
The caspase 6 derived N-terminal fragment of DJ-1
promotes apoptosis via increased ROS production
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In pathological conditions, the amount of DJ-1 determines whether a cell can survive or engage a cell death program. This is
exemplified in epithelial cancers, in which DJ-1 expression is increased, while autosomal recessive early onset Parkinson’s
disease mutations of DJ-1 generally lead to decreased stability and expression of the protein. We have shown previously that
DJ-1 is cleaved by caspase-6 during induction of apoptosis. We demonstrate here that the N-terminal cleaved fragment of DJ-1
(DJ-1 Nt) is specifically expressed in the nucleus and promotes apoptosis in SH-SY5Y neuroblastoma cell lines. In addition,
overexpression of DJ-1 Nt in different cell lines leads to a loss of clonogenic potential and sensitizes to staurosporin and
1-methyl-4-phenylpyridinium (MPPþ )-mediated caspase activation and apoptosis. Importantly, inhibition of endogenous DJ-1
expression with sh-RNA or DJ-1 deficiency mimics the effect of DJ-1 Nt on cell growth and apoptosis. Moreover, overexpression
of DJ-1 Nt increases reactive oxygen species (ROS) production, and sensitizes to MPPþ -mediated apoptosis and DJ-1
oxidation. Finally, specific exclusion of DJ-1 Nt from the nucleus abrogates its pro-apoptotic effect. Taken together, our findings
identify an original pathway by which generation of a nuclear fragment of DJ-1 through caspase 6-mediated cleavage induces
ROS-dependent amplification of apoptosis.
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DJ-1/PARK7 has been identified as an oncogene capable to
transform fibroblasts either alone or in cooperation with
H-Ras.1 Later, DJ-1 mutations or deletions have been shown
to be responsible for rare cases of autosomal recessive early
onset Parkinson’s disease (EOPD).2 DJ-1 is a highly
conserved protein, expressed in nearly all organisms from
human to bacteria.3 Recent consensual data suggest that DJ-
1 could harbor a protective function.4 This phenotype has
been linked to its ability to stimulate Akt phosphorylation and
activity through inhibition of PTEN.4 DJ-1 protective effect has
also been associated to its capacity to interact with the MAPK
kinase cascade5 or to sequestrate nuclear factor E2-related
factor 2 (Nrf2). In addition, there are also compelling
evidences suggesting that DJ-1 promotes cell survival by
protecting cells from oxidative stress.6,7 Indeed, DJ-1 over-
expression confers resistance to oxidative stress, and
conversely, DJ-1 silencing by si-RNA or knockdowned cells
derived fromDJ-1-deficient mice triggers increased sensitivity
to stress-inducing agents.8 The level of expression of DJ-1
controls the cell death and survival balance in neurodegen-
erative diseases or cell survival in cancer and rare deletion or
loss of function mutations in DJ-1 gene have been linked to

autosomal recessive EOPD.9,10 Point mutations or deletion of
DJ-1 gene yield proteins with decreased stability and thereby,
abolish their protective and survival-associated functions. In
addition, in several models of cancer cells, DJ-1 expression is
increased and positively associated with the severity of the
disease.11–13

Caspases define a family of cysteine proteinases with
crucial function in the initiation and execution of apoptosis.14

They cleaved their substrates specifically after an aspartate
residue leading either to inhibition or activation of their
functions.15 Among caspases, caspase 6 has been shown
to have an important role in neurodegenerative diseases, as
ablation of caspase 6 in mice can protect them from
Huntington’s disease.16 We have shown recently that DJ-1
is cleaved by caspase 6 in TSM1 neurons and neuroblastoma
cell lines undergoing staurosporin (STS) or 6-hydroxydopa-
mine-mediated apoptosis, and overexpression of the DJ-1
C-terminal fragment was found to exert anti-apoptotic function
by inhibition of the p53 pathway.17

In the present study, we investigated the possibility that the
caspase-6-generated N-terminal fragment of DJ-1 could have
influenced the biological function of this protein in different cell
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line models. We report that during induction of apoptosis by
various stimuli, this fragment accumulates into the nucleus of
Hela or MEF-DJ-1� /� cells. Overexpression of DJ-1 Nt in
SH-SY5Y neuroblastoma cell line leads to a loss of clonogenic
potential. Inhibition of DJ-1 expression by specific Sh-RNA or
using MEF deficient for DJ-1 mimics the effect of DJ-1 Nt on
both colony formation and induction of apoptosis. Moreover,
overexpression of DJ-1 Nt in SH-SY5Y cells increased
reactive oxygen species (ROS) production, induced DJ-1
oxidation and sensitizes to MMPþ mediated apoptosis.
Finally, specific exclusion of DJ-1 Nt from the nucleus was
shown to abrogate its pro-apoptotic effect.

Results

Loss of DJ-1 or DJ-1 knockdown inhibits clonogenic cell
growth and sensitizes SH-SY5Y cells to STS-mediated
apoptosis. We used the neuroblastoma cell line SH-SY5Y

as a model to investigate the function of DJ-1. Over-

expression of DJ-1 increased the ability of SH-SY5Y cells

by 60% to form colonies, confirming the oncogenic function

for this protein (Figures 1a and b). We next generated different

SH-SY5Y cell clones in which DJ-1 expression was knock-

downed using the most potent DJ-1 Sh-RNA. DJ-1 expres-

sion was inhibited by 90% by DJ-1 Sh3-RNA and abrogated

by Sh2-RNA (Figure 1c). Both cell clones exhibited reduced

clonogenic potential that matched well with the level of

extinction of DJ-1 (Figure 1d). DJ-1 knocks down by both Sh-

RNA sensitized SH-SY5Y cells to STS-mediated loss of cell

viability (Figure 1e). These results were confirmed using DJ-

1-deficient mouse embryo fibroblasts (MEF), in which the

absence of DJ-1 (Figure 1f) also increased sensitivity to

STS-mediated loss of cell viability (Figure 1g).18 Accordingly,

an increase in caspase 3 activity upon STS treatment

was detected in DJ-1� /� cells compared to DJ-1þ /þ

MEFs (Figure 1h). Finally, we investigated the effect of
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Figure 1 DJ-1 expression level is important for clonogenic capacity and sensibility to apoptosis. (a) SH-SY5Y cells were cotransfected with puromycin-resistant vector and
with either an empty vector or a vector carrying wild-type DJ-1. After 48 h, cells were treated with puromycin (2mg/ml) every 2 days. Ten days later, cells were fixed and
colonies detected by adding crystal violet. (b) Colonies were scored by Image J quantification software. (c) SH-SY5Y cells with stable expression of the empty vector (PT1)
or DJ-1 shRNA vector (sh2, sh3) were lysed and analyzed by western blot for DJ-1 expression. (d) The various SH-SY5Y were analyzed for their clonogenic potential.
(e) SH-SY5Y clones were incubated for 24 h at 37 1C with increasing concentrations of STS. Cell metabolism was measured by the XTT assay as described in Materials and
Methods section. (f) MEF DJ-1 � /� or DJ-1 þ /þ cells were lysed and analyzed by western blot for DJ-1 expression. (g) MEF DJ-1 � /� or þ /þ cells were incubated for
6 h at 37 1C with increasing concentrations of STS. Cell metabolism was measured by the XTT assay. (h) MEF DJ-1 � /� or DJ-1 þ /þ cells were incubated as described
above, and caspase-3 activity was evaluated as described in Materials and Methods section
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1-methyl-4-phenylpyridinium (MPPþ ) on cell metabolism in
DJ-1þ /þ and DJ1� /� MEF. MPPþ interferes with oxidative
phosphorylation, causing depletion of ATP and cell death.19

Therefore, this compound has been widely used as an agent
causing Parkinson-like disease in primates by killing certain
dopamin-producing neurons in the substantia nigra. We found
that conversely to STS, DJ-1þ /þ MEF were poorly sensitive
to 2mM MPPþ , whereas DJ-1� /� MEF exhibited increased
sensitivity to both drugs (Supplemental Figures 1A and B).

DJ-1 is cleaved by caspase 6 in cells undergoing
apoptosis. As described earlier DJ-1 was cleaved after

Asp149 by recombinant caspase-6,17 but not by any other
caspases including caspase 3 and 7, and accordingly
mutation of Asp149 by an alanine prevented cleavage
(Figure 2a). The activity of recombinant caspases was
confirmed by assessing the cleavage of poly-ADP-ribose
polymerase (PARP) in identical conditions (Figure 2b).
Moreover, cleavage of DJ-1 was readily detected in
wild-type DT40 cells but not in their caspase 6� /� counter-
parts, confirming that DJ-1 is a caspase 6-preferential
substrate (Supplemental Figure 2).20 Importantly, the
caspase 6 consensus cleavage site in DJ-1 (VEKD)
was highly conserved among different species, suggesting
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treated with 1 mM STS in the presence or absence of Z-VAD-fmk (50 mM) for 6 h and analyzed by immunoblotting with anti-DJ-1 (120) and the cleaved DJ-1-specific antibody.
(d) Jurkat T cells were transfected with DJ-1-Myc. After 48 h, cells were treated with 1mM STS with or without Z-VAD-fmk (50mM) for 6 h and analyzed by immunoblotting with
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immunoblotting with anti-DJ-1 antibody (120). HSP60 was used as a loading control
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its possible importance during phylogeny (Supplemental
Figure 3).
In the present study, we investigated the function of the

large N-terminal fragment of DJ-1 on proliferation and
apoptosis of different cell line models. Experiments using
several commercially available antibodies revealed the
disappearance of intact DJ-1 in these cell line models but
failed to detect the N or C-terminal cleaved fragments of DJ-1.
Although this was expected concerning DJ-1 Ct, due to the
poor stability of this fragment,17 the lack of recognition of DJ-1
Nt by various anti-DJ-1 antibodies was puzzling. Therefore,
we generated a rabbit-antiserum specifically directed against
the recombinant N-terminal form of DJ-1. This DJ-1-specific
antibody (DJ-1 (120)) consistently detected a 16-kDa protein
(hereafter referred to as DJ-1 Nt) in the T-leukemic cell line
Jurkat, used here for its high sensitivity to STS-mediated
killing, likely corresponding to cleavage by caspases after
Asp149 (Figure 2c). Accordingly, cleavage of DJ-1 was
prevented by zVAD-fmk-implicating caspases in this process.
Interestingly, zVAD-fmk was also found to increase DJ-1 level
in the absence of any apoptotic signal, suggesting a
constitutive turnover of DJ-1 through basal caspase activa-
tion. Cleavage of DJ-1 correlated with accumulation of active
cleaved caspase 6 and the appearance of a cleaved lamin A
fragment, which is a specific nuclear caspase 6 substrate
(Figure 2d). Cleavage of endogenous DJ-1 was detected also
using a commercially available antibody in Myc-tagged-DJ-1
transfected Jurkat T cells (Figure 2d). Although both
endogenous and exogenous DJ-1 were cleaved in the
presence of STS, the commercially available DJ-1 (N20)
antibody failed to recognize the cleaved form of DJ-1, in
contrast to the DJ-1 (120) antibody (Figure 2c). In addition,
time-course experiments showed that DJ-1 was cleaved as
soon as 2 h after STS addition in Jurkat T cells (Figure 2e).
Finally, DJ-1 cleavage was also detected in the SH-SY5Y cell
line treated with STS (Figure 2f).

Distinct cellular localization of the native and cleaved
forms of DJ-1. As DJ-1 cleavage may alter its function, we
performed subcellular fractionnements to analyze the loca-
lization of the native and cleaved forms of DJ-1. Western blot
experiments indicated that native DJ-1 was present both into
the cytosolic and the microsomal fraction of SH-SY5Y
neuroblastoma cells (Figure 3a). The purity of each fraction
was checked with specific protein markers including g-
tubulin, HSP60 and lamin A (Figure 3a). Interestingly, both
calreticulin and HSP60 staining partially colocalized with
Myc-DJ-1 in transfected Hela cells, suggesting that DJ-1 is
associated with both the endoplasmic reticulum and the
mitochondria (Supplemental Figure 4A). We also performed
a kinetic of DJ-1 cleavage in the different subcellular fractions
of Jurkat T cells following STS treatment. The data presented
in Figure 3b confirmed that the DJ-1 N20 antibody did not
recognize the cleaved form of DJ-1, irrespectively of the
considered fraction. Importantly, both full-length DJ-1 and
cleaved DJ-1 were found in the cytoplasmic and to a lesser
extent for cleaved DJ-1 microsomal fraction of Jurkat cells;
whereas as previously shown, the cleaved DJ-1, but not the
full-length DJ-1 fragment, accumulates in the nuclear
fraction. Confocal microscopy analysis of Hela cells

transfected with wild-type Myc-DJ-1 or Myc-DJ-1 Nt con-
structs confirmed the nuclear localization of tagged-Myc-
DJ-1 Nt and the cytoplamic distribution of tagged-Myc-DJ-1
(Figure 3c). A similar pattern was observed using DJ-1� /�

MEF transfected with DJ-1 or DJ-1 Nt (Figure 3d). Taken
together, these findings support the notion that DJ-1
cleavage by caspase 6 results in nuclear accumulation of
the N-terminal fragment of DJ-1. Finally, we transfected
GFP-DJ-1 and GFP-DJ-1 Nt constructs in Hela cells and
analyzed live cells under a fluorescence microscope before
fixing them. Data in Supplemental Figure 4B showed that the
location of GFP-tagged constructs was identical in live cells
as compared with the fixed ones (Figure 3c).

Expression of DJ-1 in SH-SY5Y cells increased ROS
production. To investigate the function of the DJ-1 Nt
fragment, we next transfected the different forms of DJ-1 in
SH-SY5Y cells. As expected, expression of Myc-tagged DJ-1
Wt but not Myc-tagged DJ-1 Ct increased the clonogenic
potential of SH-SY5Y cells (Figure 4a). In contrast, transfec-
tion of Myc-tagged DJ-1 Nt decreased by 75% the number of
SH-SY5Y cell colonies. Western blot analysis of cell extract
confirmed expression of both DJ-1 Wt and DJ-1 Nt but not
DJ-1 Ct, likely owing to its poor stability (Figure 4b). To
investigate further the function of DJ-1 Nt, we established
SH-SY5Y cells stably expressing DJ-1 Nt. Compared to SH-
SY5Y cell lines expressing DJ-1 Wt, the establishment of the
DJ-1 Nt clones was considerably longer. This can be due to
the lower growth capacity of these cells (Figure 4a). The pro-
apoptotic effect of DJ-1 Nt while detectable in basal
conditions was, however, less pronounced than in stress
conditions and can explain why we were able to obtain DJ-1
Nt clones. As compared to SH-SY5Y cells transfected with
an empty vector PC1 or DJ-1 Wt, DJ1 Nt3 and 4 clones
exhibited high amount of Myc-Tagged DJ-1 Nt, even though
expression of DJ-1 Wt was higher than that of DJ-1 Nt3 and 4
(Figure 4c). Confocal microscopy experiments also con-
firmed a clear nuclear localization of DJ-1 Nt and cytoplasmic
localization for DJ-1 Wt (Figure 4d). Finally, expression of
DJ-1 Nt3 or 4 in SH-SY5Y cells was accompanied by
increase in MPPþ -mediated ROS production as assessed
by dichloro-dihydrofluorescein diacetate (DCFDA) staining
followed by flow cytometry (Figure 4e). By contrast, ROS
production was reduced in SH-SY5Y cells expressing DJ-1
Wt treated with MPPþ , suggesting a protective function of
DJ-1 Wt in this context (Figure 4e).

DJ-1 Nt induces mitochondrial cell death in SH-SY5Y.
We next wanted to determine how DJ-1 Nt killed SH-SY5Y
cells. MPPþ at a 2mM concentration slightly induced
apoptosis in parental SH-SY5Y cells as judged by Annexin
V/PI staining, while expression of DJ-1 Nt3 or 4 sensitized
drastically to MPPþ killing (Figure 5a). Increased cell death
of DJ-1 Nt3- and 4-expressing cells was also confirmed by
phase contrast microscopy (Supplemental Figure 5). MPPþ
increased caspase 3 activity and poly-ADP polymerase
cleavage in DJ-1 Nt-expressing cells (Figures 5b and c).
Finally, Smac release from mitochondria, a hallmark of
mitochondrial apoptosis, was drastically increased in DJ-1
Nt3- or 4-expressing SH-SY5Y cells (Figure 5d). In response
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to MPPþ , cells overexpressing DJ-1 Wt exhibited
unchanged levels of ROS production, Annexin V/PI staining,
caspase 3 activation, PARP cleavage and SMAC release
from mitochondria (Figures 4e, 5a–d).
It has been previously reported that oxidative stress-

inducing agents such as MPPþ might induce oxidation of
DJ-1 that can be detected by 2D-gel electrophoresis.21

Accordingly, we observed that in untreated cells, non-oxidized
DJ-1 migrated with an isoelectric point (IP) of 6.4 (spot1),
whereas in cells stimulated with MPPþ , its oxidized and

superoxidized counterparts exhibited IPs of 6 (spot 2) and 5.5
(spot 3), respectively (Figure 6a). DJ-1 Nt for its own migrated
with an IP of 5 (spot 1’). Interestingly, increased oxidation of
both endogenous and DJ-1 Nt was detected in DJ-1 Nt3 and 4
clones treated with MPPþ (spot 2’). Importantly, when the
samewestern blot was overexposed, the cleaved form of DJ-1
was clearly detected but only in cells over-expressing DJ-1
Nt3 or 4 (Supplemental Figure 6). We performed quantifica-
tion analysis of the different spots using Image J software.
Results in Figure 6b represent the percentage of DJ-1
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oxidized forms versus total DJ-1 in the four different clones. In
control and DJ-1 Wt-expressing cells treated with MPPþ , the
level of oxidized DJ-1 reached 10–15%, whereas 35–45% of
DJ-1 was oxidized in clones stably expressing DJ-1 Nt3 and 4
in identical conditions.
In addition, we transfected either an empty (pcDNA3), DJ-1,

DJ-1 Nt vector or the combination of a DJ-1 and DJ-1 Nt
constructs in DJ-1� /� MEF cells (Supplemental Figure 7).
We found that DJ-1 overexpression is not able to counteract
DJ-1 Nt-mediated apoptosis in MPPþ -treated cells.

DJ-1 Nt nuclear localization is necessary for its pro-
apoptotic function. To investigate the role of the nuclear
localization of DJ-1 Nt, we transfected SH-SY5Y cells with
either an empty vector (pcDNA3), DJ-1 Wt, DJ-1 Nt or a
vector encoding a construct of DJ1 Nt arboring two nuclear
export sequence signal (2xNES-DJ-1 Nt) that is therefore
totally excluded from the nucleus (Figure 7a). Thus, if the
nuclear localization of DJ-1 Nt is crucial for its pro-apoptotic
effect, exclusion from the nucleus should inhibit DJ-1 Nt

effect’s on cell metabolism in cells treated for 24 h with
MPPþ . As expected, SH-SYH5Y cells transfected with DJ-1
Nt were more sensitive to MPPþ treatment than cells
transfected with either control or DJ-1 Wt vector (Figure 7b).
Importantly, SH-SY5Y cells transfected with the 2xNES-DJ-1
Nt construct showed a drastic loss of sensitivity to MPPþ
treatment compared with cells transfected with DJ-1 Nt.
Finally, we established that the expression of DJ1 Nt and
2xNES-DJ-1 Nt was equivalent in SH-SY5Y cells (Figure 7c).
In conclusion, the nuclear location of DJ-1 Nt seems to be
crucial for its pro-apoptotic function.

Discussion

The protective role of DJ-1 against stress-induced apoptosis
is well documented.6,7 Several mechanisms have been
reported that explain the anti-apoptotic function of DJ-1,
including activation of the PI3K/AKT pathway consecutive to
PTEN inhibition,4 blockage of p53-mediated cell death,17

activation of the MAP kinase cascade22 and regulation of
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antioxidant genes through Nrf2 stabilization.23 Interestingly,
DJ-1 also protects cells against hypoxia-induced cell death
and is required for their adaptation to severe hypoxic stress.24

We recently reported that DJ-1 is cleaved by caspase 6 after
Asp149 in cell undergoing apoptosis, and that loss of function
of DJ-1 triggered by the Parkinson’s disease-associated
mutation D149A is due to proteolytic resistance to caspase-
6.17 We developed one antibody (DJ-1 (120)) that recognized
the N-terminal cleavage fragment of DJ-1 in both the human
T-lymphoblastic cell line Jurkat and neuroblastoma cell line

SH-SY5Y undergoing apoptosis in the presence of STS.
Using this antibody, we demonstrate by subfractionation and
confocal microscopy experiments that conversely, to DJ-1,
the expression of which was restrained to the cytosolic and
microsomal compartments, DJ-1-Nt was localized to the
nucleus of Hela and MEF-DJ1� /� cells. Such a localization
of caspase-cleaved protein fragments to the nucleus is not
uncommon, as we reported recently that the caspase-cleaved
form of the Lyn tyrosine kinase is delocalized into the nucleus
of cells undergoing apoptosis.25 Moreover, several other
caspase-derived fragments of substrates including FAK,26

FHOD1,27 Rho-GDI2,28 YY1,29 D4GDJ,30 Huntingtin31 and
Beclin 132 are also targeted into the nucleus in identical
circumstances. Of note in the present study, we clearly
demonstrated that nuclear localization of DJ-1 Nt is essential
for its pro-apoptotic function.
We described here that the N-terminal DJ-1 fragment

triggers ROS production in different human cell lines. Genetic
studies in drosophila have established that DJ-1 is critical for
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mitochondrial function.33 This observation is in agreement
with the finding that DJ-1 Nt expression increases MPPþ -
induced mitochondrial membrane permeabilization, caspase
3 activation and apoptosis. Therefore, it is tempting to
speculate that native DJ-1 protects mitochondrial integrity,
whereas cleavage of DJ-1 by caspase 6 leads to mitochon-
drial membrane permeabilization and therefore favors induc-
tion of apoptosis.
To investigate the ability of DJ1 Nt to modulate cell death in

the presence or absence of a full-length DJ-1 protein, we
transfected either an empty vector (pcDNA3), DJ-1 Wt (full-
length DJ-1), DJ-1 Nt alone or the combination of DJ-1Wt and
DJ1 Nt in DJ1� /� MEF cells. A low level of caspase-3
activation was detected in cells transfected with pcDNA3 or
DJ-1 Wt plasmid. Conversely, cells transfected with DJ-1 Nt
alone or cotransfected with DJ-1 Nt and DJ-1 Wt exhibited a
higher level of caspase-3 activation (Supplemental Figure 7).

This is a strong indication that the N-terminal fragment of DJ-1
favors caspase-3 activation independently of the presence of
the parental full-length DJ-1 protein. Consistent with this is the
observation that the presence of DJ-1 Wt does not affect the
ability of DJ-1 Nt to increase caspase-3 activity.
In contrast to native DJ-1, overexpression of DJ-1 Nt in

different cell lines leads to a loss of clonogenic potential and
sensitization to MPPþ -mediated apoptosis. Moreover, inhi-
bition of DJ-1 expression with Sh-RNA or DJ-1 deficiency
mimics DJ-1 Nt effect on cell growth and apoptosis. Strikingly,
we show here that DJ-1 Nt synergizes with MPPþ to mediate
mitochondrial membrane permeabilization, ROS production
and induction of apoptosis. In the same line, it has been
reported recently that cleavage of DJ-1 by matrix metallopro-
tease 3 mediates oxidative stress-induced dopaminergic cell
death.34 This finding is also in agreement with genetic studies
in drosophilla that established that DJ-1 is critical for
mitochondrial function.31 Cysteine 106 is functionally essen-
tial for DJ-1 function and is also subject to oxidation. An
interesting observation of the present study is that stable
expression of DJ-1 Nt in SH-SY5Y cell line alters the oxidation
level of both native and cleavedDJ-1. It has been reported that
oxidation can lead to loss of DJ-1 function.35 Thus, an
interesting possibility would be that enhanced oxidation status
of endogenous DJ-1 by MPPþ in DJ-1 Nt-expressing cells
that we do observe in this study altered the functionality of this
protein towards mitochondria. Therefore, it is tempting to
speculate that production of DJ-1 Nt through caspase
cleavage may alter mitochondrial membrane integrity and
ROS production.
In conclusion, we describe here an original post-transduc-

tional mechanism by which degradation of native DJ-1 and
generation by caspase 6 of a newN-terminal fragment of DJ-1
with a nuclear localization co-operate to trigger oxidation of
DJ-1, loss of mitochondrial integrity, ROS production and
finally apoptosis.

Materials and Methods
Cell cultures. The human Jurkat leukemic cell line was grown in RPMI 1630
medium (Lonza, Walkersville, MD, USA). Human HeLa cervical carcinoma cell
line, human SH-SY5Y neuroblastoma cell line and murine embryonic fibroblast cell
line were grown in DMEM (Lonza). DT40 chicken B cell line (a kind gift from
Professor Bill Earnshaw) was grown in DMEM supplemented with 1% chicken
serum and 10% fetal calf serum (FCS). All other cell cultures were grown at 37 1C
under 5% CO2 in the presence of 10% FCS, 50 units/ml penicillin and 50 mg/ml
streptomycin to minimize contamination. From the SH-SY5Y cell line, we
established different stables clones expressing DJ-1 shRNA or the DJ-1Nter
fragment. In each case stable empty vectors (pcDNA3) were also obtained.

Transient transfection experiments. Cells were transfected with DNA
vectors using JETPEI reagent in six wells plates containing 40� 104 cells/well.
Cells were lysed and proteins were analyzed 48 h later.

Reagents and antibodies. Sodium fluoride and orthovanadate, phenyl-
methylsulfonyl fluoride, aprotinin and leupeptin were purchased from Sigma (Saint-
Louis, MO, USA). Anti-Caspase 6, anti-Lamin A/C and HRP conjugated anti-rabbit
antibodies were from Cell Signaling Technology (Beverly, MA, USA). Anti-Hsp60,
anti-Myc, anti-DJ-1 (N20) and anti-calreticulin were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). HRP-conjugated anti-mouse and anti-goat
antibodies were from Dakopatts (Glostrup, Denmark). DJ-1Nt-specific antibody
was obtained from NeoMPS (Strasbourg, France). Rabbits were immunized after
the fourth injection of recombinant protein DJ-1 Nt-GST and antibodies were
collected from three different bleedings.
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Figure 7 DJ-1 Nt nuclear localization is essential for its pro-apoptotic function.
(a) SH-SY5Y cells were transfected with Myc-tagged DJ-1 Nt or Myc-tagged
2xNES-DJ-1 Nt. Fourty eight hours later, cells were fixed and permeabilized. Slides
containing cells were mounted and analyzed under a fluorescence microscope. (b)
SH-SY5Y cells were transfected with control vector or the different forms of DJ-1.
Fourty eight hours later, cells were incubated for 24 h with 2 mM MPPþ . Cell
metabolism was measured by the XTT assay as described in Materials and Methods
section. (c) SH-SY5Y cells were as described in Figure 7a. Briefly, cells were lysed
and proteins were analyzed by immunoblotting with anti-Myc antibody. HSP90 was
used as loading control
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Measurement of cell metabolism (XTT). SH-SY5Y clones or mouse
embryo fibroblasts (MEF) cells (10� 103 cells/100ml) were incubated in a 96-well
plate with indicated concentration of STS for 6 h. About 50 ml of XTT reagent
(sodium 3’-[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis (4–methoxy–6–nitro)
benzene sulfonic acid hydrate) (MPP) was added to each well as described
previously.36 The absorbance of the formazan product, reflecting cell viability, was
measured at 490 nm. Each assay was performed in quadruplicate.

Immunofluorescence. HeLa or MEF cells were transiently transfected with
DJ-1 or DJ-1 Nt constructs in glass chamber slides. Fourty eight hours later, cells
were fixed with 3% paraformaldehyde in PBS for 10 min, washed with PBS three
times and permeabilized with 0.1% Triton X-100 in PBS for 2 min. After another
washing with PBS, cells were incubated with anti-Myc antibody diluted in PBS, 1%
BSA at RT for 1 h. Then cells were washed and incubated with secondary anti-
Mouse antibody. Finally, DAPI was used to label the nuclei and slides containing
cells were mounted and analyzed under a fluorescence microscope (LEICA TCR
5500, Leica, Somls, Germany) or confocal microscope (ZEISS LSM510 META,
Zeiss, Oberkochen, Germany).

Western Blot. Western blotting has been described in details elsewhere.37

Briefly, after stimulation, cells were lysed at 4 1C in lysis buffer. Lysates were
centrifuged at 10 000� g for 10 min at 4 1C and supernatants were supplemented
with concentrated SDS sample buffer. A total of 30 mg of protein were separated
on 12% polyacrylamide gel and transferred onto polyvinylidene difluoride (PVDF)
membrane (Immobilon-P, Millipore, Bedford, MA, USA). After blocking non-specific
binding sites, the membranes were incubated with specific antibodies, washed
three times and finally incubated with HRP-conjugated antibody for 1 h at room
temperature. Immunoblots were revealed using the enhanced chemiluminescence
detection kit (Amersham Biosciences, Uppsala, Sweden).

Isoelectric focusing. SH-SY5Y clones were first treated with 2 mM MPPþ .
After 24 h, cells extracts were prepared in a mixture containing 8.75 M urea, 2.5 M
thiourea, 5% (w/v) CHAPS, 50 mM dithiothreitol. Proteins in extracts were
separated by isoelectric-focusing phoresis gel (pH 3–10) and 13% polyacrylamide
gel electrophoresis (PAGE) containing SDS, transferred onto PVDF membranes
and blotted with anti-DJ-1 antibody.

Cellular subfractionnements. Cells were washed with wash buffer
(proteoExtract Subcellular Proteome Extractipon KIT, Calbiochem, La Jolla, CA,
USA). Then, cells were pelleted by centrifugation (10 min at 300� g). The wash
buffer was aspirated and discarded and Extraction Buffer I was added to extract
cytosolic fraction. Cells were incubated for 10 min at 4 1C under gentle agitation,
centrifugated for 10 min at 800� g. The supernatant contains the cytoplasmic
fraction. Extraction Buffer II was added to the pellet and cells were incubated for
30 min at 4 1C under gentle agitation. Then, cells were centrifugated for 10 min at
5500� g and the supernatant containing the microsomal fraction was collected.
This crude microsomal fraction contains the plasma membrane, mitochondria,
endoplasmic reticulum, gogli and lysosomes. Extraction Buffer III was added to the
pellet and cells were incubated for 10 min at 4 1C. Finally, cells were centrifugated
for 10 min at 7000� g and the nuclear fraction was collected. A total of 30mg of
cytosolic, microsomal and nuclear fractions were separated on 15% polyacrylamide
gel and transferred onto PVDF membrane. After blocking non-specific-binding sites
in saturation buffer, the membranes were incubated with specific DJ-1 antibodies.

Colony formations assay. SH-SY5Y cells were cotransfected with
puromycin-resistant vector and different constructs of DJ-1. Fourty eight hours
later, cells were treated with puromycin (2 mg/ml) every 2 days. After 10 days cells
were fixed with paraformaldehyde 3% and then colonies were detected by adding
1 ml of aqueous crystal violet solution and were scored by Image J quantification
software (US National Institutes of Health, Bethesda, MD, USA).

In vitro transcription/translation of WT and mutated DJ-1 and
cleavage by recombinant caspases. Wild type and mutated (uncleavable
D149A DJ-1) were transcribed and translated using the Promega TNT-coupled
reticulocyte lysate system (Promega, Madison, WI, USA) as previously described
in the presence of radiolabeled methionine (ICN) as described.38 Briefly, 25 ng
recombinant caspases (Sigma) were incubated for 16 h at 37 1C with 2 ml of
reticulocyte lysates in 50ml of 25 mM HEPES (4-(2–hydroxyethyl) piperazine-1-
ethanesulfonic acid) buffer pH 7.5 containing 0.1% CHAPS ((3-[(3–

cholamidopropyl) dimetylammonio]-1-propanesulfonate)) and 5 mM dithiothreitol.
In a subset of experiments, the caspase inhibitor Ac-DEVD-CHO (10 mM) was
preincubated with caspases before the addition of the reticulocyte lysates. Proteins
were then electrophoresed on 12% PAGE and autoradiographed using Amersham
Biosciences hyperfilms.

Caspase 3 activity measurement. Caspase 3 assays have been
described in details elsewhere.39 Briefly, after stimulation, cells were lysed at
4 1C in lysis buffer and lysates were cleared at 10 000� g for 15 min at 4 1C. Each
assay, in quadriplicates, was performed with 15mg of protein prepared from
control or stimulated cells. Briefly, cellular extracts were then incubated in a 96-
well plate, with 0.2 mM Ac-DEVD-AMC as substrates for various times at 37 1C as
described previously. Caspase 3 activity is measured after emission at 460 nm
(excitation at 390 nm) with or without 1 mM Ac-DEVD-CHO. Enzyme activities were
expressed in arbitrary units/mg of protein.

Statistical analysis. All data are presented as mean±S.D. P-values were
determined using Prism V5.0b software (GraphPad, La Jolla, CA, USA). Unless
stated otherwise in the figure legend, comparisons of different groups were made
with the one-way ANOVA test with Bonferroni post test. P-values o0.05 (*),
o0.01 (**) and o0.001 (***) were considered statistically significant.
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