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e SO EE, ZOMIE IR S D BRI & (3085 T & 2R
L7ce /NI HUL TR, SERMRENIE <7 2 W T KT R IC B0
THEE I, AENMIEE~OBEINE T LTI s 7o, F /o, WRERH I
MR IERICHATCPP32/-7 7 X TIHERMEOB I LT 5 Z EA353h-
7o TNODFERIE. CPP32/ » 777 b= 7 A THHMBRFBABRIZEOTTR
b= APNEFITR T > TWENWT &M@ RB LUK, & 6 1TIf412H Ol Rosh
AR R U SR, 7R P— 2 REH T L laPyknoticcel ) OHEEAACPP32 ) »
ZT7 PRTRICEWTHEHFAELEWE ENHOMIE -T2 £OMDFRICTHIT S
TH =Y RORFEEWNS 20T, FIRMEEET IV E UTHREIT - 70 Kl
A BB BT HC RICHEMEY 7R b= Rk DB ERah s & &b%
Mo TS, HIRERNOT —A—ICXEFITREDENVERWETI LIETS
- Tce Eoic, MBERICT R b= Z2RBITEAN (FFH LAYV RS
TR, T3 F) BELUBUE (BiFasiifk, pCD3fifkd KT HCD28iAD
MHEE) ZFHWTHILICH, E¥< 27X ECPP32) v 777 b2 AOMICH
BREEFROETILETEL Do EHICPPROEHLEEZ ShTWEHRY
(ADP_1) £ — 2)# 1) * 5—+ $ LTAD4-GDI (GDP dissociation inhibitor){3 7 A5 b — &
ZDORBIZ L DRI ND Z LYo T ThoDFERIL, RN D TR b—
U ANZIXCPPR2LL M DCaspase 7 7 3 ) — 7O 77T —ENERTHD I LETRBRTH
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bDEEZ N5,

INLAID2D /) v I T b7 XAOBMEER L V. Caspase7 » 2 U — (T (3B
RN &b HBOY 777 3 ) —DEETL I EDMEMIE T, TOD
OEDHCEDYT 773U —THY., 4 bA A DiEHE LT B5 7 5,
LIV EDECPPROY T 773 —ThH, TRV XOEITHTFTHS,
CPP32AIZLTIE. /w7 77 b= ZOREVMPRRTOHBE I NI Eh 6,
fhaD A o7 S— HYRAREE SLAY T B AIREPED B B F#o, Caspase7 7 3 ) —FOF 7 —
YOPIZIEY A FAA OIFHEARLT R b= ZADETLUNOBEL L DL D LF
g5 ETFHENDE, S TOUDEDVESDEREHOMITHIHIC, FL
B3R 7 7 2 —OBIEFD/) v 7T be RA(ERA BRI 2R > T3,
XS, ZOTFT—E7 7 I ) —DEEAERENIZHETEZ EICLh &S S
H B BRRE A AL L FERIICBH o L TN E N EFERZ TS,
ik
(1) Kuida, K., Lippke, J.A., Ku, G., et al. (1995) Science 267, 2000-2003.

(2) Okamura, H., Tsutsui, H., Komatsu, T., et al. (1995) Nature 378, 88-91.
(3) Bazan, J.F., Timans, J.C. & Kastelein, R.A. (1996) Nature 379, 591.
(4) Gu, Y., Kuida, K., Tsutsui, H., et al. (1997) Science 275, 206-209.

(5) Kuida, K., Zheng, T.S., Na, S., et al. (1996) Nature 384, 368-372.

(bl B - BRESERTT - f)

2 ProteolysisiZHi} B4 F¥ +Ro 0%l

SFryXoy (UFy+XRo i) &3, BAEICTEMICHE S ULEER
LT, £ 0&EEHOEE. & HBAt- /cfolding & 5 V35 FRIM AR ER C 2 &I
& - Ty IEEULLfolding $assembly ZBji} 5 B OHAE TH H(1)e ZDOFTIE, #
Vaw 7EAHTHAHspTO & RO = &N BHsp60PGroEL, £ L TEZH
o &Ll < &E (Hsp40/Dnal, GrpE, GroES %) O bEATE . Xk
IETIIHsp0E EDED &+ X B O S FBERITITHITNS(L,2), KIKEDY ¢
Ao HHEEOH FEMESE V. FREEAEY TR, 3 hay P 7R/ LD

iq7-



MEHBRE B —HOMED Y + RO 2R,

ZhoeyeyRorOMfRFR, HiibhorvyRor EEASBTE IO THE
LT3R EBA T, BELESY + RN OUEHFIL. bEbL#iay
7 BE B ORI RIS EZEDTEY . B ay 7HEABEICE Y »RXa 2L
by RO A FIRZICRRINTH N STH B2, 3)s NS, B ay
JEFIC Y RO Y DHTE ST 55 T OFRNFE SN LHOE, Mz & -
TAHENBHETH D, A gy FJHEDAPVRILK ST, FA-DVERY
folding Hifd0 L { M- - R EHEBHAMBEANICERM T 5. ThoREHEAR IS
DOMEGOBIREZTT. V¥R rRIZK->THEZNSD, 2MRIZK - TH
BESNRTNRRB SR OTH S, I ATPERET 07 7 —E ORI ES
Tl (20D Y ROy EF0TT V) — L EEERD BRSO Y ohic
wH, MEOHMBROSRIC /I —X Ty TE3NTENL, ST, ChEFTOMEE
BANKERERZZ T, BASBICEIT 3 Y+ RO ORBEEZL TAIU,

(A) XN AHEEOBRE, Aok

REEZE 2 —o<A4 VAR UBREREST S &, VR LD SHRHED
OFRY RFF FrEET 5. Chold “TELEIRVWOHEAE" BOT. ALET
FCICaahs, &2 AH% DnakK (Kl DHsp70), Dnal, GrpE, GroELS & 4 X
O OEFRKTIE. O L) BRY XFPF PRI hsmEhic{ { B-7@o.
FhBIS, TaT7T—HEFsHIZk - THEINE T Edtbh - L KIBRO## > 3 »
7 AR Fo32i3Fm S ERH THSH(5), Z Do32 $DnakK, Dnal, GrpER L TE%L
ElLZh, HilIho v ROy LOEHEOHENRINI(6, 7). LI ->TIH
SDORBN S, ¥ N0 LPRE HEAEPEM SEOHOS IR L EHIER
FeLTWAZ & ETHoMIE -7,

HEFBEROPIMLIZ I Fa Y R ) THIZHBATP KFHE T 0 77— € T KBR
DOLon®D+RED S THbH, Langer D7 )b — g, PmIBIEE A5 5 DIZE -
TSsel(3 by F U7 OHsp70 ) NREH L6 LTS LENRH S EamLic®),
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SsclZ R T, HHIIBEL T LIV AR INLELLEIDTHS, £/cMdjl (3
k33 KV 7Dnal) OKRIBEKTIZ. 2E ESscl DS U, KEOZ { HAHHE
W4 A>T UE - 72(8), = & (-Gottesman & 3. KIEH ODnal D RIEKTH
ResA& U5 Lon DAEE (ZBEEA RS LT L E WA Shic (BB HEAE R L),
Folding AV U {12 - e & F1VH L, AKEFIEHOWERIZ H 5 (33 OBUKIEE 7038
WU, AAGEMICEELTL LT, Y+ROo v, ZOXH HEAENIH
ShaizihozgE, ABELEWEIITRE, To7r7—¥ilk-» TH#Ph
A ENB EHICLTNBDTH A,

(B) i E A DEE, IR, BE?

L L. v RorOfRIZEICEEZEE LIV LS MRBICEDZT TR
ILWNEA D . Goldberg 5 (EYdjL ({35 BERFODnal) Db 5% B TIE, BALESH
OGRIEBEZT LD, WO OEm I HEEEPRE EHHOSBNEZ Y
IKC M TWAI EERLA10), 7 MEHELTHWCERETERHEHDO DI,
Z DydIZRKPTHKEW Tlolding b E¥O LD -7, LU, 2 EFF AL
SNTWLHEHDOBRNFUMRICHANTRI L TE I LD - X6IIYdLE
COXEHOHEEOWAZINI-OT, YAHLRIEHITEHESE S LTI hBaEFRF 1L
ENLOEMITWEEZZ NS, IFRABMELEMNT S v+ XO0VOEENS
EZ T, VRO VIR I DN EHHEL AN UBIRT 50 TIRLOD. £LT,
END MR (WA EIEFF fEARE E2 o EFF ikpI R B3) (TR
NBEIWIV T4 — A= a v IZEDIOEWITHBEDONS LA, X, 4
Sk dcofactorin & LALIEL & OO FIEH M > TUWEWEANE | B2 PE3
DOhoH EHHETHREVTTH S, Ffc, Ciechanoveri#dreticulocyteddin vitro

T, HscT0ZB T LEI LER P 2A0EFF ALDEREE 572 12D Hsc70
bAEFF AUMETH S I LER L),
(C) 43ffmachinery O il 7

F7o, VRO VARSI NBHE I OTIEEL . S#EDOmachinery £ Db
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— e ——

DI EdELIONS, ELT. Y+ RoVEERSEREMLILY,
machinery D #:4 (assembly ) %k (disassembly) 2Bt T. - &EHDORER L
CUFAELY) bDICEERT A SRS L THULTL 200 LA, HIHSD
T—T&, CudRa B +F ) H— BiGHRE3) o0 BRI D20SH 4 7 oY/ —
LA (MR DOBAITPBY A 7 ) O3 A 8K DR KS TH 5
T EEmLIZ(12), OO ERRZIERERAZ O E — Tl 4 5815 T
& L TStil(p60) 4343 S, Stil(p60) ORBFEHIT K - T cutdZE R AR D20SH A4k
DRERHEE TEE L7z(12)s —J. @% Stl(p60)iZHsp0 E5E LTS A FTH S
(13, 14), WHPFMBE TR, BEERFTHLX 704 FRVE LVET I,
Hsp90 o4 L ) T 4 V) VI EERNEWREEEELR LT, RILE AL - THEME
(LENDDEFHD I TBH(15), Sil(pe0)id. Z OBAWKIZIL S ATO MED RS
ELT, HEWERICENT WS (RREGERIZTENEDONEIMIE-FD L
7ELN) (16), Stil(p60)Ht, Z DL H 2084 A 7 0 — A HEBEIH#HNTN SO0
EDIDED ST, LU, BREOIHIIE, Stl(pe0)id, 20841 7 o/ — A
AARDMOHERL RS T % % Cdel6(Cut9), Cde23, Cdc27(Nuc2) & [f#ic. TPREF—7
(tetratricopeptide motif; & [1H MO BAEHICHGET 2 LHEEZN TS EF—T)%
f#2(17), Stil(p60)IZTPREF — 7 %41 L T2089 1 7 0 — AOHAHIEKIZEM
LTWhaDhs LT,

Fh, 2080 FTYV—LDYTHT 2y FOREREERAZ I E—TMNA
ST & U T, H3FEERE L D SSBI (Hsp70 family)hs & 51 TULV5(18), T DHAHD
SsblD 7 —4y PRI STV, T 7 V—LEEZHOS TOHEEKTH
B 5, SsbLZT &k - £7975 LG ROEGPHEIZHH- THS00E LA,
D) ATPEFEHR o 7T —F¥ : e Ro v &T 77 —FoHEEk
ATPEFENE T o7 7T—E ORI, BOSBICBIT 52+ R0 O AEX 5 I(CH
ENMITBEMHINT D, EVI DI, CHhHDRICK - T, ATPREEHET
077 —¥ld, ATPase& ¥ v Ro VR ERDGF (XBHH) &7o77 —HiE
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RO+ (XIEHE) LOHERTHHLELIEBLA RIS L. TDFXZEK
FT2EBRT— 70~ Lo TNWAENSTHB(19),

KEROClp AP o7 7—¥d., 7 o777 —EiGtEEFF>ClpPs4 1 L ATPase jf
HAEFFOClpAGT T SHEKZN TV 5(9), ClpP LCIpAIZATPIEAEF T2 6ST 07
T = L R E D AR EE L L. ATPIREM: o7 7 — EiEtEE R T,
[n vitoDFEEN &, CIpARZNHEZ ¥+ N0 VEEENRSH L T Ehbh -7, RepA
&) DNAKS S EHE L, AW DNAK SO WY A =—THEALL TS,
DnaK/Dnal/GrpED 3 2D ¥ + R Al & - T, DNABGEDH B E / T —ITEBRS
N5, ZDFTCpAIDnaK/Dnal/GrpEOH ) ZRICT T ENTE D TH 5(20),
BIEAHIZ, JDICCpPiHFd 5 ERepAlIMESINTLE Do

F7:AAA 7 7 1 1) —( ATPase associated with a varitety of cellular activities) |Z J& 45
HEFBERF D Ytal0/Ytal2(3, A CRATPIRGEN: T 7 7—EEEERL, X602
Ytal0, Ywl2ZHh Thil v + o CEaEDsH 5(21),

Tl Y+ NpORHER. CCTREDIHERAERLLLTINSDTHAS
9 ? ClpX &) ClpAIZ B 7243 F b ClpP LA REIER L T, ATPR{FET
R7FT7T—¥ELTHL. &I A, ClpACIpPH A & LClpX/ClpPE AR TIIRL S
HEAREARL, Clp7 7 3 ) =Tl ¥+ Ro ViEEER>ZTFOLIN a7 T—
THEHRO LR REEZRD THEHBDN - 72(9, ClpX, ClpAFIZIZE T
T OIEHE S DB 200 d LI,

ENTRIN Y+ No A BEEHRPTRESN T SATPase I &2 L TU S
DIZBHIM? FHZP L EN LM, ATPasejifh 25> v + RO VO T, kb UL
#EA TS D3 DnaK(KIE B OHsp70) TH 5 (1, 22), DnaKig K& { sHIT 220 F
AA I SERD . NRMIZATPase KX o 2, CRANCATF PG FA A Y&/ D,
DnaKDATPaseiE(Z Zh B S TR AET . #546 LICATPIXADPIZIE EA E/KES
nigiye Lichi-> T, i DnaKiZATPAMES LB THEEL TV S,  DATPHES
RDnaK (3 H & OGS HEAUE S . HOEETRERE LS. BHERIELTVS,

L2y o



EZ BB, DnaKdATPaseif P 4¢3 % Dnal i & » TATPasefE AN 6115 &,
DnaKi{3 £ {ZADPEESRNCIL D, T DADPHE S RIDnaKid 4 EIZHEEDBIFITED V@ L €
LT\ ATP(ADP)AZ fakk iED & % GIpEIZ & » TADPHDnaK /n Sl L. £ L TE
ATPH'#EE T 5% T DnaKiZ R & RELBEAUEEKRTIDOTHS, 2&Y.
DnaKDATPase |, DnaK ASATPHEA K & ADPRES B & U5 75 5 AL BB FIPE % £5D
LIIHNTNWBEDTHSB, LIchi->T. L I DDnaK ATPaseD T + 1 ¥ — DK
N2 SIE. ATPIRfFHET 0 77— ¥ DATPase|3 L B S D56 SR EICLETH
D, COGTOEIIHLEARSRULEFFL THEHI EEL 6N 5,
YeRovid, BEl P IC ., kA SIETEBSFICED TS &R
bihsd, FIZE I Fary P T7RNEEAOBEHEHOBITICR, Y+ X0 DB
JEND TEAEIIZChIETHREAERTS L9115, T 77V —LAOPICER
PADALEZIT Y vy RO VAFEFH LTINS LV DOBLB IR TH . &
7o, BEREETE) £ (HVOONMEWHR S H D, Craig S, HEFREEDssalssal
(Hsp70 family T 4 D DHFEZFD S BEL 2D ARH U 7o b O)ERBRO R RE
JEMEA 2 O B — THIZ B 43 & L TUBP3(deubiquitinating enzyme) A Hiffe L CTU 3 A5,
EH LTI O#IZFIE o0 F 12 61U023), F iz, B L2EFITN S
HspoOi 7 a7 7Y —LDHEFERFE LTHSNTINA(Q4), ZhoDMBEESD.
HASWICY v+ N0 VB EI ML LD ERNTEI L, VBB -TY ¥ NB Y
DEREZE b > EEMET LI LiIZ UM BLEEH . 6T B L. TAYNA7—Ti
bTVF AT T TRl > THRINIE {5 &) BERAHOFERIH
mold, HAEORE, ARtEN<yyRo v LA S TorT— 4T

WH2Ed 5 Z &A% TDEE. FHICHEIZNLS LHIffEh 5,

et

(1) Hartl, F.U. (1996) Nature 381:571

(2) Parsell, D.A., and Lindquist, S. (1994) In The Biology of Heat Shock Proteins and
Molecular Chaperones (ed. R.1. Morimoto et al.) CSHL Press pp.457

(3) Goldberg, A.L. (1992) Eur. J. Biochem. 203:9
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(R#F7¥F : ERERERBT - IEEMR)

3 ATPIEFH T 077 — ¥R O 4 T4k
ChFEFTICEEEYD S EEMICES £ o ZHOATPIREN 07 7 —F
DRE I, FNTNOBEORITIEL L (BRINATETH B0, TORER
FFRDDITESHTLARBLEBDN S, BIEME. TR, BEEHOLTH
IZOWT DAY ARFINY SN SN DRI N, BB - 7.
FHVIBET NSO EREAATPIREN 0 77 —ERED 3 2 &0Y, 241
D ELBEECEDFENEREZBADL LY MDD AN, XL, #MIDIZE
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Mo LTHLH, RWEFEIEADHEMIED  Ea—F — T L TWA7 0 TidiE
Cn Aoty LR OO T, Tk EWA DL MREMAEEICIRS
DEH bl FRRERZZ T 2DDORS ¥ bEHFERLTA D EICT %o

WL DDDTBITDNWT, ATPRFHET a7 7T—E¥2 RIDE £HTH L, —It. &
) LADHOMIIE 57 bDICDONT, ABATATPRE®R T 0 77 —-¥ &L TH
ESNLbDEBXCZDFREQSE2E Y 7 7Ty L. SO bHicsTo
TT7—ENEO0 S0 RS H S L. HIHETHEN S L) [CCpBIl 2T I N
TOEIAToT 7—EEERROLIZZH TOEL, FOMe L, |ICAR TEHL
2o TFTIOEREFATRSC I EIX. BREAY TR, MIFERE SN IMR/NGE
AR, BANIATPEERE o7 77— R o7 7Y —LEUTHADICHL
Ty BERAN ZEEO R SATPIREE 07 T—E2/2Z £ TH D, Zhid.
MO BHEIEE VS A S iE. —RAEERED T S, il ToFTV—AldZ
NEEM SOV Ty PG SERGHEGHET. BENICHEZMETHL
Eho T, FEEEY EEEAEYINO HEERIR LIt T ETHA I,
Tld. EEYOATPIREN T o7 7 — YO BEEr T X THRMA 00N T o 77T
V=LTHAHIMNTHLHWNE, EMbhTor7/—LDFER (FabsyA7) T
HAHY I TRIBTIEYD H B, HFMRFEEENGZ S EBEYTHS U, ik
DOREZHF A NIEEME D #ME LI BIC0ID S THIEME X D4 LA HEE
PNZaER S LUy, €2 TheiEid, Archacbacteria T3 738 { Bi|Z Archaca (fi] L3RG DT
L& PIREMB EVDFFEERILIEL HEHHD EERI ENFRBENT WS,
KIE, ATPIEGFH T o7 7O S SEEMITENZ &S DR S, £
OY T azy MERIZ. DT HEMTIES 200 BEOIKTOTT7 V—LEF LT
%, € LT, €hlSMTiilonT o7 7—H¥ %D, LonDBEEIZ T 07TV — LT
HBARHTELOLENS Z & 77U, BTHRANS X I HHE OLon| I HIEM E O
Lon & {3 R 2 EEN S LN, BREAMIAIILTAFHO A 7T —DATPK
e Fo7T7T —E%4RD, FsH, Lon, ClptHsIVUTH % (Zh 6D 77 —F
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DL RTIHEDRF L TRATEY LT ) #2505 8R—IJIZfli-TW3) ,
Cp7or7—¥DHaIcid, Mty 71—y b &L TClpP 2302 FL ClpAP &
CipXPOA 7 L 2N H AL DT, 777 —¥OHELTESEHEL L &V
5o £ D

BT, BITRAEE» ST BT TIHBEOHEFMEERET A, T o DEK
DR OATPIE A T o7 7T—¥D €y PIENWEIRLZ D, EN—D2E L TH
Lty bOLOIIEN, T FBEBAEYOZHRIETSHS, L L, M RTH
{ EBREMIT A RZ TS 3. 9, ZhodXTIlT 2DEFFSHTH 5.
b, 5 vBTIREFOEA4A D, IFELCOLS IZ, FsHIZZ ORICEKF -7 0T 7 —
YO THE— ks ARO T 7T7—EThH 5, 7 ik & ABEY OHEGAKIIED
e SHEE LIc EEZ o TH T, MIRRDIZNMNIF 31 FiEER2, ZOC
L&, ATHOFSHERD Z EAE b5 LR XN 205 2 TOFETIRE
WO TEHEAEEICHED D, WIT. 7 ERGIE Lond GBI f#ES 5, HsIVUIZ K
BWEA v 7N YEICHEEL. (825 TEY LT ] %2 5dChin Ha Chungf§ i
DMBLE T TN LD I, BSIVR o 77/ — L Dfikik4 71 = b
B EMRAMANHS Z S, ChIENTFoFTY—LDTObyA7ELTER
DTS To7FT—¥Thb, HIVUIIMBERL E 7S LBHRICOHFETS
ZEDSD S T, L L, RAULTHAYSICHIVUR T 077 V—LDFa b5
AT THBERERLUTEINERID? 2205 LIcb, —2ld, HEDICHSIV
MTOTFTY—LDBY T2y hOFERSTHEOIEMENEHEEDNSH,
HslUiZ 7 o577 Y — LAO§IffIATPased 70 k 7 4 T EEF U HL, T OXRICHETTC
T A TOATPIENE 7 0T 7 — B DATPase K A A v idWalker £F— 7A, BRIl
b, EWNCITIERWA DL, HSlUR T 077 Y — LADOATPasell —FiL L vivE L) &y
ZH) TRV RICBT LT XTOATPEFRE T 07T — €L 20DERD
ATPase®ATPase N A A 2T, CLUSTALW &9 V7 bERWTHITL 2%
FAERICR L. (W) . SR EBD. Lo EWZEFENUT EUTUE N,
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Tk, EDiTa77 Y — LOATPase|Z I T 50 ? FsHTH %, FsSHEZ 077
V—LDATPased 7 I / BBECHI ) THRIED R C . L BITAAAR— /=T 7 3
) =BT 5ATPase TH S, ) —sid. TTRABNALIICT o077V — LIRE
Hs &SI Hal U TEE L, FsHIZEEMEIC @ U THEET 3, £ LT,
M/ NGS B AR, HEAY &R IFsHZEAERET. o 77V — AR
IEMIBICIZFE LWL, By ) FHELOBRIZH S,

HELOBBETUT DI ENH > LD TRABNWEZ )M 1 AN D AT
MATPasen & fk% 1L ATPaseh RA: « L L. HIEMEIZZ h 69~ TEG XM
—}. B 7 o7 7 —¥ATPase& U TIZAAAIH 25| EHE 2O TRV
BT NTOEy FEFISHOIED, TorT7y—L0 B L%, ThlAND
bORAEEL ST EAEARDNI OB LA, WTFHIZLTH, o757
V= LPNEE TR AT, MloMBaREEIcLD 2 bay R 7oER
k&5 oINS B AR X N, FFUFisH, Lon, Clp 4245 2 Si12i s 7o &
bhb. CNODBEFRTOBRKICBIT U, TELHY (F1#%IL) ok
h (a#EK) OF J LCRFsHAE D ZOBEFVSBHEET 2500550, B
BOI b3y FY 7RSO ERKICFET IFsHFE0 733N THBIEF
KEk->Ta— FEhTh b, BROMIEEIC{FET 5ClpBHE o 7/ Hspl04& [ DM
BFE. bLHT2E41EI bay N TICH S 1R RA R > T b o
ANk O gRA R

ZHZ BINSDATPaselI N T, AT 7 7—E¥ofliflr=y &L TOH
BUDRH ST EEZLHLD, STEILEED Y+ ROy EUTHBEL T (¢
DNMIATH) EEZBRMDH S, 7', RiIET &AL TXTTar7—F
THaHEMEWNS &, CpBIREERI TH B, ClpBiZ2WWTid Fo7r 77—+ & L T D
BIEC, ¥+ RO UTHLEINTWDS, RELH S, nvitoF{ T DAY LD
£ THHHB,. ¥+ R o UBEEARE T SinvivoDREHUIEE Vv, =137 5 X<
IZIECIpBAEAES 505, ity 72 = FOCIPPLFEL L2 & & ClpBAY T a7
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T—=ETRRENWI LEZTRRL TS (B) , BICBE o7 7—ETHBT EHR
KL BDIIDONT, TDATPase 71—y b FA AL Y INEEIZY + R0 ELUTH
T2 ENHONMIRE - b DA B B, ClpALCIPXD Y + o v BfEiLin vito T
batAEh CTb, F/ | BBOFsHAE 0 2 (YalOp/Ytal2pfi 44k) ~Lonk &
07 KEROFSHIZOWT S ¥ + Ao VEHARET 28E0# oh T3, o
4 & DATPase| 38 1 S EAE T 5ATPase & LT Hi(L L. £OB T 0F7 —EiE
HEF—TZ2HFAICT a1 Y bT20H L0 ToFT7—EiEHY 72y b &
SKRETHIELEY, ForT7—EELTRBIEET LS I bDEEZ OGNS,
DE Y, AKATPase—y b &ET 77 —EiFEtEa = v MIBEHICOHEHICS
Bl 2 DEALE UTHIAEL Tc EEZL Qi BETH ZTH S DATPaset s + R v
BHEEFFO 2 EPAAAY V—F | HSIUZ Jb— FHEnZh BIEMIR T3 FtsH, HsIVU
I HEAEY EEMETE T oTr T A s, £ RESHSHOAAIC L
Ll EDHMALPT . COEXEXFTEIN DI OHEENH B, HIEMEICI
Lon®fliZ T4 7z 2 MO & AATFET 5, —DIdRadASMS T, KGE. 1 >
TN HWES VRICEET S, MEREEICOEET S 2 090 - Tiha,
RadASms{dILonD 7 o7 7 —HiEtE N A A » EMFAE FA A %S, Lonk(d R
554 TOATPase F X A »A&FF> (F : k) o Ud U, RadAIZDNAMEHEIC i < &
HOL) Ty &) dFor7—¥TREVS L, KB# &1 70 VHEIO
RadA/Sms T3 LonDiFH ¥k HIRLIZH 244 2 SeR AN REZIN TV M, HEFE DS »
EDOSmsDE D FPALIZAICENL LTWBEZ EMh b T aF7—E TR £589
MIRZ B, I —2lF, KBEPA v IV o YETR 2D > T 5LonBTH 5,
COHEARBLonD T o7 7 —¥iEERA 4 EMER KA A 2RO, ATPase F
AAVEFIGD, 7o77—E0EIMRETLEAFAWTH S, HHIEDLonD
ATPase F A Y REIEMBOZN LI REL7NV—TICBT S (B : WE) . 25
2. BEEMEO<A a7 7)) 7 ACid, FsHERRZ ) Fo7 7—EOiEH R A
A EFFICISOAAA ATPasei JDh > Tvd , THhoDOFHEE, ATPase F A A o &
By




77T —¥IEH XA HERB 2 CFAE U Aol iR R RS 5. DNAHRZ
fEBZif§)  DNAN Y 7 —ERuvBiL KL 05 D IEEDATPase TH S (H) Z EhGHE
g, Zh o DATPaseBEDHL LR IIEE ISR o TR E& o lofa 1 &M
BAER3 5ATPaseTH - 1cDh b Ly ({iE) o £ 54 . LonDATPaseis
PEIIDNATEE T Tledich b,

Clp ATPase i DUVTA L XT3 <, ClpA, B, C ATPaseffid il 75 < 7 7 2
V=% LTED, LhdIh SENKER ECKREMIZ 2 DDATPase K A A %
D, TNHDF A TR IEATPase F £ 1 L LSO H DFFHIC LS DT,
ATPase N A A » OMFPEIL ClpABCHEMRIZ NAAl K A 1 > a4, CREgM F £ A >
TR, [ U FHONKEER F A A ECRImH F A4 A3 2hid ST
Suy () o ClpABCIZATPase;BIZ FOEMICL > TTEILEEX S LD, ThTh
DATPaseld jll 2 1TH#EL L. HETHEFMENPR 5 1o LB HDEBL LT U,
) EA BRI E LT, ClpABCOCK Y| ATPase & F [ #:D @\ "ATPase & — D724}
FOEANR DD - TS, BIZAR LY 2 — FEF AR OAMBP < 7 X DSKD3
BETH D, TNoDEHADBREIC OV TS > TS, ATPase KA A K
D & o ZCREEM  ClpABC S FEIMEA S 5. _LIZiB~ 7 HsIUSClpX $ ATPase N A 1
VAR —DINFF O, o bATPase K A 1 L Y CREgMIICCIpPABC? » 2 ) — &
HBDEF— T %D ZONWHHSIURCPYLESFIN TS, LU, ATPase®d
FAR P ClpX EHSIU(ClpY) TN L ) @AY, ClpABCOATPase & i~ % ENA{,
CREgMITN ELZNIFERT N, 1Dk, HsIUDATPase K X A /| {dWalker
EF— TALBOMITADATPasei I FAE LI WEETT 3 / MREDOTARSHSH
HDT, Z ZIZR UICRBEMOBITTIZ £ ORI AR L THE LTS,

BHREZIC LY BASTHUAKROMERTIES . ToT7T—E4FHI2O20TH
R EDDIEY D> T&E I, ZIDS TR T v 77 — BTl 4 54%
WHRZIEDT, FO—iFhodFur7—¥oE ExikEEKL. VY
TR LR ETHB, CpA P, HslU, V, 7077V —AOMEL= v bHSES

28-



Thb, EIPSCPXEFSHEEH 6 LU, 4T + 0 GroEL/ESHS T [a] [l
D)) IR LB i kCHIShTNWA, b a7 T—EDATPase Y +
RoOVBEEFOIELEETIDOTHAIN?EI A0, Zhod) 7 HEN
faf (o] [E LS & & B E D HIZDONTIE, 22903 7Y —HHB, hih
b 6 [u] [IEERRD 7 MRS FRD Y 7 THBMN, £9/5— b F—EULLHGET
ZDHMEDNGHIEWEEDH 5, CIpAPTIZ il ATPase.= v | ClpADY 6 [1] [0l¢z
W THLDICX LTt = FClpP{E 7 [0} [0]# 8 &78 - T4, HsIVUTE
TTICRATEY LT #E2HETHASINIKL I IZ, HilHIATPase1 = v MHsIU?
T R TH 2O L Tt =y M6 RIEERFREWLH MR E, WTh
b 6 MO TH S LI WD - T HslUDHEEIZ DUV TIIHEE LTI,
ClpP L2539 549 —DOfliHl 2= FClpX b 6 Bl [alEEfrEEz L5660 <, &
DA ITBUMELEDLI . 9 —2D I X7 —{E, 6MAIMEENERD ) 7%
kg AHSIVEMIA S 7077 V—LD B ¥ 7 o=y METHEIENHD Y 7%
ERT A ETHD, HliflATPase— v O Lo — v FORBENED
TEOCIPAPIZ D INT IR, #ilfflATPase = w b 70— b Y 2 7K LT
[M#5g 5 &) ETRRBEINTI S, EITHEXIRuvBAY) H—E 4 6 Bk (6
EIOELFR) OV » 7FREA EBZ EMIHoIMNIZNTE Y. 2DDORuvB6 fit{kY)
~ 7'i4Holliday junction|Z#& & L 7cRuvA4 B AL A THA Uy ATPIIZK 3D T3
IWF—ZAli> TDNAZE S D E—F —EEZ o TS, FHOEINI LT
ERETH- 120, TRETH -7 HT 2405 20T, HKEEZin vivoT (2] Hifk
Ty MRS ODEDIEOOMIDNTIE. ABOBIT AR IcRIEL 6780,
% MRIE B EATPase E D R IE &5 7 T i 20 Tid. ClpA, Hspl04, HslU {Z
DUVTATPase K A4 4 VYOS RINTISD, HsplO4Z DU TIINASGM K A 1
LCRIGM KA 1 v OZNTHIZEREZBALTELLD FAAS VHOERMFANS
N 6 EEAERICIZCEREM B A A YOERT, ATPREEBE (NKSRITHRT
F7EUY) 2548, ATPaseifi vk (ATP 7K 388) ICIENKSGM R A A VR L)
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BARE XN TUE, &2 AD, ClpAIZ>WWT bREIBOMIE NI Eh, Z DEAIC
ENKEH R A A D36 BRIFIBRICEZ T, ATPHIKA BCIZCREGM K 4 1 05 H
BTHDEN), TLFLRBRTET—FTH S, WTHOEHII2WT b &HHE
DRRREAFRA S BITIX W DATPase R A A IV CMETH 5 ENHFERTTDT,
EL OHONEZRBREEK T, B SHDATPONIKIME & ES R FHEIRE -
TWADTIREVDIh S LI,

PlER~NT & k9o, ATPIR(ENE 707 7 —EDOATPase [ Biic o7 7 — D
Bl = b/ RAA 2 ELUTRITELS, HEIIC HERENIC bithd 2  DATPase
BEMMELTE D (M) | ATPaseD 43T E L THRKPREE 1 S5
HPEDIEX SIT T HERFESHIFT 06 LA, Lk, EHOMBETEE
HRIE BB X TR,

BerOEMiECE T 2ATPEREN O 77—+

S FtsH Lon CIpA/B/X/C ClpP* HslU HsIV¥ Proteasome
beta* alpha* ATPases

ABRE 1 i A/B/X 1 1 1 2 -
LLINIHE 1 1 B/X 1 1 1 ¥ L
o 1‘%7’-} = 1 1 B - o e 8 _
5 25 4 - B/B/X/C 4 - - -
=10 - 1 - - - 1 1 2
HEF R (3) (1) B(B/X) - - 7 7 6

*ENEFEATPaseDMEH 1= b, HsIVB 7OFTVY—LDOAY Ty + EHERAMN,
FtsHDATPase & 705 7V — L (DATPaselt 1HEIAY,

ORI PO FUZICHEE. 2 b2 FUTZOFtsHAEO Y 1$Ytal0p(Realp) . Yta12p(Afg3p)
EYmelp(0sdip) @ 3D, LonkER S IEPimlp. ClpB. ClpXREQ 7 X% h# hHsp78, Ybr227pT
53, #EE0CIp8H E O I2Hsp104,
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TOF 7 —tEEEATPase O R

Hi-HslU

L—— Ec-HslU
Sc-Ybreip

Sy-ClpX

_‘—I , Hi-ClpX
Ec-ClpX

Mg-ClpB-N

Sc-Hsp104-N

Sc-Hsp78-N
Sy-ClpC-N

i

Sy-ClpB2-N
—1 _ Sy-CipB1-N
Hi-ClpB-N
—— ec-CipB-N

Ec-ClpA-N

Mg-RuvB

Sy-RuvB

Hi-RuvB

l——  Ec-RuvB

Sy-Sms
Hi-Sms

L Ec-Rada
Mj-Lon

Sc-Pimlp

Mg-Lon
— Hi-Lon

be—u Ec-Lon

Pa-AmiB
Mm-SKD3

Sc-Hsp104-C

Sc-Hsp78-C

Mg-ClpB-C

Sy-ClpC-C

Sy-ClpB1-C

Sy-ClpB2-C
Hi-ClpB-C

—____Ec:Cipheg

Ec-ClpA-C

Mj-S8

Sc-Sug2p

Mj-S4

Sc-YtaSp

Sc-YtaZp

Sc-Ytalp

_["_E-

Sc-Suglp

Sc-CimSp

Mg-FtsH
Sc-Ymelp

Sc-YtalZp

Sc-YtalOp

Sy-FtsH3
[————— Sy-FtsH4

Sy-FtsH2
| Sy-FtsH1

_—:‘ Hi-FtsH
Ec-FtsH

Xd|2 nisH

N-D8vdiD

vpey gAYy

uoT

2-28vd|D

aswosealoid

Hs14

Ec: KBBM. Hi 1 >-70L-¥B Mg v127527, Sy: 7. M @ (42408 .
Sc; HEME (Pa: Y a—FEF2AE, Mm: 792) .
ClpA, B, CItATPase F A1 % 2 2207, NEKA. CREMO FA T - EFNETNCp*-N, -CTREL .
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BIE - CLUSTAL W E W) REMIHERY 7 M3A 77— v b EICAREhTE
D\ FAICBMHHISMEL D04 R LW S TREERS D | BIIR U R
b, TNENDOZN—TRED K D ITIRE LI DR EHICERRD - L3 L, £
D438 TH4 /ZKooninff 1 (NIH) (ZEREMWV-EZ A, TR LR (D
& 75 Balignment) (ALY DS 5 L O A2 7o HIA L. RadA/Sms+ il
W@Lonlx, Z CIZHIFI-HEDATPase S {3 RSB FIb—FIET 5, HITHEZ L.
ZN SN DATPase[IHENT A—/3—T 7 I Y —%HRT 5 EEZ THEELEWK
512, ULnvd. KEEE ODnaA, DnaC Il lEOMCME 172 & It i Bi{R D ATPase
5ULIOT, DNALOMHBEERIRFEORMRIFTEILIEH 1, T S6DATPase
OFBBRAMEENT I &id. ol & THHY N &35 2584 5 8 T,
S ICIEFSHEE B XIS DTN S L, TREEKSHET7—<THH.
WINEDBITEFENTITAI, | £V 2 EHOT, EUVERT 0D BT K

ENBI LU,
Uhir X : REEKXFE - EFH)

4 $AA U REAEHET ZRNALSSEE., IRP2 (iron regulatory protein 2)

D43 W

COHOHBDHFEIAIL "IRP2?ZNZAKL? "LEDWLIAMIEAENLL
BNETOT, AEICTIEWBENICE T8 A4 B OB S THE BB
LichrEBhE g,

Z { OBEF-ORBIZEF L~V THET ATV E T, mRNA, #RO L~
Cpost-transcriptionaliZ HI I S W TW BB EFHE WA I N TS, TORTEHAA
AN B 59 5 A 7 O ReBlidhigher eukaryotesiZ BTk b £  HIFRIN TS
FD1DOTHbD, A AL EF->Th, EVERSNLOADNZNERNETH,
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AA L EANESOELYOAE 6T BFRERPDNAGKICHETH 3

ribonucleotide reductasc’ Melectron transfer 4 fill 14 2 FEHERF DG TE Pl & U THERES
DHERICHHEHDREFETH B8, #AFd VIIRBEFA T THRRFEML TS Lfree
radicalZ g4 L. DNA, # 1O EARNIES 2 BRTIH LA T 50T, £
DRSBTS A BIEIC X D EEEICHE XN TS, gha A B O F3E A
VoS— 3k A LIk E T8 5 femitin &gk A A 2 D HLY 3A &2 3o 5 transferrin
receptor(TIR) T H B 8. N & DFeE (dferriin mRNA®S'UT|Z 1>, TIR mRNA
3'UT |42 52 & Astem-loop fiits 4= U 7z iron responsive clement(IRE) &, Hilla 8 1< {E£4F
9% IRPs (iron regulatory proteins) & 0 (41 5 RNAKE 4 I RIS ST 5 2 &I
LOHEHEN TS, IRPsOIREFRS S TES MIREA 1 4 VIREMEWBEIZ DA
fih 4, IRPSHIRE (ZhE 645 2 &ick b ferritind) 84 (4 translation D B A1 FH
FZX ., TROY A (ImRNAOendonuclease|” & 3 MiA I X4, mRNADEE LT
5 EICK D HlaNgka A L iREE @S SIHMEA LTS, TH &£ TIREIZFEF
DFFPE, 45 22 FF - 72IRP1, IRP20D 2 fliD IRPsHI[] ‘& S TU 5%, iron-sulfur
cluster- #>IRP1{Z dual functioning molecule Td V), {E&k A A > P T Tidcluster)s
disassembly UIREFE SiEVEA 3 205, fagko A4 8B F Tldclusterjiassembly LIRE
fa o in YE (3 FF 7o FFaconitasefG (7 2 U B — AV 7 L VR ORISEMIET 5) 26T
5T ENHONTNS(L), IRPUBZEHGHITIZAEL EF->THBETWLWOTINRE L
Ekh T, DB AEOIRP2O R > Tl b EBNE T,

IRP2{ZIRP1 & {341 RITH 7 N S8% DFMEIPED & S %, aconitaseff I3 FF 7o 70U
ROREFEGEATH Y, BT I /B SELIRP2ITE RN AL 2> T
bo BAFL 2 DIFEIFED ST RENHIITHAHIRPLEGR LY IRP2EF (K8
14 VREDHFELET TOAFEL . FdkA 4 REOFE T TRABIIAHIND
ZEIZXOHMEATLADR), EWICISUTWBRPIPRELHATH S &
M6, RP2ZFFIRI L R A A O FFAEDEARTE PED MR IZIE BT & 5 vl gEVEDE
Zohfc, £2°T, IRP2EFRM F A A & MAMBICHEDIRP1I: 2 — % b
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(IRP1+73), R K A A A R% U#IRP2 2 0o — % » F(IRP2-T3)AEB LI &2
A RP2IZFE RIS B A A 2 % F - 1o @ E(RP2IRPL+73) 120) DGR PRI S
. T, ZO AL LiCH BH5EDcysteinefRIEDH D 3 {HEserineil LA /oI 2 —
7 MIRP2-LCSYIARAFE IS AR I N D o T Flo, RN OKFD ST
T—YHEROBRMHERT 077/ — LHEHTHHMGI32, LactacystiniZ X »T
D&HIRP2OKA & MRFHESMIEE NIl &b 6, $hA A »IT k- TIRP2ZHF
R KA A VIS SHOEREZT, IRP2E S 077/ — L THEI NS ] fgtk
Do < AR E (@),

SRARTFHEIC 2048 X1 B IRP1+73 L IRP2ASin vivoll 5\ T kA A L {F#(E F THH
EFF itk nEfixhniZ &0 6, IRP2OGAKFIESRIZ D EFF kL%
Zoflce SMET Y7 FHMKEFEHIC) VBMLINEZ LT XD A EFF &M
NAEEDNL O EEXNTE D, IRR2OEFF 56 b Y VEEA 53
HHREMEDEZER 5D, L LENS. A A ITMBAERED F T ooxido-reduction
ICRBELUMEZ LD SENHoNTED, A A VPEEHERKETHI LITLDE
AWM EHFO T I ) MERENBMHE L ELH O F £ T Tmetal catalyzed
oxidation(MCO) &V (I 5 B TR B 2213 52 EbH o TL(5). Th
WA, BALREEABHNIEFF A EBMO L FFHINIE > TWSA[REENEZL S
N, KER. IRP2{din vitrolZ 350 TERA A FAE T TOMCOIZ L b TR (LAY
iz foht, IRPLISG i - foe &y dn vivoll B UWTEA 4  OEEICHE
Do FRKEIRPL, IRP2-TIERA A > O i TRRLMI TS ERR 12 222 B TE M » T2t
BAF HEHETTREICHEEIN S IRP2IZF RN F A A % Ff - ICIRPZ,
IRP14+73 (3 HINI N TERA A > OFFE T TRRALIZ X A L7c, &SIl invitro
TEIMCOIZ L BB IGAIT - 12D EF F AMERIGT, MM ERiA =27
[RP2DA ML EFF AR 2o MA T, = 7 AOHRHE M fatk T & 5MEL
cell Meytoplasmic extract L v/zin vitro  degradationD EER T, IRP2|{IATPIELELE F T
281 F o RIMb s TaMEN T, kA A, ATPEFEE FTAEFFLICE
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Higfh & MDY ohlc, A EFF LA IELIZLDR26S T 077 V—Lilk
BAWEIET ZATPSDEE T Tid, L EFF HMLINKIRPZOEHEDHED S,
[RPEZOAFRITMHI Zhiz, CHOoDOHREL D IRP2IEA A Af7E FTMCOIZ &9
B U BB LN I L) aEFF K Dl h, 2687077V —
LTINS Z S LD EDEHSHIHIN TS EDH SN &L - 72(6),
IRP20D 43 WS D BT &1 U B(ED A15 & T EMLIE fids 2 57 (&t
DT FIENRDI ENFHTRIEEN/I ., ThFETIZE  ORAD MR EL %
FFHZ EICEDEWEEBELE L. BREEICEELE U TaBINLZ E06h
TWBZ &N, RR2OEFF AEMICB 53 2E2, B3%[EEST S I &T. ML
R b LVRIC K > THEINREIIT - 1B OSMEEREE 1] STk 5l fetk
thsLEbns, £, 77 TIZE W Tldoxidative stressHi o 7 IR EICH
FIEERERCLTWSZ LR Ao /cHETH Y . F/chigher eukaryotes|Z 5
LT HAP-1, NF-KB% O iE #: AHloxido-reductionjz L DX TWHWAE Z ENHeNT
B0, BeiEss V) CEERBR ISR > 7 FVinE, & AOREG O L TK
SUBEERILTWEEEZ SN THRTNS, MAT, BEROS#H,. T FY
4 b= ROHlItH, HEHEOFF—EOFEEMMESE, ficOF L EFF O
fEb oM Xh225H %, FhwZ, oxidation|z k 5B FF A6 38 M e
DR 1275 HIHERIED 1 DA&H > TS HfEME b EA o, 5ROUTLOTR R

ENsd,
SCHR
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5 PI-3 kinase & #ilfa P & 5 5 W
(A) p110/p8SKIPI-3 kinase & .2 KH 4 h— ¥ %

PI-3 kinase{3 & # 75 A4 FifE 128 4 5 lipid kinase T ¥ . 110kDadkinaseiE
MEHTEZY T2y bEFuy EREICY) YEMEERT S C EIC & DkinaseiE A
Wifid 585kDadH 7' 1=y bin S 7L SheterodimerTh 5, ThENLOYTa1=y b
EEBAAAE L B2 12 ZRRAEEK L TU A,  OPI-3 kinase(dphosphatidylinositol
& 9 & phosphadidylinositol-4,5-bisphosphate % FLUNIEE] & U, SZZFARIEPEALIE B IZHE N
3~ % phospahtidylinositol-3,4,5-triphosphate D 4 G ik 2= - TU A(1), Z DPI-3 kinase(Z

AR A TS0nM wortmannin>50 ¢ MLY294002 CHE XN B Z &S, O 2 flil
DOEH THEXINZMEBEDZ v 7)) v 7Ry FY A b=V R, ZERDY Y
= LADBIT. oICRHIBOMBOMB~ORAILHE LTS EEX 5N
T 3(2). PDGFZZ{kDadd back mutant (ZFAKD FHICIEET B0 F L6 T 5
ETOHFEERL, —DOFFLOAHEETHL) ICHEERIHLLDT,
PDGFEZAMEE4 . PI-3 kinase»GAP, PLC- v, Syp binding site®@F a3 %7 £ =
VT F= VBRSSO TN TG TR T HEIAEFT Y VICREL
feb @) ZMUERTTIE, PI3 kinaseld ) &> F—RAKBAKOT Y N4 b—
VARICEBEET, GLATY FY -6 ) VY - LNOBTICS LTSS
EDH ST INIB) Fioy RERENULENT 7 TV A b — Y ATHERELS
FO AT Ewortmannin|JEAZ PEAYE . wortmanninil K - THRD F » 7Y 78
RERIAFSNS Z LA ARORKMERITH SIHDHG OAHNILEZIZ(4).
DT NV—TOBRETE . v K/ - LRLOMGEHHLTWSCHAETHS
RabSODIEERI~ DL A/ LT, PI-3 kinaseld T/ |/ — Al Lol 2 LT
WBZ EMREN TS, iETEERIRabSE RAK(QTIL) 2B A LMl TIE
wortmannin DZIH LA 577, in vitrodDendosome fusion FHHERHR T b A BkOF R %
A~ LT (5),

IhoORIE, HFRZEEALEEEZEDT. ROUAPTNEIANRAT
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WAZ EbHD. HEHUIHMROERY A FOENDEHEI LbHD, H—L
FERFBON TRV ONEETHS, B, ThENOY Ty bHEESD
B & BITOFERS B L TWREWEETH 2 L8bNh 5,
(B) Vps3dp & 1) /1 — LB EEOMIBNELT

RERFDIIIZ RTEL T 2 B HSER S 178 < 74 5 VPS mutant (Vacuolar Protein
Sorting) M—I=. vps3dhikh 5, = Dvps34DiEAL T4 2 HI4 O PI-3 kinase Dkinase

KA 4 v EHREEA4H LTH D, VPS34 mutant T|phosphatidylinositol-3 phosphate)t
WA LT A Z £ S SEBRICPI-3 Kinase T 5 FARA XN T B(6), Z Dvps3dp
1ZH 24 A PI-3 kinase [ 3B/ /AL LTIk O . cDNA cloning®#5 R4 & 100kDa.
DHEEE & L TETOHBICHEE L TW AT RENIA(T). Z DEDvps3dpid,
BERED O &[] Bk i phosphatidylinositol D A4 IEEIZ LZ D 3 it %) #4562 &,
150kDaDtz 1) o« AL AZ v FF —¥ LEEEREBRL TS Z &A% HEBEhic
Z DPI-3 kinase {3 Z N F TIZM SN TUVAPI-3 kinase L5275 9 [ wortmanniniZ3f LT
BREZMETH D, For vy VEBMUIC X BFEHETGHEZT R0 EI TS, B
g% wortmanninfLBi 4~ 5 & EEIGMINGICZ X > TRUEBDN V) VY — LBENS
W (5T EMFEINTNAB, 9, Hio, HaEfisiE R Ras B T2 8
PEICTEBL X8 5 & Z Ovps34pDiEtEAMIH 2 5 &) BRI, EHERRasBRIZTF-O
FBUE>T Y VY — LBERO MY b N T AL ERC—H LTV,
UL UIEAR 6. v-HatasERDO S VA7 4 -/ b RZDQY/NSN—F7 L PTRL VY
S = LAMERDHIRAEN TS TOSIC bbb od, ks 5vps3dpDE
HERITHKME. P X7+ —< 2 MPEDY/N—F  FORTE(LIZFED 61
e LAY YEBYEF 0¥ UHRIC & » ThRESZEEIN TS 2SI L
PLIODE [ fithY, V) / — LRERAIIRAO S B L T e, THhoDHERE,
Sk Utz &9 12 pl10/p85 PI-3 kinase|Z L. > K3/ — LS 1) Y — AADEEHH D%
ICHMG LT A RICRHasEERD S oh TS )Y Y - LEREENT Y F
V—LEEHALTY VY - LTHRAELUTND LN FEREDFE L. FEE,
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KS624la T i2vps34pA-fHE L7 L v10nM wortmannin G ) 7 Y/ — LFEES XN 5 L

S22 B T E S, pll0/p85HY PI-3 kinase A% 1) 2/ — LABEED ) )/ — LADRLEIC
B5G LT aTREMEIRAE TE LU, BERFTidvps344Qlid 5 AR RIFE L
TWAEAENEIICRHAETER A D SFMEUEVLZ LTS, ik iEiy
MifaD Y ) = KIS T B E A E 25 W 9 HE ST § 5 O DS
W KA B 1csh . B THIICRAES 5 Z EhBMiic LTy v

—LICRET B I L& U RN, BHlaOvps3dpsAk il v/ — Lk

FHED) ) — ANORTEICMESE L TWHWADIEAS N T
SCHR
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Phosphoinositide 3-kinase and membrane traffic. Shepherd, P.R., Reaves, B.J., and
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Incubation Acrosin  No. of cocytes No. of zonae
penetrated”

time gene examined

No. of oocytes fertilized”

Total Ana-telo 1I'  Pronuclei® Polyspermic”

h
0.5 +/+ 164 101(62% ) 49(30%)  100% (49) 0% (0) 2% (1)
0.5 +/— 125 71(57%) 26(21%)  100% (26) 0% (0) 0% (0)
0.5 —/= 87 18(21%) 3(3%) 100% (3) 0% (0) 0% (0)
1 +/+ 111 99(89%) 97(87%)  100% (97) 0% (0) 10% {(10)
1 +/= 106 90(85%) BO(B4%)  100% (89) 0% {0) 7% (8)
i i 187 104 (56% ) B6 (46%) 100% (886) 0% (0) 0% (0)
2 +/4 127 117(92%) 116(91%) 100% (116) 0% (0) 15% (17)

+/- 193 1R6(96%)  186(96%)  100% (186) 0% (0) 9% (17)
2 e 110 B9 (B1%) B7(79%)  100% (87) 0% (0) 5% (4)
3 +/+ 106 99(93%) 99(93%) 229% (22) 78% (77)  13% (13)
3 +/- 109 102 (94%) 102(94%) 25% (26) 75% (76) 4% (4)
3 —-/= 93 83(89%) 73(78%) 40% (29) 60% (44) 4% (3)
4 +/+ i 76 (99%) 76(99%) 0% (0) 100% (76)  18% (14)
4 +/— 60 60(100%)  60(100%) 2% (1) 98% (59) 8% (5)
4 —f= ag 97 (98%) 97(98%) 19% (18) B1% (79) 5% (5)

“Oocytes, which had sperm within their pervitelline space and/or on the vitellus, were defined as “zonae
penetrated.” If the oocytes penetrated had either an enlarged sperm head with anaphase I1 to telophase 11 (Ana-telo
I1) chromosomes, or had a female and male pronucleus (lei) with fertilizing sperm tail(s) in the vitellus, they were
considered as “oocytes fertilized.” The oocytes with more than one enlarged sperm head or male pronuclens in the
vitellus were classified as “polyspermic.”

"Values are indicates as percent of total fertilized pocytes with actual numbers in parentheses.
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NW—T 3V vidw v /) —R-6 ) YBRLET Y —IEFNICHEZIN S, /X—T 1 1)
Y ETS WA LOSRIZEENSH D 7T oA LOEERET B LT 4
oD bIMEENA(5), HEMN 5L oDRER, BARSWRY VY — L4
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Mo INEH, DA B =X LE RV E 1L EOHEGPE W & IZRITD &5
THbB, PRI FT b/ — LICFLET BHWBOIHOY T2y hDH4HC S
(syntaxin-4, VAMP-2, SCAMP7L &) % &> THO(6). ttY) VY —LilhiT5H
HIVESP WA IR IS A 1 = X L B &5 12,

Chediak-Higashifif ikt (CHS) (3 Z O IERRMMIC B 50O RIZ L 5%
BT, BRY Y Y—-LEHEET DD BERY VY —LidTXTOMBIZA NS
A%, BEEDD S b 5 ORIMECRMIEIST TH D BRES ZRIETER WDk
BEMICHEE SN, BREZIPT AL, 1o, BRELENDVE OO O —
DTHIM, AT/ —LOBRREICLD EEL oMb, FEQMEBRFHIETIE
77 IV = LOMEPEBRLD A SHIZOD FIZM SRR T, B RIHpE
HENTNBPREIUIZTI THD, . BEEEZETOHBHINLLE), k. <
7 AT UBEREEZRT LD E L Theigew 7 RODH Y, ETLELTERAZN
TWzhl, €DDNAZ T —7 & LTk hCHS cDNADSH8E - Mk X,

CHS{Z3801H DT 3 / Mip o750, 4 RIS LHEEsh i, BHEED
TR L UAZTUCHAT 5 LD 10 HEA T, HEAT repeat motifz= 1 D Z & S/
feafi (B L 7cE A T L EHE I TULNVE, BRIV O, CHSEBDC
KEADWERNDEY A VA =TT A r3F—E, VPSISOIEAME &HIT
LRTH 5, VPSISITHEHIE~DERFIMAD T X, o] 5 P sk i §% 38 2 Ak A
DEEMHT H40LLEHLVpsERD -DTH S,

VPS15{3VPS34 % &t L9 2 DITER I . mFIINGES S OHESHREIBE LT
Ml ERWED ¥ 7 F I HEHT 5 E5X S Tub, CHSHIVPSIS &[] U
BRI #gRE = R c LTS S i, Chediak-HigashifiEiF TH 6 5 /LR
O—HITFHZINBZNE LG, UV Y —LAMEDEX, V) VY —LE/NEDR
%%%mmmmmmmﬁﬁéhavUV—A&M@ﬁmmﬁmﬁ%&ﬁm%<b@o
TH 63 CHSEOOKEMRITIZIZ N SIZB A -HhOFH40D & LTHEE IN 5,
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2 MBEAMD G1-S BTICK2EAESMOKH

AFiiZ. Science 274 (1996) 1652-1659 (Z#&ifk X 417z King & D #a#i "How Proteo-
lysis Drives the Cell Cycle" ®—#, 4%512G1-S oS A2 Y THRIL LD TH B,

HEAMIC BT SRERAMOETICE., —BOYA 7 - 4 7 AAREE
F+—+ (CDK) #HEHIMEd 5, HFMRICHELTR, GI1HA 71 THS
CLN1, CLN2, CLN3#$ CDC28 ¥+ —+ (424D CDC2 DFER—7) G
452 &TGLEDHEI XN S, X612, FIFDY 1 2 1) CLBS & CLB6 %S
WigEFT. CLB1 ~ 4 2% M iEFT I 53 % CDK DIt L2 HEMET 5, @S EARLY
KB WT b TORIBRDOREHIZ M B LOFER—-T2HH, Y171 >
DEENGLEY, Y42V ELANS WL 470 2 ALEBY MITHEHEL T
W5, FEHTIE. ShoDY A 7Y VBEEBEAICENT S, GLETA7)
vy SHIY A7) vERIMBY A 2 2 ERBIELU TR &iIZT 5, ENEH
DA 7 ) & - THME LN FF— EHAHKIE GLU CDK, S ] CDK, M
M CDK & #d 5,
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HEFREEHNZ 1) 5 G1-S BATICAHILBEFTH S CDCH (L EFT UG H

# UBC3 LR L) DgFrn—=—r7E&hicl & s, DNA ERIABES 5
RIS 2 EFF ARE D& A E MRS IS TR > T A Z LA LT,
CDC a— P52 EFF U 468%E (1) - Vb5 E2 - IBRUEDH.
EAE GL YA 7 1) »ThBCLN2PCLNS (2, 3) LIS & Hfa i o Hl e (X w#
ANCIEBE LSO OEAE () Oo4#Iclb > Tus, UL, ZhoORH
HHEOER TIE cdc34B R TAH Sh DB O I AR TE AU,
CDC34 D) TH Y G1-S BITICHE W TIRENZKB AR/ LTS EAHEICHL
Tid, BIEEHRICE - TEOWREICMT 2 ROOTFZEHE i, T70b5S
WA 20 2 EMBIYA 2 ) 2 OFTNTEREUICHERFORBITAS cde34™ 225k
EEMU LTS Z &6, CDC34 BERIAEPER S ] COKDAEFKICAR[RTH ST
ENTRREN/DTH S (5) o cdc34™ LR ST U /- 13S ] CDKZEFH
HTHDT, CDCH |3 COK AHEEAHOMBITHELIND S LI, JOMHE
AEOHFE LTEL Shicdid, SHI COKIZH{ #5569 5 H&EAH psod™

(LLIFSIC1 E3E) TH-72(6,7), SIC1 (L, FMRBTIZMAES WA B & 5
FSNT BN, cde3dS LR TIZEHRT B, cde348 & sicl A D " FERFHIBIEHH
IR FICB W T HDNA A TE 5 L HICIEHDT(5) SICL HHHI £
A% cde341S ZEFRERIZHE T GL 6 S i~ D 5T 2l L TOBIRENTLHEE TS
56 UL, CZOMEZEMI S LI, IR OZERSIC1 ZHHRKTRASE
5 &L MR G1-S BTICH W TEIEL- 8) . Licdi->T. CDKHFHE
HEZLIEFF AKFRICOMT 5 &5, S UG ZHEd 24 E LU TRS
RBHETHLHEEZEL oD,

XS IZBREEL T BT, HEFRERHC 1) B G1-S BITICid. CDC34 sz LI

Iz CDC4 (9) . €DCS3 (10), SKPI (11) O 3 OMEFILETH B Ehbh-
Thd, WINIOBIETICREBRZHLRE ORI cde34 bk & ARk DXTR

(bt GLIEIE) 2R L. EOXRKD SICLHRIZT BRRTNIE S MIZELT
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UTDNAZHBITE S L9705, CDCS3 (10) & SKPI (11) DE{EF 3R
O RWBEBRIZFIRD A =2 L TOSH, THDE(LENTRGEIC D)
TIRIFEA EFRIE, CDCAREEFICE, ROZHOHAEICEWTHREE
SNTWDS 2ODABEINEF — 707 ET 5. T 6id . SKP1 LHHEMEMHT S
AL ELTHEET A F Ry 72 (11) &, HEEERLAIMHEEHTIBORE L
LTHEGED S nEVED R XN TS 8 [N EDWD-40 iHTH 5 (12, 13)
CDC53, CDC4 | SKP1 M L-EdEOS 1 +— iz CDC34 | 2 EFF
vy ELARMT 5 &SICL O EFF AbhFbiic T 50T, 3RS0
WE (abEFF L UH—) LUTHET A ORI TINS (14) , &,
ERATHBAERIC DWTIZRETILDI(15) . CDCS3 (£ CDC34 &Eig*rd° %
BOEBELTGLY A7 »EFBLTUVB S5 LU, CDC4 LSKP1 DEEEEIZD
WTIERIZICAHTH H. CDCS3, CDC4 | SKP1 DWW hOEAHE RO E3
ER—kiE LB RO H XTI (16,17)

CDC34 M= T 5 5 THOYEMMHEERIT OWTREL TR SN
TWEWLD, ChoElESEERMRU B3 &ELUTHET 5 Eanikd HBIEFERIEE
WHF SN TS, FIAIE, SKP1 ZREkOMTIZ, CDCH R THMEIN S EH
DLEEMICERDFED N LD T (11), SKPL 2L HED GRESHEN L EFF
YENSUEAHEARICHS L TOSaEENTREEN T S, CDAUALMILE
COEABED BIEMICIESKPLITHEAL) B3 FHRy 7225 -THY . £OHICIE
HIRZA b - VT Ly va AAARIEGRRI $FENTLS (11) . gl ZR
Bkl CDC34 R OME TH S CLN2 2 TELNIT E Db 54 S MITEehic
BITT 50T, SIC1 OAMIZIER IS/ THOR TS S LI (18) . SKP1 (3 CDC34 #%
BRI U7 mic AT, &2 brATICHEA 5 CBR fIGAQLAY 72—y
FELTHREZNTHADT., ZilIbi dMilaiEICBb-> TS5 LI (A9,

(REFE : R TIEH B, SKP1 W) ZFRid, S phase kinase-associated protein 1
OWEFRTd % EFIMC suppressor of kinctochore protein 1 DMFRTHH 5o Fl 4 DEREE

-64-

S




ZiREEE LT 2O S THALZFE « wd ShBAENEIR —EBEHETSH -
I THLH. BRIZEZTOBBNE—TH 7o L) BRRENFITH 5, )

CDC34 #F#Di#] [F CCDC34 R T =h 2 Miafici 53 5 2 HE
AHETH->Th. TOMMESNLMEMEHETRIEIZHANH S, P, LR
DG Y 7 ) i3l U TEIc#Een i AHIE L T3 (15) GRE&EEE -
ZORBTRBAER BTNAHDLDT, HBEDGL ¥ 1 7Y OBEICONTH
WAEMA T (o CLN1, CLN2 [ZG1 Hhic@¥ oh b KHiciih . G1-S BiTHlicE—
7 L1 SIICAS EHRT B, —F CLN3OFSR GMMAL @ CTIZE—ET
HD) o FGWMBOERGCL ¥4 7 ) LERRSIE S LG PO nEsh 55
(20) . Gl WIDHEITZHIE S B 2sbiZGl HA 7 ) > OsMREED HAZI TS
EVVDEERETHF SN TULEL, T UA, RIS E PSR EEE = T 57
W, GlYA7) YOFHER E—RUTEEEBICFRFHLTHS LI ICRA S, FH
Uk SEE MR Y 1 7 U > EO&RK RTiOHEIC BRI TS (21),
Zh oA Eid@mic, SICL i Gl HiicikLETHS08S MicAs Ladsics
ffxhs (5,22,

CDC34 Zg Tort s A HORHWLENEDL 2 DEHETRIED, Tho
AEAOHHE D I TWDEEE, FROTEEO Y BUICER L TV a[felt
AR CDY b CDC (KIEN IS EF F MEDE e &S 6 Ly (K1) o
Ffk. CLN2 & CLN3 (3 CDC3 R{FRIIE I EF F (bA % S §ijIC CDC28 74—
Filk-TY VEEENS (2,3), ) VEMEINANE ) ICEREZFEALACLN2 &
CLN3 {$ invive TZLE(LZN B DT (3,23) , V) yELIREAHGMATRTH S
EHEEIN TS, LIch->T, GLYA 7Y YHMRINIC BRI DD, #
GHTFO ¥ 7T 1=y hCDC28 FF+—¥ ITL->TY VEMLINHHEREEL oL 5,

SIC1 OZEHBR UL IZ) YBILIC X > THIBIZA TS, invitro {2FH0T
SICL {Z=2 /) FaEFF VST AT, Gl 7 1) - COKEHEOTEEN
PEExNh5, 7o, SICLPIZHACDK Ik THBXNLZI LYY v
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BRACERALICE R 28 A 45 &, invitro TiE SIC1 O EFF AAUET9 5L, in
vivo [T T SICL OREN B Z 5 (8) » SICL DY B LA HlafE Hicisi) %
AEHEOMBARET 5518 TH Y, &/ COK FBEHICKE Lichliis 5
We—DRT v TTHBE LI EWHOIF, WU Y VEML SICL{ZG1 H1 7 Y
v - COK ZHMULIEE TH CDCH EHIC L > TAEFF AMAERITENSTHS
(24), TD &I T, SIC1 ZRETNIEGL YA 7)) AZWHTIIIEL B BDT (25) |
Gl¥4A 7Y rObERGTEIEIX. COCHIKFNLEAIEFF AMEZTLHLI I
SIC1ZY YEBMbd A L THhb LHEEZNS (H1DETNVER) o Licd-T,
SIC1 % EA IR P2 7 B RE, GL ¥ 7 1) v - CDK #HPEIZHE < 44
FLTWAZ Litk3,

D BIGIC K > THREEAHIZ CDCM BB THMEIND LHICHEED, £0D A
AZZXLIZDNWTIRIB EA EDD > TN, EEDY) VEBYLHEBS L EFTF 2 ¥
AT LI X HEFIEHALETERR L. CDCS3 2Rk &4 5 RAE RS E3 Bi444 (15)
EDREEMMEEZNZ DB LN, ZNERTE, For D) YBEiZk-T
Sre FEQY—2 (SH2) FAA &N ULICEBEROMEIERANEEIN LD LR
PUTHD, HD0E. VU UV BLIZ X > TH EORGDIAMENLEZN T, ThE
TROZTWAEFF MDY T FARTF FR%ET 52 EARRERTONE LN
S, PESTEF (Fol v, Iy IVl £) v, A= ICEORIITHE
A EDGMY TF IV EHEINTNSEF—7) (26) (& CDC34 R TOHY
DR LOFDLVATFREINTSED (3, 27), HEEFIZZ QRN HNUTLT 77
RN = v T4 Y7 ENE EFETEZ R EITRZOBENSFHIRES O
TWADIFTIZID, &I DL, HEFMBOEY / LHIIH 5 HREIROM =5
O—IZid PEST BN G EN TV AN 6 TH S (28) ,

CDC34 #F B DAL HIREFIE  FHEBMRIAZIZ I3 CDC34 (29) . CDEGS3 (30, 31) |
SKP1 (11, 32) Ol Ed B UM LoFEo—- 7988l L Thv5, E MllKIZE
WTid CDK LR A E TH 5 p27 O—EisrE CDC34 Bk TH#EAEZIT 5 L (33) .
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T2 AYAHTIEIFTO CDK (TIRAF L7 DNA IBUTI1E CDC34 D FEa— 7t
AR[RTH S (34) , HFMBTOME, SHiHET S &, BEHPIE TS

CDC34 #%881C & - T CDK LR E DD DNA MR DG | &4 L7805 2 EhfEE
A5, HEFEMTIE420CEE LT CDCS3 OBEERBIMNATH LZDICH LT, #
RIZEIF S CDCS3 DHED—7THS cul-1 [FRFEAITE W THITES A ORI A FR
T BIDICATRTHEZ EAHIAL TS 31, L7cdi- T, CDCS3 ol
{5-f-#% (cullins) | THNRS 2% E L ICHEI LW A EEHE, #IAEGLY 2 VD
SR D - TWH B ERETED S 5 (16) ,
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SIC1 "s-phase 1SICT ‘'S-phase N S-phase
-‘.:I:rclin cyclin cyclin

M1 HERRICHY AR GL-S BFET V. AETNTHR, 2EFF >

S ZF I (CDC34 F8) 12k 5 Gl ¥ 7 » & CDK [# & EH SIC1 OERKIS
ih G1-S BATICUETH B Z EREITERE LT 5, GLH¥ A7) i3 CDC8IC
whagd 2 LIEHRID Gl - COK A HALKT 5, GLYA 27 3 CDCB L -
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N5, Gl44 7)) idR#N E, HEY YEEIhB70% GRET : ZBICIZ -
b+—T& % CDC28 F+—Hic &k > TV VEMEERIT 201 Th BH, CDC28FF—
Y ESLHORBEICL-TY VB ERY YBAEIC K > TEESTIHI O TNS)
RN ARETH S o —H. Gl YA 7)) »OHE EIIEMIC, CDK HFH
HE TS5 SIC1 4 I3Mliaf ikFiTH 5, SICL I GLAT MITREETSH D,
S B COK AT U TIEHAEZ N 2 D% TI S, 25D, Gl EMICAS &
£4 U7z G1-CDC28 F4—-EHSICL %) UMk L, SIC1 ) CDC34 &Itk 5a
EFF AbEBEHT 5 EH12705, SICL 4%k U TiEHER & 75 - 72S ) CDK 14,
REEOEMIEEE) VBT 5 L2k > TDNABMARIHXE S LHIZH B
EEZ 605, CDC34, CDCS3, SKP1 i Gl 44 71 ORI H SICL D43
RIZ B AR EFTF A —¥ (B3) ZHKT 5 €3N THY., GRR1E
KU CDCA FENENDAEETH S Gl ¥4 7 1) o & SIC1 OFFHIhH v BiE %
HoTWDEZEZSNTV A, ) A —EFBHER OG- FORBIAHTH S,
(R 5 . #RERERDT - {LFEFE)
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‘BRAHETHEY LT EER

i Ah o b BRI TE 50 —F—, T0OI—F—TH,
Bty S FE~OEM I —F— L UTHRA L THLS £, BIEI—F—%ikl)
THLL 72U 8 LA ARG ERS SN, BERICHSE /Ly

Proteolysis®d [RGE| F54E !

HFE OProteolysis| LN ENEE N L WER TN, COHFEE TEASWK] ERT
&y EDDADA A — VRS > THEMEEMTRSBICIEIL A 37 bESADH
IR > TOERA. Fles AFZAFTFrTAY VX EBOTH, £9b
BRI HIIBET EE 0, £ T #iREHFELE T, ER H50ERENY] -
THEETHHMTYT . FHRICE W THELE shld, A EAPIRETHENIZER
BIELWEBEZTWET, BT, TOFTEORNFLLUTHRDA/LF
BRI R REICERIN B SIZRBETL eI, BRIERIMIFOF v~
ATY | MIEAEK > TFE, (3ATHH LT TR
COHFEIIH LT, fisTHHEN LE LD, BELTOISEFNRH D E LI,

Faid T& 7Bl EFHONRWERNWET, XEFPLRNTIN, [F2
SR HBRAR] DT L D BED 22, EBoL" R Shic g
ARy ohichth /AR r— K/ 7+ TUET 5" L0)ERT, HxEk
TEEITHOEENNGLELUBI LT, b7 b0EFOVEHET
ICE family @ & 3 128 LWEEAEA HT L) b G0 EB0ET, L
MU B LD SEICBIBEIED S0 RAEENTIAA—-Vb—AHTHD R
FHEBO AP ABAIZIEHAINEBNET ([E-1F-13) o
(s b« #EG R - BN
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[EAAIH] H50ME TEEME ]
SRS B, HEWTIRESMEEZT D EAEEZITS. WTNICLT oM
THUCAEEFNED S, L5 E%T (APAIE] IZHP-20T, TEAAM] &»
0t TEEME] o MATEITLED 77

(FRASEH: © IR T2ER - Bl - e R

[BATEY LT BRELDHITED, BEHIETHH-THEVET, T, R
W TIRIZD TS, Proteolysis DFRFEIC DT, T A ¥ FIETWREWNTD
ABLLWTL&IN? HFEVERTIIALL [HASM O A—D L3P LES
BDELT. <L EDYBAIZUEHAN. [HAKKE] { SHIRLDRTL LS
7 T THEEBPHENVEEZBECSN (7) (. MOERMEDL ST A
hohd LBbNEDT, ZOATRVHIIEEDOME, BBENSE - CRET
9, degradation, cleavage Dl /22 5 FYHUE Y & BUFE A W EHhEEL L
T34, Hydrolysis ENH (LERISDHERT T EICL > T BRIEA A —DITH
IETE 50TV ERWE LI,
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among scientists working on proteases (peptidases) and protein turnover | TH 0, [HEESE
PHIRHOEADIEDN. I =V E2—D-> T %, BFIZEU S HEH 3EARL
—H R R UK B AR T, ICOP Newsletter DR AT A7 Hd 5 H413. HH8 A%
RITH LaABHIEE XU, (BAHTHY LT H8HR)

e iia
"Intracellular Protein Catabolism” (Eds by Suzuki, K. and Bond, J.S. ) Adv. Exp. Med. Biol.
vol. 389, 1996, Plenum Press, New York. A3 AE SHRIELE THIHAL—%
£A1994410 H 1o B 50 CRIME L 7255 1 0 [ International Conference on Intracellular
Protein Catabolism [HPE£x:% (ICOP) TO FEBMEORH AR MIHELILDT
HbH, BIEOEAEAMOMRS BN INTED, YLHFOAL ST IO
HROMAEDHELEDE L LTHHINEREHFHTHS,

(A THH LT FHR)

(#il - =2 =D 5] Oa—F—KN

FES—2—ATEHH - —2—Z0 5] OI—F—FRFETOT, ¥l - —2—
AEIZBOTAEAHARIROEENHICEZFDZ LS. BETHMET b
WTTOTHERICBMSEFX 0 MO L) ISR REFERICELT ST
LRBEETH V&3, HFRBEEERICIEC 8-> TH oHIiTid, PHEESERA TR -
Sa—ANEDTAATATICH UGN AT &id. HEHIC BT HEINT
WHEZATHD., FLHAFMELTOEL UEIFSNTHWET, #-T\ &K
HAPE B OFEROEREESIY £ TOTHREBAICHE - =2 —RICBET 52 &N
WriahnEd, (BATHH LT HHR)
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FLUAD, TEFISZAERMUE Ui (Ea= o— %8R4 578 SR RE 7)
DT. BERHFIEBRHICHUAATTE L, RUDOK= 2 —RFEHE 45 E, £H
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TEHEEFRICED D) o  Fho, B4 SR HFPOEF MRS
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Transient Brain Ischaemia Provokes Ca?*, PIP, and
Calpain Responses Prior to Delayed Neuronal Death in
Monkeys

Tetsumori Yamashima', Takaomi C. Saido?, Masatoshi Takila®, Atsuo Miyazawa®, Jun Yamano', Atsuo Miyakawa®,
Hisashi Nishijyo®, Junkoh Yamashita', Seiichi Kawashima?, Taketoshi Ono® and Tohru Yoshioka®

Abstract

To clarify the mechanism of postischaemic delayed cormu Ammonis (CA)-1 neuronal death, we studied
correlations among calpain activation and its subcellular localization, the immunoreactivity of phosphatidylinositol
4,5-bisphosphate (PIP3) and Ca®" maobilization in the monkey hippocampus by two independent experimental
approaches: in vivo transient brain ischaemia and in vifro hypoxia-hypoglycaemia of hippocampal acute slices.
The CA-1 sector undergoing 20 min of ischaemia in vivo showed microscopically a small number of neuronal
deaths on day 1 and almost global neuronal loss on day 5 after ischaemia. Immediately after ischaemia, CA-1
neurons ultrastructurally showed vacuclation and/or disruption of the lysosomes. Western blotting using
antibodies againslt inactivated or activated p-calpain demonstrated p-calpain activation specifically in the CA-1
sector immediately after ischaemia, This finding was confirmed in the perikarya of CA-1 neurons by
immunchistochemistry. CA-1 neurons on day 1 showed sustained activation of p-calpain, and increased
immunostaining for inactivated and activated forms of p- and m-calpains and for PIP;. Activated p-calpain and
PIPz were found to be localized at the vacuolated lysosomal membrane or endoplasmic reticulum and
mitochondrial membrane respectively, by immunoelectron microscopy. Calcium imaging data using hippocampal
acute slices showed that hypoxia-hypoglycaemia in vitro provoked intense Ca®* mobilization with increased
FIP, immunaostaining specifically in CA-1 neurons. These data suggest that transient brain ischaemia increases
intracellular Ca®* and PIP; breakdown, which will activate calpain proteciytic activity. Therefore, we suggest that
activated calpain at the lysosomal membrane, with the passible release of biodegrading enzyme, will cause
postischaemic CA-1 neuronal death.
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Translocation of protein kinase C-at, 6 and € isoforms in ischemic rat
heart

Ken-ichi Yoshida **, Takao Hirata °, Yoshiko Akita *, Ynli’chi Mizukami *, 4
Kazuhito Yamaguchi °, Yoshihide Sorimachi °, Tokuhiro Ishihara °, Sei-ichi Kawashiama

Abstract

To cxptqn: the spatial and temporal localization of PKC isoforms during ischemia, we quantified PKC isoforms in the subcellular
fractions inperfused rat heart by immunoblotting using specific antibodies against PKC isoforms, PKCs-e and € wranslocated from the
100000 x ¢ supernatant (5. cytosolic) fraction o the 1000 x g pellet (P1, nucleus-myofibril) and the 1000-100000 x g pellet (P2,
membrane) fractions during 5-40 min of ischemia. PKC-& redisiributed from the P2 to the S fraction. A 50-kDa fragment of PKC-a
appeared during ischemia possibly through calpain action, Immunohistochemical observations showed the different localizations of
PKC-ar, &, and € in the myocytes. The PKC assay displayed high basal levels of C:l:'-indapendent PKC, the activation of
Ca**-dependent PKC in the P1 and P2 fractions, and the activation of ca “-independent PKC in the PI fraction after 20 min of ischemia.
These observations show that ischemia induces different patterns of translocation of the three PKC isoforms, suggesting differences n
their roles.
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Proteasome pathway operates for the degradation of ornithine

decarboxylase in intact cells

Yasuko MURAKAMI®S, Nobuyuki TANAHASHIT, Keiji TANAKAT, Satoshi OMURAT and Shin-ichi HAYASHI*

“Departmen| of Biochemistry 2, The Jikei University School of Medicine, Minato-ku, Tokyo 105, Japan, Tinstilute for Enzyme Research, The Universily of Tokushima,
Kuramaoto-ch, Tokushima 770, Japan, and £The Kitasato Institute, 9-1 Shirokane 5-chome, Minato-ku, Tokye 108, Japan

Ornithine decarboxylase (ODC) s degraded in an ATP-de-
pendent manner i pitro by the 26 8 proteasome in the presence
of antizyme, an ODC destabilizing protein induced by poly-
amines. In the present study we examined whether the proteasome
catalyses ODC degradation in living' mammalian cells. Lacta-
cystin, the most selective proteasome inhibitor, strongly inhibited
the degradation of ODC that had been induced in hepatoma
tissue-culture (HTC) cells by refeeding with fresh medium.
Furthermore the inhibitor inhibited the rapid degradation of
ODC that had been induced by hypotonic shock. Interestingly,

hypertonic shock was found to increase the proportion of ODC
present as a complex with antizyme (the ratio of ODC-antizyme
complex to total ODC), Cycloheximide, which partly inhibits
rapid ODC degradation caused by hypertonic shock, also partly
inhibited the increase in the ratio of ODC-antizyme complex Lo
total ODC. These results suggest that a common ODC degra-
dation pathway, namely the antizyme-dependent and 268
proteasome-catalysed ODC degradation pathway, is also oper-
ating in intact cells for osmoregulated ODC degradation.
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Figure 2  Effect of lactacyslin on osmoregulated degradation of ODC in HTC
cells

HTG cefls weie incubsled in hypotonic medium wilth o without 5 M lactacystin for 4 h, and
subjecied 1o hypenionic shock by 1he addition of NaCl to a ling! osmokasity of 450 m-osm/L. Cells
were harvesled al the indicated times alter the addilions, Free and tolal ODC were determined
as described in the Experimental section. LCT, lactacystin
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Table 1 0DC destabilizalion and increase of the ratio »_al 0DC-antizyme
complex to total ODC caused by the increase in osmolarity

HTC celis were incubaled In fresh hypelonic medium for 4 b, and Ihen cycloheximide
(50 wa/miy and/or NaCl was added. Cells were harvested at 0 and 60 min 3fter [he addilion
Free, total DDC and the amaunl of ODC-anlizyme complex were determined as described in
the Experimental section. Values are expressed as the means 4 S.0. for three dishes. A dash
indicales (hal DDC—anlizyme complex was below Lhe level of sensilivity of the assay,

Total 0DE Ratio of
Change in Time afler  aclivily aniizyme-00C
osmolarity additions (unils/mg complex 1o
Addition (m-gamT) (min) ol geolein) iotal 00C (%)
None 150 to 150 0 242418 -
None 150 1o 150 60 322435 -
Cycloheximde 150 10 150 60 212434 B
NaCl 150 1o 300 60 2744040 B22+33
NaCl -+ cycloheximide 150 to 300 60 7.394-0.39 100+52
NaCl 150 10 450 60 100402 TBA+56
NaCl+cycloheximide 150 to 450 60 2814007 216+95
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LAKFEMEO D C 43R b 13 7 2 H8HE T 5 8 L5 W gt AYRIE 8 T W - RGEERE 1O
DCHED T 7 % ¥ AF 7 Tl Ml S 7 (Fig.2)e S5I2, MREEY 32 7130D
C—7 »FH1 LHak/20DCHE LASETODCHMERET S LATRSEN
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Control of Omithine Decarboxylase Activity by
Polyamines and Absence of Antizyme in Tetrahymena’
K. Koguchi, Y. Murakami and S. Hayasht

DepartmenT ofF NuTtriTion, Tae Jiker University ScHoor oF MEpicing,
3-25-8 NisHi-SHinsasHl, Minato-ku, Torvo 105, Japan

ABSTRACT. 1. In cells of Tetrahymena pyriformis and thermophila, ODC acrivity was significantly suppressed
but ODC decay was nor stimulated by purrescine. 2. Free antizyme and ODC-antizyme complex were both
not detected in extracts of cells of T. pyriformis treated with purrescine. 3. It was concluded that in Terrahymena,
unlike verrebrate cells, ODC is not subject to polyamine-induced destabilization mediared by antizyme. come
plOCHEM pHysioL 113B, 157-162, 1996.

KEY WORDS. Omithine decarboxylase, antizyme, polyamines, tetrahymena, feedback regulation
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FIG. 4. Suppression of ODC activity by putrescine, without de- ﬁﬁﬂ iiiﬂ:ﬂﬁ L« 737 o f;’n 7]{ T Eeer ?VRLL}

stabilization, in cells of T. pyriformis. Cells harvested at the i«‘ig}.} PSR R _)}.mmﬂaﬁﬂm ﬁE bz ;ii&m

end of log phase were resuspended in fresh medium. The sus-

pension was divided into five equal portions, and then incu- DT ¥ FHA A %) QDC & #I_‘% L&
bated for 5 hr (after 5 hr was defined as 0 time). (), control; FHFAL ALV ESRedhoiz, 2T,
A), 10 /ml cycloheximide was in; ([ s — = . i

(&) pg/ml cycloheximide was added after 90 min; ([]), = F?E)"ﬁ‘“f’ﬁi?ﬁ‘}‘ﬂ’fﬁ%ﬁ?%

10 mM putrescine was added at 0 time; (®), 10 mM putrescine

was added at 0 time and 10 pg/ml cycloheximide was added RYFTIXEEB0DC @ﬁ}ﬁ&ﬁufﬁ]ﬁm
after 90 min; (M), 10 mM putrescine and 10 pg/ml cyclohexi- I-ijﬁ-{fE Lizwrd ﬁﬁ_ﬁ xhi-,

mide were added at 0 time. Each point is a single experiment.
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Assignment of the Human Antizyme
Gene (OAZ) to Chromosome 19p13.3
by Fluorescence in Situ Hybridization

Senya Matsufuji,*t' Johji Inazawa,

Takaaki Hayashi,* Youichi Miyazaki,*
Tamotsu Ichiba,* Akihiro Furusaka,*

Tamiko Matsufuji,T§ John F. Atkins,§
Raymond F. Gesteland,t§ Yasuko Murakami,*
and Shin-ichi Hayashi*

*Department of Biochemistry I, the Jikei University School of Medicine,
Minato-ku, Tokyo 105, lapan; tDepartment of Hygiene, Kyoto
Prefectural University of Medicine, Kamigyo-ku, Kyoto 602, Japan, and
§Department of Human Genetics and tHoward Hughes Medical
Institute, University of Utah, Salt Lake City, Utah 80112

FIG. 1. Assignment of the human antizyme gene to chromosome 19 at pl3.3. (Left) The arrowheads indicate the twin spot signals
specific for the P1 phage elone, HuAZG1, carrying the human antizyme genomic fragment. (Right) The G-band pattern of the same metaphase
chromosomes is visualized through a UV filter. The specific hybridization signals are localized on band 19p13.3. An identical result was
obtained with the HuAZG2 probe.
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Chromosomal localization of the proteasome Z subunit gene
reveals an ancient chromosomal duplication involving the major
histocompatibility complex

{evolution /synteny)

MasanoRl KasaHARA®T, MasARU HAvAasHI®, KEul TANAKAE, HiDETOSHI INOKOS, KiMiHIKO SuGaya¥,
TosHiMIcHT IKEMURAT, AnND TERUO ISHIBASHI*

*Department of Biochemistry, Hokkaido University School of Medicing, Sapporo 060, Japan, Hnstitute for Enzyme Research, The University of Tokushima,
Tokushima 770, Japan; $Division of Molecular Life Science, Tokal University School of Medicing, Isehara 259-11, Japan; and YDepartment of Evolutionary
Grenetics, National Institute of Genetics, and The Gradunte University for Advanced Stadies, Mishima 411, Japan
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ABSTRACT Proteasomes are the multi-subunit protease 2 sgippy - phili4 2 4 kBB TR H. —ORERNO
thought to play a key role in the generation of peptides = ey Y - K
presented by major histocompatibility complex (MHC) class ﬂ; R Fi-. éfvﬁf,g\mﬂﬂ_l.{-t{f? %%ﬁ'bt?‘ %Y ‘:
I molecules. When cells are stimulated with interferon y, two 7 SERZ° 3= 4 #bl S ¥ M {8 &4 (MHC) &JEECHU
h;lI:IC-encudcd ;lthuﬂil:. Iowibu;:n[ljculﬁr mass ptclj'pepti:e BAATF FARNLTERT A ETH D, Ethhib
(LMP) 2 and LMP7, and the ME subunit encoded outside .| - - - b Bl 7 o . =
the MHC are incorporated into the proteasomal complex, izl _C = OMHCE AL Lﬁi{% L"ﬁ:?}ﬁ“iﬁé% BTHY,
presumably by displacing the housekeeping subunits desig- BRORPFOBTTH -7, Fx ‘1_75 yRBA s —=T 2D
nated Y, X, and Z, respectively, These changes in the subunit 7 NTEHEIIEO 7ot o Y BETHLIT 0T T — 4
composition appear to facilitate class I-mediated antigen OD=FORT—H T2z FORKFREBRLTRE 0F
presentation, presumably by altering the cleavage specificities o 5 : 3 5 =
of the proteasome. Here we show that the mouse gene encoding 7 — hAEER E\ ﬂfﬁ‘? ﬁ-gﬁ?% F:ﬂf»’ﬂ: S5 %‘ %
the Z subunit (Psmb7) maps to the paracentromeric region ol MELTEL, Tk, ChoDliETFHEOIEDN L.
chromosome 2. Inspection of the mouse loci adjacent to the $f { ~XPRARBE L. FEROFEOBRBIZSWLWTOH L

Psmb7 locus provides evidence that the paracentromeric re- > 1= -
gion of chromosome 2 and the MHC region on chromosome 17 ES%?%E ?¢5 L?’ = f:'.“ ?h L MHC', TAP'ML:S;;H_’
most likely arose as a result of a duplication that took place S SRR S MR FEI—-FT S =

at an early stage of vertebrate evolution. The traces of this THiIRAS. A HEETRMIC L - TAEEh I LDER
st regius (it S TR obeevationa I RIR) b e =DM DINT D DT ITALS
e lliatis e i e ation 2 THHLE" W255 98— [MHCIEY 5 A7
have implications in understanding the genomic organization
of the p?‘esenl-da}' MHC and ot‘ferginslgll:ns into t!:E origin of [RARREMN? | RUEIEF I —LEa— [ 2SS
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