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Using a cell-free system, we show that rat liver mi-
tochondria, but not mitochondrial extracts, potenti-
ated apoptosis triggered by cytosols derived from apop-
totic cells. Apoptosis potentiated by mitochondria ap-
peared to be inhibited by caspase 3 but not by caspase
1 inhibitors. A cytosolic caspase-3-like activity was in-
creased by the addition of mitochondria to apoptotic
cytosols; the latter activation was inhibited by the
addition of bcl-2. Chelation of calcium by EGTA signif-
icantly and specifically inhibited the apoptosis poten-
tiated by mitochondria as well as the increase of
caspase-3-like activity. The incubation of mitochon-
dria with apoptotic cytosols led to the release of cyto-
chrome c, this latter phenomenon being inhibited by
EGTA. Calcium or cytochrome c and dATP, however,
did not reproduce the mitochondrial potentiation in
the absence of the organelle. Thus, mitochondria can
initiate and potentiate apoptosis through similar but
not identical mechanisms. © 1998 Academic Press
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Apoptosis or programmed cell death is the physiolog-
ical process which regulates both quantitatively and
qualitatively cellular populations in higher eukaryotes
(1). Apoptosis is characterized by typical morphological
and biochemical changes, including blebbing of plasma
and nuclear membranes, chromatin condensation, in-
tracellular acidification, activation of proteases, and
inter- and intra-nucleosomal degradation of DNA (2).
These changes result in cell shrinkage and thereafter
to the formation of apoptotic bodies. These particular

cellular structures are eliminated without provoking
physiological responses such as inflammation as it is
usually observed in necrosis, the other form of cell
death (2). Despite the importance of apoptosis in both
normal and abnormal multicellular organism develop-
ment, little is known about the molecular events in-
volved in the initiation and/or the control of this pro-
cess (1, 3). Over the past years, several molecular
partners implicated in the so-called effector phase of
apoptosis have been identified. They are proteases
known as caspases and proto-oncogenes, members of
the Bcl-2 family (4, 5). Caspases are cysteine proteases
with a high hydrolyzing specificity at specific aspartate
residues (6, 7) and are, probably together with other
proteases, the main executors of the death programme
(7). Caspases are synthezised as pro-enzymes that can
be activated by auto-cleavage or by other caspases in
an apparently ordered fashion (7). While some of these
caspases (e.g. caspase 1) appear to be mainly activators
of procytokine, other caspases called initiators (e.g.
caspase 8) are responsible for the activation of “execu-
tioners” (e.g. caspase 3 or caspase 6) which are directly
involved in the apopototic changes by the cleavages of
key substrates (7). Bcl2 related proteins are either
positive (bax, bak . . .) or negative (bcl-2, bcl-xl . . .) reg-
ulators of apoptosis (8-10). This property seems to be
associated with the ability of members of this family to
homo- or hetero-dimerize with themselves and/or to
form ionic channels (8, 11). Several lines of evidence
suggest that Bcl-2 family members regulate apoptosis
upstream the “executive” phase which includes the
caspases (7, 10). However, the existence, as well as the
nature and the role in cell death of the interaction
between caspases and bcl-2 related proteins has still to
be firmly established (12).

The active participation of organelles in apoptosis
has been suggested because the product of the proto-
oncogene Bcl-2 is essentially associated to the outer
membrane of mitochondria (5). In addition, it has been
shown that the onset of apoptosis appears to be fol-
lowed by an early dysregulation of the mitochondrial
inner membrane potential (DC) both in vivo and in
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vitro (5). It has recently been postulated that a crucial
and important step in the execution of apoptosis could
be the Bcl-2 regulated opening of the permeability
transition pore (PTP) (5). The PTP is an elusive struc-
ture that could be constituted by the coupling of a
channel of the outer membrane, the voltage dependent
anionic channel (VDAC) with the megachannel of the
inner membrane (13). This pore has been associated
with the exchange of small molecules such as Ca11,
reactive oxygen species (ROS), or ATP, between mito-
chondria and the cytosol (13). Several works have dem-
onstrated that cytoplasmic extracts from Xenopus oo-
cytes induced morphological and biochemical apoptotic
features in cell free systems only in the presence of
mitochondria enriched fractions and that the mito-
chondrial release of cytochrome c and/or of an as yet
uncharacterized intermembrane space protease might
be important steps during the final phase of apoptosis
(14-18).

MATERIALS AND METHODS

The chemicals used in this study were similar to those used in Juin
et al. (14).

Purification of mitochondria and nuclei. Purified mitochondria
were prepared from normal rat liver as described in (15) except that
a percoll gradient was added in the procedures. Functionality and
integrity of these mitochondria were routinely checked by their abil-
ity to import nuclear encoded mitochondria proteins as described in
(15). Rat liver nuclei were prepared according to (16).

Induction of apoptosis. Cells were grown to confluence then apop-
tosis was induced either by a sodium butyrate (NaB) (5 mM, 72h) or by
a staurosporine (stau) (1mM, 24h) treatment. After either treatment,
most of the cells detached from the culture dishes and displayed char-
acteristic morphological apoptotic features such as chromatin conden-
sation of nuclei and blebbing of plasma membrane (17). The apoptotic
bodies were purified by differential centrifugation as previously de-
scribed in (17). The cytosol extracts (CEs) from both control (CCE) and
apoptotic (ACE) and the cell free reaction were obtained according to
the procedure described in Juin et al (14). At the end of the incubation,
9 ml of the mix was removed and incubated with 1ml of a 25 mM Hoechst
33342 solution for 10 min at room temperature before examination by
fluorescence microscopy (Olympus BX 60). Nuclei were scored as apop-
totic if marginalization and condensation of the chromatin was ob-
served as described in (14). For the quantification of apoptotic nuclei, 50
nuclei were evaluated in different fields in a minimum of 3 different
independent experiments.

Measurement of protease activities. The fluorogenic caspase (Ac-
DEVD-AMC, Ac-VEID-AMC, ac-IETD-AMC) or chymotrypsin sub-
trates bz-VGR-AMC (Bachem, France) were incubated at a concen-
tration of 10 mM in the presence of the different reaction mixtures for
3 or 4 h at 37°C as described in (14).

Association of in vitro translated bcl-2 with mitochondria. Bcl-2
was transcribed/translated with the TNT system (Promega, France)
and associated with mitochondria as previously described (15). After
the completion of the association, mitochondria were pelleted and
resuspended in isotonic ACEs.

Electrophoresis and Western blotting. Electrophoresis and West-
ern blot analysis were performed using standard methods except
that antibodies bound to Immobilon-P (Millipore, France) were de-
tected by enhanced chemiluminescence (Amersham, France).

RESULTS

Potentiation of Apoptosis by Normal Mitochondria
in a Cell-Free System

2 3 105 rat liver nuclei and 10 to 100 mg of CEs were
incubated with or without 50 mg mitochondria for 2h at
37°C. Few aberrant morphological changes were ob-
served in nuclei incubated in the presence of A15A5
CCE (Figure 1A). The addition of mitochondria or mi-
tochondrial extracts with 100mg CCE did not produce
any signs of apoptosis (data not shown). On the other
hand, typical nuclear apoptotic events such as collaps-
ing of the chromatin against the nuclear periphery and
its condensation were observed only when nuclei were
incubated with 25 mg ACE derived from NaB treated
A15A5 to reach a maximum effect (i.e 80 % apoptotic
nuclei) with 100 mg ACE (Figure 1B and C). When 50
mg of mitochondria was added to 25 mg ACE, the nuclei
displayed intense chromatin condensation together
with the shrinking of the nuclei (Figure 1D) and inter-
nucleosomal degradation of the DNA (Figure 1E).

Effect of Caspase Inhibitors on the Mitochondrial
Potentiation of Apoptosis

We tested the influence of several protease inhibitors
such as trypsin or chymotrypsin inhibitors (TLCK and
TPCK at 100 mM), calpain inhibitors I and II (10 to 100
mM), E 64 (100 mM) or 100 mM H-APF-OH, an inhibitor
of the Nuclear Scaffold Protease (18) on the cell free
apoptosis in the presence or not of mitochondria. We
found that these inhibitors had different effects on the
cell free apoptosis but that these effects were always
independent of the presence or the absence of mito-
chondria (Juin and Vallette, unpublished data).

As caspases are required for apoptosis both in vivo
and in vitro, we have investigated their role in mam-
malian cell free apoptosis. We used YVAD-CHO, an
inhibitor of caspase 1, and DEVD-CHO, an inhibitor of
caspase 3-like proteases, in the reaction mixtures. We
used either 100 mg ACE/CCE or 25 mg ACE plus 50 mg
purified rat liver mitochondria in order to obtain a
comparable range of induced morphological apoptosis.
As illustrated in Figure 2, the percentage of apoptotic
nuclei was decreased dramatically upon the addition of
DEVD-CHO both in the presence of 100 mg ACE and 25
mg ACE plus 50 mg mitochondria. However, the addi-
tion of YVAD-CHO (100 mM) was effective only when
the cell-free assay was performed in the absence of
mitochondria. Under these conditions, both in absence
and in the presence of mitochondria, the addition of the
free radical scavenger GSH prevented the onset of nu-
clear apoptosis (Figure 2).

Caspase-3 like activities in cytosols were measured
in ACE or CCE in the presence or in the absence of
mitochondria using the chromogenic peptide ac-DEVD-
AMC (see Materials and Methods). Mitochondria

Vol. 253, No. 1, 1998 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

186



and/or nuclei were pelleted by centrifugation at 9,000g
for 10 minutes at 4°C and the DEVDase activity was
measured both in the supernatants and in the pellets.
We found no DEVDase activity in mitochondrial and/or
nuclei pellets (data not shown). The addition of mito-
chondria to 25 mg ACE provoked a 3-fold increase in
caspase 3-like activity in the supernatant resulting in
an activity comparable to that found in 100 mg ACE
(Figure 3A). The DEVDase activity in the presence of
mitochondria was completely inhibited by 100mM
DEVD-CHO but was unaffected by 100 mM YVAD-
CHO. Consistent with DNA and morphological analy-

ses, in the absence of mitochondria, both YVAD-CHO
and DEVD-CHO blocked the DEVDase activity (Figure
3A). It should be noted that the addition of GSH had no
effect on the activation of the caspase-3 like activity
(data not shown). A chymotrypsin-like activity (i.e.
cleavage of ac-VGR-AMC) was not significantly af-
fected by the addition of mitochondria under similar
conditions (data not shown), ruling out a general in-
crease of proteolytic activity induced by the addition of
the organelle. To examine further the nature of the
DEVDase activity, we measured the cleavage of ac-
VEID-AMC, a substrate preferentially cleaved by

FIG. 1. Apoptotic changes in rat liver nuclei exposed to various concentrations of cytosolic extracts in the presence or in the absence of
mitochondria: 23105 nuclei were incubated in the cell free buffer for 2h at 37°C with (A) 100 mg of CCE (magnification 3 500), (B) 25 mg ACE
(magnification 3 350) (C) 100 mg ACE (magnification 3 350), (D) 25 mg ACE plus 50 mg mitochondria (magnification 3 500), (E) DNA
prepared from D (lane 1), C (lane 2), and A (lane 3), were loaded on a 1.5 % agarose gel to analyze internucleosomal cleavages.
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caspase-6, or ac-IETD-AMC, a caspase-8 subtrate (19)
in CCE or ACE suplemented or not with 50 mg of
mitochondria. As shown in Figure 3B no or little
caspase activation was observed in CCEs incubated
with or without mitochondria. In ACE both ac-VEID-
AMC and ac-DEVD-AMC were equally cleaved sug-
gesting that caspase-3 and caspase-6 were both active
in these fractions. On the other hand, in the presence of
mitochondria, the DEVDase activity was increased
considerably more than the VEIDase activity suggest-
ing a specific increase of a caspase-3 like activity under
these conditions (Figure 3B). It should be noted that no
or little caspase-1 activity was found in ACE in the
presence or not of mitochondria.

Effect of bcl-2 on the Mitochondrial Potentiation
of Apoptosis

We have examined the effect of bcl-2 on the mito-
chondrial activation of caspase-3 like activity. No or
little bcl-2 related proteins were found associated with
rat liver mitochondria but in vitro translated bcl-2
readily bound to these mitochondria under our exper-
imental conditions (Tremblais et al, in preparation). As
illustrated in Figure 4, the addition of bcl-2 (approxi-
mately 5 pmoles) had no effect on the DEVD cleaving
activity present in ACEs derived either from NaB or
stau treated A15A5 cells. On the other hand, with both

ACEs, no activation of DEVDase was observed with
bcl-2 associated with mitochondrial membranes. This
effect was found with both stau and NaB ACEs. The
latter result suggests that the mitochondrial potentia-
tion observed under our experimental conditions was
inhibited by bcl-2.

FIG. 3. Mitochondrial induction of a caspase 3 activity in ACE.
(A) Inhibition of ac-DEVD-AMC cleaving activity in ACE by YVAD-
CHO or DEVD-CHO in the presence or in the absence of mitochon-
dria. The DEVD cleaving activity was measured as described in
Materials and Methods. ACEs exhibiting similar DEVDase activity
(i.e 100 mg ACE or 25 mg ACE 1 50 mg mitochondria) were incubated
for 2 h in the presence or in absence of mitochondria with or without
100mM YVAD-CHO or DEVD-CHO. Results shown were obtained
from data obtained from 3 different experiments (means 6 SD). (B)
Caspases activities in control A5A15 cells (CCE) or in NaB treated
cells (ACE) in this absence or in the presence of 50 mg mitochondria.
The caspase activities were measured as described in Materials and
Methods, using ac-DEVD-AMC as a substrate for caspase 3 (■),
ac-VEID-AMC as a substrate for caspase 6 (o) and ac-IETD-AMC as
substrate for caspase 8 (u). Results shown were obtained from data
obtained from 3 different experiments (means 6 SD). Difference
between the level of DEVDase and VEIDase activities (p) was found
significative in ACE 1 mitochondria, using an unpaired t-test (p5
0.0122), and not significative in ACE in absence of mitochondria.

FIG. 2. Proportion of apoptotic nuclei observed in the presence of
inhibitors of caspase-3 or caspase-1. Rat liver nuclei were incubated
in the cell free buffer for 2h at 37°C, with CCE and ACE supple-
mented or not with mitochondria with 100mM caspase 1 inhibitor
(YVAD-CHO), caspase 3 inhibitor (DEVD-CHO) or GSH. Apoptotic
nuclei were scored as described in Materials and Methods; a mini-
mum of 50 nuclei from different fields were counted from 3 indepen-
dent experiments (means 6 SD). In the presence of 50 mg mitochon-
dria 25 mg ACE are added and in the absence of mitochondria, 100 mg
ACE are added to induce similar proportion of apoptotic nuclei.
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Effect of a Calcium Chelator on the Mitochondrial
Potentiated Apoptosis and on Caspase 3 Activity

As illustrated in Figure 5A, the addition of EGTA (10
mM) to ACE derived from NaB treated A15A5 (25 mg
and 100mg) had no effect on the proportion of apoptotic
nuclei. When rat liver nuclei were incubated with mi-
tochondria (50 mg) plus ACE (25 mg), EGTA decreased
by 50 % the amount of apoptotic nuclei (Figure 5A). A
similar result was obtained with ACE derived from
stau treated A15A5 (data not shown). In ACE, the
DEVDase activity was not inhibited by the addition of
EGTA (10 mM) (Figure 5B). In the presence of mito-
chondria, the caspase 3 like activity was partially in-
hibited by the addition of the calcium chelator at the
same concentration (Figure 5B). Conversely, the addi-
tion of calcium (from 100 mM to 500 mM) to ACE in the
absence of mitochondria had no effect on DEVDase
activity (14). Thus, an increase in cytosolic calcium due
to its release from mitochondria cannot account for the
increase of the DEVDase activity observed in the pres-
ence of the organelle. The addition of ruthenium red to
mitochondria had no effect on the caspase activity im-
plying that the uptake of calcium by the mitochondria
was not implicated in this mitochondrial potentiation
(data not shown).

Effect of Calcium and of Cyclosporine A
on the Release of Cytochrome c

Cytochrome c has been shown to be released from
mitochondria in the cytosols of apoptotic cells at a very
early stage and to induce an increase in caspase 3-like

activity (20-24). Percoll-purified rat liver mitochondria
were incubated with CCE (25 mg) or ACE (25 mg) as
described above. At the end of the incubation, the mi-
tochondria were collected by centrifugation (9,000g at
4°C for 10 minutes) and the presence of cytochrome c
and the b subunit of F1-ATPase analyzed. As shown in
Figure 6A, the incubation of mitochondria with CCE
did not provoke any loss of cytochrome c or of the b
subunit of F1-ATPase (Figure 6A). However, incuba-
tion with ACE resulted in a rapid release of cytochrome
c into the supernatant (data not shown). This loss was

FIG. 5. Differential effect of EGTA on the cell-free apoptosis in the
presence or in the absence of mitochondria. Rat liver nuclei were incu-
bated as described in Figure 1 in the cell-free buffer for 2h at 37°C, with
ACEs supplemented or not with mitochondria. At the end of the incu-
bation, the incubation mixture was centrifuged 9,000 g for 10 mins at
4°C. Apototic nuclei were counted in the pellets and the ac-DEVD-amc
cleaving activity measured in the supernatant. Results shown are cal-
culated from data obtained from 5 different experiments (means 6 SD).
(A) Influence of EGTA (10mM) on the proportion of apoptotic nuclei
observed in the presence or the absence of mitochondria (50 mg) and
with 25 or 100 mg ACE. (B) Effect of EGTA on the ac-DEVD-amc
cleaving activity under the same conditions.

FIG. 4. Effect of bcl-2 on the mitochondrial potentiation of the
ac-DEVD-amc cleaving activity. In vitro translated human bcl-2 or
yeast cytochrome b2 (a mock protein) were added to either 100 mg ACEs
(from NaB or stau treated rat glioma A15A5) or 25 mg ACEs plus 50 mg
rat mitochondria and incubated for 2h at 30°C. The DEVD cleaving
activity was measured as described in Materials and Methods. Results
shown were obtained from data obtained with the 2 different treat-
ments from a maximum of 3 different experiments (means 6 SD).
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a specific response to ACE as the level of the b subunit
of F1ATPase remained unchanged (Figure 6B). We
also studied the effect of the calcium chelator EGTA
(10mM) on the release of cytochrome c in this cell free
system. The addition of EGTA to the reaction mixture
partially inhibited the release of cytochrome c (Figure
6B). Furthermore, we have tested the involvement of
the PTP on this release by studying the effect of cyclo-
sporine A (1 mM), an inhibitor of this pore, in the
cell-free system. An similar effect to that of EGTA, was
obtained by the addition of cyclosporine A to ACE
although the release of cytochrome c was not com-
pletely abolished (Figure 6B).

DISCUSSION

Apoptosis Is Potentiated by Normal Mitochondria

The addition of mitochondria alone or in the presence
of control cytosols did not induce apoptotic changes in
liver nuclei in the cell free assay (Figure 1A). On the other
hand, when mitochondria were added with low concen-
trations of apoptotic cytosols, more pronounced apoptotic
features were observed (Figure 1B, C). We have observed
this potentiation using apoptotic cytosols derived from
cells of different origins (the rat glioblastoma A15A5, the
rat colorectal carcinoma cell line ProB and the human

leukemia cell line HL60). With the A15A5 and ProB cells,
we also used different treatments (stau and NaB) which
both produced similar results although they act differ-
ently in vitro on the mitochondrial metabolism (25, 26).
The apoptosis obtained in the presence of mitochondria
and ACEs suggest than the organelle acts as a catalyst of
the reaction on cytosolic factor(s) present in the apoptotic
cells.

Mitochondria Potentiated Apoptosis Is Linked
to an Increase of Caspase-3 Activity

Proteolysis is a central element in the executioner
phase of apoptosis (27). We used inhibitors of caspase-1
and caspase-3 like proteases as it is generally assumed
that the amount of caspase activities in cytosols is
related to their apoptogenic effects on nuclei (7). We
found that apoptosis was inhibited by the tetrapeptide
inhibitor DEVD-CHO both in the presence and in the
absence of mitochondria (Figure 2). On the other hand,
apoptosis was delayed by an inhibitor of caspase-1
(YVAD-CHO) only in the absence of mitochondria. The
latter results suggested that mitochondrial induced
apoptosis is dependent upon one step of the apoptotic
programme, namely a DEVD cleaving activity. This
contention was strengthened by the fact that a
caspase-3 like activity increased in the apoptotic cy-
tosols supplemented with mitochondria (Figure 3).
This activity is likely to be due to caspase 3 itself as the
ratio between DEVDase and VEIDase activities is sim-
ilar to that observed with pure caspase 3 (data not
shown). Our data show that this potentiation is not
sensitive to 100 mM ac-YVAD-CHO, a caspase-1 inhib-
itor. Kluck et al. (21) have recently reported a similar
phenomenum with Xenopus cell extracts, in which 100
mM YVAD had only a little effect on cell free apoptosis.
Interestingly, the latter cell-free system requires a mi-
tochondrial enriched fraction (16). As no or little
caspase-1 like activity was found in ACEs in the pres-
ence or in the absence of mitochondria, a likely expla-
nation for this lack of inhibition in the presence of
mitochondria is that the caspase 3 activity induced by
the addition of mitochondria is not as sensitive to ac-
YVAD-CHO as that present in ACEs in absence of the
organelle. In agreement with this hypothesis, Martins
et al. (28) recently shown that the DEVDase activity
contained in apoptotic HL60 cells was less sensitive to
ac-YVAD-CHO than the VEIDase activity.

Mitochondria could provide the DEVDase activity by
releasing intermembrane space proteases. However,
mitochondrial extracts obtained either by an osmotic
shock, by several freezing/thawing cylcles or by soni-
cation, appeared to be devoided of a DEVD cleaving
inducing activity (data not shown). Our results suggest
that incubation of cytosols with intact mitochondria is
more likely to result into an activation of a caspase-3
like cytosolic fraction.

FIG. 6. Western blot analysis of the release of cytochrome c in the
presence of EGTA or cyclosporine A. Rat liver mitochondria were incu-
bated with CCE and ACE at 37°C for 2h. At the end of the incubation,
the incubation mixture was centrifuged at 9,000 g for 10 minutes at
4°C. The pellets was resuspended in denaturing loading buffer and
analyzed on a 15% SDS-PAGE. Western blot analyses were performed
using an antibody raised against pigeon cytochrome c or the b subunit
of the rat F1-ATPase. (A) Lane 1: 50 mg mitochondria; Lane 2: 25 mg
CCE incubated with 50 mg mitochondria plus Cyclosporine A. lane 3: 25
mg CCE incubated with 50 mg mitochondria; lane 4: 25 mg CCE incu-
bated with 50 mg mitochondria plus EGTA Note the presence of dimers
of cytochrome c. (B) Lane 1: 50 mg mitochondria; Lane 2: 25 mg ACE
incubated with 50 mg mitochondria plus Cyclosporine A. lane 3: 25 mg
ACE incubated with 50 mg mitochondria; lane 4: 25 mg ACE incubated
with 50 mg mitochondria plus EGTA. Data shown are representative of
3 independent experiments.

Vol. 253, No. 1, 1998 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

190



Mitochondrial Potentiated Apoptosis Is Partially
Inhibited by the Addition of EGTA

This calcium chelator blocked the mitochondrial in-
duced caspase 3 activation and the release of cyto-
chrome c from the mitochondria.

Nuclear apoptotic morphological events are affected
by several classical elements such as GSH or the addi-
tion of bcl-2. The nuclear apoptosis and the DEVDase
activation are affected by EGTA only in the presence of
mitochondria. This latter result suggests that calcium
ions are involved in mitochondrial apoptosis upstream
of the increase in the DEVD-cleaving activity. As the
addition of ruthenium red at a concentration of 10 mM
does not affect this phenomenum (data not shown), the
recapture of cytosolic Ca11 ions by the mitochondria
can be ruled out. The addition of Ca11 up to 1 mM in
ACE did not increase any morphological or biochemical
apoptotic features in the cell free system (21). This
result suggests that the mere release of calcium ions by
mitochondria in the cytosol is not responsible of the
increase of the DEVDase activity. Several reports have
shown that mitochondrial cytochrome c was accumu-
lates in the cytosol of apoptotic cells where it activates
a caspase-3 like activity. The release of cytochrome c
from mitochondria occurs through an unknown mech-
anism (20, 21, 24). We have studied the release of
cytochrome c by analyzing the cytochrome c remaining
in mitochondrial pellets after incubation with ACEs or
CCEs as these apoptotic cytosols used in this study
already exhibited high levels of endogenous cyto-
chrome c. As illustrated in Figure 6, in our cell free,
mitochondria released cytochrome c only upon incuba-
tion with ACEs. The addition of EGTA partially inhib-
ited this release which suggests an involvement of the
calcium at this important step of the apoptotic pro-
gramme. As calcium ions are potent regulators of the
Permeability Transition pore (13), we used an other
inhibitor of the PTP, the cyclopsorin A and found that
it inhibited also the cytochrome c release (Figure 6).
The PTP appears to control the release of cytochrome c
in our system and the Ca11 could be a key element in
cytochrome c release by regulating the opening of the
PTP during apoptosis. In our experimental conditions,
no increase in apoptotic properties of cytosols are ob-
served upon supplementation with bovine cytochrome
c and dATP (14). This suggests that additional factors
either from mitochondrial or cytosolic origins are in-
volved in the activation process observed in this study.

It remains thus to be established whether the mito-
chondrial potentiation of ACE is due to the induction of
a pathway independent from that triggering apoptosis
in CCE (20-24).
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Meflah, K., and Vallette, F. M. (1998) J. of Biol. Chem. 273,
17559–17564.

15. Vallette, F. M., Juin, P., Pelleschi, M., and Henry, J. P. (1994)
J. of Biol. Chem. 269, 13367–13374.

16. Newmeyer, D. D., Farshon, D. M., and Reed, J. C. (1994) Cell 79,
353–364.

17. Boisteau, O., Gautier, F., Cordel, S., Henry, F., Harb, J., Douil-
lard, J. Y., Vallette, F. M., Meflah, K., and Grégoire, M. (1997)
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