BIOLOGY

BALA ML AZFIERITIEIZL B VN
CUBOZ Nk, BRABIAEESR
TWh, INOLDOHRI, BEY VNI EIC
LB MRS — Do DR E N L THIERI S
Ev) INiE, ¥ FEE MO ERREA
EE I, BENKREREIC L )M
BHIL2XRTHLIHIICEDNS,

—77, 2002 4E Bucciantini & Stefani & 13 28k
ROGEY V7 BITHBEEBEE2 R, B
MEIRDEEE S V7 BEFEEN RV E W) H
PRIEV BRI R B3 Lo & ORETRIZIRLK &
BAEROBRE Y 57 BN 2 =5 4%
VW, g R sEE LB 2R A 8
BLIER, BohizbnTdhsr, 512,
S & EEAR 7 KIBE O HypF & fl W /-EE&
THRRDOERNR SN, EErEo0GEsy
YN BITBMEIRTIE R CERIRTH B LW
D, BEY VNI BOFEEICEHETLMAD
BoNize T/, AT F P& AWK
ThING DMEFERT bR, RO
FEGTHLF ) Tv— 7O T4 7Y
EIFIEN D DOV ELFEEFET L LN
REENT, BEY VN7 ENEOMBEE
DA J Z XL F B> TOWR WESD %
WA, EEFTOmXICL DL, BEEEEOFY
I —IRE_EEDREMN* LA S5,
Thbb, TERYBESELI LR, AV

TOPICS —

Yy s CELLMBER A VY T AkE
¥ T AHE T B EATRENT, FEDIC,
CDONEBN L EBRRVEENOMBBEEE &
DRERBL TWDHOPEEMTIEd 5D,
@EY N B EIREZEEOHEER I
fage L BB EENH L T LR RB L2,

HHUIC

VT F A= a3 VIRICBIUFLERE Y
7 BDEEN, BREOERERLE 2 5 RGN
SThHAED, HHViE, BIRROBRICE
ELRVOPREVIHIHERINTE 2, Th
i, BES VN BONBRER > CBRERD
PEAE K UTH| RS P HIIRE I CE 5 £ C, WK
DERDBEL DFHIZBENTHELLTH A
Yo LMLV DL, FEMPRFEDOHED L
FICLY, WRO—mPHLPLICR ) DDOH
D, BEOWEIIYERZHES, EMICED
BEYOLMARI S NIz, BES V2 E
DEAVFERHEEICMZ, YyRuEyRTFaT
TIV—LDy T EMBEBRV AT LN, T
TYV—LRE, BREY VNI ELEREEF
SELRAHBEBROMEOER 5ERICL Y,
MHEEMREEDREEOML Y —H LR T
B EEBET 5,

HABERIRF S8

< BIO Information >

61 B MHES

HABMEES T AR EMBEESE I HFNEER L TROHETHEN LT T,

H B:FHR17£681H (k) ~3H (&)
= B o OTEREEE (R IV D)

F #AEEA - BREMEYS & B4 E (HIEEED)
BEWVWEE | T 101-8449 HEH T HX A EHEERT 3-24 FRABEEMET N
(BR) ICSa v vy a vy 94 VA ISMOSEER

BEE 1 03-3219-3541, 77 v 7 A . 03-3292-1811

84 (644) BIO Clinica 20 (7), 2005

BT A — )V | jsm05@ics-inc.co.jp




R R S R R R

5515%: 55 20054 5 H10HFAT

MC A hHARR



P3RS RHER vol. 15 no.5 445~ 452, 2005

B ¥ O 0 e

Neuroscience

IN=F ) VIEOTFEYEF

EERE"Y Ryosuke TAKAHASHI

1) TSR K AERIR SRR B AR A2 AR B A A e 2
T 606-8507  RUHRT A2 B B b /1| BT 54

L. WN=F%F2J &R

~/

N=F V) VIRIEERE IS R RS
THD, HREITNL000AZ1 AT, 6580
LOANOD 1 BE EDRET B VbR E,
FEREZZRI T P IEE D F =83 ViR OERE
RZEMREDSEERTH 5. FRIETT S &
FHRBO /L7 FLFYvoa—urevd &

NMMEBEHBEOT7EFLa) v, —a VIl E

HEPRRE, 610, FEFEMSHNITIE P —s33
VRIS LY MR L JiIEh B MIBRE NE ALK
PEVET =2 -0 Vithbn DTS
% (®1). |

ERAREVICIE P —/8 3 Y RZFER S TR T H
D, IRE(FRDS B Z), EE) ESHDOREE(L)
EliE (FA2EL % 5), LBREAEE (S&E L
RITL<ED) Lo 2 EBREES R A ICHER,
TEEICDRZSTEITL, REICRERZZ DI
BHENIRBEZESL, LF—Nicks F—
IS VHRTSEEE, F— 83V P Tz Mok B
B, T 5 ICER Gl PR Eome: & 5 1
BESTRIIEERE MER A W E X R ERES B
D, EEEhT3,

UL, WREEZOL0OEELEE LS
K OBIRE A IGEEOBRICIETIEA # =X 4

DEHBBETH B, 5—F VY VERELO
e, o2 L L ENERIREY shi

WIIRMTH 52, 5~10%D I — X WG,
TabbEEMETHRIET 5. ZOKERICER
DFEIRMEI =% ¥V VRO REEEF 3B g X
NTER, ZOREERT OEN D 6BETE
BIZX o THREEMIRI 5 A h =X LADHEK
BB S 2ck DOk B,

A CHREE S—F VY VIRICESE b
T, BREBODTF X=X LT DNTEHD
IR %2 &0 THHT 5.

I, RIEEN-F2 K

CNETEBTFENHEAL THB DI
FERMBDD, LD BIRNDOBERTHES »IC
BoTNS, FEW S—F U VIRDEETFHEE
DY YHRNLELUTUIPARKBfEDN TS (E
1), BEFRRAEI N, ZOREI—FV
VVUREFERI T & BSEEL PARKL,
PARK?2, PARK6, PARK7 DYREERETFEEY &
T OMBEERL DD DIZDNTLTIZREL
iR 55 1, 22
1. PARK1, PARK4 : «-Y XL 1>

a-VX VA VIET I JBIOBEOEEE
T, HEERERENICREL TS, fﬁﬁﬁf@éﬂ%ﬁi
@@t#f%?V/%7ZEW@ NEAR

, AEOREIREATH B, wwﬁ a-v
2o VA4 Y DRER (AS3T) MHEGEKENE
B S—F VY VROREIC K 5 &0 S s

ARSI ENESR  vol 15 no.5 2005.5.

445



BENW . oYX VA VERERFERIR  GREBROZEBICL - TRIZ IS
BENTHBEN, VE-INMEOERSTH B Sl ZhiL -V X VA VY IBBEFEIZLT

ZENHENMI /Tl b, RS-+ 2B L /S—F VY VRICE B Z L EER
VIVIRDOREIELASTELTEBEZED S U, MBEES—F VI VRN -V X T AV
KT o/mY, DERBIZE-> TR AABEELBR ISy R—

ol
X512, PARK4 I a-V X7 LAV aEird M AR E o TN B,

TR T -V X704 VIR EDEIIZLT
VE—IMEREERTH L5128 500 7 L

—/IMED &5 BEEREEHAKE JiEh,
AT A-NFPEABELWI BEEREL® S
CEATWE, BARBVARROEEE & R
B7=0IIZIEV T8 (75— LT 4 v
7)) BRBIABERHD. Ty vy X VidE
BEDT +—NLT 4 V7T 5%E%HS
B, TNTEI ELFINAALBEI 5 A0
ARBROBEHE, 2EDIZXATx—LIFEH
BRTES,

BEIATr L IERER S-FVODHE
THLIBREZEFF VU T T — L&
HESRROEE To@Eh, QEINDH,
62D HEATHBEAMICADLELS K5 LI

1 LE—/ME 27—V FEREI HEAICERETS. o-
WA 25 NBRB L 4 N TRDREN. N~ g 4 L RS Y YT IE
LU LRTENT 5 EEPERMOGRAEMIIT 1 v BRI ATIRZE
k<AabhB, BIZkosTIAT7 =N LT 35, IMFH

R1 REHEN—-F2V VBEONE

BRT BIEER
PARK1 4q21-22 a—s\ynuclein AD
PARK2 6q25-27 Parkin AR
PARK3 2pl3 ? AD
PARK5 4pl4 UCH-L1 AD (7)
PARK6 1p35-36 PINK1 AR
PARK7 1p36 DJ-1 AR
PARK8 12p11.2-q13.1 dardarin/LRRK2 AD
PARK9 1p36 ? AR
PARK10 1p32°? ? susceptibility locus
PARK11 2q36-37 ? susceptibility locus

446 | BASRATHEER  vol.15 no.5 2005.5.



EMEICK OS5 hh 25 I 04 3 | Neuroscience

IS—=F VY VIR TREIRRBEMHICK-TI X
7 x = LU, BERL TV Y —/MREERT
BEOTRENPEEZOND KI5/,
VE—/MRZEFHEME LS LENL0T
A=F=DF7IaAL FT7 4TV NEXENS
PAEEE 22920, AREA - VXTIV A Y
LRBREATYE—/MeE X277 Ia4

FT74TVNEBRT B EWRENTNS,

RAT =N FtLza-v X7V A VDE
By —F VY VRORRICABE VNI FAL
&, a-Y X VA Y EBRIRETSETIVE
M=%y VIREPOREETRT LI IS
BHILENEETREIATNELD, FTvY
A THRERENICHERNE 2 3ERED o -
ROVA Y EBMCRREES L, Fori3y
MRS RBOICEME L, EBMELET
T5. T HICMERMBRNIC L C MR
BEEEYMIPAWERT 3, —F, YavVayx
TEMIZ a-v X7V 4 VEBRRBE RS L
N — %3 VHRRMIRRE SR Z D, Rl LY —
IMERRE AR E B,

BE, BLOMIZE > T\wa Z LMl
MERETEONLVE —/INMEEDD, Fhl
NADIZT =N F{bLiza-YRI VAL VD
TTEPENIRTH B, a-YXo VLA VH
L E—/NMED & 5 GARHMEREE % in vitro TR
THBRBEOWZELE, 7304 FT74 T Y0
WEDHIOFEAETHEE T b7 4 7Y LD
FEPHEL2IED, BHETO DO TIREL,
Fut 74 TR MREEERET SO T
BEOREDELINZOBFRIBEINS LS
WKk o7z (K2)9,

TR TATYLEERT BB, LI L
E—/MED & 5 BIREEOH AR IZERE
BFT A TVNICEDLBILRHEELED,
HCADTUE 520§ 2HM sHeE% &

* Amyloidogenic intermediate

* Amyloid fibril

B2 a-YXI9LAMDOBHE7c7ILD
2R & 32

EELa- X T L IBEFERCHREESRL E
W&o TEXT+—bFEL, REFEOTON 7 T
DIVERRTS. 7071 T UILOHETEEIR,
BRECEELETHY, ZO—WHE4E%EH DOlEE
MHFH3., TOLT« TVIESBEHICR T« 7Y
WCEREL, LE—/IMEPTBES N 5.

DZENERHEI TS, —F7 4Tk
BolzV¥—/NMEETu 74 7Y LE S0
TTYV—LDOERERT & &5 TR B
ENTHD, EOLTEIEEEE > TS
DA, SHOBRIFEFZNS.

2. PARK2 : /S—F% >
ARJPIZA0RLL T THRIET 2 /3—F VY VIRF
MIERE ER LT 2HRET, MEREZENIC
FIFEME S —-F Y VRE R, BE - F0
BOBREAMROBROZEIFETH 5.
ULV E—/MRIZEEA S LN,
ARJPDREEEF/ 3 —F VIINFRIC 2 Y
FF kTR Y —EHE, CEREIZ_DODRING
T4 v EETAERETHD, ¥
FFUYA—H (BRI E3) LnwHarFF
YI7uFTY - LAEEASBRICIhr b R
THEZENHEHLTNAT 182028 g P
FrITUTTY - LAREIIEFTOEEED
FhofRRETH B (K3) ),

B IR A RESR  vol.15 no.5 2005.5. | 447



448

IEFFUIET6T I VBONIEEAET
H55, HHELESE (BE1), $4#% (B2),
BHEERS 503 T — ¥ (E3) » b & 538
WEBRRSIC & D ENEABICHERAL,
CHICZDORIBERBEDIEST Z LIz k- T
ENTeR ) 2 FF VEBENEEB O RE
VOFE UTIERT 3.

SR I N ERBTIOREALELE
NEBREARTHE T T T —LTHD,
V)V E—IROBIRD 20S T 77V —ADH
B THENEABIZIELESICARENT
LES. E3ORENIENELE 2 HEMICE
WL, E2081%ED T, 2025 1L
eRETHIELTHB. /S—FVDRING 7 4
YA—EE2 DA, —ANFKHRDOLE FF
VEREUV BRI T TF TV - AL DA
WETH B,

PEXb, ARJPTIZ/S—F YV DE3EMD
BTkt —=FvakFarFs oL,
ZTONMRERETNEEERF -3 VR
CERL, wREMES R ITLEEIOA
5. INFTIIN—-FUVOENEREL LT
WS OPDOEHEXSHEERESh TS, ¥
F 7 XN BTE$ b GTPase ® CDC-rel12®
WgEtishiza-v X2 V4 VB LV a-V X
sV VORERRETAEREE S, LE—
INEDRERES T % & 5 synphilin-13 2V, F0D
EPYAIYVE, a-/B-FaT VY, TIJ
7 VL IRNAGEEREA 38 72 = v b
PEMNEREL LTHRESh TS, Zhb
D& TR B BSEERE L7752 )L (Pael)
RERBNBEZ P L 2ESS-F VY VIEE
OO, 2OEMAEEMIELHET 3
ATELTRICERE ST 39,

NIRRT, BERE2 A 7)) v FEET/ -
TUHAEAE L LTHEE SN GEORAER

TR SVENEER  vol.15 no.5 2005.5.

REETHD. NTUREERIEF -3 U
BICERELTED, BHEHEOERETIX
TA— L FEHBICE > TLE S 23T L%
BARE IS —F ¥ AUNIER L L TH R LT
BZENbhrolz,

ANk I E S B ORI 3 5D 1 & 51 5
BEAE,/ FWEREDRBEEE 41T > Ml
WINRETH59, NakTHERED 7 + —
NT 4 v ZORPIC K > TEAE B & h,
HEL T = NF 4 VITENT, Finl7=A7
EHERDWREIZORFENE N, 74—
FAVIIRR LI T 4L FEEER
HMREND. .

ZDEIICHTWREHENNERTT + —
LT 4 Y SREBIZB U TS 6, 4fE
=% % #RH & /NBRBIE S (ERAD  endo-
plasmic reticulum-associated degradation) & K &9,
ERAD DEZ & 7 % B HE I MARE T #xR
Sh, fiRBo2vYFFy - TuFTY —A
RiICEoTHfREENE (B4). PaclZREWE
BRFER S E-METTar 7Y — LHEEH
ARELEEZ S, ST ASEERONEEA
DEBBBE SN, ST BZEEMNERAD T4
RENTWAZ L Abh o7z,

Xt TuF 7Y —LDEELEHRIES
L, PR THBENTREESREREERL,
ZHIZPE - TS S A TIEATLE S .
INBERIZI 27— L FERENER TS L
VRS EE N E XN S Z LS5, /Nak
b2 Tn 5, Mg Ekz b
T BEBO A U AGEE L TCHITEYEE
AL T, R LEZERIBNEEA bV
WYEREE A BRI L ELO6ND,

X510, & b Ao 22E TARTP DFk
B CARBEE STV ZEEOERPBE S
26, ININZEROERIZARIPIZALO N



EMEICRKR S SN B R HFOME |

Neuroscience

BHREMED A N X L% D L HET 2
(R 5).

Miwﬁ%iD,MMPmix7jw»Fm
LIS VREROBREERICED F =33
VR AR I RSB ICka > TRIEICE S
DTREVPEELILNS. ZORGE 5
EXHETBEREELLC, Y3V auIO
RGIZ TV Z B/ R e RBICHBEIEL 2 LI
o TARJPDEF L PMER & 7=, /1)L
RERE P - VIRRGEN G T -4 —
EHOCTHRRSES L, BLHR40H TRHDO &
BERLO B =33 VAR SEEIE E SRS T
5. LT REKREEEMEERICTHE
Ry, AU =33 Vilifgz
DEUBRET L nbrD, F—r33 Vil
FasMad 6 OBE TN ILVSERERED X b
V2RI 2 L MBI B,

—F, YUATRNS-FVOEEBTFE
277 P LTERPTEEBIRI 6LV,
CNICR S ELELFUALTRETH S0,
FDOARJPT S 20 ~305ERIC A D ETHIEL
BNZ bbb, =%V ORBOERIIO -
CODUEBEETHEZLEALLN, WOEW24E
ML ILEELENYY A TRRTRERIE L &
WONE LR,

3. PARK6 : PINK1

PARK6 (Z HE R ERSEEFE/ S—F V¥
WOBRKFEE A2 LD, WEBEFL LT
PINK1 (PTEN-induced kinase 1) A EyTHEE X
niz® PINK-11ZEAEY VRR{LERTH 2
&S IS OEERIZEE & 2T,
VEUTICBETSAZENE, S b VY
T ORI R BB EBELUTHEH
REMER S 5

BHLAWZ LD, MEES-FVY VR
BEIRPIOBETCEI ba Y FYTETE

S N

BEROGAFEIOEUEMET LTS, Fiz,
[ <A ] ZHE$ % MPTP, rotenone &
W 72EEI AR —S3 viRkEE UCERL,
EEREC/S-F VY XL EFERITZ
EB, I IV T OMEEEKT AR
IS=F VU VIROREICERICEEL TN D
CRRBINTEAW, PINKL OBBERRIC X >
TILIVEYTERN—-FVY VRERBUD
FARNEFERAELND ZEMEIF SIS,
4. PARK7 : DJ-1

PARK7 & BHREBEARBERET, FFEWE/ S -
FUYVRDERIEET S, DI-1OERS
T VvEEA LY T OPARKT DFRRIZHM &
n7=?, DI-13kEgE L, HHEO v F 7 —¥
CHERILTh 32y, BBl k<broTunik
Wi BRiA v av-vELTEES L
, B, BEBRIKRERDICEET SR
BILBEABT AL VFAFVE Y FTH
5 EMHPAL 2D, F =33 iR
WA PV ZCBEARPTVRERECE»NTY
5Zrhb, BRI b L ZHIMAM S F
VI VIEOREIC A B & DEZIZLET
bENTH-72. DI-1EZDEL5#EBETD
Y ol @RS

m. $hHt)ic

A317)

KRG S—F V) VIRODTF AT X LI
B 2BEDMRBEMBL TE . —FRHA
Uiz Z &, REW S—F Y VIROHRE
2 EIMFEM - F VY VIRDOFER AN DB R
BEXIPDPIBENZZETHS,. PARKIOD
REREEF «-V X7 LA VBAIREE S—F v
VBRI B W TR ERELBEZEC TS Z
LR, RIZPARKL, PARK2 ORfZEH
BIS—F VU VIETWRIZ I x - L FEHE
DE/RL ITNEHBT2REEHES 2% F

IR FEZR vol.15 no.5 2005.5.

449



Ub: ZExF> (Ubiquitin)
E1: Ub-activating enzyme

E2: Ub-conjugating enzyme

E3: Ub ligase /
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HEIZAEOWIEZE R/- 72012 L\ 3 kS
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720, MEREHERIAT7+—VFET5. &
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BB T AT EATIELENI LIl Lo
Td ML TELEHRENNI0%IEI A7
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MR EF SR THRENH S, L IE
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(Fig. 1). L G MR TR B I i 25
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CDE)REBENIL, HEEEREIEHEOE

* Ubiguitin-Proteasome System and the Strategies for the Therapeutics of Neurodegenerative Diseases.
" RBMAFREREERF LR BHREMESE (WEAHB) Ryosuke Takamast : Department of Neuology, Kyoto University Graduate

School of Medicine
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Fig.2 Ubiquitin-proteasome system
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GFP degraded by proteasome

(Bence N, et al. Science, 2001)

Fig.3 Misfolded proteins inhibit proteasomal activity
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Il FiE4 Parkinsoni® & UPS
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EEEZREE T 5 PARKL E PARK2DUPS & D
Bh DIz oV TR~ B 0 W,

V. a-¥ X712 EUPS

a-Y X7 VA IT1407 X BOMBREER
REHE THRERRKICEBICFET 52, 204
BHBRENIAHTH 5. a-V X7 AL v DELE
REBIZEBIALVAER (ABST) THELE
BB E E R Parkinson J/IZ 22 A 2 & HT19974F
HoPCRY, TOR2EHOIALVAER
(A30P, E46K) AFEIESNiz25, wihb &b
DTENBRERET, HRATIZEZRDD) o T
v, EZAD, a-¥ X7 U A YA Parkinson
ROBHENHEETDH 5 Lewy/MED EH S TH
AT ZEAHIBAL, ParkinsonfRDO#E%EBSDF
CLT—RBEEZEDL I IR0 E5a
VR VA v EREUREBRESO_ER, =8
B (EEPARKY L FHENTW2RR) bEMEE
fEZDa-Y X7 LA Y RFIERITIENbRD,
ERICEMT 572 CHEILD RS Z EHHHS
Pl o/zZ &b, IFEME Parkinson 3% Clda
VR VA VOEETLE LESHRET A5
JEWCHEHDL B LWV EZFIThPCHEE 2O S
I ot BE a-VEXIVALA DTV
AVrZw 78 (XY, YawYasas)
TIEERS Y 1C Parkinson W DFEIR, FWHEFT R B
BYa 3 Tur7V-—LsHERHTE2EH,
FBREEBRICESTAI LIZE o Ta-
X7 LA v ERANEERTER ) B F—
NI VHMBOEENFEIY, UPSDOIEHEKT A
Parkinson fRFIEICHE D &9 F 2 2 EAT



TWwW5b, w®ill, a~-¥Y X7 LA ZiZUPSOAL 5
FTUYY—LFR, TRV ENTUNEEF— b
T7 VLo T BEND L DML RE S
TWAHDT, F— b 77 V—& ParkinsonIx D
BLESBEIEESINS.

V. Parkin & UPS

Parkin I3 PARK2, ¥ 7213 % RameEEEd
N—=F V= Xh (AR-JP) DRHEERTTH
575 UPSTEELRFEEERL-TIEFF VT
—+¥ (E3) THD. EIFHRD L) ICHEEE
HEZHFEWICHEHST A RE2HE TuBH I E P
b, Parkin DERTESEMENRbNIHEREEE
EHEPEBRTLONFNAR-IJPOREA H# = X A
THhHEEZOND Lo/ BHETTIZ
10FEFE L) £ D Parkin D BB HEE AR DO o T
B, £0DIHH, BRI LT E & D HBEIC
JHHTE L EEEHEDY, bhbARIELREI
AT =) FERTVEZEE (Pael-R) TH 5.
Pael-RiZV &Y FAHOGEH G HE R ZHME
TH5HY. Pacl-Re & HAEEENE T/
T RO VYOPITTTr— VT4 VT ER
5., ELVWEEZRNWA-ZAEREICEY AT
BUS, TH—F4 VIIERL, AT +—
FIEL7z, whifZaich o - EHEZMEEIC
FH®RINT, 22 TUPSICIoTHBENS.
COEEDED T HIMBE SRRSO Z L &Nk
B # 4% (Endoplasmic Reticulum-Associated
Degradation ; ERAD) EIFATWAD, bbb
NI A7 4 — )V F{tPael-RA*ERAD IZB W T
ParkiniC X o T2 FF {ba N, 5L X
N5 ExZEX b/, Parkin®E3EENLh
Nbe&, IRX7x—tPael-RiZ/PMEKIZE
BLC, /DA L2AZFIERIL, FOA L
VARBEDHEMIBENTRILLDERDNS.
COEZIWZ—HLT, YavVaynn, F7-03
¥ XA TPael-REBREFHTH L F—r83 v =
2= YOERERENEREZ SN S, Parkin/ v
JTT R ATIEPacl- RE &0 CHRAMNDEY
EHEDOEREALNT, F—r83 VHEHILIE
BEIORW, ZOEERFEBEDER CTAR-JP
DA =X N BHETE B0 E DRI 2 505
ZEAHLTWES, BIOBAD S IZHRAILEE

THLNBRELEDO DT 2 ENELE T
B Z EDFAANT T RBIZ UL, H LV RIS
LML DD 5.

BhIC

BREMEEHRROEIT R LD, BELZTF
Bi4 5 &9 BRI IEEETH SN TWR WA,
CZTHRTELLIRUPSEDEETE X 5

v, BEEABROEERIEILIY, HoviEE

DRER & BIEILT 2REE, HHNEIAT 4
— )V FMLEREUPS # HET 5 B % IHl+
BEIBIEEENEZ OND. FhIATH—N
FIEEBE I L 2 SRS EREL X ) TR
BT BTN, FLWEREEOEMICEETH
%9,

X ik

1) Taylor JP, Hardy J, Fischbeck KH : Toxic proteins
in neurodegenerative disease. Science 296 :1991-
1995, 2002

2 ) Kopito RR : Aggresomes, inclusion bodies and pro-
tein aggregation. Trends Cell Biol 10 :524-530,
2000

3 ) Schubert U, Anton LC, Gibbs J et al : Rapid degra-
dation of a large fraction of newly synthesized
proteins by proteasomes. Nature 404 : 770-774,
2000

4) Carrell RW, Lomas DA : Conformational disease.
Lancet 350:134-138, 1997

5) Hershko A, Ciechanover A : The ubiquitin system.
Annu Rev Biochem 67 :425-479, 1998

6) Bence NF, Sampat RM, Kopito RR : Impairment of
the ubiquitin-proteasome system by protein ag-
gregation. Science 292 : 1552-1555,2001

7) Bennett EJ, Bence NF, Jayakumar R et al : Global
impairment of the ubiquitin-proteasome system
by nuclear or cytoplasmic protein aggregates pre-
cedes inclusion body formation. Mol Cell 17:351-
365,2005

8) Jana NR, Zemskov EA, Wang G et al : Altered pro-
teasomal function due to the expression of poly-
glutamine-expanded truncated N-terminal hun-
tingtin induces apoptosis by caspase activation
through mitechondrial cytochrome ¢ release. Hum
Mol Genet 10:1049-1059,2001

9 ) Tanaka Y, Engelender S, Igarashi S et al : Induc-
ible expression of mutant alpha-synuclein de-
creases proteasome activity and increases sensi-

IEFFrTuF Ty —AREMBEENEE 701



tivity to mitochondria-dependent apoptosis. Hum
Mol Genet 10:919-926, 2001

10) Cookson MR : The biochemistry of Parkinson’s
disease. Annu Rev Biochem 74 :29-52,2005

11) Moore DJ, West AB, Dawson VL et al : Molecular

pathophysiology of Parkinson’s disease. Annu Rev
Neurosci 28 :57-87, 2005

12) Takahashi R, Imai Y, Hattori N et al : Parkin and
endoplasmic reticulum stress. Ann N'Y Acad Sci
991:101-106, 2003

Ubiquitin—-Proteasome System and the Strategies for the Therapeutics of

Neurodegenerative Diseases

Ryosuke TaraHAasHI

Department of Neuology, Kyoto University Graduate School of Medicine

A growing body of evidence strongly suggests
that accumulation of misfolded proteins consti-
tutes the common pathogenetic mechanisms un-
derlying various neurodegenerative disorders.
Since ubiquitin-proteasome protein degradation
system (UPS) plays a principal role in the degra-
dation of cellular misfolded proteins, the impair-
ment of UPS associated with aging may lead to
development of sporadic neurodegenerative dis-
eases. Moreover, mifolded proteins inhibit prote-
asomal activity when over expressed in the cell.
Based on these lines of data, accumulation of
misfolded protein and proteasomal impaiment
form a vicious cycle, leading to a catastrophic
neurodegeneration and neuronal death. Familial
Parkinson’ diseases (PD) provide excellent ex-
amples for the involvement of UPS in Parkinson’
s disease. Missense mutaions and gene multipli-
cation mutations of ¢-synuclein, a neuron-spe-
cific presynaptic protein, are responsible for
PARK1, an autosomal dominant form of familial
PD.a-synuclein turned out to be a major compo-
nent of Lewy body, suggesting that accumulation
of a-synuclein leads not only to familial forms
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but sporadic form of PD. Systemic or local stria-
tal inhibiton of proteasome induced dopaminer-
gic cell loss accompanied by a-synuclein-posi-
tive intracellular aggregates, providing evidence
that proteasomal impairment may be causative
in sporadic PD. Parkin is the gene responsible for
autosomal recessive familial parkinsonism (AR~
JP), or PARK2. Parkin turned out to be a ubiqui-
tin ligase, which specifically recognizes substrate
protein (s), ubiquitinate them to promote their
degradation. Among 10 different Parkin sub-
strates, misfolded Pael-R is one of the best char-
acterized one. Misfolded Pael-R is ubiquitinated
with the help of Parkin in the endoplasmic retic-
ulum (ER)-associated degradation (ERAD) path-
way. When Parkin is mutated, misfolded Pael-R
accumulates in the ER, leading to ER stress-in-
duced apoptosis. Pael-R induced dopaminergic
cell death is recapitulated in transgenic Dro-
sophila and mice. Based on these findings, future
therapeutics against intractable neurodegenera-
tive diseases should include downregulation of
the causative misfolded proteins and/or en-
hancement of UPS.
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* Apoptosis Research : The current status and future prospects
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