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Abstract Death associated protein 3 (DAP3) is known to
be a highly conserved protein, and is responsible for reg-
ulating apoptosis induced by various stimuli. To under-
stand the molecular mechanism of how DAP3 induces
apoptosis, we performed yeast two-hybrid screening, and
identified a novel DAP3-binding protein termed death
ligand signal enhancer (DELE). In this report, we show that
DELE actually binds to DAP3 in mammalian cells. We
found that the cells stably expressing DELE are susceptible
to apoptosis induction by the stimulation of TNF-« and
TRAIL. In addition, knockdown of DELE expression res-
cued the HeLa cells from apoptosis induction by these
stimuli. Moreover, activation of caspase-3, caspase-8 and
caspase-9 induced by stimulation of TNF-«, anti-Fas or
TRAIL was significantly inhibited by the knockdown of
DELE expression. These results demonstrated the biolog-
ical significance of DELE for apoptosis signal mediated by
death receptors.
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Introduction

Apoptosis is known as a form of programmed cell death,
essential for the organogenesis of individuals, maintenance
of the immune system, and elimination of injured cells and
tumor cells. In cases when the regulatory mechanism of
apoptosis becomes imbalanced, it induces severe diseases;
for example, tumor development [1, 2], breakdown of the
immune system [3-5] or neurodegeneration [6-8].

Members of the death receptor (DR) family including
tumor necrosis factor (TNF) receptor typel, Fas, DR3,
TNF-related apoptosis inducing ligand receptors (TRAILR1/
DR4 and TRAILR2/DRS) and DR6 are responsible to trans-
duce apoptosis signal. These receptors are important for the
regulation of many physiological and pathological events
related to several human diseases [9-13]. DR member family
molecules induce apoptosis by the trimerization and aggre-
gation of DR molecules on the plasma membrane. This
receptor aggregation leads to recruitment of several subcel-
lular proteins such as Fas-associated death domain protein
(FADD) [14] to the cytoplasmic domain of these receptors.
The recruitment of FADD to DR is mediated through each
death domain (DD) of DR to induce activation of caspases,
cysteine proteases resulting in apoptosis induction.
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Death associated protein 3 (DAP3) is a GTP binding
protein originally identified as a molecule which is
responsible for activating interferon y-induced apoptosis
[15], and it has been reported that DAP3 is also important
as a signal transducer for apoptosis induced by DR stim-
ulation. After the stimulation of TRAIL, DAP3 forms a
complex with caspase-8 through FADD to induce apoptosis
[16]. In addition, DAP3 is also critical for anoikis (cell
death induced by interruption of cell adhesion) induction
[17, 18]. Furthermore, recently, it was reported that the loss
of DAP3 expression critically affects development of
mouse embryo due to disorder of mitochondrial respiration
[19]. From the other point of view, because DAP3 is known
to be an evolutionarily conserved protein, the homolog of
DAP3 is also identified in yeast, Saccharomyces cerevisiae
[20-23]. The yeast homolog of DAP3, Ygl129c is
responsible for the induction of apoptosis caused by the
treatment of hydrogen peroxide. In addition, the mamma-
lian DAP3 indicates functional complementation in yeast.
Thus, DAP3 is considered to be involved in many signaling
pathways which are responsible for inducing apoptosis,
although the molecular mechanisms for induction of
apoptosis mediated by DAP3 are poorly understood.

In this report, we demonstrate that a novel DAP3-
binding protein termed death ligand signal enhancer
(DELE) is crucial for apoptosis mediated by DRs. The
A549 cell lines in which the DELE gene is stably expressed
became susceptible to the apoptosis induction by the
stimulation of TNF-a, anti-Fas, and TRAIL. In addition,
knockdown of DELE by siRNA treatment significantly
protected the cells from the apoptosis induction by the
stimulation of these cytokines. Moreover, activation of
caspase-3, -8, -9 by these stimulations was significantly
suppressed by knockdown of DELE expression. These
results suggest that DELE is essential for regulating the
caspase activation leading to apoptosis induction.

Results

Identification of DELE as a DAP3-binding protein
localized in mitochondria

To understand the molecular mechanism of DAP3-medi-
ated apoptosis induction, we performed yeast two-hybrid
screening to identify DAP3-binding proteins [24], and
obtained several positive clones which are assumed to code
the gene of candidates for DAP3-binding proteins.
Although it was known that DAP3 is also localized in
mitochondria, the mitochondrial function of DAP3 is
poorly understood. From this point of view, we analyzed
subcellular localization of positive clones from the pre-
dicted amino acid sequences using a web-based prediction
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program (PSORT II; http://psort.ims.u-tokyo.ac.jp/). The
results showed that the subcellular localization of one of
the positive clones which encoded a functionally unknown
protein was predicted to be in mitochondria. Consequently,
we focused on this clone designated as death ligand signal
enhancer (DELE).

The predicted structural features of the DELE protein
are shown in Fig. 1a. The DELE protein contains a mito-
chondrial targeting sequence at the N-terminus. The pri-
mary amino-acid sequence analysis using a Conserved
Domain Database (CDD) in the National Center for
Biotechnology Information (NCBI; http://www.ncbi.nlm.
nih.gov/) revealed that the DELE protein is predicted to
contain two tetratrico peptide repeats (TPRs) motifs which
are considered to be responsible for protein—protein inter-
action [25-27].

At first, we investigated whether DELE actually binds to
DAP3 in mammalian cells by co-immunoprecipitation
assay. Expression vectors for FLAG-tagged DAP3 and
HA-tagged DELE were co-transfected into HEK293T
cells, and the whole extracts from these cells were immu-
noprecipitated with anti-FLAG conjugated agarose. It was
demonstrated that DELE was co-immunoprecipitated with
DAP3 by western blotting analysis (Fig. 1b). This result
suggests that DELE actually binds to DAP3 in mammalian
cells.

Then, to confirm the subcellular localization of DELE,
we constructed expression vectors for DAP3 or DELE
fused with enhanced green fluorescent protein (EGFP) at
the C-terminus. HeLa cells were transfected with expres-
sion vectors for EGFP fused with DAP3 or DELE together
with the expression plasmid for red fluorescent mitochon-
drial marker protein. The cells were subsequently fixed and
the subcellular localizations of these proteins were ana-
lyzed by confocal laser scanning microscopy. The result
shows that the subcellular localization of DELE is mainly
observed in mitochondria (Fig. 1c; right panels), as was
predicted by the analysis using PSORT II. In addition, the
subcellular localization of DELE was completely over-
lapped with the subcellular localization of DAP3 (Fig. lc;
please compare the center and right panels). These results
suggest that DELE is functionally associated with DAP3 in
mammalian cells.

Expression of DELE enhances susceptibility to TRAIL-
induced apoptosis

Since our preliminary data showed transiently overex-
pressed DELE induced apoptosis in HeLa cells (Fig. sl),
we thought that DELE might be responsible for the acti-
vation of the signaling pathway to induce apoptosis. It has
been reported that DAP3 is crucial for regulating the
induction of various types of apoptosis [17, 18, 28].
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Fig. 1 Identification of DELE as a DAP3-binding protein. a
Schematic diagram of predicted domain structure of DELE. The
predicted amino-acid position of mitochondrial targeting sequence
(MTS) at N-terminus and internal TPR motifs are indicated in the
figure. The amino acid position encoded by a positive clone, which
was isolated by the yeast two-hybrid screening is indicated by the
bold bar. b Analysis of the binding activity of DELE to DAP3 in
mammalian cells. Expression plasmids for HA-tagged DELE and
FLAG-tagged DAP3 were transfected into HEK293T cells. After
24 h, the cells were harvested, and subsequently the whole cell lysates
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Especially, death receptor-mediated apoptosis induced by
stimulation of inflammatory cytokines belonging to a TNF
superfamily such as TNF-o, FasL, and TRAIL, is an
essential pathway regulated by DAP3. Thus, we investi-
gated the function of DELE on the death receptor-mediated
apoptosis using cell lines which stably expressed DELE.

Using the human non-small-cell lung cancer cell line
A549, we established the clones that were stably express-
ing DELE by the infection of retroviral expression vector.
To quantify the expression level of DELE mRNA of these
cell lines, we performed a real-time RT-PCR. As shown in
Fig. 2a, we obtained cell lines that express DELE signifi-
cantly higher than a control cell line which was infected
with empty retrovirus vector.

Next, we investigated whether the apoptosis induced by
the stimulation of TNF-o or TRAIL is affected by the
expression level of DELE. The established cell lines were
stimulated with recombinant human TNF-« or human sol-
uble TRAIL (SuperkillerTRAIL; Alexis biochemicals), and
the viabilities of the cells were analyzed by Cell Counting
Kit 8 (Dojindo), in which 2-(-2methoxy-4-nitrophenyl)-3-
(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
monosodium salt (WST-8) is used as a substrate. The
results show that the clones highly expressing DELE
exhibited high sensitivity to TNF-o- or TRAIL-induced
apoptosis compared to control cells infected with the empty
vector. The sensitivity of these cells for the apoptosis
induction was correlated with the expression level of
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(WCL) were subjected to immunoprecipitation with anti-FLAG
antibody. The immunoprecipitated fractions were analysed by
immunoblotting using anti-HA and anti-FLAG antibodies. ¢ Subcel-
lular localization analysis of DELE. HeLa cells were transfected with
expression vectors for DAP3 or DELE fused with EGFP together with
the expression plasmid for red fluorescent mitochondrial marker
(mitochondrial targeting sequence from subunit VIII of cytochrome ¢
oxidase). After 24 h, the cells were fixed, and stained with DAPI as
described in the Experimental Procedures. Subcellular localization of
each protein was observed by confocal laser scanning microscope

DELE (Fig. 2b and c). These results suggested that DELE
is functional for the induction of the death receptor-medi-
ated apoptosis.

Inhibition of the DR-mediated apoptosis induction
by knockdown of DELE gene

Since DELE expression showed enhanced sensitivity to
apoptosis induction by death receptor stimulation, we
examined the effect of a knockdown of DELE expression
on the DR- mediated apoptosis induction in HeLa cells.
The control siRNA or DELE-specific siRNAs were trans-
fected into HeLa cells, and the efficiency of gene silencing
by siRNAs was examined by semi-quantitative (Fig. 3a,
right panel) and quantitative RT-PCR (Fig. 3a, left panel),
respectively. The results show that treatment with both the
#1 and #2 siRNA was effective at silencing endogenously
expressed DELE mRNA compared with the control siR-
NA, however, #3 siRNA only exhibited moderate silencing
efficiency. From these results, we chose the #1 siRNA for
the gene silencing in the following studies.
DELE-specific or control siRNAs were transfected into
HelLa cells, and subsequently the cells were stimulated with
the various amounts of TNF-o or TRAIL. The results show
that the viability of the cells was decreased by the stimu-
lation of TNF-a or TRAIL each in a dose-dependent
manner. Conversely, the reduction of the cell viabilities
was dramatically inhibited by the knockdown of DELE
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expression (Fig. 3b). In addition, comparable results were
also found by observing of the cells under the phase-con-
trast microscope after TRAIL stimulation (Fig. s2). Thus
far, our results by both gain-of-function and loss-of-func-
tion demonstrate that expression of DELE was critical for
apoptosis induction by the DR. Therefore, we concluded
that DELE is a novel apoptosis mediator which is essential
for regulating the DR mediated signal.
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«Fig. 2 Enhanced sensitivity of DELE expressed A549 cells to the
DR-mediated apoptosis. a Establishment of A549 cell lines stably
expressing DELE. A549 cells were infected with the retroviral
expression vector for DELE. The cells stably expressing the DELE
gene were cloned as described in the Experimental Procedures. The
data depict the mean fold enhancement of DELE mRNA expression
normalized with expression level of G3PDH mRNA relative to the
empty vector-infected cells. Error bars indicating the standard
deviation were calculated from at least three independent experi-
ments. b An increase in the sensitivity of TRAIL induced apoptosis
by the DELE expression. The A549 cells stably expressing DELE
were stimulated with 10 ng/ml (left) or 30 ng/ml (right) TRAIL. After
a 24 h post-stimulation incubation period, the cell viabilities were
quantified by using Cell Counting Kit 8 (Dojindo). ¢ DELE
expression is also sensitizing A549 cells to the TNF-a-induced
apoptosis. The A549 cells stably expressing DELE were stimulated
with 10 ng/ml (left) or 30 ng/ml (right) TNF-«, and were incubated in
a medium containing 10 ng/ml of cycloheximide (CHX). Aftera 12 h
post-stimulation incubation period, the cell viabilities were quantified
by using Cell Counting Kit 8. Each data represents the rate of cell
death (%) which was calculated by the comparison with unstimulated
cells. Error bars indicating the standard deviation were calculated
from at least three independent experiments. The asterisk indicates
P < 0.05, and the double asterisk indicates P < 0.01

Essential role of DELE for the activation of caspases
on the DR-mediated signaling pathways

The activation of caspases followed by their cleavage is
known to be an important phenomenon for induction of
apoptosis which is regulated by DR-mediated signaling
pathways [29, 30]. However, it is known that there is an
apoptosis induction pathway independent from the activa-
tion of caspases [31]. To investigate whether DELE regu-
lates caspase dependent or independent apoptosis signaling
pathway, we performed an immunoblot analysis to detect the
activation of caspases using their specific antibodies. HeLa
cells, transfected with DELE-specific siRNAs or control
siRNA were stimulated by TRAIL, and subsequently the
whole cell lysates were subjected to the immunoblot anal-
ysis. The results show that cleavage of caspase-8, caspase-9,
and caspase-3 was significantly inhibited by the knockdown
of DELE expression compared with the cells treated with the
control siRNA (Fig. 4a). In addition, the same results were
obtained in these cells stimulated by TNF-« (Fig. 4b).
Next, we performed a quantification analysis of the
caspase activity. HeLa cells, transfected with DELE-spe-
cific siRNA or control siRNA were stimulated with
TNF-«, anti-Fas or TRAIL, and subsequently the caspase
activities were measured by Caspase-Glo Assay Kits
(Promega) which monitor the enzymatic activity of casp-
ases by the measurement of luminescence. As shown in
Fig. 5, activation of caspase-8, caspase-9, and caspase-3/7
was significantly inhibited by the transfection of DELE-
specific siRNA compared with the control siRNA trans-
fection. In addition, inhibition of caspase activation
was equally observed in the cells stimulated by TNF-g¢,
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Fig. 3 Rescue of the HeLa cells from the DR-mediated apoptosis by
knockdown of DELE. a The total RNAs were isolated from the HeLa
cells transfected with siRNA (DELE specific siRNAs #1, #2, and #3 or
control siRNA), and the expression level of DELE mRNA was
quantified by semi-quantitative RT-PCR (right) and real-time RT-PCR
(left). For the semi-quantitative RT-PCR analysis, the G3PDH mRNA
was used as a loading control. The data from real-time RT-PCR
analysis represent relative amounts of DELE mRNA compared with the
control siRNA transfected cells normalized with the expression level of
G3PDH mRNA. Error bars indicating the standard deviation were

anti-Fas or TRAIL. From these results, we concluded that

DELE is essential for the induction of DR-mediated
apoptosis through the regulation of caspase activation.

Discussion

In this study, we identified DELE, as a novel DAP3-
binding protein, essential to induce the DR-mediated
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calculated from at least three independent experiments. b The HeLa
cells were transfected with si-DELE or si-NC (DELE specific siRNAs
or control siRNA). After 48 h, the cells were stimulated with TRAIL
(left) or TNF-o (right) at the series of concentrations indicated in the
figure. After a 24 h post-stimulation incubation period, the cell
viabilities were measured by using Cell Counting Kit-8 (Dojindo).
The data represent relative viability compared with unstimulated cells.
Error bars indicating the standard deviation were calculated from at
least three independent experiments. The asterisk indicates P < 0.05,
and the double asterisk indicates P < 0.01

apoptosis. As shown in Fig. lc, the subcellular localization
of DAP3 is mainly observed in mitochondria in HeLa cells,
but certainly, DAP3 is also functional in cytoplasm as
shown in the previous report which demonstrated that
DAP3 is crucial for TRAIL-induced apoptosis through the
binding to the TRAIL receptors, DR4 and DRS5 in other
cells [16]. Although we demonstrated that DELE also
localizes mainly in mitochondria, whether DELE exhibits
the function in mitochondria to induce apoptosis is still

@ Springer
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Fig. 4 Inhibition of the DR-induced activation of caspases by anti-Fas anti-Fas anti-Fas

knockdown of DELE. a The HeLa cells were transfected with
si-DELE or si-NC (DELE-specific siRNA or control siRNA). After
48 h, the cells were stimulated with 30 ng/ml TRAIL, and were
incubated for the period indicated in figure. The whole cell lysates
from the cells were subjected to immunoblot analysis. b Some siRNA
transfected HeLa cells, in the same condition of (A) were stimulated
with 10 ng/ml TNF-«, and were incubated with a medium containing
10 ng/ml of cycloheximide. After the incubation period indicated in
the figure, the whole cell lysates were subjected to immunoblot
analysis

unclear. As shown in Fig. 2b, the expression level of DELE
significantly influences the susceptivity of cells to TRAIL
for apoptosis induction compared with that to TNF-o. In
addition, by comparing the sensitivity of the cells in which
DELE expression was suppressed by siRNA, DELE
expression is more closely correlated to TRAIL than TNF-
o for apoptosis induction. As shown in Fig. 3a, by the
stimulation of TNF-« or TRAIL at a concentration of
100 ng/ml, the cell viability of the control cells was
decreased to about 30% or less through apoptosis induc-
tion. However, the viability of the cells stimulated by
100 ng/ml of TRAIL was recovered to about 80% by the
knockdown of DELE expression, whereas the viability of
the cells stimulated by 100 ng/ml of TNF-o was only
recovered to about 50% or less. It has been shown that
DAP3 is critical for TRAIL-induced apopotosis through the
recruitment of FADD to the TRAIL receptors (DR4 and
DRS). This direct binding function of DAP3 to the DR is

@ Springer

Fig. 5 Knockdown of DELE mRNA expression suppresses caspase
activities induced by TRAIL, TNF-« and FasL stimulation. The HeLa
cells transfected with si-DELE or si-NC (DELE-specific siRNA
(black bars) or control siRNA (open bars)) were stimulated with
10 ng/ml TRAIL (upper panels), TNF-o (middle panels), or anti-Fas
(lower panels), respectively. For TNF-« and anti-Fas stimulation, the
cells were incubated in a medium containing 10 ng/ml of cyclohex-
imide (CHX) after the stimulation. After a 3 h (for caspase-8 and -9)
or a 4.5 h (for caspase-3/7) post-stimulation incubation period, the
activities of caspases were measured by using a Caspase-Glo Assay
Kit (Promega). Data represent relative luminescence units (RLU)
which were quantified by a luminometer. Error bars indicating the
standard deviation were calculated from at least three independent
experiments. The asterisk indicates P < 0.05, and the double asterisk
indicates P < 0.01

assumed to be specific to the TRAIL stimulation, and it has
not been found in the other DRs. Therefore, the specific
function of DAP3 for TRAIL signaling might partly
explain why the expression level of DELE more strongly
affects to apoptosis induction by the TRAIL stimulation
than that of TNF-o It is suggested that DAP3 and DELE
cooperatively regulate the TRAIL-induced apoptosis
through the binding to its receptors in cytoplasm.
Activation of both caspase-8 and caspase-9 triggers
activation of caspase-3 which is known to be the down-
stream effector caspase by its proteolytic activity.
Caspase-8 is mainly activated by the oligomerization of
FADD, which is located immediately downstream from
DR [32, 33]. On the other hand, caspase-9 is mainly
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activated by the dysfunction of mitochondria through the
activation of Apaf-1 which is known as a sensor molecule
of cytochrome c released from the mitochondria to the
cytoplasm by loss of electric potential of the mitochondrial
membrane [34]. Our results show that activation of cas-
pase-3, caspase-8 and caspase-9 was significantly inhibited
by knockdown of DELE expression in the cells stimulated
by TNF-«, anti-Fas or TRAIL (Fig. 5). However, the
activation of caspase-8 and caspase-9 is an independent
event in the process of apoptosis induction. It is also known
that the activation of caspase-8 enhances the activation of
caspase-9, and vice versa. Therefore, it is understandable
that knockdown of DELE expression inhibits the activation
of both caspase-8 and caspase-9. Nevertheless, as shown in
Fig. 4a, after 3 h post-stimulation by TRAIL (it is an early
phase of apoptosis progression), the activation of caspase-9
was strongly inhibited by knockdown of DELE expression,
while caspase-8 activation was weakly inhibited. These
data suggest that DELE is more closely related to
the regulation for activation of caspase-9 than that of
caspase-8.

We demonstrated the biological significance of DELE
on apoptosis induction by the DR-mediated signaling
pathway. However, the target molecule(s) of DELE is still
unclear. Analysis of lower sequence similarities by PSI-
BLAST (http://blast.ncbi.nlm.nih.gov/) revealed that the
amino-acid position of 209-283 in DELE has 29%
homology with the caspase-recruitment domain (CARD) of
caspase-9 (Fig. 1la). Death domain (DD), death effector
domain (DED) and CARD all belong to the death domain
superfamily [35-37]. These domains are responsible for
protein—protein interaction and the molecules carrying
these domains regulate induction of apoptosis. Moreover,
the proteins carrying these domains are able to form dimer,
and DELE also exhibits self-dimerization activity (data not
shown). Based on sequence homology with the CARD of
caspase-9, we predict that DELE regulates induction of
apoptosis by the interaction of certain proteins carrying
these domains.

We observed that HeLa cells induced apoptosis by
transiently overexpressing DELE (Fig. s1). These findings
suggest that the raise in expression level of DELE is related
to the susceptibility to apoptosis induced by death-ligand
stimulation, and we predict that DELE regulates induction
of apoptosis through its expression level. However, we
could not detect a significant change in the expression level
of DELE by the stimulation of TNF-a, anti-Fas or TRAIL
(data not shown). On the other hand, amino acid sequence
analysis using PESTfind revealed that DELE carries the
PEST sequence in the N-terminus mitochondrial targeting
sequence. The PEST sequence is known to be responsible
for protein destabilization [38], and certainly, the protein
level of exogenously expressed DELE is increased by the

treatment of MG132, which is known to be an inhibitor of
the ubiquitin—proteasome pathway (data not shown).
Although the protein level of the transiently overexpressed
DELE was not significantly changed by the stimulation of
TNF-c, anti-Fas or TRAIL (data not shown), the expression
level of DELE regulated by ubiquitin—proteasome might be
one of the possible molecular mechanisms for the apoptosis
induction by DELE.

The expression profile by Northern blotting analysis
provided by the HUGE protein database (http://www.
kazusa.or.jp/huge/ [39]) indicated that DELE mRNA is
ubiquitously expressed in various organs. These data might
suggest that DELE is involved in many diseases caused by
disruption of DR-mediated signaling pathway to induce
apoptosis. However, there is no evidence indicating a
correlation between DELE function and certain diseases.
Further investigations are needed to understand the physi-
ological importance of DELE.

Methods
Cell culture and transfection

The human non-small-cell lung cancer cell line, A549 was
obtained from the Cell Resource Center for Biomedical
Research Institute of Development, Aging and cancer,
Tohoku University. A549, HeLa and HEK293T cell lines
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% heat-inactivated fetal calf serum
(FCS) in a humidified atmosphere containing 5% CO, at
37°C. Transfections were performed using Lipofectamine
2000 (Invitrogen, Carlsbad, CA) according to the manu-
facturer’s protocol.

Cytokines and antibodies

Induction of death ligand-mediated apoptosis was per-
formed using recombinant human soluble (rhs) TRAIL
(Superkiller TRAIL; Alexis biochemicals, San Diego, CA),
CD95 monoclonal antibody (Beckman Coulter Inc., Cali-
fornia, USA) and human recombinant TNF-a (PEPRO-
TECH Inc., New Jersey, USA).

The specific antibodies used in this study, mouse anti-
HA monoclonal antibody (Roche, Mannheim, Germany),
rabbit anti-caspase-3 antibody (Cell Signaling Technology,
Beverly, MA), rabbit anti-cleaved caspase-9 antibody
(Asp330; Cell Signaling Technology), mouse anti-caspase-
8 monoclonal antibody (clone 1C12; Cell Signaling Tech-
nology) and HRP conjugated anti-Flag antibody (Sigma. St,
Louis, MO) were purchased from commercially available
products.
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Expression vectors and small interfering RNA (siRNA)

The human DELE cDNA (KIAAO0141; NCBI Reference
Sequence: NM_014773) clone was obtained from the
Kazusa DNA Research Institute (Chiba, Japan). The
mammalian expression vectors for the C-terminal EGFP-
tagged and HA-tagged DELE were constructed by PCR
based method. To construct the retrovirus vector, the
cording region of DELE was amplified by PCR, and
inserted into pMX-IRES-GFP (Cell Biolabs, San Diego,
CA). The expression vector for FLAG-tagged DAP3 was
described previously [11]. Please contuct us to obtain the
detailed information of these vectors.

The siRNA for knockdown of the DELE mRNA
expression, and the siRNA which does not target any gene
product used for the negative control, were purchased from
commercial available pre-designed products (Applied bio-
systems, Foster City, CA).

Co-immunoprecipitation assay

HEK?293T cells were seeded onto 6-well plates, and sub-
sequently the cells were transiently transfected with 2 pg
each of expression vectors indicated in the figures. After
24 h, the cells were harvested and lysed with lysis buffer
(0.5% Nonidet-P40, 20 mM Tris-HCI (pH 7.4), 1 mM
EDTA, 150 mM NaCl) supplement with protease inhibitor
cocktail (Complete, Mini Protease Inhibitor Cocktail;
Roche). After the cell debris were removed by centrifu-
gation, and then the supernatants were subjected to
immunoprecipitation. The whole cell lysates were incu-
bated with 20 ml of anti-Flag M2 agarose (Sigma, St.
Louis, MO) at 4°C, overnight. The resins were washed
three times with lysis buffer and eluted binding proteins by
boiling for 5 min. with 2x SDS-PAGE gel-loading buffer
(125 mM Tris-HCI (pH 6.8), 5% [-mercaptoethanol, 4%
SDS, 20% glycerol, 0.01% Bromophenol blue), and then
subjected to the immunoblotting analysis.

Subcellular localization analysis

HeLa cells were seeded onto 4-well chamber slides, and
subsequently, the cells were transfected with expression
vectors of DAP3 or DELE fused with enhanced green
fluorescent protein (EGFP) together with the expression
vector plasmid which expresses red fluorescent protein
fused with mitochondrial targeting sequene derived from
subunit VIII of cytochrome c oxidase (pDsRed2-mito;
Clontech, Mountain View, CA). After 24 h, the cells were
fixed with 4% Paraformaldehyde, and stained with 4',6-
diamidino-2-phenylindole (DAPI). Subcellular localization
was analyzed by confocal laser scanning microscope
(Fluoview FV 1000; Olympus, Tokyo, Japan).
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Quantitative and semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR)

Total RNAs were extracted from the cells by using TRIzol
Reagent (Invitrogen), and subsequently reverse transcrip-
tion was performed with 2 pg of total RNA using RevaTra
Ace (Toyobo, Osaka, Japan). Semi-quantitative RT-PCR
analyses ware carried out using ExTaq (Takara, Otsu,
Japan) by model 2720 thermal cycler (Applied Biosys-
tems), and quantitative PCR analyses were performae using
SYBR Premix ExTaq II (Takara) by MX3000 quantitative
PCR system (Stratagene, La Jolla, CA). Each procedure
was performed according to the manufacturer’s protocol.
The expression level of DELE mRNA was quantified by
using sense primer (5'-TTCCAGCTCAGTGTTTCCATC-
3"y and antisense primer (5'-GTAGTAGGCACCTGGCA-
TAG-3'), respectively. The analysis of the expression level
of G3PDH mRNA was performed using gene specific
primer set which was previously described [40].

Establishment of the cell lines stably expressed DELE

Packaging and infection of retrovirus vector were carried out
using commercially available system (Platinum Retroviral
Expression System, Pantropic; Cell Biolabs, San Diego,
CA) according to the manufacturer’s protocol. The retrovi-
rus infected A549 cells were isolated to the single clone by
limiting dilution, and the retrovirus vector integrated cells
were identified by the fluorescence of GFP which was
introduced in expression cassette, and the expression level of
DELE was quantified by real-time RT-PCR.

Measurement of cell viability and caspase activation

Measurement of cell viabilities were performed by modi-
fied MTT assay (Cell Counting Kit 8; Dojindo, Kumamoto,
Japan), and quantification of caspase activity were carried
out by using Caspase-Glo Assay Kit (Promega, San Luis
Obispo, CA). Each procedure was performed according to
manufacturer’s protocols.
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