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4Pls; four protease inhibitors (chymostatin, leupeptin, antipain, and
pepstatin A).

AOx; acyl-CoA oxidase.

Bicine; N, N-bis(2-hydroxyethyl)glycine.

BPB; bromophenol blue.

BSA; bovine serum albumin.

CBB; coomassie brilliant blue.

CCCP; carbonylcyanide-m-chlorophenylhydrazone.

012E9; polyoxyethylene 9-lauryl ether.

CHO; chinese hamster ovary.

DCCD; N, N’ -dicyclohexylcarbodiimide.

DEHP; di(2-ethylhexyl)-phthalate.

DHAP-AT; acyl-CoA:dihydroxyacetone phosphate acyltransferase.
DIDS; 4,4’ -diisothiocyanatostilbene-2,2’-disulfonic acid.
DMSO; dimethyl sulfoxide.

DTT; dithiothreitol.

FBS; fetal bovine serum.

H-D; hydratase-dehydrogenase.

HEPES; N-(2-hydroxyethyl)piperazine-N’-(2-ethanesulfonic acid).
HMG-CoA; 3-hydroxy-3-methylglutaryl-CoA.

HSA; human serum albumin.

HSA-SKL; SKL motif-conjugated human serum albumin.

HSP; heat shock protein.

MBS; m-maleimidobenzoyl-N-hydroxysuccinimide ester

MES; 2-(N-morpholino)ethanesulfonic acid.

MOPS; 3-(N-morpholino)propanesulfonic acid.

NAGA; S -N-acetyl-D-glucosaminidase.

NBD-CI; 7-chloro-4-nitrobenzo-2-oxa-1, 3-diazole.

NEM; N-ethylmaleimide.

NSF; NEM-sensitive factor.

PAF; peroxisome assembly factor.

PAGE; polyacrylamide gel electrophoresis.

PAS; peroxisome assembly.

PBS(-); phosphate-buffered saline without divalent cations.
PCMPS; p-chloromercuriphenyl sulfonic acid.

PMP/0; 70kDa peroxisomal membrane protein.

PMP; peroxisomal membrane protein.

PMSF; phenylmethanesulfonyl fluoride.

PPAR; peroxisome proliferator-activated receptor.

PPase; inorganic pyrophosphatase.

PPi; inorganic pyrophosphate.

PPRE; peroxisome proliferator response element.

PTS1; peroxisomal targeting signal 1.

PTSZ; peroxisomal targeting signal 2.

RXR; retinoid X receptor.

SCP-2; sterol carrier protein-2.

SDS; sodium dodecylsul fate.

SMP; submitochondrial particles.

SEH; 0.25M sucrose, 0.1%(v/v) ethanol, 5mM HEPES-KOH pH7. 4.
SVE; 0.25M sucrose, 1mM EDTA, 0.1%(v/v) ethanol, pH7.4.

SVEH; 0.25M sucrose, 1mM EDTA, 0.1%(v/v) ethanol, 5mM HEPES-KOH pH7. 4.
STA; silicotungstic acid.

TBT; tributyltin.

THCA; 3a,7a,12a-trihydroxy-5/3-cholestanoic acid.

TMAH; tetramethylammonium hydroxide.

TPBS; phosphate-buffered saline containing 0.05%(v/v) Tween 20.
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HCREERT MG ZOMBERNICETREILEN=ZhFhEED
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PHRIEEINTWD, COFNHIXTREZFLEEPEL NIV E, L) ESEICHEE
fEaN/MRLANILOFRICHEL., EHREMELANILTHEEHHTHROTH
HB5, HAEZDFNHRTEENTIME - 2 INTEFEEE. BICZDH
BHE. YOICEFDEA 3 v 72O BENE L TR LTWS,

COMEARANAXZELT, EEBEREL D%, IXLX—EEET
23b2AZKRUT AMICB L OBRMMKYBEREEC VY L, 22N
JERET O HE/NNEE. SHREHEOBIEAKHCIEE SR £ 17O BE/\
K, 2 NNTOBERRBOBMET S JILIUEF, NREXEESI I KV —L -
DFERL., MEERZ NI NBEEBOI A - T OV -LEEDPTEERET D, 2
NSLSHI, BERMBRICIAS NIV X VY- LPTFETEIH . BRI TEID
NIWVFF Y —LICDWTHBIETHBH T ERHIC, B2ERUTICHLAIER
U 7-N-ethylmaleimide(NEM) B2 14 . FERESME 2 FED NIV A * 2/ — LATPases
(1, 2)&PPase(3UCDWVTIRN, ZDHEEICDVWTERT D,

BEiZ Mg O K[ % Scheme 1-112R7,

Scheme 1-1. Possible participation of ATPases in substrate
and protein translocation in rat liver peroxisomes

—
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L, lysosome; P, peroxisome; E, endosome; A, autophagosome;
G, Golgi apparatus; N, nucleus; M, mitochondrion;

&&= BAF, inhibition by bafilomycin As; m, protein; O, substrate.



1.1 ~NILAFXFIY—LEWE?

19544 . Rhodinii ¥ ™y X BRAEMIBEFIC/FER 2HER L. BEFH
I ORT 4 —fkEdB L, 19655F . De Duvedd 7 v MEFMREFIC. FR
Bt x4 -t D-TI/EBFIXE-—EELUHET—EEECH LV L
HRxSERB L., BRIEAELERTIBEEBRE. OB BREXKEE
NRTHEZHET—EEESCHBOETEET N IO 2 8ENRIRE LT
WAF I —LERRZ EFRIEL (4, 5), TXTOEZMBICE SN 5
BANEE(ALHZT)DI1BETHY) ., MROBBICLVYSIX, BHLUR
HMEEHN RA D, REIYBFROIZAORT 1 — @7 )T xBTS 7L
DEELETNBI3ZENSTUFFIVY—LEFIEND(6, 7)., BRHMY/IN/

J—3DF) AV —L(8, HbED TR I 70871+ =" EFEN,

. I haCRYT. K, VSRS LULRRFTIVA R 7 (SRR
I RY—L, YYV—LEE)ERFIENRhTWS,

1. 2 ~NILAXxIV—LOREE

BT - BRSO XYY —LI30.5-1.0umTHY . & PEELEK
R T X/ NE<0.05-0.2umTH B (10)., BEEFEIFNIILA X2V —LICE
FELTURBAF O —ELURIBHERME 7 —EEPA5N05(11).
A2 ) —JVEEBERICENTE 7O - LA X E—tEE I EKE LIEER

PEBOHSNB(12), NILFF IV —LEERRICLEREE L TREEI WS H,

EHETAEICE D 3RTEBRICEZETy NBERFOS3, 14), YT X5 &L
URERFRR(16) TRERBEICL YV EVWEERE L TV NILE X oV — Lk
EEONEBEFR-TWS, £/, HE27—EPD-7I /BBAF X -
BICLOATOLENILAX OV - LIBESP REINTWS(17, 18).

1. 3 ~NAAXIY—LOEE(EZEBEOEL)

19655 De Duve > I BEANELRDEICL 2MBELEETHA LI T &
LTEMARX 772 —tE2E8FT2) VY Y—LERBRC, REEF X4 -1,
D-TI/BAX VL —tEH LU DL T—EEEENILA XY - LDOIFEELE
{EFRCEIBR L =(4, 5), AT TR I T2 KU ZLIETOEIBAMFIRSE %
BLAERADAILAZ T ELTARISNBESGICH 10, ZDEI976FICHE
RRER O BEB{b R HLazarow& De Duvell KW HER I N(19), BERFEEREL
TRIVF XY —LOKEERBRT DMBENP LN > TWo7, P LTEDOR
RRUFH3I0FEERT, NILA XLV —LEEBRO LD ICHRL R EIRIOREEE %
RETESREN, DAOHBRAILAR T THD I ERGEVDEL, NILF
*U— LOERG ., STBATZMILIC RIAEIFIRIE(0,) — H) 0, —  H)0)

EE-S-HbOPHELAEZDHD EDe Duvell SWHTEIN TS (20), Dk

BN OELEGFIRR TN B WD, BENILA XSV —LOBEDOZLH
BIMMRICTEELI PO R PICTFEELE VO D, NIVAX OV — LY A
DANHZZELTI R R TERICEEZRS-OHLEKORELEWVED
ATHD,

1. 4 ~NILAF2v— LFRK(Biogenesis)

NIVAF DU~ LRIREFEOFILHZIPRE - PRLUTERTEIEED
NTW3(21-23), NILAFOV—LICWIEDNAREETATE ST (24)NILF
XYL NTEIZIO-RENTHY ., BREFO7U K1) J—-Lt
TEARIN(25-27). NRBEL SHIF - PRUTETIEHESIN TV EHTF
NIV F DU = LICBIERER X SN 5 (28), REBADNIVF X2/ — L2 N
JRIIF 27— A XTERINBEICHEIPBRESZ TEL, NI FF U —
LBTEMDF 4T —t(29-31). 7 ILCoAt X% —t (31, 32). FEHEN
sterol carrier protein-2(SCP-2)(33, 34)EBxFEI I RUTICHTS
RN ERBR. RUINTDBEEZGD. ZDIBT VIGAT X VA -l
DNREMEDF ) TA Yy TEEERE LU THEET S, F4 7 —HEH LUVSCP-2
FRRICELY T F27-RER B,

1.5 NIAXIY—LFE . 18BE

SIEMNEA/AEE. 7725y 7a]8E, SEBFRICE Y EBEERENICH
WTANILF XY — LD HE - ERETZZEMBH SN TS, EIFEERE{ER
BELEIET OBEICDIEZEENTWAS(35-37), A2/ —I)b, RIEKE.
EpEr REBE L HETZIBEBTONILA XDV - LOBEEGIEENER
BAINB(38). T XF v IR]BEIOI T FILAFILT ZILER(DEHP) (ENIL
XV —LBEOKER., BREAKFELEMEINIODLERICLN 8 —FF
DITZUEERT A EPHEBEh, EIEEEMEENBELEVESN 18
PHEZSNTWS(39),

1. 6 ~NILAEFIvV—LEER
EMIBVWTNILA XD Y—LREH D VT ORBEEREE 15 DiIxft
EENONTHY IBCHEINTVE(40, 41), ABFICENILAF DY —
LRIBSE T & B Zel Iweger (cerebro-hepato-renal EAFIS N T H V) . KRIED
BEUGSEBEB sy BTRT TS, NI F DU —LEZOEESEE(NILE XD
J—L d—ZXMELTHEELML, 43). 127t EOREMEERES
TEHNET—HFIEMBPBICTFEETS(44)p. HLLERBEAN(45, 46). EF
BERIVAFXFSY—LPEREINCBEWERTHS, S5ICHA. B bNILF XD
U — LRIBEOABEMEB A AR, 7AUH, 7LV TESA, D
DZhSHEDH LU CHIZEMAL & DIEHMUEIBES pICE N, BEFEAL
FEY—LETEETIPERONILA XY - LBEREORBETHY . CH
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HE—BEORIBETSHY) . MESHIEHE' J— € RIEDX-1inked
adrenoleukodystrophyfiE(47). 7 2 JLCoAF ¥ ¥ 4 —HRIBRE. ¥4 7 —€EX
BE. 7H2723I7(48) K EPHSN TS, ZellwegerfE X Z < DFEFEIC
ELWSHAERFELTHY ., ZOZEWNILA XY —LPBREDREICER
LIBE|AEL TWAZ EERET 5, BRFMRBEE /1 K71 YOREIET
Zradial glia®BERICHEVT. FUT7RERARLYNIVFXFIV-LES
(EH. RAMELIRERORICLWBEICEET S, NIV XV —LDEs

BERRAOES ., SR MREEEEOBIE. KNRFAREE EORMIFLIND,

1. 7 ~NILFFRIYU— LOFEIBREEE

NIVAX Y —LIdRe b KHERREME TS 4 0L LD N v T
2ERESATWS, Bt MEHEHIEHR 3-BtR. BB TS Xv0O—
FLDEBRE ETH B (Table 1-1), LUIFICZDHIERT .

1.7.1 BEhpBE 5 -B8{LR

LazarowsDe Duvelc &V T "IFANILFF S V—LICI IR TOD
REFRLDIEHEB-BERPTFEETIZEMREINA(9, 49), & I
FHIV—LBRBEICSVWTHRRERIBERIA5NS., COFRENIILLF
U — LIERAES B-BELROEEHEMN I b2 R 7ICHR L THREREHHE
BEEICELN B0 E—BT 3, - T3 haX KT B-B{ER G LEBAVE
MIEFEE B Ll IR ILX—SERICFELTVWS EHEEINS, —F. NILF
FIOVU—LICEVWTREFERTEEN) D BERIFEELT. REHDH L
B R SHIERHEE £ EARIEIFBRIC £ TBESARL. S RO RUTICEBHDE
EZz2 515 (51, 52), ZORISHIXDEHIIE 1 BBEORAKFERICH acyl-CoA
dehydrogenase T3 % < acyl-CoA oxidase CHUEI N2 A TH 5., KEFIET

TRELNTTHY | BRTHUEEEZESFRERICHL ULBRILKRELT S,

ROKSEI . BEAFERISE78kDadbifunctional enzyme( —EEEESR ; BT
enoyl-CoA isomeraseiEMEH RHINZBREREIFIENA TV )ICLYMES O
3, mEILFAFT—EICEBPBERISICELY) KFE 2 (B L acyl-CoA & acetyl -
CoAEHL. 1 H1IILERRZD,

IERFBR DCOAFEFADERUE NI T XV — LENR) TS X LKRE L
OESHISHES)) #H— (53, BA) &N F vy —LEY ) v 7 AIOREKEHE
RERAEE ') 1 — (55, 56)D 2BPHMS5N TVBH. AL F f&kFMHIERE <
ZDFEMEEEEE ZED TE LW (I XX —fKEFEHICOVWTIE 1. 8ICH#
W), NIV F DY — LIS FERSOLTOESFEEMIIH LEBMETH
(7). 2O EIL& ) ~vt xSy — LEASREsucrosed 5 LV iENycodenz B
EARRDECEBEENICNLG XD —LDOHDEBETZIHDEEZ SN
W3,

1.7.2 RETER{CEH
3a,/a,12a-trihydroxy-5 /3 -cholestanoic acid(THCA)., 3« ,7 a -

dihydroxy-5 /3 -cholestanoic acid(DHCA) (&/)\B2{& L DCoA ligasell & V) iEM%
B2 N /-18(58, 59). ~NILA F 2 — LFTEMTHCA-CoA oxidasell & ¢) I —Ib
BB EARANTHR(L-BE)ANB(60-62), 27BN T )2 AERID
BT XU -LIZEWNTIThbh 3(63, 64), EIFES 5 -B8{LREESE( 2 BRR%
FHD2WVNETFFT—E)REBIEICEOVTTHCAETEDBD S hd 2 & SRR
HIEABAHICEADI DO EHEIN S,

1.7.3 Z DO DB

A EAFNAERFBR(65). T H LK ER(60)DIHICE b IBERH NI X
V—LICRWEINhTWS, 712 BOBHMOT) 22 L BHHEET (67,
68)., FHEMLE AR (xenobiotics) D7 VILRIED B-BRIEIC K 2 0B S
hTw3(69), 7OX295> I Fa. B2, A4 M) I 0O B-BIEH N
WX —LRTITHNDE(70-72), 3a,7a,12a-trihydroxy-5/ -
cholestane#cholestane tetrolil w-B{LT 2 EMHNILF XDV —LICRH
ENTWVW3B(73), L-U 2 OFRBEEMOENT ) D BROIENH Zel IwegeriE
OmMiFEERTES SN, D) CHBEEBZEOMRARTEIREEENTHY .
Zy RRTHYXTEIFALRY T, E MG ESREBTENILAFXF DY -LT
HDZENBESICEINTWEB(74, 75),

1.7.4 2L 27O0-ILEERK

OALATA—IEEREVELCED 2 SEBEOBERICICEVESKS
N 3. 3-hydroxy-3-methylglutaryl-CoA(HMG-CoA)(Zacetyl-CoA&
acetoacetyl-CoAdL W MIRBE TAER I N3 EEZSNTWVWED, NILF XV
— LFF 5 —HIZ & > T Hacetoacetyl-CoAld EREINB(76), »/NOB*%
AT BHMG-CoAS TEEEG AL AT O - LEESROBEBETSHY . TV b
ISR/ NBEEE NIV A XY — LT Ny T RICEET B (77, 78), SCP-
2L 27O ILERXCIEBEDOMINEXICEET S EEZIOSNTHEN.,. 2
v NIFRBEOMIE S HICALF F U —LICHRVWEINTWS Z &(79,
8)A S, NIAFIVYU—LA AL ZATAO—ILEESRICERICEAbD > TW3A]
BEMEDNEZ SN D,

1.7.5 I—7)V) VIEEHEK

IT—FIIYVEBTHBD T XvO—4 2 (1-0-alk-1"-enyl-2-
acylphosphoglycerides) 3 f#2 I T 1) L ¥D80 ¥ULZHEE L T3, ZD4E
SR D#)FEEEFE (Zacyl-CoA:dihydroxyacetone phosphate acyltransferase
(DHAP-AT) TH V). ~NILFF U —LEX NI T2 My 7 ZRNCHEEER L



k¥ OREETH S (81, 82). alkyl-dihydroxyacetone phosphate synthaseld
FONEEE#HTILI-VKRRISEREL . NV XD VU —LEICRET S
(83). alkyl/acyl dihydroxyacetone phosphate oxidoreductasetd/|\ia#(30
%) e AILF F Y — LIEMIERI(70 %) ICTEET 5(84). LI, 77 AvO—
FEUdNBETERENE, SOOI —TI)V) CIEEOEBIEEIE T hIL -
AN T —E LTEEER L ZAD 5 DREBS, 86)®. 77 F K BORT
B(87)X . M/IMREMALEF(88)h ENEZ SN, FzZellwegerfEICH LT
FTSXTO—F L OBEOBRIIPHMONTNE &L BRROBEZEICERIC
Bbh-TW2bDEHMEIND.

1. 8 ~NIUFFLVU—LEBICH T ZEERX(Transport) & X 2 /N T1X
(Import)D I R JL¥ —HIZHEHE (Bioenergetics)

Bald~bdxoy—LEEICNEMBSE S KUFEBZIHODL L LD
2 FEDATPases P TEIET B E#BES A LA(, 2), —A. 70kDarNLA ¥ &
J— LEEE 4 /%7 (70 kDa peroxisomal membrane protein; PMP70)7)cDNA
SO—ZL TR LVATPIEE KX L EH DI ENBBSPICE N 7(89) P,
ATPase’EM & DH E I DM EIh TV hE L, FL2RENLVFF U —LD?2
FEDATPases P WNT N H ZDPMPIOICIK S ELVHDTH B Z L bRASMICL L
(2), WUTICRTEOICHRERXHI V2 NNIBRICHE T I T RILE 1K
TP HREINRTVEIY, FOBEE S <BPINTHST. H2DER
L 7-ATPases ST 2DOHN E D ». ZTORRBAPEIFIN D,

1.8.1 FEEx

BB D NERES R — FROALF XY —LldDe Duve5ICE B %
DRERDYUIMD SsucroseB EEDFICH LB RIVNISERMETH S 2 £ DR
AN Tu/, &5(ZD-amino acid oxidase. L- a -hydroxyacid oxidase.
urate oxidaselC DWT Z DAL F oV — LIEERDERETEM (structure-
linked latency) DK< . ~ILF F 2V — LINEMOBROREE AN TR
ERTL3(90, 91), ZOEF2KDaNILFF Y — LB L L /XTD )
R — LBERERS 5 VEIBEESFERICSVTHFEHB0LUTOEST

(sucrose. ATP. NADT. CoM) BB TH B Z & & —FT 5(57, 92). BB,
HEPI P R 7B ERBAT7EE(ER 1.5-3 m EHELTVWD &
HEINE, ShIIRL., vy MFAREYDR—FHDIVWEEI AN T7H
DATTTa3)93, MICHNWT, HE2WVEIF N NEICELD
permeabi | ized#A2(95)ICH LT, acyl-CoA oxidaseX°DHAP-AT/ETENATPIC &
DEMIEE D TR ENREIN TS, > T, acyl-CoADKk % LEERIS %
FEOHDOEBDBMEICOVWTRREICKRTI»VLETHY . TLEHEEICH TS
BEEAILA XY — LOEEM (intactness) RHIRERTORDY) & EAFRRE

nEFhiEL sk,

1.8.2 R INUEX

IR TSHBVENERICHRGT B 2 N T BXEBIRRE B LD,
NIWFHXDY—=LICDWTREDEL in vitroTD R 21X 7 #3% %K (dacy | -CoA
oxidasel DV T(I)DAIRE I N TWB LT TH Y . 7 OFEME K (3 RB]
THD, NIAX Y- LEZUNTOBEEEICOVWT Y T HILB LU0 IRV
¥F—KIFEP RSN THY ., PELEEHIEOMEBODEFEEIMETE D, F—
(C. acyl-CoA oxidaseX®Z DNINF X I—LRZINTDEZ—=FvT 427
T FILELTC—KE M) NTF K(Ser/Ala/Cys-Lys/Arg/His-Leu)ECHIH
RIEEh., $PEREOM. ). BR. BEGECSVWTESEICHFTFIATY
2FENHERL /2(97-102), ZDSKL-motiflfperoxisomal targeting signal !
(PISH EMIENTWDE, D2 T7—EBRXICQET o F -T2 THWUBETHY).
fiaEheat shock protein (HSP)DEASHREEI N TS (103), £z, ME
EADT LT —HFNILF XY - LADOBENTHhh SA[REM RS A
72(104), BZIC, FHT7—HEIZDWVWTN—KFRH20ZE DS DEERREEI NS D
FFILE L TEWTLNS(105-108), ZDON—KER> 7 FIVEHIELPTS2 & IF (L
h . sterol carrier protein-2iCHE VW THRHN D, F=IC, NI FI YU —
LR INTIZOWTRIDEIEDTFILERAESRTWEWY, 7yt
THEALTTL =23 O2BREPHEINTULS(109). 7. Zel lweger
JEfibroblastiCluciferased 2 M MdSKL-albuminZz ¥4 704> 73>
THENIAFR DY —LIIBEIN BN E L) NED 2 LI TEIXEER
BETHAHEHEINTWNS(110) [Table 1-2],

1. 9 mbADOER
mifr. Saccharomyces cerevisiae. Pichia pastoris. Yarrowia

lipolytica, Hansenula polymorphaZD~NIVAF LY — L RIEBEBEHWE
EFITRICLBMENBEBAICITON T WS, S cerevisiaeXILA X2 — LI
TIBREDARAT 5 N-ethylmaleimide-sensitive factor(NSF)Z%& & EABRIMED &
BDATPIES Y1 M EFHFD110kDaDaAME S > /X 7PAST(111, 112). ubiquitin
conjugating protein(UBC10) &#BRIMED S \PAS2(113). 48KDaNILA F 2/
— LETEMERE R 2 /X 7PAS3(114) PAST EABRIMED S . ATPIGE KX A > %5
b OZOHET I/ BEFIRICZHAFOBEEEN AV EFOEHEINL
PAS8(115). _EXKMPTS! receptor & E & h 2 SKLAECFIFESTEDPASI0(116) &
& UPTS2 receptor EHEFE X N BPAS7(117). PEBI(1IB)ANILA F LV — LT
vt TIPBARFE L TCREE N, /-, P. pastorisEREMOMRED 5
ZhFh LEREFICKIST HPAST. PAS4. PAS2. PER3. PAS5. PAS8(119-124)
D, Y. lipolytica? 5PAY4, PAY2(125, 126)H°. H. polymorpha?> 5PER1.
PERSHES N TWA(127, 128), W. H. Kunau® (FSECI8. NSF4 & LHRREMED

-7-



BV EOTAMATPIE S 2 /N7 (PAST, PASS. PAY47: &) % AAA-protein
family(ATPases associated with diverse cellular activities) EFFRCZ &
FRIEL TW3(129),

—75. BRI B UL Tid .chinese hamster ovary(CHO)ZER#HR2(Z265)
DERATIC & V) 35kDaNILA F 2V — LFEZ L /X 7PAFI P RITE & (T3 (130,
131). Z DPAF1 cDNA% Zel lwegerfiEfibroblastiC 7> X717 h T B EIER
NILFF IV —LHHRTZZ EHHEEEI N, S 51Zel lwegerfEICH T
PAFIEIEFNIRCT19(CGAArg)P XLy 7ORN(TGAINRER
BRERLTWBZEPALPICENAZ(132), T/, AU <CHOZER#MAZ(ZPI2)
5 {EPASTEABRMED S VPARZHFRER S h T3 (133), 7. & heDNAL S
SKLEZHI) £ 72— EHTEI N TV SPASSRIEATH BPXRIN /O —Z2F &
N, HepG2RE~NILF ¥V —LEEICZDFENRAS N /-(134, 135), Z
NOSEFHF 2 INIBFEEEL. V7220 E~v o F ) —& L THOR
2N ERIZODIEHNTWEIDOP BESH SHEETH 5, 70kDaNILF F 2
V- LEBEZ ST (PPI0) BTy bELUE FDDNAF 7B —Z2 T & h
HEWIEWHEREMS RE N, SEIMMERFDP-glycoprotein EABRIMEDH L
ATPRES RAS > 8H D2 &, 6 4 ATDEEEBE £ F S MIRERICATPRESSE
AP TFETE L. P-glycoproteinD¥HICHY T2 3 RTHEEE LB EHESINT
VB89, 136), ZellwegerfED— D DABHEMEED 5 Z DPHPTODELTFDOER
PRVWEENTWS(137), & 5IC. very long chain fatty acyl-CoA ligase
RIBFEEFEZ 5N T /X-1inked adrenoleukodystrophy® & T Z DPMP70& 48
BMEDE LPMP75(ALD protein) WERREFERTESI N, ligase R T4 <K&
HHIXAERFEESH D L\ T ligaseBXBREEEHESIND L DI04 5 7(138),
ZNSPMP70E L UPMPTSA R EH B VN EATO2EHRE L TNILF XUV — 4
BETHEET D EHEINS, T5I0. MEBEHSPHY 2 NIBXRICVLETH
W, NILA XY —LBICBTREEL. NIV X V- LBERICLFES O
BT ENREANZ(139), Ty NBERFL68KDaDNILF XU — LEEZ N

THRRBENTHY ATABENILAX DY —LOFENREI LT3 (140),

INSDHRDP S 2 L INTBXREEDO A4 5 T EEREBBICSVNTHIOD
PMP7ORIEEA WA IS T 500, TRAF-—HEEEOEAY 5 HIFEIC
BEkH 5MBATH D,

LIEDOBRBNIILVE XD Y — LRIBEFH 20 I e MEIEFICEAT 538K
R #Table 1-3&Scheme 1-2ICF & TRL 7,

NIVF XY=L N FEEEEICEL T, 2 FEF50kDadZinc
finger motif% ¥ Dperoxisome proliferator-activated receptor(PPAR) (A
FEEN(141, 142). retinoid X receptor-a (RXRer ) EANT O 2 BEREMRL .
peroxisome proliferator response element(PPRE)IC#ESE L. 77 JLCoAF %
VE—ELEEDEHEEESEREETIEEZOSNTWVNS(143), £/, 787«
TL—baEDNILFF V- LIBREEREER /N7 & LTHERED
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140kDa(70kDazk £ 2 Bk, HSPRIMRIR) BB HREIE S h(144), EDPPAREES
REMRT DI EEHREN(145), T/, NILF XY — LIERERIC LS
BEINBP-450 IVATIC K V) | long chain fatty acid® w -BE{EIC L W AR T 2
long chain dicarboxylic acidh»PPARDREM!) > K& L THESI N/
(146) [Scheme 1-3] .

—FH. IRHA b= IXxVYHA b— 2 X% S Central
vacuolar system(/\f@fk, Ik, UV V—L I RY—LEE)DBE -
DRICEBEL TVWS EHESINATVBELSFRECIPEE X /NI NILF X
V—LRELEICH 29, 27, 25kDad 3EH R WA N (147), /- PxFER
RENS2297 I JBEFRE D S B V) CERIRICCys-Leu-11e-Met(CAAX)ECHI # F+
5. T7IERDIE(C ) EX UL CHOMRR AL A 2 — LR EICZ OFED

RENFTABRDFRECIPIEEZ NNV HRREANS(148), Tho5DGRINTY
NIVAF 2 — LIBREROSRICED S AJEMENEZ SN D,

IE. NbA xRV — L& N7 DEEHRE - 588 O£ IBAYH
HEEAE 5 5 ICANILF T 2V — LR (Biogenesis) ., ~NILF XU —La N
T FEES (Assembly) DFRBBII S ZFDHIC DWW EZAEEZ LY. REICEK
WFDHEEH(149-155)#5 | L TH <.,



Table 1-1. NILA XU — LOAIFHEEE & BHEREE

O 0 ~J O

. BEHARFIR
Ho0 BB (LBETE. H 55—t

. ERERD 5 —BR1E

T I-CoAA ¥4 —1, =B8R

3-4 hT7I-COAFFZ7—tH
L T2 IRI-FIL) VIBEDOEEK
SeroxoTe b U

TIOINTZZXTTT7—E

x-S Rrox T ) BT

. T/ EEBRICE L UBRERIT

FSZL YA XVIBETI /) N AT Tt
(Bl > EELBT7I/ TR T7 7 —1H)
D-77I/EA XA —FE

. T OfCH

REES %S4 —t

. RYT7ICORH
C BABOARK (L XFO-LORHE)

A — LEEDOH
T4 2 BORH

Table 1-2. Targeting signals of some peroxisomal enzymes.

Targeting signal

Enzyme Subunit (kDa) Amino acids
Catalase 60 526
Acyl-CoA oxidase 75 661
Hydratase-Dehydrogenase 79 722
Thiolase 41 398
D-Amino acid oxidase 39 347
Sterol carrier protein-2 13 143

PTS1,;Ser-His-Leu (518)
PTS1;Ser-Lys-Leu (661)
PTS1;Ser-Lys-Leu (722)
PTS2;cleavable 26 or 36

a.a.(N-terminal)
PTS1;Ser-Arg-Leu (347)
PTS2
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Scheme 1-3. Biogenesis and induction of peroxisomes

>

Peroxisome proliferator
&
lofibrate binding protein [cytosolic 140 kDa (HSP72 homodimer)]
b (K27 JN—ECOME., BELZ/X7D ) BIL)
P-450IVA1 induction
Dicarboxylic acid
Peroxisome proliferator activated receptor (PPAR «)
[50 kDa having zinc finger motif]
L = Retinoid X receptor (RXRa ) < 9-cis-retinoic acid
Heterodimer
b
Peroxisome proliferator responce element (PPRE)
b
Acyl-CoA oxidase induction (enhancement of mRNA transcription)
[ a) Down-regulation of endoplasmic protein, BiP/GRP78
Increase of EF2 and its phosphorylation
. b) PAS1, PAS5 and PAY4 (cytosolic ATP-binding protein), PAS2 and

PAS4 (ubiquitin-conjugating protein), PAS2, PAS3, PER3, PER8 and PAY2
(membrane protein), PAS8 and PAS10 (TPR family; PTS1 binding protein),

PAS7 and PEB1 (WD repeat family; PTS2 binding protein), and
PER1 (matrix protein) in yeast

§ c) PAF1, PMP70 (Zellweger syndrome), PMP75 (X-linked
adrenoleukodystrophy), PMP68(regenerating liver) and
PXR1 (TPR family) in mammalia

Peroxisome proliferation (assembly)

5

Hepatomegaly, hepatocarcinogenesis
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F2F Ty MFALAF DY — LI L Z DATPaseiEM
2—1 LB

MR I PR TICEWTEFEER EBREEY ) D BETADP L
mpE ) U SATPEER T 3 —F. ZRATPasell & > THE S W 2ATPIIK S #E T
2ILE—EFBOVTHWEORIL. Bk, ESh SEEMMET - AHESH (TR
X _H) KT T3, Pedersen > (I MAIAATPaseE I TD LI ICHFE - E
%L CUL5(156), F-type ATPaseldATPEREERE S LTI b R TREL
Eﬁﬁb\ﬁE%FX4>®%%%tEh:>PU77hUy7ZM®ﬁ§E
MRXAA ‘/0)F1f§l§/n\7b> SKkB F)IX)y 7EEEERKRL T3S, P-type
ATPaseldi AT OZ A ¥ —BETHY . FORISY A 7ILOF T P E{EFREIE

K #2BATPase TH ). Na', K -ATPases E % 5, V-type ATPaseld NEBH M
ODFNFZF(III—LEE)DEEICTEEL. ZDEEEF-type & XRLELOV,.

WFX4>4m@§MEEﬁbTV%)#B&U\NWM*%%I?»¥—§@

WTH R 8% L AL H 2 SARSBOBEMEILICES LT3, C-type& (G ERINHFEIC
BEEET Bmyosin 159, M-typeld MfEME LICTFTEY Smultidrug resistant P-
glycoproteinZ & L . ATP-binding cassette transporter. ABC transporter
&3 Mdtraffic ATPase& HIFIEh, BMEABREAMEATHY) . BE—FKUN
TF KRS+ HFROEERSES & — AFTOATPIESEE £ #5 . EHIBEE
KEEICHBET B & EZ 5N TUL3, E-type& (decto-ATPase &5 L . MIFEZIESL
BICEET 3, H-typeld MIBIEAICTETE T Bheat shock proteinfk & ZHE L.
FoRrOV(BARELEF)ELTR. LAFKHFOR-ILT 2 TRT
A—ILF 1 L TICHEREL T LB EE Z 5N T 5 (Scheme 2-1),

NIVE XSV — LEENTHAEREER L NIILA X DY - LANOERE
EOBEOHEMEBES PICE N TEWEWL, NI F DY — LICATPase P71
THEEVWIREREES LY TOT4TL—MEET Y MFICALEINT
W3 (157-160), F2 Ty ML Y HELRED & Nycodenz B E AELEDAIC K
WERIEALAF S Y — LEER, ZFOBLEICN-ethylmaleimide (NEM)BEEE.
ERMSMD 2 DATPases 8RR L7, ThdW@ 7071 L — bMILYEFEE
Ah. T 5B < EHNEMBZMATPaseldproteinase KILEE TRET BN SR
REMMEA L EB O EHEINA, UTICZOME SHEICH LRI L T
SNFERICDVWTEET,

2—2 Ty RFFNILF XY — LDORE L ATPaseiE S
FEsLsO071TL— bEES Y MFLWEBLNBZEI IR
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THEESHEDOAEE(G)EIXSA L TO—2—5BWBIEE, —RHEL -
NycodenzZ B AELR DEIC KL VHEDOSUNLA XU —LEARL -, &
Y—Hh-BRERONHEFig. 2-1IIRLE, DET—EDHTEIUNILAX DY
— LI BEAEEEER) AAMEDOF N XS LVHEBEIAKZX LY, LR
EDOEWR FAISEWESICHLTWS, — A/, S b RKY7P
(cytochrome c¢ oxidase). I 70V — L (esterase). 74 VYV —L(B-N-
acetyl-D-glucosaminidase, NAGA)(E NI A XLV —LEUBEDENNY T
(EVEDICTHETEL TWB Z &5,

E®Zy MFDIBE. KBS DATPasesEME X NILA X — LRISD +
WHRTDFEETZEBEIZ 73 ICFEL. 2050 s EAAY T4
VOBEMTHBIIELYFE LTI MO K1) TF-type ATPaselc £ 23 HD
EEZOND, F)IYA L U FBETZMATPaseld 1) VY — Ll & DV-type
ATPased % LM & I 70V — Lk EDP-type ATPaseDIFEE TR THDTH A D
EEZOSND, —FH. NILFF U — LESDATPaseiEHEIEL4AD0.14 %, 2
DrEME1.9020. 36 munits/mg protein (Fr. 7)&/NE L. £H-F D47 §p°
FVIARA VL HBIMTHIICTET. ZOLHHYINET—ERTDAT
H5. LHPL. 777232 3h56h27—tEDE—T%8RT TSI 37
(arrow head) & TOF ) v 1 o D IEBFMHATPase DELEM X H 2 5 — UiEM
ICHTBHEB—ETHZ LW IDF ) TV 1 S L FEBMZMHEATPaseld ~IL F
FUOU—LIHEETIIEPREEN S,

ZhICHL. 0.5%707 1 JL— FEFMEREAF £ 2:BRIROKRS L.
NIVEX DV —LeFELTy NTDIBE. ATPaseiEE IBAEL 2 E— o %
NU. 5.15%0.71 munits/mg protein (Fr. 5)DIHEMTH ) . ©ATPase;EMY
D1.6 %% 7-ol igomycinFEEZMEATPaseiEMEMA. 2 4D NI F XS Y — LDHYE
(Fr.4-6)IC7F7E L. relative concentrationid # W #h0.44&0.93Cd - 7=,
Floo NIVFF DU — LDBE Dol igomycinERE S EATPasesEMIE 707« T L
— MESICED . £EMEFNT7EIC, EME SN, —H. B
2T —EEMER 2 ZICEML £,

S50, ZITR/RONINILL F Y — LES & BENycodenz B BE
BLBICE DB ETD EZDRBINIBBED AL ¥ S — LESICEI
TEHZENPHEKL(FELE),

VEDBREREY . <1 >ATPaseidtEid NILA F 2y — LIMFER CHE &
N3, <2>FHENF XD U — LEHDATPaseiE L E— 7 #R7 T, <3 >
F-type ATPasefREH| DoligomycinlcitETH 22 & . BERLTAILF XS Y
—LESICERENZZ LY, T O NITHEEDRBAICLEDHDTIEE
Wo T2 T NILFH U — LIATPase S TETET B 2 E P RIE & h /-,

2—3 07147 MEET Y MIENILF %Y — LATPaseDME
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2-3-1 Z3#EpH
NIVE F 2 — LB Doligomycin-resistant ATPaseDZE&EpHiL7.5T

B . WHEBpHICENT bMg2T BRMTH - 7 (Fig. 2-2).

2-3-2 PREFISM (1]

ERDE D IENILF X2 — LATPaseldol igomycinfHE T H - =45, [A
U < F-type ATPasefHEHIDsodium azidelc L THMMETHY) . & 5(1IV-
type ATPasefBZEHIDbafilomycin A IS L T HMMETH - 7= (Fig. 2-3), %

7. p-type ATPaseBEEHIMvanadateX®. p-type ATPase® 1 T & BNa', K-
ATPasefHEHIDouabainlcX L THMMETH o4, COBERIEICEELALD
WAL X DY — LAES DATPaseEMEN I NI RUTDHEST. UV —
LHBZWEI7AOV—LDBEBATOEWEERRTEIHDTH D,

SHEHZEDN-ethyImaleimide(NEM) (£10~100 x MOD{EKIERE T66 %0DATPase
AMEEAEF L. COEFDREI MOEEEEHVTHEEELL, —ETH
o7, EHIC, AU <SHEZEDT7-chloro-4-nitrobenzo-2-oxa-1, 3-diazole
(NBD-CI)ICDUWT H25 uM~0.2 nMTRBRD Z & HEBH 5N, p-chloro-
mercuribenzoic acid(PCMB)X°p-chloromercuriphenyl sulfonic acid(PCMPS)
ICOWTHRKTH Y . P ONEMEDBIIMEREBD Shkh 57z, ZDEE,
NIVE F DU — LATPase WNEMBRZME, FERZMD DL L H2BFEET S S
EHEIND,

SV FML AERIRZMEDF-type ATPase & DELEIC DWW TR HERT B,

2-3-3 B7E%

NIVFF DU — LERIRAIER . ROBMEICLY . 341 $OEBH R
TEERMT. ATPaseBEMIFIEEAE (2.0 $UT ) EBM LAV S 5IC. SaE
(0.5 MNaCITFTE FTHBERUEBET->TH. 14.3 $DATPase’ZEN BEBET 2 D
HTHoT, COBF, BHIFEI % NIUAXFIY—LT RNy I IABEDH AR
T —EEMETOR N R L 7o, B> T NILA XY — LATPaseldEEBQ TH
DEHETES,

NIWVFFHV—L%0 C. proteinase KILEBT 2 (Fig. 2-4)& . mAID
109> TATPase:&MEMDS0 %1 HEK L. ZDREEFELICTIEH 5 H604H THI60 %%
BT B, COBRIFT 2ATPases&EED KBRS (£983 %) A5 1mM NEMICFERZM4E T
Holeo IhH6DZELSDHELEHBNILT XL/ — LATPaseld
NEM(proteinase K)B%tE. & L UNEM(proteinase K)FERSZMHD 2 BIEHHTE
S, FIEENLE XDV -LOMBEROREMTHY . BEENILL XD
V=L )y TZ/lD. U IIBEREMTH proteinase KDOTEH E5 1T
BWEOIBRICIEOLNAEBEEN > TV aJEEMIEZL SN B,
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2-3-4 KmiE

NEMB S . FERVZMEMATPase DI EATPIC X § % KmfE Z Damping Gauss-
Newton non-linear least-squaresiEic & WK=& 2 A(Fig. 2-5). Th¥
n780+170H L U737 uMES S EP RO ML, & . FhEFh5H LU0.5

oM ATPTEZE T . M2  DKnff (31, 820, 435 £ UF0. 130,04 mM& . ATPICIE T 2 Kn

BOIFIE2EOEFES N, /. HATPaseDEEpHIZ FICHMEFNTTH Y |

EEDEWVEEBDOWGE P o7,

0-3-5 2f{fih 7+ L Boki4

NEMBL S MEATPaseD 2 flih FF ‘/gik'fi(ngz\L\ Mn2+\ Ca2+( ZhENh5
)T 7 ORETE 1001 547 65T o 7o, Z DD 2 flih F 7+ > (Co?
NiZt 0a?t. zn2t. el B & UFH LN BT ST THY . H Mgl TR
FMEM RTRE L /= (Fig. 2-6). ZHICH L. NENFERESEMEATPaseldmg?’,
2t ca2t(100:70 1 73) D&k 5 4. ot NiZt, 02T (40-50 %). Cd?F.

et (5920 $) T HEMER L. Felh ca2t. cul Mgl kpiEEN £ FAE L 1
(Fig. 2-6),

2-3-6 TALBLUVlHFA L ERM
NEMEL S MEATPaseD 7 = 4 > ERME (W F N H0.1 MIECIT. Briy NOg &

£ USON T2~ 3EDEALHI R D N, 80,27, 0427 TRRFEMALS N, 17, F
TWREFR SN (Fig. 2-7h), —F. NEMFERAZEATPaseld LR 7 —F > D

FEAEDTEBE F . SCNDAPEL ZOEMEREL /A, BEN1ED
F A L OERM (G TATPaset (CEBH SN s - = (Fig. 2-7B), 7277, NEMES

tATPaseldNa T oK THIEICEMIEE WD, ZhSOEMEER SN E WD

Ep 5 bNat, K -ATPaseDIFERE X S W ¥, ouabainfitETH 3 2 & & —HBT
6 o]

2-3-7 REHEMN

NIVE H D) — LNEME S MEATPase DEEFRME . 1TP(120 %)
ATP(100 %). ZD{DX 7 L A4 F K(CTP, UTP. GTP){£30-60 %$T& - 7= (Fig.
2-8), ADPX°AMPIC(Z{ERR€ . ADPIZATPHIAK S AR & X XRHE L7/-, —7. NEM
FRESZMEATPaseld TR TDX 7 L4+ F K ERIEEIC(92-154 %) MK #EL 7=,
AN E H(Cp-nitrophenyl phosphateZ AWV TEMEBIE L TH. ATPD3 %
LIT D& % /RT DA Tphosphatasel&EMEICE 2 HD TR BV ERKR S N,
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2-3-8 PRERIBSEME [2]

NIV F U — LATPaseld AR DA < . F-type ATPasefHEHID
ol igomycinlCTHME T & 5 (ETOHEET %$LUT), LA L. 15 % EtOHFIET
oligomycin&30°C. 5% f@pre-incubationfé. ATPase assay mixture & 4fE& M
Z . EtOHFRERRES & U OEMREETY & o EER TS L2827
(Fig. 2-9). ZDZ &ld. Z. A Malik5>DHEN60) e —HL T3, LA L.
FHEEOZAT TF, domain(AUEARGL) FFRAIBEEHlefrapeptinPV-type

ATPasefREH|Dbafilomycin Ay TR DHELERIEBO SN H o/,

% 2 TF-typed % L\ dV-type ATPasefAEHI & L THIS N TWLAN N -
dicyclohexylcarbodiimide(DCCD). 4,4’-diisothiocyanatostilbene-2,2’-
disulfonic acid(DIDS). 7-chloro-4-nitrobenz-2-oxa-1,3-diazole(NBD-CI).
tributyltin(TBT). quercetin. silicotungstic acid(STA)DNILA F 2y —
LsATPasel- 3+ ¢ ZPEEZIER # I 3> K1) 7ATPase(submitochondrial
particles; SMP)& LE##&ET L /=(Fig. 2-10), NEMESMEATPase(dDCCD. STAIC
LV ERAFAE £ (33 A, DIDS. NBD-CI. TBTH & Wquercetinil & V) E2HE
537, —F. NEMFERESZM4ATPaseldSTAICD A BEFMER Lz, ZDHRES
SEFEELONTETE F DATPaselB &2 b L EFMABREETRTH B3P, NI Fx 2
J — LATPaseP D < & & 2 FEIE7E L. NEMBES1%£ATPase(dF-type &V-typed
R E R D EREEI N D .

2-3-9 Al L - A B NI T T 1 —
0.5 M NaCITFTE FTHBZRNIBICLVBESNDINILA X VY — LIRES &
JEA 4 MEREEEEIDC, EgE AL TATPase & ALE{EE. 0.5 ml Z2ADTSK

G4000SWxI T L EEFNIIERE LAWS S ILABI7OY T F 714 —IXfF L.

ZOAEHINE — D EME L = (Fig. 2-11), MATPaseld HICEBRLAILA
£V LEAORENBENBEIN, PEVIEHINTEH IV B O,
ZDHNFEINEMBETZ M. NEMFERZ M Z h Fhb5208 K U450 kDak/R L 7z, &
DHFERE. BEAOHFEERTHNOTIE . FEEMA|Daggregation
numberlc b EF L I EIBEDHFEENMELLODTHDZ EEZ SN B,
TATPaset(cA U T AU v VBEEFEFKL TV B ERREN S,

2-3-10 ATPaseDEBHFER

rJLEF LU — LATPase 2 FER L Z DL FHEZBES HICT S BIYT,
A > %#aH T IEcono-Pac Q 2K #EHIICHERE L. NaCLRE D TEHE.
EMENFRIRERBESNARBIOXY N T 77— L, NV XY —
LIEE S £CqoEgE AV TAIE(EHE. D50 ml (120 mg protein, 1.59
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munits/mg protein) % . SuperloopZ B VEARE! ml/min) L7, 505
»5Fig. 2-1201R L=< NaCUREREC E AL 1 mI D DB L/, Flow

throughEI % (Z (3 ATPaseE M1 % <. Fr. 45-47IC07 8 L7z, ZOBERICH TS
ATPasetb &M (£23. 2 munits/mg proteinT14.6fFIC LA LA, F/-. NENRXF
MIIHIES $ T > 7=, HH. ©ATPaseBEMEDOBEINEK(IF)43 ¥ TH - 7=, —H.
SWP & RIHEICCy BRI AL, 1A >|IOY NI T T4 —IHT &0 NS

X U—LE)PPELFr. 28-331CE -7 & LTGBARE L=, Z O EME598
munits/mg protein THJ3. 5fZI/RME S . SMPFR(DF-type ATPaseDEENE &
¥ hted,

RNT, NILF X2V — LATPase& B2 (Fr. 45-47)1 ml &7 )L 538
JAX NI T T4 =P F 22 A(RZE; 0.125 mi/min, 0.5 ml /% E). Fig.
2-1BIR L 2L VIS AT BB LR R CATPase &N B H U /2, NEMEX
2, FERZMATPaseDNBEE DV EFA LB E(Fig. 2-11) ERERICER DAY
T®H o7, NEMBESZMEATPaseD X — 7 T&H BFr. 33D LEEME37.7 munits/mg
proteinT&H V). §923. 7ZIC LR L /=, ©ATPasei&MED E— JFr. 35T(328.5

munits/mg proteinTdh o7z, CDERBEDOLEUREIFIT2 $Th o7/, 22
T/ S5 /-ATPaseiE™ 757 2 3 > (Fr. 31-40) #native PAGE® & UTSDS-PAGE

THothLoh, BB 3E/NC FEBETIE TSRV ES D o

2—4 £ =

CHDEICBEVNT Ty MIFNILFE X2V — LICNEMBSZ M, FERBSMED 2
FEDATPasesHTEFEL. 7074 JL— hTCHEBEINZZEE#RLE, 2D
ATPasesDTFEWRBLITOL D LER,P SREEI N D, <1 >EEE(10 £M)NEM
IS & VWATPasel B EEAEET AR, SEEU s EAVTHHEENEERE
H5¢ . STAEBRZDIDS™NBD-CID A% 5 §°DCCD. TBT. quercetinil & A8
BBRAEE R ShE L, <2>ATPICDWVWTD 2 DOELE S MmENES N, <
3 >proteinase KIENEMBESZM4ATPaseD A EREE D, <4 >FZThFhEL
52HFH . TZALEBRMEIILFF RERMEERT, <5>4ILA
BTOAYRNT T T4 —(ICHEWVTEICHBET X 7=,

DA77 14T L — bEENILAXRS Y — LD 2FEDATPasesDTETE
EEZ Y PENILA XDV —LIZHETBR LT L1 FBNEMES M) DATPasesE
MAFET 5 &V IERE(159, 160) &R T 3, Nycodenz B BERHR TIEFEIF~
WA X2V — LDATPaseEME GBAEL E— 7 % R8¢, FEL B3 MDA
WHRZEECEBEDETEATPaseFL L BN N2 T —EODHIC—HT 2
E-J&RTIEL), BOFILHRXTDRAICEL BATPase’EETIE L &I
ET&ES, S50, NILFF VY — LESDENycodenzBEDELEDIC &V .
TR Z DATPasei B AN TE B3 2 &, & 5 CICNEMBS SIS E(ED & U
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CEEHBBLTWVWE(ELAE), ZONILAXSY — LATPaseiEEN 7074 7
L— MIELBFEIFNTIELULETHY . CONREFTEEINILEFR DU — LIER
B 5 -BRIERBERR (27, 29, 161)X°fER /X7 (25, 162)DHICR 5N 3,
Wh®3dI/0V—-—LY—H-—BEOIXF7-tEEE,rvO71 7L
— FNBEANNAF XD U—LILFERTEZEBRVWEENA, IR RYTY
J I — LY —D—BEFRFEFIEAENILAX - LPDBEIICEBETE RN E
£V, FEFEMNBECLBIMOFNARIBIIIVOV-—LORBAILELDZHD
EWFEZICCLW, SHICZHDIRTFI-EEME 707 s TL— MIEWLE
HTHIOELI IS, LEM TR IEZICTEE I h . ATPase L AIRBREE IR
DTNILFF DY — LBERICESAIIC(108 $)ENURT 5 2 &P HEA(FL4E)
DT, IZRTT—HRINILAXIU—LILEICHEETD EEZSN S, ~NILA
XOU—LYNREEREBELEEEREIR L T3 &V D EE(163, 164) X1tk
DIv0Y—AL~—Hh—EEFEDNADH-cytochrome c(bg) reductaser” 7 v HAF

NRIWFX DI —LICFEETDIEVOIRE() E—HTE2EDEEZHN D,
BEANILF XY — L EONEMBESR M, FERFMEATPases /B DEME I
DWTHRET U 27, mEMdoligomyciniC BRICIERSMTH ) . EBpHILH

7.5C% > 7=, oligomycin & [FI4EF-type ATPasefBEHIMDazide. Na', K -ATPase

BEZEE|Douabain. P-type ATPasefAEH|(Dvanadate(166, 167). V-type H'-
ATPasefHEH|Dbafilomycin A (168) % &, D & 1 TIIH T 545 RAIATPase

FBEEFNCHBEZMETH o7z, ThOSDRBRIIEEZ Y MF(159, 160)H LV
ciprofibrate-induced> v REF(158)D~NILA ¥ 2V — LATPasel BT 2R
ERE—HTI2HNDTHS.

NEMEX 2 14EATPaseDol i gomycin B HIC DNV TIHEEDEMET (2 1g/ml .
0.1 % EtOH) CRIFIFBEFMETH 2 DICH L. EFENILA F TV — LATPaseidEtE
D¥RE (160) & RkkpreincubationfF15 %, incubationf¥3 % EtOHTFETE F60 %%
RUEICT o 7o, RSERMAT. Fi-ATPasetFRAYFAEFHE| DefrapeptinPV-type
ATPasef RAYBEEF Dbafilomycin AICId Z DHEBZIMOELIER > h i p
> 72(Fig. 2-9). &> T. @ATPaseldBEFID Z 1 TDATPaseE B BZ1=— 7
EHDOEHMESIND,

LIFICRT & 2 5 HE D SNENBFZ tEATPase ldF-type & V-type D FfEAY
HEHDOEMESI NS, NEM, KER(EEWONBD-Cl 42 EDSHRED AL ST, 7
AL F el ZIATOYH—TV-type H -ATPase HIRZE T 5DIDS. TBT(169)%°
quercetin(170) (F-typed & U'V-type ATPasefEEE])IC & - TNEMESZ14ATPase
WREEEIA, 7O Fr 20709 H—DDCCD(171) T, WHBEE T
& % DNENBZ MEATPase lSBRE S N/, Fig. 2-101C7R L7 & D ICF(F -ATPase

BEWVESMERTOICK L. Malikd>DFE(160)D & 51250 YELOHTETE T D
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preincubation CHEBHFAETH >/c. ZDDCCOBEFEMETH D &L D Z i,

H -translocationlCB8R T 32 (172) £ =1k, D& < & HFZ DATPIIAK Y BREM
FLICEM AL A X D ILEDTFEES ™EEINZ(173), FOBI 2 RUT
F-type ATPase#BRE L (174). 7 X —/\Dictyostelium discoideumdV-type
ATPase % KV AAEAICHAET 2 EHMEI7D) SN TWBSTATHHAEFSI N, £
7=. F-. V-type ATPasell 7O X7 U v VBAEDREHE DI EA/HMSN TV S
ADPICRHERN R A ERBI & W 4= (176, 177), NEMEZMEATPaseD T = F IS T 3

BFMH E F-V-type EF-type H -ATPaseDFRIMYA P DI — U EMEERL
F-. V-type® ) Y — LH -ATPase £ EIHE(178). CI™H L UBr IS & V&ML E
Z(t. F-. V-type ATPase& A4k, | HLUF TREI L. V-type ATPase & £
BN TRHEF SN F-. V-typeE R4 W SCN” THEF&E N4 2 - 7 (166,

167).

SHRISIRTENBZIRNETEHZIN., 2HLEBRLYD, NILAxY
Y — LNEME S PEATPaseld F- % 5 W EV-ATPase E LD & » = RICKEIE TH 5 =
EPHEIND, X%/ —IVE{LBERHansenula polymorpha®d NIV A x 2V —
LATPaseM ol igomycinBSZ2ME & DERE(179) & T ORIFHEE TH 5 & DT
(180) &3 HDD ., D X 2/ —ILE(LEER Candida boidiniiDNILF X2
J—LEDBEL., FOKEBHYDATPasei &M IE TN THDOA LA T OREAICEK

EHMANTVWBERE8)bd ) . AL+ %Y — LATPaseH -ATPase &
LTREET 2 Hh ED D BLIRFTPUVETH S,

EEZy FENILE XSV — LNEMBSZ MEATPase (159, 160)id 7 07 «
TL—bFET Y FIFNILA XY — LNEMBSZ MEATPasell Y T2 H D & E
ZAoNnB3D. UITFTOE 2BV ODPDOEESEHR SN 5, i58ATPase - BG4
IEFEATPaseld < 1 >TBTICFERZM TH S ; <2 >APICEBZ70X7 1) v 7F8

FHRURESNAEL < 3> TEMERELE O < 4 >NENDRAMEE
DRORSNZREN mMESREEET S ; <5 >ZREEtOHTEE T, DCCD
WL TREICHEINS ; <6 >ATPICH T AKnfEN2 aM&EFHL, Zh 5D
EUME . IEBATPaseDELEMEA 2 W Z138.8% /21318.8 munits/mg protein&

RESNTVBDICH L. FHBATPaseD % 1 (£5.15 munits/mg protein& K< .

BIEREDBEWNMCIELDZ DB LG,

NIV F 2 U — LNEMFERE R MEATPase ld R WEEHEM R L
nucleoside triphosphatase EMFA AN ZULH Lk, 7 X b UL AEREY
TlE. STALSA D] % B ATPasefAEFNC HIFE A EEEBE#F I h 7=, 2
D UIMEE & DATPase & LT IE T v MIFMAIIE Decto-ATPase(182). avian

myeloblastosis virus®ATPase(183). Z v RRFU v y-j,\;jgo)caQ*/Mg?f_
ATPase (ATPase I1)(184)P 15N T W3, LA LED SLITDOL D i A TNEM
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FERZMATPaseld TN 5 DATPase L E R LD, <1>) VUV —LED

calt Mg2t-ATPased N CEiERECalTIC L 2 EMALIRE S AL, <2>2h5
ATPase E BLE V) NILA XU LB IINTE L TR IINT3EZICC W,
<3I>HTFIABEICETBZRP T LEODFEIZDNT, ecto-ATPaseld 200

kDa(185). U Vv — LEEDCaZt Mg2t-ATPaseld 360 KDa(184) E$BE I N T LD
DICHH L. RV XUV -LDFNEINS L) AELL0 kDaTHo7=, 2
DGR L) . NIVF X2V — LNEMFEBESZ ATPase /- FTH DATPase T
HA2EEZS>ND, LIE. MATPasesDMEE #Table 2-1ICF & O 7=,
FTOEEDEVILELSHETHA I EFRENEY., 2BONILSE
¥ UV — LATPasesD &R B0 & LT, BRERA LY. Z DR
WCWEESKEDo7-, SH. 7074 L—rFEZ Y FIFONMZA T —D
70— 2T L BATPases DB TR G EVEIF I B,
2EEDONILA XD — LATPaseD E B 5D HB3WEMANNILE F 2
V—LBENTIEEORESH D VEEBRZ/INTOBEIEH-TWLIDD
bLhLw, Wh®BANILE XY — LADOEIBAHEEDATPERMICEIL T3,
acyl-CoA oxidationHATP TiEM bEA N3 2 &£ (93). digitoninil & V) MR %
FE@MEIC U /=fibroblastsiCH W T, NJLA X2/ — Lacyl-CoA:
dihydroxyacetone phosphate acyltransferase (DHAP-AT)CHATPERM T
HY) . NEMB L UDCCDICEWEEEINBZ 2 & (B)PBESINTWSE, ZhdD
ZEEY . INSRICDEE TH Sacyl-CoAXdihydroxyacetone phosphate®
AX DNEMBEZ MEATPaselc K> TWADHhE L hEWVWEREEND, —/H, X
WAXR DY~ LBRINTOBRICEAL TG, £ 2/ —IVEEMUER
Candida boidinii®alcohol oxidase¥x# 7’0 b ./ 7 * 77 carbonylcyanide
m-chlorophenylhydrazone(CCCP) TREE N2 H7(186). Zhic/k L. B> v
MEFARILE F 2V — LN Dacyl-CoA oxidaseDIBENATPIRIEFMETH B . 7
OrAE(APH)XESMUE(AYIEKEFELEWZ E(B)PEEESA TS,
CDEIINEMBEZMEATPaseld9F DATPase* 2 L /IN I XI5 B alREME #
AT, Fujiki®E 2 Din vitro acyl-CoA oxidaseZEN LW 7 L A F K
EMERTERELTWB I ELY ., NILAF DY — LNENFER S MHATPased”
5L T\W2alEEEdHHd&EZ2 5N D,
—5. Kamijo5E 7 v RPMPTODCONAZ O —Z 2 FIC &Y. 6 HPRDE
BB RAAE 1 DFRDATPIEA R XA 8D EHTE L. P-glycoprotein®
S traffic ATPase familyEHBREMDOH 5 & #BES A L. T OPMPT0H %
DINTRED B VNS EBERXICHRET 3 SHEE L A(89), LA L. PMP70A
traffic ATPase (ATP-binding cassette transporter)& U THERET 22 & %
RT3 5D T HE VDY, REIOAXRZ UM NILF F 2/ — LATPaseldPMP70
WCESEVWHBDTHDENIZEERRSNICL I,
ISR LA, NILA XU — LR N T Enachinery B AER T
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2EEZLNBINL DPDOEFIAIREAALOMNICENTEL, ThE5D D BN
FxU—LEEZINTEHEIN, D DATPaseiFMEHF DHDIEIWE I LT
WAL, 72750, PASS(115)1E 2 AFRDIRBEA R X 1 2 & 1 DFFDATPIE S K X
A EBDZENREEN, NILF XY —LATPaseD—DDIEHTH 21 H
Lhiu,

BoBICETLOICAILTF DY — LATPaseDREEEIC DL T . BF DB
HETo/, HEHEEXR D INIBEICE FTIEFRI RILE —HLEEIE
ATPasesDRAS MDARABICIE. 2 h HATPaseD BB 1B SN BEETCH D & &
Z26N3d, MAT. 25 LERIEDcel |-freeEBHERRDIMEILL &, L V)M
RSP VDEELDITHA D,
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Scheme 2-1. ATPases in biological systems
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Legends to Figures.

Fig. 2-1. Distribution profile of ATPase and marker enzymes in Nycodenz
gradients. The light mitochondrial fractions from the livers of normal and
clofibrate-induced rats were centrifuged through Nycodenz gradient, as
described in "Materials and Methods." Gradient fractions were analyzed for
ATPase, the indicated marker enzymes, and protein. The arrowheads indicate
peaks of peroxisomal distribution. Inthe ATPase histograms with the inserts
(fractions 1-9) with magnified scales, oligomycin-insensitive ATPase are
shown as shaded areas.

Fig. 2-2. pH profile of peroxisomal ATPase. ATP hydrolysis was
measured at the indicated pHs in the presence (closed symbols) and absence
(open symbols) of 2 mM MgC12 as described in "Materials and Methods."

Buffers: MES-Tris (&, A), MOPS-Tris (ll, []), Bicine-Tris (@, O).

Fig. 2-3. Effects of inhibitors on peroxisomal ATPase. ATPase activity was
measured in the presence of 0.5 mM ATP and 2 mM MgCI2 as described in

"Materials and Methods" in the presence or absence of the indicated
inhibitors, and expressed as a percent of the control. The hydrophobic
inhibitors dissolved either in ethanol or DMSO were applied so that the final
concentration of these solvents do not exceed 4%.

Fig. 2-4. Effect of proteinase K on peroxisomal ATPase activity. Freshly
isolated peroxisomes were incubated with proteinase K at 0°C for indicated
periods as described in "Materials and Methods." The total (@, (0) and NEM-
resistant (&, A) ATPase activities in the presence and absence of proteinase
K are shown as closed and open symbols, respectively.

Fig. 2-5. Km values for ATP of NEM-sensitive and NEM-resistant
ATPases. ATPase activity was measured in the presence of 10 mM MgCl,

and in the presence or absence of 1 mM NEM. NEM-sensitive ATPase was
assessed as the difference between the activities in the absence (total activity)

and the presence of NEM (NEM-resistant activity). Inserts show Lineweaver-
Burk plots.

Fig. 2-6. Requirements and effects of divalent cations of the two types of

peroxisomal ATPase. NEM-sensitive and NEM-resistant ATPase activities
were measured as described in "Materials and Methods," except that 5 and 2
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mM of the indicated divalent cations were added to the incubation medium,

respectively. The effect of the cations on Mg2+-dependent ATPase activity
were also determined. Divalent cations were added as the sulfate salts.
Control ATPase activities were 3.03 and 1.75 munits/mg protein, respectively.

Fig. 2-7. Requirements for anions (A) and monovalent cations (B) of the
two types of peroxisomal ATPase. NEM-sensitive and NEM-resistant activities
were measured as described in "Materials and Methods," in the presence of
0.1 M of indicated anions (sodium salts) (A) or monovalent cations (chloride
salts) (B) using HEPES-TMAH buffer, pH 7.5. Control NEM-sensitive and -
resistant activities were 4.92 and 0.65 (NaCl for anion), and 5.06 and 0.73
munits/mg protein (KCI for cation), respectively.

Fig 2-8. Nucleotide specificity of two types peroxisomal nucleoside
triphosphatase. NEM-sensitive and NEM-resistant hydrolytic activities were
measured as described in "Materials and Methods," using 5 and 0.5 mM
nucleotide as the substrate, respectively. Control (ATP) hydrolytic activities
were 3.51 and 1.22 munits/mg protein for NEM-sensitive and NEM-resistant
activities, respectively.

Fig. 2-9. Effect of inhibitor in the presence of high concentration of
ethanol. The ATPase activity was determined as described under "Materials
and Methods," after pre-incubation of peroxisomes (6 xg/assay, (0) and
submitochondrial particles (SMP; 0.15 g protein/assay, A) with the inhibitors
in the presence of 15% ethanol for 5 min at 30C.

Fig. 2-10. Effects of selected inhibitors on peroxisomal NEM-sensitive,
NEM-resistant and SMP ATPases. After incubating peroxisomes at 30°C for 5
min with each inhibitor in the presence or absence of 1 mM NEM. The assay
was started by adding 5 and 0.5 mM ATP, respectively, for the NEM-sensitive
(O) and resistant (@) ATPases as described in "Materials and Methods." The
effects of inhibitors on the ATPase activity of submitochondrial particles (A)
were measured under the same condition as those used for NEM-resistant
peroxisomal ATPase. DCCD and TBT were added in 1% ethanol, quercetin in
1% DMSQO, and DIDS and NBD-CI in 4% DMSO, respectively.

Fig. 2-11. Gel filtration profile of two types of peroxisomal ATPase on TSK
G4000SWxI. Solubilized peroxisomal membranes (1.15 mg protein, about
32% of recovery of peroxisomal ATPase) were applied to two successive
columns and eluted with 20 mM Tris-HCI (pH7.4) containing 1 mM DTT, 0.5
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mM EGTA, 10% glycerol, 8 pg/ml of asolectin liposomes, 0.02% C12E9, and

0.2 M NaCl and eluted as 0.5 mi fractions. ATPase and protein were
determined as described under "Materials and Methods." The recovery of

AT Pase activity through the gel filtration was almost quantitative. Total ([]),
NEM-sensitive (@), NEM-resistant (A) ATPase activities, and protein (O) are
shown. The arrowheads indicated the molecular weight standards.

Fig. 2-12.  Partial purification of peroxisomal ATPases on Econo-Pac Qion-
exchange FPLC. Clofibrate-induced peroxisomes were solubilized with
C12E9 and purified partially by Econo-Pac Q column, which eluted by NaCl

gradient as shown (line). Indicated fractions were used in the next step of gel
filtration. Total (O), NEM-sensitive ([ 1), NEM-resistant (Ill) ATPase activities,
and protein (A) are shown.

Fig. 2-13. Partial purification of peroxisomal ATPases on TSK G4000SWx!
gel filtration FPLC. Partial purified ATPase by ion-exchange FPLC, was
applied and fractionated on TSK G4000SWxI, as shown in Fig. 2-11. Total
(©), NEM-sensitive ([ 1), NEM-resistant (ll) ATPase activities, and protein (A)
are shown.
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Fig. 2-1. Distribution profile of ATPase and marker enzymes in Nycodenz gradients
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Fig. 2-3. Effects of inhibitors on peroxisomal ATPase
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Fig. 2-10. Effects of selected inhibitors on peroxisomal
NEM-seensitive, NEM-resistant and SMP ATPases
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; ; % Fig. 2-11. Gel filtration profile of two types of
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Sensitivity to chemicals

STA
TBT, quercetin, STA

NEM, DCCD, DIDS

Sensitive

NEM, DCCD, DIDS,
TBT, quercetin

oligomycin, efrapeptin, NaNs

bafilomycin A1, ouabain,

vanadate

Insensitive

oligomycin, efrapeptin, NaNs

bafilomycin A1, ouabain,

vanadate

450kDa

520kDa

MW

F3IE NILA XU — LATPaseldPMP70TIE Ly,
3—1 @ELU®»Iic

70kDaNIL A F VU — LFEBEREER(PMP70)DcDNAT O —Z > JIZ &) #
DMET I /BREHIFICE. 2HDOESD» S5 K2 1 {EOATPEE KA1 &6
BEDRERBEN H D EHEINTLS(89), ZDPMP7ODIEE (LP-
glycoprotein® & 9 K traffic ATPaseD ¥4 DHEEICEI T L2 (Scheme 2-1),
Lp L. PMP70N ATPaseiEME 2D E D PBES IS N T WAL, FiRICH
EELAEELIIICPMPION NILA X2V — LEEROBEREF & HEZ 5 Nn (137,
138). HREH2WVEEABXICEAD > TWAAJEEMNEZA SN T WD, ZDOE
TRNIVEF DV —LEEEICRH U /-ATPasei&EN Z DOPWPIOIC LB H D E
I MICDEREETL 7,

3—2 ~NJLFFT Y — LATPase EPMP70D EEES

3-2-1 NILA F 2 — LDproteinase KALIE

ATPase EPMP70DNILA ¥ o — LR FICH 1T D topology Zproteinase
KEREHIL(BERRBR) ICKIIRET LAz, FE2EICHEBLALIIC0 T 105D
SLIE THI50 %DATPaseDKFEN R SN, 609 TIE62 %¥F THRAZICKET S, 2
DB, HTFATPaseD AERS (83 %) k1 mM NEMICTHTE T&H - 7= (Fig. 3-1A), —
75. PMP70(3SDS-PAGE# . Coomassie Brilliant Blue (CBB) F&(Z LN (. 30
AR T TISED L. 100RICIETEISEEX L (Fig. 3-1B). 512, Z
MDFEFanti-PMP70 1g6% A\ /- immunoblotiC & » THEEB E /- (Fig. 3-1C),

3-2-2 anti-PMP70 1gGIC & % RIGILEE

PMP70(E NIV A F 2 — L B-BEERBEER LRIk, NIV F XDV — LHERE
BICEYBEINBZENPANSNTWS(187), 70717 L — bEEZ Y b
FLBEshaNILFFD Y- LERBLEBICKYEAEMERERS & L 2R,
SDS-PAGE. CBBH:f:1%. PMP70M/N> REHIWH L., ChEMMEL. BEEBAR
BRERYYXER) T/ —FHI20REBETICEEL. MLMEER/, BiE
(C& ) igbnBEZ AR LAV,

NIVAF DU — LIEATPase(d0.5 %I+ L HEREIEMAIDC )Eg THIS0
YOINE CRALE(E T & 1z, Z ORLEEE S DATPaseizEDHIB0 %I NEWHSZEET
HY) . AR ERTHRTERRGBO S hk o/, ZORE{EES Lanti-PMP70
196 & RIELRE#1TH & . protein A-SepharoseD LB (CPMP70(3777E L (Fig.
3-2. lane 1 and 3). EEFFICWERETE LD 574, preimmune 1g6TE %
< DPMP70H EiEICHK > TV /= (Fig. 3-2. lane 2 and 4), —75. Ali&1t



ATPase’EMEZIE S $ . K90 ¥»" LiFICHKY . £ /-preimmuneE DEHEFBH S
hi - 7= (Table 3-1),

3-2-3 AR ENIVA XSV — LOKREMWRY 77 1) LT I REXXE
JOT 4T — RBENIAX DY — LEOF{EEZDA4-20 % 2
HERASILVERWEESAE (native PAGE)E. ATPaseEMEdB 27O & . ¥

270-360 kDa®) 2 ADEME/N > K #&H T & 7-(Fig. 3-3Aa. open arrow head),

—7. anti-PMP70 196G # AL 7= immunoblotting Ti3500 kball E DIEL/N >
KH#&H T& 7=(Fig. 3-3Ab. closed arrow head), Z MDnative PAGEED 7 JL
)V H U, SDS-PAGE% 1T D 2D-PAGE T3 3REE & & Wimmunoblottingll & -
a9 FEEBICPMP70P & T & /=(Fig. 3-3Bc, d. arrow head), - T.
ATPaseiEME/N 2 K EPWPTODEENFRE D ENVBASh E B o Tz,

3-2-4 NILF F 2 — LA 7E{bATPase EPMP70D 7 IV A7 O T 5 7 1 —

KEB4 (86 %L L) DATPaseiBEME P NEMB M & LK UNEMFERNZMEZ h T h
520kDad & UF450kDal B T B ALEIC;AH L 7= (Fig. 3-4). anti-PMP70 IgG%
HBHWBELISAIC K > TPMWP70DBH Z G L /=& 2 A PMP70(EATPaseiE M &
(SRBREICHBE L - BISBE L. ZDdimer &HE S W 2#9160kDaDIE A
HLTWwWie, 2hS5PMP70DEAH L TWB 77T 2 3 > FhdDATPaseiitEE £1F
D¥I2.5 $ICTELH o /=,

3—3 £ ¥

787147 L— b EET Y PNV E XDV — LD 2RO EEATPaseld
PMP70ERG V). F/-PMP70IX I A DED DATPaseiEME R F D2 & & ZDETHA
SMICUT, ZOBHRIENILT F Y — LDproteinase KALEE(Fig. 3-1). 7]
BN XY — LORELRE(Fig. 3-2. Table 3-1). KZMPAGE(Fig.
3-3). TIVA&(Fig. 3-4)DIERELVES N/, F/-. ATPasei&EE &£ PMP70D
Triton X-114ZFHWSHELEEEE1TO & PMP70IEBRAKMEDME 2R 9 Triton
x-TABICBT T BN, ATPasei&EMIEKBICIZDI L LWHOBRHBSh TV
(unpublished observation),

PMWP70iE X 7 L F RIEEEL 2 #55 . P-glycoproteinXtraffic
ATPasesX°nucleotide-binding protein& . ZD—RKIEEIZH W THREMND &
5 ERESNTLB(89), PMP70IC DL T DATPaseiBEME I EE S h TL R LD,
Hamada 5 (3 ZEITRMEMIE OB EE S D0. 4 %HP-glycoproteinTdH V) . ¥ERM
RaB&P-glycoprotein®ATPasei& (1.2 nmol /mg protein/minDELEMETH B
ERELTVB(188), RDLIBESTI>ENILAXSY—LEZLINTDI0 %
WEER 2N Td3(189) ; <2 >di(2-ethylhexyl)-phthalatei#@ L+ ¥
YI=LICDVWTREIA TV ESIINILA XS Y- LES2 L INTDT0 %
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PMP70T & % (187) ; < 3 >PMP70/°P-gliycoprotein & [A U LEiEMEDATPasei&tE
ERED EVWHIREIILAEDE . ©NIVA XY — LATPaseiEMED 5 EPMP70D
EE5R7T YT ERBEHDZ N EEKD, ZOEEREAEICH T IBHER
LIFTOEMTH D EHESIND,

FEBD &£ S B HETE (d Superose IV A @I BV TKERS DATPaseE S H
#. PMP70 & (T H U /-ATPasesEE A £ a8 {EATPasei & EDIF AD2.5 %ICT
EhprokZee—8T 5 (Fig. 3-4), PMP70IEKEMPACGET S TFE S )
dX1 w 78EEERRL(Fig. 3-3). FILARBTE 2EREHESINDH
160 kKDaDABYE #HJRR T % (Fig. 3-4)EREICH o7, DI &R Z2 L INTIRE
DEHILCBEBRFOFETHA D EHEEIND, 2D LD LEPMPI0D 2 24413
EEA) IXY w TEEEROME R ZDONILE X2V — LR ETO4EIERN
KEEEZ R/-THIOIBEERM L TVWBADOLE LIk,

~NJV A xS — LATPase(1, 157-160) & & U'PMP70(89) (& NIV F ¥ 2 v
— LEBEXZOREBOEX IO TWEHNDEEZOHND, E5IC. 7R
TYAo HBNIE L7 ZF U MEHLC0OMBIC H VT, MRRE L ICTFET
3 LT S N BV-type ATPase & P-glycoproteinP 4% U TEEIBH 17> T
WD ERMEANTULS(190), 5. PMP70DATPaseiE M & % DAEIRAYRERED &
53, NILF XY — LATPasesDIEE & L UHEEE. & 5 VIICPNP70 &
ATPases DREKEEHITFEETIDN E I B E . NIF X VU — LEERx D X
FTLREICDOWTRT LEThER S KW,
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Legends to Figures.

Fig. 3-1. Effect of proteinase K on peroxisomal ATPase activity and
PMP70. Freshly isolated peroxisomes were incubated with proteinase K at 0
‘C for the indicated periods as described in "Materials and Method." (A)
ATPase activity: Total (L 1), NEM-sensitive (O), and NEM-resistant (A). (B)
10% SDS-PAGE: After electrophoresis, gels were stained for proteins with
Coomassie Brilliant Blue. (C) Immunoblot: Immunoblotting was performed
with anti-PMP70 IgG as described in "Materials and Methods."

Fig. 3-2. Behavior of PMP70 on immunoprecipitation with anti-PMP70
IgG. Solubilized peroxisomes were immunoprecipitated as described in Table
3-1. Lanes 1 and 2, normal IgG; lanes 3 and 4, anti-PMP70 IgG; Lanes 1 and
3, immunoprecipitated pellets; lanes 2 and 4, supernatants. The filled and
open arrowheads indicate the position of PMP70 and immunoglobulin heavy
chain, respectively.

Table 3-1.  Behavior of peroxisomal ATPase activity in immunoprecipitation.
Solubilized peroxisomes (50 x|, 240 p g protein) were immunoprecipitated
with 5 mg of protein A-Sepharose, 400 xg of histone as a carrier protein, and
either anti-PMP70 or normal IgG (44 wg protein) at 4C for 2h. ATPase
activities of the supernatants and the pellets were determined as described in
"Materials and Methods." The solubilized peroxisomes showed specific
ATPase activity of 0.826 munits/mg protein. The data represent the mean =+
SD of triplicate experiments.

Fig. 3-3. ATPase activity and PMP70 on native (A) and two-dimensional
PAGE (B) of C12E9-solubilized peroxisomes. After native and 2D-PAGE,

ATPase activity staining (a), silver staining (c), and immunoblotting with anti-
PMP70 antiserum (b, d) were performed as described in "Materials and
Methods." The open and closed arrowheads indicate the positions of
ATPases and PMP70, respectively.

Fig. 3-4. Gel filtration profile of solubilized peroxisomal ATPases on
Superose 6 prep HR 16/50. Solubilized peroxisomes (15.1 mg of protein)
were applied to the column and eluted with 20 mM Tris-HCI (pH 7.4)
containing 1 mM DTT, 0.5 mM EGTA, 10% glycerol, 8 xg/ml of asolectin
liposomes, 0.02% C12E9, and 0.2 M NaCl. Fractions of 1 ml were collected.

Total (L1), NEM-sensitive (O), and NEM-resistant (A) ATPases, protein (@),
and PMP70 (X)) were determined as described under "Materials and
Methods." The arrowheads indicate the molecular weight standards.
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Fig. 3-1. Effet of proteinase K on
peroxisomal ATPase activity and PMP70
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Fig. 3-2. Behavior of PMP70 on

g B gyt : : Table 3-1. Behavior of peroxisomal ATPase
immunoprecipitation with anti-PMP70 IgG 4

activity in immunoprecipitation
normal anti-PMP70

1Ig G'2 ég Ci ATPase activity (% of mixture)
el e Fraction Added IgG
Anti-PMP70 Normal
Supernatant 88.0+4.7 90.4+7.1
PMP70 »|
immunoglobulin = | Pellet 89E1.D 10.6x2.3

heavy chain
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Fig. 3-3. ATPase activity and PMP70 on native (A) and
two-dimensional PAGE (B) of C,, E, -solubilized peroxisomes

A Native PAGE

b Immunoblot with anti-PMP70 antiserum
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a Activity staining
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.

|
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d Immunoblot with anti-PMP70 antiserum

¢ Silver staining

B 2D-PAGE
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e T
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Fig. 3-4. Gel filtration profile of
solubilized peroxisomal ATPases
on Superose 6 prep HR 16/50
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BA4E NI F DU — LPPaseDMHE
4—1 @GUDIC

EEO) CBPPPHRERRTENFME. BIZEDNA. RNA,
ZUINTEERDOBRICERT 5, BEAHICH UV Tidacyl-CoA ligase/RISIC
EoTHEREIN D,

Monomer + NTP >» Polymer + NMP + PPi

Fatty acid + CoASH + ATP —>» Acyl-CoA + AMP + PPi

ChOEBRRISOBERICIEERED 7+ X7 72—t (PPase) Il & BPPidDH
BHYUVEAETHD, CORENEBSTVWBREEZSNTVWBIONFKBE(191)X
BER(192) DAl;AMEDPPase TH B, D, EESMEDPPase ENFARD (193-
195)X°BER3 (196, 197)D I b K 7X@l 70075 X F(198) %
A&B2(199) X Acetabularia acetabulum® b/ 75 X h(200)(C% OIFEHS S
nNCHY., AREBELOZhE 70O N EXMTH Y . REBBEMELICHEEL TV
$(199, 200), 7. BPMBZI 2> K1 7 DPPaseld fBIE S RBFE DAY
AR L DI A BMAUBRTHEIEHEZISNTVWS(193), Hald
7y MFEBNIVA F 2V — LIZHKICR U /2 2 FEDATPasesDIFTE & 12,
PPase’EMEDIFEERRE L. AEBFZL I AaEOEAREND /7O 71 L —
WKEWBEINDICEERVWVHE LA, ZOMEICDODWTUTICEERT S,

4—2 NIVFFIY—LPPaseDiEEB LU 70T 4 JL — EE

7y MENILA XD Y - LARIE2BICEELAMCARLA, 7071 T
L—+FEZy MFEI 32 K 7ES DNycodenz B E WEH (DPPase(a).
catalase(b). ATPase(c). cytochrome c oxidase(d). esterase(e)d LU

protein(f)DEZ T 5 LERLE(Fig. 4-1) DR T—EORELY AL

FUOU-LUBESEBESBEISEEL. IR YUYy —L IOV -
LG EERBLTWNBZ ENHB, (a)DPPaseD X kJ' 5 LDopen areald
7074 T — NEEBE % shaded areald FEEERL TS, EBEOD
PPaseld NILA X2V — LB THEICHBELAE -V EEEALWY., B
BETRIBENEY» SN ET—EDOSHII—BTEIE— 2 LTHEETS, &5
o PPaseld I RO RUTILHFEETEIZEPHONATHY, FOY—H—B
#Dcytochrome c oxidaseiEME & DILELBTZ L. NILA XU — LEHT
0.25T&HV . I FICRUTESDZNI30.0324TH32 &LV, I paLK
DT DBAICE BPPaseiE&E Tld B W ERIEE /= (Table 4-1), ZDHEE~IL
A% 2V — LES DATPaseiEMENF-type ATPaseFREYBEZEHIDol i gomycinIE
BEMTHIZ LT3,
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& 512, Nycodenz B ERELR VDA TR OSNANILF XU — LEY &5
EROSVEHTHR, BUHE. BEEVEERLDICHPUTDIEEFEAETRTD
PPaseiEME(64 %) D H 2 T — E5&EME(70 %) LRk, SBEEEMCENTE /-,
CDOBEDOR N ORINERTL $TH - 7=, HEFEIREIECDEG. EExS
BECHIBINILAXTIY—LEZINTDORHBICEZBDEEZSN S, &5
. —SEBEENSICRONIEUINILFX O Y—LhSRIHAEEEE
AONBdZEICHEB, 7074 TL— MILZFEDREIEERF2T) DN
WFF U — LEDRICIEREMED. 86 %C27-23124 munitsDPPase:fMED
BFEETIDOICH L., 7071 JL— F2OBMBRSFEF(R U <C2ML) TE3.42 %.
1480 munitsHPTETE L. 12fEDFEEMERL ., HESER24FICER U A(E
P, 6.56 munits/mg protein : FF&EEF. 15.91+5.0 milliunits/mg protein.
n=8). LIEDBER L NILA XY — LICPPaseNTFET D EEZ SN D,

4—3 ~NJLA XU — LPPaseDHE

NRIVAF DY~ LICEBPPiDIMKDBEME 2O > F 2 N—2
3 URER & . 100 1 | Dassay mixturesh T2 ugk TO 2 L /37 2 ICELHER
PRV, ZDEEpHIZHIS. 5T o 7=(Fig. 4-2), PPilIX T % KmfE (&
Fig. 4-3AlC7R U 7=Michael is-Mentenfh#fDdamping Gauss-NewtonFFRAZER/)\

SERARATL V341033 uN T B o7, F 7. MgZTICH U T IEFig. 4-3BODAI
<O TEARBIRPES N, Sy 5EH100 uMT & ShomotropicBZHRERL .

FOXTY vy IBREHES N, FBEERL NG TERMEQ i) THY) |
FAMLEWDEB2THFF > THEMERS LN > /(Fig. 4-48), 2D

M2t fAF AN 42 mMdCa2 (91 %), Mn2T(83 %) THECFRE & h. Cd2t. zn?t,
cult. FetTxx0(70-31 $)FEEE h. ColT. NiZTTHIBEAERES LAY

S 7=(Fig. 4-48). Mg2 (2 m)IC3¢ T 3 Calt DIEEH R DB E — FUCHIR £
Fig. 4-4CICR L 72h'. £ DICg130.25 mMTH o 72,

NIV F TV — LEBERLER. =0T 5 CPPaserE D839 %1 E
BICEIRT & . KEBH DPPaser NIV F &Y — LRI MU v 7 ZUCTFET
52 NS NI,

PPiLISLD ) L BBIEAMICH T B NILA ¥ — LOMKDYRREN %
Fig. 4-5AIC7R U 7=, ATP. GTP. CTP. UTP. ITP. ADP. AMPICX L TlRWTH H
PPi(23-8 4DIEMER LI, ZOBRM. AT XS — LEHATPE EES
FAEMIH UBBMETH 2D EDOWEGN LS. XTLFF RHENILEXDY
—LRBICRBEL. RIS AEEECEI SN, Ko7 BERLELEE
AVTINSHEIIHT 2EMEEBEL2& 25 (Fig. 4-58). BRICPPiIFR
BITH-1-DT. ROX T LFF RICHT 2 ERRIESHO 2 BOATPaseis
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MICEDDDEEZ SN, &7zl 2/NVA X2V — Lidp-nitrophenyl

phosphateX°glucose-6-phosphate & (3 & A E KD EE L % W (PPidD3 %LU s,

trans-GolgifAD~ — 5 —BERDthiamine pyrophosphataseDEETH 3
thiamine pyrophosphate® (¥ & A EMKLRERL LD > /=,
WS ODDBFRICH T 2 B &Fig. 4-61CR U7, SHREEICRIL T

&, p-chloromercuriphenyl sulfonic acid (PCMPS)¥ & UHgZJrCiPPase*}é’ri %
TRICHEFLA(A), —F. NEMEEBOBEE(B). NaF & EM &AL /-(C), &
fEEMPPase ZfEE T2 Z EAMHI S W TLVBDCCDIE ~NILF F S — LiPPasesEtE
EEEFLLED 5/(D), COHRLEASTHBFMES v MFEIEOI a2 K
77(201) MBI E (202)ICTFET 2 A8 M4PPase L IZIFECIER TH Y . 2RI
BNCE (R W

4—4 £ B

Nycodenz®; & AEF DPPase & cytochrome ¢ oxidase) 4 iy & Hedg. ~
W F 2V — LATPaseh ol igomycinfitE TH 3 2 & . H L UAnti-F-ATPasefn
MBCESTOYTA>TIlE>T BRALFFSU—LPRICI FOLRY
TFi-ATPaseD a B 5 VICAY T 212y hHRBRHETEL D 512 & £ V) (HUA(E
PEDSIDTIEREVIMBEEN»HE S TIE L35, unpublished result). ~
WA XDV — LDBEICTFEET DPPase’’ I AL R TORAICEBZ 5D & (3
Ezohgw, 5120 2B B DONycodenzBE DESE I & V) KB4 DPPase
AEPNINF XY~ LAESICARTE 2 X, NILF Y — LPPase
TO747L - MEEILEUFEEZFE 2L LY. ZDPPase NILF £
V-LBRTHDIEEZIS>NSB,

—H. LWh®B3ITOV—LY-H-BEEODIXFS—tEbENILAF
YV LBESICEREH T A 2 @ H DONycodenzBE AELE DS & V) AERL A AN T
Slelee, /0717 — MUBTHI 0BICHEEANLZEENIRFTS
—COELNLA XD Y- LBETHEIEEIOND, COEENILAF DY
— LB /B f% (endoplasmic reticulum membrane) DA HICTELET 3 D &
L "CNADH-cytochrome by (c) reductasePEREZI N T3 (165), F2HID
Cytochrome ¢ reductase:&EMEN NILA ¥V — LBEMCIFET D2 & AL
TUv 3 (unpublished result),

BROICKY I FILRY 7Y —H—BFDcytochrome ¢ oxidaseb H
FI—HEEBIINIF XY — LESNCEIRTE 17, HEEMFIES D&
W& TAT 1 TL— b CHREDRPEONE Do, NILAFS Y — L~
SPICRUTREPIIZIFICHBNTHEIA TNIZE(203) 88 &V,
Cytochrome ¢ oxidase N ARKICNILF XU —LICTFEETIDOHNEIDPEL S
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RBEIDPVETHD, NIUF XV VU-LDBBREMETS & &, NILF XU —
LR —H4HDNNINIILAF Y —LDOI R R T7XRITOV—LED
3AHRMEORESEHEEZ SN EIThIELESEWTHA D .

T RAIFBBIC BT BPPases& L I O KU T7(193, 194, 201, 204,
205). 7= v bhepatoma 3924AMABE & T v MAFMRRZDMBIE (202)ICTFE T
LEMEINTWS, NIV F Y — LPPaseDEE (& . E&pH(Fig. 4-2).

%Eﬁiﬁﬁm.mm\2@ﬁ%i>®£%%&@%%%@m.m®\m%®

AE ROy 78R (Fig. 4-38). PCMPS. Hg2' & & UNEMDSHIRE S &£ UNaF D
SR (Fig. 4-6)ICDN T, T TIHES L TLBIER(200, 201) & 33—
L 7=, DCCDIEFig. 4-BDIC/RL7=& DI~ F F 2 — LPPasei&tE 2 HE L &
Pot, TOEWG0T MKITHEEFEI AL & (data not shown) &2 T

i AN -PPase(191) E BREZ BN EMTEINS, T/, NIt FI U —

LsPPaseld ATPXNADTIC & » TRRE & it 7 - 7= (data not shown)DT. T b
BFF%ICTF7E T 2 Al 814PPase(206) e HR L IMED LD THA I EEZ SN,

ANV A xSV — [PPaseDIEEIC DL TId. native PAGEX 7 /L A:B 7 O
¥ %57« —(unpublished result) TR 3FR60-70 kDaTH A > EHE L
TWBL4ME, T FBBRETIE AW, Zy MFI PRI M) v 7 XB &
Uk & 14PPaseld Z h Fho0kbad AT O X 1 v — & L U120kbadD AT O T
FIX—THBEREZEINTULS(193, 194), CDOY Ry TXATOZA~
—IRBEREMOATOT b IY—OMEI L R—X D bEHESIN TS,
—7. B2 EPPaseldblkDaD AR ELF 1 v —EFEI N T B(202), ~NILA X
v — LPPaseDMEEBASMICL. S PO RYTOENAEHRTEHI L
SHEDFETH 5,

MgZT DAL A %Y — LPPaselEMICH T B 7OXT U v IR IE AL
TX*IVU-LRICE T IRBHBOBR» S5, ALAME,»S LA LV,
1BESHISRBS (BB S L TN F XV —LRAANERRS W, NILFF DY
— LINER CRERSRE B -BRIE A h B /=9 (C. coenzyme A FF I X 7 JL{KITEMAL
&N 5(207), ZDacyl-CoA ligase IS TH L 3PPildRICOMEED 1= IC7
BANLINIEESHEWTHA D L. PPir‘acyl-CoA:dihydroxyacetone
phosphate acyltransferase [EC 2.3.1.42] Z&MALd 3 2 &£(208). ABEFEH
NILAXF Y —LICRTEL209)., AT XAYO-FT U EERICKLATHS
ZE0PEHES N, NILFF DU — LPPase M EIFBEH TSI X0 -4
CHEEROEEICE L > TV RIEEME N E Z 5 B (Scheme 4-1),
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Legends to Figures.

Fig. 4-1. Distribution profiles of PPase (a), catalase (b), ATPase (c),
cytochrome c oxidase (d), esterase (e), and protein (f) in the first (A) and
second (B) Nycodenz gradients. The light mitochondrial fractions from the
livers of normal and clofibrate-induced rats (2 heads each) were centrifuged
through the first Nycodenz gradient, and then the peroxisomal fractions were
recentrifuged through the second Nycodenz gradient as described under
"Materials and Methods." The ordinate shows the enzyme concentration
relative to the concentration corresponding to a uniform distribution
throughout the gradient, as reported (219). The distributions PPase from
normal and clofibrate-induced rat liver are shown as shaded and open areas,
respectively. The oligomycin-sensitive and oligomycin-resistant ATPases are
shown as open and shaded areas, respectively.

Table 4-1.  Enzymatic activities of peroxisomal and mitochondria-rich
fractions of liver from clofibrate-administered rats. Enzymatic activities in
Nycodenz gradient fractions (Fig. 4-1) of clofibrate-induced rat liver were
determined as described under "Materials and Methods." The activities are
expressed as munits/mg protein except for catalase (B. U. /mg protein). The
percent distribution values are those relative to the total activity throughout the
Nycodenz gradient.

Fig. 4-2. pH profile of rat liver peroxisomal PPase. PPi hydrolysis was
measured at the indicated pHs in the presence (closed symbols) and absence
(open symbols) of 2 mM MgCl,, as described under "Materials and Methods."

MES-Tris (@, O), MOPS-Tris (4, A), Bicine-Tris (ll, ().

Fig. 4-3. Effects of the PPi (A) and MgCI2 (B) concentrations on

peroxisomal PPase activity. PPase activity was measured in the presence of 2
mM MgCl, (A) and 0.5 mM PPi (B), respectively. The insets in A and B show a

Lineweaver-Burk plot and a Hill plot, respectively.

Fig. 4-4. Requirement (A) and effect (B) of divalent cations on the

peroxisomal PPase and inhibition by Ca2+(C). In A, the PPase reaction was
carried out in the absence or presence of various divalent cations at 2 mM. In
Band C, the reaction mixture comprised 2 mM MgCl, and other divalent

cations as indicated (B) or various concentration of CaCI2 (C). Divalent
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cations (2 mM) were added as chloride salts, except for Fe2* and Zn2+, which
were added as sulfate salts. The control PPase activity was 12.1 munits/mg
protein.

Fig. 4-5. Hydrolytic activity of peroxisomes toward PPi and other
phosphorous compounds. The hydrolytic activities of a peroxisomal
suspension (A) and a sonicated supernatant of peroxisomes (B) were
measured as described under "Materials and Methods," with 0.5 mM of the
substrates. The control (PPi) hydrolytic activities were 10.4 and 14.7
munits/mg protein, respectively. The abbreviations used are: pNPP, p-
nitrophenyl phosphate; G6P, glucose-6-phosphate; TPP, thiamine
pyrophosphate.

Fig. 4-6. Effects of inhibitors on the peroxisomal PPase. The peroxisomal
PPase activity was measured as described under "Materials and Methods" in
the presence or absence of the indicated inhibitors, and expressed as a
percentage of the control (21.6 munits/mg protein). A, PCMPS (open) and
HgCl, (closed); B, NEM; C, NaF: D; DCCD. The inhibitors other than NaF

were pre-incubated with the peroxisomes for 10 min at 30°C. The
hydrophobic inhibitors, DCCD and PCMPS, were dissolved in ethanol and
DMSO, respectively, and applied so that the final concentration did not exceed
1%.
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Fig. 4-1. Distribution profiles of PPase (a),
catalase (b), ATPase (c), cytochrome ¢ oxidase (d),
esterase (e), and protein (f) in the first (A) and
second (B) Nycodenz gradients
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ES5E NILA XU — LATPasesDAETRREEE
5—1 EUC®HIC

Fiml. 8. IRk L Aa~NILA * 2V — LARTEMEESE T H Dacyl -CoA
oxidase® &£ Uacyl-CoA:dihydroxyacetone phosphate acyltransferase(DHAP-
AT) RIS DEBEENEAN DATPase DS DWW TRELRRET U = H (KRB XICH WV TEE
AR EERE L 2) . intactNILA ¥ U — LICH T BATPIC & B 5F ML (ATP
WIS L) HKRTB3EBEM)EBOSNT, NILFF oY — LABEBORLEN
WCERATZHDIEI D BELIBERGFLEDRIPUVETH I EEZL SN
5.

NIVF XDV -LEREORERBEIEZES NICTZ LT, BTBREE

in vitroDZRTBEBR T3 ERAXEENTHS, LA LIZORAAEERL.

NIVFF V- LEORTEMDHH, I b2 K7, BE/NEEKL E4
DAIWVHRFZICHNTRERIMANED OV, ZO-DEEEEEICOVWTIEEAE
b o>TWEL, Imanakabld, 7074 JL— b CHEELETY FOBFREY
5. RNAZEAR L. 7 ¥ XERFMERRLAME Y. ERRESEEKREHAL.
[35] — A FF ZAZF U Fzacy | -CoA oxidase® AWV TREEMICDOWLTH
HLTV3, BB, ZMacyl-CoA oxidaseDIBiE L. ATP. Mg2T. KTEkt T
HY., A F /) T+T7—T&HBnigericin. SF6847. monensin. CCCP.
valinomycinZ 6 5 W TSI L - 1BR. BEVNOMESE LAV ERELTWS,
S SICAMPCATPDFENAK D EET 0 J T &% 3 AMP-PNP A ATPD LR IC 5 5 LN &
& &) acyl-CoA oxidaseDIEEICIFATPOIMK NI EBI VETH B EHEHRLT
W3 (96), ZDin vitro acyl-CoA oxidase importR#Z AL, FE2EICHE L
NIVE x 2V — LATPasesDREAS N H 5 0 & H ST L 7=,

o, NIV XDV - LISEHEE B -BR LR DXRBESE T H B acy! -CoA
oxidaseld. C-RIRIFEEZZ TLLBREBEAINRTVS MYARTF KEF(Ser-
Lys-Leu = PTS1ECH) 2 H > TWVWB 2 NI THY) . CDHR)RTF RKpAJL
TXII—LANDE=Fy N TFNTHBEEZ SN TULS(100-102), %
Z T, acyl-CoA oxidase?dD C-KRIm127 I /BEE LW LEBZRTFREE b
BTIVT I (HSAICREAS S B HSA-SKLEBRRK L. v~ 17014193
5£¢CJ:‘)CHO%H]H@L:BU_(/\"NZL:’F:/‘/—ALCW‘)Q?fLéfJ‘\ ¥ETORTE
LIS 2BICEB U AN F X2 U — LATPases RIS L T L 3 H & D pieEt L
7-

5—2 acyl-CoA oxidaseMDNILF xSV — LRADE X

in vitro acyl-CoA oxidase importRMDMBABEE . Fig. 5-1ICRL A, 7
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O7470L— 855y bIFELYLRNAZERH L. rabbit reticulocyte

lysate & [35] protein labeling mixZ AW\, EMRERBRETo/-, E
w5y MFLUNILAF U -LERRL . COBREMERENLA XY
—LEAFaN—a3> L, importRICEfTDE . CORIETE. ¥ 77
WM ENTFETLEEDL L WS, Triton X-100/F7E T, FHFETIC
proteinase KSLIB%# 4T 7=, Triton X-1007F7E FIC/H%k L. Triton X-1003f7F
EFICEDT5kDaD /N> RENIILA XY — LRICEX & T /zacyl-CoA
oxidase& LCEZE L 2.

5-2-1 BEMKFH

WCTAFaN—"3g . §75 kbad &£ Z A (lproteinase KMRfED
band P T & 7=, DF Wacyl-CoA oxidaseP NILA F v — LARICEXES N,
proteinase KMMEICH - 722 &R T & /=(Fig. 5-2. lane 1-3), /-,
acyl-CoA oxidase® _EIC & B%J79 kDa?D /N> KiETriton X-1007F72 F THHEK
# ¢ . proteinase KM % > /%7 T, hydratase-dehydrogenase(H-D,

bifunctional enzyme) EHEI NS, 5120 CICH VT (3] acy|-CoA
oxidase® /N K, proteinase KTIE & A EHK L (Fig. 5-2. lane 4-5)
TELY . NIAFTY—LADZ N TOERIE, P EEBERE LK
FWIODATy THEZONE, Bl ROOEBICREETIEEG. BE
ICIRTERICH Y . RDRT v T THIBARANDERX G BREXFNTH S EE
A5N3,

5-2-2 BEME $ K UATPIRTEME
T4 FaN— a3 UEEEOHEMBMEEIRN/-E 2 A, proteinase

Kt [3°8] acyl-CoA oxidase(DRUETAE( BERIMETEAYICIEM L . 18RI TIZ
F77 h—#EL(Fig. 5-3. closed circles), 7. bZ7>AL—>3
LTO4 7 MMEE L INTDARBEDATPHATEEL TWBAD T, ATPHEEITH 2
TET—tEERISRICANLZEZA(26 C, 100EOT LA FaN—a>
& ATPH RSB T 3 2 & % Imanaka > (EFEH H TV B, ). proteinase K4
@ [3°S] acyl-CoA oxidaseD/S> RiFFEAE RSN < K o7 (Fig. 5-2.
lane 13-15; Fig. 5-3. open circles), ft>T. I DERXEMEIATPEFMET
HdEHEIDSNT,

5-2-3 ATPasefAEFIDF/E

Z DATPRTEEY fracy | -CoA oxidaseDIEE (INEMBEZ M, FERETIED 278
KEOATPase EBIR L TWBDH E S st L, ~ILE ¥ 2V — LNEMBER S
ATPasesEME (33 2 Z(ZE2 L /=8N < . NEMXPNBD-CI % & DSHERZE X, F-typed &
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U'V-type H'-ATPase (DFAEH T4 B quercetin, TBT. STAX®. 742D k5

CAFE— S —DRAEEITHBDIDSX. F-typed & UV-type ATPaseDH &% RE
=EITH BDCCDIC M T &H o /=, NEMFERSZMEDATPase &M IZSTAD A T L
PRAEINLE D > 7=, FREDIZEILSTA. DCCOLIHIZIZTTERAE. STATIE.
NEMBLEME . FERSMEATPase & H (1280 $FZEDAE. DCCDT L. 50 %FZEDEE
HRRETH - 7=,

ZZThSOEFRICOWTHRET L& Z A, DCCDIEATPase DRAEE
L OREEDS uMT(Fig.5-4. lane 4-6)552FEZE L. STA& quercetinid5e
ETREVHDDATPaseDIEERE & ZIERUEE(ZNhEN2uM, 25uM) T
acyl-CoA oxidaseD#k & BHFAE L 7= (Fig. 5-5), T ADIDSERISFICEE
Nn35 %$Ddimethyl sulfoxide(DMS0)(C & V) acyl-CoA oxidaseDEIXHPHE &
Ni--OBETELED -7,

7y EARIIDTT 1.05 mMAEETN IO T, DITEICH L THBRED
NEM(2.2 mM, 3.1 mM)Z &5 T, acyl-CoA oxidaseDBENPHEI N D H &
IPKREILA-EZA, BEAEBRETERS NG H -7~ (Fig. 5-6. lane 4-9),
NIVA F DU — LICTFTET DNEMBEF M4ATPase & Se & (- AR A WiAY ICREEE T 5 NEM
DimfEld, 20uMTHIDT, H5H L H100 uM. BT nMONEMTHLIE L f=~
Wxx2U—LEHBEWNT, acyl-CoA oxidaseDNILF ¥V — AANDIEEF
PEE AT L 72 (Fig. 5-6. lane 13-18), ZOIER. WThDIFEHIFEAER
BEahTwhudy, 3 VEEFEEGERICEVNEEZL SN,

5—3 HSA-SKLOIZECHOMRZ NIV A £ oV — LADFE=E

Hu 7zacyl-CoA oxidase® C KIgEHI &~ 1 701> T 173 3%D
BRAXK £Fig. 5-71CR L 1=,

5-3-1 HIEHMAKREIC L ZCHOMMBTNILF £ 2V — LDFEH

HIEMAEIC LV CHOMBED NIV A XSV — AN EDHICRBINZ D
EIDL THXMANLTX DY —L ANILA XY - LEXINT
PWP70OMMIEZE ARV TRET LA EZ A, WEFh I AR DHE IR EIRH HLA(
DEILLDZEEZONIBEDERH > =P EEE N/ (Fig. 5-8), bo& b
SVEIEDE S ML % U — LHLIE ECHOMED lysatelZ 34§ 3
immunoblotTH. 63 kDaDH 2 T — B EHMFEIND /N7 EMRIEL 7=
(data not shown), Z D& HIZCHOMRZD NIV A %S — LA HEAUKR DB YA%
CUTRRHTE A, £ E MNME7/LT I 2 (HSAIMEH 5 U 13 BIER
EEMETEZOHLHAROENRIEEI N T, HSAS 3 L ZHSA-SKL~ 1
TRA2TV 1T 3  KRICHHSAMIME AW T2 OMBRBEMSICONT
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5-3-2 ¥4 704> 1723 Al K BHSA-SKLO ik

HSA-SKL (3 peroxisomal targeting signal 1 (PTS1)T& 3. CKigil-
Ser-Lys-Leu® #0127 3 / 5% (acyl-CoA oxidase® C KighcH)h 5%k 3
NTF KB ZDNKimDCyshkE & m-succinimidobenzoy | Z #9 L. HSADLys
HEICEESLTHY., ZORBELEET 1 8~10EHETE L,

Z DHSA-SKLF K U'HSA % CHOMRRIC v 1 704 > 2 173> L. $HSA
hMEEBAVTHAREKETZOMBERBESZRANEZ A, T FIVEES
B DOHSA-SKLIGHE AR DI FBBZEERL. 1>V 17 3% 2 48HH
OEBURTFAINILA XDV — LADBXDPBOH SNz, ThiCHL. > TFN
AR5 & 45 7= 2 LHSAD & T X MRRE A2 KICh /- 5diffuse L 2L BEN B/ SN,
NIVA XY —LANOBTEREIINT . 7 FIVEHIEENNIILEF XDV —
LANDOBRITRIETH D EEZ2 5N 7=(Fig. 5-9),

5-3-3 ATPasefAEFIDFE

HSA-SKLD NIL A * 2 — LADEXRRICICHT T 5 ATPasefHEHI OB
AR LAE A, BEANILF XY — L% BV SNEMBES%ATPase/RIC % 55
2FBET 2 LLEBVEZE DNEM, TBT. STATREEMNRMEB®H S/ (Fig. 5-10),
Z h 5ATPasefAEZI(ENEM, TBT. STAZ N ZFhIXEE0.2 sMTHWAY . Zh
SEREFOMIBERTOEE L. MBEROS $(ZOFRGT. 122703
CTEDBETHY . HERICH LUAEBWICFEODRWEEEDN TWVWS(211) %
24709425173 LAEELTRBIOuNEHEI NS, £/ R
RAETEMIBIC S 2B T, MIROMEZT(EE EER S ARSI ERE ICK
M T3 E#EZ 5N /-(data not shown), —H. I b3 > K1) T7ATPasefAE
e LTHSN T BoligomycinZ40 ug/ml DiRE(T 2/ —IVEIRELT %,
R RRE? ng/ml EHETE) TN EZ D, HSA-SKLO BT EIGEE X M
(Fig. 5-10). 25 L7/ LECEEFOFZEH IS RAIATPasefAE (C & 5 HHIZA
IXNF—LANILDETICLDZ DT AWE, REEINL, NILF XY —
LATPaseld SimE T 2 / —I/L(15 $)TFFE FRTALE 21T D &, oligomycinB& M4
IChEBEVWHIRBR(E2E)VETVWEHS, L. HIELANILOERETICNLS
x>V — LATPaseldoligomycinlilTHETHZ EEZ SN B,

LIEDIER L. Hole cel LNIVDEEMICRTI2ERERTIEH D
A, in vitro acyl-CoA oxidase import RERODBEREEAH DL, NILF X
UV —LEFICRH &N -ATPases I NI A F 2V — LR INTBEXICED S
bOEMEEI N,

5—4 £ %
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acyl-CoA oxidaseBXFRLIID . NILF F 2V —LADin vitroZ 2 /X
TBERDODMEN DEVE WD T TILERNLD, MR 2 FZAMHEIC UL
MEEFAVT. BELAEZINTONILE XD - LANOBTEBERT 5%
PERE XN T3, CHOMRE #streptolysin-0LIB T:EEMIC L. SHEMED
luciferase® % LMEHSA-SKLOE X &5t L /- & 2 A CHOMRRERFH 5\ (&
rabbit reticulocyte lysatef&kTEfETH V) . ATPEKMTH V). CCCPTIHE %
ST EEBAIKEMEEEVWEHEI N, AU /Zrabbit reticulocyte lysateld
NEMFERL M T . Z DR OEBMIC U -2 ICNEMB S MR FOFEN/ RS &
n7=(212), 7. GTPTIE ZDEMIZR 5N $(213). Zellweger fibroblasts
TR ZDFEEIER S h T (212, 213),

—75. BALV/c 3T3. Zellweger fibroblasts. CHOMARZ % & (Cluciferase.

HAS-SKL. alcohol oxidase®# ~4 704 > 133 >F3H%E(110, 214-
216) b4 5. B - BEREIETFME. SKLECHIKTFIE. 2-deoxyglucose & NaNg

(L BREE, anti-HSPIOIC L BPAE L ENBESMICh o7z, 0 Ty MR
Wt XY — LMRERREICHSPIONEE LTFEET S 2. 70710701
— FNTHEEEINBZ & &), MEBEHSPT0 familyp 2 NI BRICBEE T2 &
REINTW3(216), UEDZ ELYNILF X V- LEABERIE. Mg
BRI LUBREAFLSLI2BHELRTHIEHMEINDS .

in vitro acyl-CoA oxidase® xR (ICHL T, <1 >acyl-CoA oxidase
DONRIVF XD —LANDOBEE, PECEDL2DDOBEEIHY . B 1 ERED
BICHEA T 2RI, BEICHEENTHY . B2EBEOEANDEXILEE
KENTH D, <2>NILF XDV —LRADBEEE, ATPERMTH D, <
3> % DIEEDCCD. STA. quercetinil L WEAE A N3, <4 >NEMTIIREE
AhT., FAEEFINRTVTHZONREGBE N EEZISN S,

Hole cel ILNJLDHSA-SKLY A 701 > 173 A TORRE. Z
DNIVE XTI = LANDRBTEILIENEM, TBT. STATBEE X I, in vitro acyl-
CoA oxidase import EERDFEREEZ2HHE. <1 >cell free acyl-CoA
oxidaseDBERICHONEMIC & YBAEFE I h L2 & &) NEWESZEATPase (B
S5 L%Huv, <2>STAMcell freeds L Uhole cel I LANILDMA CRESRE %
RUIZ & &) NEMFERSZMEATPase Y 2 L IN U B RICICAAS T2, <3 >
cell freeRICH (T BDCCODREELNR (FATPasel T2 &V EBFMTH - /-
DT, DR INT#EmachineryllWH T AERETH 2 EHEI N,

HERICSENEICOVWTEZ THEWL, NEROBEENDFTHIL X
TO-IWEN) T4 RPREEICEAULAKETH Y . BIREED—R &
EZ5NTWV3, B, ChodMEPTRVFREAE L THEEL. MERKE
WCEWTRIED 2 VBT EFILERICH E #RTEMILEL Y . AN D
Y—DETEZ-&NL3o0T77-JICBYAEh, ALZXFO—ILIZXTI
DERICL 2RKEPrERE S, — A, FERICSLTNE) FEEELWLLY
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TE2—%NUERYATh, Uy —LICEXEININAKYBRTESIL 70—
VX BEBEIERFBR IS A h B, NI XU — LIIEEHEIEIFEED 3 -B1(L.
ALZATO—ILhS5DORABMESHKICEEEL TS, COBENILAEXFI U —
LB T&H DZel lweger. X-linked adrenoleukodystrophy JE THRE HIEH
. BBABPBAHMOERIBOO NI ELYHEESIQD,

T/, SEMEABEICOVWTEZ2D L, ILRTO-IVEESRBER
FEDOHMG-CoMRTEBEFEMRERITH D T INZXLZF L YNNI 2F LU0
L 27 O0—ILOREFFRADOEHEEEEROH S T70T3—JL, &5(1C70
T4 L — hRERLEPHVOONATWS, COIO71 70— FREFNIR
BEXEICX L. FERPEE B-BR L RBERL ENILA X OV - LBEOE L VEEDD
BeENIAFIY - LIBBEERERT., RGXTHTy MFNILF XD U -4
ATPasesH L UPMP70N 7 A7« JL — FEEICLUFEINZ 2 & 2R L 12,
—H. ERIBVWTRIDEENILFX DV -LICHTIHREMSNATWE
Hor=t. Tt MITHEE(Hep EBNA2) & T v MRTHIRZ(Fa0) (X $ 3 7O
7147 — bOERELE L. 7 v MARET(dacyl-CoA oxidaseidtEH 6~11
ZICEMTE 28, & MARTIE 7y MIRRIZEIEZE TIE L LD 2.4~3F(1C,
& 5| 2 5BR%3% (hydratase-dehydrogenase) DmRNADRIR HIEM L T3 2 &
PEEIN(217), - T, BEHICHTDIFEFEETIEIEWILTSH., &
MIBWTHENILA XU —LBEFEOIO T TL— MILBFENREIN
3.

Ly L. 7074 7L — FREFEFOSIBMIESEERFOFMERESHT
EHEWH ., UITOZENEZSNTWS(218), (1)UKRER/IN—HiEMEE
ZH. ¥OI 70> VWOLFDO M) T 271 KORBERET D, (2)KH
i, eI h 2 M EMMIEHEBEETIE. FRICHIZI NI TUESA
FOLEERENEITE 2 &L, VLA EISI T3, (3)LL) 72—
EEESSO. LA EMRET S, (4)EAPRADOILITO—/LHEl Z(EE
T35, (5)FRBTOHOaALITFTO-NEBRET EFIL-CoAdr 5 ANOEKRICE
5BFEERETS, (6)7EFI-CoAhIARFIZ -G L. BIFEROL
ARENEITE, (7N JU ) FUN—EEEESD. UREADOR
HEEETSE, ShODBEICANILAXT Y —LPELZAIEEMRE+2EZS
h3, REZIZHEWTH., NILFF Y — LATPasesDEIBRERE S L TEER
¥, BEEABFXICOWTER LY., SIEMERES L UEEER O/ZRRIC
NIV XY —LICBETIHMENTFTET I T EI NS,

-71-



Legends to Figures.

Fig. 5-2. Temperature and ATP dependence of acyl-CoA oxidase import
into rat liver peroxisomes in vitro. The import assay was carried out at 26°C or
0°C for 60min. In lanes 1~12, the cell free translation products were imported
into peroxisomes with ATP and ATP-regenerating system. In lanes 13~15,
translation products were preincubated with apyrase (14U/ml) at 26°C for
10min for the depletion of ATP. 1%EtOH was added in lanes 7~9 and 1%
DMSO was added in lanes 10~12. In lanes 3,6,9,12,15, the import mixtures
were treated with 1% Triton X-100 prior to proteinase K (2 u g/ml) digestion. In
lanes 2, 5, 8, 11, 14, the import mixtures were treated with proteinase K alone.
After the incubation the peroxisomes were re-isolated by flash-centrifugation,
subjected to 8-12% SDS-PAGE and imaging analyzer, BAS100, as described
in “Materials and Methods.”

H-D ; peroxisomal bifunctional hydratase-dehydrogenase.

AOx ; peroxisomal acyl-CoA oxidase.

Fig. 5-3. Time-course of acyl-CoA oxidase import into rat liver
peroxisomes in vitro. Proteinase K-resistant radioactivities were determined
by imaging analyzer, BAS100. The ordinate shows the radioactivity in arbitrary
units. closed circles, ATP(+); incubated with ATP and ATP-regenerating
system. open circles, ATP(-); preincubated with 14u/ml apyrase at 26°C for
10min and incubated without ATP and ATP-regenerating system.

Fig. 5-4. Effect of DCCD on acyl-CoA oxidase import into peroxisomes.

The import assay was carried out as shown in Fig.5-2. Inlanes 1~3, 1%EtOH
was added alone as vehicle.

Fig. 5-5. Effect of STA and quercetin on acyl-CoA oxidase import into
peroxisomes. The import assay was carried out as shown in Fig.5-2.
Silicotungstic acid was added as the SEH solution. Quercetin was added by
the aid of 1% DMSO. The ordinates show the radioactivity is expressed as
percent of control (SEH or 1% DMSO).

Fig. 5-6. Effect of NEM on acyl-CoA oxidase import into peroxisomes.

The import assay was carried out as shown in Fig. 5-2. Inlanes 4~6 and 7~
9, the assay mixtures were added 2.2mM and 3.1mM NEM, respectively. In

lanes 13~15 and 16~ 18, peroxisomes were pre-incubated with 100 « M and
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1mM NEM at 30°C for 5min and NEM was quenched with imM DTT.

Fig. 5-8. Immunofluorescense microscopy by anti-peroxisome, anti-PMP,
and anti-PMP70 antiserum in CHO cells. The CHO cells were fixed with 4%
paraformaldehyde, treated with 0.2% Triton X-100, and blocked with 5% skim
milk for indirect immunofluorescence analysis. Cells firstincubated with rabbit
antiserum against rat liver peroxisome, peroxisomal membrane protein (PMP),
and 70kDa peroxisomal membrane protein (PMP70), respectively and in the
second step with goat anti-rabbit antibodies coupled with FITC. To analyze
whether the punctate staining represented peroxisomal location, the
coverslips were mounted on microscope slides using mounting fluid
containing 0.1% p-phenylenediamine, as described in "Materials and
Methods."

Fig. 5-9. Microinjected HSA-SKL import into peroxisomes of CHO cells.
HSA-SKL and HSA were microinjected respectively into CHO cells and its
localization was analyzed after incubating the cells at 37°C for 4 hours. The
indirect immunofluorescence staining was carried out using rabbit anti-HSA
antiserum.

Fig. 5-10. Effect of NEM, TBT, STA, and oligomycin on HSA-SKL import
into peroxisomes of CHO cells. The inhibitors were microinjected
simultaneously with HSA-SKL into CHO cells. NEM, STA, and TBT were used
at the concentration of 0.2mM, and oligomycin was used of 40 g/ml. After the
incubation of the cells, the immunofluorescence staining was carried out as
shown in Fig. 5-9.
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FOE T

BEMMRRICLACTFETA A LR Z70—D28 LT, 19655Fde Duveld >
v MBI BBIEKFEEER T A A X A —UHEPBTIHRT—CEEED
FNHZTERE L., BEEMEIHRE L TN A RS Y —LEGELE, T b
g CE—BOEEMEREEX TS XFy 7aj8BRlk & THET WO R
FRVVEB ZHDICHED ST, £ENERDO L VERAMRICES L T &
ILBEEIBRELEEEDE DG AN AZSEABREINTWE, E2AD.
19765 Lazarow&de Duvell &4 . I RO KU TFICOAEET DI EELSNT
W-RERFBR D B -BRIERDPNILA X OV —LICRRI N, FOEMHI SISME
BEERGICEIVELCLERBTIZEPRESh, —BAILF XU — LOKE
REPBIKEZBUBICEN  LERM2FEER THRALEBELEEIPNS>N B £
ko 7=,

KA coNA XV —LBRECSEREAEE I O 74 TL— KT

17(5ICFEEEI NS, NENEKZ M, FERZMOD L EH 2BDATPases #RE L.

ZOMRERIBZMELRELY . WTFhHHFBATPase EHTE L 7=, T OERD
BR. ZhZh520, 450 kbaDA )T X ) v 7HEKEHE L=, NILAF
YV — 170 kbaFEEE /- A1F < (70 kDa peroxisomal membrane protein ; PMP70
JIEATPIEE M- AIEC EHEI A TULE N, ZDATPaseEHIIRHI N T A
WV, F2DER L /-MATPaseiE I VWThH I DPPIOER LB & %
proteinase KALIE, SRELRE. KREMPAGE. ¥ LA B 7O~ M5 T7 14—l &
WEBBSPIC U7, RBFIC, NULFXIVY—LT M)y 7 RICEBEEO 7427
7Z—H(PPase) TETEL. 7071 L — MEBICKWI2EICEBENB 2
CHBRER L. BERHMHBHICHAESETIEHTEL TV,

NILA F 2/ — LATPasesDREREE L Tl . EEEEBNEX S B L\ d L
TXRY—LABRLASCBRIIEET3EE25N1E, NIULAEXLY—LE
7Et4B¥3E T % Dacyl-CoA oxidase. acyl-CoA:dihydroxyacetone phosphate
acyltransferaseRICOEBEIXICDOWTREABIT L /P intactNILA x>

V=LISH T BATPIC K BB MAE(ATPRIIC & kT 3 BTEM)IEBD 5 h .

ATPasesDEIS B BEEMN TH o 7=, —H. LAIEIEEIZDWT, in vitro
acyl-CoA oxidase import3 &HSA-SKL(peroxisome targeting signal 1T&% 3
acyl-CoA oxidase® C RURSKLECH 253 /- hIBE7Z LTI V)v 1 o0
121703 ETRLAEEZ S, ATPasesDEIS RIS T 2B 5187,

BIE. T PNV RS Y — LD B & H 2FBOATPases N TEET
PIE INSDOMESSUEBBEEIC OWTRSPICT 32 XKL, &
&, ATPasesD D THEE DARAR & BOIFEHE DM B S h 3,

SIS MAARE L U THMG-CoMRTRBMRFR( 751N X2 F . L UN
AZF)OM. 74T - bRER( /DT T— b, A¥F T4 TL—rE
EVPRVSATVBN, ZOT14TL— FBEFNCEBNILF XY — LS
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EEEOFMEABTHD, NLA XY —LEBEONBEIE T THECERR
CHRCBEELTHY ., ~NILA xSV — LATPasesH EE 4 BIZEDR L /-PPase &
HbHEE - T. POBFEEABXEE(BR2NNTOFINHZIAOD L IN—
AL TF—2a3 ) &N L. 2V TOFEEEBEN L IBEH AR
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B78 FBROK
7—1 E2EOEEROE

g #M—7 v b(WistarFR. #. K&E250-300 ¢)d SLCH L VEEA -
ERUA, NAFOY—LEFETS/-0H0E0.5% (ww)o7O 7«4 TL—
NEBMARRIMF, U I 2 VER)#28RH%BE5 L 7.

#t Ft—Bafilomycin AyidDr. K. Altendorf (Universitat Osnabruck,

Germany) &KW 95 EZ /-, 707 14 TL— b L UNycodenzid # h F nEN¥K
fliZ I K U'Nycomed Diagnostics (0slo, Norway)d WEBEA L 7. % DfthDatss
R H 5 VEAFURELREMEODD EH -,

NIV XU - LORM—NILF XU — LANOFRIC—BER I ¢
Jeo Ty bEZZRI —FIVEREET . PR EHFIL . FFEEEDMERDES ug/
ml, chymostatin, leupeptin, antipain, pepstatin A M4FEDproteasefiE
El(4P1s) 5 40.25 M sucrose, 1 mM EDTA, 0.1 % (v/v) ethanol, pH
7.4(4P1s-SVE) Tt o 7ofR. BFREZ /N4 I THH <) %I&. Potter-Elvehjenm
homogenizer(50 ml. Toptt) THE L F 41 X (Teflon pestle. 1000 rpm. 2
strokes) LT, 20 %R EI X2~ MEFRB L, 2h #2,500X g . 139 Rh&E (B
SL18PR-5. RPR20-20— % —. 4,500 rpm) L. B5h=kBICFRESEED1.5
EBEDAIPIs-SVEE NN A 7=7%. B UPotter-Elvehjem homogenizer TH €+ o
Z(1,000 rpm. 1 strokes) L T. £ &@HEIC2,500X g. 139Rh&E L LA, 10
BO&ED &, 2BB O THE S n /- L& (post mitochondrial supernatant :
PMS) % i £ T20, 000X g . 224 &/ >( HL18PR-5. RPR20-200 — & —. 13,000
rpm)U. 77974 —BEENRT VT TRYKRELEREEL, ZOMBICH
LEERBTDIPIs-SVEZ M Z T. DounceBsk E L+ 1+ —(40 ml. pestle B.

3 strokes. KONTEStL) THRE I+ 4 I L /-1, BU20,000X g. 225RH&EDL L.
7774 —BERIKICEVBRZILE(1ight mitochondrial fraction) #7187

INICT. 5 mIDAPIs-SVEZ M Z T, DounceBskE 44 #—(7 ml. pestle B.
10 strokes) THH KR EIF 1 XL 7. Nycodenz gradient (2 ml of 1.3
g/ml cushion, 28 ml of 1.15-1.25 g/ml of Nycodenz gradient)| F&fE L .
130,000X g . 2.58%fE( Hirhimac CP56G. SRP28SA — & —. 27, 000 rpm) &
LT3, IFACKYT, YUYY—LRIIOV—LDEETATWE LEIF/N
AT —IENyY bTRUBRWHR, Th o~ Z22—K2 T (ATT0. speed 6)
TRNET. 2mIFO0EL. NILH %oy — LOEEETS-,

BIS, NI %2 Y — LEBENycodenBEDEEDICH T B84 K &
VEBIZBEF NIVF XY — LDBEESERDO. 25 M sucrose, 1 mM EDTA,
0.1 % (v/v) ethanol, 5 mM HEPES-KOH, pH 7.4 (SVEH) T#IR. 3&/0(17, 000
Xg. 209fE. RPR20-20—% — . 12,000 rpm){%. LB ESVEHICEEE L T
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Nycodenz % Br\N THWL /=,

YD —BFEMAEELE—HEZ T —E(NILF XU — L)(219).
cytochrome ¢ oxidase(X h > K1) 7)(220). esterase(I 70OV —1)(221)
H LV B-N-acetyl-D-glucosaminidase (NAGA. ')V —L)(222)iFFhFh
BERO A EICKVEIE L =,

ATPase;&MEBITE A —ATPaseidE ™ H &K U Z DthDnucleoside
triphosphatase J&MBIZE (£nucleoside triphosphate” 5 Bl ¥ 2 L) B
#ltaya and Ui(223)ICL 27 T7HA hT ) - EBESHEEF—THB L T
> 7=, ¥E#AYassay mixture (1 ml)(d0.2 M sucrose, 0.1 M KCI, 40 mM
Bicine-Tris (pH 7.5), 2 mM MgCl,, 0.5 mM ATP& & U &5 1 gD4PIs(RERE.

2.7 uM(2 ug/ml)oligomycinEH ) E AW =, RISIEHIS0 pgDNILA X —
LIRGEEMA THEIBL. 30 C. 288@A > FaX—=2 a3 % v TH1 KTV
— 28 %1 ml(0.1624 %(w/v) malachite green, 5.72 %(w/v)ammonium
molybdate in 6 N HCI, 2.32 %(w/v)polyvinyl alcohol # ¥ELLTRE L.

1 BRI EMERFERT S, )&EMA. RICEEIET 3 EREFIC—2%D630nm
ORFEEBE L /-, COFRET. 285M £ TRERICEEREI RN T,
¥/, BB & U T EEE&ER#kDassay mixture® LY. Henkel 5 DHE(224)1C
UM 70T L — MEBHWE, Bl5. 96 wells plate (MS-3496F. 1k
N=7Z4 M) E. 17102720100 11 Dassay mixture& 920 ugh % > /X
JERAW 30 C, 18RI FaN=—2a i vT7hH14 MT) - HAFEI00
ulEMA. SDHEOBKEECS mD T 12 —%Ditva4 77 7L — M)
— % —(Model 450, Bio-Rad) TRIE L7, SARERE Z DEEIER L 721,
BBt B ) DR EIREEDRIRIL8 nmoles/wel | & TR <ABBIL /2. NEMBEZME
ATPase’EtE (3 £ EME &1 nM NEMTFTE T DONEMFERE S MEATPaseEE & DE & AL
TERLUE, £/, E2HEE2. 3AOFHEER W,

NILE XY — LOBRMIB—~NILF F 2V — LHE0. 2 ml #10ERD
BS5ug/mD4Pis&1 mM DTTEEE20 mM MOPS-TMAH, pH 7.0(ZE T LK E10%
FRIMEE. =0 (200,000X g. 30 min, RP-55TA— % —. 47,000 rpm) L. AJ
BTMEES CFERIE S IS OB L 7,

NIV XDV — LOERERES/BERLIB—-~IILE XDV — L
(1.81g #>/X7)%0.5 M NaCI’AHA L 7=1mM EDTA, 1mM DTT, 0.1 % (v/v)
EtOH$ £ U4PIsEH20 mM MOPS-TMAH, pH 7.0(1 m1)ICHNZ . Branson
sonifier (Cell Disrupter 200, setting level, 5; 50 % duty; 15 sec X 3
times) TO CALIE L. AIAM~Y N v 7 @S L EES & IC5E SRR L
(200,000X g. 30 min) B L /=,

NIVFE F LU — LDproteinase KE{E(FREZEENAR) —Kami jo > DTk
(8ICEL ., NILAF Y —LEproteinase K(Sigma)LIEZfT>7, 1 ml
DSVEHR | 4.31 mgDNILF F 3/ —LE10ugDproteinase K20 CA > %2
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N=23> L, 100 DOY > TILEZEFREBICHEERL, RISIELED/6H1 mM
phenyImethanesul fonyl fluoride(PMSF) %M Z . HEIF T DATPaseEE&# ¥ 1 ¥
O7L— MEATBIEL 2,

NIVF F DU — LATPaseDAlE{ L — SRR R BEKNIE L 2~
4% >V — LEE4S (5 mg protein) 10 % glycerol, 1 mM DTT, 1 mM EDTA,
8 ug/ml asolectin liposomes, F5ugDAPIs%EE 20 mM MOPS-TMAH, pH
7.000 m)ICRER L. 0.5 % polyoxyethylene 9-lauryl ether (CyoEq, Sigma)

EARMLU. vortexf. 0 CI09MKEICHER. &/ 0(200,000X g. 30 min.
RP-55TAO— % —) L. 2D LFZAB{LES & Lz, NILFF 2 — LATPase
EMEEF932 $DOINETaFET 2E P HE -,

alBIENIL A ¥ 2V — LATPaseD T IILAB I OAY T 57 4« ——FiEeD
NIVF X DY — LIRESCy EgRIA{EEI S (0.5 mI) & 5L 5385 7 L (TSK

G4000SWy; , 7.8 x 300 mm, Tosoh) 2A%ZE5ICDAE, 1 mM DTT, 0.5 mM
EGTA, 10 % glycerol, 8 ug/ml asolectin, 0.02 % CioEq® L U0.2 M NaCIE

20 mM Tris-HCI, pH 7.4% BHEEERE LT, F%0.1 ml/mi(LKB 2249 LC
Gradient Pump, Pharmacia LKB Biotechnology, Sweden) Gi&H L. 0.5 ml ¢
DHBEILT, SPBEONEMBRZ M, FEZEATPaseiEt & 2 L INVEE 5T
EZA, TNhEFNAESMNICERT 2EHIHEEK,

NIVE F 2V — LATPaseDER MR —FER AL A X 2V — LES10
mi(170 mg protein) Z AL\, IRES & R/WE. CiEqrliBILEfT o/, 15>
X # T LEcono-Pac Q 2R ZEFNZHEER L. 50 mIOalE b &

Superloop(Pharmacia LKB Biotechnology, Sweden)Z{ELVEA L. buffer A:l
mM DTT, 0.5 mM EGTA, 10 % glycerol, 8g/ml asolectin, 0.02 % Ci)Eq&

E20 mM Tris-HCI, pH 7.4&buffer B:buffer AICIM NaClEfN. # A 1RE R
& UL TNaCl gradienti&H L7z, FF! mi/mIT. 1 m$OPELE, BS5hi
ATPaser&M™EE— T DFr. 45-47D1 ml % Lid &R, FILA@yO< 757
1 —IZFE AN UATPase DD BEFESL # 3 &4 /-,

TOMDHE—F2 L INTEEIZEE R /87 & L Thovine y -globulin
ZHU). Bio-Rad protein assay kit(225) CfTo7, v MIFOD
submitochondrial particles(SMP)DERAEL (IWehrle > DF7K(226)1C & - TR
L7,

7—2 EIBDERKRDI

B M-y bBLUV 0T T L - MEEFERIE2EDES Y,
# Fl—clofibrate, Nycodenz, proteinase K, CioEg BB 28D E S
V). protein A Sepharose CL4B$ & Ufalkaline phosphatase-conjugated goat
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anti-rabbit Ig6 antibody(d % 1L £ fiSigma (St. Louis, MO)¥H & UTAGO
(Burlingame, CA)HD SBEA L7z, ZDMOEAFEIIFRSH 2 L AFOJEL RS
MEOHDOEHW:-,

RIWVAFDI—LORREL VS ZNNTIEE—F28DEH,

anti-PMP70ILIMEDRM —FER I FH LU — L E0 T M NayC053 T20f%
FHRLU. =830 minfuE#&. 45,000 rpm. 60 mim&E/O(RPSSTAO— % —) L THE
SNBLBENILEF DY — LRED (2N F Y- L2 INTDFN0 %)
ELTHAMUA, Th%E10 % SDS-PAGE CikENTE. CBBRE L. 70 kDaX/LF F
DI LEBEZNTON REGVE L. FRE CERE 2BV TR
)R UL, adjuvanthE EFAWVWT ChZ T EmES L THWE, #O
BAEE Y £EE lymph noded K UHEEK FIC. 20 B LG EEE TIC 28
MTEICBELA, B7TRBRMER. 2NEHERIMNEEEL, JOHRMEEL
V. EEDOHLSE. DEAE-Sephadex A 504 Z L V7ON N Z7 7 4 — LB % 1T
LV, anti-PMP70 I1gG#ZARLL 7=,

immunoblotting—kZ M (native)(227) B LV10 % SDS-RU T 7 INT
I RERKEN(PAGE) (228) 4 )L (325 mM TrisH L U0.7 M glycineh 4 C. 3BF
. EEF150 mAT. nitrocellulose sheet (0.1 um pore size, Schleicher
and Schuell, Germany)IC#E L7z, CDEEE. 5% skim milkZ0.05 % Tween
208K 2{fih F+ > %&% K phosphate-buffered saline (PBS(-)) (TPBS)
WA ZZ6DTTOy X2 T Efro /1%, anti-PMP70IILE & RIS & € 774,
2 Xiufk & L Talkaline phosphatase-conjugated goat anti-rabbit IgG
antibodyZ RIS S ¥ 7z, MEDZHDOEEFR E LT, 5-bromo-4-chloro-3-
indolyl phosphate/nitro-blue tetrazolium% FBu17/-(229),

~NJVF xSV — LDproteinase KHIE(BREN ) —FE 28D E DV,

NILA X U — LATPaseDRLBIE—F 2EBD & D V),

ALE(ENILE F 2 Y — LDOFREMPAGE & ATPase B R — R ZEMPAGE
Rothe 5 DFHE(227)ICHE L. 0.02 % CioEqZINA 724-20 % gradient
polyacrylamide gel # L), 4 CTikE &To 7%, F /- ATPaseidE4E(230)
BEITFOE OIS0/, KEYED T ILET mM ATP, 5 mM MgCl, &1 mM
Pb(N03)2€'§\t}20 mM Tris-malate, pH 7.5(2TC30 C. 2083f@ 1 > F 2 ~N—7
3%, KTRE. TV EDPbg(PO4)  AEEABNL R, 0.5 % NapSTiE
ST EICKYPOSIEBBNS RELTHREL 2,

ALE{EA LA £ 2 — LDanti-PMP70 1961 & B & LEE—anti-PMP70
1963 & Upre-immune 1g6(F44 ug protein)Z Zh £h5 mgPDprotein A-
Sepharose £0.5 m1 0.2 M borate buffer, pH 8.2F CEiR. 304 RERHT 5,

lgGiEAprotein A-Sepharose#4,000X g. 30 seci#®{ Tk E L. 0.5 ml
D10 % glycerol, 1 mM DTT, 0.02 % C12Egd’5<}:(f%5#9/mI0)Pls’E’§L‘20 mM
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MOPS-TMAH, pH 7.0T3EES T 2. ZDICL TES N /protein A-

Sepharose-1g6 & Al b~V A F 2V — L (240 ug protein®FE 50 1) & &3
BEMNGEEMSEZHF v )V -2 X7 & LTA00ugDEX M TF7EF. 4
C. 2BREEH LA, BOUBEICLY EFEHRDE. bR esEdger Ay

0B & 3@ESE. 2D L& Sprotein A-Sepharose- I gGiLB DATPaseE4EBITE .

SDS-PAGE$ & Uimmunoblotting Z RIS < 75 7=,
ALBENILE ¥ 2 — LATPaseD T IILA BV OY T 57 4 ——~JLF
* 2V — LIRE 7D C yEqRIBLE D & 7L 5387 7 L (Superose 6 prep

HR16/50, Pharmacia LKB Biotechnology, Sweden) %R\, 282 Z & RHEDI
mM DTT, 0.5 mM EGTA, 10 % glycerol, 8 xg/ml asolectin, 0.02 % C1oEg®

KUV0.2 M NaCI'EH20 M Tris-HCI, pH 7. 4% AHFEERE LT, FX0.25
ml/ml(LKB 2249 LC Gradient Pump, Pharmacia LKB Biotechnology, Sweden)
THEEL. LOmTOREL L. SPBEONENBESF S, FEBRZMATPaseiE M &
RNV EEETH/EZH. BLETHESW-EREAKZILFLESHNIC
BN 2HEPHFK.

B D EFOPMPT0DRRE L LI T DM CELISNEIC KV T 72
immunoplate (Falcon 3912 Micro Test Flexible Assay Plate, Becton
Dickinson, Oxnard, CA) EICEDEIDS u1EH L1001 1 D50 mMRBLEERE 7 .
pH 10.0%EL. 4 C. 1 RETET 3. TPBS*:%%. 1 % bovine serum

albumin (BSA) in PBS(-)T 70w ¥ > J%#. anti-PMP70 196 & 2BFRERIC & .

alkaline phosphatase-conjugated anti-rabbit IgG goat antibody & p-
nitrophenyl phosphateZ#ZE & L THW(231). 7L — 1) — 4 —(Model 450,
Bio-Rad, 405nm~ « JLZ —) TPMP70 & #&H L 7=

7—3 BABOERDI

g WM—Fy bBLU OO0 T - FMEEFEEIE2EDES ),

# Fl—clofibrate, Nycodenzid&E2ED & H V)., F DD (L4
HEWVIAFARELRSMEOLDEA L,

NVFXF)—LORB— 0T TL—bFEEZ Y MFNILE XY
— LB 2ED E D ) DELREDE ENycodenz B DELELEICE VR L /-,
SPIAZRYT, UY=L I7OV—LDOEEA TV EBIZ/ISXY—)L
EXy hTERBRW . BUEDTH SN X Z—K 2 T (ATT0. speed 6)
TROVET. 2mTORBEL. NILA XS Y- LADEERL, NILEFS U —
LEBENycodenzZERERDICH T BB . NILFF Y — L4OHE %5
BND0.25 M sucrose, 1 mM EDTA, 0.1 % (v/v) ethanol, 5 mM HEPES-KOH, pH
7.4 (SVEH) THIR. &/0(17,000X g, 204, RPR20-201 — 4 — 12,000 rpm)
%, LB % SVEHICHE® L Chycodenz k& U\ T . 28 B MNycodenz R DESE
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W, 1EB8 &RRICHE L -,

V- -BREMAEEE LR NNIEE—HET—B( NI X
Y — L), cytochrome ¢ oxidase(X > K!)7), esterase(I ¥ 0OV —L).
S -N-acetyl-D-glucosaminidase (NAGA. ')V —L)& L UATPaseiEMBIE %
SN INTERIIFE 2EICER LM< 7o 7=,

PPase &M BITE A —PPaseiEMEEPPi H S BEBE T S BHE)) g%k <~ 1 7 O
TLU—hEAWT, B2EDATPaseiEHRIEEERBRD T T HA T — 2t
BEZA TiTo 7. Z%#hYassay mixture (100 | /well)(30.2 M sucrose,
0.1 M KCI, 40 mM Bicine-Tris (pH 8.5), 2 mM MgCiy, 0.5 mM PPid & U

0.5 ugDAPIsE W -, RISWEFB pgDNILF X2V —LIZREMAZ THAL.
30 C. 1RS> FaN—Ia B ITHAMRNTU-AEIO 1 EMR.
S5 NEDRIE 655D T 1 V2 —&DF A 70T L — ) -4 —
(Model 450, Bio-Rad) CBIFE L /=, COORFGEET 2 ) B EMIEDBRIES
nmoles/wel | £ TR <AEE L 7=,

NIV F D — LOBERNIBE—EMEY N v 7 B EERSICH
BITBSEMT. 1 mONILA XDV —LES(18mg 2> /87)% . 10 mID1
mM DTTH £ U0.5 mM EGTAX E 820 mM Tris-HCI, pH 7.5T#¥R#%. Branson
sonifier (Cell Disrupter 200, setting level, 5; 50 % duty; 15 sec X 3
times) TO CHLEEE. 3=/(0(200,000X g . 30 min, RP-55TAO— & —. 47,000
rpm)UEBIC K V) . aliEMEY MUy U B EBES S ICHBEL -,

7—4 BLEOEREROE

acyl-CoA oxidase® X EMBIERANILE %2 v — LDFAM—Nycodenz®
ERAEERDICE-> T, B5hANILtF oY — LESD ENycodenz 2B < BAY T,
MEBRDSVEEMA T, 0 C. 100EMEL 2, 2h#%18,000X g. 20 fEhi&ED
(B3L18PR-5, RPR20-20— % —, 12,000 rpm) L. JCEXIC%98~10 mg
protein/mliC7% 3 & D ICEEDSEH(0.25 M sucrose, 0.1 % (v/v) ethanol, 5
mM HEPES/KOH pH 7.4) % HNZ . Dounce®!KRE T+ 1+ —(7 ml, pestie B. 10
strokes, KONTEStL) THALEEL 7-HD % acyl-CoA oxidaseBBXEERICHW
7=,

total RNADGAR & BIER—total RNALE. 28fE 0.5 % (ww) 70747
L— FEBMKREAREH /A TNIF XU —LEFELEZT Y FORFED S
post-mitochondrial fraction %#ZRA% L. phenol/chloroform =% H5ULT
total RNADIEH & H 2 % 5 7(232), ZDRNA(10 1 1) % [3%S] protein
labeling mix(NEN, 11.0 mCi/ml, 15ul1)& & H{inuclease-treated
reticulocyte lysate protein synthesizing system(Fiyt. EMI 2 > /XU &
BRFw b, 90u!1)T29 C. 90T > FaxX—bL., BIERE{T-7(233), U
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R —LEBRYER A, 11,500X g 204 @30 (TOMY MR-150, MR-1500 — &
Z N % translation producté& U7z,

B INTENREME. import assay mixture [£7&. 2001 11041 O
translation product. 50 u 1D ~NILF F U — L (%98-10 mg/ml). 100 1D
import buffer(1 mM ATP, 3 mM Mg(AcO)Q, 50 mM KCI, 1 mM DTT, 15 mM

creatine phosphate, 75ug/ml creatine phosphokinase ; L g & finali
E)BLVWOpIDOSEHERELAHD] £, 26 T, 1BM1 > F2X— L7,
12F%aN—-—23 2%, ZDimport assay mixture® . SVEH(0.25 M sucrose,
1 mM EDTA, 0.1 % (v/v) ethanol, 5 mM HEPES/KOH, pH 7.4) T10fZICHR L.
4ER U, NUF XDV —LARAEX SN TVWEWZ /N7 BB ERL 728
(21 pgDproteinase KT. 0 C. 15938 %& L/, DX /NTHEERISIES
mM PMSFH K U'% 0.5 mg/ml 4PIsES u IINA TELIE&E ¥ /=, proteinase KIEF
@ positive control & LT1 % Triton X-1007F7£ F. proteinase K{LIE#% L
HODEER L. CONILFAXRIU—LRICEEI N2 /NN, BEE]S
EEEBZZEICEVERICHEIN 3 Z E 2B LA, &Y TIL%E15 000X
104> &%/ 0 (TOMY MR-150, MR-1500— % —, 15,000 rpm)f%. JCER %1 %
Triton X-100. 0.1 mM PMSFD A - 7=SVETRI;EIL L. 8-12 % SDS-PAGE(Z '}
7. CBBRBEFE. 7L 7 1« JLLA{E(RAPIDRY, ATTO)L., Z/.A0T T 74—
EEBD. FRRBAA=DLTTL— MIEI L, $975 kDaDproteinase K
MWMED 2 INTIND RENIVF XY — LARICEE & hfzacyl-CoA oxidase &
EFE21t L 7=,

gradient SDS-PAGE(228)— iﬁﬁﬁﬁ/ﬂb;‘;ﬁ%f#c; 3% (0.125 M Tris-Cl,
pH 6.8, 0.1 % (w/v)SDS). LB ILIEEIL. 8-12 %(0.125 M Tris-Cl (pH
8.8), 0.1 % (w/v) SDS)ZHu /=, /}E}E’Uﬁati77/l/'3(—(30 m., $#>7
TT v %) TERLU =, ﬁiﬂ)ﬁ@fﬁﬁ@%ﬂbﬁ(i\o. 05 M Tris, 0.38 M glycine,
0.1 % (w/v) SDST. XENELERIC T, BEES /Lh(I50 V. HBEA JLeh (3150
VUST =% TS 1 I M8S INSTRUMENTS INC MODEL 50-SR)DEEBEE — KN TfT
27, ARHEHY TNy T 7 —(4 % SDS, 40 mM Tris/HCI, pH 6.8, 20 %
sucrose, 0.002 % BPB, 20 mM DTT) ZHEKIERASEMZ . 90-100 C 5% &N
HAWBHET T4 L1,

K 7A—-FILREORAR—<1>MT vy bNILEF DY — L ME !
IJOT714T - MEE Ty MIFRBE W NI F XS U — LB L. Nycodenz &
BR< 728 . 4PIs-SVETI0fEHIR L. 12,000 rpm.20 mini&/>(RPR20-20 — % —)
B RBONIVE XD U — LEEIERIEK (pss)iCDounce® A E S H 1 H —(7
ml, type B)TREE L. -30 CTHRIEFEL -, ¥EABER LT FD VY — LESB
A& 1 ml&Freund’s complete adjuvant 1 ml ZBranson sonifier (setting

3.5), 30 sec, 3EANIBL T, AfLiKEEE L. 2LOMND ARG EEY 4 X558
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—, 11,500 rpm) L. E;EEHELL. 2 M sucrose® A T final 0.25 M (Z L.

BERESICE VT, BMEZ /X7 £130.87 mg protein/head T&H - 7=, 2
@ B LIRED BEldFreund’s incomplete adjuvant % F 7= fth (L #)[E =Bk & FI4E
IS, AR ECTTo o, BOMB(ER. = HBICEMEBBRSA 2L — 2 3
ASK W ERE L. 3,000 rpm. 15 minmE/O L. UMiEEE. -30 CTRREL =,
<2>MTy MNILA XY —LEZ N THME  BRENILE XY — Lk
0.1 M NayCO;T20fE /IR L. =iR30 minfREMR. 45,000 rpm. 60 miniE/D>
(RPESTAO — 2 —) L TIR 5 W3 ERE NIV A X 0 — LB (2N F F 2
V=LZINTDOFN0 %) &L TERR L A2(234), Th%PBS(-)ICREEE. MR
& LTRAEDadjuvant & ZLAEHE . MEAIRIEE 7Y X EEFoot padd S UEIK
T, 2O0BLREREBETIC2BRZ SICBRELL, B2 /NNI8EH
100;19 protein/head T&H - 7=, HBOMOB(EE. M EHFWM L MMEEE /.

< 3 >anti-PMP70fLMiE : BB 3 EDEERDECICECH L&D V),

<4 >Hbe MLE7IIVT I UHME: B bMET7ILT I (HSA, Sigma, A-
1653) ZpssiliBREL . 17y MNILE X DV - LIME E RO A ETHERA
BREIVYXICBELL. BEZ2 /Y7 8(31.04 mg protein/head TH - /=, &
JEIRER. 2MEHR ULRMEERS -,

SKLNT F RDEM —acyl-CoA oxidaseDC-Kiw~N 7 F KNH,)-
CRYHLKPLQSKL-COOHZBiolynx4170& B &N 7 F K&R > X 7 Lx(Pharmacia LKB
biotechnology) ¥ & U'Fmoc-L-Leu-Novasyn KARAE 1gx FHLWTEK L. B
51.6 mgHh 5 ") ZILAOEEE- 7TV —IL-T 22> FF—I)L(95:2.5:2.5
vol)5 mI TR, ORFRIMER. ABICKEVEIENI SYIVH L. AR EEHEE.
20mIDIT—7I/LTEEE L. 10 min& /D (RPRSAO — & — . 5,000 rpm) TES .
20 MmO —FILT 1 ESEEE. }&r?ﬁb 4.4 mgOBEIBKERZ, B85
NIZRTF ROFEEn-BUOH:ACOH:H,0 (4:1:1 B K U2: 1) DRFEBEEZAV
BTILC/ Z> b R FEBTone spotTHDZ &L WEERL /-,

HSA-SKLD & Rk (MBS coupling(235))—10.0 mg®MHSA(0. 15 umoles,
Sigma, A-1653)%0.1 M sodium phosphate buffer, pH 6.8(C;8#% L . MBS(m-
maleimidobenzoyl-N-hydroxysuccinimide ester, ¥03¢) 1.4 mg(4,umo|es/50
| of dimethylformamide)ZMA. Y7271 v VX2 —7—TCTER. 30%
RT3, CORIGES%0.1 M sodium phosphate buffer, pH 6.8T¥
%11t L 7=Sephadex 6-25 column (Pharmacia, NAP-25 column)(C Dt . RIERE
ATHEHL, WEZ 2 —(ATTO mini UV monitor I, 280 nm) Ti&HBRDIEN
EzRENOSRAIDZINTBEEES EED . RRISOMBSZBRL /2, L£ECSKL
NTF K(4.4 mg, 3.3umoles)®4.0 ml D20 mM EDTAIC;AAZHE . MBS-HSA
complexiCHNA . ZILILHRXZREMIF, >—Q>THLE, ¥ TXT1 97
28 —F—TER. BFEIRHET S, RICH. pss (1 liter x 2 times)IZXF L.
4 CTEMEITL. HSA-SKL (7.2 ml, 2.1 mg protein/ml)%&f8/=, -30 C&
BIRTE, Z 2 TESN/-HSA-SKLIZ10 % SDS-PAGE T#970kDalCbroad 4 band % 7R
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L. HSAE DU IR MILDLEE D 58~10XTF REAHSAICHBREES L TV
2HbDEMEI NI,

chinese hamster ovary (CHO)#iBa1Z% —CHO-KI#MAZ (210 % fetal
bovine serum (FBS, BioWhittaker, Maryland)Z/H0Ham’s F-12 (Gibco, No.
430-1700) (NaHCO5 1.18 mg/ml, penicillin 100 units/ml, streptomycin

0.13 mg/ml #&HN) EEERE L THW., 10 em> +— L (10 ml medium/dish)
EFHWT. 5% COz-incubatorEPiE,‘%bf:o BEEIHEIC., MY TS MBI

THREERMI L. 100ZHFML THRIEEEZTD .

A va4 T a—L1EE0. CHO-KIfifg 2 Hh/N\—J 5 X
(Matsunami glass ind., 18 x 18 m)ZEEL /6 cm>v—L &#HL. 5%
COy-incubator™ |C THEE £1T 5 (5 ml medium/dish). HEE3HH ICAuto

injection system (AIS, Zeiss)& 7 T bhF v S (Zeiss)EHWNT, ¥4 70
120103 %179, FMEGEARTLAER. Z node( 7 LF v i
FEEICEE, XT7—VIERBFICEELH L, ). Z speed 20, P2(GEAE)= 120
hPa, P3(##5/£)= 30 hPa, 0.2 sec injection® L. 16 flames, #7200~400
cellsiCi LA >z o7oalli, Kb, 17173 %p5FIE40-50 %52
BETHY, SO TILMNFyT7OETEYALELIERE, MEAHDER %
BIBRTUVENH - /=,

RATO4>2 273> FT3H%>TILE LT, HSA-SKLE & UHSA %
injection buffer (20 mM potassium phosphate buffer, pH 7.40, 100 mM
KCI, 1.2 % sucrose)lc Xy UiBATZfT-> CmediumX B EfT -4 % (FH L /=
BRI mg protein/ml TH B, T /. ATPasefHEFIDSIEIZ DUVT L  NEM,
TBT, STA, & &L VoligomycinZHSA-SKLIBZRICZ W ZNEERE0.2 mM, 0.2 mM,
0.2 MM &L T40 ug/ml EMATAWVE, Ch5EHFLTILIE-30 CRIFL.

JILNFYTOBEEYEBFLETBAD. 12U 1753 #1210,000 rpm.

10 minEDLAZEFEFRWE,
REHIMEE—~1 7042 173> L7CHOMAZE. 5 % €0y~

incubatord TA4BFRE A > F 2 NXN— 2 3 %, LUTOREENEMEEDEREEE
BICTITD, BEBREWSIBRERAE. PBS(-) 3 mI T3EAEEL. 4 %

paraformaldehyde in PBS(-) 3 mIT10 minEE L7/, RWT. 0.2 % Triton
X-100 in PBS(-) Cpermeabilizel . PBS(-) 3 mI T > X%, 5 % Skim milk
in PBS(-) 3mIT—&. 4 CJOvy x93, PBS(-) 3mITlJ> X, 100
BFIR— KA fFanti-HSA antiserum in 5 % skim milk in PBS(-) 150 x|, 1

BFREIRICT %, 0.2 % Triton X-100 in PBS(-) 2 mI T, 5-10 min. 5[E%%%#.

200f5 /M RinfAkfluorescein conj. aff. purif. goat anti-rabbit IgG
(heavytlight chain specific, CAPPEL) in 5 % skim milk in PBS(-) 150 x|
&30 minRIS$ %, 0.2 % Triton X-100 in PBS(-) 2 mI T. 5-10 min. 5%
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B8 HYERALE~ 7 > M#&(0.15 % p-phenylenediamine, 0.1 M Tris-HCI, pH
8.0, 90 % glycerol) & AT, HICEEMIE(Axiovert 135M, Zeiss)T. {18
EGOAIHL > XEH) B S OHRAMBGMBEL > X T4 70490 v 7
I —Blau 450-490 SBIFM) & 2 A /N1600( 7 7 1 VL) ERWT, BEEIR

2 L7,
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