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Zv b, TOR, BROBH DTHSHIICETh, BlEB2OEIHIENMEXN40% T
Hda

B1 receptor® 7 I = Z bl [des-Arg9] bradykinin (Kd=5nM) . —4, B2
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-1 DB2 receptor it constitutive T H b . Fl ZIE, MEAEHILTCIEB2IEF R 5
BHLTW3H, BlUIH S RECIGE LU THET 5. WThOreceplord, 1) 4>

FESOHE. HlAN R A A > @OSer /T ) VEREZ N 5,
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bradykinin® k7 3 / 8 & Zh & O ErfanalogsiZ A T, —MexopeptidasesiZ 4,

ittoHBEDIC LS IO 7 2 T=X b (HOEMORY) . T5IEEH
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Bradykinin
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International Symposium "Recent Advances in Protease Research in Human Diseases”
The Post Satellite Symposium II of the 15th International Conlerence on Kinins
[Kinin '98, Nara|

The 15th International Conference on Kinins (KININ '98 NARA, 1998410 /)]19[]~
24H., ZER) B EHEE, 200U F F4 b B I AR & EAT TR
Xtz L, Hans Fritz (1), James Travis ()P K OHEAR K EEEIB DI
HEREE (58 AR o IDAREEEERE (4 FE) s NCRFD b ADHEZES &
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uPABTEIBHER], PwPARE 2 27 0 F)VHIAS K wPAL uPARDMH HIE M ZBLET %
A7F FOHIEC DWW TE Uz,

(2) mAaEmicEs T 28~ b v 2 2045 (Motoharu Seiki, Inst. Med.
Sci., Tokyo Univ., Japan) : IV 35— > % 50i# 4 2MT1-MMP (JE#MMP DT &
D) RELTE D, R, invadopodialZ R U, ORI, EEOR %R -
TWaEEZ 6Nk, = 70¥E5FF—EAREMIOBHFMCREES h,
MTI1-MMP, TIMP-2& =#ifk & L TRl f74e Uk

(3) §iFEWHE L LT DBowman-Birkf > £ ¥4 — (Ann R. Kennedy, University of
Pennsylvania, USA) : # 4 X {1 ®Bowman-Birk inhibitor (BBI)IZ 6 4% T BlC £ %)
HEN, COL4 YL EY—HAETE 707 7—CWikhgxhi=. T, BBI

M WERHRIRERIC B S AUk,
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+ w = 2 THUiEE /SIRS L fllEtE 7o 77—+ |

(1) SRSBLUMIMAE BT B4V —A - 77 7—LHEDEHE (Heinz
Neuhof, Justus-Liebig-University, Germany ) : W Ifil fif, systemic inflammatory reaction
syndrome (SIRS)IZ BWWTHFpER, HEK, MWl 654V —A - 7077 —
EhihE ., TP mEEartPRRREECEZREHNZ2R/ETED, 7077 —
CEHERD P - IS H N TH 5 2 L DPUPERCREI Nz,

(2) MERAEB L UCRIEMREBICBT 31 > M5 24—+ (John C. Cheronis,
Cortech Inc., USA) : neutrophil elastase, proteinase-3, endogenous vascular clastase,
endothelial cell elastase® [T 4 35 X U BEMESREEIZ B B 1%&8 %2 & L 7=

(3) %3 L U0 I 55 251 02 {B2F IO B . (Jan Potempa, Jagiellonian Univ.,
Poland) : 6 5% D %4 J5H i T & % Porphyromonas gingivalisid 3> > 2784 R %
PEET B, VUL VREF VAV I LA CREWENEG L, &R T E
TEHIERIDFDOMPADRAZMET . S 6IC, BXHFBLT 7D borEy
ZEEEHLE L. £ 7074 CE2TME. chafifExgackicdbh, M
BAEEZG &R T,

(4) 25N B 284 FAA > F v b 7—7% OPorphyromonas gingivalis H 3
7o054 F—¥IZ L B08%E (James Travis, Univ. Georgia, USA) : 4fth k705 7 —
ETHLTY Y UitS VIC & BTINF-aB L FIL8DAERG LE £ 23, TNF-alk
RS 28 —¥ BLUHT 7L G ED. oY s eaEhi,
—F, IL-8IC & BUFHPERDTEME LI Y 2 P08 i L BIL-8DBESR ClEESh =,
BESEMD D O34 LI ZDIL8EIE L Iz

(5) AW ICBT 2 I3 4 » OBRED M TP T 2 G O HERE (Kenji
Yamamoto, Kyushu Univ., Japan) :R-¥ 354 »(RGP)dH B WIKK-V V934 &
(KGPYDW T N % RIAX & P, gingivalis 285+ THRICAER L, chs7nF
P—EOHIRAFE LT OREZBa LEE 25, RGPEP. gingivalis i & % 47 h BR
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DHEHEIC FIo. KGPIEEME AR v FIMIc EETCHAZ LWL PR,

twavividky b bEVIR)

(1) SI9NRI—AZ N ZDIOAN I FAT—IL Lo THHIN 3 HEKRD
wEo 707 7—EIZ L5 (Tetsuro Yamamoto, Kumamoto Univ., Japan) : 73R
h— 2O CHIlD ST 2819V R — LAY VO _BIK(bF AT )V
7 I F—¥IZ X3RRI RB LTI RCSaZ A/ kizH L, ZhPFh7d=
AMBLOP U T=RA MM ZRLE. —/i, 7 b= AD#®HTCEMEED 5
M) Ty BT DT 7—E0ER L. EEFEAREL LR,

(2) 7R MY PY L 35 7F—+¥ (Osamu Matsushita, Kagawa Medical Univ.,
Japan) : Clostridium histolyticum =1 Z ' —¥ Dt 7 A > kI DU T HEETEE A
BEZ kAt LSRR, SIBLUSsiEEh2 BB LU0 52— U e5amid s %
Abhlk. &6, AF—=TUHEHRHOFZ v T - F)IN)— « Y AT AAD it
HIZD>WTHERLE.

(3) E MBI - ) 78— fiEMER X - T#E Nz H6E (Christian P.
Sommerhoff, Hans Fritz, Ludwig Maximilians Universite Munchen, Germany) I i il 2
DG AADKREDAT 4 T—F—LEIBNB ) 7Y —+t OFSENE %
Hr U=o TEHE LD PY RAR DO HLIZ I W T WA RS, fa 14 22587 PRI
FEWMEBT I EALT BN L, AN UHBET 2 A PRI LTEELT
B ¥, Wb S HRER R R T & =,

(4) MW7 o74 F—CHERC X 3 EXalH] FOME. ~7F FREHOFKA
(Claudio A. M. Sampaio, Escola Paulista de Medicina, Univ. Fed. Sao Paulo, Brazil) : ¥
A #@ Bauhinia ungulataff 7 i1 3¢ @O Kunitz-type 4 > B ¥ # —OEMER LA T F RiZ &
% factor Xa®DBH ¥ % G b, Mz L L =,

() Eb e VaAVYEF U P FAVY 2= TPIHI— KA xS A 2LE

Y —idEge PNEMIRO 7R —2 2%25 &8 27 (Tsutomu Hamuro,
5.



Kaketsuken, Japan) : Bk - VOV EF b oFaura—-7p8¥—-NA0x
A1 -4 e ¥ —(wTFPDIXHUVECSIZ ¥ > N 7 K GFRIC 78 b —> R &8 T
% LIZ X DbFGFH L UEGFIC & 2 W4t &2 B U =0

tyarv gk LTo7oF7—ES4 YL EY—

(1) HIVic &t 370 7 7— ¥ HUERG RO /= 2 D (Akhteruzzaman Molla,
Abbott Laboratories, USA) : T4 XL LT 7 o7 7—EHEEAIIC OV, (it
Pk & ORER & 2 3 HoA8tE, % = IHXoHIV 7 D7 7 —ElERIIE DL
T, LW AashiEERMNZIREZHA LU=,

(2) BRHBERN AL L pUDiiEy A ba 7 4 —ICB 2%% (Koichi
Suzuki, Inst. Mol. Cell. Biosci., Univ. Tokyo, Japan) : fliR§ ¥ 2L 784 > podic D
T PR POZ 4 =D RA Y bl a—F—2a OB ERF LizEC 5,
74 B AASEREORANDHEL BB Uz pUD R EHESHED DIV IS >
Dt SO THERZ O LS T EHAL T,

(3) AT 7 UG T 3EBOINMIEL LTOH Linvh 7 773 R SN BHE
DBHYE (Nobuhiko Katsunuma, Tokushima Bunri Univ., Japan) : X&SG5EHT & 32 2 —
=057 492 RAMNT, TRATOAFTTY Y (B, L. S. K. G H)iczh ®
N RILERMEFTY A2 - GRT B LRI UE. SheEAWERR, L
EKIZB®RMIC, BESEPRO TRy Y Vg 2 8) 7y MO MBI, Sikh
AN—=E3DiEEEIE, SBLUTLERXROMRIZ ZhZh G54 22 2 HNsh L
Kok, £/, E¥IVB6NAFT 7V UB, LEET 22y HINEhE,

(4) Bum#iEd LUSIRSICHT 27 F b B 2B URGH : (EHEIFE OFR

(Hans Fritz, Ludwig Maximilians Universite Munchen, Germany) : 7 »F b o> E >
(AT 1) OWIES X USIRSIE # T 5 FRK R RPN bDTH -
EREELT, WS 2D ERET, I6IC. ATHIENA FRa—FJ DI

L DRI D nlREVE 2 R U fzo
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PLENERABRTHEH, BERANBICIMA. BIN#FBE % THER D A
DEDBRERT A ZAhwyavPTEl, £z, BHSPZ0ROHOTHED
(ZHSEHEFVAZHLIC) KWICED EDS- k.

(HiH #% : MAKRFELBBEDFHE)

4 F1mBASTFEWMESY—VavS

rBEaEo 70ty y 7 LRENL]

#5210 H AR EW 0 ERR104E12H16 H A 5 19H D4 HIEL RiETHAD 8
74 RIS TRt E Nz RSO LA, BRI — 7—2 239 T7HbETH
30006 DHEHMES D, IRELBICLZIERRHRFEVETONhE, 208D
BPOT—2>av 705 bARE” EHHOTOR Y S U T LRER” (R
B oo Bt (BRREIRDE) « HILET L (FMREK) ) ots v arToREk
IZ2OVWTHET %, YMH, BREHBICEZLOBEIEE D, UBREZ AP
AR WMEED KR TH - ko

XK - HEELERK. MPP(S b2 RN T7Z70Ry Sy U IRTFF—E)
I & BIE & A E of RS2 s TIc 7o v o o FEic W T, R
BEPGRATF FEHWTRFOAMREZREShE, 3 bay F) 78EAHE.
NAEWICRERS VTNV ESALERBARL LTENE NS COYTFNIZL-T
I AV R TREEIhENBAEARE. 7oF7—ELB7neyy LY
25, WCaFovyADy, ATPIEME 7 D7 7—EEofZic L h ZOMiE%:
Ri-E 5% L 2, MPPIZ, 2070+t vy 2 7 RICBW 1008 6 DE
F—7ORVWENAEZ/BRNCERT Iy FRT7F¥V—EThh. Zh o8l
VDI AZFKZENSDEEDNh S, EZAT, AFLY—AlZhY 57—
PELC-HOBEMAZZOMI/DREGE VAR YEH Y, FLALEOEEE
PINCIA L FEET Do SOANH R Z DB T T ZellwegerfiE s EORF L e b, F
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EZOREMAEMRERE AEY 2 b0 74 — 2 UL RERME~IVAF 1) —
LW EES A LBMETN TV LK - BEAREER, ~VAF2 ) — AR
H{EFB LTI AF 2 — ADEREMZ T 2012, ~IVFFV—A
RAEPECHOMMa D MIAIERAT 2 = h, B 7= R HIRINEREIC I8 9 5 2fi 0 2 Bl
(ZP124 L ZP126) i L. Z DM OW Tt hiz. & HIHIRREKX - /MHE
Bk, SPT (V> - EIWVE VBT I JEERR) ORELEME ZO 7Dy 2
FIEOWTHEENE, SPTikE ) Il Db 28 AT, EXAMABBEREDID
T DRV EREAETY (PH-1) OFRHAEAATHH 5. ZOSPTICHE, 2 b
k) PR S 7 )U (MTS) 2D 3 by B PSPTE LA F 2 —ASPTD2D
A4 THEET S BIBAREMISICE>TI baXx FU 7O, BOHEH aJHEIC 2
by 2 ;IR PIH\ESNAESPTE BVWTHEL. ZOERMEEEICMTSO 7' 0
ol A THRRBBETHLIEEZRETNE,

ST, AEFFURLLSRENBEDEMIP 70T 7YV —LADFEMNICRS I 2,
) Y SERA— I V7 Lk 7 — % U OIIUME KA T L £ 7% — (PDGFR),
EGFL ¥ 74 —R L BWTHAHOBHRTH 5. LI LRHS, TFEMRHIBIT 3
HAMOBMEAHDIEFF o ABTOFT 7Y=L L2090 7 NVTrd, =
YR A b= AR NV —AADREE T TV ERS>TWB LI ELH D,
IEXFONTHHEREEEZRE LTV AAHREMESTREIN T E R, S0, T3
Ko iplebld, A EFFUERTFEMOIERES NP CBIFAZHAEHZ
WERICED, ZEFFUEHEETZV0(4 P VERIDTY FY S b= XD T
BachlE L Twac kz@iiahik, S8 HEAVZAFALE>Tx Y FYA
F—=2RE3T25 -5 v FOREEZOS FHEMOBBNRENS, £k, 2
EXF Lz L 2EMGIE. ChEMEE e 51 EXF ALl Lo Tl
Wirbh B ZEDRBNTW D, ZEREEAK - (WAL, Drosophila® i1 E % F
> L% #Fat facets & 7K E 0 ¥ —DEWFamiC DWW TS 2 iz FamiE (K51 BGTP
fii 7R I FIRasDERI 4 F FIAF-6 DR G E I & L TIRES e, B EXF 1k
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FEETH BFamPAF-6D LY X F AL ZHET 22 LA, B-caenink G T35
Y. B ZFORELHIRREES B TH S LE2R U, FamDHllabes Ol
reaik 22 I 4 % AlEedE 2 R & vz o

LIAT, CCEFLEFF UHNFORELRERICIIELELDTH S, 5
mDO7—2 a3y 7Th, FHEFHERIOSUMOL, NEDDS. IR DAPGI0D3DE
fii A FiC DWW T DBEIRZFEWAI LD WS k. SUMOL (small ubiquitin related
modifier-1) DERH & L TR B SN TWAHOIE. Bk RanGAP1~ D
Tdh Do SUMONIC L B1Efi% 5 /2 LIZ & > T RanGAPLIMMESL~RELET h
%o X BICIHIETIE. SUMOIDIkBa®D L EXF A5G 2BM T LICL-
TlkBaZzZELSI . fSRE UINFBOIEMEZIRI T 2 & WS Wb h A R
FAOEENE 2 BRI E SNz BHEK « ek, 2FREEROSUMOITRE B —
TCHBPmBEMHT S NEFIR, C OEMFERICE S 9 SE1MRad31 EFub2 & b 4
BZATOEHGHERTHDE2PFHusS THh D LRSIz, HICPmB3ZETUEICE
Wik, PEESEOREPTOA7OMRBICMA, BMBUTR L TIEMBIRIC
rifERTCEEZRIEhE. ChoOHIR L bSUMO1D B A 2ED A T4
Eh., SHEOBEHIELATH 5. ERATONIME A FERE - B AL, YY XM
WikiiEk = 1 £ — b DOREHWT. 1 EFF 2 ERINFT& % NEDDS ligation system %
fRE iz, ZTOFEHE. ELEZAPP-BP1EhUba3 &R EAFT OV —L bz,
E2HhUbal2 TH B Z &, & SICNEDDSIC L W {EfiE S 1) %4 —4 v kHSCF
(Skp1-Cull-F-box) & {AR> T & eullin family §XTCTH 2 EZAEE . &
DEERHP & SEIM E TR N EH L REM S 7 ALY RIS HOMIIEIE
WA EEEE U SEAEGF - KESEER, BRIOF— b 7 7 O—IC HHE N (Apg) &
14 g, st h iR, 205 bApg12p. ApgsSp. ApgTp. B L UApglophiL
EXF U REILPEFHROEHTS AT AZMBRL TS Z LS PICIRE,
Apgl2pld. ZoOREICENWTIEXF 2 EEMEZRiR VWD, 2 ExF BN

- & LT ApgTp & ApglOp% /1 L TATPIR{FIIC ApgSp & M4 5d B0 ZDApgl2p
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DEMHMFA— 7 7 V—ICBVWTESEATH D, TICZOY AT ADTHMKICS
FETE DG, EEMNCBEESINEVATATHEAZ L ENEINE. 25
T. COSCFHEGHRDNMET 22X F AEEBICBW T, FORER S ZF-box

HAHAPH-TWB LS TH S LK - BILIKER. ¥ 2DSCFRERE L
T %Skpl, Cullinl & U'F-box# F1 1 T dd 2FWDI1 (BTrep) & FWD2(MDcDNA % [i] i &
Nizo E 61, Two hybridik P RN COILIEBIRIC K> T. Skpl HFWDI,
cullinl EHAEERZER L TWBZ L EZ RS hiz. £z, FWDIH) YEEAkBad
AEFF AEICBITBEI) H—E (SCFH A TCH B LI CEiMEhE=, BZ5
<+ FWD2ZEZESCFHOASIKIR FRZ DY —7 v MEHHEOKN G £/, 205
FloKERERZT B ICEVWERNWERDbNh 3,

b, SllomEgkEEn s W rNicEELRBHERELTWS 70T
NYRAZEDBZ DT, FEHTHERRPELB>TETWS, #>T. —FERDE
RCHEDLIREHZERL LD TELPELATH %0

(WEReT - HEF : HREERE SR EGU R - CRESTHIRH)

=




{5) 2= g3—

1. A— b7 7P —CRERIECXIF EHKREAERKAY AT A

A— b7 7 O — AR EN R RN O HEA B RS A T LATH D 2
EXFo—-7077V—ARDPERNEHREHS>STVWBDIZH L, A—b7 7
S—EFICIERHRNZIO 2GR AT LATH B, Z08RIE. MRED K%
MhHAEZ—=F 773V =AY Y —A-lilBELMETEZEVWSHDTH S,
CHEEAEDOMEOATIE 2L, AIVHAZ, RNA, FH, BEOMRICHMb-
TWde A— 7 7 V—XRHCKRBAME RN FCTHF ICHEEEIN D, HSOMLE
SERMUTHEERE LTHAAILTWAEEZ NS, MRITH, A—F77Y—
A S8 RIS LB DS, AR R FCOEFMRICF CH B, L N T
i, FVEY REICLZEMRETG S FTVWES L L, UUSE SN S . Mk
Wik 4> Fili i Dturnoverie ER 2 BRI CER & &2 LT3 EEL R TV 5,
THIC. B TEA— 7 7YV —ERFIERICDLATHSZ 6. fMBDIE
PUVETVVICHEETH S D &b b,

A—=br 7 7I—ZiE. Z0iFE (AM2EORBINEORTERE) « >F7F N
(g, A—FZ727dV—=ADERHK. VI V—LLORE, ALV 2EZ{DAFY
THHED. CRETEDOAH=ZXLE, FIATFL VTR, FEALTHENWS
TED k. BOFKT B 0%E R, IMEMEHC S BN Y RO+ — k7 7
VDM H S EERMUTLUE, MEEETVRELTA— 7 7Y—0%
THEBEEELTEE (1. 2) . Zhlik, 2OoBic AL 22— R K
FEER S AT ADMEE T 5 &2 FHH LEDTHINT %,

I. BRA—b7 70— CFREAT
B bOMEETIEEREORZ ) —=27 (3) Piwo-hybridiiZz I L - T,
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CHhETIIMHOA— 7 7 ¥ —FiiEkiape)E L TE k. ThHiEI<T,
AURZME FTOEGERDE T, ARk fEL v EHsoXBE 2L b, £ /-
Wl EE D i, =2 FY A P—Y R EREEASNT, BEHLA— 27T
V= AR B LL T SR RN R 2 S Db DEFEZ TS, BEETICI4HDA—
b7 7 Pl AREEF DS L RS> TWhe TH6IFXAPGE (VPS30& [ —)
ZRVWTTRTHBOEE FEhb, 2O}, £—b77Y0—ohEToMl
REMFEICE>TWhRIEFF DU TR oEDPENMERIIWE->T WS,
Apglpld & FITIF+—+€ (4) TH b, Apgl3p (5) L #AKE, ApgbpldApgldp
EHOEREER LTWS (6) o Ape8pikA—F7 7OV —ARKBELTWS (1
# 5. submitted) o ZDIEHPDApgH [1H S TOMGEPHI ERIRAI S pic b DD
Hh, WEA—F 77V —ORIEEZCIFCEALELS E LTV,

. #RA— 7 70— ICRARHT LWEAAREG Y AT A

A— b7 7T BHALGEHHOD & DApgl2pld . BEAHID & H B XA EME D
BROB6T I BPORDIEMEUTH D HATE P—T7TH X -V LEApeli2pZ %
REBTORALZ 7oy bETH & HERZINERZKDDRIIC, EE2ICKE N
WT0kDD /S Fdffithahnk (7)) o BERT L, LEESL DT D T70kD/s
B BEAESOMREDHAROBELEERDT, IFLAY THE, ShTunik. L
L. WL 2h0HHRs, Mo N0kD/sy F ) PEHEhZ L5055k,
Co T70kD/S > F oy CHRAICHET 20 OEABAMROP- L (ThiZEL
TEHARTEAKT S) . T70kD/S> K (dapgs. apg7. apglo® 3 DDA — 7 7
V—ERRTEELL RBLTWEZ LR ETHD, QBN 2EDER. T70kD
N Ky idApgl2p & ApeSpD 1K AT H A AL E (7) o

Mutagenesis®D IR OFER . COFGIEApg12pd C KD 71) & 2D 2R L
FOTdBCohiRaEdH., CO7) Bz LEKGTH NN =
(KB W T, CRMDG VLU THELERERRAOKMYRALZDZ %
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FELEDTCHHE) « TEFFULHCRRTNVENUTENEND) D /I
BOT AL EEBICBOE N, Bk bikApgi2p? C A 1) & > b ApgSpD
WIhbON Y VEREC A VAR TF FRFEGLTWSDTERWIESZ 2o ApgSp
(22947 3 VD 6RABENET, BZIMHBDN P b - L UESEE L =D,
ZOTRTETZNVFVICEBULTAB I LI LE, ZORE, IZIThRO149FH
D) TR RIS Apg12pDFFGICHBETH DI EHFDIPD. Apgl2pE I TA YV
ARTFFHGLTWA I Eh e hiz. &2, Apgl2p CKIg/ ) > RV
B, HBWEApgSpD 149FBEHD ) Do B LEES. WTFhdiaHBI s =
WERARFICA—F 77— DTS FhEE R oo & 2T, ApgSp & Apgl2phifsi 5
TR P 77— LHATH B LiEmIhi=,

XT, apg7, apgl0ERFRTEH COFEDH 2L AR >EOT, Thooil
GETFEFSGCLERBRENFZI—-FLTWA N EZ oh k. L THEE,
APGTHME TIE 2 B F VEIBERITH IS (ATPRSTOL IO AT A > &
28 (5 &, submitted) ) MEMEDOH ZEATUEZTI —FLTWVWIZLHHSR L
folze ApglOpld. 77 3 JERECH A & I+ a0l o o 20, BN
KROFRPSE2 (HDHWIE3) A THLIARMEEZEI TS (Hinns. K%
£F—) o ApgSp Apgl2pDfstridin vito CATPIkFIIC il hiz. Ll ED &
o, ~HORINEIEFRFF AALEERICISPUEEBMS AT ATHELEEIGN
Do

I & FApgl2y 27 LADEHT

WITFh = Bl ESTF —4F R— 2D L SRACELEZHWT. & bDApgl2hE
07 (hApgl2)Z2 7 0—=7 Lk (8) o ZOLRIZI407 I JFELERREL D /hE
M. BRI Apg12p & 27%identity, 48% similarityZ2 /5 LT 5. & < IZApgsS & DFSEIC &
B CASBURIZA MV HATH X > 7 LikthApgl2#COSHfl CRRE & 3

& BEREE [ABR I monomerD flLICFI6SKDD F53 F D /3 K A& h ik, T8
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¥ FiZE FApgShED 7 (hApgS) L DESERELLTWAZ EDHHLE (8) o &
feo CORSEEERFEHERIC, hApgl2®D K57 ) ¥ 2 EhApgSD130F{FEHD Y 2 &
DDA VAT F FEGTHHZ b blroke TOLEIIT, Apgl2fiE Y AT A
e b CHBRESNTWLEI DS, DAL EMEMICAAET I 5 BN TEER S
DTHHEHEZ BN D,

hApgSid. EIXEEIZ Hammond 512 & - T Tapopiosis specific protein (ASP); & L T
20— TZFhTW25 (9) - #6id, cjunld 280 2 o—F )vhifkzIHn
THERZ LTWSHERT, ZOHKRICRIET 2 RKMO&EAE (Wb Bnon-spe)
TR b= ADFE RS B WFERBI I, BT A LRMAREIL, #hvE S D—
ST LEECAApESPTRELO T TdH D 2o 7 b— ¥ 2D B {ADwrmoverlZ .
A— b 7 7 O —DRINEAE S DumoveriC b > TWA L EZ 3 &, @Sttty
DHEARNTOMEFEEE WS AT, FEHN FPA NI A HET 2 s OPHIEH
KRV HE2VWETEP—YRAEA— b7 7P —OBIZHENBY A F 3 v 2l
BRI 0N MBS 20 AN R0, LIPL, 5 DR TWS &I EASP
(BZ6 {i3Apgl2 LOFEEIR) LREBOGKETS FRIChRDOEDDH %
Z&, MEBETE P RCLDApg DI EBGLEZBATCE bkl E (&5
2. @AY OV RSOHc-juniifE&Z ¥ > DIz, ApgSicid < e L -iz)
BREPE, COYRATFLABRTRI—YRAICHED>TW BB ES DL, SHMEEIC R
T HEDPBETHIESTA TN D,

V. HiHO Tmodifier] Apgl2
PLEMART EE LS REHERGY A7 AFLEFF O, EiESUMO-1,
Smi3p, Nedd8, Rublp, UCRPR EIE L THMESh, DEDDMEY Y ALk
o223 (RATEHLIHELORRXBKO I E Y 2E2EHMENEWN)
Ihelk, §ATIEXRF EMAE & ->Tnd, ZhicH LT, BRIBLULE
PDApgl2i, LEFF 2 EEBED RIS T DmodifierfR1TH 5o £l %
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RAICBOTApgl2ide ZEFF o2 FFUHLEA LIIMKRE2RICT 20 7
THhd, AL, BAITERI87I /8, b PTH407I/BREIEFF LD
PahKEWZE, CREDZTORY  TELBLEETHIONSG T )2 v KiGHHE
HLTWBZ L, LEXFF U REDEKRDGl-GlyTH 2DIZ, Apgl2pld —HDGly
THHZ L, HEDOP>TWBHR D TRENEBHDPApSOATHEZ L. BRET
Bhbe COXIRILEDE, Apgl2EELH LW A 7TODOmodifiert i ETH D L
X%

V. BbbiZ

COREIYRTADA— 77 P—DEDRAT v 7THNWT W B DEHLPT
Ve BIRMEHEIMMREHNS IEFF L VAT A LRLIBES ZF A, 2N
DRDRRTHEA— P77V —DPIZHHFEEL TV EOE R 2BATHA S5 ?
COEGE N (ThbblaeXFF UoBRECHYT I OB ZR) ?
bObIbTATPZHE L TETHEMAMIGE LEWEWTRWH AL ? RO =
W E AL DT — & Tk, Apgl2pDAlENIEEDZLT 22 LA L TW 3,
Chi Lo Hiskdhodr, RCHAE REAHESEDIES LTW 3 REBESR
HTH B A—F 77V —DB5 A F I v I RBHEEESBLTCHILEEL S
& TOVRATAFA— 77TV —LENREOBRICHEYS LT WS Z DR
Shad, ChiZSROBPETH 2,

MBS AR, SRR PR AT O KB RIE RS & . AR KR O KR A
iR L DR OMRTH %0 (R EYFEHRER KER)

Xk
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2. SCFHE A & B1xBad 4RI

LI

VA Maf Uik, RERMRE SCZROMBOME RUMEEFE T2 L
PHIBEhT W3, FIZE THillicBI2 1> —014F22 (IL-2) o, ¥7O077—
VIS B 3GM-CSFRG-CSFH, CHIZHYT B, £k & 2IEG X 50E PRERIC
MiT 2 MEIGEFETE L bH . ChsOflfElc B 260D = HICIE,
Gl DG N FNFxBOWEMELIC K 281 FAA L EDHFORBDEEL 23,

NF-xBi&, 1986fFIZfe3E 7 107 ) o Ok HEHE FOT 2 N —Hlicki& 3
BHEENFE LThHES N, AR ZEZ0ELA LOMIRIIZBWTH T BB
LTW3 [k 1] NFxBOEEHE T 28EFIX, Y4 bhA 2, EER T BE
HWFrEDZICblz>TwaZ ehPREThTWs (K1) .

F /. NFxBOTEMGBERITIRZ REATICL>THEEEIh A2 HBHAISATH
% (K2) o IL- 1 PHEEEESEN 7 (TNF) & OREIC X b, NF-«BIH5E Limil
EHRFTVAIBYY) YEEah, ThiCEVWIEFF b (Ubk) &% £h
HHRIER D TDF PU—LIC K D0 W% 2. NFxBOKEITY 7 )L (NLS)
DRFZEZ N, NFxBIEHAICEST L. 5'-GGGGYNNCCY-3' &1\ Bils % Bk Uiz %5
M ERAT S0k 2] (K3) .

BE. COMFICBNWT. 7L L TIkBOBUINZ 285 T ) Y B{EXh o i
SHNFxBOEM LS B WS MEMTFHI W TWED T, finrZETnkE
EET,

1. NFxB/IxkBZ 7 3 )) —

NF-kBldrel 7 7 2 V—IC @ T2 KEd LLE~ATFOFI T —Drokb, ThE
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N A 73 —ldrel homology domain (RHD) &MEEN 53007 2 /6 4 5%
e £ LT, ZORHDIEIDNAK &, 2 BRER, RTKBEDOFGICHST S
(PF14) o BlfE. NFxBEMKT 2 7L LTI, WMEBIC BV T, RelA (p65) .
RelB, c-Rel NF-kB1 (p105/ps0) . NF-kB2 (p100/p52) 05 FffinsHsEh w3,
iz, ¥4 7—OMAGHREICL D, BIEREMED L (pS0/p6e5. pS0/c-rel. p65/p65.
p65/cre) T B TR . MM RERTEOLH S (ps0ps0. pS2/p52).
NF-kBl1 (p105/pS0) . NF-xB2 (p100/ps2) ICBHLTiE, DA —Lidfiz-
B %52l %, plosEplOooEpiEifkd LTHIEHh, 28X F 70577V —AFK
Ik bR (Zotw ) 2%, ThEhFpsokps2é WwWH kAEN &b,
Y R R VIKETIX. NFxBiXIkBE S L. NLSHVYRZ ZhilMEz L b,
MR & LTl RE L. MA~NOBTHHIEEh T3,

IkBld. NFxB&EIZ, 773V —ZEM L. HABTEIkBa. kBB, IkBe,
IxBy. B3 5HEFHEThTWS (M4) . TheDmaTFi7F) ) E—
FEMEHEN 293073 VB SRBFA A VPBEE~TMLDELEMERZLE>TH
. TOMIEMPNFxBORHD L6 L. NF-kBOMBEITEZIH LTW2, £/ N
KGR WSy ZF NI EER) BRI EAE L. kBa, IkBf. Bel-3iZ
BOWTIE, CEICEHOHEMICHST2LEX6NTWSPESTRSINGEAET %0

IkBad¥, FHIR AWz Eh, Z DB L HilP S SPICIR TV,
IkBald. 37kDa®4} T-8T. NAMOIRZ LUB6HFEHD Y > @) »#LH., 2HifH
il LTWaEmEIN TS, £k HEL VT, kBaldNF-xBOM]
ZITOoTWBH, #MIZ, BELVIVTH, NFxBllIkBaZRBH T ¥ 3EEHN 1L U
THE. B, kBaDPFEELEH % &1 S autoregulatory feedback loop JEREE LT W
5o

kBRI, 45kDad4r Tt €. IkBa &lf] U 1 ZONFxB¥ 4 v—%Zilk L. M
33, UL, kBaklZ AT h BHIBUAT 26 OMOENR, 2if%E =

DHEREEGOEVWDEDEN S, FihdD X HIC, kBald 2ifiE. HIUNF-xBD{E
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I K D GED iThbN 2D, kBB IINFxBIGME LY VWl 2F T, FHH
ESRE=NT WD IkBROFEBBIMIZEI L TRAELE T RAD L,

IkBeld, yeast wo-hybridi&IZ & b, pS2IC#EE T %47 Fd5kDadD 47 1 & LT lal &
SN L L. invivolc B TpS0 & pS2lIo L TR Al e £, p65:p65d L I
poSc-Relfl Gk L D EEVRD BNz, BAEETO LI A, kBeld. IL-87%% KD
E D s 7B 2 AT 2RAFROWHIS FEEX 5N T WD,

Bel-3id, ##4BY >3 BRME BRI B TR OKIERE (1419 R ES hk
kBZ 7V —TdHs. MEMNICREZ o F)VE—=F2THL HDELTWS,
Bal-3id, fidIkB7 7 1Y) —& @R, MRATER SEAKKREL. psod L <
EpS2DHREY A ¥ —ICRRMICHE LT W S, G MHMENIRZ75 3p50b LL X
pS2DOFEY A ¥ —IZRHRMICHEG LT, TOR2MH T 2O TR L, p52:Bcl-3
HEEITEEE, «BIALICHEG L TREEEEERES 3,

IkByldk. U >/ KAMAD AR T 50 FRIKDaDEATH D, 7 I /BRE
FlixplosoCHIM & [E—TH D, plosEEHE T TH BN, Biz-E7D0E—~—
KRoTETFSNLZENTH 5. COEETENERETHRBADPZLIEINT
WaH, BRAeEZTOECA, psS0b L EpS2ODFEY A4 v—ICRRMICHT L. W
HlZEzPITVWEZEDDbRoTVS,

S

2. kB¥ I —¥ (K5)

EFE, KBaD I EXFF ARV ZNCHESI MO T FNVICEREEZEZIOND
NEGMDRZKRUP36HEHDE ) &) YEUET 2FF—EDEEICBNT. 1L
TEAE Nz, AL, PKC-L. PKA, raf-1, double-stranded RNA-dependent kinase
(PKR) . pY0-ribosomal $6 protein kinase (p90-RSK) Bl LTHITFHN T,
UL, BENIZE. kBaD32ZRUB6HHDE ) 2R RNIZ ) 6T 2 %
FDIC, EPMFRICLbEESI N E. 19974EC/& D . F.S. Lee, dIxBFF—

¥ (IKK) 2R U, TNFTHIFE L = a0 iz 47 5859 700kDaD 5 4k
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D, IkBadDR2RU36HFEH DL > %) VT B2iE 2> &% Rl L[
3l HICZNIE MEKKIHFZD LIRTBELHGLTVWBRZLEZRELT
W3, EHRIZIE. J.A DiDonato, 5IZ KD, TNFTHIEA L ZHelafilfa L b, BERID
IkBa® ) VEEIX T 2D, R2RUB6FEHDOL) X EALA=VICEEL ZIkBaZ )
VR LAV E &IFARIC, 85kDak 87kDadd ¥ F —¥iitt 24 T 3O 4 T
(IKK-a, IKK-B) ZEELE[IRE o & 5IC85kDad 4} FDcDNAFH % P L

T DL, LLEiICINFRZERDO FTRICMET 5 FF —ETdh NIKZbait & LT,
yeast two-hybridiZ CJdl & & 51T W /2 conserved helix-loop-helix ubiquitous kinase(CHUK)
Ell]—THD2EDPHBMU L[ XK 5] £/, F Meraurio, 5% , MAP kinase
phosphatase-1 (MKP-1) 2#f9" % Jifk TMKP-1 & ik 3 250l 5, IkBa%k ) >
g %FF—+¥ L LT85kDak87kDad 4} I (IKK-1=IKK-at, IKK-2=IKK-B) % %}
B L. cDNAZMEL =3k 6]e 2@ 2 DOIKKIE, & AMERICE, NAGH I
FF—E FASL 2, HRIZC2EBARIEROEZHOD A >0 Dy i— CREMIC X
helix-loop-helix KA A »Z2HT2E) /AL A= FF—ELLTOMEEL->T
W3 (X5) o

HA% 7 %D izIKK-aZHeLafllfidiI- Bl & ¥, HIHAVUATREMREL, ¥ —
EritE & % £, INFRIL-1THllRZE I L 2 BGIE, kBa®32 V36K HOE )
ERRMIC) VBAET 5SRO Sk, AR CHE LU TR, IKK-a,
IKK-p& & ICIkBa®D32 e U36FHDE Y - Difiiz ) B TE 25, IKK-ald i
WEBSBIkBEDIIAUBHHDO ) Oilis &) Y BETE, IKK-BIdIkBpD23
HHo) >OH %) VBET I ENTED, £, IKKOIFVEE I protein
phosphatase 2A (PP2A) I L bl h., 7 # A7 7 ¥ —LIEAIC L b imdb X
h5DOT. IKKAK, FHOFF—EH LB 7+ R 777 —HBiZLhifilfixzh T
W36 LW,

S. Yamaoka, 5%, HTLV-1OTaxT k2 > A 7 4 — A UNF-kBOiEMELD L = 5

W HIK R 2 8 7 L, NF-xB®DiE PE b 2 §5 47 1 expression cloning % 17 V', NF-xB
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Essential Modulator (NEMO) &\ 5 43+ #% [l U 7= 3Bk 7 ] NEMOIL. R i
O Iy Ri—%FL, FTEYA Y—2EHL. EHLIKKBLEGTEIED
T&%, /. D.M. Rothwart, 5 &, PIIKK-abikTIikd %41 & L TIKK-y
(=NEMO) Z[EL. HIEMICH ., IKKyDRE 2L FE B E5HA. NF-kBOHEME
el h s 2 L2 WL TS [3CHA 8 ]
7z, L.Cohen, 5i&. IL-1CHIFIL 22938706, kBaZflfkE L7 7 7=
TA4—=20nx M IZ7 44—l D, NIK, IKK-o/f, IxBo, RelAZ L CH BLDLF
& L TIKK-complex-associated protein (IKAP) Z[E& L = [XHR 9 | IKAPIL, i)
WIENK SN 6 [MOWD40) B— bk K AL &4 L, NIK, IKK-a/p 5 & #HEK%
T % 7= 8 OscaffoldE IO @HZ R LTWAEB L. B IKKEAKZS IV
B XBMHTIC L b2+ #®700~900kDal S TWABDT, Th 6D FLAIC
HTDEHGHRIA U N—DPEELTNBR ZERFELIsNED, BELIPLERS
FF—EitE 2 A9 20 FIZIKK-a LIKK-p & fllbh %,

3. kBREXF N H—F

IKKOFERIZ L D kBBEWHICLT Y YRRIEEh 5D0O8FEHSICEh DD
HBHM, MOMBELLT. VUBEEWSHANZL D, YOLSIC2EFF b
WX 5 b, Bl R>TWa, FDbreak-throughldfth D48 D 2 D D 55
WEDPE Y Pelrolkkse ~D28® L LT, H Aberle, 5% K. Orford, 5 i,
Wnt/Wingless> 7 3 IVIZ BN T HEE & 72 5 B-catenin B DSGyxS & W\ 5 £ F— 7 D21&
D) D) LD B-cateninD L E FF b, SHICEZFONMICELETHD .,
COETF—Z7EIBIZBWTH, TDOHMRICHE 5T 2 EERENBE, JERICB
TWAZLEWMELTVS[XER10. 1 1) Z28HELT, Yauyaunizod
BEFOWZEIZ B WT, F-boxE W0 & — b 249 Bslimb& \ 5 it {5 T ORI
Xh, YavYay )N Dp-cateninh T O Y Cdh B Armadillo ZiE{b T3 RBRA D

Bhilzo ChOORWAME D, & UM FLEUC bslimbRER 7 B L RS, £
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D FIEIkBOA S U IZLERICHET 2DOTCEBRVWI EEX, BLiEYIR
EBWTHIEWEZR A T BcDNA% [lidf L, F-box WD40 ' — b % & DF-boxt [ &
WHZ e, FWD1 ERH [k 1 3 ) MIfZICFWDI, IxBa, IKK-f%Hk% %2
HACDETIFZ A7z 7 L. ZhE OFEGEHIREL 25, IKK-BHIAET
B F TCFWDL & IkBaDFi GRS BN T HIC. CO/MGEF I —EHttED
BRWIKK-B (K44M) TlXR 6N, iz R2ET36FHDOEL) 2772
EMUEKBaT I GEEDHLNRV, E61I, FWDIEAG LTV SIkBald32%
Ho® V) o BEEINEMNTHEZ LU LE, £5T, FWDIEIkBa®D
&l IKKOD FF+—BiltEHkER 2, R2ET36HEHOL) D) VLD ERETH
%o IKKDOFF—EHtEDFEETIC BT, FWDLEHEMD kBaPZh & A
ZIELUTWBRAAL BT LTWS Z & Db ok

Fboxf 1 & LTIk, EIFRIOEBEZOMAL b, Y4 20 JkiFEFF—2
(cyclin dependent kinase:cdk) DN 73 (CKI) Tdh BSiclz 1LEFXFF{LL7DF
PN = MR T 5, SCFRAKRDIEZH/IRE LTOCDUDRREI N,
SCF&lt., ZDIEHE T 3 Skpl. Cde53/Cullin, F-box&E[1D 526N T3
CEhoMAINE[XIR1 4, 15]o KBS, BAPID—= Y LEFWDLS
¥ 7 ADSkpl ®Cul-1& DHARIERDED SN TVW3S, L L. BROMFEICE N
Tk, Hi% RFbox&E[ L HBEOMBDRRIN TV D, LB BV T,
F-box& LEFF ML 24 H L OWFREEYS P TEERD > k.

iz 2k, FWDID R L TIkBaZ L EFF b & 5 7= HDkey enzyme & 72
h32h&ERELE. fSO%EBAEKRE A, fMICFWDL, IkBa, IKK-#%
B lAEDETC R 27227 UL, ZOKBaDLEXF LD REFH R/ L
C A, IKK-BDFAE T CFWDUC L B IkBaDLEXF 6D FHDHEZ D, kBad
tifEtm (BBLE) oW (BZ265LMMONHEIC L 3) BRABLNE, 325 U36%
HovY) »&7 5= 0288 UEkBalZ A LT, IKK- & FWD1 DB A D3¢ede L

TH, 2 EXFF o LREADENR WV, £/, FWDIDF-box% il X ¥/
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cDNA (FWDIAF) Z M BHE EEEGICBVTH, kBaD TEXFF LD L5H
D BNR V. 6. FBRDERIE, nvireD 1L EXFFALD7 vt LI2BNT
BTN, . kBaDAIRAL BT 2 LHAEz#H<EZLEZ S, IKKpE
FWDIDA 5 2 LBl B, RV bBlillah, FWDIAFZ Bl & # 1=

i AROBEDNRD SN, 51T, IKK-pEFWDIDOR A HHREE L 7= fllkeic
Bl 2RAADHINIA G 2 Fl <= & & A BBITOITEDRD SNiz.

LEDFRED, IkBalk, IKK-BIZL D) YEEEhEREUIHEHOE) »
MHEIL b, FWD1%Z Y Z)L— b L. SCEF'HISHKICL 2R F o fbZh, 7
BF 7 — ALK 0P RITE N, NI, NFxBP#EEITT 5T L0
L (X6) .

E/. A Yaron, 5l EbIkBa B KL L7 77 =71 —/ 0OV bIT 7 4 —
= & b plkBa-E3 receptor subunit (E3RS™) &L, V) Y EMEkBaliid 22 EF
Fr)H—LEULTOFHMEMEHLT WS, LB B3RS"™iE, RLHEE L~
FWDIDE bREDY TdH /[ XM 1 6]o F-box% RiF & ¥ /=E3RS"™ &, NF-xBD
Pk eIl L. FI2 badiT o« ZRGRERN U, EEICERNRERT O
AERAZ LT W5,

FWD1DX enopus7E 11 7 Tdh HPTrCP (B-transduin repeat containing protein) (.
S. cerevisiae@cdels DIFERE S2VERIAMEERE A L. 5 v FPDDNARBZ 1 75 1) —
DORBICEID L AF21—2hd7vEA CLDEESNEDT, cdel5SIH L THH
BHCE < B FORRICB G LTV B D d Lhvinwd, BEDLZ A, FHTH B[ X
B 177

F/. fwli. B MBTrCP/FWDLZHIVIO Vpull FICEad 240 F L LTRES h,
BTrCP/FWD1IZ. VpuBEKIZTIE <, Vpuk S LTV CHD A RIS T2 &
DHRE XN T WD, FboxZ RIAX B BTCPIC & b CD4D 23 D BAE DRI X W T
W [3CHk 1 8.

X BHIC. IkBaDMRHIBICEL T, SUMO1E WS EXFFURAFIR LB E
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B, LEFF LB AMEMBEILT VR EBRETNTOWBGR] 9.
SUMO-1-activating enzyme & UbcHI&E W HEERIC K D, SUMO-1{k, AEIkBadH1 E
FFUENBBMTHB2IFBHD) I VITA VAT F FREAL, VBt L 3
AEFFUNMEHMRIIN LT, 72T M Z LDREah TN S,

#bhic

BAE, 2ld. kBallShDIkBp. IkBelki &0 2ifiil I & FWDLDSEE 4 L T W
ZOTEHBRWHEEZ. KBRPTHBH. ) OIS EFF L OBIEICEN D
HEZERWFLTY B, i, WFLBIC B Bp-catenin® L ¥ - F A6 R4
LT H, Wt 7NV ICB S 3 2802 2gE Ebollflick b, V2 BEHE
Zh, ThiEHMWT, 2EFF PRI EZZEZRVEBLTVWS, 5#,
DSGyxS&E WA EF—7 2 H T U250 FHFWDLIC L h 2 EXRF L bEhbd
D, E6RLIBELEIBND,
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A4 bAA Ly HREAT BANT BEEET S8NE&Rg  SEMMES T
IL-1 IFN-B ELAM-1  c-Rel amyloid A Igk
IL-2 G-CSF ICAM-| NF-xB1 complement TCR
0.3 GM-CSF  VCAM-1  [xBao (B,C3, C4) MHC classl
IL-6 c-mye p2-microglobulin
{tz?z IRF-1 invariant chain (Ii)
TNF-at
LT-o
BJ1. NF-xBA2*RE & ¥ 5 B{EF
74N A MR
HIV-1|
HBV
HSV-1
HHV6
i A A4
ad irus #
gy Eﬁﬁﬂﬂﬁ&ftﬁ% IL-1 A b LR BE
dsRNA i IL-2 uv
EBNA-2 'ﬁ% Lk PHA Leukotriene B4 7y irradiation
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e TSST-1 A HLCD2/3/28L 4 TNF-at oxidation (H50,)
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\NFI{BV

Transcription
(GGGYNNCCY)

R2. NF-xBZ FX Y 5 HF

-51-




S
E1, E2-F2/UbcH5, p320

(E3) E1, E2, E3, IxB kinase
(Processing of p105) (Degradation of IkB-)

= X

Nuclear Translocation

Cytosol

Nucleus
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RelA (

RHD NLS TA

RelB ([

c-Rel ( R

IkBy

":'E{::Ankyrin Repeat

NF-«xB1 (

ps0

NF-kB2 (

p52 C

IxBo
1xBf3
IxBe

Bcl3

B 4

NF-xB/IxkB 77 3 ) —O&HEBEME
LZ : leucine zipper
RHD : Rel homology domain
NLS : nuclear localization signal
TA: transactivation domain
GRH : glycine rich hinge
PEST : PEST sequence
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3. AN=F UBREEEE (ODC) 4RO F EE

XU

MR ) P I PR EMMT &k, 5, RN PIUHETEDL
ZOEE CHIIEIEEAF T E RV (E-> T, BRRIEIC IGE LT, dllaid —artic#l
JAOR) 7 I VxR R BMAZRI TV 5. ZOHLK)RERZMH -
TWBOH, FAELBA7? > FHFILATH D, R 7 I EGHRROHMETH D
BB R T B4 = F U RERE R (ODC) pEICESE A, Hilgmo K
NPIVHERTEE, 74— K5y 7 GG ER L CHlAOR ) 7 3 idEd
T 5. COHEEMEL. cHEzARVWI-—IREDTH B, H—ICHENR S
i, BV 7IUHEBEODCEMET 20 R, R 7IVEMELARLHE
PUFYA L EFHTENTHD. 7Y FPA LAFEROERNMECHRVI&ERIZODC
A U CIEEEYT 2, o, 7 FFIALBASLEODCE., 2 EFF
L2ZF22LH26870F TV —ALL>THAMEhT LEI NTH B, B =
2. Z2oFV A AFODCOMGNZ L>THR N7 L EGZEDAETTR. M
OMERICER LT D SOFE) 7 I Ol AHEET 2 TH 5, MY
OfElE. RV PI R L2327 0F VS L0FGEBICH 2. 70 F A LD
mRNALFE2Z DS Z RICHFEL TV S L L. BOBIRTIEE, £&226{H D
PI/BOS blEBRULELCATRIEDORICHSDLTLE S 2068
D7 I /B SREBATF FiCE, Lido7rFY4(4 LAOKGEIER V. EZAH,
AWVBEORIVZI VB DL, BEO7I VBERMEALLIATHMRDO 7 L —
LADURIERE (+1) CThT, BEERHEZ 22RO7F Y1 ADGKREIh S,
AN=F U ORRBIC L >THELBZ T Ly Sy, THICFT I 70ENEDIED
WEANVIV Y, E5EHHIMlDVERI v O3EZERR ) 73 v ER8H
TAH, CORTT Ly Yo liERoDCOZTIC >N TEMKIC K E L ETT 3,
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ZAYV I Tyl AR I viEmMA — F — D WS THE T 50, KoMk
EASLTWT, SREOZHRE/ N V. LPEL. 73/ 70ENEEMNT 3
S-PF 7N AF A= RIREEER b MR I L hESEh 50T, DR~
WIDL AN D OPEEGERICKELETT RS 5, MlE7 L —
A7 MR IC L > THIRRANOERDOR ) 7Vl Z2E=Y—L, FUF7I>D
FRICHB L TS 7 > FH A LE2FESTHI LI LT, A 70t
HEES2TVWREEZSNS, BLORME, 7o FHAAICLB T4 —Fty
DR ¥y ENT B AOQREINTFT VFHAL LAV E EY— (An) DEETDH
%, AlnlEfiltliEtEDR\WODC7 7 X ) —®E B TH . ODC LOBAETT > F
YA LK LTODCONR ZHET 5. £ 7> FHY 1 A - ODCHAKRITIEH
IEB L, HMODCEEW L THINE ¥ 5, MAHRIEIC NS L TODCIZ /L > Tk
WX BANE, Gk o EAODCE %t LU TODCHEED LB L h Z{EfE T
BulfEME DRV, COXS K. T IS AL AnDHKHEIC &> T, obCAi
RaMEERER ) 7 2 oRé e - arm LT stFx6hd, RV 70—
HEORMIE, WMDY 7 FNVELTERT 2006 Lk, Z ORI
HTHDZ ik, oDCERFERIC L bfllabstd 3 (1,2) 2&P. ZryF¥S LA
OB SR D AMUEAEDE LD B NE 7R F—2 R (3) ZE|&ERIToEREICL>
TREhTWh 5,

ST, ChETOME (Bil4,58H) LY RBDLSRZ PO, ODCH
PRI T 2 ROBURIC DWW THE LV, WEHD S5 2 5h-REZ, “oDc
DR FEOFIER” T BH, “ODCHMFFHED T LW OBBHRTH 2.

1. ODCHMED R
ODCH I X201, P FVALEEOGTEEHFLETH S,
MAmME AL LTLL M5 T W AODCOMIK P L. Bord o 1R

Fiebk>TEHT 3. HEE CRENOEE) FHlRNO 7594 A/oDCIE
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EMBE L. Z0MEFERS. TFYAL LX) YA 2V LN S0DCOD 71 iEE #1065
fedEd 2 & RAid b hi. Hii2es 7oF 7Y —hzAlVWERETH, 7 F¥A
L/ODCHZ0D 5 U B % LODCHFERIOHEE S N B, 7 F T A ADE
trL720DC (7> FH A L - ODCHER) ORIA D L2 - 573 Tdh %o
ODCIMflR, AN F—ARAETH 205, T EFF L IRAIETH %,

AT &R AT &, ODCHREIC MME MDD T F ¥ —Ditis
DBRATHD. LPL, WIThOEGe, X F o hdhizoDCEinESThT
Wik I E X F i EALEE S E1OD RS2 fille T IEFF A0 I T T & ODC D 43 fift
DlEE AW &, #RRIMERS M £ 2 ODCAHRIZEIZBR VT HIE F LW
Sk, AEFFUMRESERVKN26S T OF TV — AKX > TODCIRAHEE h
5 LHOERICL>T. ODCHRIE T EXF L IFRAETH 2 LS hTW 5,
L L. P2 FHF A LG FTOODCHHE (basal degradation) Cid 1 ¥ ¥FF b
DG T BT ESETERVWEEZBMESEE VD (4) o LLLIEWHILIYOM
JTDETH 5. HEMRHIE 7 F WS LADPELE LRV DS T. BN
DPTTTRODCIH268S7 BT 7PV —All L >THEICHEEND (6) o F. B
BFED V82— @0ODCIE, ODCO4r iz LB ROk i (LITFSM) Hii
Wiz, bUS V=< TaMFELBOMEN T REIC IS (7) o ThHD
ODCAMFIL L X F ARGVETH B a[REVED D B o
ODCOME R 7 121X, ODCONKIGGTEY D DT 2 F W 1 Lfitrafiigi &£ ODCOCA i
WD BHTCH Do

COfniE, BAEmO YU A0DCE, P UFY AL LAOABITHh DS FRER

)R —FDODCOF I 7 BRED O EEMGET» 5. Coffinos 2 L > TN,
ODCO CAK i sl (77 3 ./ §8423-426)IC (X PESTH I D 3 5. L L. PESTHiIH A
ODCOAMFRY e UTEHT S REMIRSENTH 5, k6. PESTHIEAL
K BCREDPSSTDOT 2 /D RE, & 2 WIEPESTHIAO17 I 7 # 8
(C441—>W441, Bk d KL UTPESTHUN) o k> ToDCE L EfLEhBDIc

HFa



& LT, PESTHEONAENM ES 2RV T HLELLEINEVWIETH S,
P FHA AlE. CREES D HNIZODCICFES LTAHIEEL. K 73 >V DHL

NiABENMENT B, U L. ODCAMEED DI, T SHICH -7 L —LDNK

I E VL DS BT B
Coffino 5. ZIF Y F WA L ({27 L —AIICHS LS55 8ic ATRICEEE D

K2 &N UM RET > F YA AZICDNADBIEREY, 2127 3 / #8) ONKNE1-97
(NAZ)ZODC, #4 71) »BRps3igx EORAMEHDONARKICHMEZ R ZETT
(PrFHAL APLEFF LR LUT) MBS R IMER 7 i h T 20 D
BlEebglbhaz ezl L. CORMRETZ X FVALAPILEXF L OMEEZ
AT 93 ECREBKRONHIRTH 20, FRRERI LICNAZE 7 FY A1 LD
ODCHMEIEAEEFIIC BE DFUIR Tl e Fizl ZI7Z Y F YA LAD1-67TO7 I/ #
AFik, BIARE V7 L—AK3— FEahdatifactTH D, AROT > FHA A
WIREFEL RV,

LTH Do

BBDTN—T I Lo TRhINHUAPHER S 20 ILEZFRTFEEHWE
KBRS, invitro, in vivo JHZ E /2 ZODCHREEAIX 7' DT 7YV — A TH DD
THA5. L L. Bi2eS7 057V — AR ATOEERTF R 2B LT E 8
WATFF— iR R LTV 2ICb b6 T, ODCAMREM: D &b TE Y
TEDBLELESH D, WS THRIW26S 7057 7Y — LD ODCHH i i Al
HilHw bR O 707 7V —LAWMEOM13010 T Ekle T DODCH D # S
IZODCHMIIC 82268 7017 7Y — ADRERM OB ZIFhE 2008
Lk & B0k, Ak 0% WODCAH iR iENEE,. Wb 3268 7077
V—AEBFPTWTHERZELEFRF AMEEARLEMEEHO T 0T 7Y —AIC
raohbLhir, B, BRHOD26S7 057 7Y —AOHHIN 7198 (PAT00) HF

ATPaseZ Z ¥ base 8 DY 72 = w kD 65 BlidD2DD subcomplex i 77 #ff & 1.
58-




208 core I & BRTF FHBEOTEMALIC X base TR D 2. L X F UKGEREHH
R IEd PR ETH B LDHSPICThE (8) o MEHYD26S7TT 7Y —
ATHRKTHZRE, ODCAHEOMBIZRIWIC L->TidBikIhiEohs LA
BV EEE. Zv hO7DF 7Y —AIIPATOE11SZZRThEICH D H
ybrid®!Hdh D, ODC/MEZ fikik 3 2 Z D6 IcE ik (9) » Hybrid®DODC
SO LIEIEEIX, PAT00ZMISEICE D2Wbh 526707 PV —AL LD BWDTH 5
2

2 . ODCHFBSRS D AT

707 7Y — LA DR RETFPAT00IE. 6MODATPase) 721 = w b L{J14F D
non-ATPasett 71 = v b Fir ST N T %o non-ATPasett 72 =w f FEDHIIC
. 2EXFF MEEALESTAR) I EFF L TY—0R) 2 EFF D
HLAIVXF U A4TRETIRIEIRF AMEMASFLET S, IS, 2EFF 16
ShEEAAKR)IEXFF oL 7d —THillshE®R, 727 r—NTFA 27
TN, WA D OEIE->T20S 707 7Y —A WO MR A8 Eh 3 Lk X
hTWwad, CO—-#O70 v RAREZANF-DPRETHEEHEINhTVS, L
U, BRI RV BhE BIXODCOAMEDER 2T L XS Likar .
TR F—RER), 7 2 F VA AMELH) ODCO AR ] Wi i) 91

ODCH 7' F 7Y — LI L > THME N BRIl ZX oM EPFHBIh Z0TH
i, itz ko oDt e 2 9 CH 5. £ T, ODCEF »FYA L L
ATPYA{E F TR £ ¥ F 28— b LT B, P F¥ S AlCL 2 ik
ODCOKiEET »FYW A LA L EY—THRL LR, HFODCIHE L HEFODCHE
HiZLBRE, ZORE. ODCIEMED HEIFODCHE DWELLI D RKENWI L2 R
WELE. 7057 7Y —AHERTODCO HiEZHET 2&, TOEETIHICKE
X froke ZOFRIE. ODCHAMRDRIIC FAMMIICKIETH &, Fk, CO%K
W7o 7y —a07 07 7—EiEMERAETH 2R LTV S, U, 70
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F 7 — LBHER] (clasto-lactacystin B -lactone) I & > TODCOH A< nf k) 2k 18 i Fe %
FIGODCO MR DBEFEP & 77 B LTI U 2o SO0 MRRAFRIX., 3L ¥—
trirD, 7 FYA LKGFNTH - foo BRIKE /37 — 225 ODCIEAIGIC
K2THRFY A XBZEbs WY, PP IVF—rEEERKERAFIIEHELTNVWS
WHEME DR E Wiz Fh. MikiEZ &l T 2H10DCT 2 7 0—F IWHk CikFE
Shizl{aok. ChoDEERD S, KiGIZODCE IR D E LWL ZEES al g
M meE i, £z, ODCHE RS FICH D IAT N THUAIZE DT v alfett &
Hiohlks
ODCH It & fili 3 5 d26S 707 PV — A Tdh %o

Mkt 6208 70 7 PYU—LAHKT 7077V — L&KL T B L. ODCD
KT SR koke TORRYPS. 707 7—EiMEZLERWD. ODCO

RGBS 7 0F 7Y —AIC L > Tk Xh 3 Z L RSN k. ODCOKITERIE %2
T 203 EDOLS BTV FFV—LATHAH5P 22087 0F 7V —4 LMK
FPATOOIE W & BTGNS I dr o 05, WliE D 6 FHkEh=26S 705 7
V—h, HEINWEHR6S 7O F PV —ALRTRNF— P T YL LARERI
ODCIATH it 2 il U 7z o BLRZRV . ODCOAHRIL SUSIZIX. 70T 7Y — 4
O7nF 7 —EiRMEsERWIC b6 T, M=y FCH 28T DT T
V—ADRERZETH B, COFEIE. PATO0DR0S T OF 7V —LEiEMET 3
LI, HZ2087' 07 7Y — ABPATOODEH & 6L 3 BalfEME &R LT W 3,

Rechsteinerld, 2687°'0 7 7V — AOIEIBAEIC, PAT00L20S7 07 7V — L bRl
ZHE LD SEHAEZMET D “Ribosome model” &, MBS GE2608 705 7Y —
AE LTHEMY 3 “Solid-state model” M2DDa[fEME 242 LT3 (10) o

Ribosome modell L i, MERED PATOODSILRT & FIBTICHS & L= BT, 208705 7
V—ALIRET 5, LidOPATOOH TIXODCE RiFL LRV E WS R,

Solid-state model® A gl & L F5 9 BHICHZ %,

AEEODCO 707 7V — AANDI D IAH & 7 > F YV L ADEH]
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FiffbsnfE, opCiE 7o 77—k EdiZ2087 07 7 — LR TR L
~o ODCE 70 F 7 — A DFEEIX0.1%D SDST & X T a WFEsE T b, R
fLoDCH 7' 07 7V — AR D AE W T 2 nfEEMED R & h /2o ODCO K
ME26S7 0T 7 — AMiSHCEH - e 20870 F 7)) — A4 H 6 I K
Ehize ODCO 70T 7 — LD Y JAAE, ODCH NGB & BT Liz. ThD
B, ODCOM W AHR G 7 F WA LKA, ATPIKAITd 270 S HIC, WT
NHODCOC KD ISEIZIAF L, MIFHDY AT A B72 =200 ) T2 7
AT L RODC A YKL, 26870 F 7Y — LI DAZT VWL, 7§
ftbEhih ok, CH6DFHIE, T FINF—IKENDPDER ZRODCOHL Y A
& & ODCO LD, ODCAHMRIZ Al R B CH B2 L E2MLRBLT VS,

T rFHAL LT )T A 7V U D SN ODCoif % et d 2 LR d h T
WED, PrFH¥AL AHBE2S7O0FT 7 —ANICIDIAEFNEDTHAID?,
7057 P — ANANFARBRWETOT WICHEE L EP > F VL ARERLTH
ATHD E, ODCOWY AHS 5fifF b IEET DT, 7o FYW4 LAlk26s7 077
V=LDATHER L. K LEODCIE 7 > F¥ 1 A ST Z7nF 7Y —
LN~EEIN S EHZA 6505,

PrFYAL AL, VS 2006 EEEET S AT EXRTF L EpTY
e LD ZEFF iF26s70F PY—ADR) 2 EXFF T —IEL>
THRBEN, 268S7T0NFPIV—LDA IRTFF—LBILL-> CTHBEEHE, S D
HEhd, f-oTC, EOR)2EFRF N7y —PR)IEFF &, 2 EF
FACE N EHDO M REMET %, i, 7o FVAS Ald2es 707 7 — LDOHT
ER L, M7 FHS LAFoDCaEMELRW. #->T. 7o F¥1 LD
EXFroLi38707 7V —AIl &> THEZBEI D00 7 v e LTHH
THOTER L, PYFH A AITODCIZ KB LTODCH FICNAET B 5 7+ )
EEINE 2 C 2T K> TODCIHM 2 {EHES B alfEfE DY o Coffino Kk, ODC D
REEMEDODCO CAMBIZM AT 22 LRSI L, O fHigicd 3 56k

&




EODCOMENR7 »F A L X >THdch3Z e b6, 72F A LIKODC
DCKIGHIHZEHE LT 2t 2D H TS (4) -

LEDOSRECHETOHRD S, 26S7 0T 7V — AL L B ITRIVF RN,
7 FYA LREFNODCAHRBIEICOWT, MERTEKOREFTNVEEZI TV DS,
MR T & Z0DC ik & EE BRI H A ATV RODCH U RKIZ 7 > FH A A (AZ)
DG T 5L, ODCOCH R BN L. ORI £2687' 05 7Y — LDPATO0
T 7y PHRE L, ATPasclC Lo T ha R vF—2flin iz
W HODCOLRMEEZBIR L DD (Fififh) 7077V —ARD AL, ODCOF
EEICIZPATO0 2208707 7V — LD FBETH HH, ZNFLICINDIAZ N
720DCH208 70 77 — AN~ Sh T LA ROODCONGAL - T HARAR I
BRTHIE0PB LRV,

“TOoF7TV— AOEOH” [ZHB0DCHEEADI EIETE RN, HOODC
X, ZUoFFAALEKGLTORVWD AN =F > 2 KB LR WOT. ikt
SNTHRIAEFNTVEIESZTVED, 29 5Pk TREKIIRN
RODhE Lk, 9%, ZO0DCD Fifl - b IAARZFEE T, ODCH
RODEM - ARG - BLD AR - i1k - R 2 EN OB 2T L =0,
(1) Auvinen, M.et al. (1992) Nature 360, 355-359,
(2) Moshier, JLA. et al. (1993) Cancer Res. 53, 2618-2622.
(3) Iwata, S. et al. (1999) Oncogene,
in press.
(4) Coffino, P. (1998) In "Ubiquitin and Biology of the Cell " (Plenum Press, New York)
pp-411-428.

(5) Hayashi, S., Murakami, Y. and Matsutuji, S5.(1996) TIBS 21, 27-30.
(6) Mamroud-Kidron and Kahana, C. (1994) FEBS Leit. 356, 162-164.
(7) Svensson, F. et al. (1997) Proc. Natl. Acad. Sci. USA 94, 397-402.
(8) Glickman, M.H. et al. (1998) Cell, 94, 615-623.
(9) Tanahashi N. et al. (1999) Mol. Biol. Rep., in press.

(10) Rechsteiner, M.(1998) In "Ubiquitin and Biology of the Cell" (Plenum Press, New
York) pp.147-189. (W E%T : REEXRELRFETE )
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K1 AI=F R FREEE D 5 R

4, AT VEDRHIRE THEET S iEH

" RATEY LT HE8gicBlsh i BstosmEs, T MRS
EOHFEFEOELNEZBEEF/LSE" L) FEE, BOMIBEL. TORThOR
~lE, ZOHZRLWLHRLAIZLT W ohEW) HERE. B, " HdhsHs
NTWAHRE" OAA=ZZXLERDAREY Oh &) Y LiciZH <L,

AELTHbEIr -6 THS. ZOiHIE, Klaus van Leyen et al. (1998) "A
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function for lipoxygenase in programmed organelle degradation” Nature 395:392-395 (1).
Natures&lCfE#i ., L d ¥ A bIbildegradationE DN TWEDT, §ClieE
nrehEZnrse L.

C DX Tld, HOL ¥ X0k Mk b b iwd @ife € flan o has s dhmdk &
20, HLAPBHOGNTWEERAD A W=ZALEZFBLTWS. AlEA/NSE
DK LI, WAL AR IO LET B 5. 15-lipoxygenase (15-LOX) IXZ D
LD REHRD D BO—DT, MLA/NREHROEAICHRENhS ZEDHsNT
Wz, ZOFEICHONTUES &, 15-LOXIKARFIAGNEEO® RN I B8 5
TEHZELDPMETERV. L2, van Leyenb ik, 15-LOXIZHMINRA/ NS E O HE
JcEERx b, MLEBEKRL, MYEONEYERLZEAEHPH B L 2R
Lz, EFEEERE TR/ ILOAEE3-100mT, 43 7 R400kDal 650D
NHBENDZARESTH . RPHVLWTLESD LHllBE L/NBEHNDOZO 7
T—EOITEENFERICRD, NEEOAEPREIND LHERLTNS, EEL,
15-LOXIZIEBEBIC T R &gl 520 T, filBESEHERT 2Tk,

ED UTI5-LOXD CARIERIBD o DESS?  LTHFRERE
Fe & Jz Evan Leyen& BR U ZRICH P LTWAHEDEANIIED Fiin % ST &
. ZOEMIFUDE S HTIH B, Wicdmannfiff %% Tin vitro translation 12 7 Y ¥ D
HYORIMRD Z 4 t—F2FARLEE &S, MEME LOMIkBZERICERE.
CNBEFRLEFBRIKELTHEEZ S, 1 IBERB RON KRS0 K
WEZIRZBN P& h eRBDENE. HEHICLZORDPLZNVDT, N-XK
D= T AELTHE-2LEC D, 15-LOXTH -z, I TIS-LOXDBZAR L
CAICHDLID, WoTULE-EDE, 22, #HEE s/ Mk~Dy 7 Bl
EOHMETH S, Nk 6K B U 7= 15-LOX % in vitro @ protein translation-ER
translocationRICMA TH L. T3 L, GRS NEHES > 2 HO/DfEANIEAD
R EE N . TR O R, 15-LoX EMafk =i 2 RE 3 &, 15-LoX I
VAR L, DD ICBIPPRIE LTETWA Z &b - . BiPIX/ME
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KANED Y oy A>T, IV N7B8ENMNIBAEAG 2ED AN S
molecular rachet& L CHIWT W 3. 15-LOXEFIEE 2 L, /MaANDOBPEIL L &
ELEDTFYYyROVBRZITEHED, NEADSY A EHEEDPIIEZNRED E
A3 EffmS . THULT, 15-LOXENMLEERLTWS WD nfiEME D E T
ED->TELOTHS. CCETOME, X TEEISNSNTWLARL.

15-LOXDIEFELL AL D F & @ A/ S EOBIC/EM L TMLEERT % 2
&, SHICHOL » XTHMEM N EDHKENICIS-LOXDPRE TS L2RL,
S eI Uiz, A b—U—DMg R 2, reviewer& DD & DIZ KL Lo
EDED, MELPZHEINEZSTHD. BYOVWESDIDHIE HICHMMLROT,
U< hLTLE-E. EvIHA s A2EMTEIREFO - DDEMNE, H
NOBBELECLZEBALERMNITES, HIWEIEERFITULLS LT 580N
MEEHTRoLEEDLTILEL .

ARIMERD 7ML D BAEBRE T, B SA LS 707 7Y — AN ERT 3
Clkidmsh T, MK A < o, REEMAIZRNLELE & LH
P, flE S/ MEERIK. ZOMIC/NEEA»SHllRAEICE, £2To7nF7—
POTERDREIC R D, £ LELG. DMREDHEDMEZ n 5 i3RI
R, EEL, SIRBCHZANNSRYFURVRAYFUREOKEHEES <
SO THMBUEICR 20250 2 &k, MRROKITES >RV HRED
SR 7TF ANV AP SFRES N TVWBDE 35 P ? Klaus van Leyen et al. (1998)
D X BEEZEWD, ThbhsfipvichiixhtibRrihiERebna i
LIRTH .

AR MED IR ERE C /MafKIc R H LnWHI Z LiE, hT7 7L AERIA
LTEELDICES>THHMMTDH - k. FRINIKRDhF 7> > E (EMAP, erythrocyte
membrane acid proteinase) i, N-f5&G OB ZRDIC6 D &7, KO Al
fCBELTWS ). A7 7Y VEDNBKIL > 7 FHIVES 2 & DDT, £EGED
BiHTHINS DA AT BB X h s, 20h7 72 EFHIIREIIC R
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TET 201, B OMIaR NS TR ZE fLlE L TRl ST LR <
TiksrnWh, HL A7 7y VEREA X ZORBICE U T st B D H ok
Thigdprok. LU, 15-LOX K S ICHlll /MR ISR ERIT 2 8 > 8 7 DA
726 A7 7Y VEBMREICHFELS D, 7L FHwm#llez 7« 7o
FA7FLA—=bLET4 v 2 ETHAEL, DMSOTH ¥ X  ARIMER~D 2ME%E %)
RILFHLEEE, W7 7Y VEOMBBEAOFERDPE —RR)ICRMT 501D
R2DBEBHEHATES 3). 7AW T A w7707 7—EIoHa T 5HEDRE R
DYIEIMREIC IR £, pHEMNEZZ5 ZEEEE 2. FichT 7> VER,
ATPR2R UL OHLTZE/ X7 LFFFHBZ0E, mRNAD L S RAB N X7 LAF P
DHFEF TR PMHALET O 2 R > T\ 3 @), Iill, DliiEiclbza—b 4
¥ )37 B -COPD N-AIC Hok 3 2 4 BEFEHE S 7F FXenineDWI b tHLIE AT 7 &
VEIZ & BAlHEMEDMIRE Sz (5). FHRRRHTTA T 7 Y EDHIIE IS 4
flxh, ZCTHTEMEZSITH LVLOTRRVESS P,

SCHR

1) wvan Leyen, K., Duvoisin, R.M., Engelhardt, H., and Wiedmann, M. (1998) Nature 395,
392-395.

2) Takeda, M., Ueno, E., Kato, Y., and Yamamoto, K. (1986) J. Biochem. 100,
1269-1277.

3) Sakai, H., Kato, Y., Yamamoto, K. (1992) Arch. Biochem. Biophys. 294, 412-417.

4) Toma, D.J., Richards, A.D., Japp, R.A., Ueno, E., Yamamoto, K., Samloff, .M.,
Dunn, B.M., and Kay, J. (1989) FEBS Leit. 243, 145-148.

5) Feurle G.E. (1998) Peptides 19, 609-615.

(REKFEFE - AR - RHF i)

5. CaspaseDEHEHHL 7K b— X
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Caspase B 771 b —¥ ZADRFICBVWTHBERGHEZRELTVWAZ L, i
PR DRV EBbh 3, . CaspasedFfifriR 7R b—> X W5 h >
DH DB ENDED, S THSEET, Caspasel ZOHADPLPHRF—2 R
BHEZTHEV.

7R =R, REORHED SEEIhEMETCH S, 2FEDb, (1) #
fao&Eh Lt (7R b—F 1 v ZIMEDJERK) « (2) 707 F 2 Ok,
(3) BojEEE (FheWihit) &k EOREER >TWD. F . ELFMN R
e LTk (1) il 2K T 27 + 27 7 F 20t ) > OMNBIEIEA~D 5
L (2) 2 bary R) 7o (REMLOET EF MY 0— AcDRIEE~D
i) . (3) DNADX 7 LAY —LABALTOW b, REDBH D, DF D, Caspase
DS rOIEHEUMT i ChesDELhFvEkcahdlEioh 3,
CNETIC6 OFBUL DAEBRESTNTVWEN, ChsD7H b—2 2ADORH
LEEUOWELERBDT LRV, 2 TRETORBIOVWTRRT LT
WD, CHETICFAE SN =CaspaseDILE %2 7K b —2 2O L FET DT T
BE L THEWN,

I 78— RDOJEENR E OB P PR h 548
-1 fifoEiE4

i h 2z & icL h MROEERLIKEL LT E LTINS DD, actinl),
fodrinl), Gas21), gelsolin2)3), FAK(focal adhesion kinase)l), PAK2(p21-activated kinase
24)Cdr %o Actin, fodrinld ML 1948 O 1= BRE KA F1PICH D, Gas2, gelsolin, FAK,
PAK2IE Ml ik O BB BI Tdh 5o WA X, gelsolinldCaspase-3iZ LIl Tl
Hull N 2 2 ik b, BT actin GlamentD VI IGME 2R 2 LS ick 2, L
L. The&AEOUINIC L b o, LWL ETET T2 E 556
TR,
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-2 HoEZ

HoOREZLE~DOE S FEZ N ZIE & U Tlamin A, Bl), LBR(lamin B
receptor)3), NuMA (nuclear mitotic apparatus protein)) % ¥ 3% 2 5 %, Laminld 4% %
DOUITHENECHD ., LBRiZlamin BEAFO I DOXF L EDRSHFTH5,
NuMAFA4~ b U w 7 A& JERKT 2EHAETHED T, T 6HEFIE D Caspasell L -
TUMiEh 3 LEDEELEEBEL, Zo0vF oEdblERITobbHN
RWH, SDEZAIEMIFRIN TR,

n 748 b—3 204 FRREE OMED P B EH

-1 2 b3 kY 7 ORGE
PHRM—=YRICBHFZI Y RN Z7OEEEDSHS PICShOOH 5, FiL

ORI X b 7 b= A BFEI R, BREOWNICI oY k) PoOlbkhE

(BB T & F b 7 0— AcOMIBEI~DHERE) Hol&Rah 3, WL EF

b 2 & — LcHiApaf-1, ATP & {7 7] C Caspase-9% i #E {6 U, #i#E 1k U 7= Caspase-9°

Caspase-3ZTHMEET B WS EFNDPRIBEINT WV B, FasahE 7R b —2 2B
W, Fasfil#CifitE X fu 7= Caspase-8H5Bid (proapototic {i{E2 R DBel-27 7 2 V) —
HEHE) ZUN L, YIS NAEBdldAPRICI POy RUPICER L, BUEMD
KFEF P2 o—LAchiliffZs| &k 96)7), FasISLORIBTRERD Z & Dk &
LZIPEIDEAPUTCHD, MORRTI b2 FU7OlKELZS SRITH O
5 BOFETH 5,
-2 DNAZ ¥ —JEnk

TR M= RZ2REO0 20N ZE L LT, DNAZ Y —ElDH 6N 5.
k. AKBRKFORHED I N—FIZX b PR b= AFHERFITEEEZ NS
DNase [l 52 & v, CAD(caspase-activated DNase)8) & apé Xh: o 1E% #llf2 T (CAD
I& % OB (171 Tdb 2 ICAD/DFF459)10) & i &k & Bk UATE MR & U T e
ICHEELTEHD, 7R b= 200 & > TiftEE & N Caspase-31C & - TICAD
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PRI & N CADD® el U itk b S v, Bi~F24T L' CDNADW b a5l E R § &
WO EFIHRIEE N, /. ICADZ HEHE BDNAZ Y —HEREhin K 5
ELTBEWTH, PR =2 R ZNICHESIHEMBERCETT R L0 5,
DNAZ ¥ —JERRZFDOH DI 7 b—2 AL FTCEHRW B RICEhE,

I ZOfthd ILE

N BEICB 5T B8 237 £ LT, MEKK-1, PAK65, PKCS, PKCO, PKCe,
PKCt, PITSLRE kinase, RPK2(protein kinase C-related kinase2), Mst1, PKN(fatty acid- and
Rho-activated serine/threonine kinase), RasGAP, D4-GDI/ Eh8dp b Ml 511 B 5 4
55 378 E LT, Weel, CDC27, Cip/Wafl, Kipl, Rb, ndm2 %2 &DdH 3, THh
SAFOMIC I, VIl X > TEmIic iliMfbeh s b L Rkt 6 D H
Hd. WThIZE &, >V FI @ PrllEIvEE I Sn st e, #RMC7H b—
ALMBBDEFEZI SN S,

F /=, DNAE# 2 B 5 9 % DNAPKcs(DNA-dependent protein kinase catalytic
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The protease activity of a calpain-like cysteine protease
in Saccharomyces cerevisiae is required for alkaline adaptation

and sporulation
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Abstract Saccharomyces cerevisine has enly onc pula-
tive gene (designated CPL/{) for a cysieine protease
with a protease domain similar to that of calpain. This
gene product shows significant sequence similarity to
PalBp, & Tungal (Emericelle nidilans) calpain-like pro-
lease that is responsible for adaptation under alkaline
conditions, both in the proteass domain and the do-
main following the protease domain. CPL/! disruptant
straing show impaired growth al alkaline pH. but no
obvious growth defects under acidic pH conditions.
This phenotype is complemented by the wild-type
CPL] gene, and its protease activity is essential for
complementation. Disruption of CPL! also causes re-
duced sporulation efficiency and promotes the degra-
dation ol the transcription factor Rim101lp, which is
involved in the sporulation pathway and has been
shown to accumulate in a C-terminally truncated, active
form under alkaline conditions. Furthermore. expres-
tion of the C-terminally truncated Rim [01p suppressed
the alkaline sensitivily associated with CPL/ disrup-
tion, These results indicate that a calpain-like cysieine
protease, Cpllp, plays an important role in alkaline
adaptation and sperulation processes, via regulation of
the wrnover and processing of the transcription facior
RimiGip.
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Fig. SA-C Cplip is responsible for degradation of N5 19.Rim101p. A
NS19-Rimi0ip was detected by Western analysis using anti-NSI#
antisera. pGal-RIM 0! (lanes |-4) or pYESI (lanc 5) transformants
of wild-iype (TMI00) (fanes 1, 1 and 5) or CPLI-disraptant
[MTMI20) (tames T and 4) celle weee grown at 30 C in SGal medium
at pH 5.0 (lanes | and 2) or pH 7.5 (lanes 3 and 4). Arrowheads
(86 kDa) indicate induced Rimi0lp. B, € MNorthern analysis of
galactos-induced AIAM M0 mEMA and ACTI mRMNA Total RMAs
{40 pg) extracied from cells harvested afier induction were subjecied to
Worthern analysis using the RIM 0! QRF (B) or ACTT exan 2 (C) 23
o probe

Fig. 7 Suppression of the alka-
line sensitsvity of CPLI dis-
ruptanta by wild-lype and C-
terminally truncated RIM101p,
Wild-type (TM101) and CPLI-
disruptant {MTM121) cellx
wransfarmed with pYES2-de.
tived plasmeds (pYES2, plal-
CPLI, pGal-RIM1D], ar pGal-
RIMIDIDDYC53 1) were grown
a1 30° C on buffered YPGal
plates at pH 8.0, Plates were
incutrated for 228 b, Plate sec-
tions seeded with tramsformants
are diagrammed in the circle
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Table 3 Sporulation efliciency of CLPY disruptants

Strain® Time an sporalatian plates

5 days 7 days
Wild type (TM201) WILI% I4E24%
Fig. 7A. B Alkaline sensitivitics of the CPLI disruplants. & The “ﬁ‘ﬁiu‘:’;m'm XWT BAsl%  MIx1I%
haploid CALY disriptants MTM IO and MTMI0] were grewn at
10°C on buffered YPD plates at pH 5.0, 70, 7.5, er 80, Plates were m}ﬂm)w' * &cpll WA4238%  ID+d0%
meubated for 4 days. Plae sections seeded with wild-type or 9AL30% 130479%

disrupiant cells are diagrammed in the circle, When plaies were ?QPM%IT}M!M x depll

meubated for over n week, the pac of colonics did not change. B
Approsimanely 1% 10" wild-iype or CALS disruptant celis were
grown at 30°C in hiquid YPD media a0 pH 5.0 ar 7.5, The sofid and

* 600 sporer were counled for each sirain

dipiredd Rines represent wild type [TMI00 (ppen direneonl)] and the B
CPLI disrupants [MTMW 100 {oper sparees}], rospeciively
A pH 5.0 pH 7.0 ki

Fig. 3 Complementation of the
alkaline sensitivity of CPLI dis-
ruptants by wild-type and mu-
tant cpil genes. Wild-type
(TMI01) and CPLI-disruptant
(MTM121) cclls translormed
with pYES2-derived plasmids
(pYES2, pGal-CPLI, or pGal-
cpl]-C8) were grown af 307 C on
buffered YPGal plates contain.
ing 2% galeciose as a carbon
source al pH 5.0 ar £.5. Plates an
pH 5.0 and pH 8.5 were incu-
bated for 60 b and 238 b, re-
spectively. Plating of the
wransformanits is diagrammed in
the cirele
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RFRE BT AR Mk,
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i TE 4" (Figa), Cpllp OMEC X 7o0F 7— i FLETHS
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Autophagy-related vacuoles, Le., sutophagosomes (AVi), autolysosomes (AVd) and dense
bodies (DB), are intracellular organelles within which macronutophagy and bulk proteoly-
515 set out and progress, Separation of these particles in freshly isolated rat hepatoeytes,
monitored by g-hexosuminidase, n lysosomal marker enzyme, was established by density
gradient centrifugation. Percoll density gradients were modified and improved by adding
free polyvinylpyrrolidone (PVP, 0.75%) to G0% Percoll, which made it possible to separate
AVd (buoyant pealk, d=1.090) and DB (dense penk, d=1.131) effectively. Addition of
graded levels of a regulatory amino acid mixture (Reg AA) to hepatoeyte incubation not
only suppressed proteolysis, but also lead to a shift of vacuolar profiles on the density
gradients from the buoyant to the dense region. Alterations in the vacuolar shift and
proteolysis were highly proportional over a full range of regulation by Reg AA, Mor-
phometric analysis of autophagic vacuoles by electron microscopy revealed changes in the
aggregate volumes of both AVi and AVd by Reg AA, which enabled us to estimate
autophagie subpopulation of the buoyant peak on the gradient profile, All the results
demonstrate that AVd shifts on the density gradients in proportion to alterations in
proteolysis regulated by amino acids, and thus the gradient profile can be used as a measure
of maecromutophagy; and in addition that AVd actively involved in proteclysis occupies
only a part of the buoyant pealk on the gradients.
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Proteasomes regulate the motility of salmonid fish sperm through modulation
of cAMP-dependent phosphorylation of an outer arm dynein light chain
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SUMMARY

Prateasomes are involved in ATP-dependent regulation of
sperm motility in salmonid fish. We have demonsirated
here by immunoelectron microscopy that proteasomes are
located at the structure of the chum salmon sperm
Aagellum that attaches at the base of the outer arm dynein
and extends toward the plasma membrane. Furthermore,
substrates and inhibitors of proteasome inhibit the cAMP-
dependent phosphorylation of 2 22 kDa axonemal protein
in chum salmon sperm. The 22 kDa phosphoprotein was
solubilized by treatment of the axoneme with a high salt
solution and suhsequent sucrose densily pgradient
centrifugation of the extract revealed that it cosedimented
with 19 § outér arm dynein, indicating that it is a dynein
light chain. These results suggest that proteasomes
modulate the activity of outer arm dynein by repulating
cAMP-dependent phosphorylation of the 22 kDa dynein
light chain.
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Identification and Characterization of a Novel Line of Drosophila
Schneider S2 Cells That Respond to Wingless Signaling*

(Received for publication, April 10, 1998, and in revised (orm, September 14, 1998}

Shin-ichi Yanagawaf, Jong-Seo Lee, and Akinori Ishimoto

From the Department of Viral Oncology, Institute for Virus Research, Kyolo University, Kyoto 606-85'17, Japan

Wingless (Wg) treatment of Drosophila wing dise clone
8 cells leads to Armadillo (Arm) protein elevation, and
this effect has been used ns the basis of in vifro assays
for Wg protein. Previously analyzed stocks of Droseph-
ila Schneider 52 eells could not respand to added Wg,
because they lack the Wg receptor, Dfrizzled-2. How-
ever, we found that a line of 52 cells obtained from
another source express Dirizeled-2 and Dfrizzled-1.
Thus, we designated this cell line as S2R+ (S2 receplor
plus). 82R+ eells respond to addition of extracellular Wg
by elevating Arm and DE-cadherin protein levels and by
hyperphosphorylating Dish, just as clone B cells do.
Maoreover, overexpression of Wg in S2R+, but notl in 52
cells, induced the same changes in Dsh, Arm, and DE-
endherin proteins as induced in clone 8 cells, indicating
that these evenis are common effects of Wg signaling,
which oceurs in cells expressing functional Wg recep-
tors. In addition, unphosphorylated Dsh protein in 52
eells was phosphorylated as a consequence of expres-
sion of IMrizzled-2 or mouse Frizzled-6, suggesting that
bhasal structures common to various frizzled family pro-
teins trigger this phosphorylation of Dsh. S2R+ eells are
as sensitive to Wi as are clone 8 cells bul can grow in
simpler medinm. Therefore, the S2R+ eell line is likely to
prove highly useful for in vitre analyses of Wi signaling.

Drosophila Schneider 52 $BRIEWgR &, Dfz-1, Dfz-2
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P 1. Comparison of the effects of Wg on Arm protein levels
in several Drosophila cell lines. A, Wg induced accumulation of Arm
protein in several Drosophila cell lines. Lysates of cells treated for 180
min with conditioned medium from 82-HS-wg (Wg treatment +) or
control §2 (Wg treatment —) cells were subjected to Western blotting
with anti-Arm antibody (upper panel). The Dfz2/52 cell line is a clone of
52 cells transfected with pMK-Dfz2. Mfz6/S2 is a mixture of stable
clanes of 82 cells transfected with pMK-Mfz6. Because basal levels of
Dfz2 expression are sufficient to make 52 cells Wg-responsive, and
further induction of D22 expression by CuS0, leads to a lower response
to Wg, Di22/S2 colls not treated with CuSO, were used. Although
CuS0, markedly induced Mfz6 mRNA expression, neither induced nor
uninduced Mfz6/32 responded to Wg, Thus, results from uninduced
M#6/52 cells are shown. The lower panel shows a )-a-catenin blot as a
loading control.

Subconfluent

Fia. 2. Differences in morphology of
S2R+, 82, and clone 8 eolls.

- 0g—

RT-PCR

PR

Fic. 3. Expression of Dfz2 and Dfz] mRNA in S2R+ and clone
8 cells and lack of expression in 52 cells, Total RNA from embryos,
clone 8, 82, and S2R+ cells was subjected to Northern analysis with
Dfz2- (upper left panel) and Dfz1- (upper right panellspecific probes. The
middle panels are ethidium bromide stainings of the gels showing that
the same amount (20 ug) of total RNA was loaded n each lane. The
Dfz2- and Dfzl-specific eDNA products amplified with RT-PCR are
shown in the lower lefi and lower right panels, respectively. An arrow-
head on the right side of the lower right panel indicates the position of
the Dfzl-specific PCR produect. Migration positions of the 1.5- and
0.9-kh DNA size markers are shown in the lowser panels,

wg clone-8 _S2R+ S2 Dfz2[82 MIz6/52
treatment

Dishevelled |
(long)

Fio. 4. Wg treatment induced modification of Dsh protein in
clone 8, S2R+, and DHz2/S2 cells but not in 52 or Mfz6/32 cells.
Lysates of cells treated for 180 min with conditioned medium from
S2-HS-wg (Wg treatment +) or control 52 (Wg treatment —) cells were
subjected to Western blotting with anti-Dsh antibody. Upper and mid-
dle panels show short and long exposures of the same immunohlot,
respectively. As a control for loading, the blot was stripped and ineu-
bated with antibody against D-a-catenin (lower panel). Results from
Dfz2/52 or Mf26/52 cells not induced with CuS04 are shown in this

Nguare.
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Fiz. 5. Wg protein overexpression resulted in the accumulation of Arm and

DE-cadherin protein in S2R+ and clone 8 cells but not in 82 cells.
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Heat shock regulation in the ftsH null mutant of
Escherichia coli: dissection of stability and activity
control mechanisms of o in vivo
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Summary B

The heat shock response of Escherichia coli is regu-
lated by the cellular level and the activity of o”%, an
alternative sigma factor for heat shock promoters.
FtsH, a membrane-bound AAA-type metalloprotease,
degrades o”* and has a central role in the control of
the o™ level. The ftsH null mutant was Isolated, and AftsH
establishment of the AfisH mutant allowed us to inves-
tigate control mechanisms of the stability and the activ-
ity of o2 separately in vivo. Loss of the FtsH function
caused marked stabilization and consequent accumu-
lation of o™ (= 20-fold of the wild type), leading to the AftsH
impaired downregulation of the level of o**. Surpris- AdnakK
ingly, however, AftsH cells express heat shock pro-

teins only two- to threefold higher than wild-type

relative synthesis/amount (WT=1)
0 10 20
genotype

wild-type ;

AdnakK

&}\\\‘.‘R\h\\‘:
Ak

cells, and they also show almost normal heat shock
response upon temperature upshift. These results indi-
cate the presence of a control mechanism that down-
regulates the activity of o® when it is accumulated.
Overproduction of DnaK/J reduces the activity of
o2 in AftsH cells without any detectable changes in
the level of ¢*%, indicating that the DnaK chaperone
system is responsible for the activity control of o**
in vivo. In addition, CbpA, an analogue of DnadJ, was
demonstrated to have overlapping functions with
DnadJ in both the activity and the stability control of o,

Fig. 3. Comparison of the activily of ™ between AfisH and
Adnak cells.

A. Cellular levels of FisH and o™ and the synthesis rale of HSPs
at 30°C steady state. For the measurement of cellular levels of
FisH and ¢, cells of AR3289 (WT), AR3291 (AftsH), AR7O71
(Adnak') and AR7051 (AfisH AdnaK ) were grown in M2 medium
supplemented with 18 amino acids (except for Cys and Met) al
30°C and were collected. Total proteins were analysed by Western
blotting with anti-FtsH or anti-o™ serum. For the measurement of
synthesis rate of DnaK and GroEL, celis of the same culture were
pulse-labelled for 1 min and were subjected to immunoprecipitation
with anti-OnaK or anti-GroEL antiserum as described in
Experimental proceduras.

B. The summary of quantitative analysis of (A). Filled bars, the
cellular content of «™; shaded bars, the synthesis rate of GroEL:
dotted bars, the synthesis rate of DnaK. All values were normalized
to values of wild-type cells. ND, not daetecled.
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Levels of DnaK and Dnad provide tight control of heat
shock gene expression and protein repair in

Escherichia coli
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Summary

The expression of heat shock genes in Escherichia coli
is regulated by the antagonistic action of the tran-
scriptional activator, the o® subunit of RNA polymer-
ase, and negative modulators. Modulators are the Dnak
chaperone system, which inactivates and destabilizes
a2, and the FtsH protease, which is largely responsible
for o® degradation. A yet unproven hypothesis is that
the degree of sequestration of the modulators through

binding to misfolded proteins determines the level of .

heat shock gene transcription. This hypothesis was
tested by altering the modulator concentration in cells
expressing dnakK, dnaJ and fisH from IPTG and arab-
inose-controlled promoters. Small increases in levels
of DnaK and the DnaJ co-chaperone (< 1.5-fold of wild
type) resulted in decreased level and activity of o at
intermediate temperature and faster shut-off of the
heat shock response. Small decreases in their levels
caused inverse effects and, furthermore, reduced
the refelding efficiency of heat-denatured protein and
growth at heat shock temperatures. Fewer than 1500
molecules of a substrate of the DnaK system, structu-
rally unstable firefly luciferase, resulted in elevated
levels of heat shock proteins and a prolonged shut-
off phase of the heat shock response. In contrast, a
decrease in FtsH levels increased the o levels, but
the accumulated «®* was inactive, indicating that
sequestration of FtsH alone cannot induce the heat
shock response efficiently, DnaK and DnaJ thus con-
stitute the primary stress-sensing and transducing
system of the E. coli heat shock response, which
detects protein misfolding with high sensitivity.
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Fig. 6, Deprivation of FisH, Dnak and DnaJ at 30°C. Cells of strains BB7107 (AR3291 (AftsH sihC) carryin

BB7113 [!35?10? PA1/lac0-1 dnak.J laci9) were grown overnight at 30°C in LB mecﬁun!:l containing }arabniogeﬁﬂﬂig;fﬁﬁg¥gﬂj|’r:ﬁ
Culture aliquots (1 ml) ‘were washed twice in LB medium and resuspended in 20 ml of medium containing 0.2% glucose (BB7107) or 0 4_%
arabinose @Bﬂ 13) without IPTG. At the indicaled times, equal amounts of 1otal proleins were analysed by SDS-PAGE (A) followed b
immunoblotting (B) and quantification (C) of the indicated proteiris. The values wers normalized to values obtained for the Bé?m? over.ru it
culture. FisH values were normalized 1o values of wild-type strain BB7059, Closed squares, FisH; open circles, Dnak; closed triangles [?nad‘

closed circles, o™ open squares, GroEL.
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Summary

The suppressor mutation, named sfhC21, that allows,
Escherichia coll ftisH null mutant cells to survive war.

found to be an allele of fabZ encoding R-3-hydroxy-

acyl-ACP dehydrase, involved in a key step of fatty
acid biosynthesis, and appears to upregulate the dehy-
drase. The ftsH1(Ts) mutation Increased the amount
of lipopolysaccharide at 42°C. This was accompanlied
by a dramatic increase in the amount of UDP-3-0-(A-3-
hydroxymyristoyl)-N-acetylglucosamine deacetylase
[the IpxC (envA) gene product] involved in the com-
mitted step of lipid A biosynthesis. Pulse-chasa experi-
meantis and /n vitro assays with purified componeants
showed that FisH, the AAA-type membrane-bound
metalloproteasse, degrades the deacstylase. Genetic
evidence also indicated that the FisH protease activity
for the deacetylase might be affected when acyl-ACP
pools were altered. The biosynthesls of phospholipids
and the lipid A molety of lipopolysaccharide, both of
which derive their fatty acyl chains from the same
A-3-hydroxyacyl-ACP pool, is regulated by FisH.
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Flg. 2. Schematic representation of blosynthetic
pathways of major membrane components.
Functions of FisH in the regulation of
blosynthesls of LPS and phospholipids are drawn.
T-bars reprasent negative control (degradation,
Inhibltion or suppression). FisH degrades LpxC,
and this proteolytic activity ls modulated by
perturbation of the acyl-ACP pools (see tha text
for detalls). ACP, acyl carrler protein; UDP-
GlcNAc, UDP-N-acetylglucosamine; G3P,
glycerol-3-phosphate; LPA, lysophosphatidic
acid; PA, phosphatldic acid; PGP,
phosphatidylglyceroiphosphate; PS,
phosphatidylsarine; PG, phosphatidylglycerol;
PE, phosphatidylethanclamine; CL, cardiollpin.
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