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WTIR M33ATEVLT] F15%28H) . LhdYallptYal2pi@~rod) I
7 —%IKT B . Bt YtalOp/Afg3pd Ytal2p/Realphiy v 2m v & LT b#ET 5
ZENERMIIFRIN, THODAAE D . — VR AHESMBICE WTHEEEN
HORR BERLUILEY vRo VHEBEEF O LW TFRIN TS, AAAZ—
WN=T 7 I —DDADDT 7 I J—{3, BEEGPHINGEE DIEK HHSES
EAD LT AEAEME & SEEMFEI LUl D 5, AAAEHOILERD
BREDMID, T LTERMR T o F TV — APAAL Y0 Fo7rT—HIc L5 EMAHE
MRICENT ED LS BEREFOON IS HOPE L LTERINA TS, COA
TZo 73 F—TIEIh OAAAE D H BRENE EE OHEE & BIEICDWT
DFE LFmBITIEDbNIC, HLWIATDT7 73 ) —FAE ) 2 ETHLOESE
W, FHIEWEINENS { . EBRIGERRIITONI., AAAE Y 2 —)LiZdlid 5
fli > ATPase/GTPase|Z {fF1E L 7%\ » & F— 7 SRH (second region of homology) D # k% fi%
B9 % O EAAAAGE TR OILERRE £ 5 BRI HEO—DoTH D, FsHiZD
WTSRHEUR D REINAT 3 /BB T o077 —BiEthIcHETH S L) SR
RENI, COAT v I F—FAAAR—/N—T 7 ) —HED BRI
k&2 OG- HMEELE L EMES o5, UL : lBEKE - &)
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c. AT=vTEiFr— “FUoNIEADHUERELEZTD/NEEANGE
FilDE I F—A I wmfEA - B LOFIERIEA S/ IEEA &78 - TH#E
Ufco BECRMIO@E Y 2y 237 Bid, VR — LETORTF FEHE KO,
INIEERIZ B TTEIES R G ZE & 5 & (Cfolding 2N TE OREREZE MG d 5,
Z DR THic2 DT I ) BOBREEMNTT b 51T H . NEURESDM N5 bl
YRGBT, FNa—RE LU=y /=R Y Iy WfTbick. JLY
EicEkEh, €I THAIBHEMER IhcBICHRBANGHE IS, LhL.
foSMDREKIZE - THEREI INIIBEOMEMR - A - REPHRZEOEMNAR
ISR D ARSI NI RH 7 /87 B, MBBNBITRIERICTOO IS, £ D85,
INAANTHMESNTLE 5. ZORKE Y /7 HOBRE A /Dakick i
3" EEH AR IN TS EEX TSN, ZO& ) SHHEDI®I
T RITEH ENmH - b DT, €T DOMIHIZE  DETthbn TS, ¥ F—
Tid, SOKIBRES /7 HO5uEE &2 O/ fatki 5/ O ML 2E i 13
WFEf & L TUTO4MEDOREENSH D . ThTho mHEEES IS W TRE 2
FRZBT DTV v R PRI E T 5/MakN T o 77 —BiZ 0Tt
U7oe 59’y Tariponiil@eichir 2 R siaeh CRLIREX - £ - Mmapk, m
HMEHE) | Tid, misfoldngRBICFRAX B PF o ZAT 2 ) JZHLT. 2 F7 +
N Y DANEF Y ZHGHED T MIOBEETRE Uy Eehicifld 5 &46c,
RICANWLT 4 F 2 UOREETHEO) FBRICK TS 7 )va—X b)Y 3
YKL MAEHEBES RIN, RO THIBEBNICERBSNIREY /N7HOD
acnll SR Lok - BET - GHIER. Ao 1 1F0F - KEses, ¥ bV —
HAEDE © KA 02, MEEX - HHR R, BIUEARRD : HHA T RER) TE.
BEREPICRBLU I ALERY /' F — LERKICX LT/Mak s /37T & %SPDI
(protein disulfide isomerase) /3534 U, €08, ALLNIZ K > THEEZIT 5V A7 A
77T —Filk > TAMEIN B Z RN, X 6T, invio T, &Y
F—LNEROT 07 T—¥IL k>TSS Eh o, TOMENREINT,

51, 3



k7o, [HKRVELCATXRIBAEI &6 1) 50 wbbEd & £ o/patk i 2% (fRK - € -

AIETE,. WRA. SAEA, TR, I LCAIREK - B : AR | T,

HepG2|Z % S8l & W /- LCAT DG4S ZE RARITH L TANARF ¥ v EBIPHRET
BlEL X6, A Y EEY—DRRED CEREDO MR 0T T/ — LD
Hinmgahic, K&, (7<) ABHiumkeE (D770 2) #E5KIZESN
5EY I YKIKFHERRA fo4niEHE & o/Makiam (ERE TR - B ik
e, MERIE ] ) T, E9 I VKOREHRAITHE 717 7 YL FTBHK
MBI EERB IR To7A  CHh, /MNaEiciHE L, #BIRNG AT 5
Z MR, €O, GRPY4, BiP, AV xF v, AINLT 4 F2 Y v REKR
EOpI3LpaSI EMEE L. A Y EEY—DHERBNS ToF TV — AL ->TH
BIhsZ LRI hic, (MRS : EETK - #)

4. 1 1 EHMBEAEAESREICHET 5 EHES#E (The 11th International

Conference on Proteolysis and Protein Turnover, ICOP) /n 5 -

Z OERICIE, AEGSHEEROMR 2D EHOERMRENSMU. &
WTid, S£THAICOPEHS (JCOP) RFEHTHIHAFIRMNES (F1 0
BAEOEME) ICRBOHMERI LICOP A L N—LEOEREBRELUTHS E&b
IZ. ARSI U4 ZOWREICHEINICRE - HTBOABIT OV THIRICE
EBHTHo-7,

a. ICOP 96 #4% “¥&HRRE"

A :E8HE9RATH () ~118 OK) \ Bfh: 74528, Y7
fi. YWZT7)und—krd— N4F T 14—, 51 1[0 ICOPHEERRITY
)V 7 KR Vino Hopsu-Havu & %4 — /+ 4 ¥ — L LTS hic, Y7
HEANNVY Y FDLOEAZ20 0km, TOZJNNIRD 747 FOHAT, %
BEWLIEE OH VT TH 70 FROQ[BEFPLEIODV LN/ ECAHIIH S
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HLWEY., ~M A7 4 —TiTbhiz, k. Fic 743 Fida—oyN0D
HILh o2 LB TS 728 BITENRPIZOO TRV D EO0AC ST,
ZMEIFIZ2 6 04T, LREILEICKDD, TERVWHABOX L E-FRI-
EBA LD Bl B 1 0MOICOPRENHATITONILI &L T4 T Y B
HADSHITHTRbIEVI—0 v/ OBETHEZ &, EORKICLD, BliFOD
#1/5, 5 08 HADCOBMET, K7+ 7 » FOSMEHGE 0 KK <
BBETHI, YNNI REFBERIAILLS “ToTzoY—X - PUA" OB
BTH2EIN I, EEOSHETAL4IOM T, MHEREEAY 8 3 0 4klE =
H. NEAZRE T OME. KRR ¥ —5EME 8 6 A RE Iz, BAADEE HMDTIH
FT. 1 5BV NBREET >, RO, RRF —ky ¥ arDiFh, VL7
MERETO YN HEMDO L ET v a v VIV TO 1 8 ED/ N—7 1 —
(BIDORD DITFSIE AR EMED, T+ —7ORDDICFEED )  E<DR%E
®s 72— AL EORENH Y, RERBLERT (NG, [COPERRITI—0O w /Y|
KE. BAROMEICITE FERICHET S 80 LahbENRH D, KOl 1 2EOSHRTK
BTHCZ ENERIN, L L, LA —ATF A F—RBRET. KEHOD
ICOP[HFRZ BT % J.Bond &EB.Sloane/8 .M 7 - TR BEIEFFEDH LT ENT A X
e, BAEAD EZ A, 3HEHD 1 99 94T HITKRR b o Thiftxh 5 a[aEMEN &
WEDZ ETH S, (B AHE— : K - 440

b. ICOPY96 #4% “V VY —LT o777 —HOHE"

VY= LATT Y AT HHEOHN S T OREEEID EiTF 5,
1) Bromme|Z & 245 BIGH : #t LWWAT 7Y -HBERN AT T2 YIZD0 T,
% { OB - MBCEL, AT A AT T Vv, AFT VB, H, L (oKL
VRATA EBEEIISDAT TV VICIRon TV BT, MARKERE LA
TEVH LW RTFA v T a7 7—EnkeBREN I, WThbAT7 LI
HES - BERETEE 3L LT3, BrommeD 7 I— TR E, RREEXOLD %
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BT LERDE) TS,

ks - AT T VK (BEHlkE. B85  ATTYS (RI/n77—Y,
MY > SED) ATV UW (T o8l AT U (iR, RS
AT 7y 2K 195 EMIaICHRERT 27 7 2 KET3— F95cDNAZ o—
— T OBED =D DPREN & X7 (Inaoka et al, BBRC, 206, 89-96, 1995: Shi,
G.P., et al, FEBS Lett., 357, 129-134, 1995; Bromme, D. and Okamoto, K., Biol. Chem.
Hoppe-Seyler 376, 379-384, 1995) , AT hEhAT7T L YK, ATF7T 0,
W77 02 ThHotco BERANT TV VKITH—EN58HICH 5, cDNALAX
WVOREETE., AT Ty v KidAT 7y v LOIMEHEMBTRELTHS &
Vo TOATT Yy KOMBFERAFEH L situ hybridization e HLEE ¥ kA T
LA XN TU A (Drake, F.H.et al, I. Biol. Chem., 271, 12511-12516, 1996), #1577
Y KOEFRFHEGHEHRERMRTRIEICERE VI EF by X7
Al THIF XN T3 (Bossard, M.J., et al., J. Biol. Chem., 271, 12517-12524,
1996), AT 7Y VKPFRIICHIT 5 FEE T 077 —EThSI EENFT
Z#E AL XNtz (Gerb, B.D. et al., Science 273, 1236-1238, 1996) , i {kiiE &
g &5 & 3 5 Pycnodysosteosis (3 8 e kS il s TH B0 T OEREH T
YYKORMICE B EBNHSMNIZhT, BEMR TR, 477 Y K#IEFOD
FTreVA SREVA, LI FCOERNRVWEZN, BT FoORRE D
CDNADFEHE, mRNAIZD L B3 /37 [IRAEFICHRIE S h i - 1o, 4.
NTTy v KEENE U BRRESH 55914 7O o< FHMEGRD K5 v 7T
YA rhEFIh5sZ EiIZiE59,

ATTY 2 S : #HT7T 7T S OflEERB (mRNA, REMMFIORE) ZaHICS
&, w/a77—Y, BYRRZEFEALIRBUTHEEL, 1 »9—7 0V
Yy THEXNIOT, MBHFENOAT T OMWBEIZAS &) OHBrommed F
RTHb. £los ATT Y v SHNREDFEMEIZEY 2AEHD T F 74 »

F— g UIcMET % = 475 L7 (Riese, R.J. et al, Immunity 4, 357-366, 1996),
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HF TV WELU AT S U : cDNAD S DEXESNIN A B EATT 2L &
DOBPHERE DS LIS, FIRERERT— 7 TH LWL LRDMHSE,

LS8, IOIHBRRNA T TV UREOD D . £ OMB RGN S
KI5 5> T v Litig,
2) AT T BEFD) v I TT b
PeterstSy 772 WD ) v 777 b AOFHER Ui, 47T DS
BEIERAELTH S,
AT T D A 2BMIZERICHEE TS, SEETRENLEED, £#2 6
H i A & 72 A DFET-T 3 (Saftig, P. etal, EMBOI., 14, 3599-3608, 1995),
AHIER D S RER BRI LA oh. TOBRES2koBtEL 23, £%24
A Tidfalids XOBBD ) 3B TR b= 2%, LHERY o RO
NBEZ B, /w777 bRUATRKOBREAZEE S5 0LL LML, YV Y —
LOEMS B LUMHCY 5 2100 #8134 ERERT S0, i, A77TY
DA b AL ANCE>THEREINE TRV XOEETEELBEEELTED.
W7 T DT »F v ARNAD BERPR TR F ik ->TT R b= 2000 il

X B LD W HYE XAt (Deiss, L.P., EMBOJ., 15, 3861-3870, 1996), / w 7
TIEIIATOFKRE—RFHLUTCND, AT 7Y Y DOFEEIFHIUZ X D RIS
D, HEEERTAP—Y ARKB G 307077 —EOEHEMICEET 50T
HAHIM T EBROBREEEB I,

ATT L - A% 2B AL SCTEOEFIGEEL, 19 AL SIXBHNEKES
LA, TOBRBBELREEZ VBT S L, FLWLAAZZXLRZDO S,

HEFIEERIZWS X9 TH S,

AT TV BEIUVAT TV VH : AT TV BRAT T HD ) v 2T7 b b
fToTWB EDT L2 BEI D -7, (ARBFEL : BREKX - B)
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c. ICOPY% ®E “— b7V —2HICHELT

Frtifac B - Fragika it RIC RS hoMIRN S /37 MO 58D
FED—ATHSP.0.Seglen g (/N7 —) kb, 587+ 5 > FOICOP
THIDTA— P77V -0y va YERE LD OB bEE LA LOBFER
. MIHTOBANSDEFUITEHY., BATEML TS/, #MlldgNs /37
AW EVIHBICBIT 2Z0F— b7 7 V- DA ONT, BOPROL # I
bEDH > T E L. BEOKHP o) bIZ EMANZHRL A DT LK
FTHb,

EbEbA— b 77— (Autophagy, HEFH) &3, MR TDY VvV — L4
Ry N THEGHREEDS B, T FYA b— X (Endocytosis, Heterophagy) %fx
WRBEEZ TIHFRL, 2D, JHhidfs MRS V7 Bz BAAT
HED, MBADANA RS OREBIRET HHMEEXTEC, MIBAOMKEE
EREDT A > I 7 REBZ D LTHMICEHTAZ LOTERVWEBHBTH S, H
T4 Christian de Duve 2 [Hx5 & U THEPHEHBERAE > TWH7HS, 8L
WIRBIAE S d . AALE MR OSBRI SICbIF LA CEE XIS
TLE -7, Uh &b, EEEZDREOMEAES S (iE) THEEY Y RI7T A
ST ICOP TDOZ Dty ¥ a YO, SIChMIEI M ELIEN D S,

HEMOE, ¥R IZELARZEH, 7452 K, FTHRT—FT U XEN
fRoBFHSE AR CERT EWVI) HF R TIL2 (Turku) , O3 LLVINRTT O
b7 b7 KT BEE U 7o F 4 2 75 BioCity/Turku Technology Center & 19 23T
199649 H8 A A 511 H & TH1LEICOP iZhhh 7z, JLR60EE %G &1 DIT, —
FROFEHZZ > 72O, bILV7 BRBEZDE DI 570, IFIKA- LD, AR
bbb Rohd, B, "TNSR E TI0MIENFTHCE LWFEZE Y
HITOL OHBELOHBTH - 700 ATHORBE~OSINELRIL26445, D BEK
MOES3ETH -7, NEFKRIZTUE, 5 5 HAED S IEBAM—% 2 O Plenary
lecture 2 GHISFTH »1co RRAY —RHRITWIOETH - 1, FITHR Y —DREIR
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DT S SRR N T ORFER BN -T2, 29 LESEDHHOLET
EW-K D EMELRDT ENTE, LD THHRATEIZ ENTEXLDIIKE
1Ay M2,

A= FT7V—0ky ¥ a VidEIBHOWIFNSTH -l eI &I,
MHSBITIIHRZD Seglen HERNBAEFRE T -7z, EIDEMTARRLTLE -
el WWH I ETHoT, B, RIDIAE—H—TH%5 W. A Dunn £ (Univ.
Florida, U.S.A.) AaE|ZE2MRTEy &3 Y &AL, kOO 2 BIZEERZMRNT
DIEEN - BEFERFET A4 LIcbO T, Dum HFEGEHY TR TS
2/e-L3i70-A—b Ty V—DMBTHHFELRS I EEMHLLL, ZORT
Z_FOA— b7 7 V=l DO TS EXEZMEEZSATV S, FHIE 5
D2 Uz, KBBMREER LAY IMETOHTA— b7 7 V—0D%K
BHELD, TOBETFIEE I n—= 7 URFIEEIFL. €05 LD APGIH#
[ OO Protein kinase 2 7 — FLTWWAZ XA LI, £, KIBEROE
EHE S RTSTES Lis, o3 ¢ 6T~ TBATIATOEETH - fh,
P. Codognofi+ (INSERM, France) { b b KM A4 HT-20484 A L, heterotrimeric
GiB3 protein{l K 54— b7 7 V— ORBERBEORGEMOFLEEZ R LI, FFIC
ai3-subunitO% FBARA V- B O + 4 7 FHH O overexpression {2 & V) Gi3d GDP
HEUPNHATH S LA LIz, Zhid,. I THIEMORT RPERNR®R
MERHTH > e ZOFEBRICH - Ts WENWKI DA FIZ S TFHEMFHTELE
MENEH 7L ENHEIRZEES Uiz, 23 E Knechtj§I- (F.V.LB., Spain) (X,
SRR ENDNSEA— b7 7 V—1lhH-> T, fFICHEE) VY —LTHE
R EAESWDAThAEEIN S Z LAGAPDHPRNase ATIE L7z, Thig
I. F. Dice (Tufts Univ., USA) O )b—F LOEEFFETH S, Bk, COF—bT 7
T— DRI DWT I, ARIOFERIIZ TN - 12h% ) VY — L L ubiquitination D
PR D BT K ZLEHEEDRD TE D #EROBZX LI OV THESZET L H
HWENT—TTH 5,




Seglen# 2D 7' ) —T1&, HEDOb 0ITKFERAED P. E. Stromhaug H 735 %
L7cdd, B EORAEH oA MLER 2R T, et — b7 7 U —Ohlh B
BT EAE ) Y BERIGAES L TWAZ LR LI, BfE. A— 77—
E/BABMHEE S GRVEYDPT I/ BICKS) EEOhGER (autophagosome
DIERER) 1I2hbEEZEZ 6T D, D3 AfFELER (HKXEKX) (TBERE
TH[RE#L A1k & U Tautophagosome 2 & ¢ rautolysosome Z Bijl U, O 43 D &
HEOSHEREER MRS oh Tz, o A — b7 7 V— RGW-P/h gk
BIEELF U CHRRBAKD HZFp2Eiift, MERENORLIBRRELESCA LT LN
TZ5M%, A J. Meijer % (AMC, Netherlands) {3, R THIH S >D2H S PI
3-kinase*p p70 86 kinase 73 Kj K 2 WHIABE L. ROEFENTHL ESHLNSET 2
JBIZEDA— b7 7 VIR T O OB BULTERR L T, RIS
i (FRK) E. D48 Bt Ain vitoRBA DRA & U CHIKIME 122 IREY 12
7% &V B # il BE # o-toxin Lstreptolysin O SLO) e 314 2 7 7 Ml

(permeabilized cells) DRELITDWTHGE UIce A—FT7 7 V—ld, TOBEL-TH
BREHO O, ChETHRAMRET S EED LT HRBT - 1288,
a-toxinfLBIZ KX D HIHTin vitoFkR TORERA— b7 7 V-0HHE I, F /.
SLOMLERC L Dt A b /)b EATPOIAET TZORMER OADFER I, Z 0O
“HORIE B IA v F 7 MFMREEROT., ks - R CTPR A B H
PRETBC EER LT,

ZOfl, RRZ—FHLIENTH, A— 177 V- 04 B TREDOREEND -
fett. I TO Y 37 HaERTT 57 3/ BV 77— OFED .
auto-phagosome HL it « ¥4 BD3A A autophagic vacuoles DTEFAEEL D720 DF L W
cryo-sectioningfE D%, B LK 54— b7 7 V—OMST E, HLULERNS
MERRED 2 EREEIN T TLAAARIBoD MR TIF YA T4 7
RS KRE Mo k) IClbd, E6THETAYHDOHRENPDVA-TL S
HETHBH, TH LTI -0y O REOBMERCEHEITERL Ol L
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FREKREBUWHTH 570, HhOTIE EHHBF X THAEDY) V) — LR &
BEEN b DD, —BREAE-TULEOMIRRA - OGETH 50, HldE
WTHUAX OFEHZEZED I UH TS Z ENEBRI NI BN F NI HD S
WLy FH A b=V AP NG EE RBUBIE, Chbho—HEBFL) &7
HHDICE->TIRIOA— b7 7 V= BENET S ELTHES (AR
BTRZ D, Fhoo ALY, 40, $38 DK HE F RO B Glenn E.
Mortimoref§+RFEIZZARDICHSTEI ENTELI ENBILLDDEUITH »
foo R EOAMIEETH D, 3 0EICHOAVEICIOAFICEBRIh TE/®
+Thd, TOHEED LI HBFEBNT LEDN., —HOMLEbKb-Tkoh
fo kS TEh, FESTE) S AT LO#I EA LD OFBFBIEHARERNCELUA
Thothil, |
Pl L, Seglen D RBROABNMBRERETDH » 7. ZOHEHOH Lk
BARET L ENTE, NOBOWTL AR TH>7c, RENELATH S,
(M Z=:#HBK. B

d. ICOP96 #i% “aE¥FF o & FuFrTV—L4L"

T4 YT RO M7 HICEOTHESNCAEBE P2 TIERENZ2 6 0A
VUEE D 4 BEICHE - THEAFBRRLHROHR O IR Shic, ARMTE. o777V —
LA EFF RICEME LI P Ey 7 ZEFNTRENT B8, ZOS B B LIRS
ROHMBELHEL MEXN, RERELUIEE EE -7 FICARIOFERLE LTHE
PERITIEF BRI THEIN T DA TH > 7o 77 Y — LOEEER -
GIMT D £ A = X LAY, HEEERTIC L O v O IREICE S hiRD o L) T &
BT oNbd, A F4a I HIVBEIIONTS, RITORSEHNT Q5% L8 H
LA TEZZBEZ) EVIHGERBERL S, BTIKEDO L R— Feffiilicx &
HTHEmITT 5,

4077V — LOHEGABD A H= XLz T, P. Young (Univ. Utah,

DAL




N o

USA) iZ. 268 Pp7 7V —ALSsar7azy bHHORY) A EFF UV EESG F AL
ICOWT IR OBHTHERZE R UTc, BER, SSaDT 1 L— ¥ 3 VERKREFK
LTRYZEFF o LORAEEIE LR, 73 /8 196241 FDa-~\Y v 7
AEBHBRAFEGITRDEETH L L OFMITEL 1, BHIZL S L. ZOREF
FHTHRTF Fid S5a LRIFEDR ) AEFF REEEEA L. hoHiLs DA YN
TF FEEBRATHEE L R) 2EFF VPERSICTMTE S S L, BREL
C &I, S bl ORFIEF IR SRERY—2FD2 68T T V-4
V72w bR RODDoENDTET, 268077V —LDEHT 2
=y FED LD ITEBRESHELUTR) 2 EFF VAR LTHEONME T EE
HEic Bk s 7o B, A. Ciechanover (Israel Inst. of Technology) i3, x5 3 K1
NF-«B (pl0S) D7 ot ¥ » 7 EZDEAEA Y E ESY — IkB ORI OVTHERR L
78, plOS OBYE T oty XTI BIT0-404 BHEBICH B )y
FRAAUHBEETHBZE, 2OTY V2 9vF FAL VEARKSEIER pLOS
T, 7oy v FINFRRESMICETELTLE S I £2RUI, BEE.

F72) UEER kB % E— ZICEE L UT [.xB O AFIf 5 E3 O HEA RS
TWBEI . BUELEN TS bDIZAPC/ ¥4 7 0y — L ERERIC #5 TROE3
BEAKRTHD, VBB O IxB OSZERHRTE 6L ¥ 7 FIVKENE
[-kB DA RU BT Z OE3 AN HOLIEHE 2L TWAE T b HaEA oh 5,

F. Papa (Univ. of Chicago, USA) (%, i EFF (kBEFETH 5 Doad [T UVTDFE
FalTolco W SdDoad ($2 6ST 0T 7V — L EW A UWILA S HIBE I HELAE A
LTW5CZ &, Doad ONKUGRBIRIFFRIEEZRD DTV A Y PIRFETHI &7
EXHOMMIT B ERMRC, Doad (2, 26STOF 7Y —LAlckBaEFF ALK
HOMRBRETEMEDBINCH EWIEZER U, 2E D, 2EFF AL
Hiz26S7n77Y —Lil&-T (RYLEFF AeEhicEF) RIFFicE
TUMF X hizd &2, Doad DIRTF FAO L IREMICBRLEFF LT EEVDET
WTH5D, ki, SPOKissclevip SR AEFF L PIIAEHERAEL #HIC26

-26-



S7aF 7 V= LOEHFLICA > T O EWD B HA, Zhissd LT
Papa (38 2 EFF AMEEAREKELT IO T TV —LAMICA- TN Z &R
AL AEFF B2 687077 V—LAMIO I EFF UEEEHSIC D E
TEAHFDAHDN2 6SDF—IVZA>TNL DTV EEZ I, Kisselevid,
T~11&0H 777 V—LEEORTF FBRERIE 7077V —4LDaY ¥
ThHhoiEHEY A hETHES EITREWEEEEOEREEZTIM UL DERL., ko
EdF ALNSEICEEZ S L) Papa OFZICEMAR LT, R EFF 1L
SN EEIRRMICHH N ZEBICOWTORWERI D S hic,

RAY =W TR. 70757V —LO0EBUNHO A H=_ZXLIZDNT
Baumeister (Max-Plank §f)D Z £ o, H#IE 2 0S7 077 Y — ADOFEMSZ
WIEBRERSR A EREFINES TH-1c. TD—ATH5 L. Dolenc (3, 7o
77— LD FERALOR T YINHES & OBD O IS OWTIHW I EEE VLT
Wb Uiz, 8 Sld. BHER Fo577 VY — LA EERPOE SR LIER T 0T T Y —
LDY Ty bEpH BALIT L > TE 4 Bl L7, BNTHETHEZZEHD
BB ECL > THREPOLB L DULOENWT O FTY —LEFHHIK L. ZOER
TaTTY— LEFREROLETORTLHEN 0T TV — LA WTEEZK#E
T HMEE s UMy U7c SR, BRE OREFE T IZE T, mF QKM
RERBERIITNWIEEZRWE U, COZERBRHRToFT Y —LITBWT 7
DHLEWHANLDS B 1 DICHEIREAT B2 &I &£ > THID 6 DOEALITATE
fELTLED (BXS6 RV T21=y PHEOTORTY v Z7HHRICL->T) &R
BLTWB, TOZ &, FoTFT7 Y —LOWHMERIT LD A /X7 MDA ST,
NF-kB pl0S RHERTF FOTakty ¥ 70 ETaF T/ — LD A Fa TR
TEHEEEEE A D ETH RBICAREVHIR THS EVA Lo MU  Baumeister fff
® F. Zuhl &%, Rhodococcus 7 o757V —LDO4FEOY7T1=y FEHE al,02,
B1, B2 #flix# DIlAEHLE TREEPIC BRI S5V AT LERL LI, £
DR, EDLH S0, pOHAEDEIZENTOMRE L TERER>T 07TV —

-27-




——

—_——

LD D H. H—0 o, p OHA GhED SHlKINI a7 7/ — 4l
ETHERND b OITHANT KmiACEGRETH S ENHOMIE -2 Z O
Eho, 7077V —LEESGEANILEVWTREY 72—y FEIEWIAD
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gene MW type knockout
(active site)
AAP1 97634 metallo viable Ala/Arg aminopeptidase
APE2 95294 metallo viable Leu aminopeptidase
APE3 56867 metallo viable Pro/382EVET X / BR aminopeptidase, aminopeptidase Y
LAP4 51681 metallo viable aminopeptidase [
YIL137C 107706 metallo ? aminopeptidase & FH{LL
YHRI132C 47219 metallo ? Carboxypeptidase?
YILI08W 77412 metallo ? 2
YKL134C 84034 metallo viable thiol dependent metallopeptidase
AXL1 138208 metallo viable a factor HIBEAE % Asn/Tyr T Y HF
CPS1 60129 metallo viable Gly-X carboxypeptidase (Carboxypeptidase S)
PRDI 18726 metallo viable Proteinase YSCD, Saccharolysin
STE23 113256 metallo viable insulin-degrading enzyme® 7 £ 10 &7
AFG3 82180 metallo ? AAA family, ftsH Z=€0 7
RCAI 88412 metallo viable ATPase, AAA protease, ftsH &£ 7
YME1 81768 metallo viable ATP-dependent neutral zinc-protease? E. coli ftsHiZ 34l
PIMI 125001 Ser viable 2 M3 F1) T ATP dependent protease (E. coli La =€ O )
PRB1 30013 Ser viable Protease B
YCRO45C 53179 Ser Y protease B and subtilisin /= 3Ll
PRC1 47158 Ser ? Carboxypeptidase Y
DAP2 93373 Ser ? Dipeptydyl aminopeptisae B/proryl oligopeptidase famly
KEX1 79568 Ser viable Carboxypeptidase, &¥i @ Arg/Lys. % I} « factor processing
KEX2 76571 Ser viable dibasic sequence = YJHf, « factor processing
YSP3 49772 Ser ? Subtilisin-like protase III
IMP1 21432 Ser, Lys viable signal peptidase
IMP2 18170 Ser, Lys viable signal peptidase
SEC11 14686 Ser, Lys lethal signal peptidase
BAR1 61143 Asp viable a factor % 7%
YAP3 57767 Asp viable paired basic sequence % Y]}, Aspergillopepsin I
YDR349C 64480 Asp ? BARI, YAP3 & aspartyl protease }Z 35

YLRI121C 54573 Asp ? YAP3 {2 FH 1L
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YIR039C
MKC7
PEP4
CDCI13
LAP3
YMR154C
YUHI
UBPI
UBP2
UBP3
DOA4
UBP5
YFRO10w
UBP7
(Ubp8)®
UBPY
YNL186w
UBPI1
UBP]2
UBPI13
UBP14
(Ubp15)
(Ubp16)?
YIMI
YNL212W

MKT]I
YLR271W
YLR424W

58179
64204
35726
104893
55488
83117
26368
92714
146303
101916
105198
92269
57109
123133
54kDa
86241
88492
82711
143085
77177
91082
143kDa
57kDa
41652
88815

94475
32002
83017

Asp
Asp
Asp
Asp?
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys
Cys

7
viable
7
4
viable
&
viable
viable
viable
viable
viable
viable

iable

T I IO R E T -t - ARG L L - BRCES B S ]

viable

aspartic protease |Z 512\

BEET I /BRIIERHL LW
Protease A

r’

aminopeptidase (BR1H 7 2 / BR)

C. elegans calpain|Z 38{)

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase (UBP6 ')
ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase (Acc# P435931)
ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase (UBP10/Str4? !} accession#7 &)
ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase

ubiquitin C-terminal hydrolase (Acc# P501011)
ubiquitin C-terminal hydrolase (Acc# U418491))

3 ka3 F1) 7 protease, E. coli leader peptidase = 3542
Cypro4 (C. cardunculus ; fE¥)IZEHEL Cyprodid 70 7 7 — T 541
& & S
retroviral protease signature, DTG % 2
retrovirus-related protease {4 LAl T %

N &g A4 L 721} retovirus-related protease (2L Ty 5
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PREI

PUPI1
PUP3

oW T W™ W T W

knockout !

lethal
viable
lethal
lethal
lethal

lethal
lethal
lethal
lethal
lethal
lethal
lethal

synonym

YM9924.06/Y MR314W

02065/YOLO38W

Y7/YMLO92C/PRS4

PRS3/Y 13/G6405/YGR135W
YC1/06650/YOR362C/PRS1/PRC1
G9155/YGR253C

PRC2/YC7 « [YCT/Y8/G3728/YGLO11C/PRS2

YERO12W
DOA3/PRG1/SRR2/P8283.15/YPR103W
J1407/YJLOO1W

YFRO50C
PTS1/YBL0407/YBLO041W/PRS3
03554/YOR157C

YER094C
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2. HsIV-HslUFp57—¥DOFFR (Chin Ha Chungi§+ O #E» 5 )

Frk 848 A 1 A EE Y 7 IVKFESFHYFWFLH O Chin Ha Chung iz A3
LA R R R AP L TRIRIFE L - — %47 - oo ARIZChungift (LUFHER
W) DM EZDOBICHALUAFFEICOWTER LD THS, ChungidFLOH
KTHY. FhH 1 5EGHTKE N—/N— FRZERZEHABZEN (Ba-Hlad
W EERFY) Alfred L. Goldberg#Z D5 RIZHR A 7B E L THFEL T EE
DM TH S, @K RAELTEHEANEE L LTORVRAZRTSHIZE
T, T, YRR RBROATPIKFE S o7 7 —E & LTRSS T /B
FEMLONT o 77 —HETH Y. Goldberg®d 5 FETORBERDWIIEIT LB L1 &
ORFEFIIFEH & LT HHE SN TU L. Waxman & ChungSE L MTEH LI SIETE
(ZEDH T (FEWVICHRIDOBEICMb S -72) o BUELTAS &4k
DGoldbergHIATPIEEE T 07 7 — ¥ OBE THRO 077 —E¥E2 %75
EWIZBA TN Z EDEEPMIE > T 5, £D%#,. ChungitGoldberg & DI [EPF
% & UL TNIHODGottesman (4 6 LONZ 07 7 —E DO FEE T, Goldberg & T H >
CEHLTOSOENIME LE0D, RBERO T A 20D L5 ICHhHTINS ;
J)smGoldberg |33 & THEO T 5 DHHFETH S5 & LREKHIZH —DATPHEAF
#H7 o757 —+¥TdHHClp (Cascinolytic Protease : FAIEZ D& ZADIE X DMAITL
DHHMET SRR S, HFIAMBIIILA Y MIfTWWELLS) 2REA L. BEIC
MEES Z OBEOWREFT > TE oo Chung|{d19924E | ScienceZEiZClpd I — L E
A—APEL 1T B, 1. Biol. Chem [CHGROFERLAERET B0 &, BE
ARETHETFMRE LG -0 ZOBRODREROATPREE 0T 7 — ¥ O
h24%17 1. Clpl3ClpAP L ClpXPODfihilsr7 2= | (ClpP) A 345 LATPH 7 2
—w b (ClpA&ClpX) DRULL _FMOMRELUTHFETHI &A1 9 9 24HICA
W ERL, X 5ICH 4 B B OB STRIATPIETENE A # 0/ 07 7 — ERsHAV MR
KIS BRADZ N—TFic k> THRVLIZHER SN DIZ1 9 94FEDZ L THB

( “BRATEH LT B1E5HW : /MEROI =L E2Z—-BR) . £ LT, KBH
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IChi B8 5 DATPIERE 707 7 —+ “HsIV-HSIWUZ o7 7—€" OFRIZERT
Hotce COMBORRICESERIT. ERAEMOATHKFEE T 0T 7T—¥THS
2687 0T 7Y — LOMBEKREICUTIFES Z EAVTEAL, 2668707 TV — 4
W DATPase Y 72—y b2 FLRBI 1=y bERAVA =TT T7—EELT
OMiEa=y b 087077V —LELTHRIINL) OMERTH S LI,
BIEPRMOBRIIE >TWS (1) 2% ABRAEI EIZh oid, Lon, Clp, FtsH
LEDKIGEATPIKEEE 07 7 —EREE OMERUENIE LA EFE LS - 12
DTH5B, £lHEFTZIE, FsHE T TT 7 ) — LA ATPase DATPHE A LA,
AAAT 7 1) —ATPase (2) BT E5Z LDATH -7,

ST, FEDOFIEShuang-En ST L5 KIEROH LB a v 7 7 N7 HOD
[POEIL | OWEICMS, Wold, BISETERTES 37 HAEFFRICUTE
L. €h 6% 03— R 5 {zF#Hsl (heat shock locus) % 26{H %5 5 L. HslAH & HslZ
ZTHEMI . (TE226MEEF D DIEIMHEVWDOTH B (3) o £LT, HslU&
HSIVODEZEFA8A RO 2R L TVB Z EAIB L, 8722 LT, HslU &HslV
354228 7077/ — LDATPaser A LA = For7—EH 71—y MIEWL
fFEEDSH 5 Z VKA L 7o, 1B, #MEMIZT 07 TV — LOH EREE &
EINIDTH D, ZDORFICERAERE > - WFFEE T FITHE { 1 iz, Shuang-En
I3 D - EGoldberg H b £ D—ATHY, 7o7 TV —LBFROZ LS4
ICTHHERERTLEZORO—~ATH -7, FIIHSIU LHSIVOREFEY: - HEMLE
e —RHE  ED S LEWNHSD EEX, JDI L&Chungilf#R L2, HiZ
COAND VBEFESHEL TR ERBREFRT D &K L. BBICHsSIU
LHSIVORERAR G Z R DA TR OWF FH L75> foo HIVO BRI 7V — T
bEKIh L Tuvichy, HslUD 43l x 285 THidv - 7o, Goldberg 2 & Chungd piLh %
Y. HFAWTRERD 2, FORER, HslUMATPaseTH b, HslVisZ LA =7 o
TT—ETHEI LU L. MHELKFT S LATPKREE o7 7T —EE LTE
AT B2 EHNHBIUle S oORERIE, A4E6 A, Proc. Nat. Acad. Sci.USA (4)
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&J. Biol. Chem. (5) (C[FMrCH#R Shic, BFEENEE OBMITREERMLEESR
SN, Zhe _fFoHmXi, FERICARTH Y. Ld bGoldbergZ#2 & Chung
DA HIZA > TUVD, ChungDifil kb &, Y] idSciencell #FFd 52 & T
st 2 EWD TN T, B YR D K FEREE DRI F SIS Z AR LI
GoldbergH B (I DR X F/ W HEZEHEEEIILE > THSHLOT, HHEDHE
BREER P T B oI H 78 { ZRRICH 2 IcBRE L7 £ 9 TH 5, Chungld
MXN DI 76, TEHWUI] EF - T, BOFAEDEMED T
HIIC@ODIC EPTED S TARGS TH » 72, Chungil & » Tid, GoldbergH %3 5
g, MOTOEMTHH 5T Lailih . KEOHEDOXEHMERELT [
o) WML T, CDITADGoldberg HRIT LD > TWH A ENIAY
THLH (EF5HDR. TOFERIENCKAD SIERERL - LB RETH 5,
BENE S, @AM i & FANEELAIZ UTHEDEHEHINENSTHS)
LML, @R DS LHEOTOEND T, KA Goldberg K2 D S 443 b fif
WTHRITHUELER - TS, AL, ChungDFHE DG LEIIFEE & L TGoldberg i
THRLTHAEDT, O 2 TRBEREG-THWE LD IKEDNS,

IT, IN6DT EhG, RBEICIRAEL &b SHOATPRGEH T 077 —
EOMAET 5 2 EIXi8 5. €O o ORERIEERICR Lic CRENIREARKRE « /My
KEoft5ahs) o fiT, Chungd Goldberg##Z F U'W. Baumeisterg 2 (J~ v 7
AT T 7 WEd) Ok RPFE T, HslU EHsSIVOE T BB ok Lic, &
B ETHDHH, HslU EHsIVEDHESEIL, IFEICALETHEMETEI W
ZI)THS (FFHi7a= b3 74— DMETTORBETLLOZETHS) o
E->T —HEELTOSFHERAHTH S, BRENT L3, HlUR T &iET
HHDIZK U THIVR 6 A TH LI ETHS, ZHd. ClpAPOIY 4T {XCIpALS
6 Bk T, ClpPN 7T RBIKTHY . ATPasea—y b i = DS THERAH T
HbH, i, EEAEYOCHME T 077 Y —L0ME1=y PR T BikD ) LT %
BIKLTWA I EERELRIED, Lhb, EBAENM T 077V — LDH L g
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L+ & U TREINICPAZHRalBO DY 7 1=y b H (af),D 6 ffkTH 3
CEBEBRIADER L BUABETHEEEHLIB 20, bLTBEE, &
T2+ Ro YRATPIRFHR T 07 T—Eid, TOLHBWKRERY L /RIHELE L
ZEMKET, TNo06 MEATHE) TRETH S 0EREXBMETERZLO N
BANIEL UMEK : 3) o LWTHICL Th I oD BEROME & BEAEMBICEE 9
D EHMNE SR OV DME FF oL 5720, F 7o, HslU EHSIVOIBZE AT #E
REREITIC OV T B ERIITONENETHA), COZ EICH@ELTEAE, HslU
EHSIViS Y 3 » 7EAEELTRESN/AZ &k, COREDEG (RS
DERAHIHT) ZREMICT S5 FREDT 5, SV BINIE, ROSENSHZ 5
ZEDIRW “FuTFT—E" & “GFY e OMEERET B AF
BHLILI &GS, COWAD S HEKOREIBVEETLH S,

Sk

1) Coux, 0., Tanaka, K. and Goldberg, A. L. (1996) Annu. Rev. Biochem. 65, 801-847.

2) /DL b, (1996) il T2, 15, 968-980.
3) Shuang-En, C. et al., (1993) Gene 134, 1-6.

4 ) Rohrwild, M. et al., (1996) Proc. Nat. Acad. Sci.USA 93, 5808-5813.
5) Yoo, S.J., Seol, I.H., Shin, D.H., Rohrwild, M., Kang, M.-S., Tanaka, K.,
Goldberg, A.L., and Chung, C.H. (1996) J. Biol. Chem. 271, 14035-14040.

(P : MEEKH)
ATP-dependent proteases in E. coli

1 A B __784
Lon | 1L 8=
: 1 A B B 758 1 207
ClpA, P - 8
1 A B 4241 _ 207
ClpX, P C—HI[. I—& 1]
1_A B 443 1 176
HslU, V Ll =] @ 1
1 A B s 644
FtsH 7 | — (5 ¢; —
\
@./
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8. MHCi3Z7 5 X | LRIRT-EEN?

HEBOMHCIZIZ 7 5 X 1 HEORRICHET 2B EOEE LTS, 75
A 1 s{OBIEFIIE D ICRET. HEXRTF Fobh HLicid o7 T7V/—4 -
Y7a=y bOLMP2, LMP7, X7 F RO/hfafk (ER) A~ Ok %E a5k 5
v Af— 7 —TAP1, TAP20D 8L TH7 T AU IHDH I 40kb DN ICFFAEL T
WEDIIMBAREFEZ I W BT, 75 AINEHRICEFELEST HHSPT0S 4412 + X
B & UTHERFRBRICEES LT aEidEibh T 5 &0 5 & MHCIE
FIZ7 X 1 HHEORTEBROBIH EOTREVDNERZLTL 5, #HELE.
7 5 X 1a, LMP, TAP, HSPTODRMITIZBE7Z - -3 @PEIEREY oh T, T holdstak
FBE. HEEEPARBIZFOMEKRENZ S, S TIHMHCIEZ S X [ HEDOHRRD
DI BIZ FHREKTSH 5 £ ) @i %, LMP2, LMP7OD i & (ki >
WTRIEHBE U 7o RIS O TREE L7ty

LMP2, IMP7/8 e i d 2Rmy 7 2=y Y, X o B FEEICE -
THELLHE (1) KRREFEVTHAH, MEIZTORBTH 555, XIMPIDRH
FA RO, BT 5 RS PELIEHDY S Vb S H O8N S EXDA%E |
g . AN SEX & IMPTOWFEFRE L, Z OEMEIEFHEEIY OELD
WETHOMOSELIE., KWEEBOSLENCAECEERE L (2) o FHEE
IZYAMP2ORTIZDWT S, MO, SIEYDADS, iliEHh SI3Y, LMP2OH #
DRI, Z OBIEFEHRE S FHEEM) O oic. MOBDMEEICAE L7
FHHBILI CGREER) « ThoOBiEFREEIE, FHEEMY € O S0 RE B
Licl&qN 3 ZHONEEIDOBIE U EBEXZ00FYTHA 9. BRENC
Ly 77 R, I3 F B IRXFARICHB LI EEX ohTd, LM LERS,
75 A1, U FICBEEOHMERRS 6T, Y, XEWH EHEOHELXAT S
LMP2, LMP7 & (336 BRIGIC . S 6D FZPA 5L TR T & Ui 78 fl &
BEBbNS, ITERETFEHOIIIZIINE SO, €N TIELMPZ, LMP7
WAL FINTAPTEAL T E AN FITIE » THAET M FLBIMHCIZ R Sh 5 B a1 i
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EITEDRRIZTZ DN, EORBERZRF > TNEDIEHIN? TR DEERIC
EZ B 2D FH i, FEFHEE IS TLMP2, LMPTEAZFRE% B S0 (2
THEIEILE>THEONDETHAIe T7ZVAYAHTTII FEFTHRY E LTI
MHCO Wit N EATE D . THhETICZ 7 Ra, 7 5 X1b, #iAkC4, Bf,

HSPTODBAIEFH7 5 2 7 —HJEK L T B AV LTI /eps, LMP2, LMP7, X,
Y EMHCE DY ir— D %BEt Lic&Z A, LMPTOAHMHCEMHEE LT L
72 (3) o COFRET 7 VHY AHZIVOMHCHRTERDIRETH 52 L2757 L.

HRAEDOWHILBIC A oh 2B EFEEIHRBZFOMADREICE > THRES -
Tl EEmRBUTWBRICAZ S, LM LEN S, —BEidESH LTI LMP2)Y T 7
U7 AHTIVT IREICMHCHABE L T LU > e iEE L B TE 9, D F
FHEHDYTOMBIARINL LA TH D, WBMATATDTFHIIEHRIC X
HUE, LMP2/7& 7 5 AIGREFEEH L TORWETH S CREXR) . Chod#l
Fid, MHCH A H OWRFLEIC R o 2SI TREREB LcD TR Q. HFICH
BIETVHEE > TESTHRES SR EEZTRLTIND, CZTHELXEL(TS
&L LT ORRIEMHC O DR TSR A TL %5, " LMP, TAP, HSP70i31v'h & |

MIEDELIC &5 TRHATH - e T hokeh & . BHEBI O HBEEOPIAE
S L > TRBEIE-LELTHEBL, cOHAEEN/I 7 5 ALRIET SRR
BITHI &L, HUREREN) LU /BB T MR LT - 1o, €08, 7
7 AILRIR T2 L 7 5 AULR R AN O HFLEBIMHCO K Lt -7, " &
NTIZELMP2/7, TAP12{E-FIIMELBOD 7 5 RAIFIBICIFET 5D TH LI M ?
CORRNC ST 7V AV AT ZIVIREZT (NS, ST OBRETHREINL.
MHCH T DM AR _HE OIS 7 7 U A4 A T)VMHCIEY T8I0 7
ZR-27 5 R1-7 5 ZMDIFIZ FA TS Z &, RULMPTERIZ 37 5 ALY 5
AIOMICHFET 36 L 2 Edtmahic CGRER) . #-T. 7 7 ABEORT
Wb B85 T NG FEE 9 AEFLEMHCO A 3 AR ECE (3, MHCAHZ
B3 R FERR OM R LB I N3, S 21, MHCOERIRZ 5 X 1 3t
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FoR7RERTHY . ChIHICHBR U275 RGRIZFDEG O  ICLHEDH
EPE—DFORUED, FURERRICHEORORICEE LE IS X > TEAS
NIcETEEZERBUAV, —H. SEESIEIWMIES / LFICi@MHCO O E— L
EZ ONLEBHIGEET S Z AR L, Jhidkse o { kBB TH Y MHC
OEREMICIEICEMO S 0T T —4A -T2y MBIEFEI TV AR-F —
DBIZFNZ 5 RY — AR LT EHRBLE (4) o 75 ABEFEDHSZD
HIMHCD FKSTICIREM ISR B TH - - T2 EERAC TH B0, TDRILOMEE
FFNRARZ BT D, BEfA, EAOMHCORERITY, FUGMHCDZE &
ZTORBOKRTFEREZHENLT(NELES D,

ik

(1) Akiyama et al. (1994) Science 265:1231.

(2) Kandil et al. (1996) J. Immunol. 156:4245.

(3) Namikawa et al. (1995) J. Immunol. 155:1964.

(4) Kasahara et al. (1996) Proc. Natl. Acad. Sci. USA 93:9096.
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(7) BRI —F—

‘RATHEY LITEER

i AoV R b HRICRRTE 53— —, T OI—F—TI,
e s E~OEM I — > — L UTHRA UTHS EHlE a—F— &) &
MU Foty, 7o Lo A b, ERICA SR, A5 TR, FHED
IREEICIIBEOE N (M1 7—2y M (COFETHZLANLERBAN!) T
[ERASWIERERS /U | ZIVRKICE EHTHVL,
Av%—2y b TRZ 077 — YR

A7 =%y POBERICX Y., Y FICM#ET 5 FRERBICTFICANSLT &
WE[REICI » TE T, L L, 77 —EoffRiclLTiREEETY 77 v

ZERBEXERINY A POVED - 72D, f&F,. [PROLYSIS: a protease and protease

inhibitor Web server | &4\, 77 7 —FHROHFRAZWROIHB AL TS Y 1
RONED B - 1o. AE SOIEE O K OMIE %I #3 %5 [PROLYSYS |
A#44 %, [PROLYSYS | & |ZUniversity Francois RABELAIS, TOURS ®MOREAU
Bhic kW ERINAT 2 TR=UT, Tu7FT7—¥L20 ey —illiffd
SHIFMAMEAICEIELT LS, Lbdb, ToA—¥ a YERAWLS L EIERICHK
BN LTINS, F—A— JOURLIE  httpy/delphi. phys. univ-tours.  fr/Prolysis/
THb, TREONBER—LR—UDHRIZH > THHICHNT5. What's
New at PROLYSIS?: i —. =4 H ORICEN - ZEEXhi- ik h T
L %, Introduction to the proteases: 7' 101 5 7 —-EIZ DT DKL THH., o EZ L
EHEOIC X 208 EE N TNOEMEP B 2 A DO TORDHEN S
1T 5, Nomenclatures: = Z Tif, Rawlings & Barrettfij {f +-{Z & % peptidase® 43
BE LECH N —ERERH I TS, 2HFEH) S IZEMBLPSWISS-PROTO T
MY —%B5ETEENTELLIICN-TED, COXREF 7 yo—FLTH
i, BEG SN TS TR TOpeptidase iz DT ICIEMAERETE 5,
62



Proteases as biochemical tools: 7' 07 7 — O EENTHEIZ BT 2R 2N LT 5,

F 72 k58 ik, Structure of the proteasome: = Z Tid. Kooptfi+iZ Lk 5

Thermoplasma acidophilum, Rat skeletal muscle fi3® 7 0 77 ¥/ — ABAK O 150 8
BEH X, Lowefit|z Xk A Thermoplasma acidophilumh 380208 7 n 7 7V — L&
EOXERIITIC L BHEA A — U (JPEGT 7 A )b) %%, M TX 5, Protease
inhibitors: o5 7 —H¥4 L EE S — XD TOBERSBEAINTINVD, FIRE
ARIZNS, RSP PHE RGN A TP ERREICOLWTORE S H 5, Synthetic
substrates for proteases: 7 07 7 — B {IE H D & KEE I DWW T DIFEHRD 1
X TS, Thb, MEPHRIBEBEIST TR, ZBORKICETERLTL
LDTHMTH %, Some kinetics: 7 077 — ¥ Dkinetics 2T 5 & X IZHEL
ERBOHRN D 37 MEEH SN TS, ChERDIEIERFIV ST
List of 3D structures: Protein Data Bank |2 B8 X T WA o5 7—¥O =&kickE
ErF—FD3— R#ED—-KEKTHS, Image gallery of proteases and protease
inhibitors : Protein Data Bank|Z B4f X 1 T B XTI T A A=Y (JPEG7 7
1) ZREL TS, AFRT0T7 —EOFEEFOPEE., 1 Y EEY—DH
SIRE L T HAH, Molecular animations: Kinemage TER X NcT = A— Vg »
PN ZIN TS, MEICIEMAGE & R Eh 4 viewer b B8 7205, Jhb o DR_—
ST %5, Mailing lists and Newsgroups : 7 05 7 — F i 724 D mailing list
ESaTF T —EPOEEAERD = 2 — A7 I—F DIk, Interesting Internet links:

77 T—ERGKEO) 7 2EICUIAEYERDMED ) 7K, BEETICER
IHHE 7217355 T4 { . How do cells know which proteins to degrade, and when ?/The HIV
protease images home page/Insight Gallery of Carboxypeptidase A/The protein motions

database/Guide to Protein and Peptide Cleavage Recipes/The RASMOL home page, Some
good references: 7' 57— RO AP Review Dffi iz, Newsroom: i FE v
ZIZDNT ORI ERH &Y 77 L v R, Feedback form: PROLYSIS|ZDUIVvT D

FOBBEANTELHO T 4 —LHAABINTNS, &I, HEIZ—RIiCL
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N, —ET7 7 EALTIRICE > ThvkEER, —RoMliz+4ichs, i
B. BPT 7 CRCHEBHBEHULOT, Ry F7—7ORENR N E X IHE =
N5 EEBEYT S, i, AhiKhibRy P—T7LBETHRAEEATHIC
Ltk Dz, EFICFHALEL & 9, PROLYSISZ R o7 77— Bl 4
BIEELAEDERARSD Z EDRRICIE - et THIRTE] TABIK 125 —
Fy b THHIEE : AAAZ—/"—T 7 32—, 2EFF /T 077 /— LOTHH
EWVWD 3T LAEBME TR0, ZOREAB U H S TIZPROLYSISO{ETE
EHSIEMN 5 12DT, TRLADY A FERHMLTIN S, ThHRISUDI E0H
5H LIS ODT, ARIRI S LD FETHRWHL Z &L, #iA LAZURLE 2
ZETRETE

http://yeamob.pci.chemie.uni-tuebingen.de/
http://www.blocks.ftherc.org/

http://protein.toulouse.inra.fr/prodom.html (v E-BEEE : BEAKE - E)

Proteolysis® [ i35 | $idh |
SR O Proteolysisi3 AL NI EE DL VWVERETID, COBEE [RASE] LT
Es ED) DRADA A= VDD - TEMFAVITESIRICIRILS 1 2737 b e5ASH
IS > TWERA, Fhy AFZAFT (Fort) ¥R EHBOTHE) bE
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Cellular Basis for Protein C Deficiency Caused by a Single Amino Acid
Substitution at Argl5 in the y-Carboxyglutamic Acid Domain’

Fuminori Tokunaga, Toshiro Tsukamoto, and Takehiko Koide®

Department of Life Science, Faculty of Secience, Himgji Institute of Technology, Harima Science Park City, Hyogo
G678-12

Protein C is a zymogen of an anticoagulant vitamin K-dependent serine protease. Inherited
protein C deficiency is often associated with a high risk for venous thromboembolism. It is
characteristic of protein C deficiency that most single amino acid replacements result in
type I (secretion defect) deficiency. To determine the molecular and cellular bases of protein
C deficiency, we expressed recombinant human protein C mutants in which Argl5 was
mutated to either Gly, Trp, Gln, Leu, or Pro by a single base exchange. Argl5 is one of the
conservative residues in the y-carboxyglutamic acid (Gla) domains of the vitamin K-
dependent coagulation factors, and is also one of the high frequency multiple mutation sites
in protein C deficiency. In transient expression studies using human kidney 293 cells, the
relative amounts of Argls mutants secreted into the medium and determined by enzyme-
linked immunosorbent assay (ELISA) were as follows: Gly, 42%; Trp, 14%; Gln, 54%; Leu,
22%; and Pro, 13%, the amount of wild-type (Wt) protein C being taken as 100%. Thus, the
order of the secreted amounts of the recombinant mutants was determined to be Wt > GIn >
Gly > Leu>Trp, Pro. Pulse-chase experiments using both transiently-transfected and a
pool of stably-transfected 293 cells, and stably-transfected BHK cells showed the same
order of secretion efficiency. Since this order correlated well with that of the hydropho-
bicity seale of amino acid side chains, a conformational alteration of the Gla domain
resulting in impaired secretion may be dependent on the hydrophobicity of the replaced
amino acid. In transient cells, the relative radioactivities of pulse-labeled bands of all
recombinant protein C were almost equal, suggesting that the same translational efficiency
for Wt and all Argl5 mutants. All of the Argl5i-mutated protein C precursors were shown
to be located in the same organelle as protein disulfide isomerase (PDI), an endoplasmic
reticulum-resident protein, and were sensitive to endoglycosidase H digestion. These
results suggest that mutations of the highly conserved Argls in the Gla domain of protein
C caused a secretion defect to variable degrees depending on replaced amino acid residue.
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Bull, a New Protein That Binds to the Rsp5 Ubiquitin Ligase
in Saccharomyces cerevisiae

HIDEKI YASHIRODA, TOMOKO OGUCHI YUKO YASUDA, AKIO TOH-E, axp YOSHIKO KIKUCHI®

Department of Biological Sciences, Graduare School of Science, The University of Tokyo, Bunkvo-ku,
Tokye 113, Japan

Received 23 October 1995/Returned for modification 27 November 1995/Accepted 26 March 1996

We characterized a temperature-sensitive mutant of Saccharomyces cerevisiae in which a mini-chromosome
was unstable at a high temperature and cloned a new gene which encodes a basic and hydrophilic protein (110
kDa). The disruption of this gene caused the same temperature-sensitive growth as the original mutation, By
using the two-hybrid system, we further isolated RSP5 (reverses Spt~ phenotype), which encodes a hect
(homologous to E6-AP C terminus) domain, as a gene encoding a ubiquitin ligase. Thus, we named our gene
BULI (for a protein that binds fto the ubiquitin ligase). BULI seems to be involved in the ubiquitination
pathway, since a high dose of UBII, encoding a ubiquitin, partially suppressed the temperature sensitivity of
the bull disruptant as well as that of a rsp5 mutant. Coexpression of RSP5 and BULI on a multicopy plasmid
was toxic for mitotic growth of the wild-type cells. Pulse-chase experiments revealed that Bull in the wild-type
cells remained stable, while the bands of Bull in the rsp5 cells were hardly detected. Since the steady-state
levels of the protein were the same in the two Strains as determined by immunoblotting analysis, Bull might
be easily degraded during immunoprecipitation in the absence of intact Rsp5. Furthermore, both Bull and
Rsp5> appeared to be associated with large complexes which were separated through a sucrose gradient
centrifugation, and Rsp3 was coimmunoprecipitated with Bull. We discuss the possibility that Bull functions
together with Rsp5 in protein ubiquitination.
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ecll growth, Multicopy plasmid pliY I8 (pWI-BULH. plIY1T (YEplael12-
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Involvement of Calpain in Integrin-Mediated Signal Transduction

Mitsushi Inomata,*! Masami Hayashi,* Yoshiko Ohno-Iwashita,* Satoshi Tsubuki,f

Takaomi C. Saido,T and Seiichi Kawashimaf

An antibody specific to the calpain cleavage site in
talin, a cytoskeletal protein, was produced. This anti-
body selectively recognizes the C-terminal 200-kDa
fragment generated when talin is digested by calpain
and does not react at all with intact talin or the N-
terminal 47-kDa fragment. To assess the involvement
of calpain in the integrin-mediated signaling pathway,
the effect of limited proteolysis of talin by calpain on
platelet activation and aggregation was analyzed us-
ing this antibody. It was revealed that thrombin-stimu-
lated platelet aggregation accompanies the autolytic
activation of p-calpain and the accumulation of the
pecalpain-generated 200-kDa fragment of talin. These
changes were blocked by RGDS peptide which inhibits
the binding of fibrinogen, an adhesive ligand, to the
major integrin in platelets, «IIbg3, while RGES pep-
tide, which has no fibrinogen-binding-inhibitory activ-
ity, had no effect. Membrane-permeable calpain inhib-
itors calpeptin and E-64d inhibited platelet aggrega-
tion, p-calpain activation, and the limited proteolysis
of talin. These results strongly suggest that calpain is
involved in the integrin-mediated signal transduction
pathway. o© 1998 Academic Press, Ine.
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Apoptosis induction resulting from proteasome inhibition
Kunio SHINOHARA"S, Masanori TOMIOKA™f, Hisaka NAKANO®, Shigenobu TONE", Hisashi ITOT and Seiichi KAWASHIMA

Proteases are known to be involved in the apoptotic pathway.
We report here that benzyloxycarbonyl(Z)-Leu-Leu-leucinal
(ZLLLal), a leupeptin analogue, can induce apoptosis in MOLT-
4 and L5178Y cells. ZLLLal is a cell-permeant inhibitor of
proteasome. Among the protease inhibitors tested, only calpain
inhibitor I (acetyl-Leu-Leu-norleucinal) and ZLLLal caused a

marked induction of apoptosis in MOLT-4 cells. In contrast, Z-
Leu-leucinal, a specific inhibitor of calpain, did not induce
apoptosis. When MOLT-4 cells were incubated in the presence of
ZLLLal, p53 accumulated.in the cells. These results strongly
suggest that inhibition of proteasome induces p33-dependent
apoptosis and that proteasome can protect cells from apoptosis.

100
Table 2 Efects of protease inhibitors on the induction of apaptosis in
MOLT-4 cells EQ
Celis were incubated for G n in the presence of vanous profease inhibilors at a 100 HM Z
concentration. Contrals were MOLT-4 cells incubated with 1% (v/v) OMSOD instead of an ﬁ B0
inhibitor. Apaptotic calls were scored Irom morphological changes (nuclear lragmentation) as u /*/_,—l——
reported previously [20]. Resulls are the means -+ S.EM. of three independent experiments. The £ i
gifecs of ZLLL al 1 uM concenlralion is also shown far comparison. No maorphological E
changes ather than apoplosis were delected in these experiments with the concenlrations of
inhibitors used. 20
Profease inhibitors Percentage ol
{100 sc) apoplolic cells 0 5 "
Concantration of ZLLLal (M}
Conteol 19+02
Leupeptin 22403
Edc 15+04 e o
EG4d 43+28 =
TLEK 8427 € g ZLLLal ZLLal
PMSF 27408 Q a2
Pepstatin A 22+03 =
Phaspharamidan 22+09
Ac-YVAD-cmk 30+14
Calpain inhibitor | 522465
ILLal S4+14
ZLLLal {1 geM) 427452

Figure 3 Accumulation of p53 in MOLT-4 cells treated with ZLLLal
Cell lysates from MOLT-4 calls cultured in the presence of 1 M ZULLaE or 100 M ZLLa) were

subjected to Western blot analysis. MOLT-4 cells were treated with ZLLLal or ZULal lor various
lime intervals (h).
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Ability of ubiquitin radioimmunoassay to discriminate between
monoubiquitin and multi-ubiquitin chains

Koji Takada **, Nozomu Hibi °, Yutaka Tsukada ®, Toshiaki Shibasaki ¢, Kiyoshi Ohkawa *

Abstract

Free ubiquitin (mainly monoubiguitin} and multi-ubiquitin chains coexist in eukaryote cells and serve distinct cellular roles. However,
any immunoassay systems established previously have not been proved to be applicable for measuring the former without cross-reactive
responses with the latter. For this purpuse, we developed a radioimmunocassay specific to monoubiguitin by employing antiserum US-1
against ubiquitin. In this assay, ubiquitin-protein conjugates, prepared by a reticuloeyte lysate fraction 11 and fractionated on Moro QQ and
Superdex 200 columns, exhibited practically no cross-reactivity. The cross-reactivity of lractionated ubiquitin-lysozyme conjugates was
also analyzed as a function of their multi-ubigquitin chain size. As a resuli, the larger the conjugates were found 1o be, the weaker were the
cross-reactive responses they showed, and the multi-ubiquitin chains (n > approx. 20) were substantially unrcactive in the radioim-
munoassay. By using the radioimmunoassay, heot-shock-induced decrease in the level of cellular free (mono)ubiquitin was detected. In
addition, the standard preparation of multi-ubiguitin chains was not cross-reactive in all other five radicimmunoassays employing distinet
antibodies to ubiguitin (four antiscra and a monoclonal antibody). These data suggest that radioimmunoassays employing ubiquitin
antibodies raiscd by the general methods can discriminate between monoubiquitin and multi-ubiquitin chains and quantitate cellular free
ubiquitin.
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Fig 2. Cross-reactivity tests of a fractionated ubiquitination mixture in
the RIA and the ELISA. The mixture had been prepared in vitro by the 100k
reticulocyte Iysate fraction 11, and fractipnated by Mono Q FPLC. A:
ubiquitin (D) and a multi-ubiquitin chain (in erms of MUCRP1) (@)
levels in each fraction were estimated by RIA wsing US-1 and multi-
ubiguitin chain ELISA, respectively, and absorbance at 280 am of the
cluate (—) was monitored. B: ubiquitin and ubiguitin-immunorcactive
proweins in exch (raction were visualized by immunoblotting using anti-
ubiguitin antibody [6]. Locations of ubiquitin and diubiquitin are indi-
cated as Ub and di-Ub, respectively.
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Fig 6. Discriminating ability of wvarious ubiquilin RIA between
monoubiquitin and multi-ubiquitin chains, Competitive inhibition curves
by monoubiquitin (———) and multi-ubiquitin chains (MUCRP1) (—)
in RIA systems using antisera US-1 (a), US-2 (4), AUb-1 (O0),
NBUb-| (@), NBUb-2 (O) and antibody 2F11 () against ['**lmono-
ubiquitin. /By is the ratio between the amount of tracer bound to
antibody in the presence () and in the absence (B,) of unlabeled
ubiquitin.
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FtsH (HfIB) Is an ATP-dependent Protease Selectively Acting on
SecY and Some Other Membrane Prpteins{*;

(Received for publication, June 12, 1896, and in revised form, September 17, 1996)

Yoshinori Akiya.ma\y Akio Kihara, Hajime Tokuda§, and Koreaki Ito

From the Department of Cell Biology, Institute for Virus Research, Kyoto University, Kyoto 606-01, Japan and the
§lnstitute of Molecular and Cellular Biosciences, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113, Japan

The FisH protein is a membrane-bound ATPase of
Eascherichia coli that was proposed to be involved in
membrane protein assembly as well as degradation of
some unstable proteins. SecY, a subunit of protein trans-
locase, is FtsH dependently degraded in vive when it
fails to associate with its pariner (the SecE protein). We
constructed a series of mutants in which mutations
were introduced into conserved residues in the two ATP
binding consensus sequences or the zinec binding se-
quence of FisH. We purified wild-type and mutant FisH
proteins by making use of a polyhistidine tag attached
to their carboxyl termini. Complementation analysis
and ATPase activity assays in vifro indicated that, of the
two sets of ATP binding sequence motifs, the one located
C-terminally (Al) is essential for ATPase activity and in
vivo functioning of FitsH. Wild-type FisH protein de-
graded purified SecY in an ATP hydrolysis-dependent
manner in vitro. Mutant proteins without ATPase activ-
ity were inactive in proteolysis. A zinc binding motif
mutant showed a decreased proteolytic activity. SecY
and FisH were cross-linkable with each other in the
membrane, provided that FtsH had an ATPase-inacti-
vating mutation. These results demonstrate that FisH
binds to and degrades SecY, its Al motif and the zinc
binding motif being important for the proteolytic activ-
ity. FtsH-dependent proteolysis was also demonstrated
for SecY in crude membrane extracts, whereas a major-
ity of other membrane proteine were not degraded, in-
dicating that FtsH has high selectivity in protein

degradation.
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FiG. 3. Degradation of purified SecY by FisH-Hig,-Myc. A, about
19 ng of purified SecY protein were mixed with 3.3 mu ATP (lanes 1-3),
930 ng of FtaH-His,-Myc (lanes 7 and &), or both (lanes 4-6) and
followed by incubation at 42 °C for the indicated lengths of time. Sam-
ples were mixed with SDS sample buffer and analyzed by 10% SDS-
PAGE followed by immunoblotting with anti-SecY. B, purified SecY was
incubated with FtaH-His,-Myc in the presence of the indicated nucleo-
tides (3.3 rM) and analyzed as in A SecY’ indicates an N-terminal
fragment of SecY present in the purified sample.
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Fic. 5. Degradation of SecY and
other membrane proteins by FisH-
His -Myc in crude detergent extracts.
Cella of AD3T3/pKY6 were exposed at
42 °C and pulse-labeled with [**S)}methi-
onine for 5 min. Total membranes were
prepared, solubilized with 0.5% Nonidet
P-40, and incubated at 42 °C in the pres-
ence or absence of FtaH-His,-Myc and
ATP as indicated. Samples were sub-
jected either directly to SDS-PAGE (lanes
19-28) or to anti-SecY (lanes 1-16) immu-
noprecpitation before SDS-PAGE. Lanes
17 and 18 were for molecular mass mark-
ers (from fop to bottom, 97.4 kDa, 69 kDa,
46 kDa, 30 kDa, and 18.4 kDa). Open
arrowheads indicate positions of proteins
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A protease complex in the Escherichia coli plasma
membrane: HfIKC (HfIA) forms a complex with FtsH
(HfIB), regulating its proteolytic activity against
SecY |

l# 3] KMB¥i OBLATPase, FisH iX AAA 77 3 1) — LI
ho—BEDOATPase D—2THb, AAA 7 7 31— ATPase (L
M RIIE S HAEL . ¥ v 2 H otk iR, fllA
B OER T LR MRS RN S TA I LTHERS
NTWAh, FisH I3EEZ B4 2 HERGREEO DL 72
= b SecY % F F,ATPase ® ¥ 71= b a DRI
5,ﬁ%ﬁm&w7u%T~E?%50én%mmﬁggf
DY 7=y bEHARERE LARETIELEIFE
Escherichia coll P @1B), » membrancvound 577 bR R R LT
ase is required for proleo ]':"f.lt egradation o FsHIE# S 2 v 2T Gl T AH T — S OEM - AL
uncomplexed forms of the protein translocase SecY S -bAET cOFRLFE Y. RETHEICBVTLEYE
subunit. We have now isolated SecY-stabilizing ~- = : G Dl al 2 z 2
mutations that cause an amino acid substitution in AW & HF2 0 FisHIZJE b‘_‘*""'f-‘—":n W e i f'};]:"/ T
the HAK-HAC membrane protein complex. Although U Y HAREEX RO+ T4 -3y bOo—bvi—¥ 2]
HAKC protein was believed to have a proteolytic &L TWaAEENFDH L.
activity against A clI protein, deletion of AfiIK-hfiC did
not stabilize SecY. Instead, the mutant alleles were
partially dominant and overexpression of fisH sup-

Akio Kihara, Yoshinori Akiyama and
Koreaki Ito’

Department of Cell Biology, Instiiute for Virus Research,
Kyoto University, Kyoto 606-01. Japan

ICorresponding author

1234 5678 91011121314 15

pressed the mutational effects, suggesting that the
mutant proteins antagonized the degradation of SecY.
These results raise the possibility that even the wild-
type HAKC protein acts to antagonize FtsH. Consistent
with this notion, the hflkC null mutation accelerated
degradation of the SecY24 protein. Furthermore cross-
linking, co-immunoprecipitation, histidine-tagging and
gel filtration experiments all indicated that FisH and
HAAKC form a complex in vive and in vitro. Finally,
purified HAKC protein inhibited the SecY-degrading
activity of purified FtsH protein in vitro. These results
indicate that the proteolytic activity of FtsH is modu-
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Fig. 8. In vitro effects of HIKC on FisH-mediated degradation of
SecY. The following samples were pre-incubated at 4°C for 1 h: lanes
1-3, FisH-Hist-Mye alone; lanes 46, FisH-His6-Mye and HIKC;
lanes 7-9, HAKC alone; lanes 10-12, buffer alone; lanes 13-15,
HAKC that had been denamred by incubation at 75°C for 15 min and
FisH-His6—Myc. Purified SecY was added to each sample and
incubated at 37°C for 0 (lanes 1, 4, 7, 10 and 13), 0.5 (lanes 2, 5, 8,

lated negatively hy its association with HAKC,
Keywords: AAA family/FisH/HAKC/protease/SecY

11 and 14) and 1 (lanes 3, 6, 9, 12 and 15) h. Reactions were
terminated by adding SDS sample buffer, and SecY was visualized by
immunoblotting following SDS-PAGE.
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Fig. 5. Co-clution of HAKC with FisH-His6-Myc in Mi-NTA—agarose affinity chromatogranhy. Membranes d from e

lanes 1-6) and AK1181 (fisH *—hr‘s_g—m}r: lanes 7-12) were solubilized and sujl;jncled o l‘&i—b[}’l‘yh—ngnmse chIr’:mp::-:gmphy {ToDadl?‘!zanU:h; :;m.l 7

Iﬂc—lw-thruugh. lanes 2 and 8). Pro‘Fr:m§ adsorbed to Ni-NTA—agarose were washed three times (lanes 3-5 and 9-11) and eluted with 250 mM 4

imidazole (lanes 6 and 12). Proteins in each !_rac!luq were scparated by SDS-PAGE and visualized by immunoblotting using antisera against FisH

;:pp:r part) or HAKC (lower part). The asferisk indicates a non-specific background. FisH' indicates the C-terminally cleaved product of FisH-His6-
ye.
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cDNA Cloning of p112, the Largest Regulatory
Subunit of the Human 26S Proteasome, and
Functional Analysis of Its Yeast Homologue, Sen3p

Kin-ya Yokota,* Susumu Kagawa,* Yoshihisa Shimizu," Hiroshi Akioka,"
Chizuko Tsurumi,’ Chiseko Noda," Masahiro Fujimuro,*

Hideyoshi Yokosawa,* Tsutomu Fujiwara,® Ei-ichi Takahashi,$

Masayuki Ohba,' Moto-o Yamasaki,” George N. DeMartino,"

Clive A. Slaughter,** Akio Toh-e,'" and Keiji Tanaka™*s5

The 26S proteasome is a large multisubunit protease complex, the largest regulatory subunit
of which is a component named p112. Molecular cloning of cDNA encoding human p112
revealed a polypeptide predicted to have 953 amino acid residues and a molecular mass of
105,865. The human p112 gene was mapped to the q37.1-q37.2 region of chromosome 2.
Computer analysis showed that p112 has strong similarity to the Saccharomyces cerevisine
Sen3p, which has been listed in a gene bank as a factor affecting tRNA splicing endonuclease.
The SEN3 also was identified in a synthetic lethal screen with the ninl-1 mutant, a temper-
ature-sensitive mutant of NINI. NIN1 encodes p31, another regulatory subunit of the 265
proteasome, which is necessary for activation of Cdc28p kinase. Disruption of the SEN3 did
not affect cell viability, but led to temperature-sensitive growth. The human pl112 ¢<DNA
suppressed the growth defect at high temperature in a SEN3 disruptant, indicating that p112
is a functional homologue of the yeast Sen3p. Maintenance of SEN3 disruptant cells at the
restrictive temperature resulted in a variety of cellular dysfunctions, including defects in
proteolysis mediated by the ubiquitin pathway, in the N-end rule system, in the stress
response upon cadmium exposure, ancf in nuclear protein transportation. The functional
abnormality induced by SEN3 disruption differs considerably ffgm various phenotypes
shown by the ninl-1 mutation, suggesting that these two regulatory subunits of the 265
proteasome play distinct roles in the various processes mediated by the 265 proteasome.
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c¢DNA cloning and functional analysis of the p97 subunit
of the 26S proteasome, a polypeptide
identical to the type-1 tumor-necrosis-factor-receptor-associated protein-2/55.11

Chizuko TSURUMI', Yoshihisa SHIMIZU', Mihoro SAEKI", Seishi KATO", George N, DEMARTING’, Clive A. SLAUGHTER®,
Masahiro FUJIMURO?, Hideyoshi YOKOSAWA?®, Moto-o YAMASAKI®, Klavs B. HENDIL’, Akio TOH-E®, Nobuyuki TANAHASHI'
and Keiji TANAKA'

Molecular cloning of ¢cDNA for a new regulatory subunit, designated p97, of the human 268 protea-
some showed that the polypeptide consists of 908 amino acid residues with a calculated molecular mass
of 100184 Da and an isoelectric point of 4.94. Computer analysis showed that p97 is very similar lo
type-1 tumor-necrosis-factor{ TNF)-receptor-associated protein (TRAP)-2 and 55.11, both of which were
identified recently as binding proteins of the cytoplasmic domain of type-1 TNF receptor by yeast two-
hybrid screening. This finding suggests that the 265 proteasome might serve as a mediator molecule in
the TNF signaling pathway in cells. Computer-assisted similarity analysis also revealed the high sequence
similarity of p97 with a yeast protein whose function is yet unknown, the gene for which is here termed
NASIT (non-ATPase subunit 1). Disruption of NAS/ resulted in several phenotypes, including lethality and
temperature-sensitive growth, depending on the genetic background of the cells used. The human p97
c¢DNA suppressed the growth defeet of nas7 disruptant cells, when expressed from single-copy or multi-
copy vectors, indicating that p97 is functionally equivalent to yeast Nas1p. Culturing of the temperature-
sensitive nas/ cells at the restrictive temperature promoted the accumulation polyubiquitinated cellular
proteins, implying that the 268 proteasome requires a functional Nasip subunit for ubiquitin-dependent
proteolysis. These results indicate that p97/Nasip plays an important regulatory role in the function of

the 268 proteasome.
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