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Abstract
Mutations in DJ-1 (PARK7) cause recessively inherited Parkinson's disease. DJ-1 is a
multifunctional protein with anti-oxidant and transcription modulatory activity. Its localization in
cytoplasm, mitochondria and nucleus is recognized, but the relevance of this sub-cellular
compartmentalization to its cytoprotective activity is not fully understood. Here we report that at
basal conditions DJ-1 is present mostly in the cytoplasm and to a lesser extent in mitochondria and
nucleus of dopaminergic neuroblastoma SK-N-BE(2)C cells. Upon oxidant challenge, more DJ-1
translocates to mitochondria within 3 hours and subsequently to the nucleus by 12 hours. The
predominant DJ-1 species in both mitochondria and nucleus is a dimer believed to be the
functional form. Mutating cysteine 106, 53 or 46 had no impact on the translocation of DJ-1 to
mitochondria. To study the relative neuroprotective activity of DJ-1 in mitochondria and nucleus,
DJ-1 cDNA constructs fused to the appropriate localization signal were transfected into cells.
Compared with 30% protection against oxidant induced cell death in wild-type DJ-1-transfected
cells, mitochondrial targeting of DJ-1 provided a significantly stronger (55%) cytoprotection based
on LDH release. Nuclear targeting of DJ-1 preserved cells equally as with the wild-type protein.
These observations suggest that the time frame for the translocation of DJ-1 from the cytoplasm to
mitochondria and to the nucleus following oxidative stress is quite different, and that dimerized
DJ-1 in mitochondria is functional as anti-oxidant not related to cysteine modification. These
findings further highlight the multi-faceted functions of DJ-1 as a cytoprotector in different
cellular compartments.
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Introduction
DJ-1 is one of the genes that cause inherited forms of Parkinson's disease (PD) when
mutated (Bonifati et al. 2003). DJ-1 (PARK7) maps to chromosome 1p36 (van Duijn et al.
2001) and encodes a 189 amino acid protein. Mutations in this gene were originally found to
segregate with PD in two consanguineous families, one with a large genomic deletion
leading to absence of gene product, and the other with a missense mutation substituting a
highly conserved leucine with a proline at position 166 (L166P) (Bonifati et al. 2003). Both
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mutations are homozygous and the disease is transmitted recessively. The clinical phenotype
is characterized by an onset in the mid-thirties, good levodopa response and slow disease
progression (Bonifati et al. 2003). DJ-1 is involved in diverse biological processes (Cookson
2003). First, several lines of evidence suggest that it plays a role in the oxidative stress
response (Canet-Aviles et al. 2004; Mitsumoto and Nakagawa 2001). DJ-1 is induced
transcriptionally by insults that promote oxidative stress (Mitsumoto and Nakagawa 2001;
Mitsumoto et al. 2001; Taira et al. 2004b). It quenches reactive oxygen species (ROS), and
is converted into a variant with a more acidic isoelectric point (pI) in response to oxidants
(Bandopadhyay et al. 2004; Kinumi et al. 2004; Mitsumoto and Nakagawa 2001; Mitsumoto
et al. 2001; Taira et al. 2004b; Zhou and Freed 2005). Several reports have demonstrated
that over-expression of wild-type DJ-1, but not the L166P mutant, protects cells against
insults that promote ROS generation (Canet-Aviles et al. 2004; Junn et al. 2005; Taira et al.
2004b; Takahashi-Niki et al. 2004; Yokota et al. 2003; Zhou and Freed 2005). The
protective effect of recombinant DJ-1 injected into the nigra has also been shown in the rat
6-OHDA model (Inden et al. 2006). Conversely, down-regulation of DJ-1 renders cells more
susceptible to such insults (Junn et al. 2005; Martinat et al. 2004; Taira et al. 2004b;
Takahashi-Niki et al. 2004; Yokota et al. 2003; Zhou and Freed 2005). Studies in
Drosophila confirm that inactivation of the DJ-1 homolog impairs the oxidative stress
response in dopaminergic neurons (Menzies et al. 2005; Meulener et al. 2005; Park et al.
2005; Yang et al. 2005), and knock-down of DJ-1 in C.elegans increases vulnerability to
mitochondrial complex I inhibition (Ved et al. 2005). Similarly, DJ-1 null mice are more
vulnerable to MPTP than their wild-type littermates (Kim et al. 2005). Second, DJ-1
modulates transcription through interacting with DJ-1 binding protein (DJBP) (Niki et al.
2003) as well as with PIAS (protein inhibitor of activated STAT) (Takahashi et al. 2001),
which modulates the activity of various transcription factors (Kotaja et al. 2002). In
dopaminergic neuronal cells, DJ-1 interacts with p54nrb and PSF (pyrimidine tract-binding
protein-associated splicing factor), two heterodimeric multifunctional regulators of
transcription and RNA metabolism, and inhibits PSF-induced transcriptional silencing and
apoptosis (Xu et al. 2005). Third, DJ-1 is a regulatory subunit (RS) of an RNA-binding
protein (Hod et al. 1999). Fourth, DJ-1 may have chaperone activity, preventing heat-
induced aggregation of substrate proteins (Lee et al. 2003) including α-synuclein
(Shendelman et al. 2004; Zhou and Freed 2005) in a redox dependent manner (Shendelman
et al. 2004; Zhou et al. 2006). Fifth, catalytic activities for DJ-1 have been suggested,
including a cysteine protease function (Honbou et al. 2003; Olzmann et al. 2003), but not
confirmed (Lee et al. 2003; Shendelman et al. 2004; Wilson et al. 2003). It is conceivable
that many if not all of these functions relate to the pathogenetic role of DJ-1 in PD.

Subcellular localization studies have shown DJ-1 to be present in the cytosol, mitochondria
and nucleus (Canet-Aviles et al. 2004; Taira et al. 2004a; Zhang et al. 2005). However, it is
not clear if this compartmentalization of DJ-1 has a bearing on its cell protective activity,
and if it does, which compartment is more involved in this function. Here we show that, in
response to oxidative stress, some of the DJ-1 protein is translocated from its major
cytosolic pool to mitochondria and nucleus. Furthermore, DJ-1 tagged with the
mitochondrial localization signal and therefore fully localized to these organelles could
protect cells against reactive oxygen species to a greater extent than wild-type DJ-1 or DJ-1
tagged with the nucleus translocation signal. These findings suggest that mitochondrial
localization confers DJ-1 superior neuroprotective function against oxidative stress than
cytosolic or nuclear localization.
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Materials and Methods
Plasmids

Full-length cDNA vectors expressing Flag-tagged DJ-1 have been described previously
(Junn et al. 2005). DJ-1 cysteine mutants, C46S, C53S and C106S were generated using the
QuikChange site-directed mutagenesis kit (Stratagene), and DNA sequences were
confirmed. To construct DJ-1 targeted to the outer-membrane of mitochondria, a peptide
fragment derived from Bcl-XL (aa 202-233), which has a mitochondrial targeting signal
(Kaufmann et al. 2003), was fused to the C-terminus of myc-tagged DJ-1, yielding
mitochondrial DJ-1 (DJ-1Mito). To make DJ-1 targeted to the nucleus, DJ-1 cDNA was
cloned in pCMV/myc/nuc (Invitrogen), a nuclear-targeting vector, yielding nuclear DJ-1
(DJ-1Nuc).

Cell culture and transfection
Human neuroblastoma SK-N-BE(2)C cells were maintained in Ham's F-12:minimal
essential media (MEM) (1:1) supplemented with 10% fetal bovine serum (FBS).
Transfections were performed using FuGene 6 reagent (Roche Molecular Biochemicals)
according to the supplier's instructions. To screen for cells that stably express DJ-1-myc,
mitochondrial DJ-1 or nuclear DJ-1, transfected cells were diluted 10 fold in 100 mm culture
dishes and treated with G-418 at a concentration of 0.5 mg/ml. After 3-4 weeks, isolated
colonies were analyzed for transgene expression

Cell fractionation, chemical cross-linking and Western blot analysis
Mitochondrial, nuclear and cytosolic fractions were isolated using a commercial kit
(Activemotif) according to the manufacturer's protocol. For cross-linking experiments, cells
were rinsed with PBS, exposed to 100 μM disuccinimidyl suberate (DSS) (Pierce) for 30
min at room temperature, and then rinsed with PBS containing 50 mM Tris-HCl (pH 7.6) to
quench further DSS reaction. Subsequently, cells were processed for fractionation.
Fractionated samples as well as total lysates were analyzed by Western blotting using mouse
monoclonal anti-DJ-1 antibody (Stressgen) or peroxidase conjugated anti-Flag antibody
(Sigma). Specificity of mitochondrial and nuclear fractions were assessed by SDS-PAGE
followed by Western blot analysis with mouse monoclonal anti-bovine cytochrome oxidase
subunit IV antibody (Molecular Probes) and rabbit polyclonal anti-Sp1 antibody (Santa Cruz
Biotechnology), respectively. Band intensities were measured using graph digitizing
software, UN-SCAN-IT™ (Silk Scientific Inc.).

Immunofluorescence
SK-N-BE(2)C cells were transiently transfected as described in Results, and cultured in
glass chamber slides (Becton Dickinson) for 24 h. Cells were fixed in 4% paraformaldehyde
in PBS for 20 min, washed with PBS three times, and permeabilized with 0.5% Triton
X-100 in PBS for 10 min. After washing with PBS again and blocking with 5% BSA for 20
min, cells were incubated with the indicated antibodies diluted in 1% BSA at room
temperature for 1 h, and washed five times with PBS. For nuclear staining, cells were
incubated with 10 μM 4',6-diamidino-2-phenylindole (DAPI) for 1 min, washed five times
with PBS, mounted with ProLong® antifade mounting material (Molecular Probes) under a
coverglass, and analyzed under a fluorescence microscope (Axiovert 200, Zeiss).

Cell death assay
SK-N-BE(2)C cells stably expressing DJ-1-myc, mitochondrial (DJ-1Mito) or nuclear DJ-1
(DJ-1Nuc) were exposed to hydrogen peroxide, and cell death was assessed using lactate
dehydrogenase (LDH) Cytotoxicity Detection Kit (Roche Molecular Biochemicals). This
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method quantifies cell death in culture based on the measurement of LDH released into the
growth medium when cell membrane integrity is lost. Apoptotic cell death was measured
using the terminal dUTP transferase nick-end labeling method (TUNEL, In Situ Cell Death
Detection Kit TMR-Red, Roche Molecular Biochemicals) as described by the manufacturer.
For quantification of TUNEL-positive cells, eight microscopic fields were randomly
selected and the percentage of TUNEL-positive cells was counted.

Statistics
For cell death assays, statistical analysis was performed by analysis of variance (ANOVA)
followed by Newman-Keuls' post hoc test. Data are expressed as means ± S.E.M. A p value
< 0.05 was accepted as statistically significant.

Results
Localization of DJ-1 to mitochondria and nucleus in response to oxidative stress

Sub-cellular fractionation studies were carried out to identify the localization of endogenous
DJ-1 in response to hydrogen peroxide challenge. Human dopaminergic neuroblastoma cells
SK-N-BE(2)C were treated with 100 μM H2O2 for the indicated times (Fig. 1). At basal
conditions, the bulk of DJ-1 was found in the cytosol, with little expression in mitochondria
and nucleus. Following H2O2 treatment, more DJ-1 was detected in the mitochondria as
early as 1 hour, increasing further at 3 hours. However, no change in nuclear localization of
DJ-1 was seen within this time frame. The integrity of our fractionation procedures was
confirmed by the presence of the mitochondrial marker cytochrome oxidase subunit IV
exclusively in the mitochondrial fraction, and the presence of the transcription factor Sp1
exclusively in the nuclear fraction (Fig. 1A). We also verified the sub-mitochondrial
localization of DJ-1 to the cytoplasmic side of the outer mitochondrial membrane by limited
trypsin digestion studies (data not shown), as reported previously (Canet-Aviles et al. 2004).
Longer exposure of cells to H2O2 to 12 and 24 hours resulted in the translocation of DJ-1
into the nucleus, at which time mitochondrial DJ-1 was no different than basal levels (Fig.
1B). These data demonstrate that endogenous DJ-1 moves from the cytoplasm to
mitochondria and nucleus at different time frames following H2O2 challenge. The
importance and function of these localizations in response to oxidative stress were studied
next.

Dimerization of DJ-1 in mitochondria and nucleus
Crystallographic studies of DJ-1 have shown that the wild-type protein is a helix-strand-
helix sandwich and forms a homodimer (Honbou et al. 2003; Huai et al. 2003; Lee et al.
2003; Tao and Tong 2003; Wilson et al. 2003). And studies using co-immunoprecipitation
of different tagged forms of DJ-1 and yeast two hybrid screening support the ability of this
protein to self-interact (Ito et al. 2006; Junn et al. 2005). The L166P mutation, which places
the strong helix breaker proline in the C terminal helix located in the hydrophobic core of
the molecule, interferes with dimerization (Macedo et al. 2003; Miller et al. 2003; Moore et
al. 2003; Tao and Tong 2003). Therefore, loss of function of this mutant is presumably due
to destabilization of the dimer interface (Taira et al. 2004b; Wilson et al. 2003), suggesting
that dimerization is critical for the physiologic function(s) of DJ-1. We investigated whether
DJ-1 localized in the mitochondria or nucleus is dimerized. To stabilize DJ-1 dimers, we
employed disuccinimidyl suberate (DSS), a non-cleavable chemical cross-linker that forms
covalent bonds between primary amines. SK-N-BE(2)C cells were incubated with 100 μM
DSS followed by sub-cellular fractionation into cytosolic, mitochondrial and nuclear
fractions. Western blot analysis demonstrated that DJ-1 dimers are present in all these
fractions (Fig. 2A). Considering that dimerization of DJ-1 is critical for its neuroprotective
function, this finding suggests that DJ-1 present in mitochondria and nucleus is
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physiologically active. On the other hand, dimer formation by L166P mutant DJ-1 in the
presence of DSS was negligible (Fig. 2B), as reported previously (Baulac et al. 2004).

Cysteine mutants of DJ-1 can move to mitochondria and nucleus in response to H2O2
The highly conserved cysteine residue at position 106 of DJ-1 has previously been shown to
be extremely sensitive to radiation (Wilson et al. 2003) and oxidative damage resulting in
sulfinic acid modification (Canet-Aviles et al. 2004; Lee et al. 2003). Additionally, the
C106A substitution reportedly blocks the mitochondrial localization of DJ-1 in response to
paraquat (Canet-Aviles et al. 2004). Other cysteine residues, such as Cys 53 (located in the
dimer interface) and Cys 46 may be oxidized to a certain extent as well (Kinumi et al. 2004),
and the C53A mutant reportedly loses the ability to change pI in response to H2O2 or protect
cells against this ROS generator (Shendelman et al. 2004; Taira et al. 2004b). To assess the
importance of these three cysteine residues in mitochondrial and nuclear localization in
response to oxidative stress, Flag-tagged DJ-1 with cysteine to serine substitutions at
residues 46, 53 or 106 was each transfected into SK-N-BE(2)C cells, treated with H2O2 for
3 h (cytosol and mitochondrial samples) or 24 h (nuclear sample), followed by sub-cellular
fractionation studies (Fig. 3). This experiment showed that all cysteine mutants could move
to the mitochondria (8-10% of total DJ-1 protein) and nucleus (1-2%) similar to wild-type
DJ-1 in response to H2O2. This result suggests that the localization of DJ-1 to the
mitochondria or nucleus in response to H2O2 does not necessarily involve oxidation of its
cysteine residues.

Mitochondria-localized DJ-1 exhibits enhanced neuroprotective activity
Next, we investigated the functional relevance of mitochondrial or nuclear localization of
DJ-1 in response to oxidative stress, and addressed the question of which pool contributes to
protection against oxidative stress. To achieve this, mitochondria-targeted DJ-1 (DJ-1Mito)
and nucleus-targeted DJ-1 (DJ-1Nuc) were constructed as described in Materials and
Methods section. These two constructs as well as wild-type DJ-1 were transfected into SK-
N-BE(2)C cells and their sub-cellular localizations were confirmed by
immunocytochemistry (Fig. 4A and 4B). DJ-1Mito co-localized with MitoTracker as dotted
and filamentous structures scattered in the cytoplasm, which is a typical mitochondrial
pattern of staining (Fig. 4B). In addition, we confirmed that DJ-1Mito protein partitions into
the mitochondria by sub-cellular fractionation (data not shown). DJ-1Nuc, on the other hand,
was detected exclusively in the nucleus, perfectly co-localizating with DAPI staining (Fig.
4A).

With these confirmations, SK-N-BE(2)C cells were engineered to stably over-express wild-
type, DJ-1Mito and DJ-1Nuc, respectively (Fig. 4C). Clones expressing DJ-1 isoforms at
equivalent amounts were chosen for cell death experiments to minimize the effect of varied
expression levels. These engineered cells were challenged with 200 μM H2O2 for 24 h and
cell death was measured using LDH assay in the supernatant (Fig. 4D). As expected, cell
death was inhibited significantly by the over-expression of wild-type DJ-1. Notably, cells
expressing mitochondrial localized DJ-1 (DJ-1Mito) fared significantly better than those
expressing wild-type DJ-1 or nuclear (DJ-1Nuc). In addition, TUNEL assay showed that
apoptotic cell death was inhibited to a greater degree by DJ-1Mito than by wild-type DJ-1
(Fig. 4E). These results suggest that mitochondrial localization of DJ-1 in response to
oxidative stress is a means for this protein to exert its cell-protective effect, although the
mechanism by which this is accomplished remains to be fully elucidated.
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Discussion
In this report, we provide evidence that DJ-1 translocates to mitochondria and nucleus in
response to oxidative stress with different time frames, and that this translocation does not
require oxidation of its cysteine residues. Although mitochondrial and nuclear localization
of DJ-1 had been demonstrated (Canet-Aviles et al. 2004; Taira et al. 2004a; Zhang et al.
2005), the relationship between its sub-cellular localization and cell protective activity had
not been addressed. To study whether these translocations of DJ-1 are required for its
cytoprotective role, we constructed mitochondria-targeted DJ-1 (DJ-1Mito) and nucleus-
targeted DJ-1 (DJ-1Nuc), and tested their effect on H2O2-induced cell death. DJ-1Mito

inhibited cell death more effectively than DJ-1Nuc or wild-type DJ-1, suggesting that
oxidative stress-induced early translocation of DJ-1 from the cytoplasm to mitochondria is
involved in its protective role against oxidative stress.

Mitochondria have several compartments including its outer membrane, inner membrane,
inter-membrane space and matrix. Each compartment has distinct protein components
supporting different roles. We confirmed that DJ-1 is localized in the outer membrane of
mitochondria as reported previously (Canet-Aviles et al. 2004). However, Zhang et al.
reported DJ-1 to be localized in the inter-membrane space and matrix of mitochondria, but
its role in these compartments has not been explained (Zhang et al. 2005). Discrepancies in
the sub-mitochondrial localization of DJ-1 may be explained by the presence or absence of
oxidative stress as well as due to possible methodological differences.

Since endogenously expressed DJ-1 is localized to the outer membrane of mitochondria
upon oxidative stress, we fused the mitochondrial targeting signal of Bcl-XL protein to the
C-terminus of DJ-1 in order to construct DJ-1Mito. Bcl-XL is specifically targeted to the
mitochondrial outer membrane, a process that requires the COOH-terminal transmembrane
domain flanked at both ends (Kaufmann et al. 2003). This sequence has been shown as a
bona fide targeting signal for the mitochondrial outer membrane as it confers soluble EGFP
specific mitochondrial localization (Kaufmann et al. 2003). The mitochondrial outer
membrane is an important site for apoptosis regulation. Permeabilization of this membrane
is regarded as the `point of no return' in executing the apoptotic cascade in a variety of cell
death pathways (Chipuk et al. 2006). This permeabilization step is directly regulated by a
subset of the BCL-2 family of proapoptotic proteins, which induce disruptions in the outer
mitochondrial membrane and subsequent release of death-promoting proteins such as
cytochrome c. Considering the cytoprotective activity of DJ-1 and particularly its
mitochondrial localized fraction, it remains to be determined whether DJ-1 in the
mitochondrial outer membrane can inhibit the activity of proapoptotic BCL-2 family
proteins and prevent mitochondrial outer membrane permeabilization as another mechanism
of cytoprotection.

Our data suggest that the localization of DJ-1 to the mitochondria or nucleus in response to
H2O2 does not necessarily require oxidation of its cysteine residues. In contrast, Canet-
Aviles et al reported that translocation of DJ-1 to mitochondria requires cysteine 106
oxidation in response to paraquat (Canet-Aviles et al. 2004). Several factors may account for
this discrepancy. First, they presented immunocytochemical data, which are difficult to
provide quantitative information. Second, they employed cysteine to alanine mutants rather
than cysteine to serine substitution used in our present study; serine is closer to cysteine in
terms of molecular weight and structure than alanine is. Third, the cell lines used and
oxidative stress conditions applied were different in the respective experiments. In fact, it is
expected that the anti-oxidant function of DJ-1 in cell death signaling events in the
mitochondria is carried out by its non-oxidized form, whereas the oxidized protein is
nonfunctional in this regard.
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The differential time course for the translocation of cytoplasmic DJ-1 first to the
mitochondria and at a later point to the nucleus is another indication for the multi-faceted
functions of DJ-1, all of which have a cytoprotective role. While the mitochondrial localized
DJ-1 appears to be primarily responsible for protection against oxidative stress in the short
term, nuclear DJ-1 also protects against oxidant damage but clearly through different
mechanisms. For example, the ability of DJ-1 to interact with and sequester the death
protein Daxx in the nucleus, and prevent it from gaining access to the cytoplasm and
activating apoptosis signal regulating kinase 1 is a potent mechanism for cytoprotection
(Junn et al. 2005). Additionally, the transcriptional activity of DJ-1 can confer anti-apoptotic
properties (Xu et al. 2005).

In conclusion, the present observations highlight the cytoprotective effect of DJ-1 present as
a dimer in the outer membrane of mitochondria without necessarily being oxidized at its
cysteine residues. Elucidating the processes that lead from its mitochondrial translocation to
cell survival requires additional investigations.
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Fig.1. Sub-cellular distribution of DJ-1 in human neuroblastoma cells SK-N-BE(2)C in response
to hydrogen peroxide
Cells were treated with 0.1 mM H2O2 for up to 3 h (A) and up to 24 h (B), and then
fractionated to cytosol, mitochondria and nucleus. Fractionated samples were subjected to
Western blot analysis with anti-DJ-1 (Stressgen), anti-cytochrome oxidase subunit IV
(Molecular Probe) and anti-Sp1 (Santa Cruz Biotechnology). This figure demonstrates that
DJ-1 moves to mitochondria within 3 h of H2O2 stimulation and to the nucleus by 12 h. A
representative Western blot of three independent experiments is shown.

Junn et al. Page 10

J Neurosci Res. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig.2. Presence of DJ-1 dimer in mitochondria and nucleus
(A) SK-N-BE(2)C cells exposed to 0.1 mM H2O2 for 3h (cytosol, mitochondria fraction) or
24h (nucleus fraction) and then treated with 100 μM disuccinimidyl suberate (DSS) for 30
min. Fractionated samples were subjected to SDS-PAGE and Western blot analysis with
anti-DJ-1 (Stressgen) and with antibodies for several loading controls such as anti-β-actin
(Sigma), anti-cytochrome oxidase subunit IV and anti-Sp1. DJ-1 dimers are detected in
mitochondrial, nuclear as well as cytosolic fractions. The experiment was run in duplicates.
(B) SK-N-BE(2)C cells were transiently transfected with Flag-tagged DJ-1, wild-type or
L166P mutant, and treated with DSS. Samples were subjected to SDS-PAGE and Western
blot analysis.
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Fig.3. Cysteine oxidation is not involved in the translocation of DJ-1 in response to H2O2
SK-N-BE(2)C cells were transfected with plasmids encoding Flag-tagged DJ-1 harboring
cysteine to serine substitutions at residues 46, 53 or 106 , treated with H2O2 for 3 h (cytosol
and mitochondria fraction) or 24 h (nuclear fraction), followed by sub-cellular fractionation.
Fractionated samples were subjected to Western blot analysis with anti-Flag M2 (Sigma). A
representative Western blot of three independent experiments is shown.
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Fig.4. Mitochondrial localized DJ-1 has better neuroprotective activity
(A) SK-N-BE(2)C cells were transfected with wild-type DJ-1, DJ-1Mito or DJ-1Nuc

constructs and immunostained with anti-Myc-Rhodamine (Santa Cruz Biotechnology).
Nuclei were counter-stained blue with DAPI. (B) SK-N-BE(2)C cells were transfected with
DJ-1Mito construct and immunostained with anti-Myc-FITC and MitoTracker Red
(Molecular Probes). (C) SK-N-BE(2)C cells were engineered to stably express wild-type
DJ-1, DJ-1Mito and DJ-1Nuc, and expression was confirmed by Western blot analysis with
anti-DJ-1 (Stressgen). This figure shows over-expressed tagged DJ-1 as well as the
endogenous native protein. (D) Stably transformed SK-N-BE(2)C cells described in (B)
were challenged with 0.2 mM H2O2 for 24 h, and cell death was measured with LDH
Cytotoxicity Detection Kit (Roche). DJ-1Mito over-expressing cells fared significantly better
compared to cells over-expressing wild-type DJ-1 or DJ-1Nuc. Values are means ± S.E.M.
for triplicates. * ANOVA p < 0.05; ** p < 0.01. (E) SK-N-BE(2)C cells stably transfected
with DJ-1 isoforms were challenged with 0.1 mM H2O2 for 12 h, and apoptotic cells were
detected by TUNEL staining. TUNEL-positive cells were counted in 8 randomly selected
fields. Each microscopic field had 10-30 cells. The data represent means ± S.E.M. *
ANOVA p < 0.05.
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