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ABSTRACT Recent studies indicate that Caenorhabditis
elegans CED-4 interacts with and promotes the activation of
the death protease CED-3, and that this activation is inhibited
by CED-9. Here we show that a mammalian homolog of CED-4,
Apaf-1, can associate with several death proteases, including
caspase-4, caspase-8, caspase-9, and nematode CED-3 in
mammalian cells. The interaction with caspase-9 was medi-
ated by the N-terminal CED-4-like domain of Apaf-1. Expres-
sion of Apaf-1 enhanced the killing activity of caspase-9 that
required the CED-4-like domain of Apaf-1. Furthermore,
Apaf-1 promoted the processing and activation of caspase-9 in
vivo. Bcl-XL, an antiapoptotic member of the Bcl-2 family, was
shown to physically interact with Apaf-1 and caspase-9 in
mammalian cells. The association of Apaf-1 with Bcl-XL was
mediated through both its CED-4-like domain and the C-
terminal domain containing WD-40 repeats. Expression of
Bcl-XL inhibited the association of Apaf-1 with caspase-9 in
mammalian cells. Significantly, recombinant Bcl-XL purified
from Escherichia coli or insect cells inhibited Apaf-1-
dependent processing of caspase-9. Furthermore, Bcl-XL

failed to inhibit caspase-9 processing mediated by a consti-
tutively active Apaf-1 mutant, suggesting that Bcl-XL regulates
caspase-9 through Apaf-1. These experiments demonstrate
that Bcl-XL associates with caspase-9 and Apaf-1, and show
that Bcl-XL inhibits the maturation of caspase-9 mediated by
Apaf-1, a process that is evolutionarily conserved from nem-
atodes to humans.

Programmed cell death or apoptosis, a morphologically dis-
tinguished form of cell death, is critical for development and
tissue homeostasis in multicellular organisms (1, 2). The
apoptotic mechanism is evolutionarily conserved and con-
trolled by a genetic program (1–3). Genetic studies in the
nematode Caenorhabditis elegans have identified three genes
that play critical roles in the induction and execution of
programmed cell death (3). Two nematode genes, ced-3 and
ced-4, are required for the execution of the cell death program.
The ced-3 product is homologous to the mammalian interleu-
kin 1b-converting enzyme (4). The ced-9 gene functions
upstream of ced-3 and ced-4 and protects cells that normally
survive programmed cell death during worm development (5,
6). Biochemical analyses of CED-3, CED-4, and CED-9 have
provided insight into the mechanism by which programmed
cell death is regulated in the nematode. CED-4 interacts with
CED-3 and CED-9 forming a multimeric protein complex
(7–9). Furthermore, CED-4 promotes the activation of the
death protease CED-3, and this activation is inhibited by
CED-9 (10–12).

Several of the apoptosis regulatory genes identified in C.
elegans have mammalian counterparts. A family of cysteine
proteases (designated caspases) related to the C. elegans
CED-3 appears to represent the effector arm of the apoptotic
program (13). Each caspase contains conserved residues im-
portant for specific proteolytic activity cleaving after aspartic
acid residues (13). Several caspases including caspase-4, -8, and
-9 structurally resemble CED-3 in that they contain long
prodomains and appear to act upstream in the caspase cascade
(13, 14). Activation of downstream caspases through several
stimuli leads to cleavage of target proteins and execution of the
apoptotic program (13). Bcl-2 and Bcl-XL, two members of the
Bcl-2 family, function as apoptosis inhibitors and are consid-
ered homologs of the nematode CED-9 (15). Several studies
have shown that these apoptosis inhibitors regulate the acti-
vation of caspases (16, 17). However, the precise mechanism by
which Bcl-2 and Bcl-XL control caspase activation and apo-
ptosis remains controversial.

Recent studies have identified and partially characterized
Apaf-1, a mammalian homolog of C. elegans CED-4 (18). The
N-terminal region of Apaf-1 shares amino acid homology with
CED-4 and the prodomains of CED-3 and several CED-3-like
proteases with long prodomains. The region of homology
shared between Apaf-1 and the prodomains of CED-3-like
proteases has been termed caspase recruitment domain (19).
The C-terminal region of Apaf-1 lacks homology with CED-4
and is composed of 12 WD repeats (18). In the presence of
dATP and cytochrome c, a molecule that is released from
mitochondria during apoptosis, Apaf-1 binds to caspase-9 and
induces the activation of caspase-3, a downstream death
protease (20).

In the current studies, we have sought to assess the inter-
action of the antiapoptotic Bcl-XL protein with Apaf-1 and
CED-3-like caspases to determine if the regulation of the
death mechanism is evolutionarily conserved in nematodes
and mammals. The analyses indicate that Apaf-1 interacts with
several caspases containing long prodomains including
caspase-4, -8, -9, and CED-3. Furthermore, Bcl-XL physically
associates with Apaf-1 and caspase-9 and inhibits Apaf-1-
mediated maturation of caspase-9.

MATERIALS AND METHODS

Plasmid Construction. An expression plasmid containing
the Apaf-1 cDNA (18) was obtained from X. Wang (University
of Texas Southwestern Medical Center, Dallas). Apaf-1, mu-
tant N-Apaf-1, and C-Apaf-1 were amplified by PCR using the
Apaf-1 cDNA as a template and cloned into the expression
vector pcDNA3-Myc to produce C-terminal tagged Apaf-1
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proteins. The human caspase-3, caspase-4, wild type, and
mutant (C287S) caspase-9 cDNAs were cloned into the BamHI
and XhoI sites of a pcDNA3-hemagglutinin (HA) or -Flag
vectors to produce C-terminal tagged proteins. The plasmids
pcDNA-3-Flag-Bcl-XL, pcDNA3-b-galactosidase, pcDNA3-
Ced-3-HA (C360S), pcDNA3-caspase-8-HA and pcDNA3-
caspase-8-AU1 mutant (C377S) were described previously (10,
21, 22). The pcDNA-p35 plasmid was a gift from V. Dixit
(Genentech, South San Francisco, CA).

Transfection, Immunoprecipitation, and Western Blot
Analysis. Human embryonic kidney 293T cells (2–5 3 106)
were transfected with 5 mg each of the indicated plasmid DNA
by the calcium phosphate method. Protein immunoprecipita-
tion and Western blot analysis with relevant antibodies were
performed as described (7). Rabbit anti-caspase-9 antibody
was a gift of X. Wang, and anti-poly(ADP-ribose) polymerase
(PARP) antibody was purchased from Enzyme Systems Prod-
ucts (Livermore, CA). The proteins were detected by using an
enhanced chemiluminescence system (Amersham).

Apoptosis Assay. 293T cells (1 3 105) were seeded in each
well of 12-well plates. After 12 hr, cells were transiently
transfected with 0.25 mg of the reporter pcDNA3-b-
galactosidase plasmid plus various combinations of the follow-
ing plasmids: 0.1 mg caspase-9, 0.4 mg each of Apaf-1-Myc
(WT), N-Apaf-1 (N), C-Apaf-1 (C), untagged Apaf-1 (UT), or
1 mg pcDNA3-p35. pcDNA3 was used to adjust total plasmid
DNA to an equal amount. Percentage of apoptotic cells was
determined 18 hr after transfection in triplicate cultures as
described (10).

Preparation of Recombinant Bcl-XL Protein. The human
Bcl-XL cDNA was excised from pSFFV-Bcl-XL (21) and
cloned into the pET30a(1) plasmid (Novagen). Bcl-XL was
purified from cultures of Escherichia coli BL21(DE3) express-
ing (His)6-Bcl-XL by Ni21-resin column chromatography. The
purity of the Bcl-XL preparation was at least 95% as deter-
mined by Coomassie blue staining. Recombinant Glu-Glu-
tagged Bcl-XL was produced from a pAcoG-human-Bcl-XL
construct in baculovirus-infected Sf9 cells (a gift of M. J.

Fernandez Sarabia, Onyx Pharmaceuticals, Richmond, CA)
and purified by affinity chromatography as described (23). The
(His)6-tagged recombinant Bad protein was produced and
purified from E. coli BL21(DE3) carrying pET30a(1)-Bad
plasmid as described (24).

In Vitro Caspase-9 Assay. S-100 extracts from 293T cells
were prepared essentially as described by Liu et al. (25) and
frozen at 280°C. Caspase-9 was translated in vitro from a
pcDNA-3-caspase-9 plasmid in the presence of [35S]methi-
onine (Amersham) by using a Promega TNT transcriptiony
translation kit. Fifty or twenty micrograms of S-100 cellular
extract was incubated with or without dATP (1 mM) or bovine
cytochrome c (0.4 mg, Sigma) in the presence of 1 ml in vitro
translated caspase-9 in a final volume of 25 ml. The mixtures
were incubated for 30 min at 37°C and stopped by adding 53
SDS loading buffer and boiled for 5 min. To determine
Apaf-1-dependence of the activation of caspase-9, 0.5 ml of
normal rabbit serum or rabbit anti-Apaf-1 serum (a gift of X.
Wang) was added to the S-100 extract. Recombinant Bcl-XL or
Bad was preincubated with the S-100 extract for 30 min prior
to addition of dATP and cytochrome c.

RESULTS

Apaf-1 Interacts with Multiple Caspases Containing Long
Prodomains but not with Caspase-3. To determine if Apaf-1
interacts with caspases, we performed in vivo interaction
analysis using full-length Apaf-1 or two deletion mutants of
Apaf-1, N-Apaf-1 (residues 1–559), and C-Apaf-1 (residues
468-1194) comprising the CED-4-like and C-terminal regions
of Apaf-1 respectively (Fig. 1A). We transiently cotransfected
293T cells with expression plasmids producing caspase-3, -4, -9,
C. elegans CED-3, or control empty vector and Myc-tagged
Apaf-1. Western blot analysis of protein complexes immuno-
precipitated with anti-Myc antibody revealed that caspase-4,
-9, and CED-3 were coimmunoprecipitated with Apaf-1 but
caspase-3 was not (Fig. 1 B–D). The interaction of Apaf-1 with
caspase-9 confirmed a recent study published while this manu-

FIG. 1. Apaf-1 interacts with several caspases with long prodomains in mammalian cells. (A) Schematic drawing of the Apaf-1 constructs used
in this study. (B–D) Interaction of Apaf-1 with caspase-4, caspase-9, and CED-3. 293T cells were cotransfected with the indicated tagged caspases
and control vector, or tagged Apaf-1, N-terminal, or C-terminal Apaf-1 constructs (Apaf-1-Myc, N-Apaf-1-Myc, and C-Apaf-1-Myc, respectively).
(Upper) Western blot analysis of immunoprecipitated protein complexes with indicated antibodies. (Lower) The expression of caspase-3 and -4 (B),
caspase-9 (C), and CED-3 and Apaf-1 proteins (D). Reduced level of pro-caspase-9 in lane 3 of C is due to efficient N-Apaf-1-mediated processing
of pro-caspase-9. IP: immunoprecipitation, WB: Western blot analysis. Asterisks indicate nonspecific bands.
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script was in preparation (20). Analysis of Apaf-1 mutants
revealed that Apaf-1 interacted with caspase-9 through its
N-terminal CED-4-like domain (Fig. 1C). However, both the
CED-4-like and C-terminal regions of Apaf-1 interacted with
the C. elegans CED-3 protease (Fig. 1D).

Apaf-1 Interacts with the Death Effector Domain of
Caspase-8. As caspase-8 contains a long prodomain with two
death effector domains structurally related to the prodomain
of CED-3 (19), we determined next if Apaf-1 also interacts
with caspase-8. Western blot analysis of complexes immuno-
precipitated with anti-Myc antibody revealed that caspase-8
was coimmunoprecipitated with Apaf-1 in 293T cells (Fig. 2A).
Analysis of Apaf-1 mutants showed that caspase-8 associates
with both the CED-4-like and C-terminal regions of Apaf-1
(Fig. 2 A). To further dissect the Apaf-1-caspase-8 interaction,
we engineered two deletion mutants to express either the
N-terminal prodomain (residues 1–215) or the C-terminal
catalytic domain (residues 216–479) of caspase-8. Immuno-
precipitation analysis revealed that Apaf-1 interacts with the
prodomain containing the death effector domains but not with
the catalytic domain of caspase-8 (Fig. 2B).

Apaf-1 Promotes Both Activation of Caspase-9 and
Caspase-9-Mediated Apoptosis in Mammalian Cells. The
interaction of Apaf-1 with caspase-9 prompted further exper-
iments to assess whether Apaf-1 could regulate the activation
of caspase-9. In these experiments, 293T cells were transiently
transfected with constructs producing Myc-tagged full-length
or truncated mutant Apaf-1 and caspase-9. Expression of

wild-type Apaf-1 or the N-terminal mutant (CED-4-like) but
not the C-terminal mutant of Apaf-1 enhanced the killing
activity of caspase-9 (Fig. 3A). Apoptosis induced by Apaf-1
and caspase-9 was inhibited by baculovirus p35, an inhibitor of
caspases (Fig. 3A). Untagged Apaf-1 also enhanced the killing
activity of caspase-9, ruling out any artifact due to the Myc tag
(Fig. 3A). We performed further analysis to determine
whether the proteolytic processing of caspase-9, a step re-
quired for activation of caspases (13), was regulated by Apaf-1
in vivo. Expression of Apaf-1 enhanced the formation of a
major cleavage product of caspase-9 (p35), that is formed
during its proteolytic activation (Fig. 3B). To assess the
activation of caspase-9, the same cellular lysates were immu-
noblotted with an antibody against PARP, a protein that is
cleaved after caspase-9 activation (20, 25). Western blot anal-
ysis revealed that Apaf-1 promotes caspase-9 activation as
determined by the detection of p85, a proteolytic fragment of
PARP that results from its cleavage by caspases (Fig. 3B).

Bcl-XL Associates with Caspase-9 and Apaf-1 in Mamma-
lian Cells. We examined next whether Bcl-XL could associate
with caspase-9. The analysis showed that Bcl-XL and caspase-9
coimmunoprecipitated in vivo (Fig. 4A). As the nematode
CED-9 protein, a homolog of mammalian Bcl-XL, interacts
with CED-3 through CED-4 (8, 10), we determined if Bcl-XL
could associate with Apaf-1. Western blot analysis of Bcl-XL
complexes with anti-Myc antibody revealed that Apaf-1 coim-
munoprecipitated with Bcl-XL (Fig. 4B). To verify these
results, we performed reciprocal experiments in which wild-
type Apaf-1 and Apaf-1 deletion mutants were immunopre-
cipitated with anti-Myc antibody. Western blot analysis with
anti-Flag confirmed that Apaf-1 coimmunoprecipitated with

FIG. 3. Regulation of caspase-9 by full-length and N-terminal
Apaf-1. (A) Apaf-1 enhances caspase-9-induced apoptosis. 293T cells
were transiently transfected with a reporter pcDNA3-b-galactosidase
plus the indicated plasmids. WT, full-length Apaf-1-Myc; N, N-
terminal Apaf-1-Myc; C, C-terminal Apaf-1-Myc; UT, Untagged
full-length Apaf-1. The results represent the percentage of blue cells
that exhibit morphologic features of apoptosis and are given as the
mean 1y2 SD of triplicate cultures. (B) Apaf-1 promotes caspase-9
activation in vivo. Lysates from cells transfected with the indicated
plasmids were immunoblotted with anti-caspase-9 (Upper) or anti-
PARP antibodies (Lower). Arrows indicate full-length and processed
caspase-9 and PARP fragments. Asterisk indicates nonspecific band.

FIG. 2. Apaf-1 interacts with the prodomain of caspase-8. (A)
Interaction of Apaf-1 with caspase-8. (B) Apaf-1 interacts with the
prodomain of caspase-8. Immunoprecipitation analysis was performed
as described in Fig. 1. (Upper) Western blot analysis of immunopre-
cipitated protein complexes with indicated antibodies. (A and B,
Lower) show the expression of caspase-8 (A) or Apaf-1 (B) in total
lysates by Western blot analysis. IP: immunoprecipitation, WB: West-
ern blot analysis. Asterisks indicate nonspecific bands.
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Bcl-XL and revealed that Bcl-XL associates with both the
CED-4-like domain and the C-terminal region that contains
the WD repeats of Apaf-1 (Fig. 4C).

Bcl-XL Inhibits the Association of Apaf-1 with Caspase-9.
Because Bcl-XL associated with both Apaf-1 and caspase-9 in
mammalian cells, we tested whether Bcl-XL could affect the
Apaf-1-caspase-9 interaction. 293T cells were cotransfected
with plasmids producing Apaf-1 and caspase-9 (C287S) in the
presence or absence of Bcl-XL and caspase-9 complexes were
immunoprecipitated with anti-HA antibody. Western blot
analysis revealed that Bcl-XL inhibited the association of
Apaf-1 with caspase-9 (Fig. 5). Western blot analysis of the
same immunocomplexes and lysates showed comparable levels
of caspase-9 and Apaf-1 (Fig. 5), indicating that the results
were not due to differential expression of these proteins.

Purified Bcl-XL Inhibits Apaf-1-Mediated Maturation of
Caspase-9. To determine if Bcl-XL could regulate the activity
of caspase-9, we performed biochemical experiments by using
a cell-free system in which exogenously added dATP and
cytochrome c induce the activation of caspase-9 (20). Process-
ing of caspase-9 into p37, p35, and p10–12 forms in cellular
extracts was dependent on dATP and cytochrome c as reported
(20). However, we observed a partial cytochrome c depen-
dence in our system presumably due to leakage of cytochrome
c during extract preparation (Fig. 6A). The activation of
caspase-9 was inhibited by rabbit anti-Apaf-1, but not control

serum, confirming that activation of caspase-9 by cytosolic
extracts was dependent on Apaf-1 (Fig. 6A). In contrast to
caspase-9, we did not observe any enhancement of caspase-4
or caspase-8 processing using this in vitro system (data not
shown). Significantly, an N-terminal mutant of Apaf-1 (resi-
dues 1–559) promoted the activation of caspase-9 indepen-
dently of dATP and cytochrome c (Fig. 6B).

We purified Bcl-XL from E. coli to test the ability of Bcl-XL
to regulate Apaf-1-dependent activation of caspase-9. Recom-
binant Bcl-XL purified from E. coli inhibited the maturation of
caspase-9 in a dose-dependent manner (Fig. 6C). In control
experiments, recombinant Bad purified from E. coli did not
inhibit the processing of caspase-9 (Fig. 6C). In addition,
recombinant Bcl-XL purified from SF9 insect cells also inhib-
ited the maturation of caspase-9 in this cell-free system (data
not shown). Because Bcl-XL associates with both caspase-9 and
Apaf-1, we used the constitutively active Apaf-1 mutant (res-
idues 1–559) to assess the possibility that caspase-9 activation
is regulated directly by its interaction with Bcl-XL. Fig. 6C
shows that Bcl-XL could not inhibit caspase-9 activation me-
diated by the N-Apaf-1 mutant. These results indicate that
Bcl-XL requires wild-type Apaf-1 to inhibit caspase-9 activa-
tion. Therefore it is unlikely that Bcl-XL inhibits caspase-9
solely through a direct interaction with caspase-9.

DISCUSSION

In the present studies, we have shown that Apaf-1, a mamma-
lian homolog of C. elegans CED-4 interacts with several
caspases including caspase-4, -8, -9, and the nematode CED-3
protease in mammalian cells. These results indicate that the
association of Apaf-1 with caspases is not restricted to
caspase-9 (20). All of these interacting caspases contain long
prodomains and are thought to function upstream in a caspase
cascade (14). The prodomains of caspase-9 and CED-3 contain
a caspase recruitment domain that is conserved in several
apoptosis regulatory molecules including Apaf-1, Rip-
associated ICHiyCED-3 homologous protein with a death
domain (RAIDD), and cellular inhibitors of apoptosis (IAPs)

FIG. 4. Bcl-XL interacts with caspase-9 and Apaf-1. (A) Bcl-XL
interacts with caspase-9. (Upper) Western blot analysis of immuno-
precipitated Bcl-XL and coimmunoprecipitated pro-caspase-9 and
processed form (p35). (Lower) The expression of caspase-9 in total
lysate. (B and C) Bcl-XL interacts with Apaf-1. 293T cells were
transfected with indicated plasmids and the lysates immunoprecipi-
tated with anti-Flag (B) or anti-Myc (C) antibody. WT, full-length
Apaf-1-Myc; N, N-terminal Apaf-1-Myc; C, C-terminal Apaf-1-Myc.
Panels show Western blot analysis of coimmunoprecipitated Apaf-1
and Bcl-XL proteins. Asterisk indicates nonspecific band.

FIG. 5. Bcl-XL inhibits the association of Apaf-1 with caspase-9.
293T cells were transfected with indicated plasmids and the lysates
immunoprecipitated with anti-HA antibody. (Upper) Western blot
analysis of immunoprecipitated caspase-9 and coimmunoprecipitated
Apaf-1. (Lower) Western blot analysis of total lysates with anti-Myc
and anti-Flag antibody.

FIG. 6. Purified Bcl-XL inhibits Apaf-1-dependent maturation of
caspase-9 in vitro. (A) Apaf-1-dependent processing of caspase-9 by
Apaf-1 in vitro. In the last two lanes normal rabbit serum (control) or
anti-Apaf-1 serum were added 30 min prior to the reaction. (B)
N-terminal Apaf-1 mutant (residues 1–559) activates caspase-9 inde-
pendently of cytochrome c and dATP. Extracts from 293T cells
transfected with pcDNA3 (control extract) or pcDNA3-N-Apaf-1
(N-Apaf-1 extract) were used in the analysis. (C) Regulation of
caspase-9 maturation by recombinant Bcl-XL. Cellular extracts were
incubated with indicated amounts of recombinant Bcl-XL or Bad and
then cytochrome c and dATP were added to the reaction. (Right)
Extracts from cells expressing a N-terminal Apaf-1 mutant (residues
1–559) were incubated with indicated amounts of recombinant Bcl-XL.
Proform and processed caspase-9 are indicated by arrows.
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(19, 20, 26). Caspase-8 is a proximal caspase that is involved in
apoptosis mediated through the tumor necrosis factor family of
death receptor pathways (27, 28). Caspase-8 contains two
death effector domains in its prodomain (27, 28). We have
shown here that caspase-8 interacts with Apaf-1 through its
prodomain region that contains the death effector domains. In
contrast, caspase-3, a death protease that functions down-
stream of caspase-9 and lacks a long prodomain (20), failed to
interact with Apaf-1. These results indicate that Apaf-1 can
interact with several other upstream caspases in addition to
caspase-9. However, the relevance of the interaction between
Apaf-1 and caspase-4 or caspase-8 is unclear. In contrast to
caspase-9, Apaf-1 did not promote processing of these other
caspases in our in vitro system. It is possible that Apaf-1 still
plays a role in the activation of caspase-4 andyor caspase-8, but
the regulation may require different factors that those required
for caspase-9.

Previous studies have demonstrated that Bcl-XL can associate
with caspase-1 and caspase-8 in mammalian cells (8). Here we
have shown that Bcl-XL associates with caspase-9. We further
demonstrate that Apaf-1 interacts with Bcl-XL. This result is
consistent with previous observations with the C. elegans regu-
lators CED-9 and CED-4 in which CED-4 associated with CED-9
as well as human Bcl-XL (7, 10). It is unclear, however, if the
interaction of Bcl-XL with caspase-9 is direct or rather through
endogenous Apaf-1 or another CED-4 homolog because
caspase-9 and Apaf-1 can form a dimeric complex in mammalian
cells (Fig. 1). Because Apaf-1 is expressed in 293T cells (Y.H. and
G.N., unpublished observation), it is conceivable that Apaf-1 or
another Apaf-1-like molecule could mediate the interaction of
caspase-9 with Bcl-XL.

Several models have been proposed to explain the apoptosis
inhibitory effect of Bcl-2 family members. It has been hypoth-
esized that these proteins exert their antiapoptotic function by
preventing the release of cytochrome c from the mitochondria
to the cytosol (29, 30). In support of this model, Bcl-XL and
Bcl-2, which reside in the outer mitochondria and other
intracellular membranes, have been reported to prevent the
release of cytochrome c, a molecule that binds to Apaf-1 and
participates in the activation of caspase-9 (29–33). This mech-
anism could be mediated by the ability of Bcl-XL to maintain
the integrity of the mitochondria membrane through the
formation of ion channels or other mechanisms (33). However,
several observations are not consistent with the hypothesis that
antiapoptotic Bcl-2 family members function primarily to
regulate cytochrome c release. First, in some systems cyto-
chrome c release into the cytosol is not induced by apoptotic
stimuli known to be inhibited by Bcl-XL (34). Second, Bcl-XL
inhibits apoptosis in cells that are resistant to apoptosis
induced by microinjection of cytochrome c, suggesting that the
ability of Bcl-XL to inhibit cell death cannot be due solely to
inhibition of cytochrome c release from mitochondria (35).
Finally, both mutant Bcl-2 that targets to the endoplasmic
reticulum, as well as the adenovirus Bcl-2-related E1B-19K
protein that is largely excluded from mitochondria, can inhibit
apoptosis (36, 37), suggesting that antiapoptotic Bcl-2 family
members are active even if they do not reside in the mito-
chondria.

Our results suggest another model by which Bcl-XL could
inhibit apoptotic cell death. This mechanism involves binding
of Bcl-XL to Apaf-1 and caspase-9 and perhaps other death
proteases such as caspase-4 and caspase-8. Recombinant
Bcl-XL purified from E. coli or insect cells can inhibit the
activation of caspase-9 that is dependent on Apaf-1. These
results suggest that like its nematode homolog CED-9, Bcl-XL
can regulate apoptosis by controlling the activation of
caspase-9 through Apaf-1. Because recombinant Bcl-XL in-
hibited the maturation of caspase-9 mediated by Apaf-1, these
results indicate that Bcl-XL can regulate caspase-9 activation
independently of its association with intracellular membranes.

In intact cells, the ability of Bcl-XL to inhibit caspase-9
activation could be enhanced or further regulated by its
insertion into intracellular membranes. Our observation that
Bcl-XL inhibited the interaction of Apaf-1 with caspase-9
suggests a mechanism by which Bcl-XL could inhibit caspase-9
activation. This could be the result of direct competition
between Bcl-XL and caspase-9 for Apaf-1 andyor intracellular
sequestration of Apaf-1 by Bcl-XL. These results do not rule
out additional mechanisms of Bcl-XL function such as alter-
ation of the interaction of Apaf-1 with cytochrome c andyor
inhibition of conformational changes in the Apaf-1ycaspase-9
complex by Bcl-XL (20). Further studies are clearly needed to
fully understand the role of Apaf-1 in caspase activation and
its regulation by Bcl-2 family members.
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