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HIGHLIGHTS

e Complete PINK1 ablation causes mitochondrial dysfunction.
® Both complex | and complex IlI are defective in PINK1-deficient cells.
® Mitochondrial respiratory chain defects may be associated with PD pathogenesis.
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treated with mitochondrial uncouplers that cause mitochondrial depolarization. PINK1 loss-of-function
decreases mitochondrial membrane potential, resulting in mitochondrial dysfunction, although the exact
function of PINK1 in mitochondria has not been fully elucidated. We have previously found that PINK1
deficiency causes a decrease in mitochondrial membrane potential, which is not due to a proton leak, but

; o torespiratory chain defects. Here, we examine mitochondrial respiratory chain defects in PINK1-deficient
Parkinson'’s disease . . R
Mitochondria cells, and find both complex I and complex IIl are defective. These results suggest that mitochondrial
PINK1 respiratory chain defects may be associated with PD pathogenesis caused by mutations in the PINK1
Respiratory chain gene.
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1. Introduction Mutations in the parkin, PINK1 (PTEN-induced putative kinase
1), and DJ-1 genes lead to autosomal recessive parkinsonism {1].

Parkinson’s disease (PD) is a neurodegenerative disease charac-  Although these gene products have not been fully characterized,
terized by loss of dopaminergic neurons in the substantia nigra.  they are strongly implicated in mitochondrial homeostasis {9].

Mitochondrial dysfunction has been proposed as a major factor  PINK1 contains an N-terminal mitochondrial targeting sequence
in sporadic and familial PD pathogenesis {1]. In the early 1980s,  and a serine/threonine kinase domain {281. Loss of PINK1 function
it was discovered that a neurotoxin, 1-methyl-4-phenyl-1,2,3,6-  induces increased vulnerability to various stresses [ 10,27]. Because
tetrahydropyridine (MPTP), could inhibit mitochondrial complex  parkin can rescue PINK1 deficiency, but not vice versa, PINK1 must
I'and cause parkinsonian symptoms in humans {17,201 MPTPand 3¢t upstream of parkin in the same genetic pathway [8.25]. PINK1

other complex I inhibitors (e.g., rotenone), reproduce clinical fea-  |oss-of-function decreases mitochondrial membrane potential {7}
tures of PD in animals and are commonly used to model PD {5 and the PINK1-parkin pathway is associated with mitochondrial
Moreover, complex [ deficiency is frequently observed in the subs- autophagy (mitophagy) in cultured cells treated with the mito-
tantia nigra of PD patients at autopsy {12}. chondrial uncoupler, carbonyl cyanide m-chlorophenylhydrazone

(CCCP), which causes mitochondrial depolarization {19,24]. How-
ever, the exact function of PINK1 in mitochondria has not been fully
" Abbreviations:  BN-PAGE, blue native PAGE; CCCP, carbonyl cyanide m-  elucidated.
chlorophenylhydrazone; mtDNA, mitochondrial DNA; MEFs, mouse embryonic We have previously found that PINK1 deficiency in cultured cells
fibroblasts; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; PD, Parkinson’s causes a decrease in mitochondrial membrane potential that is not
disease; PINK1, PTEN induced putative kinase 1. due to a proton leak, but to respiratory chain defects [3}. Similar

* Corresponding author. Tel.: +81 46 841 3810; fax: +81 46 844 5901. respiration defects are observed in PINK1 knock-out mice {10} and
E-mail address: amno@nda.acjp (T. Amo).
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complex [ deficiency is observed in PINK1 mutant flies [22] and
human fibroblasts from patients with PINKT mutations | 13]. Inter-
estingly, in flies, some PINKT mutant phenotypes are mimicked by
downregulation of a complex I component and rescued by Ndilp, a
yeast NADH:ubiquinone oxidoreductase that can bypass complex |
[25]. Most recently, it was reported that PINK1 is needed to main-
tain complex [ activity via NdufA10 phosphorylation [21]. Thus, as
a respiration defect is a likely key event of PINK1 deficiency, here,
we provide a detailed analysis of mitochondrial respiratory chain
defects in our PINK1-deficient cell model.

2. Materials and methods
2.1. PINK1 knock-out mouse embryonic fibroblasts (MEFs)

PINK1 knock-out MEFs were prepared and cultured as previ-
ously described [3,19]. Mitochondria were prepared from cultured
MEFs as previously described [2].

2.2. Quantitative polymerase chain reaction (PCR) to estimate
mitochondrial DNA copy number

Total DNA was prepared from cultured cells by incubating in
a solution of 75 mM NaCl, 50 mM EDTA, 0.5% SDS, and 0.5 mg/mL
proteinase K at 50°C for 2h. DNA was precipitated by adding of
an equal volume of isopropanol, then pelleted by centrifugation,
and dissolved in TE buffer. Mitochondrial DNA copy number was
estimated by quantitative real-time PCR assays using the MyiQ2
Real Time PCR Detection System (Bio-Rad). The sequences of
primers and probes were as follows: cytochrome c oxidase 1 gene
(COX1, mitochondrial DNA): forward primer 5-TGATTCCCATT-
ATTTTCAGGCTTC-3’, reverse primer 5-ACTCCTACGAATATG-
ATGGCGAA-3', probe 5-CCCTAGATGACACATGAGCAAAAGCCCA-
3'; glyceraldehyde 3-phosphate dehydrogenase gene (GAPDH,
nuclear DNA): forward primer 5-CATCACTGCCACCCAGAAGA-3/,
reverse primer 5-ATGTTCTGGGCAGCCCC-3/, probe 5-TGGATGG-
CCCCTCTGGAAAGCTG-3'.

2.3. Respiratory chain enzyme assays

Individual enzyme activities of complexes [, II, IIl, and IV were
measured at 30°C as previously described {4]. Complex [ activity
was measured by monitoring NADH oxidation at 340 nm (minus
background of 425 nm). Rotenone (2 pwg/mL) was used to confirm
complex I-specific activity. Complex II activity was measured by
monitoring 2,6-dichlorophenolindophenol reduction of at 600 nm.
Complexes llland IV activities were measured by monitoring reduc-
tion or oxidation, respectively, of cytochrome c at 550 nm (minus
background of 580nm). Citrate synthase was assayed by moni-
toring 5,5’-dithiobis(2-nitrobenzoic acid) reduction at 412 nm, as
previously described [15].

2.4. Blue native PAGE (BN-PAGE)

BN-PAGE was performed as previously described [30]
Mitochondria prepared from MEFs were solubilized with 1%
n-dodecyl-B-p-maltoside or 1% digitonin and centrifuged at
20,000 xg for 10min at 4°C. Supernatants with Coomassie
brilliant blue G-250 added (0.2% final concentration), were elec-
trophoresed through 5-13% polyacrylamide gradient gels and
were subjected to immunoblotting. Densitometry analysis was
performed using Image] (NIH).
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2.5. Antibodies

Antibodies used in this study as follows: anti-actin (clone C4,
Millipore), anti-complex I subunit NDUFA9 (MS111, Mitosciences),
anti-complex Il subunit 70kDa Fp (M204, Mitosciences), anti-
complex Il subunit Core I (MS303, Mitosciences), anti-complex
IV subunit [V (MS408, Mitosciences), anti-ATP synthase subunit 3
(a gift from Dr. Ueno at Juntendo University, Tokyo, Japan), anti-
VDAC (MSA03, Mitosciences), and anti-TFAM (a gift from Dr. Kang
at Kyushu University, Fukuoka, Japan).

2.6. Statistics

Values are presented as means+SEM (standard error of the
mean). The significance of differences between means was assessed
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Fig. 1. Mitochondrial protein contents and mtDNA contents of PINKI** and ~/-
MEFs, (A) Representative images of mitochondrial marker proteins analyzed by
immunoblotting after SDS-PAGE. (B) Densitometry analysis of mitochondrial pro-
teins to actin ratio was performed using three independent experiments. (C)
Mitochondrial DNA copy number of PINK1** and -/~ MEFs. Open bars, PINK1**
MEFs; closed bars, PINK1~/~ MEFs. Error bars indicate SEM (n = 3). n.s., not significant.
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Fig. 2. Respiratory chain complex activities in mitochondria isolated from PINK1*/* and ~/~ MEFs. Open bars, PINK1*/* MEFs; closed bars, PINK1-/- MEFs. Each complex activity
was normalized to citrate synthase activity measured in the same samples. Data are expressed as percentages of levels in PINK1** cells (¥WT). Error bars indicate SEM (n=4

independent mitochondrial preparations). *P<0.05; **P<0.01; ***P<0.001.

by the unpaired Student’s t-test; P values <0.05 were taken to be
significant.

3. Results and discussion
3.1. Mitochondrial content

To estimate mitochondrial content in PINK1** and —/~ MEFs,
we determined the expression levels of mitochondrial proteins,
VDAC (porin)and ATP synthase (complex V). These two proteins are
known as relatively stable mitochondrial proteins and often used as
SDS-PAGE loading control of isolated mitochondria. Furthermore,
we have previously reported that mitochondrial phosphorylating
system including ATP synthase was not functionally altered by
loss of PINK1 [3]. As shown in Fig. 1A and B, the mitochondrial
proteins were not different between PINK1*/* and -/~ MEFs. We
also determined the mitochondrial DNA (mtDNA) copy number.
While the mtDNA copy number does not strictly correlate with
mitochondrial content, it is usually a good indicator and its deter-
mination is rapid and less labor intensive. Mitochondrial DNA copy
numbers were similar in PINK1** and =/~ MEFs (Fig. 1C). Mito-
chondrial transcriptional factor A (TFAM), which binds mtDNA in
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Fig. 3. Respiratory chain complex quantities in mitochondria isolated from PINK1** and ~/~ MEFs. (A) Representative images of respiratory chain complexes analyzed by

a sequence-independent manner and their contents finely corre-
lated with mtDNA copy number {14], was also same expression
level (Fig. 1A). Therefore, the mitochondrial respiration defect in
PINK1-/~ MEFs is not due to a reduction in mitochondrial content.

Similar to PINK1—/~ MEFs in this study, fibroblasts from a patient
homozygous for the W437X missense mutation of PINK1, showed
no changes in the mtDNA copy number {26]. Additionally, mito-
chondrial content was not altered in the striatum of PINK1-/~ mice
{13}, consistent with the results of our study. However, PINK1
dysfunction causes a decreased mtDNA copy number in human SH-
SY5Y neuroblastoma cells{t1]. This discrepancy might be due to the
type of cells. In fact, mtDNA contents of both of the MEFs (Fiz. 1C)
and the patient fibroblasts {26] were not significantly different from
their controls, but showed slightly decreasing tendency.

3.2. Enzymatic activity of each respiratory chain complex

Previously, we found decreased mitochondrial membrane
potential caused by loss of PINK1, the key event for subsequent
mitochondrial elimination, was not due to a proton leak, but to
respiratory chain defects {3]. To further investigate this, we deter-
mined the enzymatic activities of each respiratory chain complex.
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immunoblotting after BN-PAGE. (B) Densitometry analysis of respiratory chain complexes to ATP synthase ratio was performed using three independent mitochondrial

preparations. Open bars, PINK1*"* MEFs; closed bars, PINK1~/~ MEFs. Error bars indicate SEM (n=3). n.s., not significant; *P<0.05; **P<0.01; ***P<0.001.
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