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SUMMARY

The proteasome is a large multicatalytic protease complex with an apparent sedimen-
tation coefficient of 20S. It exists as a latent from in cells, being activated fully by the novel
identified endogenous prtein, named proteasome activator PA28. The native PA28 is
approximately 200 kDa protein, which binds directly to both ends of the cylindrical 20S
proteasome to form a football-like complex. By recent cDNA cloning for two homologous
PAZ28 proteins, called PA28a and PA284, Ki antigen found previously as a nuclear protein
detected with autoantibodies in human sera was identified as a structurally related third
protein, but a relationship between Ki antigen and two PA28 proteins or the 20S proteasome
is unknown. In the present study, we showed that Ki antigen belongs to a new member of
the PA28 family proteins, because it was co-purified and co-sedimented with PA28« and
PA288, and because it was associated reversibly with the 20S proteasome, and thus Ki
antigen was renamed as PA28y. Moreover, anti-PA28y antibody did not precipitate
immunologically with PA28a and PA2843, although the latter two proteins were co-
immunoprecipitated by respective antibodies, suggesting that the complex containing
PA28y differs from that consisting of PA28a and PA288. Recombinant PA28a expressed
in E. coli activated greatly on the proteasomal peptidase activity solely, but PA288 and
PA28y did not reveal notable effects, although PA288 enhanced the PA28«-dependent
activation observed only at the low concentration of PA28« without affecting the maximal
activity. Intrigutingly, a major immunomodulatory cytokine y-interferon (y-IFN) induced
almost complete loss of the PA28y protein without affecting the mRNA level in cells,
whereas the messages and proteins of both PA28a and PA288 were coordinately up-
regulated by y-IFN. Thus, y-IFN inducible PA28« and PA288 are assumed o play an
important role for processing of endogeous antigens. Moreover, PA28y may be involved in
distinct biological processes from other two PA28 proteins, judging from their reciprocal

expression in response to y-IFN.
(recetved November 25, 1996)
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TuFT Y — ARG 20S OEAXKERSHE
BHRLLTRAIAHMRA TR 77 -€¥TH 5
(Rivett, 1993 ; Coux &, 1996). ABEFIIEBEMIC
DHEEEL FHET B LEbh T e, Sadfias
EHEMRBRCOHFETLI I LERABELLE R
(Tamura b, 1995). EEAEHO 7w T 7V — slda
Y7 EBY VY (Hx TEOHRKOBVEAEL
LERENTV5) 1 affe DIECEE LIS FERN
NWHDvY) vE—-FHRTTH5 (Lupas H, 1993).

7e 77V - s 3MkAE, BERFOEFLL TR
BRI £ DRk« AEGRICEHIET 2 AHELE O
RBPWEEXRDRERBEE L TWv5ine (Cie-
chanover, 1994 ; Hochstrasser, 1995), Z® X 5 7s&
komEFaBEOEORMEACEE T 20RL T,
Beade A b v AREEBNERICL > TEL B REERA
BOBIRW G BEY bMET5LE2bh 5 (Hilt,
Wolf, 1995). %7z, 7m» 57 Y — & MHC (major
histocompatibility complex : T E#H G HAHE S
%) 77 A1 GFERRINAIAEBIER7F VO
AR LB THZLERRABEL MR- e
(Monaco, Nandi, 1995; Heemels, Ploegh, 1995;
York, Rock, 1996).

7rF7 Y- AMRANEREON 1 —3 %k 59,
FIHRECKCRET A8 FE IARNESRR L L CF
EL, ThETORRE»HRNLEROFADHEAE
o TERMLERBZ EXHBAL TS, £D XD
BRAHEAEDO 1 >TH5PAT0/19SH & &
(DeMartino, Slaughter, 1993) X7 r 57 vV —a & =
FAF—KEMZEEL, TTFEH200FOEKK
ATP kit 7 v 57—+ (ST m7 7V — A LH
B) BHETHEE 2L TS (Yoshimura b,
1993 ; Peters, 1994). Fig. 1 (FEo % 1) it X
5122687 v T 7 v — AIEEBREY BTS2 ) v
—Fp 20S FerFT7YV—ADBEMICSFE 25—112
kDa 0#EE DOV 7 =2=v 2 OEBRI AL VFERD
PA700 &AL ic&F v BT TH5 (Lupas b,
1993 ; Peters, 1994). 26S7mr 57 vV — Al X 5EH
Bo5BIATPREMN LA =X aTRZ Y
(Rechsteiner &, 1993), ZOEMEAE I A ) =2 %
FUMERB LRI TRy 7 I 2 EB/T S
(Hershko, Ciechanover, 1992 ; Hochstrasser, 1995).

Ll, R 73 vASRORBEERR CEFRD
=5 vRBE# (ODC) BENMcbads v
FERBFRIT 2657w TF 7V — AL > THEERS
(Murakami &, 1992). —7%, SENEER © 20S 7
v57V—A (FB/LTRUE, Bzre=z7y -4
LEHEL, 26STrT 7V —aLEXPILTCERTBL
HERARBBEEDR 20STeF 7Y —sbit#iT5) &
EHALT 2B FOFEN AL TWS. 204
FdHTa=y tOGTEHN28kDa THEHZ E1b
proteasome activator 28 (PA28) ¢ &ffiFbhis
Ma b, 1992) 2%, RREGFIHBHA X EE56
L 1LSvFav—2 -3 FhTV3
(Dubiel %, 1992). Fig.1 (LD <x1) wRT X
51 PA28 (X ATP KEFHIC 7T R 77V — A REH
L, 7y b FR=AEWNFEEETS (Gray b, 1994).
PA28 37 mF 7V —aD_7F 5 —EERERIEEIC
HRET A0, BEREREC=EFF VLo FEIK
PhbbLTRESKDRKRELECRLFALRV
(Ma &, 1992 ; Coux b, 1996). H#Nz PA28 »iks
BlXhicbd B-RooHESHELTHETSEE
b Tuwics Ma b, 1992), EELFERENT 5
HREOBR VWSO IR TW5 2 LB L
7 (Dubiel », 1992 ; Mott 5, 1994). &1, B4k
Zhbo PA28 a2 — V35 _%0 cDNA 27 » —
=V 7 L —REERRELICER, Th b 50 %D
BUWHAEYHSZ LBXHBE LD T, K4k
PA28a 38X U PA288 & 4&ff)7 (Ahn B, 1995).
EhihEr I —BROER, B\ LT PA28 &
# 40 %o HEEM R RF>5F, Ki SUROFEI HBEL
7o (Ahn &, 1995). Ki#iRIZBECHREEER L L TA
bhTwaesk=) 7~ —-FROHCHAZRIG
TAHHEE L TREI NS FTHDH (Nikaido 5,
1990). # 2T, AT n T 7V — 4 & KiHiR
DOBARE L, KiHiREH PA28a 35X 0 PA28S &
RUAFETERIhEZE, Eb nvitro T r T
TV —AERETHIEEHLMIC L. TR
Ki FiRAH L PA28 77 3 ) —D—D2THBHT &
MBS RE I henT Ki $iE% PA28y SBFmAL
7.

fb )i, PA28a & PA288 % =2 — F3 2% mRNA »4%
B4 vE—7=zvvEbBiER T35 y-Interferon
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(y-IFN) OMEIZ X - THLFEI WD T & 234
L7 (Honoré », 1993 ; Realini %, 1994 ; Ahn 5,
1995). =L T PA28a AHfAPICSFIMIcRABL &
5 LRRRN B ES TR FEIhD &, B
B PA28a D\REEMHIRD 7 r > v 7 GRS
52 EPRE X i (Groettrup B, 1996). X bz s
<L, PA28 2 MHC 7 5 2 I 3 FIciiRE¥h b <

|- PA700/19S

PA28-20S Proteasome

‘1-205 Proteasome _tPAZS -l

i G

7F FOEBICHABEE RH > T2 EHBL
7z (Dick », 1996). y-IFN X MHC 7 5 = I #y5#
OHIR 7 vy v JICEETHY, KEETwT 7V —
ARERTHEFOY 7 2= v F ORBRE2EHROCH
HT 5 EHNHB LTS (Monaco, Nandi, 1995).

—FHEx3xzhbo yIFN THEEIhD Y T2=v
r LMP2, LMP7, MECL1 ¢ &muHEBEEXZEL, £0

PA700/19S =]

26S Proteasome
Fig.1 Averaged image, based on electron micrographs, of the PA288 (11S) activator-
20S proteasome complex (Upper panel) and of the 26S proteasome (lower

panel) from rat liver. The a- and B-rings of the 20S proteasome are indicated.
Photographs were taken by collabration with W. Baumeister.
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REIBHEH IR DY T=2=9 + X, Y, ZERAE
LERBDGF 27 —=v 72l L7 (Akiyama
b, 1995 ; Hisamatsu %, 1996). ¥ b icH iz h b
DEFBORTH T 2=y Mt y-IFN KRS FH
BHRTHZERREL, 20 yIFN THFHEIhic 7w
FT YV - AHBRERTURO T r s v SEER L L TE
BT LR LI. ZLTCZD y-IFN FERM T =
TTV — ARREINECHRINAERT 5 2 & w5EH
TEHLEDICRGETrT T Y — a7 L4 Lic (Tana-
ka &, 1997). A#FE<TIL y-IFN BETEHIGAA
KhrIvAZz=v 7=y AR WT PA287 7 3 )
—EHHEE yIFN ORIz THEHT L.

REME L HE

1. SEBHR
Suc-LLVY-MCA : Succinyl-Leu-Leu-Val-Tyr-4-
Boc-LRR-MCA : t-
butyloxycabonyl-Leu-Arg-Arg-4-
Cbz-LLE-gNA :
carbobenzoxy-Leu-Leu-Glu-g-naphthylamide (<=7
F FBFeRT) ; ATP (# Y =v &% LEERE) ; immobilon
PVDF & (Millipore) ; Bio-Gel A-1.5m, Hydrox-
ylapatite, Prestained SDS-PAGE Standards Maker
{dow Range> (BIO RAD) ; #A477m—2xv 7L
v (PM-30> (Amicon) ; Block-Ace (X HAHLI) ;
Q-Sepharose Heparin-Sepharose CL-4B, Protein-A-
Sepharose 4FF, Resource-Q, B4 TFE&~—» —&H
H (Pharmacia) ; ECL v=zx 42 v 7wy 2754 v
#2575 4 ; Hybond-N* (Amersham); multi-
prime DNA labelling kit (TAKARA) ; = F 5 L
10—20 % SDS-PAGE (%2 11t2:) ; NTB : Nitro blue
BCIP : 5-Bromo-Chloro-3-
indolylphosphaste (Promega) ; pETI16b
(Novagen) ; y-IFN BEFE2HBERPRMET I =
AFPHESD7rE—2 —2AVCCIFMRTRES S
BLIORLIENIVAY == v 7 =9 ATBERKED
BREZEE RAKFRBAREZR) LothEZh
e

2. ARHAEBYH IR F 2 —EEHORE
73

2.1. T rF7 YV —ADFEMRAIE

Suc-LLVY-MCA oM~ 7F FHEELL
THEBMLAEMCAZHEXESCHAEL &
(Kanayama b, 1992). NEHE 7 v 57 v — a2 DR
BRENTOEMALL 0.05 % SDS #FHM L T - 7.

methylcoumaryl-7-amide ;

methyl-courmaryl-7-amide ;

tetrazolium ;
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L8100 xl OFRIGRICEER & BB 0% 37C10 51
vEF o~ b, 10 % SDS % 100 w! iz TRIGZELE
X8, ¥EHE0.1M Tris-HCl (pH9.0) % 2ml fnx
THHLEKTEE (BhEd & 380 nm, #XF & 460 nm)
PRELI. TrT7 v —aiEREO 1B 1 4R
1nmol @ Suc-LLVY-MCA %3+ 58 & EHT 5.

2.2. PA28 ofEHHIE

PA28 EREANERER T ns 7V — 4 (0.5ug) &
34z 100 mM Tris-HCI (pH 8.0) E£EROBK T4 C,
5457 vA4vFax—tLk# 0.1mM Suc-LLVY-
MCA %z 7 e77 7V —sDiEM% 2.1 TR X
SICRIE LT, PA28 {&ME D 1 Bt % 0.5 ug D 20S 7
w77V —2a%]14MEI1nmol @ Suc-LLVY-MCA
BT AREERTS.

3. TEM 208 7w T 7V — A0

REHR 20S 7 = 5 7 ¥ — &1% Q-Sepharose, Bio-
Gel A-1.5m, Hydroxylapatite, Heparin-Sepharose
CLAB ZpffEru<tbr /574 —HWTHE—F
THE LERICA VI (Tanaka 5, 1986).

4. PA2SDRERFE

By A x&2—-%7 v ORI IFEERD 10 mM
2-ANH 7 =47 =0, 1mM Phenylmethanesul-
fonyl fluoride (PMSF), 20 xg/ml E64, 0.25M = a
% &Y 25 mM Tris-HCl (pH 7.5) S&E®& 2,
Potter-Elvehjem k% 2+ A4 ¥ —Th €2 F 1 X,
8,000 xg, 304ELL, EHIED E¥% 70,500 xg,
60 O Lic. Bbhic EEsEaHMmERE LT
FALk. Bt % 25 mM Tris-HCl (pH 7.5), 10
mM 2-AAB T =87 =N, 0%27 Y tr—
(standard buffer) T3¥# L7 Q-Sepharose & EHIL
7%, # 5 Ao, standard buffer TEHH L. &
#HLIcEBE® 0-0.8 M NaCl 0EHARTHEH L,
BoRKESEOT e T 7V —s % PA28 OFENH %
ElLl. 200S7mrT7V—-uaL268S7T0TT7Y -4k
0.4 M NaCl srZd o4z, PA28 120.3M NaCl @
SECEHE IR, PA28 DBEHINSEERED T
standard buffer T&E#H7 L 72, standard buffer T
#51t. L 7= Heparin-Sepharose CL-4B iz 22 i7z. PA28
BIHEBRESENICEIR X RO T, £FD45E% 10 mM
potassium phosphate (pH 6.8), 10 mM 2-2x A % 7
b=/ =0, 20% 7Y e — LI TEELL L
Hydroxylapatite iz 2~ 1, % ¥ #% 10—300 mM o
phosphate buffer (pH 6.8) DEEXNE T X7,
PA28 1275 mM phosphate JTZICEH EleDTH
OSEAEINL 7 $ = PM-30 B2 B BAEE
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T2mg/ml EFCEMBLI. RE7TvF 7V —alk

PA28 DEGE X R ER B cHic, ToRK (1mg)
ERBLAT e T 7Y -4 (0.5mg) #4CTT305
4vFax—tL, 10—-30%D 7Y e — LEEAR
B (%930 mD = R L Tas 5, Hitachi, SRP28SA1
12T 81,000 xg, 22 F§f, 4 CTHROLAEBELF = —
T7OFrblmEE L. 777V -4t

PA28 oHEASEISERS 14—18 BB X i,

ZOBEEGMD PAR BRI LD, B4V
TR TH 5 Resource-Q s x¢, BELEOE
% 0-0.8 M NaCl T &, BH I PA28 D
Sy & B AR gL & L T standard buffer TEHT L 7248,
ERIZHVI.

5. SREFEHENT

PA28« (®*CTKENLLGSYFDKKI*"), PA288 C
KPCGVRLSGEARKQVE®), PA28y ("*CLLTNSH
DGLDGPTYK®) o =7+ FEERL, ~Ev7 =V
KRS IR THDL, VHFREELI~7F FHil4ky
fERLL 7= CK#ED, 1994). SDS-PAGE iXiifE®d 10—
0%EVT7Z2IANTIF 7oV b e ARG
T, Laemmli ®F# (1970) K-> TiTof. 14/
7w v b3 Towbin HOFHE (1979 T - 1.
BRKBE, vy ROV VTS VEEEEY
Fi\v»C immobilon PVDF fEA} S5 v 27 7 — L.
*DfE%Y Block-ace T7m vy v 7 LEAD—RKH
BRI R, ZXkitde LT alkaline phos-
phatase 2\&& L7y ¥ ¥ IgG HifEd L <& horse-
radish peroxidase 23/ Lic v +F IgG Hifd TUE
L7-#%, NTB & BCIP *®&HE & LE&ET 55, ECL
T AWIALFERIC TR L 7.

RETIE L Song b (19960)DHER  LitfT-
7c. 1 PA28a, B, y ¥tk & Protein-A-Sepharose 4FF
4 TC1RERG IR, ERELOTERLAY %
0.1%® Tween 20 &% TBS (washing buffer) T
4-5EIEE L. FoHk, BRI PA28(5ug) &
200 x1 BSA (0.25mg/ml) * FoHitkigEasrr &1
Kfdl 4 CCRMIBE, BOTLELEBRVLEY
% washing buffer T 4 - 5 EI%# L 7. SDS-PAGE A
@ sample buffer %R 2 T boiling LcthD L% 1
A/ Tmy boFmBAWER, B EL T pre-
immune IgG % A\ TRRICTT - 7.

6. Vaver v+ PA28 OFHB & AL PA28 ©
BE

PA28a, B, y D4&FK84 cDNA #%& 4« Nco 1 & Bam
HI, Xbal & Xhol, Ncol & BamHIZHITH v +

G

LTAvH—t+&FDHHBLTH2EH T7 polymerase-
dopendent vector pET16b &5 A% —>a v,
BL21 (DE3) ® a2 v EF Y b2 TF VAT + — A
L. A#ETIRNEKEC Histag OffnL - B&EA
HELTARENS. ¥0E% LB 7V — riciEE
37C TS, W2 T2 icanr=—2 LR IPTGD
AT LB B¢ 37C ¢3RRI R Lic. FHER
MHORBE &R PA28a, B, v 2L A EBTRBMN
WbinhZ ENHBHLI-OEMERBTRRLAE,
vitro TEALL. $Ticbhb, EIRL Mz 6 mM
Imidazole, 8M K% % &1 25 mM Tris-HCI (pH 7.5)
(buffer A) = THEEL, 35,000 xg, 1 RRIEOHE,
Z 0 ERE%R Ni*t-7 #' e — 2 CkEH 8. 1M NaCl
# &1 buffer A THEHK, BF LEHE% 350 mM
Imidazole *<4&tr buffer A K THEHHLL. KF&
Imidazole %R < 7%, 0.1mM EDTA (pH8.0), 1
mM Dithiothreitol (DTT), 20 % 7 ¥ v — 1 &&tr
25 mM Tris-HCl (pH 7.5) THEH L1z, ZOFEIC X
DB EINCL2EAEON BB EAE L L
TEIRE i,

7. 7—=¥v7my b5

FACT VBT =T VIR DR L poly
(A)+RNA 10 ug XAV AT AT FREL T ¥ e
—ATELK kB % L%, Hybond-N* &bt 5 v 27
y—1, ¥P TEHB LT -—TL M TV FL ¥~
v a v Ui PA28a/B/y, LMP2, LMP7, MECL-1 /¢
Enoebr 20S7TmFT7 YV —-—bLDY T 2=y}
(Akiyama &, 1995 ; Hisamatsu & 1996), EFlea,
fB-actin, glycerol-3-phosphate dehydrogenase
(G3PDH) @ cDNA DOz % multiprime DNA labe-
ling kit TfTotze. ~"M TAFA X a vk 2V T
S vEEE L, Kodak XAR-5 film # fi\vT—70CT
F—FSTATT T4 - DBBE L.

8. F9v AT z=vy 7=y RADERFE,

yIFN BEF2HHENOE7 I » FPRSD
7eE—-F-AVTHMRTRERE IR I 5KKLE
FSvRPz=9v2w9A (SAP-yIFN) (C57BL/
6+DBA/2) #ERBIZH\ /= (Toyonaga », 1994).
¥R & LT3 negative littermates (RIEIER = ¥ &)
PERBICHA.

FRICHE L THSD I F VAT 2=y 72T RD
Mg y-IFN ORE X 3533 pg/ml THH, Zhiify
30—40 U/ml H43 5.

9. xofboXk

EAHOEER
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EAHERBRE X, 4£MmE7+7 3 v (BSA) RERER
HE % L T Bradford o7k (1976) 12X » THIEL
T

& R

I.:HLWPA28 77 3V —DA VA=, LTDOKI
PR O e # R E

7rF 7V —sicxT5 Ki HiRE D PA28 ©
BAR &R+ 579, H4=FOEABCHTEHRT
FFHGEFERT LA ADEY2—-F T3
cDNA % pET ORB~ 27 % — it HA KB #E 1cE
ALTY 2avEFrY P EAEZAR L (Fig. 2A).

1334

Fig.2 Expression of the PA28a, PA284 and Ki antigen in E. coli and immunoblot
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7 F I U CER L PR DR R AN S 7o
iz, VaveEFrv rEABLEORIGHEE A A TRy
FETHE L. Fig.2. B, C ©RT X 5 ifER L7
ZEOHMABIZ A HE L EAECBEENCRIGL,

TEZIDLTNTH -7, BEREWZ & Ki FiFEs
THHAIIRER L PA28 BEERIC RS G L, £ D
AV FIPA2a/B X O A LG TENBKAE B THR
HEh, 2hi DNABELOHEE L0 TR E—K
Lz, ZORERIRERNL A PA28 ERiduc Ki HUREA
EEhTWAHZERRLTED, 5T Ki HEIE
ZDOPABDAVA—TH5BI EHMLTRI NI

*Z T Ki % PA28y L B4 L.

1323

analysis. A : The full-length cDNAs for the PA28«, PA284 and Ki antigen were
subcloned in pET-16b plasmid inframe with the 10X-His tag and expressed as
described under “ Experimental procedures ”. Whole proteins (30 ug) of E. coli
cells expressed the PA28a (lane 1), PA288 (lane 2) and Ki antigen (lane 3)
were loaded in the 12.5% SDS-PAGE gel. Frist g of the Ni** sepharose 6B
puried protein of the PA28« (lane 4), PA284 (lane5) and Ki antigen (lane 6)
were loaded in the gel. B: Immunoblot analyis with anti-PA28«, anti-PA283
and Ki antigen antibodies as indicated against 30 ug of recombinant PA28«
(lanes 1, 4 and 7), PA2828 (lanes 2, 5 and 8) and Ki antigen (lane 3, 6 and 9). C:
Immunoblot analysis with anti-PA28a (lane 1), anti-PA284 (lane 2) and anti-
Ki antigen (lane 3) antibodies as indicated against 5 ug of the PA28 purified

from rat liver.
proteins.

The arrows indicate the position of the molecular marker
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Kz PA28a, PA28B, PA28y DBfEx 7 m~< 7
7 7 4 — TR L. HihH# % Q-Sepharase Ic 7%
XREAHEY 0-0.8 M NaCl o THH SR THBLE£5
BEoD7 e T 7 v —afEHE SucLLVY-MCA ##E
ELTHIE L. Daic#Ee L X 5 i (Kanayama
b, 1992), 20S o577V -2k 268 FuF TV —
A (ZhBix0.05% SDS OB & TR X5E
MMA5.0 EELULTWABLDEDBIZ0.45M NaCl @
HEBE B IR (Fig. 3). Xkic PA28 #&iH3 5

Anti-PA28c

PA28 Activity (units/ml)

WK AT

1o, BHEENESRN T v T 7Y -2 LR 4TCTT
VAV FaX— b LEBEEEENARTF £ — €
FPRUE L. T rTFT7 v —a®EET S PA28 D4
B3 0.3M NaCl c#E—v—7 L THREIRE
(Fig.3). Z® Q-Sepharose 7 » =} 75 7 4 —IZ¥
7% PA28a, PA28B, PA28y DEHE BB B
THDE 2 OBERIMEERACTA &7 7oy LG4
wfTofc. Fig. 3 (B2 ) iR X 51, PA28a &
T OV PA28B 137 F & — EiEHIC—F L 7ol [E

Protein (mg/ml)

-5 100
Fraction Number (10ml/tube)

Fig.3 Q-Sepharose chromatography of rat liver extracts. The crude extract of rat

liver was loaded to a Q-Sepharose column, and the adsorbed materials were
eluted with 0-0.8 M NaCl in the 25mM Tris-HCI (pH7.5), 10mM 2-
mercaptoethanol and 20% glycerol. Lower panels Suc-LLVY-MCA hydrolysis
of the 20S and 26S proteasomes was assayed with (@) or without (O) 0.05%
SDS, respectively. The PA28 activity was assayed by measuring Suc-LLVY-
MCA hydrolysis, as described in Experimental procedures (A, shaded). Protein
(—) were measured. Upper panels: Immunoblot analaysis with anti-PA28a«,
anti-PA284 and anti-PA28y antibodies. Numbers at the bottom of the upper
panels correspond to fraction numbers in the lower panel.
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RXhte., BBREWZ L1 PA28y & PA28a XY
PA288 D¥sH BB & huteh3, Z D FGEEF R G
P13 PA28a 3 X O PA28S & MBS 5 LFEE I
e Dot ZORBRIAWEEoHE D S
NREFMUBETHH EEE2HE (Fig.2), 7v
MO R B S EICE T h B PA28y DEHL Do
TERTRBL TS,

T, PA28a & PA288 7 w57V —n&in
vitro TEATHZ ENFHEZI R TVW5HDT (Song b,
1996 ; Kuehn, Dahlmann, 1996), PA28y & 7' » 7 7
Y — ACERETHNENMCOWTEE L. Experi-

Anti-PA280.
Anti-PA28B

Anti-PA28y :
F.No 12 14 16 18 2022 24 26 28 30 32

T 5 | T

¥

aof-

g
T

PA28 Activity (units/ml)
8

15 20 23 30 355
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mental procedures D TR N7 X S IR L
PA28 #RERM T vF 7Y —2DFHJETT VIV F
aR— b L, 7Y+ wr — VEEAREOE T
L Suc-LLVY-MCA o4&t 2 & L. Fig. 4A
ZaRT X 5z, PA28 134 EHES 25-30 1@ X i,
—F, 7T TV —atEEE LI PA28 X 15-18 D4y
BB X i (Fig. 4B). &o PA28-7m57 v —
AEEROUET HEREBRBR LT T 7Y — a5
B Ol A (508 20 §i) X h B2 &y
Motc CRER). EErBEER LT T 7Y —
A%ZPIz T Suc-LLVY-MCA D4 fEiEH 2 RET 5

F.No 12 14 16 18 20 22 24 26 28 30 32

Fraction Number (1ml/tube)

Association of the PA28a, PA283 and PA28y with the 20S latent proteasome,
leading to the dramatic activation. A: Samples (1 mg) of the PA28 were
analyzed glycerol density-gradient centrifugation. B: Samples (1 mg) of the
PA28 were preincubated with the purified 20S proteasome (0.5 mg) for 30 min
at 4 'C and then were analyzed as for A. Fractions of 1 ml were collected from
the bottom of the centrifuge tubes. Sample of the fractions were assayed for
Suc-LLVY-MCA hydrolysis in the absence (O) or presence (A) of the purfried
rat proteasome. a, b: Imunoblot analysis were performed using anti-peptide
antibodies against PA28«, PA288 and PA28y. Protein in 150 u«l each fraction
were precipitated with acetone and subjected to immunoblot analysis. Num-
bers at the bottom of the upper panels, a and b, correspond to fraction numbers
in the lower panel of A and B, respectively.
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E, 7mTT7 YV —AKEE LWL PA28 A Fig. 4A
LA U 5rE (25-30) iRt S hie Bz ofEko e — 2
BIEFHIPNEL o T, ZZTREA AL, Try
M 3T X D PA28a, PA28B, PA28y DEfERFE~
o, FRE AL 5L PA2S-F v 77 v — AN
BN & ALtz 4zt PA28a & PA28B D h
Ehi (Fig.4a, b). £#1L T, PA28y % PA28-7'=m
77V — 2 BEEOBIRSGBEICEE S h, PA28y »°
PA28a & PA28B LRI mrT 7V —alR&EAL
TWBZ EAHBI L. T OfE5E1 PA28y 23 PA28
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II. PA28y (X PA28a & PA288 b sh~7T mr K
)~ —HEKRLEBREIEREERT 5.

T, PA28a & PA28SB 7 PA28(af); D4 FHEK
HHELIc~T R ) ~—HEGELTHTERTHE
EHREE T\ 5 (Kuehn, Dahlmann, 1996 ; Song
b, 1996). £Z T, PA28y Dla & 47 ==y b
LR I D REANEBRCEETENENERE L.
PA28y & PA28a/f & DMHEIER %N 5o,

C
T

-
s & gﬁ*?rg:
- n = 8 B B
. 2 E=3
11 1irinn
SPSP SPSPSP SP
%«% "i,"

Anti-PA28c.  Anti-PA288  Anti-PA28y

Fig.5 Immunoprecipitation analysis of the purified PA28 by anti-PA28«, anti-PA284
and anti-PA28y antibodies. For details, see Experimental procedures. A20 gl
of three anti-PA28«, anti-PA288 and anti-PA28y antibodies, and preimmune
sera that had been bound to Protein A-Sepharose were incubated with the
purified PA28. After low speed centrifugation, the soluble (S) and insoluble (P)
were used for immunoblot ayalysis using anti-PA28« (A), anti-PA2848 (B) and

anti-PA28y (C) antibodies.




7r77 V- A0E®ICRT PA28 77 3V —

£ A DHSEE AT RELBRER YT - 2. Fig. 5A,
B @Rt & 5 i PA28a Hifkis X O PA28R Hifk
33k BT PA28a & PA28B DR kit X
Bi:pt PA28y 2B ote. ThbDiE
RL¥c, $i PA28y Hithid PA28a & PA28S %
X e 5z &, PA28y DA BRINCIE X2
7o (Fig. 5C). ZTh b o KIGIL pre-immune
IgG T BEIAEIr T, ThHLDERND,
PA28y D& 12t PA28a & PA28S 3&Eh T
MW ENHB LA, FLTY Y v e — A BEARGE
DX b, PABy-7m5 7 v — sG55 PA2S
(@f)s-7mT 7V —2BEKERALSEIEREL T
{BZ Emb, PA28y 13 PA28a & PA28S h HEER
Bha~7erK) v~—HWEEKEZERULY I XEHL
TWABHIZENRE LRI 8-> T PA28y 12 PA28(y)s
DFRERY <~ —HEEEUET S LHEEI L.

M. 785777 —ak%+T%5PA28a, B IV
PA28y %R

Realini % (1994) (2 KIBBE CTRE X7 PA28a %
BHTTmT7 7V —a®wERLTHE L RRLA. £
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7z PA28a¢ 2 —F3% cDNA #REH~7 2 — @
ZOAATHERRMHBEEZ NS v A7 223 vt hE
BROCx 7 -THRPFEINS Z LML T
% (Groettrup b, 1996). LA L, fiio PA28%GF,
BLy OFTeFTTV—rcHTHHRIHESMCE
T, ThHE=FD PAHGFDT 0T TV —
AT A B KBECRBA IR ) avEFV
EABEYAVCTEE L. pET v A5 2 TRE IR
ZED PA28 I Thb ZTh b0 e A EBREHIZ
sBhtcd M REXSUEER CTHEMAL, Nizt »H
ELICT 74 =F4—2m=}757 4 —THEELL.
ZOXSREHRBTHEEL - PA2S #EHICL D
BACRELZBCTHELAE TS EER 5050 %
RABEHEABE L - TEREhcD TR bR H
T7r7 7Y — sl T 53R 2FAA. Fig. 6 &R
T L5, PA28a IBMITHINZ % L BABEKREN
CTRrTTYV—brDXTF N ERIGYEECER
L. AEBRTIINKMRIZ Histag DS LIcY 2 v
v b PA28 R LD T, Factor Xa TAEL
Ttag WM EBREL CEEIT->TH 7T rF 7Y — A

25 A
PA28B (101g) ————p

20
> 15F
= PA28B (2ug)
K=
(]
< 10k
&
§ ~———— PA286 (Opg)

W
LS

PA28a (ug)

Fig.6 The effect of recombinant PA28 proteins on the Suc-LLVY-MCA degrading
activity of the purified 20S latent proteasome. Recombinant PA28« was added
with various concentration as indicated in the absence (0 uxg) or presence of (2
p#g) of (10 ug) of PA288 (A) or PA28y (B) prior to measure Suc-LLVY-MCA

degradation.
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DIEHALC T BRI FE L i o, TORE
Bi¥, PA28 XD CKMENL T RT 7Y — A2 LE
ATrE VO URETIOHmEE KL Ma b, 1992).
—75, PA28B B T3 7w 77 vV — afEMA LIS ¥
ELIshote. Lal, PA28a AYEIEETE L &
1w PA28B winx % &L WEMILOBEIEIABE I
7e?’, PA28a HUBFICAFEET B8 10X PA28S D%
R 3L L BDd bhieh ot PA28y (2 PA28a b
L < X PA28B DA EITHh 3> 57 Suc-LLVY-MCA
RHBEE LT rT TV —2aD_7F FEHICITEL
EELithoTo.

IV. 3f» PA28 %#=2—F 35 mRNAODE itk
¥ ik o

@
2
-
2. 3.8
R -3}
£ £ g hemg g =
SEs-Er= ¢
MR A M A
PA28a
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EFla
G3PDH |
B-Actin
Fig.7 RNA blot hybridzation of human PA28

cDNAs with poly (A)+RNAs from vari-
ous human tissues. Amounts of mRNA
encoding PA28«, PA283 and PA28y were
analyzed by RNA blot hybridization (Aki
et al, 1994). The positions of RNA size
markers are shown (in kilobases) on the
right.

G

e fse r ORI TS PA28a & PA28S L
T PA28y %= — F3% mRNA oFHLv 1%/ —
¥ 7ey bETHE LA (Fig. 7). =f» mRNA
TR TOMM TR X N2V OIE & B
TELREALTWB I ENGhote. Thb PA28D
RBEZX20STe T 7V —aR26STRT TV - A%
BT 5y 72=v + ©® mRNA OB —3 L1
(Tsurumi & 1995, 1996). BBREEZ & 1%, PA28a &
PA288 © mRNA O 4 XA 0.9kbp THBHIZDH
i bF, PA28y 122.5kbp EFEHICAZ W2 & T
H5B. Thix PA28y #=2—F3% cDNA 0 3’ fllic
FEVIFFRREE A FAET A LcBRT 3 L bh s
(Nikaido », 1993). xf&& L T EFa, G3PDH, %

Negative littermate ( &)
SAP-y-IFN (%)
SAP-y-IFN (&)

PA28a

PA28B

PA28y

EFlo

Fig.8 The mRNA levels encoding three
proteasomal activator proteins in the liver
of transgenic mice carrying SAP-y-IFN
gene. The liver from each negative litter-
mate (") and transgenic mice (&, %)
expressing y-IFN gene (IAP-y-IFN) were
analyzed by RNA blot hybridization for
the levels of mRNA encoding PA28«,
PA28p and PA28y.
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LT B-actin ® mRNA o v XA ZKEHF LI EZ A,
EFla 3t b OF~1c4 ToOMBIC I\ T BT —
CHFH L T\ eh G3PDH & B-actin ® mRNA v~
ik PA28 & RIFRICHHAEM TR BRI S hute.
V. PA28 7 7 3 V) —FEAH®D y-IFN & X % i
Ahn 5 (1995) (ke b OREEMAAEY ¥ IFN TOE
+% & PA28a & PA28B8 @ mRNA v~ ps 12 Bfid
AN w#gin3 % 2%, PA28y ® mRNA v~k
yIFN kS EE LW E2BE L. £ TE
FEBTL, yIFN BEFEXHERNLMET I v ¥
Pl D7 re—2 —HTHMRTHEEI®S X
S5Ilict7v o= =y 7<=y R (SAP-y-IFN) DOff
i (Toyonaga &, 1994) #H\T=f» PA28 D&
HEOEIV VOB E ##~7-. Fig. 8 1rRTX5
iz, PA28a & PA28B ® mRNA X SPA-y-IFN T
B, MEE bk < v 2 (Negtive littermate) 12 Hg
LTELLIEEML TS0, PA28y ® mRNA Xz &
AEBB LW ER G hote. TDEE, PA28y ©

A o
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cDNA A7V EA X —vavThHE DD Y
FogH S e, ZhbbE—D PA28y a—F
LTWBPELIARHTH 5.

RIZZNBDFNF VAT ==y 7= ADHELD
FE LR 2 =0 PA2REAE LY v
DEBxA A7 T my FETKRH L. Fig. 9A @R
X 51, PA28a & PA28pB X SAP-y-IFN THiRE
L Tuste. —F, Bz bic PA28y 3T fE
D PA28 BHEELRNY TECHEET D Losyn
Stc. £ TR bIEEMRZ AT yIFN o 8%
FIEkICA &7 7oy P EETHRE L. Fig. 9B /R34
X 51z PA28a & PA288 DEHEV 1 3dkic y-
IFN MBS L THMm L 7ch’, #ic PA28y (25
BEKELECE D L. ThbDRERNLDL, yIFN 2
PA28a/PA288 & PA28y DRBIZEF L ~ L K Vs
FHROV Xk h L THRENCHEET L T 5 2 & AVR
Bt

RIZ y-IFN OB TN L 72 PA28a & PA28S »°

B
®
<
= Y-IFN
za treatment
T @
£ 813 5 (days

— o G g

- ——

Fig.9 Immunoblot analyses of the activator proteins, PA28«, PA2843 and PA28y with
the respective antibodies in the liver of transgenic mice carrying SAP-y-IFN
gene (A) and SW620 cells cultured with y-IFN (B). A: Sample of purified
PA28 (1 ug) and crude extract (50 ug) of liver from negative littermate (&)
and transgenic mice (7, ¥) were subjedted to immunoblott analysis. B: The
cell extract (50 ug) of with or without y-IFN treatment for various days as
indicated were subjected to immunoblott analysis.
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Fig. 10 The activities of 20S and 26S proteasomes and PA28 of liver from negative

littermates and transgenic mice carrying carrying SAP-y-IFN gene separated
by glycerol density-gradient centrifugation (A). Samples (15 mg proteins) of
crude of liver from negative littermates (left panels) and transgenic mice
(right panels) were analyzed by glycerol density-gradient centrifugation.
Fractions of 1 ml were collected from the bottom of the centrifuge tubes.
Aliquots (10—20 1) of each fractions were used for mearuring various
peptideuase activities. Top panels: protein concentration (—) and Suc-
LLVY-MCA hydrolysis. Middle panels: Boc-LRR-MCA cydrolysis. Bottom
panels: Cbz-LLE-BNA hydrolysis. The fluorogeic peptide degrading activ-
ities were asssayed with (@) or withouot (O) 0.05% SDS. The PA28
activity was assayed with the purified 20S latent proteasome (A, schaded).
B : Immunoblot analysis of the activator proteins, PA28«, PA288 and PA28y,
and y-IFN-inducible proteasome subunits, LMP2, LMP7 and MECL-1, in the
liver of negative littermate (left panels) transgenic mice carrying SAP-y-
IFN gene (right panels). Numbers are fraction numbers corresponding to
those in A. Immunoblott analysis were performed using anti-peptide anti-
bodies against the respective proteins. Protein in 150 ul each fraction were
precipitated with acetone and subjected to immunoblot analysis. Asterisks
indicate artifact bands by anti-PA28 antibodies, because they were not
detected in the purified 28 samples.

TrFTYV—-AREEL, TeT TV —ADER
FEL TV BOEBEI R L. Z0kd~y RO
BOMMBMEEY 7 Y € v — VB AESEE CHE L.
KERCED 26S 7vF7V—2& 208 FeFT Y —
ANBECLBETELE LRG> TWBHEDT (AkKi,
1994), BRI ZhHOGMERNIe. Dk, 7r
TT7V—AD=ZROXRTF Vo@RIENE, ThbbeE
Yy VBEERTH B Suc-LLVY-MCA, +Y 7
VERIEMTH B Boc-LRR-MCA LT V8 7' m 5
7 — EREEMTH D Cbz-LLE-BNA ##EB & LT
TFEX—EEERRE L. Fig 0ACRT IS5
SAP-y-IFN © = v AFFRIC BT, 20S v 77 ¥
—AL226SFuT TV —sDFELY) TR BHE
7 e 57— ERREE TSRS B LAz b Y
T VERERIIRE N L. £ T PA28 IEH Y
BRLATr T 7Y —2%HMLTIELEER, 7

RFT7 Y — ACEELTWisW PA2S A AEIRN X
N 55 (20-25) TOHERI SAP-y-IFN 7S 0¥k
TEEINRKE., LrLanbARBE R &1k, PA28-
20S 7w 77V - sEAEEOWRESE (15~18) ik
RTF L —RiER, ThbbERL TR T T Y —
ANBED LRI o1, 2T yIFN THEE IR
PA28a & PA288 MEBRXTrTF7 vV —aiE&EE/L
TWENELEA L/ 7 vy FETHRRE LK. Fig.
10B @R L7 X 51z PA28a & PA28B DEHHDE
13, 15-20 o4 E ML, yIFN THEIH
7o PA28a & PA28B 7320S 7 m7 7V —AlLEAL
TWABZENHB L. —F PA28y O0BAHEIIES
CHELE. $RBETRT 7Y —ADY Ta=y
T» 5 LMP2, LMP7, MECL1 L igE I T35
X 51z (Akiyama %, 1994 ; Hisamatsu 5, 1996),
208 7o T 7V —ABIU2S 7FeT TV —ADSHE
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ZRWCTHEMLTWbZ EREEI L.
* %=

KR TIE T w77 v — AESALETF PA2S 2 a,
B,y DAl L =ZBoMHRABOBVEAE,LHE
BERTWBZEEBELNC L. £ L TEEARE
DEDORBRD D, PA28a/PA28B-7" 057 v — 2 A
fhk& PA28y-7» 57 v — 2 EAMLRE LS EIIRE
LT Bk (Figd), RUORBELBERICI D
PA28y 7\ PA28a & PA288 ORI BHEEMHI
S¥hitwz & (Fig.5) 75, PA28y 13 PA28a &
PA288 D~7 e RY) ~—-REEH L IR AER
) v —FIEEGAHRT B EARBE R, ThT
Bl fifaNc o, B < PA28(ap)s & PA2S
(W DPABEEBVBHFETIZON? =ZFD
PA28 S FOMEEIM2? WO ZENRIEE -
T 3. xZCSEOMAR/BRICOWTHEE TOH
BaabeCEET .

ZhETOBEN S, PA2S IEMREBOREEN
Bdhs0id=vx7 VLEABOFECHIbLLTE
CTERRT, M ~7F FEBEOSHEN 2 EE TR
HETHEVITENBEIR TS Ma &, 1992
Dubiel %, 1992). ZL THHE L7 PA28, X% 5H<
PA28a & PA288 OEHEENRTRT TV —bDXRT
F 2 —EiEHI LT Vmax O#iné Km oA %
HEWOHEERARL, PA2 7 v 2T ) v 758
DI EMATAARERERE L. A KBE TR
BX®icyaver v+ PA2a BT RERR
TeTTY - AR TSICEE L TE S EAE LT
7t - 7= (Fig. 6A ; Realini 5, 1994). LA L PA28g
& PA28y & ABMTIXT w57V —aDiERKESE
SEELUithotz, PA28B BiEHALICLET: PA28a
DEEX BT ERD IR BHRLRTZ EAHBEL
7= (Fig.6). Zo#EH, PA28a & PA288 I3HEEERY
CHEFRAL TV Z EXRB I . EB, PA28a
& PA28s i Ra N T PA28(aB)s @ hetro-
oligomeric BAH MR T5 Z LAVRBEIh TV 5
(Ahn %, 1996 ; Song », 1996). Fig.1 (kX%
) WRLAL S, EFEEE L 2T ORBE
L7 PA28 1354 A2 K[ FTHAHNT 0T TV —LD
TICEETHE7 v P R AR TFEHHRTE &
¥ L Tv5% (Lupas b, 1993 ; Gray &, 1994).
> TPAB X ATPHREHR T v 77 —X¥THBEL v
~ABD 268 TrTF TV —ABHETES 50D
FEEAHE, PA7T00, £ 20S w57V —s2DEUE

BioRE AT

IBEELTEELTWb E#EE S (Fig. 1ok
F o4& & B, Yoshimura 5, 1993 ; Peters,
1994).

Ki PUFRSY), BOREER L L THALRAT V5L
=) 7~ —FRAOBFEMF TR >h - ACH
st AR & L TCHE & hi (Nikaido b,
1990). #0# PA28a & PA288 ® cDNA 47 » —
=v7E&8nsk, Thb PA28 2 Ki iR & &\VAHR
MDD EHHI L (Ahn &, 1995) 2%, Ki #i
R EE PA2 #BHT5Y 7=2=v b THLINEN
BEARBETH - 7. KRR Ki FURCERN sk
PR LA PA2S wHRE T A2 & (Fig. 2), &
IO K HiENRT v 7Y —aizsT 52 & (Fig
4) AL, Ki FURLZF L PA2B DA v -
THLEERRELL. ThiTtoREcIBHLL
PA28 DB ORABELOBRIN TS Z &K
LTWwaH (Ma b, 1992), 7c¥ PA28y vk & h
Tedr o feDMIARBTHS. —>OFHEM E LTtk
IER2 S BEEEL 7= PA28 B2 il PA28y DRENE
b ThnZ EnE L2 Hh5. EE Hi PA28y #1
hEFI A & 2 7 ey b P TRRMER O
BT PA28y MR T & fod o o (REHR). &
biz, KisiE, 7 PA28y AMEREHEE L LT
HEI Rz &rbltEcZbIrLrgEth Ty
s &bF 2 bhn (Nikaido H, 1990). Fh A1 &/
ey MERI D e b OEMGCEVTE PA28y X
IEFMRCHEL TEHREBLTVW3 L5 CBEZh
7o CRFEF). EBE PA28y © mRNA oRBH L <1k
RO SHhic s WTHEINT 5 Z L ARBIh T
% (Nikaido &, 1990). ZhbDERENSHE LD E
PA28y 1% PA28a/B OBEEL 3Ry, MiaoBE
CBELTWAHAESEABEVEBbh 5. ¥1,
PA28y BZHhECHALTELYERT 5 FORIE
MRS R YR &R - 0T, BE PA28y
DG FEIERTHTH 525, HYILBEREE PR o
T PA28y 7w T 7 v — ALK TAERANES M
ZieBnd Livicus,

PA28 DEMLFRIBERITE CHIL IR T Wi,
BT PA28 DB ENCEETH S & L3 REE
hTwb., £hix, PA28a 237 557 41 F i
WT yIFN R LBETHEEFLELTRER
#lc IGUPLS11] LR~ FTHDHZ EHBALE
ERE 5L T o7 (Honoré B, 1993). Xz Ahn
5 (1995) 1% y-IFN 2% PA28a % = — ¥+ 5% mRNA
DHIeHT PA2S dFE BT L H¥FAHRE L.
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EHIZARR T PA28a & PA288 OEAELV N
by IFN i < IRE L TN 543, iz PA28y i
mRNA 2ZLL e vic bbb IERAE V N0k
KRR HET 5 L2 R L (Fig. 9. #-T
PA28 77 3 ) —EBHEBIXNTS yIFN X 5H#H5
BEHETHEEEZLN. LrLicdb, yIFN &
PA28a/8 ® mRNA # ERX®50DT, Thb¥=
~ VT HBREFORERREIRD LEHEINDH
PA28y ® mRNA v _RAIEEL itV T, y-IFN
MBIzt B PA28y DEEDS THBEIEER L <L
TH5H EINTREINLK.

y-IFN B85S v 4 —7 = v v & IR aEs
HlERTARVEERY A A4V THD, EBEH
FERFIGE TS TAP + 7 v 24— —% MHC 4
FOREGBTFHREAYR B I LHANCEL & LHH
bh T (Billiau, 1996). * 7-# 4 (Akiyama b,
1994 ; Hisamatsu 5, 1996) ®fio> 7+ — 7 (Belich
b, 1994 ; Frith b, 1994) ORI E T, y-IFN &
WEMTIRERDO ety o v 7 IZI Y BLTHB T rT
7YV —ADY¥FT=a2=v +, LMP2, LMP7 %L T
MECL] #8EMNCHFEL T T 7V — 205 TH
BEBEBRILLHEALRDDHZ EXFHL TS, L
THAZZD yIFN R THFE IR TR0 T TV — &
¥ RETRT TV AT LRBTHIEERELL
(Tanaka, 1997). B, y-IFN &M D 5 IZBEK
BT I/ BOCHAIRTF FiEE ¥ Ik HBT 515
PWIMX LW T I VBOCHA<TF Ny
RIEM: 24l X2 5 (Gaczynska &, 1993 ; Driscoll
5, 1993). MifaEmo® MHC 7 5 2 1 5 FicE& L
TWAHER7F PO CRURICIIBIET7 3 /7 BINz L
AETERT, BN D EREN 7 I 2 BEYCK
WL ORTF FARBHEECZ SR I FIEELT
W5 Z &S (Rammennsee, 1995), y-IFN &EFH) s
Tr7T7 Y- A0EBEREREOE/NMI MHC 7 7 2
[P FIEBRENBERTF FOERIZHL T 5 EH
xbhd. —hHi, yIFNicksFE ) 7o vig
EW OB IMBD 7 Vv — 7o b#léE X i (Boes b,
1994 ; Ustrell &, 1995). &~ BEEMATZ —REIIC
yIFN TAE$ 2 &, = } ) 7o VRS IS
B E0HE L (Aki 5, 1994) », AR TRT
X 51z (Fig. 10A), y-IFN ##E & HEAET 5
FHETRFE LY T VRERRSCEAD TS R
M LA, 20X o, ¥€ Y 7o VEREEIIEA
MO RBTEZ TR LE L bR B, fLh,
AKFRIZL D y-IFN 28208 v 577 v — 25T
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WA BN XRDLDLEFEEIZPA28 77 3 Y —BAED
DFERYIBIRDZ LB L8, FoEH
BARBETHS. LrL yIFN ofE»bE2BEZD
FA4 b AV THEEINS PA28a & PA28S 1IN
UHRERO T vy v FRREBETHZ ENTFHEIR
5. EEE, PA28a DcDNAXFNSVvRZ7 =2 ay
LTy FoRALEETS L, BRORF7-T
WMlarFEXE S L (Groettrup b, 1995), X b
PA28 25 in vitro TMHC 2 5 A I 3 FD Y v V%
SRCEE IR D 2 ERRAHRE STV (Dick
5, 1996). —7F PA28y 1% y-IFN it L CRBLAS
WA+ 50T PA28a/PA288 DIER & 1XR T b
B IXEBRTH B Db Lhdtu.

Z { &L Kasahara & (1996) B3H@&E 7 vn57 v —
LAERHERTHY 72 =y BN MHC EETFHE
2 — FEhCBRIETFH O CHROEERIC L - THER
Th, ThboBREFHOBE S EHEYVIURER
iR AT 2 EETIRIC—KTHZ &R
L. #-T yIFN RINET 5% PA28 Bz FO5F
ELTHEREL, Tha PA28 OEX M T8I
e nhd Liview. EEE, PA28 OESENRES X 7 4
R I CBERREY s F OB R RRE X hs
W EHHER Ul GREFR). %7 PA28 Y+ 5%
BFLBEROY 7 & LIRon b2 LB L 1.
ThbofERIT PA2 OBEFHREKEYDOELDT)
B3 EeT, EWr4 < obERR¥HY T 5%
GFH LIRS AT 2B LB THc I
BLIEWSHREENE 2O, 512 PA28 O
i EBBEOBEN I OWTHF Vv L TORNT D
e, =@ PARBERFHHEMBDE \IEHEL
THE LI, vy 270 b=9 ARERIL, Zhbn4k
YT T OLEND B LEFE LTV 5.

MaxkbsiclEs, 58 L HARMEYE - -EEX
FRERPFEHER, BERRERFIEHEERE, R
FERESRARA, LERERIEPE BRI
SERALET. FRAMRLZTICHI ) EBHE
T EKFEFMWR BB LT, EXET 1
=7 ) TARETOERT CRHKL T

X 73
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