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3. ThIZEENHAAA ATPascld 6 FEIT. €N ZhD 777V — LI 6 flHD
YIS ATPase -3 2N 5 Z EANFIMEE LT, Finley (/v—s3— FK) i3,
BERED26S 7 07 7Y — LD 6 fiiBiDAAA ATPase(D Walker & F — 7ADLys A Argdh 5
WESeriZ B LT, MlBO4E. a7 7V —LDTR T — EEAHELE
Zilsle. TOHR, ThThOATPaseldBERE MIZF M TIX LW &G0 0| A
WARTF FOGREER KD bOPTE /T —IZREDHE DR END 7, T
DI &3, AAA ATPase BIflIC B EA A BES RO TRIAE W 2R LTS,
&AW B 5 AAA ATPaseDATP KRR 1 & 5 TR VF —ik, HHOZE, 5
FRU, EHEHMADRRLEEICBETH S EEBZ SN TN, COMBELZS
BHTRILIL I AKX TH S, HF (FHEK) &, To77 /) — LATPase Sugld
ATPasefBVEZ FEMICHTS L. poly(C), poly(U) $°C, UDH 1 H 5 FOmMRNAIZ X DiE
HAEEN DI EEWE L. WELERMOBIENZ DT 7 2 ) —DAAATIEWIZE X
NHEEMEE TR U Ic, AAAATPase K X A 23N A—FiZdblic Rohn 510¢
OODEF—THRESNTNSLE I EXY, KBEOHMED = SITHET SLED
Hbe

LSO TIE. AAA ATPase DAL HEE A BHMZ L. £ 2 ol OB sEE 2
B9 5 &) Ak BIETUIAY COREHEA THEMEHRF LAY, 120K
EHE IS DO TARMICHRT 2 BRAICIIZE » TOED - 7o E0) DD IEELER
ThH b, BNTHETNIE, Lupas (w97 RF 5 7)) HIAAAATPase K A A D
1 A% TIZ SIRTCHEE DM SMIE N TS MONTPased 1 Jetiis & L L,
AAA ATPase| T 1 7ZSRHECH D BREE A2 HEE L. TH A ATPased T #EAEZ F5 2
TEERBULAEZEE, MO ZTOEBICBMFRNEREZHAL, KBIC
ATPaseiftEIC B TH 5 LA KBRINIR UL ETH- 7. AAA ATPased H AL
FUAIH ST - TETITHENR B LTS, 2O LS5 BElad o OIS
M OZET b SORERI UM 572 JOED . TTIZRIZHNA XS IZ, ATP
EAAPEORE, AHABOME, ¥+ o MIEHOMBEL ENRRITHIATER
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BELTH®TFONS, AL, KFE1 2 HiIZT A Y A DSan Diego ThHfEZ N5 Z &
WRE 12O T, T Tl EhFToMENBHEIN, T EOLITH UL
BB T 208 LATH S, (v % : BBERKRZE - E)

2. FASEB Summer Research Conference “Ubiquitin and Protein
Degradation” (2L T

(2 EFF LB 123 A FASEB Summer Research Conferenceld, 24F
WC1EfTbhb70—-X FESET, AETSEBICES. %D EFF &7
BT 7Y — LWRO LM EIT) LTIERICBBICNE8#THS. 4% ThM,
K& Vermont${Saxtons Riverd Vermont Academy & | V9 “Z B4 O THAA P IZfTbh
T % . 4 [A @ Chairperson | Arthur Haas (Medical College of Wisconsin) , Vice
Chairperson|$Cecile Pickart (Johns Hopkins Univ.) T, ¥ (1094 (QAA2&A5T) )

, B (1288) , 1 X530 (124) , F4> (10%) , EEH (10%) , #+57 (4
£), 727R 3R, A=AV T (3&) ., TOMmOE (68) Mo, &t
169Z DEMNHE (ZnF ) X MEikEDA) Bd-71. FRIDLSHEIF/o—XF
LEHT, TORFERELLDIIATAI E3EIhT S, #-T, ARM
HRTHHEHAFOFHMII DV TiEHMhohZ LD, HETEUL-BERDIY
IZ, EEISHEBTE ZMBATREAFICONTERL, TORFEATL. A
DIERGEEL, IHFELHBE, RR 7 —REHNBED - /- OBFERICH LTI
UTFO#NTHS. 15k, NERKIFINEIARD2ODEy ¥ a3 /InhnT
fTbh, BRKIZE BN (YHDSRIY—F#) 121> TH3.
6H298 (H)
Session 1: Functions of the Ubiquitin System (Chair: A. Haas)

A. Varshavsky: Recent studies of the N-end rule pathway.

A. L. Goldberg: Activation of the ubiquitin-proteasome pathway in atrophying skeletal
muscle: A role for the "N-end rule pathway"
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P. Kloetzel: The regulation of proteasomal MHC class [ antigen processing activity.
A. Hershko: Mechanisms and regulation of cyclin degradation.
M. Kirshner: Proteolysis and the cell cycle.

Aty yaryTRAIEFF UV VRATLAIELDVLWTOREN S -, £7,
Varshavsky HSBERED ¥ (7213 F 1)) RTF FOMBADOHREL, Ubrl (E3a)h54%
HTHY, EBEICHEATIE, €05 Y AB—F—Pu2p)D L Ty $—(Cup9)
ULIZ K » TUMkah TagEh b 2 L2 L. IRUT, Goldberg 3 2k
IKBWT, 2EFF -Tu7r7 VY —L8RIEE LI, Thd N KGANZHE->T
RIS EE, PRTF N (Lys-Ala LAla-Lys) OB ROZEEFH LTHRL
fo. Kloetzelld, MECLID20S 7 77 Y — LNOH D AAIZIE, LMP2OIEHHUAIH
ThHI EE, PABEFITEFIRRIES &, EETRENIEZNLZ EERL
7o &7, LMP2OFEPEHLOTho I A A RANICEREZB AT S &, ETHERR
WHER SN DL Z ED 6, BT L2 TOEEEMIOIERERICEL > THWEDIIT
(3750, o ENIE I Heshkoid, #4171 > BoULIZ D HBES (¥
478 —=L4,APC) Hlede2iz k »TY E{EIN 5 Epl3sucl iICERT B LD I
L ExmLic. Zhid, MPF DG LEiL 5 Lpl3sucl 24 UTHETH 549
A70 2B cd e 2HAKICHA 70— LA L, 34 271 DU L E 53R
MEZDPTAILAEI EERRLTWS. Kishnerid, b b &EATIVDAPC (31 7
Y —L4) REMEOEAHENGRYD, TOAD6MHIEERICZEORERIHH
5 LA Uc., &£7:, DNARIPH®E (EP2S (ZOEAENG LI B
N5 EMKRODNAGRGZ 63) HAPCOAF T OBMIZIED 55 & &RL
fo. By ya sy TOREERNT, APCOMSE SBEICHMTIHEAELAILTO
i &, BHEICFERNIILEROMRAD S HROANETRETHS LUK,

Session 2: Ubiquitin-Dependent Cellular regulation (Chair: C. Pickart)
A. Weissman: Proteasome-dependent degradation of a T cell receptor subunit from the

endoplasmic reticulum.
A. Ciechanover: Inhibition of NF- kB cellular function via specific targeting of the [xBa

X7s



ubiquitin ligase.

R. Haguenauer-Tsapis: Npil/Rsp5 ubiquitin-ligase dependent endocytosis of the yeast
uracil permease.

L. Hicke: Ubiquitin-dependent endocytosis of the G protein-coupled a-factor receptor.

S. Mori: Identification of an ubiquitin-ligation for receptor tyrosine kinases: Herbimycin A
induces in vitro ubiquitination of epidermal growth factor receptor in rabbit
reticulocytes lysates.

Ty a 2T VETI—PIrI o AR—F— L, EEATEOE S
=5 A FOUMMERF B 736 I I DWW T BES TN /. £9°, Weissman (&, T
ML €7y — A AENED > EBRHOTMEL Y — 73—y b3, W
Oy Iy (NFY Oy FEBE#O< Y /) — AR EDKRE) O%IZUMLX N,
ToFrTY—LIlE->TaHBRINEZ E%R LI KT, Cicchanover{dlxkBo®
Ser32/Ser36D 1) YELRTF FAUMLEILE T A2 &, Fh ZORTF FEHEIC
AT S &, TNFail X ZNF-kB %4 L7cE-selectin DFEHA I Z D Z L& RL
7z. —7j, Haguenauer-Tsapis{, uracil permease ( b5 » ZH—#% —) OPESTEHA
DSerd V) S IEAUMLD VT H N ER -T2y K¥ A b= RENB T &, T,
C OUb{L ELys63% 4t LIz L FaAEFF A8y FHA b= RD V7 F I E
5 EEmUc. TS LT, Hickeld, BERO GERIER o (T (—HOH
Z2REY) WETF—WES I EFF LI Thidf Y¥—FV¥—-¥ay
DT FNERLS>TINBI &, FLFNRTOTT Y —LIC L 30M & T EMIEFRT
HBHIERIEFF VERK (Lys—Arg) EDoad D% Ttk Al » TR U 7. Morifd
Tyr¥>— ¥ THBEGF L& 7% — % FF—E H#H#|Herbimycin AT 3 & 74
FRRFRMEKS A F— FROBMHEIC L DinvicoTUMEEN S £ ICBB T EERL
1:.

Aty vavTlE, LETY—DPrIUvAR——DA v 4—F)FP—-Y 50D
VIFINEIR DU E S ILONTILTF RO, s NEDOLysE A Uiz
FAEFFUPEBOMNEEEL 57 L L, ERERE RZB0IIHE~ OHBE
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KL >TRE->TOWT, FIZE A 7—F)E—2 a3 D7 HIVdd~<TLys63
2 LICUb(Ehindhr b | s o EH TE—AlIREWhX 9 ThHA.

6H30H (H)

Session 3: Enzymology of the Ubiquitin-Dependent Pathway  (Chair: D. Finley)

A. Haas: Protein-protein interactions within the pathways of ubiquitin ligation.
C. Pickart: Structure and recognition of polyubiquitin chains.
P. Howley: Identification of regulators and E6-independent substrates of the EGAP

ubiquitin protein ligase.

R. Vierstra: Characterization of recognition clements within the ubiquitin proteolytic
pathway in Arabidopsis.

S. Jentsch: Novel components of the ubiquitin pathway.

Ty var3TR 2EFF A RFNREOMEELELT, 5 ADRENE
R L7z, RYIOMHE TH HHaasly, E27 7 3 ) —OKmfisiis k&  10-'~10-°
MT, UbcOLIADE2ZUbEF A+ TR FAERERT 52 EAik~Tz. Fic,
E214KC88A PE214KC88S|IEI LE3DIAHEA L7105 Z &R L. X612, E24KD
CRED 1 0 BADE3a DA ICHDEZ &, ThThOE2ZEHWTT 74 =74
707 bedhil, HROTEBAEHNTESI &R L. KIC, FEREOLER
kbR ICd KOF, EBOMEME L THOoNTE/ AT F F (N-end rule substrate
vs. non-N-end rule substrate) ME3|Z%d 5 kR AW~/ 2 A, FhlTKmiTHt
?5%%(?&0%%@%)T@ﬂ(ﬂwmtﬁf%ﬁ%(#ﬁ%M%)ﬁﬁai
EAFEF L. X512, E3a |#N-end rule substrate & non-N-end rule substratedd | v3°
NI L THBHRF LI L0 ) BRI T — 7 & Lfc. HaasDR&E, REk
DEZ NI —DOMEEREE L, % OEREFANL. LHL, HeshkosDEFET
DGR EFET 2 EDHLOT, HEISHRT 24680 H 5 L8015, 17
K2 DE3A/r L7 UbfbD 2 A & LT, E214KC88A E214KC88SA Hi 5 &
HAEZD, THABOMBICFIAETS L) B, AHRE3OHR A B EE DR



ERAAELD) ELTVEIREICE ST, BEIINLIOTRIENWES ) . HaasDF
KITBUNT, Pickathi2 6 ST 077 Y —LSSaD 2N F A EFF BRI
WTAH, TAFIEFRF MR OBUKTEREICEUSSaks &5 & HEZ L7
Howley{d, E637iL & X (CHifeN TEGAP M HMEM I 2 BAEAEHRL, HLL
E2(UbcHB) & 2 JEE{HHR23A (RAD23 D €D ST, MfADduplication|Z 595
FBAHEOE) #RE L. Viestaid, YoAf XFZXFOGHECTF A A L%
95 2 M DOE3(AtUbIL, AtUbBR)ARE L7z, Fi, 26 ST 77T/ —LHDS5a
P72y FMeD)FAEFICHHETIIEVD, 73/ BT FHoZid sz
BUHBETHY, UEBOH 5Ly b OSRIMDIAMEH > Tb 2 LERLL:.
= 5T, KREFEWEMOICEN S, CREBONIMIE, UbSRESNAIAH 5 2
Ebipo o, TDEMAERBLTHT I/ BT o787 28itE25Rd0
T, UbS{REMEINI LIS OBEHE N A 1 DIFEN B 61 5.
Session 4: Ubiquitin Carboxyl Terminal Hydrolase and Isopeptidases (Chair: G. DeMartino)

K. Wilkinson: Human UCH-L3: Specificity, substrate binding and crystal structure of a

deubiquitinating enzyme.
R. Cohen: Specificity of the ubiquitin isopeptidase in the PA700 regulatory complex of the
26S proteasome.
M. Hochstrasser: Mechanism and regulation of MAT « 2 degradation by the
ubiquitin-proteasome pathway.
I. Fischer Vize: The ubiquitin pathway and Drosophila eye development.

A. D'Andrea: The DUB family: A novel family of cytokine-inducible deubiquitinating
enzymes.

Yty a4 TR, 2EFFCRgE Fos—¥ & YRTFF—FIZlT
HEEM I E N, Wilkinson(d, & hDUCH-L3 Off il % /R U7c. il 3 4
(Cys-95, His-169, Aspl84) oA F 7 =4 »— L (GIn-89) DL/ /31 &
BR (AT7Y/B) EHUMENH DN, HHOEEERTITHEDNH S Z EHRS
itz. Coheni326S 7O F 7 VY —LHIZA Y RTFF—¥EHNRH B EERL, £
NPWALEFF L av Y F— hOGRICH MDA &, UbghEinE X3 LA,
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BIEEREIC L » ThHEZh 52 &, KOUbh Sk bIls 5 Z &, K6, K11% 4t
TAUbB EEHICIL B - Ehimsang:. Hochstrasserit HEFBERFOMATa 2 L 7 L v
H—DHHICMD B DoaE RA KL, ZORDHB DI, 20SF0TT Y —LD
BT 2=y FEREHFHOLONbN Y, 268705 T — L OIS SBERICOINT
ERX N Vizeids 3 7Y 3 /S Tofat facet (fal) il E Fic k - TI— FEhTH
HUbpN 1 EFF AN LTHIBOX LV 77— 0¥% 8IZRET S &i
5352 E&WE U7z, DAndreald ¥y 1 b A ) THREINLIBRIEFTF (LR
F#DUB-142DUB-2 K MO 4 Gl O EF F AR B AL, Y1
MIA R ROERISEER b ST ulptEE S L 72, £/, DUBZSEE®IZAE
FFURINTTRF T Y- AL DB ARENS, LOoWE DS
AEFFUBROE FoS5—EPlRaEF:F ABESNZHEY SNCEh, £0
FTEEIERIN-SDH 5. AEFF Uo7 7/ —AEKO “BIE" BB S
s e, COBEROBENTEORMAIEENS.

TRH1H (4%

Session 5: Structures and Enzymology of the Protcasome  (Chair: K. Wilkinson)

C. Hill: Structure of the proteasome regulator REG @ (PA28 @)
W. Baumeister: Structure of the 20S and 268 proteasomes.

D. Finley: ATPases of the yeast 268 proteasome.

G. DeMartino: Regulatory proteins of the 268 proteasome.

K. Tanaka: Functional analysis of 26S proteasomal subunits.

Kty va TR FTor7y—L4LETOGMEFOHE SBEICEYT S RE
ML XNtz £9, Hill (Utah Univ.) (27057 Y — LT 757 4 ~— % —PA28D a
Y72y bOY I EF Y KRR, #HHbL T2.8A OFERET XA
AHEIE T 21T - /o, PA2BIIHBRIC I a LAY T o=y ML AT O6ERKT
HDEEZONTHEY, Pl tbaeY7a=y hOHERRT S EKET Mk
AT A ZOHEERS E, HER0SEDHASITHID B EEZ SNICKEKEE
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F— 713208 & OEMIE IZI3ENC Edbhb. L, 2087877V — 4L EOH
H ELTRMBEI N TN ZHIZ, 208 £ M EkEA BRSO TRA %O
FHEE LTI N, Baumeister |3 TE T BAGREEARIT & SR L 122680 77/ — LD
RUHEERITIC DWW TRE LY, PROFBITEOEVRETHS L) HREE
Z 7z, Finelyl3BEfE AL, 2657077/ — L H D 6 FDATPaseDATPDEEA I
inid BLys & Arg & 7o (3Sen A LIc K AR (ERL, TOXRBBZFH~NDEBIT,
TOEBENS268T 0T T — LA U THEMNHEEZ . AgZRETIE
YtaS(S4)HE A 7217 SBIETHUIAEE vlE TH 5%, SerZk 5k TIICimS(MSS1) &
Yal LA 2 BIETH - 1o, AgZERADYRSRIZHIESN., ZOREBEAERLI:
YaSRFCIXAEERET. €07 077V —L%8ilds &, 2EFF avJa b —
FIKRBIEDND T, RTF FKREHEDETTH BRIk, #-T,
ATPase[3ZH @ unfoldingiZHh b 5 &) B €7V TIRSET U AT S0
Z & A KEFREVCHET, 4ROBMIFENS. DeMartino|3PA28¢0) C
AIGUA0SDIE (L (208 EDFER) b Db &, EERRICRaeY T2y

PONEELID, Y Ta—y MIZTOBEHERBETLII EEREZ L. HY GRER
BRIF) i, two-hybrid system @Sunl &4 F.#EF] 3 % Soi 1(Sun one interacting protein 1)

DEFHRIZE WO THlER MOGUS I TARMEIEL, 2 EFF AMLEEOFERIE
B2 &, F/:Soi 32687077/ — LOMHKE T TH LA EEMD H S & A
-3 B o

Session 6: New Frontiers of Ubiquitin Research, Part 1 (Chair: J. F. Dice)

K. Breitschopf: The ubiquitin-mediated proteolytic system and regulation of sodium
channel activity: Degradation of the plasma membrane protein EN o C.

R. Verma: Phosphorylation of Sic 1p by G1 cyclin/Cdk triggers its destruction at the G1/S
transition.

P. Kaiser: Cyclin dependent kinase and Cks 1 interact with the proteasome in yeast.

D. A. Loveys: E2A transcription factors contain a portable, phosphorylation-sensitive
destruction box.

A. Mathew: The ubiquitin-proteasome pathway regulates heat shock factor 2 and

L o0



expression of molecular chaperones.

L. E. Huang: HIF-1 mediated hypoxic response is controlled by oxygen-modulated
degradation of HIF-1 alpha subunit through the ubiquitin-protcasome pathway.

K. Iwai: Oxidative modification is the signal of the iron-dependent degradation of iron
regulatory protein 2 (IRP2) via ubiquitination-proteasome pathway.

Fyva i, RRAI-FE£ODIHIS, T CHALABTOLDOERY, OEFHEE
ICBIENI- D TH S (FEMIZERS) .

TH28 (k)

Session 7: Protein degradation in Organelles (Chair: S. Gottesman)
D. Wolf: ER-degradation of a lumenal protein requires retrograde transport and the
ubiquitin-proteasome pathway.

I. F. Dice: A selective pathway for the degradation of cytosolic proteins in lysosomes.

S. Bar-Nun: Characterization and in vitro reconstitution of ER and post-ER degradation of
IgM in B lymphocytes.

R. Kopito: Degradation of integral membrane proteins by the ubiquitin-proteasome
pathway.

R. Hampton: Protein degradation and cholesterol regulation.

Ty a7 T FNHTRIICETHHEOMRCEIN Y Toh/. Wolf{d
MDA IR F 2 RTF 7 —EY(CPY) DRI U T, Secbl, Sec63 A5 LT
—RE RPOEAES M EMNC % S h, WO TERBER A HEOUD{LREFE(UbCS,
Ube)i KUk hiciic2687 a7 7V — Atk > TaIh A L&RLL.
Dicel, 1 2 DHNEET— V% 21 v/ — LO6kDakikizk F E(1gp96) D 53 f#1C
(FATPOT RIF—DPSEEZ E, FLOZOHHIZILY V /— L OLy-hscT3H
WBETHDHI EhRI N, EEG THhse-T3I K » THIREMIZE S XS THG
TaFT ) —ALilk-> THBI NS AREMEA R N7, Hamptonid, HMG-CoA
reductaseD ) HHmglpi3 & & 72HY, Hmg2pld ALE T, TDHHIZIFUBCTIZ L AUb
el G595 2 &%, RABRERBLHAWCEIDh oI,

Session 8: New Frontiers in Ubiquitin Research, Part 2. (Chair: R. Viestra)
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H. P. Roest: Role of the ubiquitin-conjugating enzyme mHR6B in spermatogenesis and
DNA repair.

J. Huibregtse: The large subunit of RNA polymerase II is a substrate of the RSP5
ubiquitin-protein ligase.

H. Saitoh: p18UbcY associates specifically with p340RanBP2, p88RanGAP1 and a
17kDa ubiquitin-like protein, UBL1.

M. Estelle: Function of a novel family of ubiquitin-activating enzyme (E1)-like proteins in
cell cycle regulation and response to the plant hormone auxin

D. F. Lindsey: A Deubiquitinating enzyme is required for development but not growth in
Dictyostelium

T. Sommer: A functional link between retrograde transport during ER degradation and the
components of the ubiquitin/proteasome pathway on the cytosolic surface of the ER
membrane.

M. Rohrwild: Structure and mode of action of the ATP-dependent HSIVU protease, a
proteasome-related particle in E. coli.

Kty va TR, RRF7—OFh 6B INIHRT, EhdBKEVCAE
Thoh, T EED -0, SaitchORETIIHNELH . 4 7) 0D
2 EFF LI UbcOiBdo 5 v fiEH#EIC B U Tlentsch 430D THE LT 508, #
ZZDOUbFINDOWBE2 (AEFF ravab—F 4 Y /8E) LU THRIETS
DTIIEL, 2 EFFUHREQHEUBLIAS S ISUMO-1, /272U, K48{37/5L D
RanGAP1(GTPase-activating protein for Ram~DFE SICM 55 2 &, i, TOE
{&RanGAP1 Dp340Ran2 ~DFESIZH T TH 5 2 & &#HE U 7. UbcOid fafE iz
B 5 Z LIMENTH AHITLTH, BEEMICIXE2E UTEEET 20 TIdA L, 1k,
BBITICMbEZ EtmEhic.. £O—HT, RRY—t vy a Tk, 47
U v DLEFF AUIZBH HE2CO X ffs TR R e 2 n /. MlaRM e
kY A7) YOEBHISVTTYHA 7)) 2 OAEFF AMbER LS EDOEKMEEH
bl TEHESHE o,

Session 9: Protein Degradation in Procaryotes (Chair: P. Kloetzel)

S. Gottesman: Substrate specificity in bacterial protein degradation.
J. Flanagan: The structure of ClpP, the proteolytic component of the Clp ATP-dependent

24-



protease from E. coli.
M. Maurizi: Structural and functional relationships in E. coli CIpAP and ClpYQ proteases
T. Baker: Analysis of ClpX chaperone function and regulation.

#ty ¥ a » T, KB#ICKT) 2EA0BOBMIC>LWTHlRS O, &
", Gottesman¥ KGRI F61F 5 T2 F— k(1T 077 — Ol SBEEIC DU
TG L, ThThOLBEMEENRIEL AR LI, &/, tail-specific protease 0
BREIZ DWW T b/, U, Flanagan|3#% {%52.3 A CipP @ X S 45 da T O 7—
# %A Lo, MauritzilZCIpAPE G RIT, |BEASMEE Y F— T4 L 7 OB EZIT
Z EHMGRL, F7-BakerlZClpAD &+ N0 v & LT OREE & HIEEHEIC DU T
e

EHRELT, 2EFF - 0T 7V — AV AT LADIETEENI LY LRI
fibhT&/k. LhL, £O—AT, FEHHICRRNETLEFF A —EDN
BEEBNTWAS, 2EFF =T o777/ —L VAT LMD IRHELET ORI
WS kEdETHoMIZINS LEbND. 2EFFUERNE Fo5 -0k
AEMERT BRIk &, T2 2AEMOREMMELEE LTI, XSS ERTYS
AL ELETF NS, 28T 077/ — L4, PA28, UCH, E2C, ClpP 75 & O H
HEkEOERIE, TOBEEXEA S LTIERICENTSH S, 2687077 V—
LY A 7 0/ — LD XS ET b R ofME» b L. 2EFF U5k
HAHPERMRTL &, RO EFF AMLERBRLLHD VAT LOWRS, 4
HBD—DDRMELHTHAS. 2 4#DFASEB Summer Research Conference)t 5 L
HTH5. (GRE ¥ : tsEX¥EEFR)

3. MBLEMIIBIBToT7—EEA L EES—HIRS
AR, BREHKE, TUTHEEROII 22— a3 v ERZHNT

MR R LI D THD. 4l BRFERARFMEOR HSBIRHAE HHE

HaEA & UTHEfliS h, B30 BL8H 208 (F) —2 18 (FFi) @
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2 B icbro» T, A EEBE B TIrbh /e, R, FMREMEKETO 1
B DL TH - 725, 44EF, KWl (1) . 7— 7 397 (5 .
yRITL (478) A (9D  RXF— (408 ORENHD. B
BOKZ{B->THEFOESL 2 0 0 Aiid» o EBbhd, U, NEERZF
IS, BBEESITRABFEBNILET,

HEOBDOH &, 7. RAXEFE 2O SMBEFLIC LD, EHHE (15
BRBEKBEToTT—H¥M Y EEY — : TORE, #RI SEM &i6HEE Tl 29T
bhtc, ZOEFIZ, (1) EEKB T, ACE (Angiotensin Converting Enzyme)f
EOREBNREES & LTHO O, FERTFOEREMIET S EESIC, TDOE
BERELT, BERF7SOF = v 2EJBS S Mk HREEL BHE L, HE
MICEEERANRAONAZ &, (2) Tt vy v 2 ERHRKEFO C+
F—EEHEALIC X 5 MEABIEFE/EA . MMP - TIMPR & B 5. U 7= B IRGE L D & &
(3) Bl S HREEADMER T, G E UTHREBRUESR, /M LN
EOMH. (4) LEHEREOERZE SIGHR TR, AN LT K SOl 5
N7 DN EMBEERICE S FRIEEOT B, 7034 HFERID IGHRA~D
AJREME.  (5) OLASOERE LIERE T3, ACEEEIOAL KD TNF o i8I
LBTHE b= REMHE L., OHERETIREADHEZ LB E, ToTr—EEF—
7y b ELUIIEEREOR R OWTIRIL X,

D=2 aw7TOTr—<id [TWINnA=w—¢ToF7—¥] T. AR —9
T GERGHEWN) A —/"—Ea—%3h, fsOHRAN T o7 7 —HEHAPP (8
T IioA Fill&ky 7B Tot s 7Bk (a. By v DEsecretase) & LT
BHIZ B0 > TWAE D, TOEESKIZICHRH I TOEWBRERR N, f
WT 5 ADEHFIC L > TENThiRoRM AR I/, BHFEANL (HLk
HERAMEL Y7 —) B, FEETVINA <—ROEEFERBZFO—DOTHS
presenilinl(d 3 Xtz » AZFMN, £ FLEAL T-E AMEMIAk AR5 LIk D,
ABA2E KUABx- 424 % LA XH | APP IR RIT T LapRmahic, i
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W R (FRERIRRE) &, #ie D B 7 I oA FIGHEMI4FRA7THAZ MR L,
BT I A FOAER - (EhBRO EROIBTHERIIONT, REFHE LI b
HAFEFE)  ABIRAT TV UDIt k- THR#BRE I, TOFFEFHRT 2
o4 FIEKRDERT &S 20t A fFxhic, A lidgiit (E AP 13, S
RAPPZRi Il TR X, APPORBMNSW T OV IBETHDat sV
y—¥id, HERFEFEHT 52O TEHAL, KEEHEL 6 —~EORS O THM
TEIMETHD I LixrShik, EHEML (BRTLAFARERD) &, APPS T
A gelatinase AP HHUR A D2 &, £ £D 4T, gelatinaseAld a secretaseffiF P
RLE, ABHBE AT ELEBIT, ISITABHBONKEM LI THEMLT
APPBEHERIA b Dl E&maAnic, ZDHE, RRAY—FEN2 SBIIHINT
Tt BB, MMP<paminopeptidaselZ B4 2 FE R HH VL - 7o, B BR-PHER,
WEEE AR RZ 0L IO RLOR#H ESDN S, RICIE, RaEE0hET
07 THRFZHRS LD BB NN, BHBRERE - BELOMKE S IV —
TPREEIN—-TOT 57 vardbdhot,
2EE®yy£9¢ATm‘FEEE&TE%T—EJﬁ%—vﬁﬂhiﬁé
. NIGEREE L (BAKE 24 Db LU, BIREDEHN S, MR
B O BRI IS OV TlEE S hrs, skt (U0 KEERA) b, RF
LRE OB ~v—A—EUTHRRAINAS CCHEOS i - BizFHEE. &
Vo 7ar7—PELUVRTA » ForT—¥OlhFZET 52 &0 C04dt
FHARE. TR b= Y 2PHEEICOWTREI N, HATAN L GEXERD
(&, BBIMMP (MT-MMP)DgelatinasefEPE/LIZIZ BT @ 1 LUF OTIMP2D A fEH3
BETHH, 7077 —FONEXRFY Uy FASA b5 LT, MI1T-MMP/
TIMP2/gelatinaseAD 3 737 HiM & kA TR L. EHEDpro-gelatinaseA%: #il g K 1= V)
ZN— bFBI LIV EBABREET-TAE I &L Z£LT, HAEREEKLTH
1B EDMT-MMP ) profi{ i D 43 ffBR %47 - T 5 T &% in vito THEM 7,
i, BRED T VAT 27 2 a VIEREIT - T, EHACICIIMEA K A1 %
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#r LIMTI-MMPO 7 5 2 7 — B KA EETH S Z Ldmahic, Rkl (/
PNIVTF 4 AT 7—=) &, FRELSHLG- THELL O T T7—E/ Y EES—
ORFERICH T 551 BEEEORMICE UTRIRE SO, ¥ RO T LD®RE.
— R DS | S FE & fThh. O B - BRI ISR U TR RAAL D S OBFFERR
. MMPOERAL - $ITEEHEREH 7 07 7 — CIER O s - 8 0ME
R EFEI NIz, RIETIRF % ERE U T OBIHEICELRH Y. T LK
DIFFH 13 035BE, MPHENDZIDE T LIt TH 7,

RRAY =% FHIREEEIC, 46 - & baFE & 7T 5 T Acaspase’d proteasome
IR E RN WD > I DIEEN TRRH - 7208 4%, ZOWRS2EH - EHEDR
RELEYD, KVIECGHOMEENEE S L TFEREIN S, HE. BEREOUIFER
RORLEEH (BEDUED - TNEIZ L TR, AFEES~DOBINE, HEFZILC
THDIMBIEDF + Y ATHY, ARBIRESU L2 HHEBIEEE D,
1. KRERIL, MAEMCEMEFROBEIRHEENMCEMERELY, 4FLR
B 2 HREBSBEHRTEA21 (&) . 228 () ®2 AMichic» Thhh
AFETT, (BIEH : EHEXRFRFER)

4. Tor7—CLRE  WEREITD SAEEREHELT

MR ToTT—EOREIOIHE D, TOERENCH b E ChofibtiT
2o MIBIDERZFEMIGMIE. FCREERE U TILBEBRAOBMIETH » 7o, R
DIRFEFRICOIAZEFIFUNEBTT o7 T—ENERLIWHEAR LTINS
EDHSNMNIENBIZDh, TRTFT—¥EEDA1 L EY—2H8N & UIokRRg
HORA &, AlIEE. EHADICHANZE  OMRFOHEKE L SA ., 4 PEWENEH
XBEWTRELD2H S, BEMEDOEATHSERIHEIZOWT, RROHEES
SEERERIC oy T LOMBRERICE LS5, HREZOMNE S, EERD
HKBOIFLEAENToT 7 —BICHFRELTHA I Edtbdh %, ZO L) EHROH
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T\ SEERRRIhGICHIV-1 7 0 7 7 — B EH| QOAIDS BEADICHA B 6h 5,
Z DHyE . Reverse Transcriptase D JL#H ST 52 S X ODHIVEETO 077 —
VL EANIBIAI ISR R A TR U, B R ZECROK T &, WO iy
ENTWDe ZOMRINCEH 2,5 3 DRANEE, EPFEEDL  OMFFEED
TWBKHIZ, [Fo7r7—YEmEl CEULY Y RD T LANRET0R B RE(LE
R&7nrys LEASTiHHEZ O,

YRV ZA M ELTHEL DENEREBRO BT, BIRRE/ 208 IE K, & fE
DL I THE H 258D T 5 Chymase|Z D & BAR IER A 223 M 2F % & KRR KR}
KRB EEED Y N— T & - GFR e RETHRES 1T - /o, Angiotensin |
o INDERD, £ FTldAngiotensin 1 Converting Enzyme(Z K % 2445 30-40%.
7 1) 3Chymase T§T74>41, ChymaselZ J % Angiotensin T OpEANTEE THL I %M
M Uiz, FBINRECRE, EEIR(L D, S b— 2 & 5 {GHE# O IR,
il [ELE & ADE KIZE1) 5 OFi# 15 DR FHIZ Chymase | & % Angiotensin I O JE piA?
BIG LT BT &% BEMITR Ui, 24 % TChymased4 R AL EHI O 1372
VY, BRI IS B U U7 Chymase IE RO S £ W 2MC U T, 4 BOE D%
i Lt et

—FH\ ZLOVANVAKBOPFTIANWZABFGOFHF >0 FT7—Hidw A4 IVR
BHOHMIEAR 7oty Y FIZBETHD . TOHEHBNDCEDTH 20 1.
HIV-17 077 — 2 TiHs Thb. [ UFHEICE D CRIIFLY 1 VRADNSI T
a7 7 —EHFRNDORENIMAD L { OMRFICL > TITHHTWSED, CDT7—
I LTRMD > Y RO T LATHY LiFoh THa i, 40D Lifohis
Moleo —HIA I ZADMIICE LS 5 X OO B f o EXLERELTH
HZRFD 12T 07 T—E0ET oD, T DM ST A I ZADBREHE T OfEH
EL TANAERAME TSSO TF T —¥A v EEY—Iio XMBKES FREEY
RN OAFENFEE LI, EIoA IV Y, £ 251 oA DRI
hoEXLAERELTU Sryptase Clara k. £ O fHHEHHE & L T Ohuman mucus
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protease inhibitor & ifit-— 7 7 7 # » h OAPE, 75 S UNCHIV-UERHERT £ O/ g
& A HEep120 & #5E U 7o I Z & G g 5 tryptase TL2 DG NH 7o, uyptase
T2 7 0 77 —E{FH OAtiZ, Nucleoside diphosphate kinase Bt DfF flxfFH . MU
SARFED T N—1T & » TioE#HE 2 /cHSP70DHT LU EE & U TDNucleoside
diphosphate kinase &, (¥ & A ER—OWHAERF I Lo vy Ro VHEEER - 127
77 —EEUTT A NARABFETORANEEI N, ZOI &iE REKRA
MTHRAMEO LTy — & L TOHSPTOREAN BRI Z & LM L TA%
ZOHHTOWROERNMFEN 5,

BOERT, 5PRTDH OFER &7 2L ERREOR BOREZM S| &
BEE IABEBT O LOEFMA U, BOTEBERETIL Y B /i) HEERN
TH5H L) REOHAEDHND & MR % Gl 2" ORI EA T 5,
T7b L. BHEO BEHO#EGHGRE, > ThE~ORA. €L TERME
TOHMMANDHEE LBE &V —HOBEOHP T, o7 7—ENEH RT3,
s KA M IR A AR L T B AT T 5 — 47 2 D 4312 14 Gelatinase A7 5
LTED. COMELFEMT2BRERB M)y 7 A A F 0077 —EOEH
(LD O MAROP TEE L SN TI S, MTI-MMPORRH TE OTE (LR
FOWRAEY — FLUTWAEK, BRIIOEATIEEEIRFEOKEEEE L1,
¥§ 1 Progelatinase ADIEVE(LEHEIC, Ay 0T 07T —F4 v b ESY —DTIMP-2/)% ik
AN LB B R ERSEICEEE Uic, $70bb T oty 7 #H 2 — FICTIMP-27)3
HETLDIEMTI-MMP & TIMP-20D#5 A1 & - T & (Progelatinase AD#E & b o] fEIC
LY 3HOHEHEPEREN D, ZDXHIT U THEIZE S L /oprogelatinase AZN
TIMP-2D#56 U TWIEOMILI-MMPIZ K & THIMr 2N &L A R — DR 5
EVVIHRTHD, COLEIHINT Y w7 ROGBEONXE ST a7 7 — M
EFEICOELDDD->THE Y. MEHLED A A= X LIEIT HMTI-MMPOZ I
2T h, FEROMEE LTS ohis,

XET 7 o 4OKzyzof (1 (3, XEERETOHE —AFETH 5, HHid. &
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HE TIZHRHT U 7-Matrix MetalloproteaseBE DX itk ShffhT 7— ¥ — 2 I TH 1 » L
fon 4 2 EES—AGBAODOTHA i SREBET VEMRRETOT— 5 %A
18 - TRHICHA L. BT 077 —E0 oAl L TOABEWREIZ R LT,
FBRE AR OPEERE F L, BREm & 7 LY A T —IRICHED R IC IR SR
B HEEHEBAOT 0T T —¥OlEE, ToFT—EL EEY—iITLB
WD ER AR UTc, £0 1243, Bl vE A PEICeE S AL 31 2 DAL
A R RZERENIC RIS 20/ (WM & 8IEH) HSRD-THHI L%
RWNE LT3, 9IHIHETOH IV A 2 OFEHALIC L B0 S 0D v 7V EO
AHAR IS (X, Mlede &) 7 Uciliitiz i L2 Tl, RIMTO
RS DIEVALEFRER 5T 52 ETHHEIL. OO TIEBREMIC X 5k
MBEZMHTE S EmELTW S, —Hh. TILINAT—HDEABIE KO FE
MEHIEBTIoAf FEINTWAH, CONKGHENZ OO TEZRTLI BE
fiShTWAZEEHOMILT, TioA FEADT I/ RTFF—Fit k34
BROKTHRBT 04 FOFEMDBRRIZES L) EBEERIBELTVS, ZOME
MIEL WLV ENMNISBROBEHZE LRITZ SV, REICESEXTORHEOES
MOEZTTININAT—HO T EEREEZ 5 1 DOBNEWREICHER LT,
4@, Leif. R. Lund{i-|-|Z k % Plasminogen® / v 7 77 b S H4EIAH 13 5 3%
EORTEINTOD, GUMRICEBAREND T2 7 rH D ELOM
FD Gl DR { & EDHAILD - 7o HHUE ) TdH - 7o, Plasminogenid, ##
WHRO T 77— & UTRMRmE I, Mmiakm, mEdt, s T
LA ERIZERL LTI EVHMINE-TETHS, BLOSSEEHEOE
Bz, FLOBSICTHIEbOER), YURITLOMBEELTIE, 24 ELT
GRS SNSRI KIRICEER LT U » Zodt, AWEED SWIRENERE D
1 2OHEBAEP T EMNARPHRELM TS TAREE TH - EEZL S, &
D &9 RO & HFIHER T DGR RS EEND Z EEMFL TPEL
Lo (KF1E : @BRFHTEERFEVRT)
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I: Medical Aspects of Proteases and Protease Inhibitors
Disease Protease Inhibitor
1. INFECTIOUS DISEASE
Virus (Viral protease)

Adeno 23K (Serine)

Sindbis virus Sindbis nsP2 (Serine)

Yellow fever virus Yellow fever NS3 (Serine)

HCV Hepatitis C N53 (Serine) (+)
Poliovirus Polio 2A, 3C (Cysteine)

Rhinovirus Rhino 2A, 3C (Cysteine)

HAV HA 3C (Cysleine)

Adeno virus

EMC virus EMCVL protein (Cysteine)
FMD virus FMDVL protein (Cysteine)
HIV-1 HIV-1 PR {Aspartic) HIV-1 PR inhibitors  (+)
HIV-2 HIV-2 PR (Aspartic)
HT1 V- HTLV-1 PR (Aspartic)
(Czllular protease;)
Influenza virus and Tryptase Clara, Factor Xa(7) MFI, Pleumon ity
Sendai virus Surfactant, Aprotinin (+)
HIV-1 Tryptase TLZ (7)

2. CARDIOVASCULAR SYSTEM and BLOOD COAGULATION
Hypertension Renin, Angiotensin  Converting

Enzyme, Chymase

Chymase (Angiotensin [, bigETs)

ACE inhibitor ({Captopril) {(+}

Atheroscrerosis

Infarction and Apoplosis

Disorders of the Cardiovascular

system and Collapse

Calpain, Cathepsin(s), Caspase, Proteasome

activator,

Kallikrein,

Plasmin, Plasminogen
Cathepsins, Encaphalinase

UTL, Aprotinin (+)

Blood cotting factors
Plasminogen activator, plasminogen, plasmin

Coagulation and Fibrinolysis

3. NEOPLASMA and WOUND HEALING

Tumor invasion Matrix metalloproteases
(Geletiness A, MTI-MMP etc.)
Urckinase, Plasmin, Cathepsin B (+)
Plasminogen activator,

Angiogenesis and Angiostatin (+)

Wound healing Matrix metalloproteases

4. INFLAMMATION

Allergy Mast cell proteases (+)
(Chymase, tryptase)

Psoriasis Tryptase

Interstitial inflammation and Mase cell proteases and

fibrosis Granulocyte Proteases

Nephritis, Myositis,
Liver cirrhosis

Pneumonia, Emphysema  Leukocyte elastase (+)
Pancreatitis Trypsin, Chymotrypsin UTI, Trypsin inhbitors

5. OTHERS
Osteoporosis Cathepsin K (+)

Antigen-presentation Cathepsin B, Proteasome
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1. FE%) D ¥ e & A a7k
R Ot

Y0 BBRUMEE LTI - DD EFLTLE- TR F—Y R END
s¥iE, MEPONENELS | L) BEROF Y & vilicHRLTH 3. Y

DFEDRIEZDNTIE, PR, 1 ROHED, FEOEDRHAIZ—FICEEHS L,
ZORBREAERDO GRS 5 E 0D TERBLASATNS. UL, Z90-
T OEOMBIEEIE  hotR vy ZAHENREEETH, TRV
EREOEL. BEIIEEML TRV R" THEICHMbLST, 7H b=
YAEW)BERE) CENTEUE->TLE S BABI LETHEH, By
MO T A h— ¥ XA THRD o E DM OIEIC YT E STNI £
MoTHS. 707 7—=IbH A MA bFLBVDOTHEMSTRIZHNR
DD G5B E L.

BHHMETD, TR =V 075 L3N IIRES G SN TS
£91T, FPHBET LT 075 LSS TIND. FLAIE, B
HNHTNBEOTEL AT RIS &, BT, ficbrEasl
TSI ADRIUL, FFIE->THE LT, RBHEWRAERT 5. EOREL~N
DI DN FEIEB PRI 5 Lo AR T 5 ol — oML T 5.
RN SW - 7ok Dil Y ETH 58E 1, FEAKHBENSTETINAE., Fio, H/E
ORI UTIE, RERAREOAME, REEELOMEEFELET G
BRERIGHE) |, WEEROBAENC. ZhoxFURMYOMIIEICET 54 F LA
VOB, SEOUIRICFRFICRIEE SIELD, LWbWAIEDOETIZONTIE, £
COBE, BIRANOMRZENERERILTHS EEZ SR THS
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MBI E L AR THEEIh I T 7T—E¥ LR oy L IRFH

HiAFEAE FRE INTWL AP RBFEZIN TS5 uTr7T—E0£ 13,
YRTFA T RTT—E¥THDL. FATOHD RO, H—F—a v OIE?,
FA)Y—DIE?, T Kool (tpp) ¥, A XOIEA (oryzain) ? 75 EOHIEFE
DOFICHEFHINTL 24, ERA PV AERFLTIERFTY (RD21) 7, PI&R
BEEZTI b2 MY, THREINTL A ENHEZNTNS. ZhooSoF
T—¥id, #FLL b, BAUOCEDIPUFILEH D Caspase” & [AFRIC > X7 1 % iEH
HUlMTR 205, 748 b— Y RAM#EO 7 07 7 —EOFHEALIZ Y /- 5 QACRGE I
. MHWI ER, ShoDERy B APAMUVATHEEINDVRATA

TR FT—EBREWNCHAET S 7 7 L) =B LTWAN, 405 DHEK
EIL CRENCI0KDARRD T O XTF FEFF > TWWB I &ETHS. ZOTarTF
FiZ g YEHICREELED. S04 7077 7—ETRbRB IO
TW50I, F—7 ¢ REOActinidin® THEH, £OTFHaId—ns, ZhenDs
Br7—¥id 1) BRIZBELTWAZ L, 2) CRRENOToXRTF FOKkE
X > TIEHRICERT A &, 3) ToxRTF FOBRENRT ANNSFUEREDA
WRZNVERITES > TWAEZ &L ENRRN- TEIL.

ERD38D S, KEATHBEEY /30 HOT 285 F U BREABBLTED
HIVKEZNWEPDRTF PG EUIM§ 2B T o> V'#F#E (Vacuolar
Processing Enzyme; VPE) DOBSHE ELTE /. VPEWR, FFoO@lay /78D
BRALICbAMEL LTRAEINSDTH 55, BRI IbIT B
iB{t¢ % Circular Cell Cluster (ERRHIASR) 1 v & ZAHOFEDOMMLL ETIHH
THRBEERVPENFIET 5 2 EAUESD - TE A", ZOVPER, EXRv
AR o7 T —EOFEHREBOMEEL > T3 EEL oh 3.
VPEDAMEAF 09 F 7o RF IS RN I RB AT~ B &, VPEX LR v & ADAHTH
QISR ARG R D BRPHFIC B INE L THERFINTL 3 EA%D - TE L.
ZOWOVPED Y =%y F EBZ SN BDIE, BEKEHE S >/ ¢ B Chitinase™
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{5 % Tl X 41 % Proteinase inhibitor™ 75 K THh 5. Th oDy /37 H P
DT RNGF VBRIEDOHIAEZ BN T T o A3, EREFOHFICERTS
ZERFMSN TS, VPEIMIBEAEIZES L& HH 0L L LD &T5 &
S0 E, FEHRECH OB THES RBL, HlaowiEsMeEzay ba—
LTA.

AT o7 7—¥ : ke ot s v 7 REFE L Cathepsin DEE /057 —

VPEIZ, FBOLRATA4 7074+ —¥ET, »Va X EBRD Y AT A ~
Ta7AF—€EdMAENZ S, BHorED S EUTIHMEMEKROSM32 &R
T—FR—RlBgIhicE PO O SN T3, BMIOVPERED
7 DRFEEPEREIC OWT BN NE LI ATH 3.

RERHO LS —2DO 77— & LT, Cathepsin DEEOEYE 077 —+

(Aspartic Proteinase: AP) %% 5. Hi#DAP|X, Cathepsin DiZ}~, 13 kDaf2D i
AHEBERD, SSSEETREZN/I2EDR)RTF Fh o5, HAICSRICH
ALTWEI ERBASh TN A, ABEENERAEANTSHS. BHEREDIL
C, WTOHNY /37 BORBUCIIEEME5EY, VPEOHIEIZ XL~ THEL
T A7 aRTF FOHELICMEb > THWAI EDah-TEELY. Bl TH,
Cathepsin D& 70 75 LA XN 7-MIIETE & OMEDHRE X T AN, HMPMIRT
bAPHHIIIE SR D b B alREE S A LT b LA,
ELE, fthOMilart & EIaD 55 & OBRAE) 2 T~ T, BifMilanit
BIFD )Y Y — LAOMRZORMEDN 7 0—ZXT v TEINTETWEY, 4%0D))
VY = LOWRICHMFEEFE TS (KEFE 25, paT) .
YK

RO, Bitpiilao ) vy —LEHInTE . LK Hhos
e AN, M OERE Y 37 B O AR/ E% ORFFEIC
EoTELDERBMREGZ TN, L LZED—HT, HHOMREREZ
DFFHPORIYUTHHTEL B LILL>TRELTLEIARDLDITE N
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MEWD Z EBREICHZ T M. REOMYOBEIICEd 3R, L3>
TEH 50, TIDGHRAL22H5 L) THLL (HHMIEESNEELT) .
RERYIE, EARICAYORBENREEICL - THEIhSHFIHT I EOTEXR
V. BAAS2TORBIZEDLE S EIHIZEZ TN, Jomifliad ol
HEXZBEIC, HRLAREEFTHHRIZF-TNEY. ZoB&iIc’IE
MO EDO KIS % LY, Do SRBEOHFIIED TS IS O
] EVDAA=TEPLPLTERBL LT LETNEFENTHS. BETHRED
HEHOHEHB TR, MPORBIIEMEENICEZENDOSLWEER (FREICHL
T) THOANFTRFTREVWELTVS. ZOHEBRNFERI ShDHMENT
EE[-> TS,
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(RO C  REEYPHIER - HREHE)

2. PABEBEFRACHI TRV REIEFF R

158 A AR— X TROD

T b=V AW A EFF L RPEE LTS EFEZA TV SR B/DHIIR
BEOA —F, BED TRV 2] MMAELLLOPTRBIBIRTH S, b
LAA. AAANR—X (Caspase) DiEMHALA X — FOFEAEZRELTWSDIF TR
Bl ThoBaEFF U RICLDERMAEI N, LB ERF A REGHEMAT
SAMEELHE LTI, LM L. BEED S (7)) ( BMAbOEER (77 /
7 A W ABIARA BIEFHEPIC & 5 £ b LR BERA MO 7R b— 2 2FH) T
&y AAR-RDOEEDRTHE b— Y AFRC T BOABRRER T LD T — 705
S TIVEL,

el = RRPY v 7 on—s"—t5EFr (CSHL) T4Td417:"Programmed Cell
Death"® I —7 1 7 Tld, Fas/INF-a DFRLUA TlE, HRR—=ZAH X — FOIE
PEALIZS b2 R TICEET B Apaf-1 (HEOCeddDFETY) VP77 BLC
(Cyt-C) A5 5 LWV BR HET IANED - ok ) ICERU T, OEFEE T,
SO PINWNFTZ] K TAGORESTEDS] JEEEBRICLICHIRELR
oL 7oht Apaf-1PCyt-COBENHREISRZIN T ThH, [HIZH ] £h o &iEH
T 20D E DS ENBNEIITE LT, ZLORIIBIIETHEI—V
AEFTICA AR—Z DG oD 600, B ETIRZICHEN & Z7EHE(L
TEMIOWTIR MBI N 1D TR U FHCOABEFRBICHED TR
M= ZICHMUTIE, 7T/ 714 IVAELADA T 53", MydZB LT H KRB TH 5,
IHSIDNTR, S hay P TORRERMET ZARAN—AARTr — FOIE
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HALOHTT R b— v AFEMARET 2 SIIRETH L EB UL, HE 4
[FOCSHL: —7 1 ¥ 7 Th, W OPDRERTH AN— ADEHALERD 5T,
FNoDOT R b= ZAEFTAORGHED SN ETHHDNH » 72, i, p53
WAERIET R b— Y AT U TE AL, T4 b= AR OpS3D L E(LITIZ
IEHSRBICHE O TPS3OARICHED > TWALEFF U HR, lldA 1 L OF
TEALDWAEINZT TH D, Z OHHCEE U TIIBUEHHR & A RIRENIC & 5p534iEqt
IZB L TC. G Makis D& RIBE N T B0, AZRR—ZOMEL £ i34 R
BHTH 5. #dl &9 Hlifk Sh7- R 5 Ced-3 L Ced-4D B AZMIMEITIZH T
DR ELT. FDOFRERTTH BH AN ZPApal-1 D5 E ZEHD N 2Hh D7
R b= R ET 5 EMEMICRINA T S, TR b= 2 RO E R T
5 ETHERBICHELIETHS, LI L. ThTEHEHWBIEZ2TRF—YRD
BN THMUTELARTIILEL, TR MY XOBBICEIRIEKRENL T S v 7Ry
7 ZADBIN TS,

AR TIIFLEOV R DORAR S ITFE R AL U, WEPABREFICEETH F—
YAFBIIAEFRF CRMNEGTHEERLTHDN. BHRERS U,
WFFE D i

19924E, L. Rao S8 7 7 / 7 A W REIABEFORBHNT R b— 2 X AFEHL,
EIBIkEHE AN ENZMHT 5 LML L), Thid. 7H b— ¥ AOBHEIZH
WA - TOCRNEBICIRE A G T 5104870 h . KRR THH/NHE—ERE
BT BDIELERNF v Y AT,

ZNE T, BEERICED 71 TaR 7 F v (EN) #1z FOEGINE B2
B I, EIARDNABIEFOET IVE LT EDRBIZENWEE(L T 28 7 Ofs
FEF—T7 &R T v FENT 0 E— 7 —SETHRIT L T/, EIAIGHIREN DR 4
ORT E#EETH I ETEELELZ A FAICHET S0, REICGLYN SSH~D
ﬁﬁ%ﬂﬁth%%ﬂ%@%RWmﬁmﬁ%%%%b\itm%hﬂi%iﬁ\
A OmlEAx Eind 5 - & THREAMOETZEE ST 5, EIAICX 2EHERO
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FRALITIE, TasPE1BIMHE T-ORHAWAE & Xh T, HARIET & L TOEIBOD
BEED 2 BT E TV - 7o BE, DNAGKRDREDATIINEL, FaFay
FF—EARr— FOFEAES BEERICILET, O EXEEOBIZFE
RICL ZZERREN A EE LT 2 RBRORUO D EEZ T, ZERIEFE
DA DEERIIFRS EX 0D, FIHSHETORENT R b—v 2E2ELL, TR
k= ZOMBIP I HERDOESIZHEEZ, AL LM -7, L L. EKEOD
DAAREILY T & FRICEROSAMBAIZE 7 /) — X (Pycnosis, 1%EEHE)
AR Ltz { RHT EERH 5L, BT 6. BAIZE LS Ml
IO RGN T AR b= R ERFTOIEAHH, L RoOLORLIE. ThET
BB LELTELULAN] B TWETR b= 205 FBME. AP
R OB & OBl S AR ICHITT 5205 52 T D TH %,

& 5 (R ADRBAHG TRBROHEA MG 72, E. White°T. Subramanian & D
EIBIKBIZAFERT 7/ 7 A W ABRICHT X2, 3)%tic, EIAICK D RHEIH
& (IR bt ahic b b EEREEMIRBKBIC, FLE v EEEOToE—F —,
w7 AIA 7 AV A(MMTV) LTR% 17 U 7-E1A 128 cDNAZEA L7z, B2 L7c
AfERIZ R E Y (FFRIAY T v dex) 285 LEIAORBR EZFHT 5 &, 2%
FCTRE—VRERBI UTHB U7, B#kOKB$dexi% 512 & h TEEE N DT
NCEBLRETIEEA LEEEZT b > ed o, ELAORENT R b— X%
Sl I LIDIZBATH - . EIAZ R T2 latkohh SMAL L& & Lo
fabk 2RO, KR ISR RBBITIE bR-TI/F o FoE—F—%2fmLL
EIB19k B {zF-PBel-2. {2 1B A LA R, Th o BRI L NIARFEIZT A b —
Y AWM 55, EIABE ORI L AP EERLTERMINDp33EAD LAL
IR CEELULNWI &b - 7o, /o MAIROMERE MILpS3EE D L
WK ER STtk BRIELE UL OOGLIIZ ER/Ed 5 A5, E1B19k% 4 Bcl-2
RHORBUIZ OFIC LB U T (RRET—F) « ThoOZ &b
o E1B19k#HFPBcl-2 @Ik 7 A b— ¥ ZUZH 1T 2 HIKEZEPE DBlG (execution) %
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LT D EHEE LI(4),

MBS U7cila k2 B WT 7 R b= 204 TR A IR 201 LT, a8
DEBENTH MO EY: (7 n<F > OEHEPDNAKTR{L) IZH:H Ui, H
WO BESH B L L, TOEAERITOICLELRS NIHOEN 5. £
T EEOBENEZ 23T TH B, e BT R =Y RFEF 7 FHITHIEAT

. BmINIct, TOERNEET 3BT EEZ T, il ORI ZFE L.

T DOWSBEHEN O T R b — Y 204 T EHEAH EBA T,
FAEA Y AT —BHaDMRET A = R

IR FOMEREECICHDIENEOIR. b)) vy 7 APET I T%
ek 4 2 &E 18, DNAGKPIESORKICDNAM o ¥V —O#FEICH ST 5 bRA
A =P H—ERPHEE SN, £ TEIWIABMRTEREShTH
13D b RA 2 A 5 —FL Ha, D L RIVORERZA(b A dextl 5 8 OMALH i,
1 L UMAL#IIEA & 8§37 U7-E1B19k & 7z |3 Bel-2 3 BUilaskiZ DU T~ /o, £ O
Ry PRAVAS—FIENBD L AJVIFEEEML LT NI & PRA VAT —F]la
(ddex$s G 36BEM] 1T 1250% ., 4885 #212131%:f { & TposttranscriptionaliZ g (43
) T4 EMGoTc@), i bRA VA S—Fllag i, pS3ERAMNRGE L NI
I ER XN Hdexif 524 MLI IS T A 2 & DNAM A (k0 Bl fuk% O DNasel /i
ZYER N dex i HABRFH LIRICRBO o 5 DI L1I2IEHELER (B Z 5 T &
E1B19kpBel- 2R L NS CTT AR b= Y ARKRICHIHEN S Z &b -7
@) TDH. NAR—ZADKHEZTHN ST I VAC, £Y (ADP-I F—2Z) A
A Z7—+ (PARP) OB HEAEL 728, dexig 5 b T 2 3 CE(LET . PARP
i b RA Y A T —Ellofr BR36EFRE] LIt% — 58 5382 U7, 90% L1 ORI TEms U7
T2HEMBIC L > THSORLL EDSKAMD T E ThH-T. ThoD I &, bRAY
A —FllaDaERchDBISES 52 il ZEaRICETTIEBLAN |
THBHIZ AR LTINS, PARPERE LT 577 2= Z3DME IOV TIRAHD
BT TH oMM LIz,
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EZAT, TRM=VRITHIT 57 0w F DNADK H{tiz. #%  fefatk<
) v 7 ANOFFEEHIE (MAR) TOYMINEME > THEZ 5(5), MARIZ FAR 1Y
A7 —FUDOFEETALT, DNAMR OV —D#FICHEOEBRTH S, bRS YA
Z—FIUDOMEIIMARE /¢ % 7 0 v F DNADHE S ORE Ak L., 7
Y F oG OEMEEET S LI nb, PARAYVAS—FUD2ZHEHDT A
FA LD B, blA Y AT —Ela i3I L2 HEHRHEEZT TR, S
Hh oM ETh - Lbm < BRELUTHIE (e CREL. Raaikol
&SR T B(6-9) . bRA A T —BURIEHINE 48 U TR L T S(6)D5,
B OMIETIE bR A Y A T —Flall X TEDOFHB L ANINE C (9). #ERME
LTHIREE R - 7o Mle T C B 59712 £ OB ITET PHE B4
DNA | A o 27— Ofeff HEE S 5. MALIIETIE bR AV X 5 —Ellad L AJbid
PRAYVAS—PURBICHATIOEL L&, SO L3RR AN 7 0T
DNAMT (LD 5 | &4 & 72 5 nlREFEIERL
FRA VA5 —Plap il

bARA Y AT —Plla ORDBEE T 5 LT, £ O DHKIER 75 768 &
HRKD/INT— HERERBENTH-To, 47 ) YBOENE, RO B
WEREDLN, B DRI 6TH D, Y4 7Y UBIIMAE Mg BT,
0891 7Y =Lk DAERF AMLXNicthk, ToFT V—ATHESN S0,
), A 71 BOIAEFF Abik. NREMIZH 5 227 3 / BEFIZ AL
TRERIS(12M, bRA Y 2 5—FHaONKEIZ & BUOBRFIMEEE Ui, F1c.
B M) w7 A2gEN3 bRA VAT —FElla, BLURELMETHERRBL b
PV AZ—Pllald, 7R b 2FEH% (42h) OMAIIISI0H HE (S10-42,
TaT TV —LESUHMEE BT, ATPELEFF ARFENIZR AR Shic
(13), & OSEIEHEILT R b— ¥ ZAFE LT EOMALIR (0 h) OS10%H Hilk

(S100) HTRINT &y T4 h— o B E T ORI L AVIE L THBE NS

ZEMNG ot —H. PRAVAS—FUBIR I hhoS10ii P TS 4RI hi

A=




o tze 810-42 £810-0h s FN EN T 77 Y — L %@l & - Tl Ui
$100-42, $100-0% FIL\TH~F4ER, S100-42TiE A Y A S—Flla 1 EFF >
LIS LU Tlvtze SOOI EMS, EIAFE7HR b — Y X OMBRBET b4 VA
F—¥la%a EFF AT 5 MENBEEAL. bRA VAT —Ellafd i Iitd
B ENTRENI(3), FRAVAFZ—PUIHT B2 EFF ALEHEEZ LEF
Fr¥770—RH T Lk EResource-QY 5 LTHH LR, PRAVAST—F
oD EFF AL EFF UENLRE# (B1) | 2EFF U468 (B2) |
AEFFLYH—F (B3) BhHETHSI L, EIABET R b= AT, 209
BE2 (43F8#920kDa) Hi4§lNd 5 Z &A% - 72(14), BIZFOEE *IE. BXUH
ICHET B, b RA VA T —E a R RNTE2ORBEFEALT ST ETHARA
Y A5 —FlaDs g - fERETLESE, TRV REFERT S LHEESINS, 2
E+F o ROGIHOERN T A b — > RICEBELESE R LTH SR EL
DTHS,
pS343-#% D 1 il
MALMIf Tid, dexfe 512K - TEIADRBT 5L €DOLAND EAEED L9

KA FpS3D L~V B U, 24BFEIC IS L IWET 5, ZOER
i3 NRGROT R b— > RFRFIRERE UCEIAOZERAEATIZE 5751, MAL
MIRLC BV BEIAFET R b— 2 ZIZBWT, pSBLANILGD EFBNBHENE S MEE
FIHBEDO—D2THEN, ThZE L7 { THEIAORBUINH T 5k bR RIS
& UTPS3DAMEIMBIAIES 5 & EIZWETH B, pSHELE FF VRS, 16 &AL
A V(AT 18I & » T I N BH5, EIAICRE LT 2pS3LALd LRI, &
Lo OBMSIIFI SN TR 207259 5 T OBMEMN~XSIHIZ, dexRiF5D
MALfI S (0) &, dex# 524BEf# OMALMIfE (24) D S F N £ S104h

(S10-0, S10-24) LS100fH# (S100-0, S100-24) % FH/ L 7z, S10-24 ~S100-24

I8 LAV pS3hiE £ h A B, S10-0&S100-0(2 i3 &4 hi L. £ £hS10-24
F7:135100-245h Dp534 HHE & L. S10-035 L TFS100-00h DpS3 % A M U z.
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ZDfEHR., S10-0£8100-0j-4F N ApS3 1 EFF o (LiEtEAL, S10-24 28100-24T (T
RBOONENT E AL L OFERRELS EDOTRNWI EMF-7, TDC
Lt EIAGEE 7R b— Y Z0OMBHD TROERET. 23T ROGIEIEMHE
ZoTWAI EERET 5,

BbYic

PS3DEEALINS bR A VA T —E¥ U a3 E TOMITITITHED 5> THED
i SHROMITEFIAULL S, UL L, Bl U7c & 9 IZEIAILHE ~ OfifaA
HT-EDO&EZN U TR TRIEFORSZHE L, MidEficEEe525, &
HHAPHEE RIS 5Z 5 ST, MycPFos, Jun, E2FELFERTH S, #M
ORI L EFF VR0 EE LTV Z SRTEOURICE Y BHLNT
$H5(10, 19240 &, DABIETFIC X 5 MM O Beila & € S8pg U 750
HoRBEFEEZNE, ZHUHTAIREELTEFF A ROGIMHIZERNET 5
1A L. TORRIRAVAS—FlloDFBIZLBTRE—V AN > THAR
BETIIE U,

HEOHTFEREAT, [Tar7/—LEERZES LTRA, BORDT
R b= R TELDEZ S, D6 bBA YV A F—EDIEFF AL
THRE=VREZRITHATEI O, ENTIcERK, | LERTIMTENE
515, 7OTT/—LOBEEZZ ZTHRHE LIS, BREHAOT (LI RHIC
floTULES2?) , HBIE T Y\ 2 EFF R, BUHSHP T
Ty Y TDIDORETIRIVEMBHETH 2. - THAE, PRAVYAT—F
MadD 1 EFF ALOAABETENIFEAFE 7 R b=V RIEBIB70TF 0D
EHEEMHTES DS L. ABOWRICEHTIR, o757V —L&Ey b
TEZBXRETREVEIILES,

Xk
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(FBEE : HRERK - ZERTFER - £YTF)

3. Kex2 BIFE H 4 AERE R Furin &I & REEEE
1. Furin {FFE O BEL I 5

1 9 6 7T4ED. Steiner (31 XV VEIRET DA Y XY »ELTAHEBKENS
SEEREL, AR YETOA YR U OMERIRIC L THNEINS &
Filll Uiz (D £OHATTY VBRI OYIMiZ1TH &EX Sl b & - 7o',
Steiner 512k - T 19 9 04EIZIEL L EE# PC2 (PC=Prohormone Convertase) 73]
Zxhic (Do UL, PC2 MR b DUMRERIZTTICL 9 8 4 FITHERD
LZ7O0—=Z 72N TWe ) COBRRERMEVELTIF 7 —HBHEP afEGH
TORBEEZGIN L. BEHRICERT 5, & OBE %2R LTS BRI
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% G) Wi T X7 E Rk Kex2 (killer expression 2) & LTRHEINTUVE,
1 9 8 94 Fuller & (4 Kex2 i {1 * HEPE D@ fur s % DNA 57— ¥ R—
ZMmeBFELI 4), & OMBIE T3, £ b fesAps protooncogene D3 {57k % R
FLTWAE, TOMBZFEAIZ#H4.5kb @ mRNA 20— KL TV 3 ESEH 5
(trascription unit) & UTRE X 41, fur (fes/fps upstream region) ~t&fFit o, £
D& EEWE furin LR B XN (5), O furin & Kex2 (3495 0 % O FEMEA b
B, fuin EFEHPO T oy VIBETHAH LHftlllzhic 4, FHEG.
Thomas @ 7" /V—71%, furin ;BIZT R R F B-NGF BIz+% T otk JiE
P75 U BSCA0 i il A L. B-NGF gij BRAA S BB MR IC s s B C L&
i B (18
D. Steiner ® 7'/ — Fi&, FKiif~ 7z k9 I Kex2 B F D% DNA Fo—7
ELTE MDA YR 7 =547 5 = Kex2 EHREDEDNALZ 7 0
—=y7 L. PQ2 EFZRMIFI Q). TOBK L EHFIEDSH B IRE CIMTRER
PC1/PC3, PC4, PACE4, PCS/PC6, PC7, PC8 3 7 0 —= V7 X3 TV E, —H 5D
Kex27 7 3 ) —BEER TN b. N7 O EBRO®BRICHS 007 3/ MEREMN S
B AR B A < o MILHIRIEE Y » o F T —FOMEFHICHEDT 2385
FUB, EXF VL ) UEEH. MO BEEICEH L THEOMEMEDSIEEICHE
Lo TORICHEBHREIK L /IPHIR &R N5 HahHEE . X 512 Kex2 & furin
VA e B RS & & D, furin [FER v Golgi BICK 79 B BRICNG 7 ofEo
I A E T H B (7), Kex2 & furin |3 TGN |Z{E4ET BA%, Rl furin o MBI 45
B 6 0 FRAEP I furin A8 TGN LMIBEE VY A2 ) 7459 FHIUREE
NTNBZ EMR4Gn-72 (8, 9), furin EPACE4 (T -Arg*-X-X-Arg’ (RXXR) %4
Wi g% A%, furin @ J7% PACE4 L W #E 27 b 5 ADIEL RXXR GIWFEF i3
Z CORERF BENHRTF F, MifEE. 74V ABEA, SEESICR
505 (Table 1 1), Zh & RXXREFIZ bORBRAEEAOHT, furin O YT
ISk - TEMMICERRIN S 2 EMGEH XN Ol TGFB (10), PTHIP (11), BNP
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(12), Z h@—LF5 A4 -3013), 4 » XY 2%k (14), HGF 244k (15) Tdh 5,
Al BRAA D% furin (12 & - THIMF XN B0 EHIDE MBI, furin BIZFERXR
BLUTWAE P KM HE Lovo fifast LIELIEMLoh 3, ZOMBTRAZE
7o RXXR % & DRI & E OGN & h 37 i S, furin Z 8 A L7c LoVo il
THWrE g, furin SYIWHICESE L TWAEEZBHDTHS (15), T D LoVo il
ffiZ, furin & KRR LT U5 HSPACES (36 5 T A DT, RXXR % & i B ik
UM 2N B RlREYEDSH B A%, Thie D & T A PACEA THRFEMIZUINZE 5 V) 5 AijEK
iz TN TV,

furin (I LA EOHBD bS5 Y ATNT Fy b7 =7 (TGN) (ZRFET S &£ &
NTLSHHY, fll~ O Pl Ak T furin R EZH~ D & TORBBHFARTIEHE
{\ BB T E LD TR, & AT, KEKF O PDGF, IGF1D &7 i
WA B2 9bD &, TGFB, 77 FELD L IMEAEFRTE HONHE, Fic.
MiFFEICS TIT IO LH LU Fflah o2 Eh s e, fiitk, 7
FAI)=HUTIFR=7 =D L) ILBHMORIGENE LTEELEZXNSDHO
NHbH, BERAGH TFOT Y F& ) I BFER O S N TREL LD, CNP
EHEREOARMBTRRERT 5, €575 &, furn [THEHEIRET HH
RETHRIL TWEDES I M, Zhi€ltKex2 77 3 ) —BERORE EBEHRFE
MR E BELTER (16), UL LEOEYEN, AEENEZRIONT
DU R BTG E - 70iE 0D TH O AR TEHEKRBREET 9 2 M, O,
i EEMBEDO3 2DOMBEET fuin OFBHICHODNWTERT 5,
2. SEEYRHSAE & furin 7651

) BpMIlE R LIIEPMI TR SO v XY »ELTEESH, 7
B4 Y RY UIEPC2 EPC3 | HIEFIRTFI—FILL>TA VA LIk
N5, HOVRETHRHIIEE BT fuh OFFREIT D & I - 7o & - MFE,
HMEEDOEN (HIOBETEAEA YR YERHNZ . BREEENE) R
fakk (MING, BHCO 73 &) | sMUEDELY (f R Y ERDVDPIL . BEREAELY)
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fi¥pMH etk (RINmSF, HIT-TIS 75 &) | £ @ RICALiE4 % pTC3 T PC2, PC3,
T furin OFEREHB LI L 25, IMEEOEOMIEHKTIZ PC2 & PCIRRILIF L
AERRNIEN - 72Hi, furin BHNZ OO TEN -7 DT, furin O A FH 8
KEHLAEZ &Itk B,

SHEED Uy MING (255 PC2, PC3 2@ RH LTI E 8, furin 2T LA &4
ATV, £2°T MING | furin 2R a5 &, 1 VXY VOFROET,
PC2 &£ PC3 DFEHWD, 7NV —RBUIZ KB4 2 R VrGEORA DR ol
A7) TholdA YR YIHMEFRIBEIRFEDA A Vb EORMTHS, &
(Z, furin 28] I/ MING-F BRIZBLER & 0 B B5ili /7 — 7 % = L1z (18), furin (%
EWEET O, B15Z v b TG4 D S8 AR IHIIZ 0 Tl R
SNBHD, U R TIEETO M 85 R e i iR 730 &85 (19),
Ei% | furin (SHEENEEA, IS ERMINE TR < 28 L. /MLED &L BRI Tiase s X
5 ERBMIED HIRREAR RIS I 5D TH 5,

D) Gl O IR R CRBOMIA T, AR RES E4% L THMT 5
Z ERS, RAOTRETOR A BT furin BH EOEAXOBEBREMNET D &iC
BoTeZ > T v MERMOEA R furin B AR L Stk B, e
BET Ty MOBOKEEIIR FITREER L, OHEEEERL 2. BELTL
BYERIIR X T F K ANP & f#UFI| JRR7F K BNP 244 32 E0IohThY .,
BNP RijEX{A (% Table 1 {2739 & 9 (2 furin G)MiECHIA G A TU B, HIZER, i) BNP
E3HHE 148 HT #kic LR LI, BNP BHIZOET3HH, DET14
HEICE S, fuin 8 BNP BHREEHIC I —B LIy -V ERLE,
furin & [{k D PACEA [IHELTH ERHD & RS LT, —FORBRE R
L#eis 7z (20),

DRIl ) O VB ETHR L, ) O BAMEXE B SO0 MRIRIEX
=B 9. EROHMIE BNP £ JRH L, 4@d 508, RIS furin 385 5 k-
AT Do > Ty HELTH SN BNP & furin Q4L MIE KEERLHT b
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iz, FIT, furin ¥ BNP Bl k% 275 BNP-45 (T#f L T 5 & L2 fERR
T4, 2HHO furin EEFAFA (F oo A FIL0r b oAMRTF FEHER
L% Arg-X-X-Arg I Uz a7 »F b U T ) ZHRBICNA 5 &, BNP-45
OEmSAE SNz, COBRRS S Z &1, ERAGFET TOMmH e MR xd
T, BRBE UM 72 (12), Z DT &I furin Y)W AL 2 &2 Bz A 18] B
PEERICERE NN EERR U, furin BHILOHERICES L TWS &5
Zohb, BxBIEZ OKER THiEEOREEIT > Tlhb,

i) RO B AR BB OE ROEESH SR D, HIRIEAT >
PEA LRI S S HANE &, BRarwEERl, XTSI, ERSY
I VEEA ECL . AF LEEARIMIEL EONRAET 2RI ond, TDLD
ICHRRE L Lo M faid . B/NVE SBRE D BER AL 3 S HY Gl o ke S 4
EL7cbDTHD, Fxld7 v FPEKRT furin A3 G O D0 IO MRt 1258
CHALTNWASZ EERH L, CoMBBELFEHELEIZHE LTI Ml
DT, € OF M lafk GSM ( Gastric Surface Mucosa) 06 % L THEBRE1T - 72,
GSMO6 [LiREEZH: SVIOTHIR TS v A7+ — L LMIlET. 3 3°CTid Bk
503 9 CTIRHAMAIEZE Y. SMELUZ AR, BIH PAS Rtk L7185, furin
(23 SCTORFERBETHRIL. 3 9 COMEIRBTHR Uiz, EZ AR, furin &%
FRBELUIMIHKTIIS 9°CTH PAS MM E ALY T, £/, Ty FEVX
Furin Z3&%B 3¢ % & 3 3°CTH GSM filfiaid PAS Jefafgih & 72 b . HiTAURIBIC
E572(21), B 5, furin (ZERE AR S 2 REC B U, pkl= B - miiliik
AEERICIER LU TWA I EERB LTS,
3. A0 R

HIHTHREpMIAL, (Ooh il WM BRI ZHIC & 0| furin BREZh oD

B RXEEE RIS X HE5 2 L~/ U Uil o8 4, furin FEHUT
TGFp FEH MM L. UL TG RIBTHBEEINS, - T, furin FHHO LS
I MR P - THRER U, WRER 4TS b g A A 180 T (. Mile st
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P> THB L. MEBERFAEHACT L2855 65D GROUERT) . ThidH
BRI k> TRILE6 LW, Fi, €O OMIKERT furin 48 2O & 5 7L AiERIAZE
B A G U TS PERNC SR L T A B U TR O iz ds 1) 5 BNP, [EEBHI i
$515 % PTHIP 7L E 2R LEEHRE ORI ENA 3 TH S, 4REBIOEH N
T4 Y= OOWRAMIIEDETHAD, B, FRTIRES NI - 1225,
furin {2 &9 2 OHRE. BIH TGN LR % ) 31 7 L3 2#Ex Do T~
iZ. furin MERM TS EZ OV YA 7)) VIBBEAIZKEY, KERFEIAIIC
M ASENS EEZTWED, TOMEEZRSEOWHEIIHI> T 5,
7z, furin EE EIKIHEBREA BB IH 5106, TOM L EEY—FHNS I &
£ 0 FHEROBREMEREZEINDZ ERFETH Y, Fidfurin 4 Y EEY—%H
WO S IR RERERF O EAV S RO ERFEDO—D EEZ TS,

STk
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(WAFIT : BEXFLGEGY - Rz FREEM)
Table 1

BNP &7 4 LV ZEMEWTHZE hOT 3/ BRECHIEZFEE L7, BNPRE by 77,
Sy bOERAETL LIz, 66 -1MOR EKIFIKTFIZLTHS, Adrenomedullin &
Big endothelin @ C #3244k bioactive TII 7L,

Proproteins Propeptide E;ﬁg:’e
Growth factors € -4 -1 4
PDGF-A -KRPLPIRRKR SI1E-
PDGF-B -ELESLARGRR SLG-
B-NGF -PFNRTHRSKR SS5-
HB-EGF -LGGGRDRKVR DLQ-
IGF-1 -APLKPAKSAR SVR-
TGF 3 -QHLQSSRHRR ALD-
Activin A -EDHPHRRRRR GLE-
Inhibin -PPSGGERARR STA-
PTHrP -VEGSLRRLKR AVS-
Regulatory peptides
Human BNP-32 -MVLYTLRAPR SPK-
Porcine BNP-32 -SIFQVLRGIR SPK-
Porcine BNP-26 -RGIRSPKTMR DSG-
Rat BNP-45 -TKELLKRVLR SQD-
CNP-22 -ARKYKGANKK GLS-
CNP-53 ‘LKGDRSRLLR DLR-
Adrenomedullin (N-terminus) -DAAARIRVKR YROQ-
Adrenomedullin (C-terminus) -PQGYGRRRRR SLP-
Endothelin (N-terminus) -PPWRLRRSKR CSC-
Big endothelin (C-terminus) Y GLGSPRSKR ALE-
Plasma proteins
Albumin RGVFRR DAH-
Factor VI -AHGVLHRRRR  AMNA-
Factor IX -ANKILNRPKR  YNS-
Factor X -GKQTLERRKR SVA-
von Willebrand factor -SSPLSHRSKR SLS-
Tissue-type plasminogen activator -IHARFRRGAR SVQ-
Prothrombin -ARSLLQRVRR ANT-
Protein C -MEKKRSHLKR DTE-
Matrix metalloprateinases (MMP)
Stromelysin-3 -GLSARNRQKR FVL-
Membrane-type MMP-1 -E IKANVRRKR YAI-
Virus ikt Envelopa 1 Envelope 2
HIV GP160 -KRRVVQREKR AVG-
HTLV1 -VPTLFSRSRR AVP-
Semliki forest virus -TCRNGTRHRR SVS-
Sindbis virus -RCGSSCRSKR SVI-
Adhesion molecules
E-cadherin -SSPGLRRQKR Dwv-
& 4 -1 at

Integrin 3 H-L chains
Integrin af H-L chains

Complements
C3 f—u chains -CPQPAA RRRR SvQ-
C4 f—a chains -PKEKTT RKKR NVN-
C4 a—ychains -FEGRRN RRRR EAP-
CS B—ce chains -PCKEIL RPRR TLG-

Pro-receptors
Insulin receptor a—f chains
HGF receptor (c-Met) a~f chains

-RPSSPQ RRRR QLD-
-TESHNS RKKR EIT-

-FYPRPS RKRR SLG-
-CILTEK RKKR STK-
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4. RBAEFF MEER EAREBEF 77 IY—0H
BLHIT

HEF BRI, Bl EFF 2 {kEEF# (DUB : DeUBiquitinating enzyme) & #E
EENLT 077 —E¥RIZFOITREFALTE D £ b THI06EL ERSD - T
S0 MRHIHWTIR, 2% M3 T, 2+F AR#iclb s RzEF & L TIERER
RDTN—TEEKL T D, BHEINITERIIOBEFBFEETLOMI. 3L
A EDD - TWEW, HAE, DUBOBEEL L TEZSNSbDITIE (1) 2 EFF
RN DAEFF L FOU0EEL. (2) aEShTRWITEVWERDa
£ F AEREERIC X S proofreading, (3) ffRMEE DI EFF ALIRBOHL.
(4) 777V —LilLB1EHF ALBAMIFORILESF A LENEL S
TS, EONDODUBIZHOINWTIREDRFMNH ST N D22H5H., Kifald
FEANTH S, ZDI=VE2—TIii, DUBOSE L, #OH)DODUBOFHEA. K
U, DUBRZ )| == FHEOBN%T B,
DUB D%t & 5341

MERORL EFF AR EEEINTOBI7HIE, WINb Y ATA T
R7F7—ETH, #iE LI OO N—TIIHETES (1,2,3) , O EDIZH2

5 kDad) UCH (Ubiquitin C-terminal Hydrolase) enzyme »SIE[3H 2 & DT, HHRE
frdYuhl, WFLE#HDOUCH-L1, UCH-L3, Drosophiladduch-D, 7 % 75 D Ap-uch
ENFEN. BLIZH40% Didentity EJERICR  BITUV B BelTUCH-L3DF dh s
A Is S 4, cathepsin BEIEFICR S Bl7ciliiti 2 LT 5 2 &R hiz, Th
DR E LTIE, 2 EFTF YOCRINZ WA FOMES LTS & X ITIEN%E
AN, A T.ZEE Cd % ubiquitin- 8 -galactosidase fusion protein (Ub-B-gal) DEE7L
KX FEE Lo b DU Lic S Wl H 5, F1o, SHIAEH TR
ENICBODIF EA ED., FFENGHB N ER LTS,

9 —>O ¥ )L—FZUBP (UBiquitin specific Protease) enzyme > IE3H 3 & DT,

B




ZDIE & A E1X100 kDaps 5150 kDad iz & Eh 543, 1LITIE300kDaiZ fr 3b D
b3 (1) ., BETRYUHILADOLIRNRZ ZIcGFEh b, —KilliE LoRE#
& UT, X TOUBP Teysteine box & {Fhistidine box & M T4 2 i B R {F S 7
BOEEL. BEROERKLTOWE EEZN S, CHoDOboxHTREAICRESNT
U5 Cysk LHISERIL, HISNTWATXTORT, To77 —EiEHHICUAT
HB, TOSNDDFHDMUZ bBPRIEFZIN TS EZAH0H LD, 2Nyl
BWPEIRIERIC I B FNEFNOUBPIZE T, NEH LW IRCKIZEWLBEO
BHAEE > TWD HDNE ., K4 DBEEORHERMICBEE LTS ElllEh
5, BHHEOERAZ LICRITY, 2EFF L OCKRE S FABEADRTF
HELTNE) EHUTE S L9 LD 6, Hilld %isopeptidase TOREIZFFED
HHALEFF AMEHERFODLDEH S,
Tor7y—5LEE{BHSHDUB

BHAM 7 NVELTOAEFF AMLEEZ S &, R EERICH CDUBL
SR I C DUBHEIEL TV A Z EVEETE 5, RIS, LIC&ASHE
ERIZE DUBE LT, HZFFFRTidDoad (UBP4) LUbpldiHi 641 Tiv5, DOA4
I&, Hochstrasser & |2k - T, MAT a 20559 515 [+ (Degradation Of Alpha)
DV EDELTHEES N, RERUERKTIIMATa2 Offlic b EFF -F a7
T/ — LTINSk L SEEICN LT BN S Z &, slow growth RUF
DNASE ORI E D Z LSRN IEEINIc(@4). 4k, E2PE3H 5 W IBERIO 7 o
TT7 V= LDFESFTHNRENFE EABRTRED -72DTH LM, HEEHD—
KASIEDUBPTH - Iolcdh. [ EFF AMEREFENEQ S ERET S L)
HELRTEZ O RYDOH EEZEL SNI-DTH D, FKBRH ST, active site 211
L7281 & % dominant negativeR) 5, DoadiBH|FEHIZ X 5 MAT o 25/ HPNAK
WA EO SRR ESN S, Doad L EFF -T o7 7 — AR TIN5 4
EEICR LT, A RMEAERICE C DUBTH S Z EAFEH U7z, doad mutant Tid,
B AEFF ALINAEZORRERNONTF NEEZ SN AWENERT S

5B




ES (ORI, o777y —ALIlLB2EFF AMEEAOMRIFIZAEFF
YR TIND A I T EHAZEEZ D L TRy MIEROHRIZE >TWHS
£ TH3B) . Dodiz T o757V — LRI EFF MR IhIc&OHE ST S
EXITHFMICH EEZ SN TEH Y. FiBEHochstrasser & (38 L 72268 o757
V—LIlDoadiFENBE LT - TV5,

Doad DN, & [F U, &9 —> @AM EERNIZ# < L bh 5DUBH L
iz, WIFLEY Tidisopeptidase TE WS 5 81T, HEF#EROUBP14Dhomo
log-&EZ 5 5(56), ChE TOMRENS, ZOMRELEFT ALBEANSE
FF A3 TIEPEILRS EHEL D1z, unanchored ubiquitin chain (A X7F K4S
TROUNIAEFF UG DA ) I=—) 1T L THL L UEEE R B ubpld
RIMBTIE O NDERT A2 &7 & 6, unanchored ubiquitin chaindiA ) o B
FoAZhicT o077V — LOEBDHREBGIIIINET H2DEM I LiTL-
T, AEFF UBRBOERRMHGZRET S EEX 5T 5, Doad LUBP14DFFE
/&, Hochstrasser & Wilkinson & (3 1. B F (bl A A #IC B 5 T ThOUBPOD
HHER 20 LS BHRZETFNTHAL TS, R LEFF ALh/icEBR
TRT7FT Y — LATHEINSEE, Doad L AMOUbPXIZ K - THY L EFF LM
F9Eh (K20 Fo&E) | 139 X4 7zunanchored ubiquitin chainjXUbpl4iZ &k - T
e DAEFF ANMRINE LV bOTHB, EZAD, il 7D2687F
BT 7Y — LOGIHEFEAKIC, 2EFF ALBEADLEFF LAEE OO
Mo I EAHRSEHUNFALT) (K2 TR “timming” DUB) | Z DS
([3Doad T W EEbh 50T, H20 Lo bEii2miohTind, 2
EFxF o bxhicBEAiE. £3. 2687077/ —LDAEFF LUBL TSy —I2
#4 L. “rimming” DUBIZ X » THEDO UM S EFF L8NG C 2h5,
IOLE, AEFF UHERTETNCEARSGRERN, 2 EFF L OBR-TH
5500707 TV —LILLB0MESZT D, Bt EFF E,  “trimming”
DUB tDoad|Z k » Tidg&h s L8 xhs, BEMDLNLLD, BT A TS
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TR R R L. ) 7 A Dlong-term facilitation | Z 4% D UCH(Ap-uch)
B FarTVv—LiE L. BICEASHEREST S EHRINTNSE@)DN
FHALASER IS B H 5 NIERNIEEE (PKAODR subunit®) 52
FRELTWS ). COEFIMCIE, HAATNTWWENWE) TH D,

fili # DDUB

FROTZEADNLEFT MENZDEM CZ &L > T, TOEHEDH %
BEZABLH I I ENRREIN T SDUBLTFET 5. Drosophilad) FAF protein
D OFTIRIEOD EBDNS (), faf mutantid H DHIKED 53+ LoogenesisiZ FH %
AN MORFERA SN, ZOEYIIF300kDaD ERZHE T, Ub-p-gal
VMg %7~ UBPTH 5, BERHIIIFFELLVDS, E MiZidhomolog B bh % &
DOHFEET 5. Drosophila COERIT L S HOREIL, 7 r7 7Y — LDsubunitd ¥
BEWMAZLZ ETHECHAESNS /). HOMEIZE T, FAF protein| 345 S 8
HOZ A LTS 5D LS TN S,

ZODEMIDB, WAWLWATIDUBHFIEL T A, proto-oncogene TH 5 £ D
Tre-2% <7 ZDOUnp, ~NIVRAT7 A N ADHEELICE S 4 5 L 8bh 3HAUSP, +
A A4 L THBIN S ZDubl, Dub2, ¥4 L i v FO#MEIC b 58O
Ubp3+>Drosophilad®D-Ubp-64-E &1 v 7o ff 4 7EDUBEAE L T4 T &id, DUBH
AN TERRSEREL IS > TWB I EEFRR LTS, L L, THh SODUBYS
HEREORIC L TBIREL TWSOME, IFEA Ebh- TR, 4%, #iEZF
Ui TOENE { ODUB &b, HITHBERITbO T dD LED
5,

DUBR /Y —=v 7tk
C.H.Chung &%, i, FEFICT LA~ MIKHET, =7 b B S8

BOBAEFF ALBHEDNAAE 7 0 —= U 7 LTWADTI0), £DOHEABENT
%, “hid. KEBANTHRHEXEAZ EICLWDUBEHRA RTBIZTAZR Y ) —=
w7 AT H 0. Varshavsky 5% N KGRI OFEHIcDUBAF Lo Z E&IGH
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LTU %, Varshavsky & AN K HI OFER I JAUL P2 2R EE,  B-galactosidase ( 5 -gal)
DNKEGD A FA = % 20D T 3 / B THEM L 7/X- 8-galactosidase (X- 8-gal) T
& 7120 WS IE, ubiquitin-X- 3 -galactosidase fusion protein (Ub-X- 3 -gal)% ELE% 4K
WTERIE S &, BIRERICDUBOIEHZEH T, 2EFF 4T & 2 EFF
YEEREICU DN X-B-galif TEHZ EEFIH L. B-gald’NKIDOT I /M
OB & > THRIMAERESEZ DI EAAALI-DTH D, T oil. KBRET
b CIpAIZIKTE UZENREGRIADAET 5 2 EASGER v /chs. DUBHETE LIS K
HTONKEGH OFERICIE, Ub-X- 8 -gal 2 UIii 3" 2 DUBRHH B H -T2 ZhH
SOBRENCEZHINIDUBDR 7 ) —= v FHikid. ROLHTEHEDTH 5.
NRDIEFF o0NETEh 5 ENKIRANC K D X HUb-R- B-gal 255 L T
WHKEBR L, EFF L RRTNT L ARSI TIEEE KDL UL-M- §-gal%k
FEBL LT 5 KIGHIC, cDNA library 2 388 24 TX-gal plate ETIn = — 2K =
Hio s Xz, Ub-R-B-gahkBEioo=——%¢ L, Ub-M- Bgakfion=——%
HCTBbD% 2EFF Y OCKTERICUIMTE 28K 375 HDUBLHIE
$5bDTH5S, Vashavsky Sk, ZOHETHERBIZFERZ)—=V7 L., B
RrDUBP2, UBP3%7 op—=> 7 L7:(11), C.H.Chung &{x="7 | V) H#&HH DCcDNA
library/n 5, UBP41ZE 7 n—=2 7 Uiz, £ { OUBPHUD- 8-galY)MiE k&> 2
EEEZDHE, ABOIOHIET, RAOUBPR RSB a[iEtkid+4aH 5 LEb
5,
TEW

ITHBAMRY FFNVORETENS Z EICEREBWT, BaEFF UL
MRIIODWTRTEL, UL, 2EFF Al BicEASMOL 7NV ELT
PETTIEC BRRUGBIEERROZ EARSINTETWS, Fio, 2 EFF A HHUD
HEP, 2EFFHUDO FAA L E2FUCEABHFEL TS, JHEFECOD
DUBHEAEL T3 &) B, DUBYSERGE Y 7V ELTOIEFF AL
PAOHERICHME LT A RErEE bR S 5. DUBSEXLRIZF T 7 3
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) —Z R L T SEBT 512N T, SETLE->LHAM o, 2 EFF D
TR SIZIE->TL O TIRABVOHEWF LTS,

3CHR
(1) TARATHEY LTI FE25p49
( 2 ) Wilkinson, K.D. (1995) Annu. Rev. Nutr., 15, 161-189
( 3 ) Hochstrasser, M. (1996) Annu. Rev. Genet., 30, 405-439
(4 ) Feroz, R. and Hochstrasser, M. (1993) Nature, 366, 313-319
(5) Wilkinson, K.D. et al. (1995) Biochemistry, 34, 14535-14546
(6 ) Amerik, A.U. etal. (1997) EMBO 1., 16, 4826-4838
(7 ) Lam, Y.A. etal. (1997) Nature, 385, 737-740
( 8 ) Hegde, A.N. et al. (1997) Cell, 89, 115-126
(9 ) Huang, Y. et al. (1995) Science, 270, 1828-1831
(1 0) Baek, S.H. etal. (1997) J. Biol. Chem., 272, 25560-25565
(1 1) Baker, R.T. et al. (1992) I. Biol. Chem., 267, 23364-23375
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K1 : fix OUBPOHEE (BE S L —IHKE)
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[GLENLGNTCYMNSVLOCL (X)s3.274 | LPQILVIHLKRF ( X)29.208

YDLFAVVVHCGGSLBGGHYTS (X)7-15
QQOAQEFLAFLLOGLHE (X)1p2-507 WFWFDDETVTEVK (X)g.37
mwwvsnn
FAF (a9 ¥adnI)

R U UBPCE ()
_:—_m- UBP2 (E¥)
UBP12 (B %)
P T T UBPYH (E k)
‘ TRE2 (E b)
O SN TN $  UBP1 (88)
- T R WK UBP4 (B¥ )
T [ e e 1 1| UBP3 (BEf)
e W o st o aam e = b1 )] UNPH (EF)
— 5 e e e 11 ISOT (E k)

— e EoETEN e AT e S T e UBP1 (BFE)
— e e e ) UBP5 (#f)

- Y $  UBP14 (B
— sy FEU— UNP (v R)
— ST T cEl—— UBPO (B&)

S Y Y UBP11 (B
i R R - UBP 13 (BEfR)

— e e ——————— DUBH3 (k b)

——— (N e TS TGT (9 H%)

- BRI e UBPX (&%)
500 1000

I I I

1500

ARRIARIS A MNINOC

.



5.invivo ICEBTAMBA0TrT7 —EiEHOHESE
Beld, Mt Lz, RN o7 7 —EistEdilEd 2 T4

FHLUTE, FERW - THMET, MiRic7o7r7—EHoEREA </ 7 o
AvV27v a3 LIS, WML TS 280EREZEBIHIE L, 270, @%
DHEALFZFHFETHOON TS HOEEE (peptidyl-MCAZLE]) (., SEEHTH
%5 AMCO M fERE B BIENEUNCDICHN T 5 Z ENTELL, MEEHOREELETS
HEOCHESHIAICHE T 5 1onic, SRR OE RS REET D,

HOEME . 7-aminocoumarin-4-methanesulfonic acid (ACMS) (3/kIZ#EiIT 03 <, 7
DT I ) BIERTSF FEFEETHIEILE T ToTF7 —EEEVERTES
(peptidyl-CAMSZEE]) (1) o ZKISEV ZUOIEMICIET OO T, ACMSHih (%
IR IS EIRF T E S, HERICACMSEMfAIC A J 0 v P
Pvarvlic&l A, O SRBNLEWE EMERTE ), £ZT, EMTF
JRIEMAAD 7 0 7 7 ) — LHIE FI 12 Z-Phe-Leu-Arg-CAMS 24 % L7z D 7208, s
MR UTKICEIT S, DFRIR SO SEEEL TLE -7, DMSOIZII 6 LA
30N, ChETA 7040027 varThE3CIHLTY =ICNE-T
LZxH DI, X5i2100%DDMSOG., MilaD s A uilid 572 EolifF UL a
RREFES 72, T T peptidyl-MCAREE 12 bKICEIT O O E O T, #AEI
10mMBRREIC/E B &9 ICDMSOIZIE LTI B, . 7 v 4 HOKEBRTITH
AL, BEEBNBMUSIIET S LT, BALDKBRIZLTWS, UL, H
FfilaTH 5 & U CIRH O LT HMESBHEXIN 727 T, ML
L7ity, Z-Phe-Leu-Arg-CAMS & | DS+ Nid/KBBICTZ 0% Th
¥RAV0A4 0027 vardblEoiciiE ), BEBEONEIIHEL, £
TIRHMIEA R 7 = )VHEICE Z 1-Suc-Phe-Leu-Arg-CAMSA &K L7 & 2 A, SmMD
KB AIES = ENTET (10%DODMSO% A TUVAH, Mla#tEidih-70)
IhEE FFEBMEIC A 704 vV 7 Y a v h E, EPMIHIRAIC LK




U SOEEDSIN LT 7o EEIIKICE DT TUOSIThIER o &) B—H
FUIREB T E /cbid s, ZoEHITHMEBEROY A /L GElaEX Y AITH Y,
U= Ahiatk, 25123 bay FY 7OMIOHEE) 1cf# £ 5D T, /o
TT Y/ —LEHEANE L THWADOTRIEWLD EMGFTE/,

APFROBE L, EE/cMEBO N T, BERIICOEBEREIL/NT A —F %KD
B LiZH B, EDIHITIE, A TOREVREISKYD SHE { TRIZ S,
AHFETHOMBIZIITH D, RELOTERBIIESIORL o b, £z, w41
raA P2y a s LIt HEKFEbRD SN ADT, ZOMBIIHRENhIz, L
PUREEIZIE, ANVT RS OEBERD S Z ENTERWDT, Y1 Y/ ILOEHD
ERUIRITH B0 K-> TAPERTIE, EHEEA VTR T OHEEE0E LT Vo,
Vmax, £ U TKmZRK$7:, 7L Void, FOCEAREEIOCE FRIME 2L T,
fa—Ed&H 7. OENOWMBEZERTHI LT, KB ETEL (2) ,

ST, ROMEE L TIE, Kb NIRRT A —F =D, HIZT 7T
Y= LDHIZE D EODENEHSMI UL TR ST, IS, KEHIAN
INA ZE>THEENDENEDNH B DT, IFEAEZFIH LU TR L. 374
bh, 7o77V— AT AHERAGIER (Z-Leu-Leu-Leu-H7g &) THRET M
G FSnD A1 IHER (E-)TRIFEINEh -, FPFRTRE S
ICXFYRTFF—FOFESER LT, 077/ —LOBEERHERDDZ &
MTEI, REBRENT &1, VoS RERAZIELFILEY (ILAFLT
T=2) I K> TERT B EH ML - 1o, T BRI WE
WAMMT A ERFIIVIL LA LGS, Y147 ) o8 T a7 TV —LiIlk- TH#
XN AWM (MBI T ITRKEE T, SOZ EE, 77— LiGHEDH
FREHEDS, BNNICHFET B2 LA R LTS, AT OO VmaxEKmi, +ib
EVELFOWE D RELEER LI, ZOZEh6d, TRTTY— L0
ASHOEMENREREI UTWA I EhRmani,

FaF T —EEICOUWT, in vivoTVo, VmaxF 7z iZKmili% ko fo iz, A5
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FLIRTICIE RH Tz ST - 72, 19934F |2 RosserZ: {4 7-amino-4-chloromethyl-coumarin -
HAWT, e/ 1 L iEHAERD TS (3) o LML, ZOIEME A ML
FCHEESRIZIE, MIEAD TNV G FA B RTDHRISHEE LTINS, FioW®E
DOFETEVUIRD ol EFHEEI oD EARRLTED., Hb
WaHMRISERAMEEZER 5N D,

S, HIBOBRIZE B, L0EOMEPHBICAKTEAER L
TEicly, &7, MBRNOBREHORAEZ W ST 5 TFEOMAEIZ &
Nzt
Sk
1) Sato,E., Matsuhisa,A., Sakashita,M., and Kanaoka,Y. (1988) New water-soluble

fluorogenic amine, 7-aminocoumarin-4-methanesulfonic acid (ACMS) and related

substrates for proteinases. Chem. Pharm. Bull. 36, 3496-3502.

2) Chiba, K., Sato,E., and Hoshi, M. (1997) Detection of in vivo proteasome activity in a

starfish oocyte using membrane-impermeant substrate. J. Biochem. 122, 286-293.

3) Rosser,B. G., Powers,S. P., and Gores,G. J. (1993) Calpain activity increases in

hepatocytes following addition of ATP. Demonstration by a novel fluorescent approach.
J. Biol. Chem. 268, 23593-23600.

(I : BHROKKFRE « HZH - EVWEHE)

-60-




(6) PEwZ X

1. APC (KIGHEBIZT) BEFF YA —ERN?

i, APCOESEBHEATHIBAT VA EFRFF Y - Ta7TV —LHRTH
NS EWSHEDNH > 12(1). hF TRAH T v DLFEYEH Wingless/Wnt & 73
WML >THIEIZNAZ L3S T D, TOHBICAPCE LU T 0T T —
LM ET A W Taidhiz, APCEVLS SHIERE IR D 7 + —b KTt
EFXIAEFF Y H—+ETH% Anaphase Promoting Complex%-§59°7%%, AR TRZ
FetE K iR IEfE(Adenomatous Polyposis Coli) D FRK@{z T TH S APCE g . APCIE
W B EER{ET 2 2 RUEABIRIEED £FH20 o B X W @ NHBE T THh 3
(2). BHEBETA20APCERIINARELTITHDEEZL oh, HrOKBEBREC
HWLWTizbdH —AHD 7 Y L somatic mutationiFs & - TULVEZ Ee, FIEICIETE
TUNOERNLETHS EEZEZ oLTIS. APCEMIIMEBE F A 1 27 27,
TOHEALERITERRIIAHEAED, SOBEEME/EMTS A4 U EEZ (AL,
ZHhoD FAA AHEEDRKITE © DHEERNE L OMEMEMEIE LR{I~FS
THEELOND. BifE, APCICHET 5 EAHE & LTRA T =, DLG, EBI, tid56
EHRWSNIZE-TNBQ). IS DHAERAEEOMEFERIZE > T2 54
RBITWHD I EDHMEIN TSN, APCOBEEIAH THS. ARTEHoNE
TORMAEHN L, APCHRAEFF LY H—F & LTHET S alfEEEEZE LI,

APCIZHL 2R ITRH T 5708, KTHICRS BRI 5. MlATIEREE F
WRAE L, LRI OIS MR e e T ALY SR Y —EEK
5. &, MlEOEST S & IEOLGHOMIBE TICRRTS. YavTa
ST OB FDLCO E b REn /L, KB LRSI P #RE S > T X TAPC
EF3FEL, PDZRAA V24U TAPCO CASl L5473 54). DLGIE, 1/ F
4151 EONKIKDatK & biA3 52 LT, APCERNRY M) L EOHISEH
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FEHEFEEL TS EEZ NS, i, APCEBAT = EBHEEL, pAT=
VIR—HToAT = EMETHEIETT 7 F YRR SR EMENICHST 5.
HICHUNE (F2—7) ) LbEEHREGTES. APCIRDLG, ph7=2, fuh
EEIEASWEER LT, Mlgd oMo =t L, Mizosis - Sicis
THEEZOND. FWMBEFROD 2 F 7 A Tid DLGIE NMDA-R-2% ShakerBIK-F +
YA EREE L), EiTHE DAP-1E bS5 A S &8 5 72(6). DAP-1
(& NMDA-R - DLGE &4 721 T K APC-BA 7= BIEH & biEGT D70, APC
[ NMDA-RPA A U F v RID 7 7 A7 —FERICIHENE 72X BR M@ Z &
NP 5.

APCITE - Mg A K 4 2 2 EAVRBENT LA (7). APCEE; R ITHE
HRRZES L& GUHN SSHINDOBITHEFEZN, TOHEMHRIT 170
DjcdkdF 72 i34 4 7 1) VEed2ZEFBRIED Z LICLVFREINSE. 0l &id
E RdS6RED 7D APCLEEST B L EBEZADE L LHRE . Y avVay
NIOFHEEFTH Hd56(E Dnal 7 » 3 ) — & @AM E b B, HF#ERO
FED T THBydjlid Cln3|TFF R A 7Lp34CDC2BIEKLFIED V) Mk I K UMHRIT A
TH5H(8). APC - tidS68 A& OAEEMERIEH S D TIXD, 414 21U Y OBEEH
SHRIZPE S B Al HE X 415

Uk, APCIIMfasess o oMbe &M o flg & TRILVCAEBRRICE 59 5208
APCORI:TILBEOBAEIIMTH A9 . Iill, APCHBAT= > D4 a7 5
CEMRgEN, BEAESROWMMBK T THAAEENTTEL. pAT =i
APCE o 7= A MENIZHEIE 2 ETTRL, FMREEOMBRIZBNT
Wingless / Wit & 7'+ )UAgi#sr & LT . WinglessiiZz O L& 7 ¥ —Frizzled2|Z
¥ET5ET ¥y —BEHH Disheveledd 1) BiL, £Y v/ AVA=FF—F
GSK3pDIHI AN LT, MiREhOpA 7= BN ER L, TORE. BT =0
R T TCF/LEF &I BBAT U REAFB LT 5 2 &0 S &5 - T A0).
COERNIEH R — O A T VZHEIIA AW CBRR THIE SN TR D,
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BATZ R KIt Yy bRHT 1+ TGSKPZAEFRIAZESH L Wt FFH LT LS
“IRMOBEMEARBETE RSN ENL - TUA(10). Wingless / Wnt 7'
WK BBAT =D LRZEAEOLEICX > THEIZNTE D, NKEZRE
U B EACZE R AR I Wingless / WntD & 7V IV ERET 5 EN8TE 5. T, FE
Ml EHERT ZERBETORIV—=vIhob, NRERELUCKE(ER
UrBEEEIh T3, I, pAT = aEFFLahsl &, £0ak
FF AMEITIE NKIZTEET 5 GSK3p 1) MR(LHINL(S33, S3MMMETHHT &, £
LTHMNZ 7 7 v AF o TIEINS Z Lo &8 -72(1). GSK3B Y Bk
AL IKBONAK(S32, 836) S H[F TH Y, IkBTIFCHUKF+—+HIz k5 Ll
MRDE|EEEIL >TWB LI, PAF=VTHGSK3BITL B VNI EF
FoALETOTT ) —LICLENMDINERITIL> TS EARBINE. —4,
APCHGSK3BDRWRETH D, hREICH 5 207 3 / BOFE LEFID ) Bk
PBAT = EDOREITUHTH LI ENWH o LR -12(11). &/, APCl{ZF%
REUIZ C ORNBEMBRKTIEpAT= &)\ LR L, < OMillakkic BFEEIAPCE
BIETHATLEPAT= Y REBRATHT E0HE XN(12). ZO#ENS. B
AT =) YERILAPC - GSK3BEEMHICHES L, TONKN Y Ekans &
EXF2-7TorT7V—LRTHRINDZEVI AR r—FREZIohi. fibA,
APCD Y g7 g U/NT a—7 » b13)E XT— O KB KT 7=
DEFALTHINE E(12) b Eh, Pl EHpAT =0 DI APCLA DR
BTHHMAEhsZ EhRmEEN.. FEMHTRZHEZ 0N, PIRIDEHEOH
KNG, APCHREHHESMOGENE FTHEZ &, THbLIEFF L —EH
GhO—HTHLEWNEZL o,

TN TRAPCOREHESMOHHAN TTH 5736, Ul EAKKETF OB ZH
LI BEADM. £T, APCIIHIIAIIAARMET S Lo tdS6EEbiZy 17
) v OAREFEIL THAAEEM A S 5. DLGIZDWWTI), ZhMEAEO REN
IZ& - THIEIXA TV S LD Hididia. LivL. DLGEREERICPDZKE X £ %
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b, YF T CHET S Tiaml 7 7 3 ) — [ ENRICGSK3B ) U E{bffizoa >+
HARAESS, TONKERKT S LEEMISEELINIHI Mo TLS
(14). Tiaml7 » 3 V) —OBEENRIC U TEREWIZL > THIHIZATWE0DHh, €L
TAPCEMAMEHT200EANUTH LD, TORIMEEBEITILBASLE .
Tiaml7 » S V—@Z 7V 7 A TV OEH TR YT RICHEL, Rho7 7 31—
OGEFIEMAA 9 570, MlEEAPHO B ZREHT 5 LB Ih TS,
PV UIRET B, bLAPCHAEFF L H—EThHhBUo, £DHEHE & LUTGEF
DEEWZTEAT 5 &) ERIEMENTH 5.

APCORBBEIRT ¥ 79 —HAH E L TOMRELUNIAHTH B M, 4B 1EF

Fu-FUFT Y — LIRS EOHEIEROY SIS S EEBEF L.
KR
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14) Habets, G.G.M. et al. (1994) Cell 77, 537 - 549

(FHEREH . HRBEREFRESUII)

2. Caspase-3[37 =) Y EHOHUIMERTH S
Tl 2 3TN T HRERBEZFERTHY, LU 2ODHF
(FLe=y 1 ; PS1&EFL L= 2 ; PS2) Maoh TG, 2l
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DO FEHITERFFELTEETHD . B2 ME1 4 Hefafk 28 1 Feflkic
I-FEHTWS, 2207 L= V4FOWTHOBIZE FICHERERILEL
THRMBEREBEET VYA = =I5 2 Edthhh» TEI, T D4
BEIIDODWTEAMIZEDEZ, PS2IZBLTRETR b= Z2RET 2/EAN
H5 EFZMINTUL S (Wolozin, B. etal., Science 274, 1710, 1996) , & 52, &%
RERODEHRIZOT R b= A NEFHEHETHEEZEZ TS, CHNERIOHE
EEARVEEBEREREZ LS &5 [gainof afunction] &) ZEX EH5HT 5,
—HP S 1LIZOWTIRAKICABROFEFRINTNS LTI, ITIODL
DI BEDOT IV A 27— ROERIET R b= ROREAD SR EAH ST
ETHY, T3]l 20N ELTHERHICET 3, o7 7—¥D1D>THABICE
77— OMBFICECES L TWEZ LRANRHOEEIFED 1 DOT
H5BI ERN) FTHRUNOAN JRiLCaspase-303T LW /A = — i OIS B 5
THRERTHED == FRENSY A T 2 FE XN/ (Hartmann et al., J.
Biol Chem., 272,14505-14508, 1997; Kim ct al., Science 277: 373-376, 1997) ,
TWINAZ— O ERBEFENTHE T =) YERR, RSO
HEFTHGHE L AFRZT S, I, 2E5 0kDadoldF =) 1
3FR28kDatl8kDadWhiliisd, ZOFBERIZOWTRT T T —
LR HONTEIH, RISITHER DS, EiRoHEicLhid, TR b—
AFEBICL>TIOT L) YOO EZATAL, #ERUIMENS
AL E DX SIZ5 0FBIEIE EAIAEF L IVREMIC T /-Caspase-3D T > £ 3 X
AFIAQRDS (73 /8343—846) ofith Tachdo L. TOHR.
SFEMN36kDa (73 /K4MKH) £18 kDa (ANAFVILKGENA) O
#r Ui Caspase-3lT AN AE LS C &i278 %, MHFDOBEITIIT A b— L ROBERMIC
BLTEHETOAHAHL. P S 2DMEMEZEZIGERNSBHETIRE D, ©
LA, staurosporinefs K Uretoposideil & - TFHIN AT R b—Y XL TR S
N5 L5 (Kimeta ) 3RBRMICER T NEAENHLLEEL oD, MITK
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H. BHEEODFVolga-German K F (RIUREHFKRET LY A =—iD 1D) @
HERRERP S2ON1 4 1 14 DBEF%HA L icneurogliomad H 4 i Tl
Caspase-3 i IS DTLE L T B Z ENRB ENIZ Lith b, X6, L=
) D Caspase-3Wthy AY7 R b— 2 X% L LV BEIAOIMTA Shinn 2 &l
FlOM KN SO & U TRl 2415 (Hartmannetal.)

Caspase-3 B IENG FIHEMUPC 1 2 EofiEigERiIcE WTHEIh 2 &
Mo, #EEMMEIC BB L TS ENA S, in vivoD (T 1T H Caspase-3ir i
MRRFEAEICBE L T T %, RO T V= VARG EBHMMERIGTHS &
FhiE, 4 AR X cCaspase- 3T 7L =) D ORHEKIGELTER ohlb
2 RO BICRELZCOREERATH 2 L) IC8bhb, LhLEaAs,
Tt ) YOEBNSBOTRBMARE LTHOITIRE L. The@dMarli
B SR T R b — & RN DEDRBE IO, TR b= R BET A8
BEABRISTEONEHOMITEZ L2, KYILMBTHE EEZ SN B,

FERATED LTI, o7 7—FETAUns<—RICBdT 2 (FHE
Sei) LCaspase|Z P9 2 FFMI/IREEE (BUHEL) NI TICHEIN TS, €55
LB U T & 20,

(F& & MW - 2 FEYFE. AEE— TX - 248D

G-




(7)) WHBEEFHREEDI S DRFHIER

L KEEEN  MiRFEDOZ &R E

2P HERHBABLESEFT, TOSRATEWHIARLTLENE L, BERIZ B
BATLEIR. THOHEEEN-TH BLT25H 6, hbLIBATT,
ENTHANBZNBENELSTEDET. 2V SR I— 0w DOkDTH- T
ICHDETHS, KBFRARBETIIETLRARR(ANET, RATHISHE 9B
KTFARLEETFTEDET "M o /HL, A1 FY XDORFITHICEDY, 8HIKC
E D, RRENEMEENEEA. HEOHIX] 1FHETHL ., KFHEZE
NTERBRLTLEWET (FUHLT?) . YHIDO ZORKADOVPoLE L -7n
bHFEEA, MEBE(Ga)D A B E T, €OUREL T, THoDEDTES
LW &, EDOPORBRT, H0HbI bTENREEN ., BXMX, B0 X
ITT o FE. CCEERIVBEDRL . WREHICH- I EldH D FHA,
fetd, BEE.X T/ — FOBRTICEWTH - oo, D2WICERFICO - obh
LFcdte BEERBZEICHK > TR2OPEED L) TS THoDFHRICETET
o DiE, Ml RORFIZ/ NN — F— %> TN ET U, &3, &<IEH
ATREHTLZ I LAHRER) T EELTH, I TERDOEE MR
HM BLIXF I LERBATLUR, #BLWAE, 5610y FYRAN
2 LD ENBARANDIEC, LAEN->THRBEABELSEHELMIMMOEHA,
Lo IEH T AR TEEICY FFRE D LORBRE I 58052 EHD
FINICH5EREABEEINIZA 5000 HEES LtiTh E, Bnt]-
THEXLELES, TAE HTERTFFOBAIINRI &, BDZBEDBLTH
LefEbE L,

ETCHbOTREARIEEZLTLAD, TH b= Y ZBBEERMIFEICS
BALELEDe RADT— a7 (W.C.Eamnshaw) H2lZb b L bo AT
BHHA U &7 5 BEHOE 2 MBAEMZ OISR LT /20 LT, 14344
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ISR ET g Y AKRTF VARENST >BELTEE Lic, £ bo X TOHEH
DOAIZ 7 b— 2 X Din vitro R &l - oW EERE LTS OT, RAE#MBTOT
B 7 Z LIRFEZE P - TE LA RUAAIZD T . Z OO, Mifaaoz
BRI BEE B TR TFEMRE LU TEILR A R 705 COBRMEHET A b= Y X80
TRIEVHER TN ENSTT, KB BUDISSHICHRZETHEOTHS
JU—ZALT, DFIIMHITEDTRS &, 7TH P—YRERBITHTFNHS EW
7 Z ETESMextract EIFATLET), 748 b— ¥ R LA HOMERE S M iibe
5HDEOT, COMNERIZESIT, TR b— v ROME R IR THELE & -
L& UTRBEAEEBLY EBET ORI BDOTT, TRV AD <A b—
YADRBAFIZE N BAIWEREBEZ ohE L, TORDEHMIZ, 47EZA
L CHEHOICER T 077 —EHZ DextrtacticE FhTH D, Z hhPARPR S
TS &S WS HRIZOIEN > TIVEFE Ui, RATE->TEREM I &I
(2. LEOHBICEENLT— 2 B oticiodil, £O% IO HMIZIE 5 KO
APEATER A, £l SMextractid, D&Y O R E L TIEFHN &8
BN T ERBEND LW EBA, FHE, b LMHEERAFE > TREDWang /c
LR7ARP—V Z2EFEFT LR TE L TF b7 o— LcPDNA fragmentation factor
(DFF L)% ROU & Uiz, ##FIZICE o577 — PO o CPP32ic X - TH)
W - iEHfbX N, SEIZENA LA D DNase A EHALL TR b — S RICEHED X 7
VA Y=L F—2HUSED LI T, TR AR WT T a7 7 —Ed S
702 F DNADGMEIZ E5 DIRRBDN EVHRITO EDDEZ B HIFTT,
Wang 5D 1 0 01 » & —BUHKOBEEIT AT, WhiIZd 25 S5 ORI/
WTT, Bz Lid &, W20 DT Y 7 bMERKETIETVWET ., £00
EOTTR M=V ZAEMEITEH 2R IBFE T, HE4MHPEELIT AR b= R
REET D LD E Lic, ZOHICideaspaseiFREIX FFh THERBATLL
DT, MISAN TEINA D 1 BUCIEYE(L Sh7:DFFh b LhER A, C OEHE Hik
LI 2 LBt L. 27— TE50TIA, HEVI ST 3 VidE-
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P EV S TR ESMREINTWERA TUI, caspaseic k35 3 DU L
289 LTEOWRILZNIZDOTLEIN T D& iz, 73 vORIET
AR b= R B OBEE(GCABELONS LN EEA, & BU0E, aspas
PADTarT—ErBNITHELEL, SIS E-TF I v AATHICH ONT
WEDONE LN ER AN, WIAE T, caspase DEPFNTF FEEFF LUz
D%ff-> Teaspase 2§ NTHBLTONERA LD LLHRLBL E ZFXENTY
= 7 T H U Teaspase DA E DO b9 ELTIE T, F/ikiTid, caspase
BOMRLIAZ, T POV RUTHOF M o—LchiBHEINZD ¥ 7 F DD
EZMEVDEBITI ENDD D, TR M= Y ZHHIEFRS5 2O K TRAE
nich &, HADOTR b=V RAiHRITA 2 1S L TUOET, WL DF Tdeaspaseil
B L TOTIRBEEICRD BP0 E SR FHADT. WL D0 DERL NI AR
bBEFRINTNET, IREEDAL 3i—i3, KEA4 ADM, BRHEEMSEXF
7 FEHNERTED . ICEPNTT, SHEDOE I+ —BEKRS LTS, XFEOLIF
DNEVRMIN DD HRSH LS 6TT, XTI COEIC, o TE5+FD
EIF—FERET L, 3EIC 1M S DES TRound Robin & ) Il D RijHSH
NEL, E0LBDOHENEAEATINND =y 7 32— LIBAIERS, LA ENR
ANEB Ny ZIVBTIZAS EBSTHE LIS, IR SAD. RADARIEDOH
POLHEERZRICE DT —Z7BNAOZ ETUI, STRETAETITE, HEM) v
PAHROFERTZETLE) e AVARZKES>TEHIZOMDELES, £ &
HOENWI E2EBESF U TEHREOHEBOTLUIO 78O XOH, RABELL
B S RNG2) i[RIV AR O & o8

(JIHESR : MERT - BAHREF. BELY NS KREFHFEP)




2. ER># : A H?

“INREDRREERBICLI I N ISROBER"
(A) Ly
FHEY N I7DH) b, BENERGEOFEETHIVEADAET L D

(misfolded 237 ) A4 ) Iv—ERINLEh > 1KFOY T2 =y ML EE,
SRR SERA BRI SN 5 T EANOEFTE S X s, 1990
4FiKlausner ESitiaj= X ) [/MNEKER)DOREEER | L) FEMFEEZNL0), £
Nl EROmBUEHEBANCBE T S5, a7 7 HOIT ) BH DERE
AEZI—FTREBRBELTOGTFY+RarE, FARVESWTLERE L TOM
BAZ7o77—F¥olEhoHEEF U RREBL TS ESA L. TOBBEIL/N
BRI XD AGEERS TR LT RZ0 ), SWERABTEZ 2 &L ohicy
2237 53#% (ER-associated degradation, ERAD & 184, == TIIERIMAREET . ) i,
KiEZH A M TREINICE, ToT T VLI FRIhB 0D B
BN DDH B, HF¥+ RO VIZDONTH, BLERERODALRFY
ANV T 4 F 2 ZIZ &S GlclMan9GIcNAC2 BUN S~ D% A 78 & BRZEE] AN H
T&fc (&2, 3ITHLYY) o AT, TEXAREPESEEHLLNES . B
DERERE % F/NEED mEH E BB 7 37 SRR LTz,

(B) #fThiak-7 077V — LA O T8

YP. EROGEEHBHICE W EIN 5 Y /37 (F, brefeldin AR L9

ER) & Golgifk~ DX+l LTHaMEN 5 & T D HEATALLN

(Ac-leucyl-leucyl-norleucinal) |2k 9 flikZH 5 2 &6, ERA (IEREIZ 3pre-Golgi
&) Tcysteine protease|Z & D 4 I 5 EEZ 6 Thic, BHE . T OSRRIIFHE
IZIRITT B S X BRI THRIE TEAWATF F LM En %

(BT 20N BH D) OT, 7 /37 FHE L 0D BT Z Of7sdigestiverS 73134
IEUL BV DOTIRERBIRT ME bdH ot JHIRRERIT cDE. FiathaiiE
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fiE DJE K T2 % CFTR DFS08% BAADERSMAD 5 7 4 ¥ A F pMG-13218 £ F T
TV — LAHERIC L DIEEN B 0D 19954E10H OCellO: TH 54, 5)s 2O
9 HKopito & (Stanford K)E. 2 EFF > DLysd84Arg| 2 25 X+ 7 UbK48R(DILFE
2k > THERCFTROSMN T 51D T o, CFTRERKIZIEFF AL
hictk, P77V —ARIVGBIND LEERLIZ@), Z0%, e BED.
ALINTHRIEN R SNIcET NS 2, (528 RFv=Fn7TV—LA
FFREEER] A ICERAGED & 70 7T /) — LMEFEEA~ S BIEZ T,
Kopito & (2 44F, THI L &7 % — a ${OERGMMEN T 077/ — LIk 52 &%
HELID, SHIKIEBIEFF AUIARE MR L TED(6)., SRR LEaEF
FoALENDZ 87 EZNTHDDH B &S 1,

Tid. S SOmisfoldedy /X7 FEORICLTT T T V= LICBEZIN 50D
THAHIN? Fib7 237 138 ITERABEICEA % EahY A DO TnTT Y —
LREET I v 775 LRTERVES) L, 2L O0MBE L 77— HERA I
WICKEEFA A EFHTH, HEE ZHI—DDOEREULEZ I U /2DHiPleogh

MIT) DT N—=TFThb, HoidV A A A ov A IILZAOBEFEY (US2P
US11) F£ZEH F 450 T, MHC class 1D H§¥(3 Seco14 4 {&H & 75 5 translocon% 4}
LT RE M~ T e S h, BdtEREahick, Yo7 7Y —AICX YRS
N5 EHE LT, 8). T ZICERD YA b ~D¥ifTHiiE (retrograde transport) 3
MEBE Ul SRR TANWNRY 37 B0 FEREERSETTOHTIwME L RIETZ
EHTE, RALTHIAFMROEFOMEEHICE T AR EES N 505
It M bH L0, DI & SBEEME - MR TIEETEERNIE LI
H BEDREMRNTHIN T3,

(C) BBTIE

BIEFRIROESTMEBEZ - 0R TR, FD S DT 0T TY —LEEKE
{i# - 7 a 1-antitrypsin DZE FAKDERFMEDPFF(9)0. SecOblpDERSFMEIID NTHE
ENTLAHA0)L S I Tid, Wolfs (Stuttgart K) D He 2 LRI RZEA LAt
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% & | Zcarboxypeptidase yscYZ Jefk (CPY*| Gly225DArg~ D F# % F52) %€ 7,
ZDERGF B 59 5 {2 F(DER)D ##r & 4T\ . DERZS I EFF VG MEHR
(UBC)TH 5 &) FREREHNT, 2 EFF AUITHIELERER S /37 (UbcTp,
Ubcbp, Ubcdp) O iftfz: 7-/Kifkk, UbK4SROILFIE, 7077V — LDE RIKFH
BRICBWTCPY*OG#HE 85 2 A RWEL, CPY*RAEFF AT o TT
V- LTk SREEN S L% Lc(l), Z IR OERICE VT, BMRBOS X
&I BIR S L /o#hik (co-translational transport) Tid. Sec6lp. Sbhlp,
SssIpDAF 0 ZRIAKNS 155 F + v F IV Eil B T & H5, — i post-translational
transport T{dSec62p, Sech3p, Sec7lp, SecT2phh o7 AMAEENT HI EHFAT
HBHM, TH 6D HSechlp &SechH3pHICPY*DH A kI~ DexportiZ B 5 L T
5T & FheaFv vy Ro yOKar2p (MFLEHIIADOGRPTE/BIPIZHY) & ZHilHE
BTHDHI EERLI02), 612, # SIERGHR 2B S 4% 24.4 kDaDHHER [
% 737 (DER1) ZRUWEL, CPY*ORRICE o L5 RFMNET S5 EEXL T
5(13), LU, BESPERELIZCPY I, O UAMIBATEEIZNESZ & #ILFE
F oy OBEFRENE BTN £ E04), 25 & bmisfolded ¥ /X7 D
bk & W) JTTIMFLETMIG 2B R oh b,
(D) o577V — LN, ?

AAEIR B L SN -ERGMED £ 7 IV 4 27 (Zapolipoprotein B100 (apoB) T
HBEEF-THRS TR, 9AETIZIBCIAI T 5 HMOMAHLEH H 5, apoB
(ZHMG-CoA reductase[alff . Ifil+* AFET#EE 1677 U TERSMIFIC & b A0 % 3217
B8R THD, HAWE &iZapoB{FALLN-EZME o7 7—Hickb% 4 b/
IWTOMEE, ALLN-FERRSZ D DDTT-% M7 07 7—HIZ L ZERNET O0#
NdH 5 EEZ oh(15), HiFRILIEFF AMEES T 7TV —LICK 358 T,
A4 MO+ ¥ X0y THELHpIIZ L YPIREN S Z ENGIN-72(16) —
Fi . BEIZOWNTITAAEEZERD & ER60AIGRPTR/BIP & & & & |2 ERA (D apoBio 2246 X
152 LG, ER60%%apoB DERNIE TOMRIZEE 5545 affEPEDS R I T 5

g 5 18




(17)e S4EICTE > T, EROOICIZANRF L BNV T 4 F 2 CfkE. LZ2F 8
GFYeRo s E LTORELHREINTE VA8, 19), X)FMEHREFBIL,
apoB(540 kDa) D ERIZ 4 T- i 7 /37 TIXERAW Y 37 G B BEIL DM LIL
WEWIHREL T, BOBEDPITH BAvan S RWE LI F o o7 ) (330
kDa) D4 KV S5 DA 3 F 120020, 21), ZOREF s o7 i35k - ER
A 2R 50, TOHR, EETRR SIS kDD F#EATHE L b
IZERp72, A#JLLF 4 F 2 1) . ER60, GRPT8BIPIL &ED4F 3 v o v NFEHX
115(18), SecOIEHAGHED F + » RINVDA.DEHEFFI20F4 7 X bn—A&ihbh,
BERGFEHET 513X BES 700, ERWITH(L bBEd 5 o fetk 3B E T
15, ERAZ7 077 —HBIZ 20 Tid, MA@ T R) T HS$EEHRTTH 5,
(F) Bbbic

CFIRD S 7 7 ¥ A F /IC & % MO &Lk, 24 R 53T ERA
cysteine protease{Z & 5 3 | h o [HiT#iEH. 7o 77V —LICXBERATOS
Bl ~EEROmHEEHEBMOERIIZED > TE I, FEMABEIHFNEIRNE
W) OPVEZEDBMTH S, BUZ. 44 4 HOCold Spring Harbor K P77 LTIk,
TaT 7/ — LiGtEdmisfolded 7 /37 ZERDGEE THHT LICHE LTS
EWVD P, VT FNRTFF —Ehimisfolded s > /37 DM i {LicB 5 LT 5 &
VAR, a7 T V- LHERFETTHA 07 7 —ENEREN S DR
EHREINILEIITH 222, & TREANTEEL - 1A REEHICHE ST
B0FY+ R rOETOREFRIEODVUTINVENEEZL TS, R ICcatchupy
% 1o iz Goldberg & Ploeghii Ml 7" 0 7 7 — L LA %= J[FBAZE L. ERZfE~
BICA L LH1223), ARTH LD BRUEERLKROBLELBER LTS,

SR
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Host regulation of lysogenic decision in bacteriophage A:
I'ransmembrane modulation of FtsH (HfIB), the Il
legrading protease, by HfIKC (HfIA)

{protenlytic control/membrane protein/AAA ATPasc)

AKIO KIHARA, YOSHINORI AKIYAMA, AND KOREAKI IToT

Jepartment of Cell Binlogy, Institute for Virus Research; Kyoto University, Kyota 606-01, Iapan

nunicated by Willioon T, Wickner, Dartmonth Medical School, Hanover, NH, March 26, 1997 (received for review November 25, 1996)

ABSTRACT The ell gene product of bacteriophage A is
mstable and required for the establishment of lysogénization.
ts intracellular amount is important for the decision between
ytic growth and lysogenization. Two genetic loci of Escherichia
‘ali are crucial for these commitments of infecting A genome.
Ine of them, Ifi4 encodes the HfIKC membrane protein
-omplex, which has been believed to be a protease degrading
he ¢ll protein. However, both its absence and overproduction
itabilized cll in vive and the proposed serine protease-like
sequence motil in HEIC was dispensable for the lysogenization
‘ontrol, Morcover, the HFIKC protein was found to reside on
he periplasmic side of the plasma membrane. In contrast, the
ither host gene, fisH (WfIB) encoding an integral membrane
4TPase/protease, is positively required for degradation of cIl,
since loss of its function stabilized ell and its overexpression
wccelerated the cIl degradation. In vitro, purified FtsH cata-
yzed ATP-dependent proteolysis of cll and HfIKC antago-
nized the FisH action. These results, together with our pre-
vious finding that FtsH and HfIKC form a complex, suggest
that FtsH is the eIl degrading protease and HFIKC is a
modulator of the FtsH function. We propose that this trans-
membrane modulation differentiates the FisH actions to
different substrate proteins such as the membrane-bound
SecY protein and the eytosolic ¢ll protein. This study neces-
sitates a revision of the prevailing view about the host control
over A lysogenic decision. y

HE

A Spheroplast
12 3
proteinase K— + +
Triton X-100 - - +
HfIK— Eh;;:

HilC— e
HilK— SRS

B IMV Cc

N

- N
GroEL— - cyloplasm

Fig. 4. HfIK and HIIC reside on the periplasmic side of the
membrane. Spheroplasts (4) and inverted membrane vesicles (B)
prepared from AD202 were incubated at 0°C for 2 hr in the absence
(lane 1) or presence (lanes 2 and 3) of 1 mg/ml proteinase K. Lanes
3 received 1% Triton X-100 before digestion. Proteins were analyzed
by SDS/PAGE and immunoblotting using antisera directed against the
HEIKC complex (Upper), the HFIK subunit (4 Middle) or (B Lower),
and the GroEL protein (4 Bottom). (C) Schematic representation of
the topographical arrangements of HfIK and HfIC.

KIBED FsH X ATP O A ¥ u 7 o7 7—¥Thh . KBRBORBMICFEET S, ThETicHa
i & 3y ORI 2T DS 237 T SecY AHIMIIBIZH SR, FsHICL DV aehd =

LEBE LN,
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FOMPHOBR LN EBREIC, D2RVWEEEY A 2 VA S, FsH (HAB), HAK, HAC OHAEMN K

bhd EFREER A REELER, AT T

—VOERICEER ERTAZ 8L TS, HAK -

HAC 4K (HAKC) i cll #4538+ 27 u7 7—¥ThH ., FisH & HAKC iZMIL 28T cll # 232
BooiclBbastEX LR TWE., LA L, BoRIZR->TH~ 1T FtsH & HAKC AESEEER LT
WAZEERWEL, #kOBSXICEMEBRCEL, 4. B4 HE FtsH-His-Myc & HfKC AT,
FtsH-His,-Myc 2% in vitro T cll & ATP KRN MET 5 Z L 2R LI, LalOo#E & B2 YHAKC (2
il AREEENR R R -T, B2 invive BT 5 dl OEEEOERIE. HAIC O 7 o5 7—¥
TENEERNT & HER & TSRO KR E R K O %8 U T HAKC 5 ol 240+ 577 7—E Tk
WefgmE L, SEKHRAE, HIK KU HAC DX E AR CEMR FAA L2~V 77 XA m L
TWAZ EEFHLEMILE, ZOZ &b HAKC BHMREICHFET Sl Z8MTE RV L 2 AR
LTwWaA, 4 HAKC 2B EE L THREM TM< FisH OEEEZWB LTV A LELTHA,
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Intracellular degradation of secretion defect-type mutants of
antithrombin is inhibited by proteasomal inhibitors
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Takehiko Koide™*
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Abstract To examine the cellular basis for secretion defect-type
antithrombin deficiency, we expressed two mutants, P — stop
{Pro*” to stop codon) and AGlu (deletion of Glu™'?). Pulse-chase
experiments using stably transfected BHK cells showed that little
( < 5%) of P — stop mutant as well as AGlu mutant was secreted
and the total amount of radioactivity was significantly reduced,
suggesting an intracellular degradation. The degradation was not
inhibited by brefeldin A, indicating it occurring in a preGolgi
apparatus, However, the degradation was strongly inhibited by
proteasomal inhibitors, such as carbobenzoxy-L-leucyl-L-leucyl-
L-leucinal (LLL), carbobenzoxy-L-leucyl-L-leucyl-L-norvalinal
(LLnV) and lactacystin. By endoglycosidase H digestion and
immunofluorescence staining, these mutants were shown to
localize in the endoplasmic reticulum (ER). These results suggest
that the secretion defect-type mutants of antithrombin are
degraded by proteasome through the ER-associated quality
control mechanism in the cells.
& 1997 Federation of European Biochemical Societies.

Key words: Antithrombin; Endoplasmic reticulum-associated
degradation; Quality control; Lactacystin; Proteasome
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Fig. 1. Pulse-chase analysis of Wt antithrombin and P—sstop and
AGlu mutants in stably transfected BHK cells. Stable BHK cells
were pulse-labeled for 1 h with 100 pCi/fml EXPRE®S%S (a mixture
of [*¥8]Met and [¥S]Cys, NEN) and chased for 0, 0.5, 1, 2, 4, and
& h. Labeled antithrombin from cell extracts and from the medium
were immunoprecipitated and analyzed on 12.5% SDS-PAGE.

A, Wtantithrombin; B, P—5top mutant; C, AGlu mutant.
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Fig. 2. Effects of brefeldin A and proteasomal inhibitors on the secretion and
degradation of wild-type antithrombin and P —stop and AGlu mutants. Stably
transfected BHK cells were pulse-labeled for 1 h with 50 uCi/ml of EXPRE™S™S and
then chased for 8 h in the presence of various inhibitors. Antithrombin in the cell
extracts and in the conditioned medium were immunoprecipitated, followed by 5DS-
PAGE analysis in the presence of 2-mercaptocthanol, Radioactivities of bands
corresponding to antithrombin were quantitated by Bio-Imaging Analyzer. The relative
radioactivities of antithrombin in cell extracts (closed bars) and medium (open bars) are
shown.
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Identification of an ubiquitin-ligation system
for the epidermal-growth-factor receptor
Herbimycin A induces in vitro ubiquitination in rabbit-reticulocyte lysate

Seijiro MORI', Ketji TANAKA?, Harumi KANAKI', Mitsuyoshi NAKAO?, Tadashi ANAN?, Koutaro YOKOTE', Ken TAMURA'

and Yasushi SAITO'

' Second Department of Internal Medicine, Chiba University School of Medicine, Chiba, Japan

! Tokyo Metrapolitan Institute of Medical Science, Tokyo, Japan

* Department of Tumor Genetics and Biology, Kumamoto University School of Medicine, Kumamote, Japan

(Received 20 May 1997) — EIB 97 071211

Some receptor tyrosine Kinases such as the receptors for epidermal-growth factor (EGF) and plateict-
derived growth factor undergo polyubiquitination as a consequence of ligand binding. The EGF receptor
is also ubiquitinated by treatment with herbimycin A, an ansamycin antibiotic widely used as a tyrosine
kinase inhibitor. To investigate the mechanism of the receptor ubiguitination, we have established an
assay system in which herbimycin-A-induced ubiquitination processes can be analyzed in vitro. We now
show that herbimyein A treatment of the purified EGF receptor induces polyubiquitination of the receptor
in rabbit-reticulocyte lysate. Both DEAE unadsorbed material (fraction I) and high salt eluate (fraction
IT) of the reticulocyte lysate are involved cooperatively in the ubiquitination process, where the ubiquitin-
conjugating enzyme UBC4 can functionally substitute for fraction [. A ubiquitin-protein ligase-like activ-
ity, partially purified from fraction 1 by DEAE anion-exchange chromatography, also functions in concert
with UBC4. The precise mechanism of herbimycin A-induced ubiquitination of the EGF receptor is not
fully understood, however, our present findings suggest that direct interaction with herbimycin A results
in some modification of the receptor which is recognized by the ubiquitin-conjugating system in rabbit-
reticulocyte lysate.

Keywords: epidermal-growth-factor receptor; herbimycin A ubiquitination; ubiguitin-conjugating en-

zyme; ubiquitin-protein ligase.
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Molecular properties of the proteasome activator PA28
family proteins and y-interferon regulation

Nobuyuki Tanahashi'?, Kin-ya Yokota', Joon Young Ahn’, Chin Ha Chung’, :
Tsutomu Fujiwara®, Ei-ichi Takahashi®, George N. DeMartino®, Clive A. Slaughter”,
Tetsushi Toyonaga®, Ken-ichi Yamamura®, Naoki Shimbara”” and Keiji Tanaka®?*

Abstract

Background: Recent cDNA cloning of two homo- however, did not immunoprecipitate PA28x and
logous proteasome activators, PA28« and PA28(, PA28f3. v-IFN caused an almost complete loss of
indicated the presence of a structurally related third the PA28y protein in cells without affecting its
protein, Ki antigen, but a functional relationship mRNA level, whereas the levels of both mRNA and
between Ki antigen and the two PA28 proteins is protein for PA2Bu and PA288 were coordinately up-
unknown. Accumulating evidence has implicated regulated by y-IFN. Finally we showed that the

an important role for PA28 in the major histo- human chromoesomal genes of PA28c and PA28y
compatibility complex (MHC) class I-restricted were located on 14ql11.2 and 17q21.32-21.33,
antigen processing pathway. Recently, an immuno-  respectively.

modulatory cytokine v-interferon (y-IFN) was
found to increase greatly the messages for PA28«
and PA288, but not Ki antigen, in human cells.

Conclusion: PA28y (equivalent to Ki antigen) is a new
member of the PA28 family proteins. It exists as a
unique homopolymer under non-denaturing con-
Results: Ki antigen was co-immunoprecipitated with  ditions. y-TFN was found to induce the expression of
the 205 proteasome by anti-proteasome antibody,  PA28x and PA28S, whereas it caused almost com-
and associated reversibly with the 208 protecasome, plete loss of the PA28+ protein in cells. The reciprocal
as observed for PA2Ba and PA28S3. Therefore, Ki expression of the PA2B family proteins may imply
antigen was renamed PA28y. Anti-PA28y antibody, their involvement in distinct biological processes.
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Summary figure y-IFN induces not only the 208 immuno- vy T RIS R A I EEL R
proteasomal subunits, LMP2, LMP7 and MECL1, but also rwo L7: (ZEosummary figure £H) ., Zhb
subunits of the proteasome activator, PA2Ba and PA28S. @%%ii - { ﬁﬁpmijfﬁ Eﬂ: FJ%"CD')F
Immunoproteasomes and y-IFN-inducible PA28c/8 have been e & ey Sl - <
implicated to be involved coordinately in the antigen processing. By 2 FICRBRRERUT NS L
The other proteasome activator, PA700, is associated ATPE- DL E—HT 5,

dependently with the 205 proteasome 1o form the 26S
proteasome, which caralyses an ATP-dependent proteclysis.
Moreover, y-IFN caused almost complete loss of PA28y
{equivalent to Ki antigen), but the physiological significance 15
unknown at present. PA28y is presumably assembled to the
homopolymer complex, PA2B(y),, differing from the hetera-
polymer complex, PA28{af);, consisting of PA2Be and PA283.
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Yeast Counterparts of Subunits S5a and p58 (S3) of the
Human 26S Proteasome Are Encoded by Two
Multicopy Suppressors of ninl-1*

Kin-ichiro Kominami,"” Naganari Okura,” Motohiro Kawamura," George N.
DeMartino,® Clive A. Slaughter,' Naoki Shimbara," Chin Ha Chung,”
Masahiro Fujimuro,” Hideyoshi Yokosawa,” Yoshihisa Shimizu,**
Nobuyuki Tanahashi,** Keiji Tanaka,** and Akio Toh-e"*

Ninlp, a component of the 265 proteasome of Saccharomyces cerevisige, is required for
activation of Cdc28p kinase at the G,-S-phase and G.,-M boundaries. By exploiting the
temperature-sensitive phenotype of the ninl-I mutant, we have screened for genes encoding
proteins with related functions to Ninlp and have cloned and characterized two new
multicopy suppressors, SUNT and SUN2, of the ninl-1 mutation. SLIN1 can suppress a null
ninl mutation, whereas SUN2, an essential gene, does not. Sunlp is a 268-amino acid protein
which shows strong similarity to MBP1 of Arabidopsis thaliana, a homologue of the 55a
subunit of the human 265 proteasome. Sunlp binds ubiquitin-lysozyme conjugates as do S5a
and MBP1. Sun2p (523 amino acids) was found to be homologous to the p58 subunit of the
human 265 proteasome. cDNA encoding the p58 component was cloned. Furthermore,
expression of a derivative of p58 from which the N-terminal 150 amino acids had been
removed restored the function of a null allele of SLIN2. During glycerol density gradient
centrifugation, both Sunlp and Sun2p comigrated with the known proteasome components.
These results, as well as other structural and functional studies, indicate that both Sunlp and
Sun2p are components of the regulatory module of the yeast 26S proteasome.
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Proteolysis of Erythrocyte-Type and Brain-Type Ankyrins in Rat
Heart after Postischemic Reperfusion'

Ken-ichi Yoshida® and Kazuki Harada
Department of Legal Medicine, Yamaguchi University School of Medicine, Ube, Yamaguchi 755
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Ankyrin links cytoskeleton and integral membrane proteins and is protevlyzed in vitro by
calpain, a Ca**-dependent protease. In the present study, we examined the loealization of
two ankyrin isoforms, erythrocyte (red blood cell)-type (ankyring) and brain-type (an-
kyring), and their proteolysis after ischemia-reperfusion in the subcellular fractions of
perfused rat heart by immunoblotting and by immunohistochemistry using specific
antibodies. Both isoforms were observed to be distributed chiefly in the myofibril-nucleus
(1,000 g pellet: P1) fraction, while ankyrin,; was located substantially in the membrane
(100,000 % g pellet: P2) fraction. Reperfusion after 10 min or more of global ischemia
induced preferential proteolysis of ankyrin, in the P2 fraction and ankyrin, in the P1
fraction. The proteolysis of ankyring, but not ankyring, was effectively inhibited by the
synthetic ealpain inhibitor acethyl-leucyl-leucyl-norleucinal. The immunohistochemical
examination showed that anti-ankyrin, delineated striations, sarcolemma and nuclei, and
the staining was decreased after ischemia-reperfusion, while anti-ankyrin, showed diffuse
staining. The proteolysis of ankyring; may interfere with force conduction through disrup-
tion of the linkage between integral membrane proteins and the myofibril-eytoskeleton.
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Distribution of Ankyrin Isoforms and Their Proteolysis After
Ischemia and Reperfusion in Rat Brain

Kazuki Harada, *Shiro Fukuda, TManabu Kunimoto, and Ken-ichi Yoshida

Departments of Legal Medicine and *Anesthesiology and Resuscitology, Yamaguchi University School of Medicine,
Yamaguch:; and T Environmental Health Sciences Division. National Institute for Environmental Studies. Ibaraki. Japan

Abstract: The distribution of brain-type ankyrin (ankyring,
212 kDa) and erythrocyte-type ankyrin (ankyring, 239
kDa) was investigated in the subcellular fractions of rat
forebrain (P1, 1,000 g pellet; P2, 15,000 g pellet; P3,
100,000 g pellet; S, 100,000 g supernatant) by immu-
noblotting using specific antibodies. The P2 fraction con-
tained ~40% of the 212- and 163-kDa isoforms of anky-
ring and the 239-kDa isoform of ankyring . Further subfrac-
tionation of the P2 by Percoll gradient centrifugation
followed by separation of myelin showed association of
the three ankyrin isoforms with the synaptosome-rich
fraction but not with the myelin-rich fraction. The plasma
membrane-rich P3 fraction contained a concentration of
ankyrin isoforms similar to that in the P2 fraction. In vitro
proteolysis of ankyrin in the P2 fraction with calpain
showed that the 212-kDa ankyrina was more susceptible
to calpain than was ankyring. In the two-vessel occlusion
model, ischemia for 30 min generated the 160-kDa frag-
ment of ankyring, and reperfusion for 60 min after 30 min
of ischemia remarkably increased the 160-kDa fragment.
The reperfusion also significantly decreased the 212-kDa
isoform of ankyring. Both ischemia-reperfusion and in
vitro proteolysis with calpain generated the 160-kDa frag-
ment of ankyring, suggesting the involvement of calpain.
Key Words: Ankyring and ankyring isoforms—Ischemia-
reperfusion—Calpain—Rat brain—Subcellular fraction-
ation—Synaptosome.
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FIG. 5. Proteolysis of ankyrin isoforms in control, ischemia, and
reperfusion groups as demonstrated by quantification of the im-
munoblots as presented in Fig. 4. Proteolysis of the 212-kDa
isoform of ankyring was significant after ischemia (30 min) -re-
perfusion (60 min), and proteolysis of ankyring, as detected by
the appearance of its 160-kDa fragment, was significant after
ischemnia (30 min) and became remarkable after ischemia-re-
perfusion, The 163-kDa isoform of ankyring was decreased after
ischemia-reperfusion, although not significantly. Data are mean
+ SE values of the amount of ankyrin isoform (arbitrary unit)
obtained from six rats for each group. *p < 0.05; **p =< 0.01,
vs. control group.
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