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ABSTRACT

Apaf-1, the key element of apoptotic mitochondrial pathway normally rests in an auto-
inhibited form inside the cytosol. Typically, cellular stress-triggered cytochrome c release
from the mitochondria and its binding to Apaf-1 is required to transform the “closed”
(inactive) molecule to open form. WRD-domain of Apaf-1 has a critical role in the
preservation of auto-inhibited form, however the underlying mechanism is unclear. It seems
the salt bridges between WRD and NOD domain are involved in maintaining the inactive
configuration of Apaf-1. At the present study, we have investigated the effect of E546-R907
salt bridge on the maintenance of auto-inhibited form of full length human Apaf-1. E546
residue is mutated to glutamine (Q) and arginin (R) and the effects of such aa exchange on
apoptosome formation and procaspase-9 activation in the presence or absence of exogenous
cytochrome ¢ and dATP is evaluated. Overexpression of wild type, E546Q and E546R Apaf-
1 in HEK293T cells does not induce apoptosis unlike in HL-60 cancer cell line. In vitro
apoptosome formation assay showed that all mutants are cytochrome ¢ and dATP dependent
to form apoptosome and activate endogenous procaspase-9 in Apaf-1-knockout MEF cell
line. These results suggest that E546 is not a critical residue for preservation of auto-inhibited
Apaf-1. Furthermore, exogenous (overexpressed) Apaf-1 can form an in vitro apoptosome in
the absence of exogenous cytochrome ¢ and dATP. Exogenous Apaf-1 in the presence of

exogenous cytochrome ¢ and dATP processes procaspase-3 in two sites.
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INTRODUCTION

Apoptosis is essential for development and tissue homeostasis of multi-cellular organisms.
Deregulation of this process is associated with various disorders including cancer and
neurodegenerative diseases (Akbari-Birgani et al., 2014; Ghavami et al., 2014; Los et al.,
1999). Intrinsic apoptotic pathway is activated in response to intracellular stress such as DNA
damage, UV and etc, which leads to cytochrome c release from intermembrane space of
mitochondria into the cytosol (Green and Reed, 1998). Apaf-1 (apoptotic protease activating
factor 1) is a key molecule in the apoptotic intrinsic pathway. It exists in an auto-inhibited
form in the cytosol (Zou et al., 1997). In response to intracellular stress, cytochrome c is
released from the mitochondria and binds to Apaf-1. This binding induces conformational
changes, thus seven Apaf-1 molecules assemble and form a large complex known as
apoptosome. Apoptosome is a scaffold for binding and activation of procaspase-9, the
initiator caspase in intrinsic apoptotic pathway (Cain, 2003; Kim et al., 2005; Torkzadeh-
Mahani et al., 2012; Wurstle et al., 2012).

Apaf-1 molecule consists of three main domains; including CARD (caspase
recruitment domain), NOD (nucleotide-binding and oligomerization domain) and WRD
(WD40-repeat domain) (Riedl and Salvesen, 2007). Apaf-1 interacts with procaspase-9 by
CARD-CARD homotypic interactions (Qin et al., 1999). NOD in the middle of Apaf-lhas
four sub-domains including NBD (nucleotide-binding domain), HD1 (helical domain 1),
WHD (winged-helix domain), and HD2 (helical domainn2) that serve as binding site for
nucleotide and apoptosome oligomerization. WRD domain at the c-terminus of Apaf-1 has
thirteen WDA40 repeats and it composes two B-propeller including WD1 and WD2 (Reubold
et al., 2011; Yu et al., 2005; Yuan et al., 2010). One of the main questions regarding
apoptosome formation is how can Apaf-1 preserve its auto-inhibited form in the absence of

cytochrome c. It has been shown mutant Apaf-1 lacking WRD can activate procaspase-9 in
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the absence of cytochrome c and dATP. Therefore WRD has regulatory function and it
prevents from self-assembly of Apaf-1 and apoptosome formation in the absence of
cytochrome ¢ (Hu et al., 1998). For many years, it was assumed that WRD domain covers
CARD domain of Apaf-1, and prevents from its exposure to interaction with CARD domain
of procaspase-9 (Riedl and Salvesen, 2007).

In 2011, the crystal structure of full-length murine Apaf-1 has been determined in the
absence of cytochrome c for the first time (Fig. 1A). The structural data reveals that WRD
domain is far from CARD domain, and thus WRD and CARD domains do not interact. The
cleft between WD1 and WD2 in WRD domain serves as cytochrome c¢ binding site. In the
absence of cytochrome c, WD1 interacts with NOD and prevents from conformational
changes in NOD and CARD domains, which are essential for apoptosome formation. In the
absence of WRD, NOD domain is free for conformational changes (Reubold and Eschenburg,
2012; Reubold et al., 2011). The structural data suggests that cytochrome ¢ binding leads to
rotation of WD1 upward and it breaks salt bridges between WD1 and NOD domains. After
cytochrome ¢ binding, NOD is free for conformational changes, which lead to CARD
exposure for interaction with CARD domain of procaspase-9. Three salt bridges between
WD1 and NOD domain (K192-D616, E546-R907 and E542-R612) have been identified in
the crystal structure of full-length murine Apaf-1, in the absence of cytochrome c.

In this study, the importance of the salt bridge between E546 and R907 (Fig. 1B) was
evaluated. Our results show that E546Q and E546R Apaf-1 derivates still depend on
cytochrome ¢ and dATP for apoptosome formation and procaspase-9 activation. On the other
hand, exogenous Apaf-1 overexpression does not trigger apoptosis in HEK293T cell while it
spontaneously induces in vitro apoptosome formation in HEK293T cells. This cell-type
dependent Apaf-1 behavior is not fully understood. However, it may relate to the progeny of

both cell types, that show very different susceptibility to apoptosis.
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RESULTS

Overexpression of either wild type Apaf-1 or its derivates E546Q or E546R is not cytotoxic
for HEK293T cells

It has been reported that Apaf-1 overexpression can trigger apoptosis in HL-60 cell line
(Perkins et al., 1998). Here, we have transfected HEK293T cells with wild type, E546Q-, and
E546R Apaf-1. 48 hours upon transfection, the cells were harvested and their viability was
assessed by the flow-cytometry-based Po-Pro&7-AAD method. Our results show that
contrary to earlier published data in HL-60 cells, neither the overexpression wild type Apaf-1
nor overexpression or Apaf-1 derivates (E546Q and E546R) does not trigger apoptosis in

HEK293T (Fig. 2).

E546Q and E546R Apaf-1 cannot trigger apoptosis in HEK293T cells

Since the salt bridge between NOD and WD1 has been weakened in E546Q and E546R
Apaf-1 to compare wild type Apaf-1, it was expected the mutants Apaf-1 were able to trigger
apoptosis without induction. In order to assess apoptosis in response to overexpression of the
mutants Apaf-1, all constructs containing wild type and mutants Apaf-1 gene were
transfected in HEK293T cells and procaspase-3 cleavage were studied by immunoblotting
using anti-caspase-3 antibody. Results showed that E546Q and E546R Apaf-1 cannot trigger
apoptosis without cytochrome c release from the mitochondria. It seems broken the salt
bridge between E546 with R907 is not required for transformation of Apaf-1 from closed to

open form (Fig. 3).

E546Q and E546R mutants Apaf-1 are dependent on cytochrome ¢ and dATP to form
apoptosome

Wild-type Apaf-1 in cell lysate can form apoptosome and activate procaspase-9 in the

presence of cytochrome c¢ and dATP. In order to assess the ability of E546Q and E546R
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mutants of Apaf-1 to form apoptosome, in vitro apoptosome formation was investigated in
the extracts of HEK293T cells transfected with wild type, E546Q, and E546R Apaf-1
plasmids. 48 hours after transfection, cell extracts were prepared and incubated with
cytochrome ¢ and dATP to facilitate apoptosome formation. Processing of pro-caspase-3 (a
target of caspase-9 that would be activated by apoptosome), was used as a readout of
apoptosome formation. As indicated in figure 3, no procaspase-3 processing could be
detected neither in samples containing wild-type Apaf-1, nor in samples containing Apaf-1
mutants. Tubulin was used as an indicator for equal protein loading.

We have next directly determined the capsase-9 activation by using colorimetric
assay. HEK293T cell extracts containing wild-type, E546Q, and E546R Apaf-1 were
evaluated for LEHDase activity. Surprisingly, we detected LEHDase activity in HEK293T
cell extracts containing wild type, E546Q and E546R Apaf-1, both in the presence and
absence of exogenous cytochrome ¢ and dATP (Fig. 4). Furthermore, caspase-9 activation in
the absence of cytochrome ¢ and dATP was confirmed by Western blot analysis of
procaspase-9, which was consistent with data from caspase-9 assay (Fig. 5). It maybe these
unexpected results were due to endogenous Apaf-1 in HEK293T cell extract. To explain this
ambiguity, in vitro apoptosome formation and procaspase-9 activation were performed in
Apaf-1-knockout MEF cell line, which lacks endogenous Apaf-1 expression. Results showed
that cell extracts containing E546Q and E546R Apaf-1 are able to activate procaspase-9 to a

similar degree as wild-type Apaf-1, only in the presence of cytochrome ¢ and dATP (Fig.6).

Procaspase-3 cleavage pattern in HEK293T cell extracts containing exogenous Apaf-1 is
different in the presence and absence of exogenous cytochrome ¢ and dATP

One of the components of apoptosome is procaspase-3, which is processed and activated by
caspase-9 inside the apoptosome. We have thus determined procaspase-3 cleavage by in vitro

activated caspase-9, in HEK293T cell transfected either with wild-type Apaf-1 or its
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derivates E546Q and E546R. The assay was done both in the presence, and in the absence of
cytochrome ¢ and dATP. The assay samples were then analyzed by immunoblotting using
anti-caspase-3 antibody. As shown in figure 7, procaspase-3 cleavage pattern in HEK293T
cell extracts containing exogenous Apaf-1 in the presence or absence of exogenous
cytochrome ¢ and dATP differed. In the absence of exogenous cytochrome ¢ and dATP, a 17
kDa band (large subunit of caspase-3) could be detected. While in the presence of exogenous
cytochrome ¢ and dATP, as well as large subunit of caspase-3, another band around 31 kDa

also appears.
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DISCUSSION

Apaf-1 is the key player in the mitochondrial apoptotic pathway. It is normally found in the
cytosol in its auto-inhibited (closed) form (Zou et al., 1997). Crystal structure of full-length
murine Apaf-1, in the absence of cytochrome ¢ at 3.55 A° resolution has recently been
determined (Reubold et al., 2011). It has been demonstrated earlier, that the role of WRD-
domain at the c-terminal of Apaf-1 is to stabilize it in its auto-inhibited form, because mutant
of Apaf-1 lacking WRD-domain, spontaneously assembles and form apoptosome, even in the
absence of cytochrome c¢ (Hu et al., 1998; Srinivasula et al., 1998). So far, it is not known,
how does full length Apaf-1 keep itself in auto-inhibited form, in the absence of cytochrome
c. Based on Apaf-1’s crystal structure it has been determined that cytochrome ¢ binds into
cleft between WD1 and WD2, and that leads to WD1 rotation upward and subsequent release
of inhibitory effect of WD1 on NOD domain. This rotation induces conformational changes
and exposure of CARD domain (Reubold et al., 2011). In mutant Apaf-1, lacking WRD, the
inhibitory effect of WRD has removed and NOD domain is free for conformational changes
and oligomerization (Reubold and Eschenburg, 2012). Before determination of the crystal
structure of full length Apaf-1, it was proposed that WRD domain preserved closed form of
Apaf-1 by covering CARD domain (Riedl and Salvesen, 2007). But the crystal structure has
shown that WRD domain is very far from CARD domain. So it cannot interact with CARD
domain and cover it. It has suggested that WRD interactions with NOD domain prevent
CARD domain exposure in the absence of cytochrome ¢ (Reubold and Eschenburg, 2012). It
has been shown that salt bridges between WD1 and NOD domains exist in the crystal
structure (Reubold et al., 2011). The role of these salt bridges for preservation of auto-
inhibited Apaf-1 is still unclear. In order to weaken the interactions between WD1 and NOD
domains, E546, involving a salt bridge with R907, we have prepared mutants E546Q (an

uncharged residue) and E546R (a positive charge residue). Next, wild-type, E546Q and
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E546R Apaf-1 were overexpressed in HEK293T cells. It has been reported that
overexpression of full length Apaf-1 triggers apoptosis in human myeloid leukemia HL-60
cells (Perkins et al., 1998). On the other hand, resistance of human leukemia cell lines such as
K562, CEM and CEM/VLBio is due to deficiency in Apaf-1 molecule. Apaf-1 gene
transfection restores the sensitivity of resistant leukemic cells to apoptosis (Jia et al., 2001).

As indicated in figures 2 and 3, a higher intracellular level of Apaf-1 resulting from its
overexpression, does not trigger apoptosis in HEK293T cells unlike the human myeloid
leukemia HL-60 cells (Perkins et al., 1998). Overexpression of mutants (E546Q and E546R)
Apaf-1 in HEK293T cells was similar to wild-type Apaf-1. Thus, likely the level of Apaf-1 is
not rate limiting step in the apoptotic mitochondrial pathway of in HEK293T cell line.

The difference in the sensitivity to Apaf-1 overexpression between HL-60 and
HEK293T, may be dependent on the cell type. HEK293T cells are a transformed human cell
line while HL-60 is a cancer cell line (Graham et al., 1977; Thomas and Smart, 2005). Cancer
cell lines are able to produce more ATP using the Warburg effect (Qian et al., 2014). Thus,
higher level of ATP may facilitate activation of abundant/overexpressed Apaf-1 and
apoptosome formation (Perkins et al., 1998). The difference in apoptotic sensitivity towards
Apaf-1 overexpression, may also be explained based on the behavior of healthy counterparts
of both cell types. HL-60 cells behave similarly to neutrophiles, that are very sensitive to
apoptosis, whereas HEK293T originate from kidney cells that are markedly more resistant
towards apoptosis.

To further characterize the ability of E546Q and E546R in apoptosome formation,
HEK293T cell extracts expressiong wild-type and mutants of Apaf-1 were assessed for in
vitro apoptosome formation and caspase-9 activation. Surprisingly, HEK293T cell extracts

containing overexpressed Apaf-1 activated procaspase-9 in the presence and absence of both
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cytochrome ¢ and dATP, which implies that apoptosome oligomerizes independently of
exogenous cytochrome ¢ and dATP if Apaf-1 is abundant (Fig. 4 and 5).

The afore mentioned observation may have been influenced by intrinsic Apaf-1. Thus
we have performed in vitro apoptosome formation assay in murine Apaf-1 deficient cell line
(immortalized MEF). Caspase-9 assay showed that E546Q and E546R Apaf-1 were
dependent on cytochrome ¢ and dATP for caspase-9 activation such as wild type Apaf-1 (Fig.
6).

Based on our results, we propose that E546 is not critical residue to preserve the auto-
inhibited form of human Apaf-1. Moreover, our data suggests that the distance between E546
and R907 is to high for salt bridge to form. On the other hand, the salt bridge has been
demonstrated in the crystal structure of full length murine Apaf-1 that has 87.3% sequence
identity with human full length Apaf-1 (Reubold et al., 2011). Since in this study, the salt
bridge between E546 and R907 has been broken in the human full length Apaf-1 and this
event did not effect on Apaf-1 function, it may be due to different molecular orientation of
the human full length Apaf-1 relative to its murine ortholog. Therefore, it may be suggested
that disruption of two other suggested salt bridges in Apaf-1 by site directed mutagenesis on
apoptosome formation is worth pursuing experimentally.

To confirm caspase-9 activation in HEK293T cell extracts containing exogenous
Apaf-1, procaspase-9 processing was examined. The results of immunobloting were
consistent with caspase-9 assay (Fig. 5). The caspase-9 activity detected in the absence of
cytochrome ¢ and dATP may be explained by exogenous Apaf-1 oligomerization occurring in
the presence of low level of endogenous cytochrome c in cell lysates. It should be noted that
the level of endogenous cytochrome c in all prepared HEK293T cytosolic extracts were the
same (Fig. 7). Endogenous Apaf-1 cannot form apoptosome in the absence of exogenous

cytochrome ¢ and dATP in spite of exogenous Apaf-1. On the other hand, it may be proposed

10
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that the folding of exogenous Apaf-1 is different from endogenous Apaf-1 in HEK293T cells,
and exogenous Apaf-1 has partially open form that only needs incubation at 37°C for
transformation and in vitro apoptosome formation without any additional inducer like
cytochrome c. Moreover, it is suggested that preservation of closed form of endogenous
Apaf-1 needs other cofactors that release after cytochrome c binding and apoptosome
formation. But under condition where Apaf-1 is overexpressed, the cell does not have enough
amounts of these cofactors for maintenance of closed form of exogenous Apaf-1. As noted
the cancer cells produce more ATP using upregulated aerobic glycolysis (Qian et al., 2014).
That may explain why exogenous Apaf-1 can trigger apoptosis in HL-60 cancer line in the
absence of cytochrome c release. But exogenous Apaf-1 overexpression cannot trigger
apoptosis in HEK293T cells whereas can forms apoptosome in cell lysate after incubation at
37°C.

It has been reported that apoptosome, in addition to caspase-9, contains fully
processed caspase-3 and caspase-7 (Bratton et al., 2001). In order to confirm in vitro
apoptosome formation in HEK293T cell extracts containing exogenous wild type and
mutants full length Apaf-1 in the absence of exogenous cytochrome ¢ and dATP, procaspase-
3 processing were assessed by Western blot with the monoclonal anti-caspase-3 antibody.
Surprisingly, procaspase-3 cleavage pattern in HEK293T cell extracts containing exogenous
full length Apaf-1 in the presence and absence of cytochrome ¢ and dATP was different. In
the absence of exogenous cytochrome ¢ and dATP, anti-caspase-3 antibody recognizes one
band around 17 kDa (pl7) but in the presence of exogenous cytochrome ¢ and dATP
recognizes two cleaved caspase-3 which one is a 17 kDa (p17) and second is a 31 kDa (p31)
(Fig. 7). It seems that cytochrome ¢ and dATP addition to exogenous Apaf-1 in cell lysate
leads to different cleavages in procaspase-3. The number of formed apoptosomes in the

presence or absence of exogenous cytochrome ¢ and dATP are different and leads to different

11
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rate in procaspase-3 processing. It may be suggested, in the presence of exogenous
cytochrome ¢ and dATP, the numbers of apoptosomes are more and lead to distribute
procaspase-9 in increased apoptosome and decreases procaspase-9 processing efficiency and
procaspase-3 processing.

In conclusion, based on the results presented in this manuscript, the E546 residue is
not critical for preservation of auto-inhibited form of full length human Apaf-1. Furthermore,
Apaf-1 overexpression does not trigger apoptosis in HEK293T cell line, however it can form

in vitro apoptosome, independently of exogenous cytochrome ¢ and dATP.

12
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MATERIALS AND METHODS

Site directed mutagenesis of full-length human Apaf-1: The Quick change site-directed
mutagenesis method was used to make E546Q and E546R mutants from pcDNA3-Apaf-1-
XL-Myc (gift from Dr. Gabriel Nunez) (Wang and Malcolm, 1999). The nucleotide
sequences of the plasmids were confirmed by nucleotide full sequencing (an automatic

sequencer Macrogen).

Transfection, in vitro activation of apoptosome and immunoblotting: Apaf-1-knockout
murine embryonic fibroblasts (Apaf-1-knockout MEF) and human embryonic kidney 293
(HEK293T) cells were transfected with wild type, E546Q and E546R Apaf-1 plasmids when
80% confluent using Polyethylenimine reagent (Polysciences, Inc). 48 h after transfection,
cells were lysed in buffer A (20 mM HEPES-KOH (pH 7.5), 10 mM KCI, 1.5 mM MqgCl, 1
mM EDTA, ImM DTT and 250 mM Sucrose ) containing protease inhibitor cocktail (Sigma)
and passed 10 times through a 30-gauge needle. Following centrifugation at 15000 x g for 30
min at 4°C, cytosolic extract (supernatants) were collected and determined the protein
concentration using Bradford method. For in vitro activation of apoptosome, 100 ug of
cytosolic extract were combined with or without 20 pg/ml of cytochrome ¢ (Sigma) and
1mM of dATP (Sigma) for 30 min at 37°C and used for immunoblotting with relevant
antibodies (McStay and Green, 2014). Rabbit anti-Apaf-1, mouse anti-Myc, mouse anti-
cytochrome ¢ and mouse anti-caspase-3 antibodies were obtained from Abcam. Mouse anti-
caspase-9 was obtained from Santa Cruz Biotech. The secondary antibody anti-rabbit HRP-
conjugate were obtained from Bio-RAD and anti-murine HRP-conjugate was from Sigma

Aldrich.

13
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Caspase-9 assay: Cytosolic extracts of the indicated plasmids in the presence or absence of
cytochrome ¢ and dATP were assayed for caspase-9 activity using synthetic chromogenic
substrate Ac-LEHD-pNA (Sigma-Aldrich) (Denault and Salvesen, 2003). 100 pg of cytosolic
extract were assayed in 50 pl of 2x caspase assay buffer (20 mM HEPES pH 7.2, 200mM
NaCl, 20% Sucrose, 0.2% CHAPS, 2 mM EDTA and 40mM B-mercaptoethanol). The
reaction was started with addition of 0.2 mM Ac-LEHD-pNA and pNA released was
measured at various times following the start of the reaction using plate reader machine

(BioTek) at 405 nm.

Po-Pro and 7-AAD cell death assay: HEK293T cells were seeded in each well of 12-well
plates. After 16 h, cells were transiently transfected with indicated plasmids. 24 h and 48 h
after transfection, cells were collected and washed with PBS for 3 times. The cells were
resuspended in PBS including Po-Pro and 7-AAD dyes on ice for 30 min. The percentage of
apoptotic cells was analyzed using flow cytometry machine (Gallios, Beckman Coulter Inc).
Flow cytometry results were analyzed using Kaluza analysis software (Beckman Coulter

Inc.).
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FIGURES

Figure 1. (A) Crystal structure of full length murine Apaf-1 (PDB ID: 3SFZ). (B) E546 in
HD?2 has salt bridge with R907 in WD1. The visualization is done by PyMOL software.
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Figure 2. Cell viability assessment in response to Apaf-1 overexpression in HEK293T
cells. The cells were transiently transfected with GFP, wild type, E546Q and E546R mutants
Apaf-1 plasmids then harvested 48 hours upon transfection and cell viability were
investigated by Po-Pro and &-AAD assay. Viable cells (Po-Pro—/7AAD-), early apoptotic
cells (Po-Pro+/7AAD-), necrotic cells (Po-Pro—/7AAD+), and dead cells (Po-Pro+/7AAD+)
are located in the lower left, lower right, upper left, and upper right quadrants, respectively.
Numbers in each quadrant represent the percentage of cells.
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Figure 3. Assessment of procaspase-3 processing as a sign of apoptosis in response to
Apaf-1 overexpression. HEK293T cells transfected with indicated plasmids were lysed and
assessed by western blot with anti-caspase-3, anti-Apaf-1 and anti-tubulin antibodies.
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Figure 4. Time course of endogenous caspase-9 activity after in vitro apoptosome
formation in HEK293T cell lysate. The cells were transiently transfected with GFP,
wtApaf-1, E546Q and E546R mutants Apaf-1 plasmids. Lysate from untransfected and
transfected were divided into two equal parts and one part were treated with cytochrome ¢
and dATP, then incubated at 37°C for 30 min for apoptosome formation. Lysate were
analyzed for caspase-9 activity using Ac-LEHD-pNA chromogenic substrate at 405 nm.
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Figure 5. Procaspase-9 processing after in vitro apoptosome formation in HEK293T cell
lysate. HEK293T cells were transiently transfected with GFP, wtApaf-1, E546Q and E546R
mutants Apaf-1 plasmids. Lysate from untransfected and transfected were divided into two
equal parts and one part were treated with cytochrome ¢ and dATP, then incubated at 37°C
for 30 min for apoptosome formation. Lysate were analyzed by western blot for procaspase-9
processing.
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Figure 6. Time course of endogenous caspase-9 activity after in vitro apoptosome
formation in Apaf-1-knockout MEF cell lysate. Apaf-1-knockout MEF cells were
transiently transfected with GFP, wtApaf-1, E546Q and E546R mutants Apaf-1 plasmids.
Lysate from untransfected and transfected were divided into two equal parts and one part
were treated with cytochrome ¢ and dATP, and then incubated at 37°C for 30 min for
apoptosome formation. Lysate were analyzed for caspase-9 activity using Ac-LEHD-pNA
chromogenic substrate at 405 nm.
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Figure 7. Cleavage of procaspase-3 after in vitro apoptosome formation in HEK293T
cell lysate. HEK293T cells were transiently transfected with GFP, wtApaf-1, E546Q and
E546R mutants Apaf-1 plasmids. Lysate from untransfected and transfected were divided
into two equal parts and one part were treated with cytochrome ¢ and dATP, then incubated
at 37°C for 30 min for apoptosome formation. Lysate were analyzed by Western blot using
anti-Apaf-1, anti-caspase-3, anti-tubulin and anti-cytochrome c antibodies.
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