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Fig. 3. LRRK2-12020T induces increasing levels of phosphorylated tau compared with LRRK2-WT or mock transfected cells. (a, b) Lysate prepared from C0OS-1 cells co-expressing 3R
tau and LRRK2-WT or 12020T, were subjected to anti-tau (HT-7) or anti-phosphorylated tau (AT-180 and AT-270) immunoblotting. LRRK2-12020T increased expression levels of
phosphorylated tau compared to LRRK2-WT, aibeit modestly. (HT-7; 96.3 = 1.8% with WT vs, 96.5 + 1,9% with 12020T |mean £ SEM|; n.s. AT-180; 94.9 + 2.4% with WT vs.
100.5 + 6.5% with 12020T; n.s., AT-270; 93.5 & 1.2% with WT vs. 104.1 £ 2.5% with 12020T; p < 0.01){c, d). Lysate prepared from COS-1 cells co-expressing 4R tau and LRRK2-WT or
12020T, were subjected to anti-tau (HT-7) or anti-phosphorylated tau {AT-180 and AT-270) immunoblotting, LRRK2-12020T significantly increased expression Jevels of phos-
phorylated tau compared to LRRK2-WT, (HT-7; 99.7 & 3.5% with WT vs, 97.8 == 1.1% with 120620T; n.s. AT-180; 100.0 + 1.2% with WT vs. 118.5 £ 1.5% with 12020T; p « 0.001, AT-270;
93.7 £ 4.,0% with WT vs. 113.8 & 5.3% with 12020T; p < 0.001). (e) Lysate prepared from COS-1 cells transfected with Myc-4 repeats tau and FLAG-LRRK2-WT or FLAG-LRRK2-[2020T,
were subjected to immunoprecipitation with anti-FLAG antibody followed by anti-tau (HT-7) immunoblotting. In the left panel, cell lysates were used to detect the expression of
LRRK2 and tau. In the right panel, FLAG-LRRK2 was immunoprecipitated using FLAG antibody. Upper lanes show LRRK2 detected with anti-LRRK2 antibody. Lower lanes show that
no bands were obtained with anti-HT-7 antibody. As a result, LRRK2 does not directly interact with 4R tau.

nucleus of the trochlear nerve in patients B and C, neither exhibited We then demonstrated the association between LRRK2 and tau

ophthalmoparesis. Consistent with these findings, Vitte et al
reported that LRRK2 protein is present throughout the human
brain, with intense immunoreactivity in the neurons of several
midbrain nuclei, including the nucleus of the trochlear nerve {28].

hyperphosphorylation by using cultured cell models. Compared to
LRRIC2-WT or mock transfected, overexpression of LRRK2-12020T in
cultured cells resulted in increased levels of phosphorylated tau
proteins. Furthermore, this increase in phosphorylated tau was
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associated with upregulation of both 3R and 4R tau isoforms. These
findings could provide support for abnormal hyperphosphorylated
tau deposition in the pathological findings of patients with LRRK2
12020T mutation.

Based on neuropathological findings and cultured cell models,
we hypothesized that LRRK2 is able to enhance tau phosphoryla-
tion. Our immunoprecipitation studies showed no evidence of
a direct interaction between either LRRK2-WT or 12020T mutant
with tau, indicating that tau phosphorylation by LRRK2-12020T
involves the association of an intermediate, genetic, or environ-
mental factor. Smith et al. also reported that LRRK2 failed to bind
tau protein [30]. Furthermore, LRRK2 mutations have been repor-
ted to be associated with tau hyperphosphorylation without direct
interaction in animal models. Li et al. reported that tau is hyper-
phosphorylated in brain tissues from LRRK2-R1441G over-
expressing mice compared with LRRK2-WT mice [17]. Mice and
drosophila overexpressing LRRK2-G2018S also exhibited tau alter-
ations, including mislocalization and increased tau phosphoryla-
tion {18,19]. Therefore, we believe that LRRK2 mutations can be
involved in the tau phosphorylation pathway.

How LRRK2 can participate in the tau phosphorylation pathway
remains unclear. In addition, we failed to find that these abnormal
tau deposits have any apparent spatial correlation with our
observed region-specific neuronal degeneration in the Sagamihara
family. Therefore, future work will need to evaluate the association
between neurcdegeneration and the tau hyperphosphorylation
due to LRRK2 12020T mutation.
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Parkinson’s disease genes PINK1 and parkin encode kinase and ubiquitin ligase, respectively. The gene
products PINK1 and Parkin are implicated in mitochondrial autophagy, or mitophagy. Upon the loss of
mitochondrial membrane potential (A%m), cytosolic Parkin is recruited to the mitochondria by PINK1
through an uncharacterised mechanism - an initial step triggering sequential events in mitophagy. This
study reports that Ser65 in the ubiquitin-like domain (Ubl) of Parkin is phosphorylated in a
PINK1-dependent manner upon depolarisation of A¥m. The introduction of mutations at Ser65 suggests
that phosphorylation of Ser65 is required not only for the efficient translocation of Parkin, but also for the
degradation of mitochondrial proteins in mitophagy. Phosphorylation analysis of Parkin pathogenic
mutants also suggests Ser65 phosphorylation is not sufficient for Parkin translocation. OQur study partly
uncovers the molecular mechanism underlying the PINK1-dependent mitochondrial translocation and
activation of Parkin as an initial step of mitophagy.

utations of the PINKI gene cause selective degeneration of the midbrain dopaminergic neurons in

autosomal recessive juvenile Parkinson’s disease (PD)'. The PINKI gene encodes a serine/threonine

kinase with a predicted mitochondrial target sequence and a putative transmembrane domain at the N-
terminus®™®. Loss of the PINK] gene in Drosophila results in the degeneration of mitochondria in cells with high
energy demands, such as muscle and sperm cells, which is suppressed by the introduction of the parkin gene,
another gene responsible for autosomal recessive juvenile PD*®. The gene product Parkin encodes a RING-finger
type ubiquitin ligase (E3) with a Ubl domain at the N-terminus®'%,

A series of cell biological studies have provided strong evidence that there are important roles for PINKI and
Parkin in regulating mitochondrial homeostasis. PINK1 is constitutively proteolysed by the mitochondrial
rhomboid protease, PARL, at the mitochondrial membrane of healthy mitochondria, resulting in processed
forms of PINK17>"'¢, The processed PINK1 is rapidly degraded by the proteasome™'”. The reduction of A¥m
leads to the accumulation and activation of PINKI in the mitochondria'”"® through a currently unresolved
mechanism™. The accumulation of PINK1 recruits Parkin from the cytosol to the mitochondria with decreased
membrane potential, which stimulates Parkin E3 activity, promoting mitochondrial degradation via an autop-
hagic event known as mitophagy’*'*, The recruitment of cytosolic Parkin to the mitochondria upon disruption
of A%m is believed to be the first step of mitophagy for the removal of damaged mitochondria. This recruitment is
required for the kinase activity of PINK1'7*'"%, Although two separate studies have propased that Parkin is
directly phosphorylated by PINK12%%, others have failed to detect Parkin phosphorylation by PINK1*, suggest-
ing that the kinase activity of PINKL itself is relatively low. One reason biochemical analysis has been unable to
obtain direct evidence is that recombinant human PINK]I purified from mammalian cultured cells or bacteria
easily loses kinase activity, while insect PINK1 has significant autophosphorylation activity**.

002 | DOL 10.1038/5cep01002 1



Very recently, Kondapalli, C. et al. reported that PINK1 directly
phosphorylates Parkin at Ser65 in the Ubl domain'®. However, the
extent and consequences of Parkin phosphorylation by PINK1 in
mitochondrial regulation are still not fully understood.

To address this issue, we attempted to independently monitor and
compare the phosphorylation status of Parkin in wild-type and
PINKI-deficient cells, thereby excluding the possibility of phosphor-
ylations by uncharacterised kinases other than PINK1*, Here, we
also report that Parkin is demonstrably phosphorylated at Ser65 in a
PINK!-dependent manner. Furthermore, we show that this phos-
phorylation event is implicated in the regulation of mitochondrial
translocation of Parkin and the subsequent degradation of mito-
chondrial surface proteins during mitophagy.

Results

Parkin is phosphorylated upon depolarisation in A¥m. We used
[*P] orthophosphate to metabolically label mouse embryonic
fibroblasts (MEFs) derived from PINKI deficient mice, in which
HA-tagged Parkin together with FLAG-tagged wild-type or kinase-
dead forms (triple mutant with K219A, D362A and D384A) of
PINK1 were virally introduced (hereafter referred to as “PINKI-
FLAG WT” or “KD/HA-Parkin/PINK1™~” MEFEs) and then induced
Parkin-mediated mitophagy via treatment with the protonophore
carbonyl cyanide m-chlorophenyl hydrazone (CCCP). As shown in
Figure la, Parkin was specifically phosphorylated in CCCP-treated
PINK1-FLAG WT/HA-Parkin/PINKI™"~ MEFs, but not in PINKI-
FLAG KD/HA-Parkin/PINK1~~ MEFs. Phos-tag Western blotting,
in which phosphorylated proteins appear as slower migrating bands®,
revealed that Parkin was phosphorylated within 10 min following
CCCP treatment (Fig. 1b). Phosphorylation of Parkin reached its
maximum level approximately 40 min after CCCP treatment and
was sustained at least until 6 hr (Supplementary Fig. S1). Under
these conditions, slower migrating bands of PINK1 also appeared,
which very likely reflects the autophosphorylation of PINKI when
activated (Fig. 1b)"® The suppression of PINK1 accumulation by
RNA interference suggested thatA¥m depolarisation-dependent
activation of PINK1 along with PINKI accumulation is a key ele-
ment for Parkin phosphorylation (Fig. 1c). Every PINKI deletion
and pathogenic mutant we tested failed to stimulate Parkin phospho-
rylation effectively, strongly suggesting that intact PINK1 is required
for this action (Fig. 1d and e). Importantly, human fibroblasts from a
patient with PINKI-linked parkinsonism also lacked the activity to
phosphorylate Parkin (Fig. 1f). The phosphorylated Parkin disap-
peared within 30 min during the recovery of A¥'m depolarisation by
the removal of CCCP from the culture medium (Fig. 1g). Further
analysis using phosphatase and proteasome inhibitors suggested that
phosphorylated Parkin is at least partly degraded by proteasomal
activity in the mitochondria (Supplementary Fig. S2).

Phosphorylation of Ser65 in the Parkin Ubl domain primes the
mitochondrial translocation of Parkin, To determine which resi-
due(s) of Parkin are phosphorylated, we immunopurified HA-tagged
Parkin from PINK1-FLAG WT or KD/HA-Parkin/PINKI1™~ MEFs
treated with or without CCCP and performed mass spectrometric
analysis for phospho-peptides (Supplementary Fig. $3). Although
- Phos-tag Western blotting of Parkin mainly detected a single band
shift, which represents a single phospho-modification, the mass
spectrometric analysis identified Sex9 or Serl0 and Ser5, Seri01
and Ser198 as phosphorylated residues of Parkin. Among these
residues, only Ser65 phosphorylation increased (33-fold) in CCCP-
treated PINKI1-FLAG WT/HA-Parkin/PINKI™" MEFs (Supple-
mentary Fig. §3). Phos-tag Western blotting with mutant forms of
Parkin, in which the identified phospho-serine residues are replaced
with alanine, revealed that the band shift represents Seré5 phospho-
rylation (Fig. 2a). An in vifro kinase assay with recombinant insect
PINK1, which has marked kinase activity™, strongly suggested that

PINK1 directly phosphorylates Parkin at Ser65 (Supplementary Fig.
$4). The Ser65 residue lies in the Ubl domain and is highly conserved
from human to Drosophila (Fig. 2b). We next examined whether
phosphorylation of Ser65 is required for Parkin-mediated mito-
phagy. GFP-tagged Parkin WT, which was localised both in the
cytoplasm and in the nuclei of mock (DMSO)-treated cells (0 hr,
Fig. 2¢ and d), was translocated to the mitochondria and induced
the perinuclear aggregation of mitochondria 2 hr after CCCP treat-
ment, as previously reported (2 hr, Fig. 2c and d)'”*. Replacement of
Ser65 with alanine (S65A) did not affect the subcellular localisation
of Parkin in mock-treated cells when compared with that of GFP-
Parkin WT (0 hr, Fig. 2c and d). However, GFP-Parkin S65A almost
completely inhibited the mitochondrial translocation of Parkin and
the perinuclear rearrangement of mitochondria 0.5 hr after CCCP
treatment (0.5 hr, Fig. 2c and d) and showed delayed translocation in
2 hr (2 hr, Fig. 2c and d). The expression of a putative phospho-
mimetic Parkin S65E also showed a subcellular Jocalisation similar to
that of GFP-Parkin WT in both DMSO- and CCCP-treated cells
(Fig. 2c). However, GFP-Parkin S65E exhibited a mild transloca-
tion defect, suggesting that S65E does not fully mimic the phospho-
rylated Ser65 (Fig. 2d).

Parkin Ser65 phosphorylation is not sufficient for mitochondrial
translocation upon depolarisation of A¥m. As PINKI-mediated
Ser65 phosphorylation appeared to be required for efficient translo-
cation of Parkin, we next examined whether well-characterised pa-
thogenic Parkin mutants were subjected to phosphorylation upon
CCCP treatment. In this experiment, we used three kinds of Parkin
mutants based on the previous and current studies (Supplementary
Fig. §5)'7**, The first group, V15M, P37L, R42P and A46P, had
intact or weakly impaired mitochondrial translocation activity. The
second group, T415N and G430D, had mildly impaired translocation
activity. The third group, K161N, K221N and T240R, almost com-
pletely lacked translocation activity (Fig. 3a). Surprisingly, all of the
mutants possessed comparable phosphorylation efficiencies to those
of WT (Fig. 3b). This result suggests that Ser65 phosphorylation is
not sufficient for the mitochondrial translocation of Parkin.
Biochemical fractionation of endogenous Parkin from SH-SY5Y
cells detected only the phosphorylated form of Parkin in the mito-
chondrial fraction upon CCCP treatment (Fig. 3c), which strongly
suggests that phosphorylation of Parkin is required for mitochon-
drial translocation. There was a slight difference in the gel mobility of
phosphorylated Parkin between the cytosolic and the mitochondrial
fractions and between CCCP-treated periods of time. These differ-
ences very likely reflect differences in the complexity of the contents
of each fraction rather than in the phosphorylation status of Parkin
because a single shifted band appears in the mixed fractions (Mito +
Cyto in Fig. 3¢; CCCP 30 min + 60 min in Supplementary Fig. S6).

Effect of Parkin Ser65 phosphorylation on the autophagic reac-
tion. We next examined whether Ser65 phosphorylation is required
for the subsequent autophagic reaction, in which various ubiquitin-
proteasome- and autophagy-related proteins are involved, including
the 26S proteasome, p97/VCP, p62/SQSTMI1, LC3, ATG5 and
ATG7»3-% Parkin has been reported to be involved in the
ubiquitin-proteasome-dependent degradation of a variety of mito-
chondrial outer membrane proteins, including Mitofusinl (Mfn1)*,
Mfn2*, Miro1*¥, Miro2¥, VDACI1** and Tom20*'. Degradation of
Minl, VDACI and Tom?20 at the mitochondrial outer membrane
was observed in PINK1 WT/GFP-Parkin/PINK1™" MEFs 1 to 4 hr
after CCCP treatment (Fig. 4a). While GFP-Parkin harbouring S65A
or $65E mutations was also capable of inducing Mfnl, VDACI and
Tom20 degradation, the efficiency was impaired, especially in Mfn1
and VDACI (Fig. 4a). Long-term time course analysis revealed that
in cells expressing Parkin with S65A or S65E mutations, Mfnl and
VDACI cannot be degraded effectively, and the mitochondrial outer
membrane was likely more intact as indicated by the sustained

© 1211002 | DOL 10.1038/5ten01002

2



a b APP: +
CCCP: 01020304 50 (min)
Parkin-P »
CCCP: Parkin = |; Phos-tag WB
' os-tag
Parkin » PINK1-P . |
PINK1 * Phos-tag wB
Parkin = PINK1 =}
: wB
Hsp60 = |
v wB
C

5 : :
£ PINKI WT  PINK1 KD

siRNA: 8 1

COCP: =+ — + =

c
e o .E«; .
o g Pathogenic
S A
Q - o OQap O
8522 8N 85h
EE%E%Q%%GﬂE
Parkin-P »
Parkin =~
Phos-tag WB
92 - 581 aa ‘
AN101 102 - 581 aa
AN155 + 156 - 581 aa
Kinase domain s 156 - 509 aa
AC72 1-509 aa
PINK1 | WwB

f @ g

APP: +

43\ . ‘&g)@b% CCCP: 0 3060 6'0 syo 60 0 60 (m'in)
o Q‘?g\ Washout: 3060 {min)
CCCP: — + — + Parkin-P > |
Parkin-P =~ Parkin » Phos-tag WB
Parkin ~ PINKA Z| lwe
Phos-tag WB Hsp60 - We

PINK1 WT PINK1 KD

Figure 1| PINK1-dependent phosphorylation of Parkin in vivo. (a) PINK1-FLAG WT or KD/HA-Parkin/PINKI™"~ MEFs were labelled with [*2P}
orthophosphate and treated with 30 uM CCCP for 1.5 hr. Phosphorylated Parkin was detected by autoradiography (**P). Immunoprecipitated HA-
Parkin was detected by Western blotting (WB) with anti-Parkin. {b) PINK1-FLAG WT or KD/HA-Parkin/PINKI~~ MEFs were treated with or without
30 uM CCCP for the indicated periods of time. Cell Iysate was subsequently separated on a Phos-tag gel, followed by WB with anti-PINK1 or anti-Parkin
antibodies (Phos-tag WB). Phosphorylated bands of Parkin and PINK1 were confirmed by their disappearance with lambda protein phosphatase (APP)
treatment. Mitochondrial Hsp60 was used as a loading control. {¢) Suppression of endogenous PINK1 expression inhibits Parkin phosphorylation. Hela
cells stably expressing non-tagged Parkin were treated with the indicated concentrations of stealth siRNA duplex against PINK1 (Invitrogen) with or
without 10 pM CCCP for 1 hr. Long- (LE) and short-exposure (5E) blot signals for PINK1 were shown. Actin was used as a loading control. (d) Truncated
PINK1 mutants used in this study. Putative mitochondria-targeting sequence, 1-34 aa; transmembrane domain, 94-110 aa; kinase domain, 156-509 za.
{e} Full-length PINK1 is required {or Parkin phosphorylation. PINKI™~ MEFs stably expressing non-tagged Parkin were transfected with various PINK1
constructs with C-terminal FLAG-tags. PINK1 expression was confirmed with anti-FLAG-HRP. {f) Human fibroblasts from a normal control and a
PARKS case with a homozygous C388R mutation*® were transfected with Parkin and were treated with or without 30 uM CCCP for 1 hr. (g} Cells treated
with CCCP up to 60 min as in (b) were further incubated with fresh culture medium without CCCP for the indicated periods of time (Washout).
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numbers of Parkin proteins. (c) Introduction of the S65A mutation delayed Parkin translocation to the depolarised mitochondria in PINK1 WT/GFP-
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Figure 3 | Pathogenic mutants of Parkin are subjected to Ser65
phosphorylation. (a) Diagram of Parkin protein illustrating the
pathogenic mutants used in this study. The Ser65 residue in the Ubl
domain is shown as a yellow circle. RING, Ring-finger motif; IBR, in-
between-Ring fingers domain. (b) Phos-tag Western blotting for Parkin
and Western blotting for PINK1 were performed using Parkin WT and a
series of pathogenic mutants as shown in Figure 2a. {¢} Endogenous Parkin
was also phosphorylated in SH-SY5Y cells after CCCP treatment. Post-
nuclear cell lysates from SH-SY5Y cells treated with or without 10 pM
CCCP for 30 and 60 min were fractionated into mitochondria-rich (Mito)
and cytosolic (Cyto) fractions. These two fractions and their combination
{Mito + Cyto) were subjected to Phos-tag or normal Western blotting
analyses. Endogenous PINK1 was {ractionated in the Mito fraction, as
previously reported®. Lactate dchydrogenase {LDH) and Tom20 were
used as cytosolic and mitochondrial marker proteins, respectively.
Asterisks: putative cleaved Parkin; dots: non-specific bands.

accumulation of PINK1 (Fig. 4b). The impaired degradation cannot
be explained simply by the delayed translocalion of Parkin mutants
because both mulants completed the mitochondrial translocation by
the 6 hr time-point (data not shown and see Fig. 4c). In contrast, the
profiles of Parkin expression and autoubiquitination in Parkin $65A-
or S65E-expressing cells were comparable with those of WT (Fig. 4b).
We also examined whether Ser65 mutations affect the accumulation
of proteasome (Fig. 4¢) and p62 (Supplementary Fig. S7) at the
mitochondria during mitophagy via the immunostaining of the
proleasome subunit alpha type 7 (¢7) and p62. However, there was
no evidence that Ser65 mutations inhibit or delay the recruitment of
proteasome and p62 to the mitochondria. Finally, we tested whether
the Parkin Ubl domain itself is indispensable for the mitochondrial

translocation and the substrate degradation (Supplementary Fig. $8).
Interestingly, Parkin mutant lacking the Ubl domain (AUbl) showed
a mild delay in the mitochondrial translocation, slowed the mito-
chondrial reorganization to the perinuclear region (Supplementary
Fig. $8b and c) and impaired the degradation of mitochondtial outer
membrane proteins (Supplementary Fig. S8d). These results suggest
that proper regulation of the Parkin Ubl domain through the Ser65
phosphorylation is required not only for efficient translocation to
mitochondria as an initial step of mitophagy, but also for the
degradation of mitochondrial outer membrane proteins during
mitophagy through an as yet unknown mechanism.

Discussion

A series of Drosophila genetic and cell biological studies have clearly
demonstrated that PINKI is required for Parkin-mediated mito-
chondrial maintenance. The mitophagy of damaged mitochondria
is a well-characterised event in which PINK1 and Parkin are
involved. However, how PINK]1 regulates Parkin is largely unclear.
This study has shown that Ser65 in the Ubl domain of endogenous
Parkin is phosphorylated in an activated PINK1-dependent manner.
In addition to mitochondrial accumulation of PINK1, A¥m depo-
larisation-dependent PINK1 autophosphorylation has been reported
to be an important element for PINK1 activation and Parkin recruit-
ment'*?, Consistent with these observations, our investigation of
PINK1 siRNA suggests that a lower level of PINK1 is able to phos-
phorylate Parkin after A'¥Wm depolarisation (Fig. 1c, compare lanes 1
and 4). Our domain analysis of PINK1 demonstrates that intact
PINK1 is required for CCCP-dependent Parkin phosphorylation,
and the lack of phosphorylation in fibroblasts from a PARKS patient
implies relevance to the pathogenesis of PD.

The biological significance of this phosphorylation event is sug-
gested by the fact that replacement of Ser65 with alanine or glutamic
acid impairs the mitochondrial translocation of Parkin and/or the
subsequent mitophagy process. Our observation that maximal phos-
phorylation of Parkin occurs within 1 hr of CCCP treatment sup-
ports the idea that Ser65 phosphorylation is required for the early
step of Parkin translocation. In contrast, PINKI accumulation
appears to last at least 6 hr (Fig. 4c and Supplementary Fig. Sib).
The difference in time course between PINK1 accumulation and
Parkin phosphorylation could be explained by the observation that
phosphorylated Parkin is degraded by proteasomal activity. The bio-
chemical evidence that only the phosphorylated form of endogenous
Parkin is present in the mitochondrial fraction also implies that
Parkin phosphorylation is an essential event for its mitochondrial
translocation and subsequent activation (Fig. 3¢ and Supplementary
Fig. §6). Overexpression of PINKI and Parkin itself leads to mito-
chondrial translocation of Parkin independently of A¥m depol-
arization, which suggests that excessive amounts of PINK1 and
Parkin do not faithfully reflect endogenous reactions. Qur study
using PINK1™/~ MEFs stably co-expressing PINK1 and GFP-
Parkin might also be saddled with such a problem. We believe that
the endogenous observation in which phosphorylated Parkin is accu-
mulated in mitochondria is a more reliable proposal as a molecular
model. The delay of exogenous GFP-Parkin S65A in the mitochon-
drial translocation would indicate that modification of Ser65 is
important for Parkin translocation atleast. At the same time, another
important finding is that pathogenic mutants that lose their trans-
location activity are also phosphorylated (Fig. 3b), raising the pos-
sibility that phosphorylation of Parkin at Ser65 is insufficient for
translocation. Thus, Ser65 phosphorylation likely leads to other
events in mitochondrial translocation, such as the association or
dissociation of protein(s) involved in the mitochondrial transloca-
tion of Parkin or the modification of Parkin itself for activation at a
different site(s).

Both the S65A and S65E Parkin mutants cannot undergo effi-
cient mitophagy, as indicated by the incomplete degradation of
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Figure 4| Ser65 phosphorylation affects the subsequent autophagy reaction. (a) CCCP-dependent degradation of mitochondrial outer membrane
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Hsp60 was used as a marker of mitochondrial matrix proteins. (¢) S65A and S65E mutations do not affect proteasome recruitment to the mitochondria
during mitophagy. PINK1 WT/PINKI™/~ MEFs expressing WT or mutant forms of GFP-Parkin (green) were treated with 30 uM CCCP for 3 or 6 hr. Cells
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normal conditions, as displayed in the representative image of S65E (CCCP 0 hr), and overlapped with the aggregated imitochondria (arrowheads) 6 hr
after CCCP treatment irrespective of genotype. Similar results were obtained 3 hr after CCCP treatment. Scale bar = 10 pm. (d) Model for Parkin
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event at Ser65 (P}, combined with unknown factor(s) (2), stimulates the mitochondrial translocation of Parkin, releasing the RBR domains from

autoinhibition by the Ubl domain.

the mitochondrial outer membrane proteins. Because inhibition of
the degradation of the mitochondrial outer membrane proteins by
proteasome inhibitors is reported to block mitophagy®®, it may
be that the modification of Parkin Ser65 has a greater than
expected impact on the mitophagy process. Although our study
does not demonstrate that the S65E mutant behaves exactly like
the phosphorylated form of Parkin, the S65E mutant does

translocate to the mitochondria in a similar way to WT, although
with slightly impaired efficiency, suggesting that S65E has at least
some properties that are similar to phosphorylated Parkin.
Currently, it is unknown why S65E also inhibits the later processes
of mitophagy. One possible explanation is that rapid degradation
of phosphorylated Parkin is required for the proper progression of
mitophagy, and S65E may not be degraded effectively. However,
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there is no evidence that S65E is more stable than WT, as shown
in Figure 4c.

Very recently, Kondapalli ef al. proposed a model to explain the
biological significance of Ser65 phosphorylation, in which Ser65
phosphorylation relieves autoinhibition of Parkin E3 activity by
the Ubl domain'®, This model may explain the depolarised AWm-
dependent activation of Parkin. However, our data indicated that the
Parkin 865A mutant is also autoubiquitinated (Fig. 4b) and that the
AUbB! mutant showed mild translocation defect and impaired sub-
strate degradation (Supplementary Fig. S8). Moreover, if this is the
case, the E3 activity of Parkin pathogenic mutants lacking mitochon-
drial translocational activity but harbouring intact E3 activity in vitro
(such as K161N and K211N, which are subjected to the Ser65 phos-
phorylation) should be activated in the cytosol*®. However, our pre-
vious data indicate that K161N and K211IN are not activated by
CCCP treatment®. Thus, it is conceivable that another step is
required for depolarised A¥m-dependent activation of Parkin E3.
In addition, the Ubl domain might not only autoinhibit its E3 activity
but also contribute to the mitochondrial translocation and the sub-
strate degradation through an as yet unknown mechanism. We
believe that an appropriate way to estimate Parkin E3 activity in
the context of mitophagy is to evaluate the ubiquitination and degra-
dation of substrates in cells with depolarised AYm. Mful is a well-
characterised direct substrate of Parkin®?, and Parkin-dependent
poly-ubiquitination modification of MMl can be detected by
Western blotting upon A'¥m depolarisation®***. Parkin S65A
and S65E appear to ubiquitinate Mfnl, as poly-ubiquitinated forms
of Mfnl were observed (Fig. 4b). However, they cannot degrade it
effectively, which suggests that the process of substrate degradation is
also impaired in these mutants.

Kondapalli et al. have also shown that T. castaneum PINK1
(TcPINK1) directly phosphorylates human Parkin at Ser65'. We
confirmed their finding using recombinant TcPINK1 produced from
the same construct (Supplementary Fig. $4). The replacement of
MBP-Parkin. Ser65 with alanine completely abolished PINKI-
mediated phosphorylation, indicating that Ser65 is the sole phos-
phorylation site in vitro. However, experiments in cultured cells
showed that the replacement of Ser9, Ser10, Ser101 and Ser198 with
alanine affects the Ser65 phosphorylation efficiency (Ser9, ~35%
reduction; Serl), ~76% reduction; Serl0l, —~65% reduction;
Ser198, ~92% reduction) (Fig. 2a). These residues might be priming
phosphorylation sites for Ser65 phosphorylation.

Because PINK1 is believed to be activated in the mitochondria, a
topological inconsistency arises from our cell-based data that cyto-
solic Parkin lacking the mitochondrial translocation activity is phos-
phorylated. Therefore, it is possible that PINK]I indirectly regulates
Parkin phosphorylation. One possible explanation for this is the
presence of another cytosolic kinase(s) regulated by PINK1
(Fig. 4d). Alternatively, because mitochondria are a dynamic organ-
elle, cytosolic Parkin adjacent to the moving and fragmented mito-
chondria with depolarised AWm might be phosphorylated
incidentally. The issue as to whether or not PINK1 directly phos-
phorylates Parkin in cells remains to be solved.

In conclusion, this study has suggested that PINK1-dependent
Parkin phosphorylation at Ser65 accelerates the mitochondrial trans-
location of Parkin and showed that the introduction of mutations at
this site also affects subsequent mitophagy processes. Concurrently,
our data provide the possibility that there is an elaborate multi-step
mechanism for the mitochondrial translocation of Parkin upon the
loss of AWm (Fig. 4d), the clarification of which awaits further study.

Metheds

Antibodies, plasmids and cell lines. Antibedies nsed in Western blot analysis were as
follows: anti-Parkin (1 : 1,000 and 1 : 5,000 dilution for endogenous and exogenous
Parkin, respectively; Cell Signaling Technology, clone PRKS), anti-PINK1 (1 : 1,000
dilution; Novus, BC100-494 or 1 : 1,000 dilution; Celi Signaling Technology, clone
D8G3), anti-Mfnl (1 : 1,000 dilution; Abnova, clone 3C9), anti-VDAC! (1 : 1,000

dilution; Abcam, Ab15895), anti-Tom20 (1 : 500 dilution; Santa Cruz Biotechnology,
TL-145},anti-FLAG-HRP (1 : 2,000 dilution; Sigma-Aldrich, clone M2), anti-GEP (1 ;
5,000 dilution; Abcam, ab290), anti-Actin (1 : 10,000 dilution; Millipore, MAB1501),
anti-LDH (1 : 1,000 dilution; Abcam, ab7639-1), anti-phospho-GSK38 (1 : 1,000
dilution; Cell Signaling Technology, clone 5B83), anti-GSK38 (1 : 1,000 dilution; Cell
Signaling Technology, clone 27C10), and anti-Hsp60 (1 = 10,000 dilution; BD
Biosciences, clone 24/Hsp60). Antibodies used in immunocytochemistry were as
follows: FITC-conjugated anti-GFP (1 : 1,000 dilution; Abcam, ab6662), anti-Tom20
(1 : 1,000 dilution; Santa Cruz Biotechnology, F1.-145), anti-Myc (1 : 508 dilution;
Millipore, clone 4A6), anti-p62 (1: 500 dilution; Progen Biotechnik, GP62-C), anti-
Parkin (1 : 1,000 dilution; Cell Signaling Technology, clone PRK8) and anti-
proteasome o7 (1:250;a kind gift of Dr 8. Murata at the University of Tokyo). cDNAs
for human Parkin, PINK1 and its pathogenic and engineered mutants are as
described in previous studies™*', Parkin phospho-mutants were generated by PCR-
based mutagenesis followed by sequencing confirmation of the entire gene. PINK1™~
MEFs, cultared as previously described™, were retrovirally transfected with pMXs-
puro harbouring non-tagged PINK1, PINK1-FLAG, non-tagged Parkin, HA-Parkin,
GFP-Parkin and related cDNA; transfected cells were then selected with 1 pig/ml
puromycin. HeLa cells maintained at 37°C in a 5% CO, atmosphere in Dulbecco’s
Modified Eagle's Medium (DMEM) supplemented with 10% FCS and 1x non-
essential amino acids (GIBCO) were retrovirally transfected with pMXs-puro
harbouring non-tagged Parkin along with pcDNA3Hyg-mSle721-VSVG and
pcDNA3Hyg-mSlc7al-FLAG (a kind gift of Dr N. Fujita at UCSD); Stable cell lines
were selected with 1 pg/ml puromycin and cloned. Transient transfections of cultured
cells were performed using Lipofectamine 2000 (Invitrogen) for plasmids and
Lipofectamine RNAIMAX (Invitrogen) for stealth siRNA duplexes (Invitrogen),
which were used according to the manufacturer’s instructions.

Tissue culture. Skin biopsies were obtained from a PARKS case and a control without
mutations in any known PI) genes. The study was approved by the ethics committee
of Juntendo University, and all participants gave written, informed consent. Dermal
primary fibroblasts established from biopsies were cultured in high glucose DMEM
supplemented with 10% foetal bovine serum, 1x non-essential amino acids, 1 mM
sodium pyruvate (GIBCQ), 100 uM 2-mercaptoethanol, and 1% penicillin—
streptomycin at 37°C in a 5% CO, atmosphere.

Mapping of Parkin phosphorylation sites. PINKI™"~ MEFs (6.0 x 107} expressing
HA-Parkin and PINK1-FLAG were treated with or without 30 pM CCCP for 30 min,
HA-Parkin (~500 ng in each) immunopurified with anti-HA-conjugated agarose
beads was eluted with 8 M urea buffered with 50 mM Tris-HCl at pH 9.0. Samples
from two independent experiments were digested with trypsin or chymotrypsin and
analysed by nano-scale liquid chromatography-tandem mass spectrometry (Dionex
Ultimate3000 RSLCnano and ABSciex TripleTOF 5600) followed by MASCOT
searching and Mass Navigator/PhosPepAnalyzer processing for identification and
label-free quantitation, respectively™. Determination of phosphaosite localisation was
performed based on the presence of site-determining ions™.

Phosphorylation assay and mitochondrial fractionation. PINKI™~ MEFs
harbouring HA-Parkin along with wild-type or a kinase-dead form of PINK1-FLAG
were metabolically labelled with 175 pCi/ml of [**P] orthophosphate in phosphate-
free DMEM (GIBCO) with 10% FBS at 37°C for 3 hr. The medium was then replaced
with fresh DMEM containing 109 FBS. Cells were treated with CCCP for 1.5 hrand
were lysed on ice with lysis buffer containing 0.2% NP-40, 50 mM Tris (pH 7.4),
150 mM NaCl and 10% glycerol supplemented with protease inhibitor (Roche
Diagnostics) and phosphatase inhibitor (Pierce) cocktails, and HA-Parkin and
PINK1-FLAG were immunoprecipitated with anti-HA (Wako Pure Chemical, clone
4B2)- or anti-FLAG (Sigma-Aldrich, clone M2)-conjugated agarose beads.
Immunoprecipitates were separated by SDS-PAGE and transferred onto a PYDF
membrane. Auloradiography and Western blotting were performed to visualise
proteins. Phos-tag Western blotting was pecformed as previously described®. Briefly,
phospho-Parkin and phospho-PINKI were separated on 8% gels containing 50 pM
Phos-tag. Mitochondrial and cytosolic fractionations were performed as previously
described, with some modifications®. The cytosolic fractions were further clarified by
a second centrifugation at 105,000 ¢ for 60 min to remove residual organelle
membranes.

Immunocytochemical analysis. Cells plated on 3.5 mm glass-bottom dishes
(MatTek) were fixed with 4% paraformaldehyde in PBS and permeabilised with 50
ng/ml digitonin for anti-Tom20 and anti-p62 staining or with 0.1% NP-40 for anti-a7
staining in PBS, Cells were stained with anti-Tom20 or anti-o7 antibodies in
combination with FITC-conjugated anti-GFP antibody and were counterstained with
DAPI for nuclei. Cells were imaged using laser-scanning microscope systems (TCS-
SP5, Leica or LSM510 META, Carl Zeiss).

Statistical analysis. A one-way repeated measures ANOVA was used to delermine
significant differences between multiple groups unless otherwise indicated, If a
significant result was achieved (p << 0.05), the means of the control and the specific
test group were analysed using the Tukey-Kramer test.

1. Valente, E. M. et al. Hereditary carly-anset Parkinsan’s disease caused by
mutations in PINKI. Science 304, 1158-1160 (2004).

| 2:1002 | DO 10.1038/srep01002




2: Takatori, S., Ito, G, & Iwatsubo, T. Cytoplasmic localization and proteasomal
degradation of N-terminally cleaved form of PINKI. Neurosei Lett 430, 13-17
(2008);

3. Beilina, A. et al. Mutations in PTEN-induced putative kinase 1 associated with
recessive parkinsonism have differential effects on protein stability. Proc Natl
Acad Sci U S A 102, 5703-5708 (2005).

4. Silvestri, L. ¢t al. Mitochondrial import and enzymatic activity of PINK! mutants
associated to recessive parkinsonism. Flum Mel Genet 14, 3477-3492 (2005).
5 Sim, C. H. et al. C-lerminal truncation and Parkinson’s disease-associated

mulations down-regulate the protein serine/threonine kinase activity of PTEN-

induced kinase-1. Hum Mol Genet 15, 3251-3262 (2006),

Clark, L. E. et al. Drosophila pink! is required for mitochondrial function and

interacts genetically with parkin. Nature 441, 1162-1166 (2006).

7. Park, J. et al, Mitochondrial dysfunction in Drosophila PINK1 mutants is
complemented by parkin, Nature 441, 1157-1161 (2006).

... Yang, Y. et al. Mitochondrial pathology and muscle and dopaminergic nesron
degeneration caused by inactivation of Drosophila Pink! is rescued by Parkin.
Proc Natl Acad Sci U S A 103, 1079310798 (2006).

9. Kitada, T. et al. Mutations in the parkin gene cause autosomal recessive juveniie

parkinsonism, Nature 392, 605-608 (1998)...

10. Imai, Y., Soda, M. & Takahashi, R. Parkin suppresses unfolded protein stress-
induced cell death through its E3 ubiquitin-protein ligase activity..J Biol Chem
275, 3566135664 (2000).

11. Shimurs, H. et al. Familial Parkinson disease gene product, parkin, is a ubiguitin-
protein ligase. Nat Genet 25, 302-305 (2000).

12. Zhang, Y. et al. Parkin functions as an E2-dependent ubiquitin- protein ligase and
pramotes the degradation of the synaptic vesicle-associated protein, CDCrel-1,
Proc Natl Acad Sci U S A 97, 13354-13359 (2000).

13. Deas, E. et al. PINK] cleavage at position A103 by the mitochondrial protease
PARL. Hum Mol Genet 20, 867-879 (2011).

14. Jin, 8. M. et al. Mitochondrial membrane potential regulates PINK1 import and
proteolytic destabilization by PARL. J Cell Biol 191, 933-942 (2010).

15. Meissner, C,, Lorenz, H,, Weihofen, A., Selkoe, D, J. & Lemberg, M. K. The
mitochondrial intramembrane protease PARL cleaves human Pinkl to regulate
Pink]1 trafficking. J Neurochem 117, 856-867 (2011).

16. Whitworth, A. ], et al, Rhomboid-7 and HtrA2/Omi act in a common pathway
with the Parkinson’s disease factors Pink! and Parkin. Dis Model Mech 1,
168-174; discussion 173 (2008).

17. Narendra, D, P. et al. PINK1 is selectively stabilized on impaired mitochondria to
activate Parkin, PLoS Biol 8, e1000298 (2010).

18. Kondapalli, C;.et al. PINK1 is activated by mitochondrial membrane potential
depolarization and stimulates Parkin E3 ligase activity by phosphorylating Serine
65. Open Biol 2, 120080 (2012).

19. Okatsu, K. ¢t al. PINK]1 autophosphorylation upon membrane potential
dissipation is essential for Parkin recruitment to damaged mitochondria. Nat
Commun 3, 1016 (2012).

20, Lazarou, M., Jin, S, M., Kane, L. A. & Youle, R. J. Role of PINK1 binding to the
TOM complex and alternate intracellnlar membranes in recruitment and
activation of the E3 ligase Parkin, Dev Cell 22, 320~333 (2012).

21. Vives-Bauza, C. et al, PINK1-dependent recruitment of Parkin to mitochondria in
mitophagy. Proc Natl Acad Sci U S A 107, 378-383 (2010)..

22. Geisler, $. et al. PINK1/Parkin-mediated mitophagy is dependent on VDACH and
p62/SQSTMI. Nat Cell Biol 12, 119-131 (2010).

23. Matsuda, N. et al. PINK1 stabilized by mitochondrial depolarization recruits
Parkin to damaged mitochondria and activates latent Parkin for mitophagy. J Cell
Biol 189, 211-221 (2010).

24. Kawajiri, S. et al. PINK1 is recruited to mitochondria with parkin and associates
with LC3 in mitophagy. FEBS Lett 584, 1073-1079 (2010).

25. Ziviani, E., Tao, R. N, & Whitworth, A. J. Drosophila parkin requires PINK1 for
mitochondrial translocation and ubiquitinates mitofusin. Proc Nail Acad Sci US A
167, 5018-5023 (2010).

26. Sha, D, Chin, L. 8. & Li, L. Phosphorylation of parkin by Parkinson disease-linked
kinase PINK1 aclivates parkin E3 ligase function and NF-kappaB signaling, Hum
Mol Gener 19, 352-363 (2010).

27. Kim, Y. et al. PINK1 controls mitochondrial localization of Parkin through direct
phosphorylation. Biochem Biophys Res Commun 377, 975-980 (2008},

28. Imal, Y. et al. The loss of PGAMS suppresses the mitochondrial degeneration
caused by inactivation of PINK] in Drosophila. PLoS Genet 6, 1001229 (2010},

29. Woodroof, H. L et al. Discovery of catalytically active orthalogues of the
Parkinson's disease kinase PINK1: analysis of substrate specificity and impact of
mutations. Open Biol 1, 110012 (2011).

o

3}

30. Yamamoto, A. ef al. Parkin phosphorylation and modulation of its E3 ubiquitin
ligase activity. J Biol Chem 280, 3390-3399 (2005).

31. Narendra, D., Tanaka, A, Suen, D. F. & Youle, R. . Parkin is recruited selectively
to impaired mitochondria and promates their autophagy. J Cell Biol 183, 795-803
(2008),

32, Tanaka, A. et al. Proteasome and p97 mediate mitophagy and degradation of
mitofusins induced by Parkin, J Celf Biol 191, 1367-1380 (2010).

33. Okatsuy, K. et al. p62/SQSTM1 cooperates with Parkin for perinuclear clustering of
depolarized mitochondria. Genes Cells 15, 887-900 (2010).

34. Narendra, D, Kane, L. A,, Hauser, D. N,, Fearnley, I. M. & Youle, R. J. p62/
SQSTML is required for Parkin-induced mitechondrial clustering but not
mitophagy; VDAC! is dispensable for both, Autophagy 6, 1090-1106 (2010).

35. Chan, N. C, et al. Broad activation of the ubiguitin-proteasome system by Parkin is
critical for mitophagy. Fum Mol Genet 20, 1726-1737 (2011).

36. Wang, X. et al. PINK1 and Parkin Target Miro for Phosphorylation and
Degradation to Arrest Mitochondrial Motility. Cell 147, §893-906 (2011).

37. Liy, $. et al. Parkinson's disease-associated kinase PINK1 regulates Miro protein
level and axonal transport of mitochondria. PLoS Genet 8, €1002537 (2012},

38, Matsuda, N, et al. Diverse effects of pathogenic mutations of Parkin that catalyze
multiple monoubiquitylation in vitro. J Biol Chem 281, 3204-3209 (2006).

39. Gegg, M. E. et al. Mitofusin 1 and mitofusin 2 are ubiquitinated in a PINK1/
parkin-dependent manner upon induction of mitophagy. Hum Mol Genet 19,
48614870 (2010).

40, Rakovic, A. ef al. Mutations in PINK1 and Parkin impair ubiquitination of
Mitofusins in human fibroblasts. PLoS One 6, e16746 (2011).

41. Shiba, K. et al. Parkin stabilizes PINK]1 through direct interaction. Biochem
Biaphys Res Commun 383, 331-335 (2009).

42, Iwasaki, M., Sugiyama, N,, Tanaka, N. & Ishihama, Y. Human proteome analysis
by using reversed phase monolithic silica capillary columns with enhanced
sensitivity. | Chromatogr A 1228, 292-297 (2012).

43. Beausoleil, S. A, Villen, J;; Gerber, S: As, Rush, J. & Gygi, S. P. A probability-based
approach for high-throughput protein phosphorylation analysis and site
localization, Nat Biotechnol 24, 1285-1292 (2006).

44.1i, Y. et al. Clinicogenetic study of PINK1 mutations in autosomal recessive early-
onset parkinsonism. Neurology 64, 1955-1957 (2005).

45. Zhou, C. et al. The kinase domain of mitochondrial PINK1 faces the cytoplasm.
Proc Natl Acad Sci U S A 105, 12022-12027 (2008).

46, Chaugule, V. K. et al. Autoregulation of Parkin activity through its ubiquitin-like
domain. EMBO ] 30, 2853~2867 (2011);

Acknowledgements

We thank: Dre K, Tanaka, N. Matsuda, K. Okatsu, T. Kitamura, S, Murata, N. Fojits, N
Furuya, M.M.K. Mugit and R J. Youle for their generous supply of materials; T. Hasegawa
and Y, Imaizami for the preparation of human fibroblasts; and T. Imura for her technical
help. This study was supported by the Naito Poundation, the Novartis Foundation, the
Grant-in-Aid for Young Scientists {B) from MEXT in Japan (SK-F, Y1), the CREST program
of JST (NH) and Grant-in-Aid for Scientific Research on Innovative Areas (NH),

Author coniributions

K8, Y. Imai and N.H. designed the research; K.S; Y. Imai, 8.Y,, T.K. and Y. Ishihama
performed the experiments; $.5. contributed new reagents/analytic tools; K8, and Y. Imai
analysed the data; and Y. Imai and N H. wrote the paper. K.5. and Y. Imai contributed
equally to this work.

.e . .
Additional information

Supplementary information accompunies this paper at htip:/fwww.nature.com/
scientificreports

Competing financial interests: The authors declare no competing financial interests,
License: This work is licensed under a Creative Commous Attribution-
NonCammercial-NoDerivs 3.0 Unported License, To view 2 copy of thislicense, visit http://
creativecommons.org/licenses/by-nc-nd/3.0/

How 1o cite this article; Shiba-Fukushima, K, et 6/, PINK1-mediated phosphorylation of
the Parkin ubiquitin-iike domain primes mitochondrial translecation of Parkin and
regulates mitophagy. Sci. Rep. 2, 1002; DOL10.1038/srep01002 (2012),

12:1002 | DOL 10.7038/5rep01002



B EEBMALS b0 KUPRE

—-Perryf" ﬁ;eﬁ? - Vol. 1

BE IF—ADBEED D

New gene discovery from one patient

+wm"

et S

Key Words: PerryfEMRRE, &tk

TR RS AR S s | ;#?‘/ “¥G, YA+ 2+, TDE-
BizUoi BRN, N—F vV XAOFKEICHED B TEKE

FHEM S~ % > v 2 AN, 19908 HEE  PRATE . PerylEREON 7D RE i,
LETOMBERICBNT, HLhERLARsh, HOAETECTHRAOYERRIZEDLE Y1+
HREL, BRI, ﬁ%vm,ﬁ%%%W%&% TFVTHEs
RBL, SEEWRASTORBICLLEY,

BB RS 5o 2o SEEBETEOR e BPeryEIRR ERIED/ N —5% ) RHE

Y, OGBS~y /j"f‘j‘"f??tij’ﬁﬁjjd) i 19754100 F ¥ DPerry b A5, et B8z
PR ELT, —KITHBRHESHTO Iy 22 DEBEES-FV VALY 0, FERD, P
B Eh o, FOEBIEaY 27 b1yl BHERKLIEIRELHOTHREL L. 208K,
FEROFR Tho Ebhad, iy BUOEREET ) BRFY T FIOFET 5

U T DContursiZE RO R RIS E L 2s  JEHY LA, 208, HoEMELLLTY
BETHD, TOBEIMEM %>y Pahie A 1988EIKE, 19924107 7 ¥ A X ) [k
@hﬁ&mw$%m%kﬁﬁwé Lt o BRROBRENSY, VI ARZORER,

EE OB, BEOYRII WIS e Lechevalieril X 1 PenryfiEEETE  (Perry-Purdy i 1)

AV D, BAE, BEMONBRTh e Xy CENUBRL, IRLNMEE, TOUEREE
VA ok e — ST AT B LB L, #%zar BT, WORBE -2V =
FOES =Yy M LT RBREOMEE T LEBMYLARETHL I L e MEF RS
BosTurd, Libﬁx %us%ﬁ LEpSHEINLOE,
T, oV X2 LA YERRREIES M SORBEESKIEHEaOREZER 5,

~NEET BTk Y ROBIEUIEN TS L
o f s VY VRORREBC B B T 4 BEFIE-ADOREIA
BHETEBLTVWA, 2 ) B EoBEER R 19994 143, FEED I DERER LA

B Yoghio Tsubol, M.D,, Ph.D.
Professor
Department of Neurology, Fukuoka University

2 (48) Medical Science Digest o) 332). 2012



fﬁ%a?) iw)\ff}f‘ *,‘;»6 G 2k)

BEDD VYN ES
EHFEPTOLITH B,

?ﬁ&mzmlﬁﬁﬁk&ﬂwﬁ& FAREASR TH
BHEHORT (EBE) WAL, Mo
BRI L, Westphal BB AT, TR
PEENEDN S, BFRBOEY BRILTY

Bl

Viizat, £OROEHOR

:@%%wﬁﬁéi&@éa,%%wm_$v~

W EEBERS AL, BV oEREERDTH
ﬂgE%&LA7?@;OM%%W“@E*
THholr. WEHOMRITS B4 sy, BE
2= ) ALK LCL-DOPAR AL, B
BEOwBEAEORBS S,
me-m$%& HECHT A ER L R
. MRS AR LIS oAl £ B
%ﬁ&# FITHLPRN—F YA LD
ER Ui, TORBEEED ARSI BEHE
%m&ﬁ&b%ﬁ Linb, HHEBRE -
ALTERL, BRI =%y
Aﬁﬁ%ﬁt%%@&%%bt@%ﬁﬁmx&b
B, FOREHOPHCOho L ABRRT S Y,
P oBoMERLARELZEL T,
200045 X A RE B IR IC AR B I, TERkRE
ETRRB s, %mﬁwm%mﬁﬂxﬁ%c@
PCO2%72 Torr & H{EC, fBMEICMmA SN,
am%wn~yxaﬂw ﬂﬁo«mwmxmw
GRTHCEREEE L, BRSSO/ b T
ETholz, & HITHRICER L2, Bl
2o, EAEABEO63ke D 6 38ke F TS
LTwizg FOEOEEEMCB LT, il
e RELEbDoTORdholobDbEL LN,
B, ZOERBEICH L CEREY T bR,
SaiERE, BIERRICEE I, Pery®EEILL B
HREEBRERE LY “}??f“h AL, IO
3o, KRENS, PREERR
%@%mﬁ&ﬁ@ﬁ@zw» 5o TOMET

wﬁﬁ%n@

N—Fy K L,

Fe2lE Z OFERDVEIIRIZWE O L VPerry B R
BEThHLEMELL,
ES B ORI, OBFENRE S

i

BArhlbdPbdoTER, $¥L-DOPAIKT
DRI REVE, L LT ClcZoghRmE L,

HORRIPMPRELFERCEHTAIIZT Y ¥
VoA THE, VAXITVTORMPBBL LT,
dolddHE DI B CHREREEET (apathy)
ThdHI L, HBHREOEFBRZTE M &
LETHo .

B —% vV - RB(EFREH

O BIGOTERIRICRER N —F 2 VIO
FEHV O DB PRPEHZ MR Tz, TOHEI
Cuntursi®@ &M bat 27 L 4 V#EF- ORI
Bah, BREETEIBRACR /2, EBICH
MBI AE A —F V2 A LT ¥ R ESF
LERPER, TOBRILITHENLAY, Bk
W~ F 2 = A A CParkin, DI-1, PINKLG{E

FOEEBE oY, BEEAEEEICBNTE
#Fzto, LRRK2Z, SCAZEIRT QWG A K\ CH]

L7 () TOEEz, Rid70y FOMayo
Clinic Jacksonvillelo#5 % :?n 5, BroHgEREED
Wizolek4e4E & RS OFerrerfitk & 3L, Perry
SEFHOBEREFENTE, B URRERET-O
Hekz Banic, ERERPIEA200014EICRE 272,

FTDH%, FNETHREDDH 2 I6FERDP LSOO
FROBFHEIGERZWS S LI2EIIL, TOH,
%f'?’\:i‘“/\ AR, ORBEOREZNER SN

o B4 IE T B R 2 AR AR 2 LR L

ﬁﬁ# T CICHE eﬂﬁ%ﬁ@&@%ﬁ%@
Mayo Clinicloi® IZDNAF > 70 (BI8H
FA VT ADF ﬁ%**@mk)%ﬁ%@ﬂ,%
B LTI OEBOERBENEE L8z
TEBDBREPIRE o7,

BHHic
HER /b S VR RPE Do LPerryEERICB W
T, HEREFOBRMIEERBEML, L2PL,
FOHLEEERPEANKRREES ODNAY » 7L
DA IET Y, RERETFOEBBRIEV (D
POYBEFIIELNTE -, $ /2006512,

Medical Science Digest Vol 38(2), 2012

3 (49)



= «’\‘“"x MATIVE 1)) [H

5 CHEE EERF =] ﬁﬁfﬂe’é REmM R
PARKi&4 AD 4g21 SNCA EOPD Synucleinopathy
PARK 2 AR 8g25.2-27 Parkin Juvenile and EOPD
PARK3 - AD  2pi3 ~ unknown LOPD
PARK 5 AD 4pl4 UCHL1 LOPD
PARKS AR 1p35-36 PINK 1 EOPD
PARK Y AR 1936 D1 £0PD
‘PARK 8  AD 12p12 LRAK2 LOPD Synucleinopathy/Tauopathy
PARKS9 AR 1p36 ATP13A2 Kufor-Rakeb syndroime
PARK10 S 1p32 ELAV4 Not clear
PARK11 AD  2¢36-g37 GIGYF2 LOPD
PARK12 8 Xag21-q25 unknown Not clear
PARK13 AD  2pl2 OmilHTRA2 Not clear
PARK 14 AR 22q13.1 PLA2GS Aciult onset dystonia-

parkinsonism
PARK 16 AR 22¢12-13 EBXO7 Early onset

parkinsonian-

. pyramidal syndrome

8CA2 AD 12q24:1 Ataxin2 LOPD Synucleinopathy
FTDP-17 AD 17¢21-22 MAPT FTDP-17 Tauopathy
Perry AD 2012-14 BCTN1 Perry syndrome TDP-43 proteinopathy

WEMAEERE, AR D Bt ikRMGE, FOPD I WESES-F v S IRE

LOFD TERGERE S R 2V VI, FIDP-AT | 17 e iR

TDP-438 H O B8 e BB/ ER N R LE B
LU BERI S AE O PR SRR &
A5, ThbPeryiE B OMBHHICBRORERE
Mgz, TOLICIADBBESAPLE LM

News (& 153R)

B AR - F V2 K L

BRTVZRBFEURE SR, RizER, 5
BB E R ) — UK LR~
t I EHTE,

"]f

@Z45E AR EREES
BER : 2A1E Ok ~38 &
‘fti»(% PR e (RHLTERSEE)
Y BHRT) L RRFATRAL
IN—E S —
AESRMRE G | T R I B
TEL : 03-3333-8111 {J438317)
FAX 7 (3-3359-4877
TIEEHRURL © htpifiwww.jsertjp/
TR MURL | hip:ffwww.pooworks.ip/jscrtd5/

<

T

@FESE HAMLERSERPINES
BHEE 28108 (&) ~11H ChEY
e L A Ek R
mf@ ﬂh SRR —, WY T Y R T
[ faRs “,amu
’H%’ﬁm:‘i‘ e MEEE T Ay e VIR
TEL | 03-5840-6339
PAX © 03-3814-6904
BHRPEBURL | hitpy/fwww jpn-gaip/
B RFURL : hltp:Jiwww.keisocomm.com/Sjga/index;lmnl

Lz

4 (50 Medical Science Digest yo 35(2), 012




ﬁ%hv4=yy'%u®%ﬁﬁ

S=F T UIROEREFRI 90 EREBEDPS
DT EBEZFENFRIZL o TEF LT RRRESEGTF
VEEESI NGO T ORERIZEA, EICHER
BOBNTRAIZF LWEELZMABHL 2
o TETWA., KigTIdERNZEsFICBIT S
AT DFEE T RN T 5.

TSk, FEHE S—F 2V VIROGFI F“%%
Wrdsed, BIEE TIZE L DBIZFFEEBESNT

1997 4E\Z a-synuclein BIZTFEER

W5 (R). FEEL a-synuclein BT
parkin BIZFD X ) A VT IVEEHOERERE
EFDIEFPIT, S—=F 2V REVPBELRPT R
AEERTELRT L7/ 274 FEEFT O

0913-7963/2012/%¥800/ 5 3L/ JCOPY

%""‘u}i‘ﬁ%’%#%?ﬁt# CHESNTWS (R).
1. XUFLEGENEREET
%ﬁﬁﬂ“#yyyﬁﬁﬂ—%yyyﬁ@5~
W% % EDHEEZLNTEBY, ERERITEE,
FIGRE 7 5 I CHEEL L, 2GRz ERE L T D
TREEETH 5.
FREFESRECEORREEFEL LT a
synuclein, leucine-rich repeal kinase 2
(LRRKZ2) &0 EEN T A, BREITF~
B FE CHRER R IEN % v VIR E AR
DIEBIAZ >, 7?9753‘&:51/\’(@ o-synuclein
BHEEEYL LRRK2 DEEEPREIN TN S,
wfh%ﬁ%@%nﬁag<@wﬁ,ﬂﬁ%ﬁ@
D, ﬂﬂiﬁzé’éﬁl& BrEEE LS (b LA
HERETE 2 HE, iofb &0t g%
E%HRT% & D BRI, BRI EERTH 5.

Modern Physician Vol. 32 No. 2 2012—2 201



421
76q25 2 27
/ '2p13 o
 4022.1

i
12p11.2-q13.1
1p36

1p ;
2q37.1
Xa21-625
12
22913.1
22p12.3
1982
4p16
= 5pé1.3
17q21.1
g2t
4pi5

BYEESERREORRERET L LT par-

kin, PTEN induced putative kinase 1 (PINK1),

DJ-1, ATPase type 13A2 (ATP13A2), phos-
pholipase A2, group VI (PLA2G6) Ei3ghE &
T 5. BRI parkin (2 DED 5 1998 4E1240
DTHRE S L2 ‘%ﬁ%“@éﬁ“b:é?(‘% 5. par-
kin BETEEOHEEIIFIEESEEEED 2
PTHIB0% L HEEDE L, BEBEOINEL T
LRI 15BICEED T HHELH A, Lizho
CIEIED B 5 SRR EEDN S BE, I
EESSEDBE DV CIITEBAYI pakin ElEF
BREZITH)RETHA . PINKI IZEERATIZIE
parkin BEBHEB L IZE AEEDLY WA, &
FEEFEID T NEIRDD 5.

B S—F Y AL TRIEER SN TS

202 Modern Physician Vol. 32 No. 2 2012—2

REEEETO—E

2 :: Al 32

SNCA #@% /8 Eﬁ

* perkin L
unknown 4

SNCA (=) "a“‘{% ,,,,,,
UCH-L1 wE
Al EE
DJ-1 o
LAAK2 #1B/ B
ATP13A2 o
unknown @%&
GIGYF2 uE
unknown mEn
HTRAZ .
PLA2GE we
Fex07 By
unknown @z%qg |
GAK -
HLA-DRB5 —
WAPT W1/ B

. GBA _—
BST B

DI PLA2G6E THAH. PLA2GE 1E 2006 4512
neurodegeneration with brain iron accumulation
(NBIA) OEREET L L THRESN TV,

2009 FEICEFERE VA =T —F V=X A4
(PARKI14) DBEREEFE L ThImES N

BERFICTIX, FRAED 5 WIIRBMEEER, T2
TR, ,ulic%:@%*%ﬁ RE 2T HEFEE —
F UV X LEE 30 BINIOWTHET L7-4ER, 3
%\ PLA2GE BIETFEEZRDIL. :h%@%
FEWEBEREFIELRY)DDAI=2TIEEDT
PLA2G6 BB/ $—% v = X ML EEFRIYIC vari-
able Th 579, REER, FIEE FEECH
MEROEH, KEMERESCELED LD %2 MRI
iRz E, BRGE X B LCRICEE#T
Ti’uiﬂi@cﬂ’]m HETEREZ[FETE A ReHED



Hb. BEEFIZILVE—MEZROZ L DHE
ENTHBY, SRLEFELHDOEI—F 2V VROR
Re L OFENVPEKIENE ZAHTH 5.

2. TV —LBAICESHREREETF
VPS35 DEFE

&, AVTFVERHOHREREERFE LT
vacuolar protein sorting 35 (VPS35) EIZF S
mEESN/ VPS35I 16 TRk kicd b
BEFTL v —iEafdl ) Ml 2B
BELTwWAEBHDO—DOTHE. ZOBRETERI
AAANEF =AY T NOFEGEAEEEERRE
N—=F VY URERD L RE SN BRREIZR
EMWNRN—F VI VIREED LT, 50 REIEEE
T L-dopa FUSHEDIS—F VIV = AL TH o7z,
COHETELy Y VT (0 U — M) &
WAHRER Y — 7 o —FFH L2 FETER
MRHEIN/IZE W) BTHEBIZEETHL. I
FTCAVTIWVEBEOEGTF=HELLD LT3
e, RANICBEEDVPSEFLEL TV AHERFER
ZEH AR OBE T BV CESEARAT O T T
T EULEDNH 010, BETFRTE IS EARE
FHERENIEHT - IERBER D 2 Z0EE
BH DN % T IULEE T BT 5 Z L 25T RE
W07z, TOEMERICLD, BREICESERT
BTASEEICERIC o TETnA L EDIZ, &
EIEROT 72 EEAI IR $ 5 FRIRE D%
EHhREL S TETND,

3. B =% & {5 F—Common disease-com-
mon variant {R&% & common disease-mul-
tiple rare variant {REE—

IN—F 2y IRIGERER & EREERDPEHEC
BB TCHRET HAEHRTFERTHS. /—F
VURD LD REEOEVER (common dis-
ease) DEGERZEZ HIZH720, HEOSE
WHBOEETFEE (common variant) (ZX 5

&\ 9 common disease-common variant KGR &,

BHOINLEETELE (rare variant) DA
E&bEIZ LB EVD common disease-multiple
‘rare variant [RGASEZ SN THY, FHE £<
DEGEERVPENENEME -IIHEEER L TF
EICES L TWA I ENRENTETNS, B

IN—F 2V ViREEEDRRIR

ERE L CORZEERT OMRD 2 > THRICHE
HIREE, ODPEOWIRES V- THhoHERIN
7z Satake b DL & Mitsui b DRETH 5.
Satake & i3 common variant ZFIH L7247/ 4
7 4 FEEBAT T a-synuclein, LRRKZ2, bone
marrow stromal cell antigen 1 (BSTI),
PARKI16 (BEfzTkREZE) OMELZHRE L/
Mitsui 1 acid-B-glucosidase (GBA) O rare
variant VVEWEELZRTI L EHEL. Ih
b OBETFEIZDOWTIIFE B W TR
EREONLDDE, TVTNFEEDOLDOIH 5
ENbhroTwh, BEFEE, ZEIIOVWT
SRR ERN R EICE TS NEENH B Z LR
BENTRBY, HEART VT AOKEE L EH
TELIIEZED TV ZEPEETHLH. —
#%1Z rare variant [ZEBIZES 2 AEEEIKE L,
SHBIRMR Y — 7 T - LR BV TS
COBGHERDFEZE SN, TREFER» OEEE
DEFNEOERPHZ EFHEENE. 20X
RO, FROEBET LWERO LT,
RIEGID 272 & TIEFERF S EO/EFIORRA -
BEFHNAREERETHI LT, REER - BE
EORENEFEELTWITAEN) ZERD D
FEWEROFEI-THRENIREVWERDbNS.

BLRFHIFEEORREDP S 8 F SE G093 —
FUVVRIES L TWA I ENHLIZRD,

FNENOBREGTFEY (=EHE) ORESHE
AP EINTE TS, AFEITE4
DEE DI HEHDEROEEENEE (5F
HAEER) ~NEHFROFLIBITLODOH 5.

BWEZNL [BEFEE] LWHREERE 73—
FUVURBE] LWOBEREDLRST IV
Ry 7 A0 4 CEPNTEDDOH S ().

1. Parkin & PINKI IC&BIhOVRKUTE

BB

Parkin & PINKI (3 FNFNEGHEEEEDOE
FEENR—F VXL DOBEREETTHAH. &,
CDL2ODFFNERIZI PV FY TORES

Modern Physician Vol. 32 No.2 2012—2 203



8 TFVIRITR g

e

INOCRUT REEE
s AERFTOF T4
CF R TET— YU~ L

- fHRE AR
- ShLE

-+ BE{EZRLZ

e

s AFrNar

etc

HEToTWAZEFRHEALPIZ o TET
PINK1 iZ#DEBEENOI POy FY 7 TH
{BETHLH I EDRFEINTWADY, Parkin
EIFaV R TOBEIEEMRTH o/ L
L7Zd5 22 2~3 £ TERIZHESER, Par-
kin 2EBEA I G072 Fa Yy FY T 2 &R D
WA LB T ERbRPY), FORED
Z ot % PINKL 2MEoTWwBZ LN &
72 572, Parkin %2 PINKI1 \ZEEDH 5 EEME
IN—=F UV XALEETIIIO XD LD
NTWB2D, REZI by FI 73BT
FTIREICE-TNnEEEZLNTNS.
MREOEIEYW TH DL MPTP DBEIZL - T
=%V UIRERTET AT EHES N,
NI PV P TEFLERZHELTWAE T
EWBEN—F UV URER bay N TIEIEER
BRICH DI ENEFERBEINTE 7. Parkin
2 PINK1 @ &9 BEFE,PL R ENI250FD
eIl X o TEFDOIRRBEMEDEZFTH SN2 TEE
K&V, Parkin 2 PINKL DSHI b X—F v
TREEMICBWTEY - ENEtoH s3I bav
N 7HEEEEPRAIZHREINTETEY, 3
bV R TEHI R =% VIRIBEER &
LTEBETETHREEZRI TR I EPFES
ns.

2. a-synuclein & GBA ORE -

Felk D & 912 a-synuclein & GBA \3/8—F ¥
V UROBEEEETF & LTHREIN. a-syn-

-~
—

204 Modern Physician Vol. 32 No. 2 - 2012— 2

BRFHRED S EOHEREN - WERRFEAORR

uclein IZFVE—/NMEDEEBRE S TH D,
GBA DEETEYO -V ¥—Fix) v
V—LBETHL. GBA BWHEIL—OFOF
THEWZERFHAIERDP DD & T— ¥ /%
BETHIENHONTWE, ZD 2 2DKZM
BEFPFEVICEEL Ao TV I ENITCEE
HEINTWE, T=vzFe/—F vV VRE
ETHDOHPoTWD GBA DEEEK & BEEHRLIZ
BEALLY, NI Vvarv¥y—F¥oegs
WA &5 & a-synuclein DEHENSEINL, #&
BRAJIZ a-synuclein DEEIMEEZ LS. T2,
a-synuclein EHEDEIIC L > T -7 ay
¥ —EOEEFEIFI S NG L) BOEHEDE
CoTWnAZ ENbhroTE O a-synu-
clein EHEDEINIA— 7 7 V—FEYHEIZ
Lo THHIEN, 512 a-synuclein i VU —
LTOUTT—ETHEHIT T DDEETH
LT, =1 77V — YUy —21rFRE
a-synuclein DEREEEOHERIFREICERL
TWATERENE. LizdtoT, 4B/ —F
VUROFEEL T T 7 V= YUV =L
REFHT ALEWN S — 7y b &2 A REMEDS
H5.

3. 14-3-3BBAEE/S—F 2V ViRBEERF
433 BEERBMICEEICHEEL TV LS
RS FI Yy RuUVFEHE 77 I —Thb. &
BHEN—F VV VIROBREREETFEDTH S a-
synuclein, Parkin, LRRK2 Iz#hFi 14-3-3



EHBEEREATAZETHLNIRoTW S,
14-3-3 BEE ) VB SN - IENERE IR
ETHIEPHOLNTRBY, BFLL) VB
Bl v BRIbE AL 14-3-3 BEHE OGS & Tl
#% a-synuclein, Parkin, LRRK2 O#EEEHERRIC
EELREFREZELTVWLEEEZLNTVWAS, &5
121433 BEHBIRIVE—/MECHEELTWS D
Lo THBY, X—FrVVFzIlDET
épe~¢¢ﬁkél43&mé S LT
TREENE L, IO DEEDIRRELEFE DR

&EU EDEESTFD—DOTHAEVZ S,

F &
IN—=F 2 UIROFEEFZRIZOVWTTESLRY
B OBEHRERBN Lz, T T5IOREES R &N
THWRVWHIRD W Ohd ), T ICHESEIC
BIDZ EFDvrd Lnzwy, B RES
A= RTEAEANREPEATVD L) T &

IN—F 2V ViR EDRAHR

AR TW2E, BEIADFED
BREDHIUITENTH 5.

—Bhz7e A

SEER
THNEE, e S—Fy
. BIO Clinica 26 (8) : 16-46,

i &%k BRHEHEZ,
VIREED AT =X L
2011 .

2) Vilarifio-Guell C, Wider C, Ross OA, et al : VPS35

- mutations in Parkinson disease. Am J Hum Genet 15 :
162-167, 2011

3) Yoshino H, Tomivama H, Tachibana N, et al. : Phenotyp-
ic spectrum of patients with PLA2G6 mutation and
PARKI14-linked parkinsonism. Neurology 12 : 1356-
1361, 2010

4) Mazzulli JR, Xu YH, Sun Y, et al : Gaucher disease
glucocerebrosidase and a-synuclein form a bidirectional
pathogenic loop in synucleinopathies. Cell 146 : 37-52,
2011

5) Nichols RJ, Dzamko N, Morrice NA, et al : 14-3-3
binding to LRRK2 is disrupted by multiple Parkinson’s
disease—-associated mutations and regulates cytoplasmic
localization. Biochem J 430 : 393-404, 2010

4

HIH & (m&k%%ﬁﬁ)
RZ MR (crrzEsU=

yIRE)

Eﬁﬁie 625F
(Af42,500/+815% )
ISBN978-4-88002-173-7

g?ﬁ %ﬁ'-@-ﬁ £l .h’ Rlim:t

T113-0033  RRERSTREANIC—26-8

TEL 03-3816— 2853 FAX. 08—8816—2895
http //Www.shinkah- -igaku.jp R
“e-mail: info@shinkoh-igaku.jp

Modern Physician Vol. 32 No. 2 2012—2 205



Vol. 2

PerryE{&EF &
DCTNTEZFEE

Perry syndrome and DCTNI mutations

B Ah=

NER & AR SR AR,

Eﬂbstractﬁ

‘Perry (x1)=). Ff@ﬁti/\—#/v XA 7’.) 1$‘

ﬁmm%%tb 5m$umbu DHEFT
BABOHL ﬁfﬁﬁv‘%%\

‘mlfi
ﬁ/\»\%cuéé [ é: %yb\

Tﬁéogﬂi?@%ifi&wm%ﬁﬂﬁmmﬁﬁf_

%FT% &7‘)‘%( BEENS b\%%‘é{?ﬁ%%
MEELEIDN TS, ARORREEH, mwﬁ

'LDmN1W4f7§/w@ﬁl BIEFTHD EHE
‘Ehi, ThETEDDR Zﬁ/z#§#ﬁ¢én,$5

T IARR, HRTIORREETREICLY mEs

~ﬂ?5u,%%®ﬁiﬁ¢bfoixT%Tméﬁf
HRTHEEEBLEREWVWL D, Exuaufé%%i
RN, ARRZEEZNHRI iibw”
B, Mﬁﬁk@ﬁﬁ%#ff?é tﬁbﬂofé»

e B2

0)%%

L\/Zﬁ AEBEHENETE 1K?ﬁ¢7l‘ﬁ%b7&mf%

3;5@%!19’3/\—#,/‘/ ZL\’P/\—#/‘J/T (PD) 0)’:'

B CRErRAENBTEEN 55,

%Wrﬁﬁ@ﬁﬁﬂ%aTét&%MWP%®§ﬁ -
SR Uy DCTNTEEIITDPA3T 0T A S F = LT D
HERERIRELE (ALS). Z5l¥RI T bHSN
T3, btﬁ‘rf(PerryT‘ﬂs&ﬁ(&t BOEREERD

-h“(\,\éf‘%b 5, [5< PD¥ALS% & NEBE L8R E

HREDORFNARERHOBEL & X DEREME D

O*ﬁﬁbfgﬁﬁﬁ‘gﬁtﬂu&.ér%é:h\z, B &
FRRRR AR DR, éfx?ﬁﬂﬁluéﬁ’ﬁ<f%nﬂ§
7‘3“9, ’%‘?%t@ﬁﬁnb‘[“#o”(h% &:b"ﬁﬁﬁéhé

BPery b I L B2FEBEDHE D SEEEERFREET

19754, Perry b I3 BEFE TERBHEEER
BRz2LbNX—Fy VXA, 9D, BELHFE
WA, EIREH» 5 ERB4-8FETRRFICESLERE
BARE LY, 20, RERIIPerryfEREF &
g5 L9k, BRERKEOFHIIZLIZL

BHiroyuki Tomiyama

Department of Neurology, Department of Neuroscience for
Neurodegenerative Disorders, Juntendo University School of
Medicine

IERERFHELERERE

ALSTHDOD 5 72p.G59S DAt I

B A
BT

Key Words:Perry syndrome, familial
parkinsonism, DCTNI, TDP-43
proteinopathy, amyotrophic lateral
sclerosis (ALS)

ElLRIRR R

DHADRRZRTLHE LY, BRIKFE L Mayo
Clinic® 7' v — 7 O BRI R OFE R, 2009412
DCTINI (4 F27F 1) PEREEFLLTH
EENY, FDD, KERCIBWTHEAD
%ttfwéﬂ%i%k@%%tmzéo
BErzTERE
DCTNIiZ, ﬂ@lﬁV/tu%®7 J BRI G
A LB REREERFTHY, ZORETEN
PEREEDEZHMIIBWTEETH L, ZNIET,
,ﬁﬁwwy@;
p.T72P, p.G71A, p.G71E, p.G7IRD5DDIRHIE
B34 TCAP-Gly KA A VIi2dH Y, exon 20548
BIZFELTWAES &9 (), GTIAZRERIEHED
RRCHES N, KBHRICI2EIBEDROT
BN D B, FEATHERBEEN DY, BEEHN
BWERBAEEEGHERELEZONTNEY,
BRAKT/N—F v Vi (PD), FEMERIRE
1LiE (ALS), BIEMBEERBMEICOVTAE

172 DCTNI1&exonfEH AT b 72 DR B 72 DCTN1
BERIFDT, S0OLIAINLOBRFETS,

F 72exon 2UAHCBWT I DCINIERITH L E 2
LNTETWAT,

| B ETRITICED (EE

B REEEFDCINIDRZER, HRTEEFZH
12X DR ENZDIFI0RFZRT, HATSER, /N
74 HZATIZRD (Prof. Wszolek & Dpersonal

2 (138)

Medical Science Digest v 33(4), 2012



PerryfEREF L DCINLBEFER(EL 34%)

Motor Neuron Disease

p.G53S
communication), HZAANT4RADFE & ‘ ’ DCTN1
NTETWBS 5. 6 ZrEREITIER 5 1| Jear-aly ] | coiled-coilz | | Coiledcoiiz | | o
. ﬂﬂiﬂj};%, ;&E?ﬂ%@ﬁ;ﬁi@ﬂﬁg‘lﬁz %) %;\;— / \ Pen‘vSyndrome 326:)(0"5
ENTET b, FERBDEZENIAR ¥ @ peria
- s < G71E
BERREEL p TRV, RETHE be7in
ARCEMORRERDTEY, $753% Qo

HERATL BERRFBEN T LT 8

DCTINI B FHEE L Penty fFEERE

M2 A A ik g DCTNI BIET 1332 Dexon 5% 27, BRIILTCAP-Gly F2 4 v
DD ) SRRRBR G RFREOERD Dexon 2 IWEHRLTEY, FTEEDhot spot T Bexon 2 > 5 EEMH

BFlns, ET)OBLIVEZER LND, CAP-Gly FA 4 VRBUNSHEEF AL~
_ _ o TH Y, MELPIEIRIZE b ) Motor Neuron Disease 3 & Perry BB DR
BieAE - RERR CEETEER BICHLIEELBEO P AL Y EZ2 N5,

CNITOEF»LIE, N—F V=
o (%, EB), HBE, SEREEE), 3o,
HERD, BREPEERTH I LEHRESIALTY
%o 30-40RMMITEFEESL ) OTHRL, 2%
FEFL T, BEHEEOETE L LICERHD
IR, WRARE2H#ET A 0%, 288
E5-10F B WVD T LS\ 5 60 SRERFE PR
2K, WREE, AIREER CEGTFRO
UEMRFETE 2, L-F— 2 X D BEICIE D o
—F VIV ZALDHBEVEONL L HBH L
"o, BEE fIE D F J P atypical parkinsonism ¢ %
T% <, PDEBHT LSO HC b Perry e

CBRTO RTINS Y, SEADIFERA KT

LIBROBRDP L bPDL OERINFKE RHEE

%o L7z0i o TEREFHZHO%K, FRERRAT

STTHENS, ALSO X 9 RS, ATIRRES
BOBROBERIZOWTHRE L TWLSLERD 5
EBRDND, LALENL—TF, BREATEESR
ENFRABRDERETH), BEXD LBV
ZEFBES N, BETEWOEL, HPLEE,
REEMIBNTHELWEEIEES,

WREEDEREDLIFALSEHEL LT B ES

BEKR2ADL LD D 5,

EHEL LT, BHER (BRA-, 5w
B, ALY, SR, B, Mk, RERE,
BEl, WRAERENDHD, TEEEVDEHLE
TOEHT, AHEDLMEICE > T AR
HY, TEEE, AHEEDICEROB(LEEE
ECBREL T LER D 5,

REGCIRERLETREY, EEEOS YA

‘ A, FHAEMIRE L E AT A S 1, Lewy/IMERIZZEARA 12

7\ —F, TDP-430EE, HMERIILEYT 5
TEDPBEENTVWAES O, 2070, PenyiEli

B LWIDPA3 TR T 4 /8 F— & LTORE

DTih s,
GOLIHBETFEETLOBKE. KFEZO

ERIFSERFSATHSE, SAR0OEEEMD
o EfFICL V)%%?b‘ﬂ’éh% CEVHEAFENS,

UED X9 izPerryEEREIL, EARDIFIRIEE H
HZEIRICIZE D T TPDE OERVHEELR = 2%
5tb,ﬁ%§i%,%%ﬁ%ﬁﬁ%%,ﬁﬁi

DS, FOBRKDRENE, e ER - B
T, FEOEE, BEEOERIIEF TV S

PhoY, EH-a-u BE (ERRRSE,  TEBTHZ,
WIORAT, $5M, SERESEL ) WEorc  BARA

<, BENIEEDZ L%\, EEHCT, MRI
HERMIZIIEE T, MIBGLE Y ¥ FTRY Ak
DIET 2RO BIEF S L\ 0 o' FIALERILE 2
CHENERE, RHEEREEERE, BHhod
BEZIRE, R VLT T 74— CTHRGERR

NeF YV A8 L, L- F= 035
(HHTHIENENLOD) BEHICE-TH LS
ERBHY, T F UV URESESIC RS, —
73, FREELEEL CBEMEROAHICL TS
BETHILENDY, FNIUTITZR MO

Medical Science Digest vol 33(4), 2012 : 3(139)




