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—16.75% of control, respectively) by transfection with
antisense parkin ¢cDNA expression vector (Fig. 4).

Discussion

It has been reporied that chronic Mn intoxication in human
results in bradykinesia, rigidity and tremor, symptoms typical
of PD, and lead to marked degeneration of DA neurons in the
SN in monkey (Gupta et al. 1980, Huang er al. 1989).
Furthermore, Mn induces dopaminergic cell death through
activation of ER stress-associated genes (Chun ef al. 2001).
In the present study, we examined the effects of Mn exposure
on the cell viability and the expression of ER stress-
associated genes in dopaminergic SH-SYS5Y cells and
CATH.a cells as an in vitro model of the Mn-induced
parkinsonism and also used Neuro-2a cells as a non-
dopaminergic control. Mn dose-dependently induced cell
death of dopaminergic SH-SY5Y and CATH.a cells and
cholinergic Neuro-2a cells. Moreover, Mn increased the
expression of ER chaperones, Bip and PDI, and activation of

MnCi2+ DA
(2004M) (50 pn)

alone; #p <0.05, #ip <0.001 compared
with each Mn alone-treated group.

caspase-12 in both dopaminergic cells, but not in non-
dopaminergic cells. These results suggest that Mn induced
cell death of dopaminergic cells via ER stress. Several
neurodegenerative disorders such as Alzheimer’s disease are
thought to be associated with ER stress {(Imaizami ef al.
2001; Kouroku et al. 2002). Parkin was recently reported to
be increased by unfolded protein stress, which contributes to
ER stress in SH-SYSY cells (Imai er al. 2000). Therefore,
changes in expression of parkin protein were also examined
after the Mn ftreatment. As well as expression of ER
chaperones, expression levels of parkin were also signifi-
cantly increased after the treatment with Mn in dopaminergic
CATH.a and SH-SYS5Y cells. Whereas expression of these
indices in non-dopaminergic Neuro-2a cells were not
increased by even high dose of Mn, suggesting that Mn
induces ER stress and parkin expression, especially in
dopaminergic cells.

The ER stress response leads to increase in ER chaperones
such as Bip and PDI to counterbalance the accumulation of
unfolded proteins in ER. In human brain, the parkin protein
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Fig. 4 Effects of transfection with antisense parkin on Mn-induced cell
death of CATH.a cells. CATH.a cells were transiently transfected with
an antisense parkin cDNA expression vector (parkin AS) or control
vector expressing scrambled sequences (cont.} using lipofection. At
24 h after the transfection, cells were treated with 50 or 100 pm Mn for
24 h, and then cell viability was assessed by trypan blue exclusion.
Data are mean + SEM (n = 4-5) and represent the percentages of
trypan blue-exclusion (live) cells in untreated contro! vector trans-
fectants. *p < 0.001 compared with each untreated cells, +p < 0.05
compared with treatment-matched contro! vector-transfected cells.

is detected in the cytosol and Golgi fractions (Shimura et al.
1999). Furthermore, parkin protein is also distributed in the
cell bodies and cell processes, and is localized in the
perinuclear region together with TRITC-WGA signal of
Golgi complex (Kubo et al. 2001), Immunostaining using
anti-parkin antibody revealed the effects of Mn on subcellular
localization of parkin in SH-SYS5Y and Neuro-2a cells. In
non-treated both cell lines, parkin protein was diffusely
distributed in the cytosolic perinuclear region along the cell
processes and cell bodies similar to the distribution of Golgi
complex, as reported previously (Kubo ef al. 2001; Junn
et al. 2002). Treatment with Mn resulted in dramatic
accumulation of parkin protein in dopaminergic SH-SY5Y
cells and its redistribution to the perinuclear region, especi-
ally aggregated Golgi complex, while neither expression nor
redistribution of parkin was altered after Mn exposure in
non-dopaminergic Neuro-2a cells. Overexpression of parkin
has been reported to form aggresome-like perinuclear
inclusion in the presence of proteasome inhibitor and to
suppress unfolded protein stress-induced cell death (Imai
et al. 2000; Junn et al. 2002). Considered together, we
hypothesized that Mn-induced increase in the expression and
redistribution of parkin in aggregated Golgi complex seems
to protect cells from Mn-induced dopaminergic cell death.
A great number of unfolded proteins in ER is degraded
by the ubiquitin-proteasome system, which is known as
ER-associated degradation (Harpton 2002). Parkin acts as
ubiquitin ligase to ubiquitinate its several substrates (Shimura
et al. 2000; Imai er af. 2001). Unexpectedly, we observed
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no changes in proteasome activity examined, chymotrypsin-
like activity or post-glutamyl peptidase-like activity, in both
SH-SY5Y and Neuro-2a cells after Mn exposure in the
present study. These resulting data indicate that Mn exposure
induces ER stress and aggregation of parkin-positive Golgi
complex in dopaminergic celis, but may not affect protea-
some function of either dopaminergic or non-dopaminergic
cells.

We postulated a possible mechanism that induction and
accurnulation of parkin protein are dopaminergic cell-specific
compensatory reactions to prevent or attenuate Mn-induced
cell death. In the present study, transient transfection with
parkin expression vector significantly inhibited Mn-induced
cell death of dopaminergic SH-SY3Y and CATH.a cells, but
not cell death of Mn-treated non-dopaminergic Neuro-2a
cells. These results suggest that overexpression of parkin is
essential for suppression of Mn-induced dopaminergic cell
death. Furthermore, transfection with antisense parkin cDNA
aggravated Mn-induced dopaminergic cell death. Extrapola-
tion of these results suggests that parkin may be involved in
the protective systems against Mn-induced parkinsonism.

It has been reported that non-toxic concentration of Mn
enhances DA- or L-DOPA-induced neuronal cell death
{Migheli et al. 1999; Stokes et al. 2000), and that Mn
stimulates DA autoxidation and DA-quincne formation
(Donaldson er al. 1982; Migheli ef al. 1999). In both
SH-SYSY and Neuro-2a cells examined in the present study,
treatment with a non-toxic dose of DA and low dose of Mn
markedly caused and significantly enhanced Mn-induced cell
death. We previously reported that toxicity of more higher
dose of DA in SH-SY5Y cells is due to- extracellular
autoxidation of DA, as DA transporter blocker failed to
protect cells from DA-induced toxicity (Haque ef al, 2003).
Therefore, extracellular autoxidation of DA through, in part,
free radical or quinone generation may enhance Mn toxicity
in both SH-8Y5Y and Neuro-2a cells examined in the present
study. Furthermore, overexpression of parkin attenuated Mn
plus DA-induced cell death in dopaminergic SH-SY5Y cells,
but not in non-dopaminergic Neuro-2a cells, although Mn
plus DA produced cell death in both cell lines. These results
suggest that the protective effect of parkin on Mn-induced
dopaminergic cell death is not associated with the extrinsic
extracellular DA but other intrinsic molecule(s) in the
dopaminergic cells. Furthermore, these results in the parkin
overexpression strongly support our hypothesis that induc-
tion and accumulation of parkin are compensatory reactions,
especially in dopaminergic cells, to ameliorate Mn-induced
cell death.

Mutations of parkin gene cause neurodegeneration specif-
ically in the SN, although parkin {s expressed not only in the
SN but also in several brain regions {Shimura ef al. 1999;
Wang et al. 2001). In monkeys, Mn intoxication leads to
impairment of the nigrostriatal dopaminergic system (Ola-
now et al. 1996). Especially in the dopaminergic cells, but
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not in the non-dopaminergic cells, we demonstrated that Mn
increased the expression of parkin as well as ER chaperones
and resulted in the redistribution of parkin in the aggregated
Golgi complex, and that overexpression of parkin prevented
Mn-induced cell death. Although parkin can ubiquitinate
its potential substrates (Shimura ef a/. 2000; Imai er al.
2001), the reported interaction of parkin with those substrates
was not specific in dopaminergic neurons. Therefore, the
parkin expression on aggregated Golgi apparatus in
Mn-treated dopaminergic cells implies a specific involve-
ment of parkin in dopaminergic cell death, and the protective
effect of parkin on Mbp-induced doparninergic cells death
may involve overexpression and redistribution of parkin.
Parkin forms aggresome-like perinuclear inclusion in the
proteasome dysfunction (Imai et al. 2000; Junn ef al. 2002},
In the present study, Mn induced ER stress and aggregation
of parkin-positive Golgi complex in dopaminergic cells, but
it showed no alteration in proteasome activities examined.
These results suggest that parkin exerts some dopaminergic
cell-specific effects which are not related to the ubiquitin-
proteasome system in the case of Mn-induced dopaminergic
cell death, although further examination will be required to
clarify the detail mechanism of ameliorating effects of parkin
against Mn-induced toxicity.
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Table1 Mitochondrial DNA polymorphisms in Parkinson's disease (10 patients)
PD case Region Position (n.p.) Gene Nucleotide change Amino acid change
1 Protein-coding gene 4824 ND2 A—+G Thr — Ala
8794 ATP6 C—T His — Tyr
rRNA 663 125rRNA A—G
1736 165rRNA A—G
2151 16SrRNA A—+G
2 Protein-coding gene 14180 NDé T—C Tyr —+Cyt
tRNA 15951 tRNA (Thr) A-G
3 Protein-coding gene 5301 ND2 A—G Ile ~ Val
12026 ND4 A—G Ile — Val
rRNA 752 125rRNA C—T
1107 125rRNA T—C
1310 125rRNA C—T
4 Protein-coding gene 4602 ND2 A—G Thr — Ala
' 12358 ND5 A—G Thr — Ala
tRNA 4386 tRNA (Gln) T—C
5 Protein-coding gene 12358 ND5 A—=G Thr — Ala
15071 Cytb T—C Tyr — His
6 rRNA 1884 16SrRNA A—G
tRNA 4343 tRNA (Gln) T—C
15916 tRNA (Thr) TG
7 Protein-coding gene 4333 ND2 A—-G Thr — Ala
9165 ATP6 T—C Phe — Leu
rRNA 822 125¢RNA G—+T
tRNA 5601 tRNA (Al C~T
12311 tRNA (Leuw) T—C
8 rRNA 2772 16SrRNA cC—T
tRNA 4386 tRNA (Gln} A—G
9 Protein-coding gene 8764 ATPg G—A Ala— Thr
11255 ND4 T—C Tyr — His
10 Protein-coding gene 13934 NDs C—+T Thr —+ Met
rRNA 827 128rRNA A—=G
74— %V Vi 10 iz & & B L7 polymorphism, Underline it EHMEEOLRE 2P 0T I JRICEHRSH
bhETT.
IBREHOETMIR SR, bhbhizfBREEd by THY, I by ¥ 7 DNA (mtDNA) OFHREROE

TBFEERESGH IOV 721oy FRETLTWA I L %
Western blot 2 REHGLFN 7 7 —F THEHAL 2™, F
EEFEEORNTRY v ARELEVWTCEI I FY T
BFEEROBEEEIETLTWD I &b 2% B
thhbhity = EEERE (TCA HE) OEABELEZLS
RTWD o Vs VBB ARERESHE (wketogluta-
rate dehydrogenase complex ; KGDHC) 1233 68z b 5
Wi B L AR T, PD B E MBI BT KDGHC
LETFLTWREIEERLEY. 203 oy FY THREE
T, BETRORMER : LT s h w29, Hilako

HARE—FELTT7 RNV AOBYSSMETHERTCLIE
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TrirEbdnky, gRTa7eF TV —-4%E, ATP
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TWna»,

HHREERERORER L L T3, mitochondrial DNA
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Age Matched D

THEY, ThOBEFSHIZLIAZENE, SV I VRERE D
et ETFHEINS,

Shoffner & it tRNAGIn (2 B 1} % A-toC transition 25 PD
TERILEENE o LTwa2, bhvbhiEso
BREFBHATE TRV, EEEOREFOVWTRI LN
FREBZFRT I RBETEHIEEL TV ED o LD
Ladts, BFHE 64 AL PD 2w T cytochrome b @{EF
ZRITH D N20D, GBISIE2WTHEOHESRIL T
HAHELEHRECEFOREENER I & KB IRER A AR
FroHPRREYE L ORFETFRTHO M LY, mEs &
BLETTHLPD EREERTHLIAFETO, “0EED
B mtDNA @ variation 253 D w2 LS AT
DIV ZERRLTWALEHEELTWS.,

(3) 2 paL KU FRETFOHRBEROEN

miDNA OFEREOKRE LT, GHRERFER LTV
T EEGIC AN, RERSERETH LD, HEREERRE
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ZLBERAEZFRTITERFDE, RECULTHAER
LTHBRETIVBRE - FTOTHREND L. 2O/E,
HEFOVERs LA LFTHEHERE, 3 ba vy FYTFT
i3 mtDNA L ERETONEEFICL ) —2022y T
HLEMEBRATEELTWEZD, —HBOT7 I JBOBT
HoTHEABRAMPICIES "0 4E UiEHBER O RE N
BmdazeAFHENS, T2 mDNA IS AHRE
EHFER L2 T  mtDNA OB ERTHTHY, B
BETIORe0oULEZESTEY, o2 ki, —FEDNA
OAREED Oril (BHHER) AFETHho L bR LB N
FHEENE, —FHDNAIFSEROZ L 26 24884 DNA
LY EREEEORBIIHLTREE TS 5. bhbhidis
A miDNA % b bW TEERANOARH—%, ©F ) EERE
Bl cEBLA-LGEBRICO VTS L. MIDNA %
template 12 L 72 PCR F @ reading error % J/NRIZH S 2
% HBC Piu polymerase % & 5 WHIEM /2 7 o— 4k L,
Bru—rOEREEN REL, TREELELE. FHEL
DB D T dp o e AR EAT 4 0 — 2 84% IZBEHE
Z2xh7-(Fig. 1, Table2, 3). —H, bEETREREZH-
7omtDNA 20— REE L edhofz, EETREZEZ,
IRBIREET P EELEF VY AER, tRNA O
ERNEELHEOERRLE TR TV, Ihb60BRIZE
0 mtDNA Ta— FEh L BEFICRHLBELESE L
BEHE FREhAZENELZ LIS,
IHEMRERICL ST I BERIL, BHOY TSIy
M DEEShA2EERI TR, 72y FHOBES
KEGEMPEL, I bav P TPETEERPEOTVH L
BEANMRKTLILEELLNS, BEIZE D MNGIE T
NDS S CREE LT WEOHENDH - 72, = OHER
it, —&H strand TWAREHERLETLLE v, bhb
NPEBZTVARHALZZELRLZ L BN, HLEEE
BAERRELLTORBEI 2O LD,

(4) PDCHUTHBEEEI I Y PEEERS 24-kDa
subunit ¥ {EFH 3

HEERTIIBE 4 subunits B 62 2 AROERTHY, &
{ @ subunit i#{% DNA T2 — Fah . FEEK IHERT 72
= v b @ jron sulfur subunit @ — 2 T & % 24kDa subunit
(NDUFV2) il 72y FCH 0, SBROoseEs
b Bz Westernblot TEHEMPDECET LT WY
Tazy bTHLE. TTRIRIREEDEEOSGAEELE
& DR T NDUFV2 O#faF#E % ¢ F P % cDNA
library W A2V —=v 7 LiRE L%, NDUFV2BIETF X
REdBEOERICNETLILEHNShOTY V8
Poid BETFEHOAZ) -2y 7 O#E, NDUFV2
@ signalpeptide 2 2 — FLTwa T ¥ v 2, 520
FOAdPLValtBRLTWIZEFETEH A WL
2P FUEEILER LA REER 2 d o 0% genotype
THFTHE, FEREAIPDBTCEE LS o, ZOF
i, CEBNE T~ » 7 AHESP ¥ — MEEIIEL
FTHILETIPIYFUTHTOV Y FARTF FoTD
o Py VHERETTAEMEESN TS, HERAT
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Table 2 Summary of human mtDNA analyzed

Subject Age Sex Diagnosis A B C
PD patients
Pl 65 F PD 62 4 49600
b2 77 M FD 60 5 48,000
P3 72 M PD 58 5 46,400
Total 144,000
Controls
Cl 38 M Malignant lymphoma 27 0 21,600
Cc2 47 F Gastric cancer 24 0 19,200
C3 55 M Renal failure 25 0 20,000
Subtotal 76 60,800
C4 64 M Cervical spondylosis 37 0 29,600
C5 70 F Laryngeal carcinoma 56 2 44,800
Cé 78 M Heart failure 61 2 48,800
Subtotal 154 123,200
Total 184,000

A, number of clones analysed ; B, number of mutant clones observed ; C, number of nucleotides

analysed totaly from each of individuals.

PCR @4 % T-vector {2 cloninng L CIEHLEIFI% g Lz,

TR LL.

Wid & LB CERD 70— Of

Table 3 Amino acids changes due to nuclectide substitutions observed in present study and its conservation among six

mainmalian species

Amino acid

Subject Position change Rat Mouse Bovine Seal Whale Human Patient
PD Patients
Pl 3543 Leu to Leu L L L L L L L
3316 Ala to Thr I i I I 1 A T
P2 3316 Ala to Thr I I 1 I I A T
3543 Leu to Leu L L L L L i L
3457 Asp te Asn D D D D D D D
P3 3497 Ala o Val L L A L A A v
3338 Val to Ala I A% T T L ' A
3506 Thr to Asn S S S S S T N
3467 Lys to Stop K K K K K K Stop
Controls 3316 Ala to Thr 1 I I 1 1 A T
3380 Arg to Gln R R R R R R Q
3443 Leu to Pro L L L L L L P
3543 Len to Leu L L L L L L by
All clones 3423 Valto Val N 1 v T 1 v v
BB S A ZERO—WIX mammalian CIRIFFERTWE T I JEBEHMICHTEL, stop codon ICEBRIATWE L OdHho7

HEZELH LD, AATREEEN 2 {ABILIVER
N Ehb, BEFABEES L CHETLLENSS.
bibhid, Bic Foe3 YRS $ 5 Catechol-O-
methyltransferase BET 2RI oWTHRFE B ko
A9, ABIZE DEEMNIELRD, MIDNA, #DNA 5<(®
TADD ApoE BEFOLAMO L ) bR uErRESES X
IRVAZ T2 —EBSOLIARLED Ly, BET
BT, AR SIS L D EOBEF I L4 D, M
L, ##9 5 UCHLL B{zFE 8/ i, AEELELT
FENERAVSEET BN H 5.

(B) IN—% 2V AARICHBIT3 3 bar FUFREFEIBEER

EHBRETZ tDNA BT 77/ v {dG) # 84
FUFFFTET S Y (BoxodG) ~ELEE S potential
EFRSTBY, SoxodG BBEREOBIITF YIZRREEN
B. ZO &oxo-dG A, 2—F Y rFAZRTHBEEIC L
T, HABSEENCEETHEEIIHEML T L olEls s,
bhbhidBEABAEONEEY Cd % 4hydorxy-2-
nonenal (HANE} %%, PD CARBICERLTWwR Z L2 Rkl
BAtSEMICTEHELTE ™, PD OREBIZE{LA F L AW
ELTWwAIERTENENEELCTnE. BIZZ® HNE
BHEHE Lewy MERICDHERELTWA L HBES D



R—F ) VIRORAERE | WRR A% 2 SRR, GREE -2 0 VREEA

o BUIBLA P L ADY—h—t &b 3 B 8oxodG iTHEH
{5F £ 9 mtDNA THEE {, oM T#nds o &
ALPIZR-oTWE, HRHARIGRERTHR T TH VK
DNA R L4V, —F, mtDNA T ERCHERITHM 2
FTEIobhTwd, TOHICERY S & Sox0-dG DT
DNA 1 L@ guanine 753 VA WIZHB XA Dk dNTP
pool N2 B 8oxo-dGTP H¥E 2 6 5. F-MESNER
DB E B Mo THARTRAERY, 73 /BERL LD
) ERBFETINEENS B, JOBEHEROEE S F
2T, bhbhid, BIEZFL AL THEL S 80x0-dG
FEREFEREHEREBICI b FY) TR MY v 2 R
FEL, BHEAELRELTYD 80x0-dGTPase (MTHL) @
PD BT A HRANI >V TAMKERFERERERFER KL
A&, FIAEERERITTFERT PRI & ORI CHRE L
2. Tz AS Ty b ERERSESE LI MTHLIZPD
ERREEEWORBEAR THBREEMNICHINL Ty e,

COMTHI R PDEESERTOAMMLTEY, YEREE
H, disease control T# 3% R EHAE (MSA) Cldtorr
CHWMLTWid oz, REMABAEI RV YEESS
74 YEBHEHEME S B, PD EESTE OB
MREEr— s e shickatds o ohiho .

Western blot Tid, PD ¥ > 7D AIZ 18kDa 23 Fhidk b
H oz (Fig 2}, 8oxo-dGic 2T HERBICHRITL TR,
8ox0-dG H PD BEFEBEHINHRMIHNL Tz, 2ozt
£ %, MTHI IX 8-ox0-dG FHEETEREHH T 2012
N Y VRBEEHETHMLCWa0THASH. HIZ
fractionation LT3 FI ¥ FY 7, #, cytosol 1290 of %
RELAEIAIPILFY ZICTEBEML T,

MTHI {243 splicing variant #7EL, 3 Fa > FY TRITY
THENERI2LDOLH Y EBETCTH Y LF SR+ 8L
BAMVALGHHTXERET L mtDNA ¢ dANTP
pool ATEL7- 8ox0-dGTP # B L, TREBELEVED
EHLTWAS, Iy FYTHETOMINEI oy FY
TWCHEEEZENHEA TVWAZ L ERLTWA, BITHE
LHFE O BRI OB E T HMIT L TH AT 18kDa @ band
BAEOGNEPoT, PRCELBEREIE>TIEPDH#
RMCHRMHP LA L TWE LA S, MTHL OffgRI,
PDEEMERAROI a2y FYUTHRTEMLI ML AME
CoTVHETIRIOMERTHS, HIE, ey DNA 5188
FTH D B-oxoguanosine DNA glycosylase (OGG1) % MYH

oW TH PDIZ2OWTRE LTS, PDIZBWTEBMRE

ALTWTWLH I e RE Lo/ Gk, 3 b
¥ FUTPNIBITS DNA BHBERO LA THEEREEL
Fe AR A LTHLUEENS S,

MTH] OER IZHEPL L T PD T 8-0x0-dG MM+ 53
Eix, G-to-Ttransition ICE AZRDERZFH T A0
REOHERETHLTHEEI Lo L L E . vk hiEs b
Iy FY THCHEEEEROBEITB VI LERELTVWE®
Pd Lt BEREE OB upregulation Iz 3 b
2y R THCHEEBREREOREF B VIERLTw5, 2
T OHMEERY germline EO miDNAIZAEZ BRI LD
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PD MSA Controls

hMTH1

N weak staining
[l intense staining
40

*, %K
ek

§§§§§§

PD  Control MSA
hMTHI immunoreactivity

Fig.2 A~B, 8-0x0-dG ; C~D, MTHIL. ¥ h & TH
FaEdgmEhs, E, PDOAK MTHI O3> FEis
Shi- MBESETEI FaXFY T EHBRECHEELT
Wiz, F, BHE#ME2ERT 5L PD THEIIE - .
(*p<001, PD vs MSA and control ; **p>>005, control
vs MSA)

by
<@

*, 30k
4ok

PD  Control MSA
B-ox0-dG immunoreactivity

Percentage of hMTHI positivve neurons
Percentage of 8-oxo-dG positivve neurons

[=]

RHRERN, BRI A2EEERLTVA.

{6) S®MI ,arFUTFTHEMES

PDOI M2y FY)THREETOMSIBIEA M AL
CYTERELRFED 1 oTHHIERE b G, PR b—
YRRV THPD TOREFHEES R Twa 7, 7R
P—YRZHI P FYTHESLTEY, HEEED A
ARALBREZIDLT, IFIVFYTIRL DEENAN
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BEN- b D EHoTWwWAZ ERHLATHA. ELICH
RO LS CARBRTHRTE, “ANY-0Es Lk
OREEFICEELMRANRECHSE. —FT, I IV F
Y7 AR EE R BERTA L, IMTICI b T
FU 7 OREE e EET A0, MEERE CETRE LR
BHThHL, BUBRTATAFTV—LAOERETHPD T
BEINTWE, ZOBEIATPRESE 27T -ETH
D, 3 rax FYTEEETE, o7 T —EOBEKT
2470 THEEENEY. 2V BEESMMREVWTHIOR
DFHIEETHL LT b iy. MSEMRIZE - T
P by THEERBELL TS IEE, AT LE
B2k AR EEDNETEHRRAOREBETF—#II ba s
VTEERONANEINTHE I L6 BT IR TY
%, BZE, Friedreich ataxia OB K #{mT Frataxin # Wilson
disease ¢ copper-transporter % L T Hereditary spastic pa-
raplegia @ paraplegin 133 Fa v FU THERAETH 5.
% 7> Alzheimer #§ (AD) % Huntington % (HD) T% % b2
YR TEFEEROEEFHETHEHSA TS, HD
T, A, III %L T aconidase DEEFRIGEHEE T A, AD
TRESERIVOEZERETIERIh TS, CDX)
LS OTHERTE oy FUPEBRBETHERESA T
5. LEdaT, 3 by FY TR, £ 0EEREDENR
BlobirstBI Ay —F22LTWDIEENSEL. 0
eI b oy B THEIEPD 0AL LT, MEEEOLE
BREYELMITLHIENTRTHAL, FLIbaFY
TR TE L L) &Y (Mitochondrial drug) @R%IE,
IR OIE) T REIC T A b Ly, BikE 5D
TIParFITRELOEGFHBI 2DV ER-TH
D, 4B NS LHRERNGEEYROICERSMRORE
BFEIN5S.

Il. ZEM PD ORERFOHR

(1) BERIEF Parkin DFER

bhbhil, 3ty F) 7Rz H#EELTWAHT, 3 b
Y R THRERELBEA LA EERELT
Mangarese superoxide dismutase (Mn SOD) (ZFEB LA, £
L T MnSOD @ signal peptide @ Val/Ala9 (S B ET S8 %
AL, AL SRAPD BEIIBVWTHEERZF-TEHR
BEtHso i LY, BRlo@EFERoRMS
HEH—RHTRIEFEE & HEHIERIT cosegregation L
TWAIEFAHVEL, PR &b MnSOD EHIHFEME
FHHUEEE - v 2L 5 (ARIP) ORBEERFHEEL
ThhHILAEEShE, 2L CHESABRTORER, ARIP
i1 6025.1-27 (Park2) ¢ v v T &Nz ESHH P RS
BAREE RS BEERKHEAR) L OLEMECHEEL
28 @ ARJP X, 1973 FE 2T T Hi2 & b ‘Paraly-
sis agitans of early onset with marked diurnal fluctuation of
symptoms (EPDF)” L3 s /M ETH LY. o0
EPDF ORI T 2 CHSiBIr T 0, IUAEAE
K ORBHETCERORATERER 6 FRMICHEHEL T

BEERMES 44%4/5% (2004:4/5)

WAEIZ EMbhoi?, FLTRACLEWHERD LA 7
OH 554 b= —TH 5B DESAHRELTVEIRE
BHRWELER, O —DOREOERE LTI, v—
f— ORI R E £ D o RERBEFHFFEL b h
BRBEFPICIZOT-H—BHFELTWAIERHES R
7.

EEMPDIIDWTE, B{PLEREROHMEIZED
NBEABIIEFOPD &EH T EIZEBL T ARJP
oW Th 40 A FOEE TR L A @RS D, R
BEER T TR T O AR LS EN PD oSS
LOTHAI LD, ARJPH 6 FaFicey FE3h/i-Z L
THHASN A LGS, Mo, T2 10 SR CTRET
LHENMIOWTLHELTEY, STEYENERELES
PART & O S R e SO R R L Tl &
HEEMEEOEEETR LTS,

R FENTy 7ENCHBETERE LD LTSS
ERPRHEENL L LENL, SR LALI YL 79T
F4 FT—H—HFRELTVERRPSFHEICK L THHIC
BETFHEIRE A BETEECESERKS T 49
B RAE 350tk DB E A3 AL L T\ 7 Bacterial artificial chro-
mosome (BAC) library N2 HE LA LI £TH
Zwy, 2@ BAClibrary & & bvT, DS305 % 45 ¢ & BAC
70— %L, exontrapping iZ TEHEETF @ exon
Bl EETES. @ exon % probe 2k MGREE
5 cDNA library ¥ R # J—= v 7L, ZO#HE, BEREEF
parkin & L HHEAEF 2 ERT I LIIRS L
{Fig.3)®. Parkin 3 £E 1AMb OERBETTH Y, EFT
HHIRA 74 —OBERABEFTHEVAIIT £ VLK
WTRERBEFTHLIEFDDPoT D, COHETH
WEE D &7 exon-intron AT HIS M2 L, polymerase chain
reaction (PCR) HIZ T & exon #WIEL, FREF LB R
vy, BB chromosome 6 (23853 5 55R € parkin B {ETF%
BAGEETAZ PRI I COTREALLT,
bhihPBEVCEIFLEDTELI Fay F) 7THERET
D OEREE LT, BRILEREPD o RREEFEEE
WA KELBIENE LD EMTE.

ARJP 0¥ E LTI, 1) IEHEoA LS bNLHNE
HERAEES 2) WRIBEFERD carrler ThHhH, —
Wt ET K EETHD 3 BEEBII2MRNE
A, WEEFLLBRLREELERETS 4 L-dopa LS
WL DERIC L > THEOAL D SRS EIEXEPREROGH
ATEHEYMTHE 5 EWHHEOMBERLD VAx4
U7 R wearingoff # B I L+ {, L LD FHEMNIZYA
P TEREALDLOEREE TS 6) ETINEL BN
2ELhbY, BEMIMERE LTREFTERALDLN
3 7)) BERESHITEL TSI EHFE VIR ST A&
tohvwORERETS B HEHREZEMCE BEBIT
FHEEL EbOTHB LT RE L, FEIEZL
FLTPDCHEMEHABRTHS Lewy NMrr AL DL
v, B ERESEET A LA LEYS, FOROBEFERR
FOEE, bbhPFFEL T EICREEESEIZ D



2= X YR OFIERIE D IRES— % 0y YA R — & 2 v R~

TooTHED, ARJP LT A RORATHD, LER
WMERTLVEEEA—F VXA BWT b parkin &
ZEFEEEHBEINAZ LIV EEFEEBSERNIL,

226bp 234hp

father J{L
mother J \

daughter

son 1 ,@MM—
son 2 jvﬁé‘&k__

| D65305 |

6 7 8

FLEB14-14

pon: RN
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parkin-related disease & ¢ 50BN H 5, Park2 DEFRL, H
CECHCOEMIBETBIUYy 7R THBILLINA
BTHhAHETHERNSH A, Lid o CTIEMEIZ L parkin-
related disease £ F A DHFRAETHA .

(2} Parkin BIZFOERBEIN

SOEERT TRk FORMICEHE DAL DR S
AEMARJP BEO 0 RAII>WTHREETERBN £
Zhof, RARAOHAARBRTERBNE B koo b
A 12FHR (60%) (IB T exon €D H DR IT B exonic
deletions T&h - 7-*, 2&F (10%) 2BV TH, exons®
splicing junction 8 £ T8 Gly 2 F ¥ GGT @ Guanine #»* %
—4{fl guanine 7K %3 5 one-base deletion # & & &7, B
DORFRDVTEHBEE~TUHEESHAETHD, gene dosage
technique TEDFELZERL T a. Park2 28§ 5 20
FROH L I8 FRIZ >V Tid parkin BREFEREHATE
2. EHE~T oA HIIowT i Fluorescent in situ hybridi-
zation (FISH) CHEZRTE T3 (FRcikfid).

AARAARIP ODBEDOE L BREY 4 FERLTWE K
KA TRHATHY, BETEROSHEETRLTED, »
Ty 4D LAEEDRIIEE S L. Kk ldexon 3~5
CEPFLTEY, Ry PAFy bilhoTwiz(Fig4). bh
bNOMFEETE, £E 5 ARJP I 7240 samples AR
FoTWAPHEOEIIHL L0, HIFEERIILE-T
flir s 4 7OERIBAE s ARBREIRBIZOAS
HNBHMB N EE L SN, BEREWNIFEALZERL MR
KA LTwH I PR o7 BIE b L0 RED
BVBEEPD OREEBEFTHLIEHPHRL TS, H
FATHE, BERR L RERNECAABETRAER
DHFABECELTEZv IS S, ERIZOWTIE mis-
sense, nensense, microdeletion, multiple exon rearrange-
ment £ Hfi4 REREHLDHTVAL RESLTWEERIZD
WTHENT— YR F-FEB8bEFigdall T 20
Fo20 FFREEE OWRWIIER PD Ioow T/ i-F
VEROBEERI Lo LAEEREBIBVWIERY
AL, FRIARBEED LR VEFTHEERES
ThbdE, 20 parkin BEFICERNFANENLTEERIZ
B\,

BEEREBIC I Z Iz b-TE Y, BEDOPD LER2
BWEBEINDZ Edtbh o, BIIREERICOWTD 10
RLTOERD> S 2R EDRVIENS L. HEEF T 64
BRECEMNLSH L, COXIEHENEETLZ LD
o TEL, bhbIADOWEETIE, 700 AOEERED

Fig-3 A : D6S305 #ARELTWAER, B D6S305 @ PCR
EWHBRE TR, A L0604, Son2 Tid 226bp, 234bp
D_HOPCRES A LD L, Lz THEIL D6S305
O hemizygous 2 RELTWAHI iz . 2@ DES305
E8-F Y BEFO intron THEBLTCWEZ &3, 20
BHLMIS N Co Zd DBES305 £.5 ¢ tr BAC clone
L, N—F L BETEHHETELS. LRBETE, exon
3THMREL Tz Southernblot TH K EIHETE
. CIRELTWANY FERYT.
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— KI8IN
|- K2lIN
— Cc212Y

o T240R
I— R256C
o Ramsw
I T415M
| G430D

E — R334C
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2

Microdeletion or
Mutations in Splicing site

R33stop _{« *
202del A
235delA

321.322insGT —
438-47740bpDel —

202-203del AG

1395bp

871delG — E

E4095top =

970delC -]

636delG —|
1071delAorT —

Gln3llstop — b I GaisE
Tropd53stop —|

1147:8delAA —

Cys268step
Introns + 2T-A ~—| t-5— C285G

Intron?+1G-C —
1276-1277delGA

Exon 17 T 3

Lol

o
w
=
~3
o
O]
—
=
—
—
—
(X}

excn -8 {inframa)

exon 2 (frame shift} —_—

exon 2-3 (in-frame)

exon 2-4 (frame shift}
exon 3 (frame shift)
exon 34 (inframe)

exon 3-5 (inframe)

exon 3-6 (frame shift}

exon 3-7 (frame shift}

exon 39 ({indrame)
exon 4 (frame shift)
exon 4-7 (frame shift)
exon 5 (inframe)
exon 5-6 (framc shift)
exon 57 (frame shift)
exon 6-7 (frame shift)
exon 7 (frame shift)
exon 74 (frame shift}
exon 8 (frame shift)
exon 89 (frame shift}

Exonic deletions

exon 2 (trip or dup) [ 1

Exonic duplication
or triplication

exon 4 (dup
exon & {dup)
excn 7 {dup)
exon 11 (dup)

exon 3 (dup ommmmccam -

Fig.4 S TREINTELA-FVilETER, N—-F L/ HAIL465 7 3 /BT, ubiquitin like
domain (ubl) , two Ring finer motives, RING ic## & 41T in between RING (IBR) 2 & - TR S

nTwa,

PDoWCTERBENEB I - Cwnad, $HHEEETS
R BON BB EANWELTYA, F-—RENHEREET
B Th parkin REFIEREFHORAIMEEN TV B,
bbb BRRIOWTRBESENREEDS ) b b
FKRIZOV T parkin HIETEREPAVELTV A,
FTRTOMBEE LT, 6 FRAMFICEHLTVDICY
A4 53, coding region %2\ L splicing junction {225 &£ 4%
FELHZVEZRVEH A 2L TH L, Parkin HEFEWMT2
promoter FIMICERPHAEL T B TREMASH A, Parkin
B 1ZF @ promoter % 198bp L 427 £, = @ 198-bp ¢ pro-
moter % P A TH O #{E T {(gene located upstream of par-
kin, Glup) PHEZEPVELHIFELEL TS, BEBLL
2@ promoter FIEE A L THEGRTHPHIBH S TS5
A% %, T/ intron 143 GCrich T&H h, BEREFHL T
% elements ¥EMET A ENRE SN TWE. LiTHFo T,
coding region {2 ZER O EVEHIZOWTIE, IR 5 regula-
tory FIRICERVPEEL TV AT REFSH S5 L ELHEE
BB hoTwh. 3 2OERBH TOMBL L
LT, ~F SR TRNERIFEL T2 BEDLE
Thh, ZOFEME LTIZ, dominant negative effect & %
FTARETH LA, LT regulatory FHIBIZERSFEL TS
HENTFOESEOTERENSAH. —HT, ERL " >0T))
M OBEOWMEIIZ PD FRIEL TR RERZR LI LV
FELTWwE GywiEfd), oo b L carrier TH-TH
2 SO RFAINL A EREL S AWREEERLTYD
E#EZTWES, HE, carrier I281F 5 positron emission to-
mography (PET) 8% Gk, 18Fluoro-dopa GYHL 1} 3A A OxH;

TARE ST 5, Subclinical THoTH F/83 VDET
BBEI2TWAILPELLRTwD., ZOHEEETHL
NTAREORWEHBEL GNRE, 20T LEMERPD D4
12 b parkin BIEFO~F TEBESERS L AL THEELT
WAZEERLTWREEL TV,

(3) Parkin BEHOBEE: AEFF L UH—-EELTO

parkin &8

Parkin-related discase PR EMBEHR A A =L A5
LI T ISR S ETH D, FFF—F -2 %
b HVTHFOED L OB W TR I ko7,
BAE2EE LTHE L CRICHAZUICEEL 2 nHiRE
GFIER, TOTIERBRBIIIEX S AR s
A (Ubl F A4 > : ubiquitin-like domain) & # WF¥ ¥
RIS 2 @ RING finger & @ mouf 2 ENIn
between RING (IBR) & & AR LESSEETS. b
bl Z @ domain % RINGbhox & fia L7, BIZZ®
RING box & Ubl % #i4 linker region (parkin domain} & 4§
BTHA—F rEHIFREL 3204 aNE (Ul
domain-linker region-RING box)., RINGbox i2A L Hh 5
RING-finger motif 1Z C3HCA # 4 7O motif i2BT 5.

RINGAinger motif Z F2HEEN L EFF L I H—¥T
HAIEPRBERTWAD, parkin ERSLEEF 1)
H—ETh DT RN * A ERERR SN EROHPE =
SeE & OREFEFAETRET L. TOEE, parkin EAMZY
FFYIH—ETHEZ EWbhoi Fig5, 6" I1¢F
FUH—FRLYFF T OF TV — AT AT LD 1 BE
Thd ZEFFr7uFrTi—AV AT MiiRROEE



PR—F 2 PROBEERT IR -5 2 HFEITR D SRR Y- Y LRI 44 : 249

e
R~
OO DD

RULEEF Al

e TR
e
e T %;ﬁﬁ”i

Neuron

268 Proteasome

[AR-JP]

i
) L e AT I
SNBWHaRENLY

(PEEL-EADT I # P
; g 5o &%
S g 4 ??&g‘i;? =
. e St
P e e
mﬁf{i@%%%ﬁ%ﬁ e ';i‘f, o =:|
i SEErale N e
TRl B TELY AR AR ED
HERTHIhER SN ke D
Ak IE

Fig. 5 EHEETIEIEMFER SAL VS, ARJP T22EH % poly-ubiqutination Sk iz i=iis,

HAEHLT, WSS shs.

PEOESBEETHY, 76 7 1 S EMBES S R B IEHST
IEFRF L ETRENEATCHENHeT AR F Y
AFaE, BRESAARIACSFFUEPRABLTENTY
BEGBTAZOF TV —bbholilins, ZOVAFA
EHRES Y R EELR A SRR BV T
BELBELZH-TWA. 2 F LRI, 2 F 5 U iF
PEALEE (BD), ¥ FF ViEERE[ED), 2¥FF 2 H—
¥ (E3) M Ay —FEISTBI hbh, ZOBRSTFD
VIBELIIY 3 F VENBR SRS, ZohTHRER
AR BETHL EI VL ELETEL B - &b
HRTWAH, Parkin BEH X E2 & 13 RINGBox TH& L T2
EEF ) H—PigtEdnd, $EREESETHLEI L0,
parkin-related disease BH TH L O LN 2% R parkin EH
i, 2ERF U H—TEEIEE L T AR X
RTWeh, EOBRORFTTTOERETHERIHEL
TWLWHEBEIREENTWD, BHE, 1ENTHLIH
Lewy IMEPFEL Tz ETh8ENHE,. ZOMREL
TIEBIRIZ Lewy MEFR S, BETHRED LRI
ZR parkin BEO F—EFERELBIMNIIBTEL WAL
Bl Lewy MR SR O LEEESRD, wFRIZL
A, ERETAREOERIIBZZ 2RI LRV DFD
ARTP BERTII, EMEOORI IV FF BT ¢
TE WD LTHEMNE R T A 26S proteasome T A0 SR
shY, ZOEAFMERRRNICERT 5 2 X TR
MHELD EEZ T3 (Fig 5). parkin-related disease BE
SHHEMFEA O | T parkin EEHORHEERTAIZ L3, REE
METHA,

(4) N—% > EBOOHBRBE

Parkin ZE @3 E R B 1280 T b sl 2 i ek B o g s
IZBCTHHRAREZRETAZLBEECH A, Parkin
BHDT 2 2HAEFZ D L, SEATF MOt AEE
el L, IE%, MER PD, ARJP BN I- BT AR+ 5
kot B, T2V 3, 9PRICHENT AEMNICUER L
7= (M-73, M-74). T ¥'BIBEEE > homogenate % & By, west-

ernblot # B 2o Fig TA~C IS4 £ 912, 52kDa {241
YB¥bband BAEDH. ARJP T, band ¥ oAk
&Y, parkin BREAR SN T, TRETORHREESZW
CEAFEINLY, AL, bhbhPRF L ENOE
$.iX exonic deletion H ¥, L frame-shift mutation % 7%
T4 7 THHIL LY, openreading frame ZfRo> T b
indframe mutation @ ¥ 4 7 Tid, BHERNH 2 0HTH,iL
MAEO L ZAHBAL Toawy, Missense TE X & & B S
EOWCTRBABRORAET A THARICTERHZ L B WTH
AL 7oA, BB Tk o2kDa il —HLTHi—F V&
E® band & & & H 72 GRS . BiskArw ) VEEL
o857 4 YEMEgE L by, REMSBILENRE B
%z o7z (Fig. 7D). Western blot & FIEZ AR-JP BTid, T
7o M73, M-74 ORRICEG R RS T dr o 22, — 77, TSR]
=%y PRERLIEENIRTIE, MIE MR (g
mEht, MEBEL, granularstructure BEB SR TEDH,
Golgi complex {Z parkin EAXREL Twa EEZ N,
BB H LD fractionation L, Immunoblot % 45 2 %,
Golgi fraction & Cytosol fraction ¢ parkin E AN FERE L T
V5 2 &R L7z (Fig 7C). Parkin ZBH Y, Golgi complex
& eytosol IZTFFET A 2 L3/ agR o LT v B T AR
FRTOOTH S, MIZEHMEEVREE BH, arEEC
T REMBIEENMET S L W western blot # B2 o4
EEABRHIIBWTN—F Y HROERFbo L b E o
(Fig. 7B). Z#id parkin-related disease MERAGMBEEED
FERAEIERTZL0OTHE, HIREWZ L2 Lewy ME
AL parkin iR THE 2 h iz (Fig. 7E). 2O0OBOWNE T,
Lewy /hEOFE R 52 parkin O E 5 TR TV B
EdbhaTns,

FAZER parkin EAORERILOFEE WIS 272012,
parkin #&H 4 Green fluorescent protein (GFP) % tag &H &
LT, ZRBICEYparkin BEAOREERE L 2®.
Parkin & B @ C3RIC GFP % 41 0 12 COS1 # M2 12 transfec-
tion L, #IBAREERMETL, #1329 Golgi complex (23 5 =
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a b 3 8 § g.. w B a
Tt 2 F 3 8 ¥
Ubl RING1 IER RING2 LR R E B IR Z
1 465 g @ = 2 § 8 & 22 -~
1 76 238293 314 377418 449 ® B B F & &8 B B &
L 1465 Parkin (Wild) e i e e Bl i
! (177 Q77N A7 A7 A7) (1710
7T t465 ParkinT716% extracts| -
217 b 465 Parkin® 7185 blot:FLAG b 4 UbcH?
205 #————1465 Parkin®*** H
IPMyc 3
1F i 310 Parkin%311stop blot:My.
1+ 4415 Parkin™®
1F — 465 Parkin 2908 IP:Mye [Z <
e . . blot:FLAG Fi - f € UbcHT
1t =1 465 Parkin™? ot s =
C d
MGIS2 - - - 3 3
Myc-Parkin - + + + +
FLAGUb + - + + + +
4
[ wub)a IP:Myc (Ubin
IP:Mye blot:FLA
blot:FLAG i
IP:Mye
blot:Myc :
. ~Farkin -

Fig.6 A, B:E2 X Oak Gk (P) TRREL TV A, TOEBRATE 21 UbcH? L #is

5. O MGL32 T proteasome % JFI+ 5 & B[ 1% 12 high molecular mass # BT & 5.
D mutant T, high molecular mass ¥ BRBCE L WI L I h, CORBRTIER —F Y HA
L FF ) H—BEREEL W EMNTFHNEN S, E~G | in vitro ubiquitination assay ¢,
SH-SY5Y cell i27%— & ¥ @{EF % transfection L, HELRELAL D E El, E2(UbcH7), radioiso-
tope b L7+ ubiquitin % in vitre TRIG 287>, E Tit E1-E3 (IP-parkin) 2325 5 & high mo-
lecular mass 2SEAE 2 b, F CIRERSA—F yBRTEENZ A L4, G SH-SYSY @ trans-
fection L7z IP-parkin T3 ubiquitination #*ERE & h 7248, HEKZ203 THEIZE SN,

¥ % HFEAT X /- (Fig. 8A~D). EIZWTEHE parkin ERIZ2W
TLF 24 VBRI & D WS 0k & € 72 SH-SY5Y Ml
B% & b v THE parkin FefRI2 THE L 72 & % Golgi com-
plex LfEgEREA Py MRICGRERE S (Figd) . @
ko MRy -, 25 LY FTANMNIERTS
DTHY, YT ANLIZH B synaptotagmine | & O HEY:
EBTEEBELTWAI EEERALL. 2ot &Y, parkin
BANEMRE Y AT AMihdboTwa I LA TFHER
IOMBAREOHREEE A T, PCI2M A2 = NGF
{Nerve Growth Factor) {2 & 0 #i#ilattic ok 24, GFP
% tag BAE LT parkin EO2HBE S H, FORETBEEL
7 (Fig. oD). BEFERIIMERRERN & HEBO Golgi Com-

plex ILBEL Twi, 20 & X b #84 parkin B & NEE
BROOBEISEC-ET2LEL, OMAEHT LD
VTR parkin BHOREZHRF L. 823, Uiz
FoB R parkin FEIIMBEIC T ABICREL T,
D% B parkin BEE 2T i Golgi complex ICRAEL T
vz (Fig 10). 2@ Z £ 4% & parkin & H & IE¥ parkin
HEATE, TORBEEIELLLWIEERT, Lih-T, &
BORERBICIHBABEOTIZMEES L Tk nwE #%E
Ehiz 2T ) BETHEBINLIER parkin ERDEBRE
OEFEE LTIRAIY 35+ ) H - BiEROBETAELERT
o EERIT
MEED o EIEHE L AFLANRELLHETSY,
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Fig.7 A Western blot Tid ARJPII/—F Y EAL A E DT, B WRAEPD TRERD—F

YEHDRPMETLTYS

L THEDIICFRT L ICHBRII A F 2 BENVE VO T, HBROES

ERBLTWASEEZ bhd, —FK, control Tid/i—F » EREBERE T2V . SN, substantia nigra.
C : MBS Tt Golgi & evtosol i\ —F P ERIESHL T4, D Hirdi— % VAT MBY
WERBRE D, ARIP Tz % v, (bar=100um) . E | Lewy /IMEAZHL S — F 2 8UETHRE B,

axon IR ERERABRBYFEEL 2D, 2ORESH
75 parkin BRIZE®E Y A F A0 - THEREICEITR
HEATHLILEPHEEN. FITYFTRAREDIL
synaptosomal fraction Zi# L, REEBRICTHRAZMA T
A5 &, FEAIZ parkin BEZ Y F AR LA L T
(Fig. 11). ¥ a$EMRTd 3+ 7 A2 LT v B synapti-
tagimine % synaptophysine & F A —HK L T/ (Fig. 12
A, B). EIC parkin 85RO R S B TR
FRBEBICHEEShE Z Edbdho P F T ANBICEE
LTv5b synapsin] & & o 7= { [ARITIENEIZ L D ESICER
5 EERE L WM & - 7 (Fig, 12C) . Parkin R4,
synapsin T FIBEIEEE F A 4 » & $#7-%\ ., SynapsinI it
YEEENAZ EICI WED SEHET A OT, parkin DY >~
Bt Sk 0BT ST WA WREEATH 5. Computer
AT L AUE, PKC # cesin kinase IT 72 &0 ) »E{EH £ b
PEELTBY, VrEBbicl vV Ero B shs 2L
Tuvvb, 2 synapsin | OERBERE ISR L 28 8
hTBH, pakin EASFEAHLEFICLVRICIBELTYS
LFHEERS,

Parkin EHORETEET LA LT, ROBRERABETO
parkin BIEFORBOY — V2 RATHILIIEETH
A, P itid fid rat @ parkin cDNA % rat ¥ cDNA library
FLBWTAZY—= 7L, rat parkin cDNA Z BB L, =
% probe i in situ hybridization 2B 2%k - 72, 72 UbcH

7% probe i L, WA FORERNF - E2HBEF L. Insitu
hybridization I~ & &M § T & UbcH7 & parkin 253t B L
TV I E2WMBTELY, HRSHL I EILEFDHFHIE
ubiguitous T# ), FEBETRREMSBEML TV, 26
CEIISEERBTHEHELBEE L TWA I EAENS RS
#%, parkin EED L+ F AN H B Z & B4 T synapto-
genesis & FOMBMMBRE L WEFHLOTI VR LEEL
T, BRAICHRBEFHOY— 7 PREZOEIERE
—~HLTwH I &b parkin EEHOBAEE E 2 5 L TH HK
BOFREVWRE S,

(5) parkin OEH

EEREERLALIICARIPORERBF2ZEALL L T2Y
FFLYH—EHEESRELERTHLIL LY, REAE
PIRERBOAREN 0L W5, bAbRIILEERED
722+ cDNA % & BT parkin EH O LG HEH R
HEEHEY* veast two hybrid B TA 2 ) —2 X2 BT o
Jr. FO—24F L LT CDCrell ZHEE 7. ZO9FiE,
Dawson 0O 7 L —7H o HESHTH5®, bhbhil,
HZB{EEMERRREE v 5 — OBBRIGEE L oL R
%612 T Endoplasmic reticlum {ER) stress tZ2dd 55T
Pael (Parkin-associated endothelin receptor-like) receptor
FRELAL®. WwFRoOFTF b yeast two hybrid #12 T HBE
LibDTHhA.

Yeast two hybrid & iZ 2 & 2 5 FETHE IO
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Fig.8 A~C:Cosl 1Bl GFP- S —F Y HECHARAL b H T, #MRABELMRIT LA, A,
GFP; B, WGA ; C, superimposed image. Golgi complex {2873 %.D : PC12 % NGF it
b 347300 —F Y EAORAEL ML /2. MR L Golgi complex ICFFFE L Tvi 7z,
(Bars=50um}. WGA, wheat-germ agglutinin.

differentiated
SH-SY5Y

- ,&_66 o %‘66

e oF
o 51‘5¥5\05‘§§;{6‘1\}§®“G &g»;;«@‘i

Fig. 9 A~C:U-373MG, glioblastoma cell line THEMHEN—% VEAIXZ @ cellline (23 FEL T
Wiz R Y Golgi complex (25 5, D~ @ MHEMNERICLF / 4 Y ETHME X &5 L RfEHE—
FrELIEFy MRICHEAE LT, ¥ F 7 RiCH 5 synaptotagmine I E HBEL T, 2o
XY TRIEELTWA E# 2 67z, (Bars =50um)
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AEx1-5 AEx512 AEx4-32

Fig.10 Cosl #if3ic GFP-/%— % BB % transfection L7=. FEIE, GFPS— % > &E, dfid
WGA THets L7, FEIE superimposed image. Ubl &I MIIRE I AR 208 b0 TR
23—% BB Golgi compelx /FHE L v /z. (Bar=50um)

Fig. 11 SEBETONA—F Y HHO R, Synaptic frac-
tion AT b O FBE L /2. (Bar =250nm)

1bi5H & A7 o-glycosilated o-synuclein TH 5. ZO5FI
N=3— F R Selkoe KEDZ M —7 L ORFETNETHED
LHDTHLT., ZOFTOFOERIIMBEOETHIT &
VLD Lewy MR AN AL EELLETHEETH
B, i 6 AR JPIZME NI Lewy MEEZ — IR L
LW EERFEHELTYE. —F, asynuclein i 2 OF AL
DEERTTHLIEMEASRTEY, AFFHEEER
ETRTCERHAMERZEZL L LTRAKEY. E¥
a-synuclein M4 81X 16kDa TH 0, #{LEfishi-5T
i 22kDa OB+ EB%E T ¥ (Fig 13A~C).

Yeast two hybrid % THBET % /- Pael receptor (Pael-R) &
WERGF T BRFE L B THEB T 8 kiBRi 3 h

7z orsynuclein (eSpn22) 1, Wihbhbhbho ¥ L— 72
FOHEIN-SFTHE, T TEHRESNTHDLH
CDCrell oW T L FHMARFEB IR o T b, PaelR
i3 Orphan G protein T# ¥, PaelR it parkin @HIZL D, E
2 T& % UBC6/UBCT L 188 L T poly-ubiquitination & h. %
Z LAz, B2 PaelR ZIEF G FEICHMIBECEE T
5 9%, 265 proteasome BLEH % % 5+ 2 X endplasmic re-
ticulum (ER) PCEFT 4 (Fig. 14A). ER A TERT 2L
HRFEIFE IR D Z b o (Fig 14B). HIZ Pael-
R PEBHC ARJP BERTEML T s MGt 2L 2. &
BRI PaelR DT % ARJP BEWTHA & 7 (Fig.
15A). HIZ ER stress F12 upregulation £ 2 Bip 122w\ T
LA L S CAERTERL T (Fig 158) . PaelR 3%
BT Ho & CHIBEAHEESRL ZENHREN, Ll
%6, asynuclein, CDCrel-1, PaelR & & 2 tassff{ba
MRFATOEROERIZITE Ty ivs, HAED quality 1248
F3o0T, BICFMNLMESLETHE.

CDCrel-1 {22\ T, parkin EH & ubl & RING @ 2 #7AF
THEETHI b os, COCrel-l @Y a2 ¥4 » FEH
FPERL L, invitro ubiquitination assay # 5 2 % o 72, 2~3
fi @ ubiquitin 2MEM S B 2 £ dh o 72 (Fig 16). —#Eic
GV E LT 4O ubiqutin BRLEE SRTWALHD
T, IO invitro ZOEETIT parkin EAVGE 7S viC
£+ 2 % polyubiquitn 8§ & I T & T v & v, Qligo-
ubiquitination SRAZ ERED I I GHELTRLTVEO
A iE Do T v, Endocytosis 3 M % 95 F 1d monou-
biguitination £41.% L OFHHEHH D, L2598 7 F s
HTadEAOFRMES S CUTBEN I P r—1itd
ubiquitin A Db o TW AN D 5.
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LS1 LP1

Fig.12 A, B! synaptic fraction @< % synaptic vesicle (SV) {Z/8—F Y EAREEL Tz, &3

BARETE 2MEICFEL T

C: s birTwv { & pellet 7 & supernatent 2454 %

T, CRIEEREICL VEDP S - Y BEASERL TV EERT

5}
3
&
E —
g 3
= =
R <
@ o © =
A 2
- 'g < 5
@ @ 5]
n 8 2 b3 o 9 o
€ 5% 55 3 € 3
2 P F ¥ F 2 = 2
y 2 s Q % 8 1 =%
- 24.7—
PIHP2A | D OEDEED -y [« oSp22
WB | syn-} I~ 192
4~ “— aSpl6

Fig.13 & MMM E & B Oh His FUR RIS (IP) 252 %\v, El, E2 LR &R, 11—

FEMICIE Histag ML 5.

bolt % & 22kDa 2 —& L 7 aesynuelein /8 F2HRTE -,

ZOR UL 22 7 % a-synclein P T imuuno-

EATO/y FHRERICAED

bz, Hiosynclein i TIP 45 & ARPD (AR-JP) T 22kDa @ o-synclein (aSp22) & &8
7=, =@ oSp22 X o-glycosidase & sialidase DMK L KIGEE5 LG5 TRA 16kDallE -7, &

P E: 4 (A S (R NORARE -0

FHEHSAEHOREIIR E LT, CDCrel-1 OBFIFEH L exo-
cytosis B HIME 5 L vy gL, K83 rOEFESHBER
hdbo TWLEEREFEESEAL. £ Thhltbhd, NA
A % — @ insulinoma @ cell line % 8 v», ¥ F Growth hor-
mone ¥ b L —# —IZ parkin & B @ exocytosis ~DFE %
AT L7z, CDCrell o8 FIFEHIC L D exocytosis DI,
PhbhOEBRRATHRERTE do7d%, ER parkin £E
# b BT T, dominant negative effect 12T exocyto-
sis AN & R 7e G ) . Exocytosis OIPHIEIRIL K3
UEFHICL AR A EE ¢ 5. Parkinrelated disease

R SETERSEERET s 2 L s EEEH S0 LD
v,

bR LT3 3205 F SN Lewy MED
R Td D synphilin-l b parkin EHOEEEH & LT
BRIt shTwa, E7-Mbicd Tabled ioh - FrEEE
LTHRShTwh, $AEETIE4WD, proteasome &
polyubiquitinn 1L F & D& IZHES Rpnl0 & OFiGHS,
NMR 2k A BB L VT IR TV AHY (BHEWIX
MMM LA L OREFRT), AP F Y F—ELw
AL EEANTEHTRI SR LENL 1D ENES
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Non-treatment

Lactacystin
{for 6 hr)

Pael-R

:

SH-3Y5Y cell

Fig. 14 A : PaelR i3 proteasome inhibitor T& % lactacytin & K6 845 & ER IS EH{ LA, B!
Pael-R 2SRERIEEE & & LI ERH/ L THIRESHE E il REIL aggresome like inclusion 377,

Table 4 S—FFAOKXPRBLHEETF

H—% HBE OLEIE

# B

CDCrel-1
CDCrel-2
Pael-receptor

Exocytosis (Dopamine storage?)

ER stress (Unfolded protein response)

O-glycosylated «-synuclein
Synphilin-1

Cyclin E

/B Tubulin

p38 subunit

Lewy body formation

Lewy body formation

Apoptosis (Kainate excitoxication)
Microtubules (assembly dysfunction)
aminoacyl-tRNA syn. (protein biosynthesis}

Synaptotagmin XI

Fusion or docking, Synaptic functions

re-F rEAKERTF

B o

UhcH7, UbcHS8, Ubc6/7. Ubcd E2
Morphology

Actin filament

CASK/Lin2 PDZ containing scaffolding protein
Cullin-1 Multiprotein ligase

¥ ~Tubulin Centrosome

Rpn 10 Binding of parkin to proteasomal proteins

T, P _RCOEEIFHAER LW AT LZIORE . E
FE, bbb o 98E T, veast two hybrid 2T FEL & 12
LB B3 ru—ORBEHTEBTECVWA. EHEO
HEARSCHTHMLLEOREN DD R, parkin
related disease DAL RAHREEORENEL NI SR
BTHH.

—HT, EROBERELY FERE LIRS CIIE R
HHDLBEETHD, Lossoffunction B2 ELI DL v >
TR AR ) w4 vy ADETIIESTH S, BT
240 2 ST s, BIRAGFEEL L™, L

Lds b RN RO FR 3 Y REOTERREE oM
GENIVEPMEMLTWZERELT WS, bRbh O
KRBT/ v 27T b2 w4 ARERLT
BY, parkin BEEEO ./ v 2T bwy A L ORE Tl
EAFEESMLOPRF LTS, FLZER parkin EHER
B S €7: transgenic mice H{ERLTHE Y, v ) BIZHIFERE
RERRTELEEZLTV A,

Parkin-related disease @ BIEHE CHETRE AL LT
WEOPD LHLT RS SRR EEREE L Ty
LD HHEOERHEIE LS TEMTHLERE SR TS0
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Normal . AR-JP
IP: CPCPCPCPCPCPCP

insoluble

C * control IgG
P a-Pael-R

B) 9]

O
A&
& @9
Dy
& &F

Parkin w

BiP »

RT-PCR

soluble insoluble
NSE; neurcn-specific enolase

Fig. 15 A ! AR-JP T & insoluble fraction {Z PaelR #° ¥ fi{
Ltw/, B:EAERAPLAR—H—TH2LBip bR
BEIZ AR-JP TEH R A L 7. NSE, neuron specific eno-
lase. C:SHSYSY TiiPaclRMHET 5 = & HRT-
PCR TR Sz,

FEMATLICLVFOBERIILEEZLDEEZLNLED,
— B PD OFHEOEHREERRICRWI L2 EL S
&, AT RIE parkin-related disease ORIEBRF X Z 2 bl
ALTRYMIEEML LRV,

(6) ERN-F_BEOBEZ L AAOHS

Parkin BEHAFLEF F N F—¥THLI L Db o
A, BEEMRFEOMEBEIZDVGCTOFMARA AL LIIDN
Titbhho Tk, B—0FELE LT PaelR#4 L7 ER
stress DESFEE LN S, EZUELEA ML OB
TENL, BEA L RAOYSIZ2W T, parkin BiZTE
BARBEELTWA ARJP BES MR 218 o /- Perls 6
ETEHEOREEBRILTCWAIEIVEELEFELTEL
BTV, PDTHELHIEEE S NS, ARJP TOHD
HRBIZPDICHLTE DR ALY, B ARJP Ciie
okl TRA SN, BERRIIORENTA LD &
DIEEDH ARJP OBLR F LV ADBEO W EEIRE S
hiz, bhbhEBEILZOBEREBEIELLDIIER -
FyEAZLALVWTEBLA NV AOBEE2AFUAD
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Parkin + -

CDCrell +Ubx 3
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(kDa) A WB: @-CDCrel-1

Fig. 16 in vitro ubiquitination assay £ BB L L TKB
B TIEM L 72 recombinant protein % - TR L 7=, ¥
RAFEE LT CDCrel-1 42 3 fH > ubiquitin 2¥s sz, B
LLAHWIEIICDCrell #FBEE$5 & Aubt Th A
g s hi: (RRERF—%).

King's college @ Peter Jenner 4 & O R £ TR L
72, b B 72 R parkin & B 13 exonic deletion of 3-5 {del
3.5), T240R, Q311X O=FiZDv T overexpression DR T
e L7 b bwvyizcelllien t& NT-2 & SK-N-MC #i}a T,

wild type & mutant type % transfection L, Cu/Zn SOD,

Mn SOD, catalase % & OBEFEFEE M LD, wild B &
PR parkin BEE 12, FOEHRICIIE{Iz R o229,
3-nitrotyrosine, lipid peroxidation, protein carbonyls % L
AL TW»®, BIZNO, /NOs" A% R parkin &EH % trans-
fection L7z O TLER L Twiz, 2@ LA L neuronal nitrie-
oxide synthase ("NOY iIZ& 3% b D Tho 2. FH parkin
FEHNEEEA P L ARTEES L I Ehbd oz T in vitro
DEEFERIT ARJP BEHBRBOBLA L AOMS 2 X
Ht+ab0Ths, BRparkin EEIZ L D REFERL, #
OFEHHOWEA P L AZFET L5, BEH20L 0P EEA
FLAIZEEBESLTWAZ ESETFHEINE,

PD CidBE{LA P L ADBSHERHETEY, S b
FUTHBERTEIHECERELZATFELTEL LA TN S,
Parkin-related disease T@ I b2 > F) 7HREBETOEE
2o T AT v AT, parkin @ orhtologue # inacti-
vated 84872 C elegance THTEENI a2 FY 7ILE
HEAEDTVD, B8, PEMERICERVE Ui ofzn
PETHTHLY, BOECPEEL CH AT S 5. 12
7L, Celegance THLEMREFHAZLOATH Y, parkin-
related disease FBidH 2 FEFUOER T AL DTS, =
@ C.elegance DEF AP HIE, parkin @3 b2y FIJ 7~

OMEFHEEEND.,
(7) SHOBE k
Parkin EHMLE X F V- FOF TV — L ROEHESTF



