added. Where indicat-
ed, 0.2 mM EGTA and then 1 uM CCCP, 500 uM N-ethylmaleimide, 8 pg/mg antimycin A and then 0.1 mM OA, 30 uM Atr, 50 uM
PhAsO, or 50 pM menadione was added. ¢) Ca®" uptake reactions were terminated by addition of 0.5 M EGTA. A = 0.1 (a) and 0.02 (b),

respectively.

DISCUSSION

Thus, tightly-coupled E. magnusii mitochondria do
not undergo Ca’?"-induced permeabilization or opening
of a PTP even when treated with millimolar [Ca®*] and
agents (P;, #-butylhydroperoxide, PhAsO, and others)
that are known as potent promoters of PTP in most
eukaryotic Ca’"-transporting mitochondria [3, 5]. This

was rather surprising as E. magnusii mitochondria, in
contrast to mitochondria from other yeast species stud-
ied, have the high capacity, effectively regulated, uni-
porter driven Ca®>*-uptake system [19-26].

This could be due to: 1) lack of some component need-
ed for the formation of a PTP; 2) different regulation of its
opening, i.e., non-stimulation by Ca?*, P,, and prooxi-
dants, or 3) presence of potent PTP opening inhibitors.
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and Ay (2) of E. magnusii mitochondria in phosphate- (a) or
acetate-containing medium (b). The experimental conditions
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Fig. 8. Photometric recording of swelling (a) and uptake of
500 uM Ca** (b) by deenergized E. magnusii mitochondria. For
composition of the incubation medium, see “Materials and
Methods”. Concentrations of PTP-triggering agents were as in
Fig. 5. The Ca?" uptake reaction (b) was terminated by addi-
tion of 0.5 M EGTA. A= 0.1 (a).
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Fig. 9. Photometric recording of swelling (a), Ay (b), and uptake of 500 uM Ca>* (c) by E. magnusii mitochondria depleted of adenine
nucleotides. The incubation medium was as in Fig. 4. Where indicated, alamethicin (Ala, 3.7 pg/ml), 1 pM CCCP, or 0.5 M EGTA was

added. A =0.05 (a) and 0.1 (b), respectively.

There are several components suggested to take part
in PTP formation, though there is some uncertainty of
which indeed are necessary [3]. One of these, cyclophilin
D, a mitochondrial protein, the CsA receptor [48] that is
engaged in the PTP development. A cyclophilin family
with rather uncertain functions was found in yeast mito-
chondria. The only conclusively defined function is their
involvement in the protein folding process [48]. It is con-
ceivable that yeast mitochondrial cyclophilins may fulfill
functions not related to the PTP, as all yeast mitochondria
studied are not sensitive to CsA.

Yeast mitochondria [13, 19, 20], including those of
E. magnusii 19, 20], are generally insensitive to high
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[Ca?*], which may be due to loss of the Ca?*-sensor of the
PTP [5]. It cannot be excluded that the matrix [Ca?*] in
yeast mitochondria may be kept below the threshold by
relatively high concentrations of P; that precipitate the
calcium [49]. There might also be a higher (compared to
animal mitochondria) intramitochondrial concentrations
of PTP inhibitors such as Mg?" and/or spermine [7, §].
Finally, the presence in yeast cells of the powerful antiox-
idant defense system [13, 16, 17], including thioredoxin
peroxidase, two catalases, Cu®'/Zn?*'- and Mn’'-
dependent superoxide dismutases (localized in the
cytosol and mitochondria, respectively), cytochrome ¢
peroxidase (localized in the intermembrane space), glu-
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tathione and metallothionein [50], also may be responsi-
ble for the lack of the PTP in yeast mitochondria.

Deenergization of yeast mitochondria and depletion
of their adenine nucleotides were found not to be respon-
sible for membrane permeabilization (Figs. 8 and 9).
Under these conditions, deenergized E. magnusii mito-
chondria did not undergo a membrane permeabilization
in the presence of a number of potential PTP inducers,
most probably because of almost total inhibition of the
Ca’?" uptake via the energy-dependent uniporter (Fig.
8b). Mitochondria depleted of their adenine nucleotides
were not permeabilized (Fig. 9), presumably because of
lowering of matrix [Ca?'] in the presence of high
pyrophosphate concentrations.

Thus, E. magnusii mitochondria, possessing, in con-
trast to mitochondria of all other studied yeast species,
separate, effectively regulated systems for Ca’" influx and
efflux [19-28], do not have the classical Ca**-dependent
PTP. It means that the ability of mitochondria to take
Ca’" up by an energy-dependent manner and to control
[Ca?"] in the mitochondrial matrix as a result of concert-
ed operation of pathways for Ca?" uptake and efflux is not
sufficient for PTP opening. Further studies are needed to
ascertain why it is unfeasible to demonstrate opening of
the classical PTP in yeast mitochondria. It is conceivable
that yeast mitochondria are endowed by other mecha-
nisms underlying regulation of ionic homeostasis such as
ATP-dependent K*-channel [18, 51, 52] and some oth-
ers.
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Russian Foundation for Basic Research (grants 03-04-
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