28—F v VIHOSRERRE IR

7o BB A P L ADY—H— L b D 5 Soxo-dG (dH5H
Z2F & ) mtDNA THIEE <, 2OMBTHNT LI &P
HOPIRoTwnad, MEMBIZSERETHRE TS
DNA HE LAy, —7J7, mtDNA (G E N CHEIEHE 2
FTBIhbRTwd., COMIERT 2 & 8ox0-dG DEIEIL
DNA 88 I~ guanine 257 ¥ A VZHE Sz b O & INTP
pool NiZd % 8-oxo-dGTP HEZ b B, FiiEFs gy
ORI FE DA o TIRARENIEIED, 73 7 EERT & %)
GYEREFETILVREENS S, OO
AT, bhbhid, BLAFLAILLI-THELS 8-oxo-dG
uﬁ’%ﬁifﬂ?wﬁ’%ﬂﬂh HBLUIbaryFYy7vbh) v o X
FEL, BEER%/RL Tv 5 8oxo-dGTPase (MTHL) @
PDIZB A HEN > T RERFER IR IEER g
He, BAERB IR ZERT P B e A & o FEITZE TR L
oo Tz Ay rTay b EREMARILEL BICMTHLIZPD
JRE BRI O MRS TR R AYITEIM L T,
COMTHlL W PD BHBETOABMLTEY, SHEIKE
H, disease control TH % % LM BHE (MSA) TidFo7
CHIMLTwidhorz, IERBILSEE RV VEE D
T4 VAMPRTEE DL by, PDBEEETOMRNRO
A E A — et S REd A L O SR Do 7.
Western blot Tl&, PD# ¥ 7 VO &I 18kDa /v Y FAiA &
» 5Nz (Fig 2). 8o0x0-dG i 2WTH RBRIZIETLTHBY,
8-0x0-dG b PD BFHEHICHFEMIZHEIML Tw/i. Tol &
&9, MTHI i S-oxo-dG FE M TER L HT 5720
N—=F v VIRBERETHMLCW2DTHA 9. lr
fractionation LT3 +a ¥ FUY T, B, cytosol 54 &
MLzl nr3s bary FYTICTHEHRML Ty,
MTHI1 24 splicing variant XL, I ba ¥ MY TRIT Y
THNEFROLDLH N B—HETTH Y L2°5 Ml % B
WA ML AD»SHBHET X EEEF L mtDNA @ ANTP
pool N TH U7z 8-0x0-dGTP # 8L, BESAELRZVLS
ERLTwAD, I Iy FY7HETOMMEII bar Y
THRTIERBEESZ TSI EERLTVS, BT
FHREOHMROBE T O ME L THZA 18-kDa @ band
A b ENRhol, PR ELBEIIIE - T PDYF
BRCBBEAPLEAELTCwDL Evz D, MTHI OWFFERE L
PDEHMBEMBOI Py FYTHTELA ML ANE
o TWAETARWOIMMTH A, BIIE, b DNA 151EEE
#TdH 5 Soxoguanosine DNA glycosylase (OGG1) < MYH
WZ2WThH PDIZDWTHETLTEY, PDICBWTHEHAN L
ALTWTWAZ ExfE& kol Gicifdfdh)., 3 b
Y R THIZET S DNA BEEFO R EdEELE L
AN AL THLURENELSH 5.

MTHI OfEF 2T L T PD BE T 8-ox0-dG AT 5 &
#E1d, G-to-Ttransition IC L A EBOEREZHT L-00
REMBERTHHTHEEI D> L LE V. vzl s b
Iy P THTHEBZEBORENSVILERLTVED
b L, BEBEZOMAMI upregulation TV 22123 k
Iy FY THTERBEEORENEVIERL TS, D
FOHMLBERES germline EO mtDNA LA DR ED

FER S — 3 > Ve D

Y 33 TAREIVAIVE 1 RaN
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PD MSA Controls
3 4 5 607 8 ollyo 11 12 13!

2

hMTHI1

&
&

hMTH1

o
<
<

k3

100

80

[o23
<

N weak staining

Bl intense staining 60

S
<

40

fyel
<

20

oI YN\
PD  Control MSA

8-0x0-dG immunoreactivity

Percentage of hAMTHI positivve neurons H
)
<9

Percentage of 8-0x0-dG positivve neurons

<

PD  Control MSA
hMTHI immunoreactivity

Fig.2 A~B, 80%0-dG; C~D, MTHL W§FhOH Ik TH
A RBEND. EPD@AVMNH@Ay%ﬁﬁ%
Bz MW TIEI by FY T EMBEICHEELT
Wiz, F, BEMlet 595 & PD THEILE N7,
(*p<0.01, PD vs MSA and control ; **p>0.05, control
vs MSA)

RS, BHL ) AWEEERLTYS

(6) BBOI AL NYTHEOEE

PDOI Py FY 7HREKTOMEXE LA LA EH
S TEERFERO12THHZ 3T bhviwv, 7R M-
PALDOWTH PDTOBEFEH S A TWE 7, 7R
P2 223 b FUTHEELTBY, HEEED A

ZALFEZHBET, IFACRYTIREYEEN MR
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HIIAPh ) 2R TWAI LRHLATH L. L IlH
B0 L 5 ICRETHE T, A VF—0EE LM

DRFEMEFFICER LM NGE THE. —HT, T hay b
U TIREMBRERO TR EASRTH Y, Wiz bar

N 7 OBRELHERT 200, MEEUEA CLTRERE
BThs., BLHEBTHETUT TV —LOFEHIKTAPD T
BEIN TS, ZOBEIATPEEN 7077 —¥ThH
D,3 bar Py THEEKTE, :0)7°D’7‘7’~~E0)‘('Ifi‘fﬁ'ﬁ"f‘“
O TR E. oF D& mwkm bInRk
DEFENIEETHL I LIGF ’675‘\«’ . fEEARRICE o T
PP THERRMEEZLTHLI L, AU T LM
RIS & BRGSO B8y ba v F
7B EADPACEENTVHE I EPSHEMNITENTY
A, HE {58 =T Frataxin %° Wilson
disease @ copper-transporter = L T Hereditary spastic pa-
raplegia @ paraplegin (&3 F2 > F) 7HEHEHETH 5.
F 7= Alzheimer # (AD) % Huntington % (HD) T3 3 b2
YU TEFEEROBREHETEH STV A, HD
T, BEKI, 11 # LT aconidase OEERIEMEILT 2%, AD
TREEEIVOBIKERERT2EHEN TS, Z0L)
WECOBEBEHEBETI Fay F) 7THEERTAERSATY
é LA T, 3 ba ¥ FYTIE, 4 OBHEROEN A
BB ABAIAr— P2 LThBENENHE. T0
Fob I bay R TWEE PD A 69, LMo kil
BEEXHLNICT S &:75‘“”1:;(%7@!,, AT N I )
T e R#TE S X ¥ (Mitochondrial drug) ®RHEL,
?*f"r?f% R IRPE: i K L TZ;#) bLhwv, Ehes<o
I haYRFYTIR EGERIIhDPDY 2H-TH
V), LGiEL ZONER ﬂl MV\J/ BELHOIIELRBRDS
BAEENS.

Friedreich ataxia ®J§

. FiEM PD OREEEOHE

(1) ERBEF Parkin DER

bhvbiud, 3 bay Y 7PHgELiEE L TWaAHRT, 2
:/F‘)Tﬁ BELBALAILACLPDAEARELT

Manganese super0x1de dismutase (Mn SOD) (ZiEH L7z, #
L C MnSOD @ signal peptide @ Val/Ala-9 (2 # =T % 81 %
AWEL, AlaZHPPDBAHICBVWTHEEE>H > TEH
BETHhAZLaWMBE LAY, EIlI0o#ETEZHOBIE»S

HEH—~RKFRATHMIET L L BEH DT LI cosegregation L
TWHIERANEL, % & MnSOD EHICHEEAE
SUEFEE/S—F V=X L (AR- JP) D HBEFPEEL
Twb I EPBEEIN, 20 GEBMITOME, ARJP
1$ 6025.1-27 (Park2) (o= v 73N/, EBEFNTIEIHNE RS
RERREE A (HEEAMERTR) Lo RRFRNIECHE L
7290 T ARJP I, 1973 FIST TS 512 & b ‘Paraly-
sis agitans of early onset with marked diurnal fluctuation of
symptoms (EPDF)" L &SNy EERTH Y. 20
EPDF OEERVS#E B 2 CESEFRTZED, ILRIAE
HEORFBMRTERORRATHEREMARC FRMIGEHL T

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

WAHRI EMbho FLTEHRIZHEHBERN 1<, 2
UHF5A4 b —A—TH5HDES05BREL TS 15FK
BAWIELRE®, ZOY—h—OREOEHERE L TlE, v—
H-DEFBIIREZ LD o LERHAERTYFAEL TV S0
FRBEETIICOYT—A—2HFEL T E I EHEE SN
7=,

FHERPD 2w TR, B SIEREROMBSIZLD
AWREBEITHFEOPD LEH) T IR LT/, ARJP
ZoWTh 40 e BEIC# OD’IB FIWL BEIMNCH U, BRRD
BEICEDE I D40 BB LA EN PD oS 3l A
LOTHEI LN, MUP#6?WL%k?/7éﬂt‘&

TR N Ll b, Hilh oI, BIZ 10 MR THRET

HENIRIZOWTHHELTEY, DFLEYEISERE S
U B & D M A BRI SIB O ERLTw/i2 &

IR O BEEM 2R L T 5

ufr FHEDSY v 7 ST H S f‘i}i‘?j%? b EMIMT AT
EDFRHEN LA LS, ik LzE9ii~ 7 a7
FA M= —=HRELTOBRLZRPS TR L TRE
AT HICE - 2L BEFRECBISRA RS T4y
BT E D EE HYE T L T V72 Bacterial artificial chro-
mosome (BAC) library PN E L7222 L) T TH
v, 2O BAClibrary 4 5T, D6S305 % 4 £ €& BAC
7 O — % HiBE L, exon trapping {2 TR T @ exon

I OMITHETE /A, 20 exon & probe [k MEIEEH
% cDNA library # A7 ) —= v 7L, ZoO#HE, BR#EET
parkin & iy % L2 BB F 2 BT 52 2RI L 2
(Fig. 3)®. Parkin (34 & 14Mb OE K#{fz T T Y, #T
WHIA PO 7 4 —OFEBEFTHL AT T 4 VIR
WTRELMEFTHHI EDbhoTnb, ZOHETH
% b &1 exon-intron B & B 5 222 L, polymerase chain
reaction (PCR) 12 C& exon ZHEL, ZEMBIE*B %
vy, A2 chromosome 6 ‘ifﬁfi"iﬁ”é%lm C parkin #fET%E
BPHFEATHIEDHRIN H i EFToTur A& LT,
bbb ROHEMLED CEI oy Py 7HEEET
THOREE LT, BRICOFRENPD o BIKNGETFHEEE
Wy KRE A rﬁ%%x_é EHPTES.

ARJP O LTI, 1) MBHEOA LD SN L HH:
BEREXE LA 2) WHBIEHETFERD carrier TH Y, —
BN E K EFETH D 3) BEEMTI220LH»E W
D, A0mE VLB ARERELAFETS 4) L-dopa ¥ iR
AL DIRIRIC L » CHEDA LD SN AERFEPEROH
NEHPEHTH S 5) EWHEHEORBRENLY VA% %
V7R wearingoff ¥ BI LT <, B L O FREMIVA
FETRBELEDLORFEHET S 6) HEITIZEL, FHRE
BEdabd, HEMRERE LTERTFAEIALDSR
57 EEHESEELTVWAE I LS OHAYRII R A
LORCORFERET S Q) MERBEENIE, BEBLIT
HFHHEELOTHRELAERZHREL, BEIR&Z L
ELTPDTHEMGHARTDH S Lewy /MEE R L DR
W, DEERBHRET S L2 LEYS, FOROELTERR
WORE, bbb FHEL TR EICEREZZE D



N—F 2 VRO IR —F v YRR S RKEN S —F 2 v VIRRFREA

72oTHY, ARJP R LB e #HoRETHY, LK
BERLLVWEEE S-F Y 2 X 5I1TB VTS parkin &
GEFEEFPBEESINL I L L) HEBEFEREGMEERI,

226bp 234bp

Y,

mother A )

daughter

e T

son 1
son 2 %‘IAK/‘?AA&\_._——
| DG?BOS I

L

44 1247

parkin-related disease & 3 5 LEH ' 5. Park2 D &FRiL, B
CETLINHEBEDPBIZTFBLIOY Yy 784 THL T E LK
BTHHETHERXD L., L72A > CTIEMIZ I parkin-
related disease L T ADPRBMTHH .

(2) Parkin BEFDEEBR

SOEHMTTHERERFOERICEHOA LD LD
HARNMNARJP BHE ORI 20 RFRODWTHETERBT L B
ol 0RROHRARRTERBIEBI o7&
512K % (60%) IZBWT exon €D H DOHKIT 5 exonic
deletions Tdh - 72*". 24% (10%) (2B TIL, exon5d
splicing junction B & ' Gly 2 ¥ ¥ GGT @ Guanine # 7° &
—{#l guanine 73K 429 5% one-base deletion & A & B 7=, #%
DORZIZOWTEBE~ATOEAEKTH Y, gene dosage
technique TFOEEZ IR L T4, Park2 IZ38H$ 5 20
HZND) B 18§ RIS OWTIE parkin BT AR ZHATE
7o, BEA~T TEAMIZ DV T Fluorescent in situ hybridi-
zation (FISH) THERRTETWA (FsCiEfid).

HANARIJP DBEDE RIS 4 7hRL Tz K
Ky A TUEHATH Y, ETEROSZHEEZRLTBY,
Tay 470 L AIEENREEE SN KEkidexon 3~5
P LTBY, Sy MAHy Mt Twiz(Fig 4). bt
HNOWFEE TIE, £ 5 ARJP 9 7240 @ samples 734
FoTWLAHEDERHLLOD, BIZEHEHIIH-T
Hie 7 4 7OEBPBE SN, RHEEIIIRWARITIZO A A
SNBIHMNE EZ 570, BRFNTPEAZZRERL ER
KA LTOAI ERH L E Lo BFE, Lo ELHED
RNTIE, BRIV REMPES CHANBE TEAER
PHANBHICH L TS WIS 5. BEIZD VT mis-
sense, nonsense, microdeletion, multiple exon rearrange-
ment LKA BEREAEDTVL WEINTHAEERIID
WCHEN T - EARB T EEDEFig4ilF Ll D
72 E e RAEE OV R WIER PD I DWW T —F
VEROMEREBI Lotk IABERERICBVWTERY
& DT ERIFMEBIEF O VERTH FERER
ThbE, ZO parkin I FICERN AW SN B HEMIL
F=ANN

BRI ZIC b »TE Y, BEOPD ERilo»
BVBHESNDL I LD b o, BICRIEERICOWTS 10
MU T ORI S 42 ED 2 VIEDSH B, MWEHES Tt 64
REBEVEF G H A, ZOLIIEHREIFET LI L05D
Mo TE. bILbILOWIFEE T, #5700 FlOEFERIED

Fig. 3 A : D6S305 23K %k L T2 5%, B D6S305 @ PCR
FEYABE T, AL D SNk, Son2 Tl 226bp, 234bp

COTHOPCREMEAED S, LA - THiEIZ D6S305
@ hemizygous {CKELTWB I EIZ% D, T @ D6S305
3783 F VETFO intron 7 IME L TWAB I & 25, 20
B SISz, C1 2D D6S305 # .4 < & BAC clone
Eh, R=F U HETEFHEECEAL. ERBEETIL, exon
37 ARG L T /o, Southernblot TH KIIZFEE T &
oo CURELTWANSY FERT.
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= %G = M 1] o3 8Idy & o P-4
Missense mutations = = = mooEE =aY O oo o
1 1 | | I || 1 |} 465aa
L ol RINGI 1B i
1T I [ [ T I 171395bp
szo= £ = g 9 ¢ 25 2 g
. . s ; Z = = &} g = % o
Microdeletion or & £ Z E T S g5 = &
. . . . o = = 2 [ % + - ks
Mutations in Splicing site & = £ 22 = )
= b = woE ~ =
, Exon y 75 3 T T5 T 6 7 T8 i
exon 1-8 (in-frame)
exon 2 (frame shift) [N —
exon 2-3 (in-frame)
exon 2-4 {frame shift)
exon 3 (frame shift) [ ————
exon 34 (in-frame)
exon 3-5 {in-frame)
exon 3-6 (frame shift)
exon 3-7 (frame shift)
exon 3-9< (in-frame)
. IS exon 4 {frame shift) [A——
Exonic deletions exon 4-7 (frame shift)
exon 5 (in-frame) —
exon 5-6 (frame shift) —
exon 5-7 (frame shift) —_——
exon 6-7 (frame shift) e ——
exon 7 (frame shift) —
exon 7-9 (frame shift) —
exon 8 (frame shift) —t
exon 89 {frame shift) ———
exon 2 {trip or dup) Fommenenaan 1
Exonic o exon 3 {(dup) Jemmemmcncmnnaen
<xonic duplication exond {dup T . !
[ 4

exon 6 {(dup)
exon 7 {dup)
exon 11 (dup)

or triplication

Fig. 4

SETHE SN TEL N —F Vil TLR

=% B 465 7 2/ BEC, ubiquitin like

domain (ubl) , two Ring finer motives, RING (23 % #1C in between RING (IBR) {2 & - THE

nTws,

PDIZDOWCTHERMAN 2B I »> T 575, HE#EETH
R 50% (TER B RN LT 5, - REEREET
- T parkin BETFICEREZFEOFREMHE STV B,
bbb BEERIC oW TR EEREEAD 729b b
FRIT DWW T parkin BETEREHAVIZL TS,
ERTOMMEAE LT, 6 FRaficdil Twaily
74 59, coding region %\ L splicing junction (22858
FHELAVERDH S L THA. Parkin #ET % HIHT 5
promoter FIICERFEL L TW AWM HH 5. Parkin
# 1% F @ promoter 12 198bp L 2% <, Z @ 198-bp ? pro-
moter & # A THl @ # {5+ (gene located upstream of par-
kin, Glup) 2HEZ P WELFIIHEEL THE™, BZF5 L
Z @ promoter FIK % A L CMMEF 28 2 L Tv 5] gk
WA D, T/ intron 11 GCrich T v, BHEHE L T
% elements BHEETH I L8 @HE SN TS, LT,
coding region IZEE DL WEEIZDWTIX, 15 regula-
tory FISICER D HEIE L T AW HeNH 5 & EZBMELE
B EBIh-oTnd, ) —DOERF COMBE L
LT, NTOESGRTHRINEENFLEL TV B BEOHER
Thb. ORI E L TIE, dominant negative effect b #E
TRETHHH, LE regulatory SHBUCERPELEL TWAS
HWENTOEEROWEENSH S, — T, ERE o007
MCEOBEOMBICPD BBEL TV LIRAL L HEVHE
ELTWAE GriEfid)., ol & LY carrier TdhoTh
G SMORTANMb 2 EREL D) ATREMEEZRL TS
E#EZTwWAD., BE, carrier I2B1F 5 positron emission to-
mography (PET) ## T3, 18Fluoro-dopa MEL Y AL DK

TAHE RN T 5D, Subclinical TH-TDH F283 VOKT
BB STWLIENEZLNTVWS, TOEEERETLLE
NTOUREOWFENEZ SNLDE., TOZ EGIMERPD 0L
12 parkin T OANTF O BEEEN L LIS THFEELT
WHIERRLTVDEEZ TS,
(3) Parkkin ZERD#EE: AEXFUH—HELLTO
parkin &H
Parkin-related disease O A MBEEMU D A Hh = X A% B
S5IT BT ALETH L. T TF—IN—-2 %
LbHuTHHFEORA L OHAEII >V TR B 2o 7.
EEHEEEKE L THSL E ZIIHEI R MISHERE L Wi i
SN, FO7 I KEEBIC R F B R ET
LR (Ubl K A 4 » ! ubiquitin-like domain) & # WV FRF ¥
VKR AEIFLC 2 ) RING finger & @ motif IC#E N7z In
between RING (IBR) & & 7 4% sk A HET 5. b
NbHNILZ O domain # RINGbox & & L7z, HIZZD
RING box & Ubl ## A linker region (parkin domain) & #f
TR —F VEAHRRELIDOEMIZG TSNS (Ubl
domain-linker region-RING box). RING box IZAEH H LD
RING-finger motif {Z C3HC4 ¥ 1 7@ motif \IZB 7 5.
RING-finger motif # O EHE XL FF ) H—¥E T
HBHIEPREINTW/20, parkin EHFLEXF )
H—¥THHEeMH % HEEEREERAUEHRT OB R
Ak ORFEE TR L. TosE, parkin EHAT Y
FF YT —ETHDLI EMbrol (Fig5, 6)%. 2E¥F
FUNH—FRIEFIF O TATF TV LI AT LD BE
Thd, LEFF 777 V=LY AT LEMBROEE
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B Ey
o Be—— iy
Neuron [AR.JP]
LK FF L HH
26S Proteasome BRIV (L AN
(R L dp o 72O T IH)
. P
LR s NER s
Fig.5 IEWIKT lilﬁl"’f‘/’f SRS w0AY, ARJP TLEIEEIAT poly-ubiqutination St v7zédiz, 3k
PAERL T, ML aN D,
LEHEDHEBRETH D, 76 7 I JBBEY S % B IEMIGT ern blot # B I % - 72, Fig TA~C lR$ & 912, 52kDa 1247

2R T e RN EREHICHIRCEE T YRS Y
AFhE, BEEINR) IS F VPR LCENEN
BaeBsbsTusr7y—oholians, 2O AT A
LR & 7 WARE T 84 TR IR L B T
FELEHEH- TV L. X F VRIS, 2R F Ui
PHALEEE (B, L€ *F V#AMEE2), 2EFF Y -
%(m)@ﬁ17—Fﬁmchuabh,%@%M%T@U
VUBELRIIZERF UEPEREINRS. 0)7“73)’?‘9&’*'{%?’
AR BMETHAEIEL R EDHIHH L Z L2
HNTWA. Parkin EIF13 E2 & 13 RING-Box ’Cﬁ{? LT
ExF ) B E RS, SHEERETHE NS
parkin-related disease B T & & 5 7% & parkin _{:l 1
i, Y FF ) H— BIFEAHE LTV B R ARIE &
NTV7ed, TOBROBEH TT X TOERKTIHFEINE L L
TUHWAREIBH SN Twb, HE, 1EMTH LN
Lewy /MEDPSTEEL Tz & 32 8E0H 5. ZOMMNE L

TR Lewy /MEDTE Sz, BETAED SN
% 5 parkin EE O ) H — EEESE S ISR L Twizk
OIZ Lewy MEDPIER s 0 LR s NL, wThIZL
5 EBETAREOT RIS EZ LiIZE LA DF D
ARJP BEM T, BENEROR) X /1L75"A}h~‘¢t <
T&EWT & THERYE ' 2% 26S proteasome T 47 L o 15
BT, FOEAVMEABMICERT S I & THHEIE
LB E#EZ Tw 5 (Fig. 5). parkin-related disease 5 ‘g 1)
JRREMIH O LT parkin EHOEE 2L TH I LI, BEE
HETHS.

(4) N—%>EADERASE

Parkin EH O IEEA R E 2B T H 35 2 57 0 o0 s g
KBOTHMBABELARET HZ LIIEHETH S, Parkin
BHOT I JBEINE L LI, AEATF FICHT k%
TERL L, IEH, GER PD, ARJP ORI BT AMEE B
Thofn PRk, =2V 23, 9PICHS T BERM ISR L

72 (M-73, M-74). T BB homogenate & & H 4, west-

M3 5% band A AL Bz, ARJP Tld, band 2 F »72{ A &
®F, parkin BEIEAK INTH, RLETHMHEEIEH
ZERFHMENS, 2L, bbb RAE L EROE
#13 exonic deletion & ¥, L 4% frame-shift mutation % 7R
TIATTHLIELDY, openleadmgflame PR THAD
in-frame mutation ® ¥ 1 7 Tid, BN D B DOPEDIE
BEDOE ZAHB L Twi Mlssense R % B b TR
oW CTIHBEEORE: K'CH?JJJ‘ THmE S B TR
BEL 2205, WIS E R TIL52kDa o8 LT/ —F% V&
19 band & & & &7 GECHEMT) . HIZRL~) YEEL
7‘/\ 774 AR L bV, REMRILFENEREE B S

‘2> 72 (Fig. 7D) . Western blot & [i{#£12 AR-JP T, -
72 M-73, M-74 DPURICEOL 2 R S e otz —H, :ﬂ:\’}'ﬁ'}ﬁl
28— 2 VIR IR AT IR T, M & ARk s X < g
37z, JIEIE, granular structure 2SN TH V) ,
Golgi complex {2 parkin BEPRAEL TWB EEZ S
FZHINA 4 L2 fractionation L, Immunoblot & 38 Z %2\,
Golgi fraction & Cytosol fraction {2 parkin & 2S£ L T
WhHLTZ ERERLE (Flg 7C). Parkin # 7%, Golgi complex
& cytosol \IfFAE EATNRE TR LT BT REE
ZRTIDTH 5. )'L R A SER, B, T3
ST RIS B X U westernblot B 2 o 72
EIAHABEIBWTA—F VY EHADOEREN b oL b B, o1
(Fig. 7B). Z M1 parkin-related disease @ #EIRAY AL D
HHRE R TH2LOTH A, BIREWT &2 Lewy /ME
A parkin FUAETHE S N7z (Fig. 7TE). ZOHBOBETIE
Lewy /NMEADHERE B 5712 parkin D#EE L AL TN TWBE T
EbhhoTns,

BEIZE S parkin EHORFEEBILOFRELRET T 572012,
parkin Z&F1iZ Green fluorescent protein (GFP) # tag &F &
LT, ZEBIUCEE parkin EHORBEZ R L 2%,
Parkin & 1 @ C # 12 GFP % f I 12 COS1 # B {2 transfec-
tion L, MBBABFE % ME L, 13 b Golgi complex 1255 2
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a b 28 5 -
Ubl RING1 IBR RING2 £ 58 E 37
176 238293 314 377418 449 5 %5 5 5% % %5 58 7T
It 1465 Parkin (Wild) atcntlontpilontpilin il i
o Farkini Wi anananananN Qa7 17) a7 ao
77t 1465 Parkin”"1% extracts
217 1465 Parkin?7%  blot'FLAG
295 e 465 Parkin® %
) IP:My
1t i 310 Parkin®3!istop blot:Myc
1t 1415 Parkin''®
1t 1465 ParkinT#0R IP:Myc | <
. , .o DblOtFLAG UbcH7
1t 1465 Parkin®* ©
5 5 5 5 = = =8
MGI32 - - - 3 8 2 TE LT TR OEOE %
Myc-Parkin - + + + + + - A A oA oA A Ao
FLAGUb + - + + + + (10) {10) (10) (10) (10) (13) (5)
(Ub)n IP:Myc (Ub)n
IP:Myc| ¢ 1 blot:FLAGY
blot:FLAG .
, IP:Myc
IP:Myc — blot:Myc
blot:Myc|.u+ €8 *%gﬁ ~<Parkin

Fig.6 A, B:E2 L O#i&% Rkl IP) THRLTWS, JOFEBFATIX E2 X UbcH? &4
T 5. C: MG132 T proteasome % {4 5 & B K 7112 high molecular mass Z B TE 5.
D : mutant Tl&, high molecular mass # i T& LWl & &0, COEBRTRIER —F Y EA
2 FF Y=Y e 2wl e FHEE RS, E~G | in vitro ubiquitination assay C,
SH-SY5Y cell {27%—F »lt{5F % transfection L, Skl L7-d o & E1, E2(UbcH7), radioiso-
tope 7~V L 7= ubiquitin % in vitro TRIG 8¢ /2. E Tid E1-E3 (IP-parkin) #3% % % & high mo-
lecular mass VBIE &N 5B, F TIIERAS—F VEATIRIEETZ AL DLW, G SH-SY5Y @ trans-
fection L7 IP-parkin Tid ubiquitination 23BZ /=73, HEK203 TIIBBE S iz,

L AT & 7 (Fig. 8A~D). EiZHFEM parkin EHIZDOW
TULF /A4 VBEIC X ) gAMb It & 2 72 SH-SYSY #l
B % b B THE parkin LRI THET L 72 & 2 5 Golgi com-
plex & MHEZEHEAT N » PIRICHRERB I N Fig.8) . 20
Fo bROGJ@F— i, FELLLVFTANEERT D
DTHY, ¥ F T ANIZH B synaptotagmine I & D " H Y
BTERXBELTWD I LR L. 20T & &Y, parkin
EHVPBEHEY AT DI hboThb Z ENFREN.
COMBABEOKREZME 2 C, PC12M 2% NGF
(Nerve Growth Factor) {2 & b #iEflatkics{bs ¥, GFP
% tagBEH & LCparkin EHEZ RS Y, 2ORETBEL
7 (Fig.9D). BiE&ERIIHRESEN & #EE® Golgi Com-

plex ICBEL TV, 2D & & A3t parkin BH & BT
BEHOBEIFEEII-HTHEEZ, ZTOBEERELDL
WTEE parkin EHOREZRE L7z, #RIE, Ubloih%
FOZ R parkin EEITMIRE I ABICETE L Tn7zas,
D2 R parkin B H 22V T Golgi complex 1B L T
Wi (Fig 10). 20 Z &% £ parkin & H & IE# parkin
EHTIE, FORTERELLLVWIEERT. LT, &
BOFBEHRFIIHEABEOEMIZMS LTnhuvn g
BN/ oF D BETBE SN LEE parkin BE DIEBRIE
OBFLLTRIEFF V) F—EEHOBRTRERERT
oD EFEROT.
MR Lo L VBEWEY AT LANEELLMBTH Y,
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Parkin
(52-kDa)

=< [ -tubulin

B
Control ,.Control 4—PD
casel b case2 casel—j
Parkin
7 T (52kDa)
>
. e
¢ & 6?00090\ &
S oy
TGS
Parkin
= (52:kDa)

1 <«— y-adaptin

Fig.7 A : Western blot TiZ AR-JP I/ 85— F V& F A L Oh v, B 5H PD TIXBEHD/—F

YEHADEMET LT3,

SR DICRT I I A —F Y EANS VO T, MBREORY

C : #Ha % l Tid Golgl & cytosol 12/8—F VY &FUIHAT L T 5. D i/ s—F VR TIEAIRE
MR HFE S, ARJP Tiddahid 2o, (bar=100um). E | Lewy /MEDHI S —F ik THE 5.

axon MICIZEAGRAERMNFEL L VWD, TZORIESH
5 parkin BEIZERE Y A7 A0 o THERFISETH
ZEATHLILEDWREEINS. ZITYFTARE,S
synaptosomal fraction Z ¥ L, HREBBIZTHREEZMZ T
HD &, FEMPIZ parkin EFIZ S F 7 ANMEEICFEEL TV
(Fig. 11). Y a9 TL ¥ F 7 AIICHEEL T 5 synapti-
tagimine % synaptophysine & -4 23— L CT\v»7z (Fig. 12
A, B). BIZ parkin & A BRI CREE 572 O THE MK
DIBESICEEINLZ b h ol P F T APRICELE
LTCv5% synapsin] & F o 7= FRRICIEREIC I D AESHIE
7 5 M LT WRENC S o 72 (Fig. 12C) . Parkin &H 4,
synapsin I FI#RIEE @ F A 4 » 2/, Synapsinlid?)
VELENAZ LWL D ENSHERET ADT, parkin b ¥
b S L D BHiE F I TS REES S 5. Computer
FENTIZ & UE, PKC =% cesin kinase I 72 &) Y EE{LH 4 b
PEELTEY, VrBbick Y Erolians ML
TWwh. T synapsin ] OB BRI ENBELIRIB R
NTHY, parkin EBE L FRLEFICIVRICBEL TV
LFEENnT.

Parkin EHOBELTHET LA LT, HORKEBETO
parkin BEFORBED /S -V ERETHILREETH
5. DIt it rat @ parkin cDNA # rat i cDNA library
FLHWTAZ ) —= 7L, rat parkin cDNA 2 HE L, =
1% probe I in situ hybridization # 8 Z 7% - 72, F 72 UbcH

7 % probe i L, MAGTOREBENY — 2R L7 Insitu
hybridization 12 & % #& T UbcH7 & parkin 253 B L
TWBIERMHBTELY, BEDPLILICFOHH IR
ubiquitous TH 0, FEHRBCEEIWML THZ?, Zo
CEREERBTEELREERLTAZ ERHENEE S
%, parkin @HEM Y F T AN H B Z & & T synapto-
genesis 2 EORIAER L BN H LD TIE RV EHEE L
Twah., BEMIICH BEERBOE — 7 PEREHOBRABREL
—HLTwabIZ &b parkin EHORKAEZE LS L THHEKR
EOHREVWZ 5.

(5) parkin DEHE

ERICRLZEIICARIPORERF*E 2 5 LTl
FF A —LEEPREGERTHHI LD, EEEE
PIRERHOREN LD EWE L, bhtbhIRERED
72D MK cDNA % & B W T parkin BB O E R
HEH % yeast two hybrid I TCAZ Y ==V P2 BI o
2. FO—045nF & LT CDCrel-1 ZHEEL /2. T 4TI,
Dawson $D 7V — 76 #HEINTVEY. bitbiid,
BICBALEN I R S v ¥ — OB R E & O FERF
%212 C Endoplasmic reticulum (ER) stress {2404 5 55-F
Pael (Parkin-associated endothelin receptor-like) receptor
ERIEZELAY. wIho5TF b yeast two hybrid #3412 THEE
LboOTH5.

Yeast two hybrid & 132 & 4 2 HETHEE S -0 )58
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Fig.8 A~C: Cosl il GEP-S—F YOG HINE L b, MRNEEZEBRE L. A,
GFP : B, WGA : C, superimposed image. Golgi complex 12K#£3 5. D PC12 % NGF THisk
W3R b 00— F Y RIOME RS Lz, #
(Bars=50um). WGA, wheat-germ agglutinin.

Feoake & Golgi complex V24 LT w7z,

G

Fig.9 A~C: U-373MG, glioblastoma cell line T/ S— % Y R ENE Z o cellfine (2I3FEE L T
Wiz, 13D Golgi complex 12 A, D~E | tieiilastic Ly / 4 VBTS2 5 & EN S —
F ORI MRS L T/, P37 RI2H 5 svnaptotagmine [ & fE L Twiz, Zo s
EEN TP T AL T B E#EZ S, (Bars =50um)
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Ubl-domain alone Ubl-RING2 AEx6-12
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AEx1-5 AEx5-12

AEx4-12

Fig. 10 Cosl #ll} ':.k GPP N—F & H % transfection L7z, _

WGA Tl L7
= F EMIX Golg1 compelx {ZFAE L

Fig. 11 SQIEEHTO /N —F Y B O, Synaptic frac-
tion {272 b & % L7z, (Bar=250nm)

L5 6 % 3172 o-glycosilated c-synuclein TH 5. D511
IN=—73— F KD Selkoe D 7N — 7 L R TiED
2O THDHY. ZOGTOHOEBIIMBILOETHT &
v kD Lewy /b ﬂ\}F’UcX NZ AL B #Z 5L FTEETH
5. B 5 AR-JP RS9 Lewy /MR % —fRIZIEIE L
BRWI ERFERHE LTS, —F, osynuclein 12 OF A%
DEFEFTFTHBZ k#m%éﬂfk@ 1 5~F A3 A H
FRTIERBHEHANBEEZ L2 5 L TCRIKEY, IEH
o-synuclein ®5rFH:1d 16kDa TH b, LB S Lz 0T
% 22kDa 9Tz 7§ (Fig 13A~C).

Yeast two hybrid & THHET & 72 Pael receptor (Pael-R) &
RERGTFHT 580K 2 b CHEBETE 5L s h

B, GFP-2s— 3 i, B

#14 superimposed image. Ubl @ & &l Hﬂ'ﬂl UFAMICHRE L0, o it
Twi 7z, (Bar =50um)

72 arsynuclein (aSpn22) 1X, WFhbbhbho 7 — T2
IOHHEINZGTFTHL, TTICHESINRTHWER
CDCrel1 iC 2T LMl emida B I > Tnhb. PaelR
{4 Orphan G protein T@ Y, Pael-R i parkin ZHI2L 0, E
2 T&H5H UBC6/UBCT & f# L T poly- ublqmtmatmn a5
Z Wb dr o o I Pael-RAIZIER Tl WY
5 H%, 26S proteasome LEAI 2k 53 5 & endp asmic re-
tieulum (ER) WIZERT 5 (Fig 14A). ERNTERET B L
MBI HFLINDL Z &AW bh -7 (Fig 14B). HIZ Pael

Rﬁixﬁ‘ ARJP BHEWCHE L T2 08 2 A 7.
‘?’ﬁ’]”'[-‘ W42 Pael-R D% Fi % AR-JPBEM TA E D2 (Fig
5A). )L ER stress W12 upregulation £415 Bip 129\ T

LU &S ~bf/im<ﬁrﬁ!L Tw7z (Fig 15B) . Pael-R &%
By a2 L THIEA SRS SN Z e sz, LaL
RhS s, (x—%ynuclem CDCrel-1, PaelR & iy
BHRE CTOEROTINEITE TR, PO quality 1218
HH 50T, FICHMBMESLETH 5.

CDCrel-1 {Z22W T, parkin & & ubl & RING @ 2 7B
THOTDHZ Edbhr o7, CDCrel-l Y a1~ Eﬂ" v MNEH
ZLE8 L, in vitro ubiquitination assay # 3 Z 72 - /2. 2~3
8o ubiquitin MM I NS Z EDbHh oz (Flg. 16). —#%&iC
G 7P E LT 4O ubiqutin SBEE SN TWE 0
T, IO in vitro ROEERTIL parkin _z‘:lflf)‘ G TS
& ¥ 7 polyubiquitn 88 (X {4 1 © & T v Z& . Oligo-
ubiquitination 3N A I ENED L ) BEHEFZRLTVED
i b o TR v, Endocytosis & 41 5 4 F I& monou-
blqumnatlon SNEEOHENHY, BLLHWMy 7Nz

THLBEHOEHMEL S OBENI Y Pa—1i2d
ubxqumn Db o TOLUREMN D H 5.
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A
Parkin
Synaptotagmin
Synaptophysin

B

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

Bottom

11 12 13 14

KCl NaCl MgCly
C 50 150 1000 50 150 1000 1 10 100
S PSP S PSP S PSP S P P S P
Parkin %% B 20y e w . R . L R
Synaptophysin I = e = Lo 4 [=== o =

Synapsin

Fig.12 A, B! synaptic fraction ® 9 % synaptic vesicle (SV) i2/3—F Y BFIIHFFEL Tz, ¥ =

BEARLE T 2SR AE L T,
ZERT

C:EE % EvF T & pellet #* & supernatent (2545 %
CRBEMIC L DB L F D BEASERE LTV &R,

@
12
<
b=l
Z '.*
E 2
&0 ©
Q @ o —a
2 _ % z
© oY < =
o I3 172 1)
= < @ < 17 ] =
ERNC I B - ER:
247
PUHPA | D GDERED @ am |« S22
WB  syn-1 |- 19.2—
En <« aSplb

Fig. 13 & MBI T b 5O His iR TRIZLE (IP) 2824\, El, E2 LRSS, /35—

¥ EHICE Histag 2L T 5,

O UMEL L 729 >~ 7V &3 a-synclein L4 T imuuno-

bolt 5% & 22kDa tiZ—# L 7: a-synuclein @/ F&MEHETEL, E0FONY FHFBEIIAED

¥ (A
7=,
DT LI INLLDEVE B,

EEPE2LOMEIIH E LT, CDCrel-1 ®BE F£IHHS exo-
cytosis T B & WS FEE, M3 Y OFEEAIHIAIEIC
Do TWAHREREZEBESE L. 22 Thivbitd, N A
A # — @ insulinoma @ cell line # f£ \», & I Growth hor-
mone % } L — % — I parkin & H @ exocytosis ~DEE %
AT L7z, CDCrel-l ®BE B & 5 exocytosis DIPHIZ,
bbb NOERERATIIHEETE L h o725, £ parkin BH
b H W TlE, dominant negative effect 12T exocyto-
sis 3P S N7z GRSCHEAR ) . Exocytosis OFIHIEIEIL o3
IVIFEICE A A HE S8 5. Parkinrelated disease

$1 a-synclein HUET IP 35 & ARPD (AR-JP) T 22-kDa @ o-synclein (oSp22) % & & &
Z ® oSp22 i3 o-glycosidase & sialidase DMEEE & Kb S5 & 45FED 16kDallR o7,

CHELBWERFEE T I EHEFSH LD L L
Wy,

DB bNHPRE LT3 3005 FUINID Lewy /MED
HEX B 5 C& % synphilin-1 b parkin EHOEZEH & LT
BEENTWE. M) Tabled BT nFHEEE
LTHE ST A, FFEETE4R VA, proteasome &
polyubiquitinn 1E5-F & OFEEITHLE L Rpnl0 & DA,
NMRIZL BHEEBIT LI VFEES N TV EY (FHEFIK
FEEIMPERE L OEFABIFET). 2EFF ) -t Ln
ITEEEZNTHREIEROZI L NS 1 DLENES
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Non-treatment

Lactacystin
(for 6 hr)

Pael-R HEMIFEM & & LICHERLT

s A

RFEEL =3 ¥ VIRRFSE A & RIGEHE /S — ¥ > wRFgE~

SH-SY5Y cell
Fig. 14 A PaelR i& proteasome 1nh1b1tor T b lactacytin & FUS X5 & ER IWICHER L 7.

Table 4 /%—F VIRFOLTHER L H G KT

28— F VRO

Bk

CDCrel-1

CDCrel-2

Pael-receptor
O-glycosylated «-synuclein
Synphilin-1

Cyclin E

«/B Tubulin

p38 subunit

Synaptotagmin XI

Exocytosis (Dopamine storage?)

ER stress (Unfolded protein response)
Lewy body formation

Lewy body formation

Apoptosis (Kainate excitoxication)
Microtubules {assembly dysfunction)
aminoacyl-tRNA syn. (protein biosynthesis)
Fusion or docking, Synaptic functions

=% P REF AN

UbcH7, UbcHS. Ubc6/7, Ubcd
Actin filament

CASK/Lin2

Cullin-1

y -Tubulin

Rpn 10

E2

Morphology

PDZ containing scaffolding protein
Multiprotein ligase

Centrosome

Binding of parkin to proteasomal proteins

H Xz, JeHHIL aggresome like inclusion ’F:TT-
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FTFRTCOEEPHEEAL T LWHEELEZEZONDE. H
£, bbb OIFFEZE T, yeast two hybrid #I2 T R & &

ZERDIBrUu—VOBRREHERETE TV EEHHO
MEERACD THEMREZEOREI Do LIE, parkin-
related disease DR HEIFZMREOREZHL LIZE N
LHTHAI.

— BT, EROLERE T FARE Lo RNEE TR
HEDLHEETHD. Loss-of-function jE#EZ L /v 7
TIRIYAR) 97 A VI ADBIIENTH 5. il

2% 0 2 S ds, REENIFEAE L 2w, L

L 256 RIBER O K283 Yo ERH Ao
DFNI VEPFENL T EHmE LTS, bilbhoif
RETL/ v ITIITTARL ) v oA vy AFERLT
B9, parkin HEEHAD ) v 7 7Y b A& ORKETHINE
EAFEE N PR L Tw5D, $2%EE parkin BHZ %
Bl 847> transgenic mice bIERR LTHE Y, V9 BICHIZERK
RERRTEDLEEZ TV,

Parkin-related disease D FIEMF THIETREHE LT
WHEOPD L LTRSS MBS EENBRE L T
5. HHEOERHIEDLOTHBTHL LRESIN TS,
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A)

Normal AR-JP :\?‘P &

i soluble

Normal AR-JP
P: cpCPCPCPCPCPCP

Pael-R & insoluble

C : control IgG

P . a-PaelR
B) N N C) %
&S T $ A
N A R & &
Parkin »| €2 # g -

BiP »| 54080 v i -

NSE »’

UCHLl»""*””“”’

Actin e '

soluble insoluble
NSE. neuron-specific enolase

Fig. 15 A ! AR-JP T {4 insoluble fraction {2 Pael-R %% % #f
LTw/. BIEFZERAMVAT—#—T&5 Bip b H
BZ AR-JP TER{» A L ¥ /. NSE, neuron specific eno-
lase. C:SH-SY5Y CliPaelRAWFHET 5 T & HRT-
PCR THZ I 7.

HERTEICIVFORBREEI 2B LDEEZLENHH
—HICPD OFHHOENIEEERBIIRNI L2 E X5
&, Z O RIL parkinrelated disease DREEF T E L LN
HETR Y MIZs00 Ltk

(6) ZEN—-F L EHDEBLEX ML IADOHES

Parkin BRI X F ) A—ETHLZ Lidbh o7
A5, REELMATEOMEIZOWTORMALR A =X LD
Tibhdho Ty, E—0OBFEE LT PaelR %4 L7 ER
stress DS HHE SN L. EIIBILA P L ADOEE 23
EENSE. BMLA L AOBEIIDWTIL, parkin BETFE
BARAINR TS ARJP BEHIRE % £ 5 /- Perls 2
WTHRORELRELTCVWAIELINEELRATFELTEL
LNTWA, PD TLEEFIBEEINLS, ARJP TO#HD
FEEPDICH LTI DER AL DM, HIZARJP Clde
ORI TR S I, RERIC b REHr AL DL, &
DUWFED S ARJP OBELA F L ADOBEE O M ATRE 8
Nz, bhbNEEIIIOEETRBRESEL7DIIERE/ -
FUEAZLLVTEBIALAIN L AOES 24X AD

BERRMES 44%4/5% (2004 1 4/5)

EColi E1
Time(min) 8 3~ @ 38 8 8 & &
CDCrel-1 — + + o+ o+ o+ o+ o+ -
E2(UbcH7) + - + o+ o+ o+ -
2
Parkin+++++++2+-

175 —

i

CDCrel-1+Ubx3
CDCrel-1+Ubx2
<— CDCrel-1 +Ub

<— CDCrel-1

83

(kDa) WB: a-CDCrel-1

Fig. 16 in vitro ubiquitination assay % 2 HE#i & L TKE
W TR L 72 recombinant protein % i o THET L 7. B
FRTEMEIC CDCrel-1 42 3 8@ ubiquitin AMfinshiz. B
L LAWI EIWZCDCrell ##H &+ 5 & Aubl TH [A#E
AMAEE SN GREERTF— 7).

King’s college @ Peter Jenner %4 & O L F A5 THE L
2. b H w7 R parkin & H 13 exonic deletion of 35 (del
35), T240R, Q311X ®=FE|ZD>W\T overexpression DR T
Bt L7z, & B w7z celllien 43 NT-2 & SK-N-MC #i f1 <,
wild type & mutant type % transfection L, Cu/Zn SOD,
Mn SOD, catalase % EOBERFERHZHE L 72D, wild B L
OZER parkin BH & I, FOEEIEEIZ 2 27058,
3-nitrotyrosine, lipid peroxidation, protein carbonyls 2% &
HLTWw/?, BEIZNO,/NO; YE £ parkin & H % trans-
fection L7=d D TERAL Tz, T®EH 3 neuronal nitric-
oxide synthase (nNO) I2: b %9 b DTH o 7=, ZE parkin
EEDPBELA DL ARFHET B L bh o/, T invitro
DEEBHERIL ARIP BEHBEPOBILA P L AOME LXK
BTab0Thb, LR parkin BEIC L W HEHFERHL, £
ODERNPEALR PLRAZFET L, HEFOLOHPELR
FLRICEBESLTWAEIEAFEINRS.,

PD TidEILA P L A0S BEHINTBY, I bay
FUTHEBRTLHETCEERLETFLLTERZOATYA.
Parkinrelated disease TH X ra ¥ FY 7HEETOF &
22w TIT#HE A% A%, parkin @ orhtologue % inacti-
vated 3472 C. elegance TIXHHBLOI b VY TILE
UEZLEDTWS. o, PIEMBERIIERVE L o720
PETHATH 0, EOBEBCHPERE LTV LA EBERS 5. /-
721, Ceelegance THEMHIIHME DA TH D, parkin-
related disease Bl D L FEHNOEHEEZ AL DTS, T
? C.elegance DEFIV6IE, parkin DI b FJY 7

DHEESPHEEEINS.
(7) SHOEZ
Parkin EEHAM Y X+ > - 7a57 7V —LZ0OHEHEST
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THAHALEFF ) H—E¥THsBI &, loss-of-function BIR)
BILINVEEFRET AL INESHL - & D EELEEIT
HERETHL. BEIDOREPHE SN TS, bhth
LD yeast two hybrid I L A A EHIZ 13 7 u— v B
ENTBY, FHIMBICIFEET LB TFREINS. £125F
EEMOBRLBPONCTILENEHA ). —FT, HERE
DHDT 7O —F TIIERRFLHEHLNITEI LIEHEE
EzTBY, HEFEE L FAT U CRERE R parkin O H##
WL ERHOMPIL TV ZEPLETHAY).

FEHEEIEE LD parkin / v 7 T b AN RER
HICREEFNERBILEBERIITETESL. SEOFEM
BRI BEEFEIME Y ZAEF L OERRR I L
V>, Parkin ZBE O#EEIZ DV Tl parkin-related disease D9
BRI O A2 & T INFT PD OFREMB IS5 W HENE 25
WV, el b, IEH parkin 2% Lewy IMEER O L CHHETF
TdHh AU EEMEATE V. FE, oSpn22 *° synphilin-1 72 HEH
ELTHRET SR T WA Z &2 5 3 parkin & H 0 #6507 # 8k
HEER S N NIEINER PD @ Lewy METEE D X H = X 2 %
oM T 5 EDHEEL #F 2 T b, Parkinrelated dis-
ease TIH—RICEFERENRHUTH D Lewy /MEE AL D
T E LD, Lewy /MrEMEHBBHENEEZ RO LW IR
i parkin-related disease ODFEENH LU LHEN S LI
o,

IR 1E Parkl, Park2, Park5, Park? @ EE#{ET »FE
ENTWwWA, EFIZHE D Parkd 2% a-synuclein 2 5 & 15
Mb @ FEIK O triplication Td 5 Z & P HE I N 727, Parkd
13, RELDLBD OBEER %2 & > Twa I & &) osynu-
clein ® overproduction X F DEKTH B E L TWAE. I®
FEZIEENE AD LB L THB Y, HEEMEPD oM@
a-synuclein @ overproduction 253 A A4 — F2 R LT
WaH b L, I3R! PD d o-synuclein D0 EEDIET
OFEFE,L L v, —EOEENE PD 0 B EEET O HEE
B, BEEMEHHE SIS TRIER PD O EE D S H
KWERBLELTVS. PDOSHEISTHERE Y 7
EN/EBEEPD U FEL TV B RN DH b, FE,
HEBEEEPD OEBBINE B I ko Twa, BiZbhbh
DOWFRE Tl parkin BIEFEEBHRIFFETLI L LD
FHUBEYECTH S Park6 1B T HRRBPL L2 5 THAE
LTBh, BEEZETHEEICET THETFTHA. Park?
ZHATO s A4 THOIGEE L Th B TMEEREOBWRANE
ELTWS, ZOREEET DI-LICOoWTRETERE %
BIhoTwah,

INORENEPD O BREZEFIEES WTBREEERED
BEFHEOPILEShL P FHESH, B—BETEEH»S
MBI PD BHOT 70— F RGO D I ENTE S
LDEELTA.

. Parkl IOEHTOIREBTS
a-Synuclein EZEFDNTOFRE

Parkl @ J& A # 15 T a-synuclein & £ & AI53Thr",
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Ala30Pro™ @ 2 FETH Y, Lb FOERZFORRIE, &b
OTHE . LPLEMS, asynuclein it Lewy /MED D o
ELFELBEESTHDLI MR SR T2 0ME
F % overexpression & 7 mice * fruit fly Tld Lewy /ME
DREIGFEH S Cwa. Fruitfly 2B LU CIGEEHEREIET
BHREIN TS, FILICH Y Alad3Thr £ £ % over ex-
pression &7 mice TEEERE & Lewy IMEDIZE A EEH
ENTWAD, L7zdo T, o-synuclein DEERENT & 5 D72
P IL TR PD OB A W AetEA S 5. IT4E, Mark-
opoulou 512 & ¥, o-synuclein @ Ala53Thr ZE£ % L ORE
% PD ®FR% T, mutant allele ® mRNA LXVASEH L Tw
BONTARELE W) REFBEET 5 2 L PHE IR,
bivbhix, &7 9 X5 KO Katerina Markopoulou %4,
A—3 Y = v 7O Zbigniew Wszolek &4, L TF 2 —
Y 4 KO Olaf Riese 264 & O EFIET, TORR LI
MO ABIThr BERAFEDT A W EEF) Vv ARR L
Ala30Pro DERZHFED KA YV ARRIIOWTANATELREZD
BEIZOWTHF LA, BEEKkD) U RFEKE2LBWT
DNA BLURNA 2L, #1 % b HWTPCR, RT-PCR
EBILV, SHRBECHILL, EROFEERHHELL.
DNA TIZHEPICEERPFEEL THWH I L RRERELA.
DHETRERPARITEEL DT, TagManPCRIZTER L
7z, ZOFHETIE TagMan probe & FHEN 5 20~30 33613
E O #3ES X L 7z oligonucleotide 2 5. T @
probe DT 1% reporter (5° ¥ 12 Fluorescein AN #H R
%), quencher (3' %2 Rhodamine ZOEEHEFE) &R
N3 200HEBBENITANVERTEY, ZORETIEL
HIB T RN F—OBBEKRIC X Y reporter DHGIZIIH &
5. PCROMERGHH#ET &, probe 5K &1 re-
porter DFHEIZ & b B WHEIEEELEEML, BRBEEWICHE
@& 7z PCR EY % #CHEED S real time ICERZRENT
5.

b Wild & Mutant  FEMIZEER T L L9 1
3’ -end specific primer % %5 L, mutant & wild Z X TE&
5 &M%, osynuclein mRNA OEBEBI o7 %
mutant allele i2DOWTERB LAHER, N4 VERTIERH
S VWIEEF T mutant allele DFEWAIF LA LA L DR
Mol TAVAFY VY RRATREREROD 5EET
mutant allele DERE AL DL, o7 FEEIIODVWTR
RT-PCR THEFRLTH Y, mutant allele DEHOAE D LN
Lo/ BETREREEREE T wild type 25EF] & L
TRENTW, Wild D& & Mutant DEDO LTI, BBEE
ROBEEAHBEERI A LD BRI (Fig 17A~C). kD
ZEHS asynuclein ICEEZFEORRATIE, U U NEHS
b B 7z mRNA BRI THREER E mutant allele D3EIRAS
BTTANTOREICHEDY, 2222 HOERMZ2HED
RRTHRLEDOLNIT. NTURL2EEAVAVTLBEI -
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Abstract

Etiology and Pathogenesis of Parkinson’s disease :
from mitochondrial dysfunctions to familial Parkinson’s disease

Nobutaka Hattori, M.D.

Department of Neurology, Juntendo University School of Medicine

Parkinson's disease (PD) is the second most common neurodegenerative disease after Alzheimer’s disease.
It is urgently needed to elucidate the cause of the disease and to establish neuroprotective treatment.

We have been working on the etiology and pathogenesis of PD for many years and we found selective loss of
mitochondrial complex I and the alpha-ketoglutarate dehydrogenase complex in the nigral neurons of patients
with PD. Our observation firmly established mitochondrial defects in PD. Mitochondrial respiratory failure in-
duces oxidative damage in neurons, and we found increase in hydroxynonenal and 8-oxo-deoxyguanine, indices of
oxidative damage, in the nigral neurons of PD. These abnormalities can trigger apoptotic cell death.

The primary events which induce mitochondrial failure and oxidative damage are not known, however, it has
been postulated that the interaction of genetic risk factors and environmental factors would initiate the degenera-
tive process. Based on this assumption, we conducted genetic association studies by the candidate gene methods.
We found that polymorphic mutations of superoxide dismutase-2 and 24-kDa subunit of mitochondrial complex 1
were associated increased risk of developing Parkinson’s disease.

While we were doing this genetic association study, we found a family, in which parkinsonian phenotype
completely segregated with a polymorphic mutation of the superoxide dismutase-2 gene. In this family, 4 out of 6
siblings were affected with early onset parkinsonism and the parents were apparently normal. Thus the mode of
inheritance appeared to be autosomal recessive and this type is now called as AR-JP or Park2. We confirmed the
linkage of this type of familial Parkinson's disease to the superoxide dismutase loci that is located in the telomeric
region of chromosome 6 by the linkage analysis using microsatellite markers in this region.

Then we found another family, in which an affected patient showed lack of one of the microsatellite markers
(D6S315), which we were using in the linkage analysis. This observation prompted us to initiate the molecular
cloning of the disease gene utilizing D6S315 as the initial probe. The molecular cloning was done with the collabo-
ration with Professor Nobuyoshi Shimizu of Keio University. We identified a novel gene and confirmed that muta-
tions of this novel gene were found only in the patients with autosomal recessive Parkinson's disease. The novel
gene was named parkin.

We conducted mutational analysis on more than 700 families with Parkinson's disease. We also established a
method to detect compound heterozygotes of parkin mutations. Mutinous of the parkin gene were found in ap-
proximately 50% of autosomal recessive families. Many kinds of exonic deletions and point mutations were found.
This type of familial Parkinson’s disease had been considered to be unique among Japanese, but since we started
mutational analysis of the parkin gene, we confirmed the world wide distribution of parkin gene mutations.

Then we analyzed functions of parkin protein with the collaboration with Dr. Keiji Tanaka of Tokyo Metro-
politan Institute of Medical Sciences. We found that parkin protein was a ubiquitin-protein ligase of the ubiquitin
system. Now we are working on the candidate substrates of parkin protein as a ubiquitin ligase. We found that
CDCrel-1, a synaptic vesicle protein, was a candidate substrate of parkin protein. In addition, we found two addi-
tional candidate proteins, i.e., alpha-synuclein 22 and PAEL receptor, with the collaboration of Professor Denis
Selkoe of Harvard Medical School and Dr. Ryosuke Takahashi of RIKEN, respectively. Accumulation of PAEL re-
ceptor in the endoplasmic reticulum causes endoplasmic reticulum stress and apoptotic cell death. We found evi-
dence to indicate accumulation of PAEL receptor and the presence of endoplasmic reticulum stress in a patient
with AR-JP (Park2).

Thus our studies firmly established that a genetic defect of an enzyme in the ubiquitin-proteasome system in-
duces selective nigral neuronal death. We indicated the important role of the ubiquitin-proteasome system in
neurodegeneration in general. In many other neurodegenerative disorders, such as Alzheimer’s disease, Hunting-
ton’s disease, Machado-Joseph disease, dentatorubral-pallidoluysian atrophy, and ALS, ubiquitinated proteins are
accumulated in neurons. Thus protein handling in the ubiquitin-proteasome system appears to be affected in
these neurodegenerative disorders despite the difference in the primary defects. Our studies also suggest many
potential approaches for the discovery of neuroprotective treatment for not only Parkinson's disease but also
other neurodegenerative disorders.

(Clinica Neurol, 44 : 241—262, 2004)
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Abstract

The ubiquitin—proteasome system (UPS) is important for intracellular proteolysis, and is responsible for a diverse array of biologically
important cellular processes, such as cell-cycle progression, signaling cascades and developmental programs. This system is also involved in
the protein quality control, which maintains the health of the cell. Thus, the UPS provides a clue for understanding of the molecular
mechanisms underlying various neurodegenerative diseases. In the last decade, we witnessed a tremendous progress in uncovering the
mechanisms of Parkinson’s disease (PD). Of the several genes that can cause familial PD, parkin, the causative gene of autosomal recessive
juvenile parkinsonism (ARJP), is of a special interest because it encodes an ubiquitin-protein ligase, which covalently attaches ubiquitin to
target proteins, designating them for destruction by the proteasome. This review summarizes recent studies on the UPS pathway with a

special reference to parkin, focusing on how parkin is linked to the pathogenesis of ARJP.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Neurodegeneration; Parkin; Parkinson’s disease; Proteasome; Quality control; Ubiquitin

1. Introduction

Numerous studies have recently emphasized the bio-
logical importance of the ubiquitin—proteasome system
(UPS), which is capable of catalyzing rapidly, timely, and
unidirectionally a multitude of biological reactions includ-
ing cell-cycle progression, DNA repair, cell death (e.g.,
apoptosis), signal transduction, transcription, metabolism,
and immunity [1-3]. In addition to regulating the functions
of divergent proteins, UPS plays a major role in stress
response and in protein homeostasis, i1.e., protein quality
control, not only in the endoplasmic reticulum but also in
the cytosol of eukaryotic cells [4,5]. There is sufficient
evidence at present to indicate that the funetion of UPS is
closely related to the etiology of neurodegenerative disor-
ders, particularly Parkinson’s disease (PD). Specifically,
dopaminergic neurons are vulnerable to the failure of UPS-
mediated protein catabolism and accumulation of as yet
unidentified protein(s) caused by dysfunction of certain
pathway(s) of UPS causes the loss of dopaminergic neurons.

* Corwresponding author. Tel./fax: +81 3 3823 2237.
E-mail address: tanakak@rinshoken.orjp (T. Suzuki).

0167-4889/% - see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbamcr.2004.09.026

Studies of this topic have focused on the role of UPS in the
pathogenesis of both familial and sporadic PD.

2. Ubiquitin

Ubiquitin (Ub), consisting of 76 amino acid residues, is
a highly conserved small protein that acts as a degradation
marker for a wide spectrum of cellular proteins and a
unique molecule of intracellular proteolysis [1]. It is first
activated ATP-dependently by an El (activating enzyme),
forming a high-energy thioester bond between ubiquitin
and an E1, and the activated ubiquitin is then transferred to
an E2 (conjugating enzyme), forming a similar thioester
linkage between ubiquitin and an E2 (Fig. 1). In some
cases, E2 directly transfers ubiquitin to the target proteins,
but the reaction often requires the participation of an E3
(ligating enzyme, and thus referred as ubiquitin-protein
ligase). Through a cascade of enzymatic reactions,
ubiquitin 1s covalently attached through its C-terminal
Gly residue to the e-NH, group of the Lys residue on the
target proteins. Finally, a polyubiquitin chain is formed by
repeated reactions through which another ubiquitin links a
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Fig. 1. The ubiquitin—proteasome system. Ub, ubiquitin; E1 (Ub-activating), E2 (Ub-conjugating), and E3 (Ub-ligating) enzymes; DUB, deubiquitylating
enzyme; USP, ubiquitin-specific protease; HCH, ubiquitin C-terminal hydrolase. The 268 proteasome is a eukaryotic ATP-dependent, multi-subunit proteolytic

complex. See text for details.

Lys residue at position 48 within one ubiquitin associated
with the target protein (Fig. 1). Ubiquitin has seven Lys
residues, which are all used for polymerization catalyzed
by this ubiquitin-modifying system [2,6], but a polyubi-
quitin chain formed via Lys at 48 functions mainly
becomes a marker for proteolytic attack by the 26S
proteasome (a eukaryotic ATP-dependent 2.5-MDa multi-
subunit complex) [7.8]. In addition, the K63-linked
polyubiquitylation and monoubiquitylation without the
formation of an ubiquitin tree have many biological roles
other than proteolysis [2,3], but the details of this type of
ubiquitylation are not the focus of this review.

To date, it i1s known that there is a single El for
ubiquitylation, whereas E2 enzymes consist of a family of
proteins, consisting of over a dozen of species in mammals.
Moreover, E3s are considered to exist as molecules with a
large diversity, presumably in more than hundreds or
. thousands species, because E3 can trap not only target
protein(s) but also ubiquitin activated by the E1-E2 coupled
reaction, and thus is capable of catalyzing the successive
transfer of ubiquitin to the protein (see Fig. 1). Thus, in the
UPS pathway, E3 plays a critical role in the selection of
target proteins for degradation, because each distinct E3
usually binds a protein substrate with a degree of selectivity
for ubiquitylation in a temporally and spatially regulated
fashion.

So far, E3s are classified into several groups but here we
propose that they should be more appropriately categorized
into four types (Table 1). One is the HECT-type E3
encompassing E3 with a domain capable of binding
ubiquitin as a thioester bond, termed “HECT”, which
harbors 350 amino acid region of homology to the E6-AP
(the first identified HECT-type E3) carboxyl terminus [9].
The major group of E3s is named RING-type E3, a general
term for ubiquitin-ligases with a RING-finger motif(s)
consisting of the Cys-rich consensus sequence flanked by
one or two His residue(s) [10,11]. The RING-finger motif is
capable of binding Zn**, and is subcategorized into typical
and atypical forms. The typical RING-type E3s contain
three classes with subtle differences in their structure:
RING-HC (C3HC4), RING-H2 (C3H2C3), and RING-
IBR-RING. The atypical RING-type E3s are structurally
somewhat divergent compared with the typical types. Some
of these E3s contain proteins with the PHD domain (and
thus often called PHD-E3s), but this domain is not directly
linked to E3 activity [12]. The third type of E3s have the
U-box domain whose tertiary structure resembles the of
RING-finger domain [13,14], but does not show a binding
potency to Zn®", which is probably required for keeping
the domain structure in RING-type E3s. Interestingly,
some of the U-box E3s (e.g., Ufd2) can promote a
polyubiquitin chain, provisionally termed as “E4” activity,





