Phar maceuti cal Society of Japan

YAKUGAKU ZASSHI 127(1) 163-—172 (2007) © 2007 The Pharmaceutical Society of Japan 163

—Reviews—
BBARE A PO7 41— ALDP OfEE - #EEL I A2 XZE ALDP Oz E)RE

mAEAIE STHMBS " 55 % %

Adrenoleukodystrophy: Structure and Function of ALDP, and Intracellular Behavior of
Mutant ALDP with Naturally Occurring Missense Mutations

Norimasa TAKAHASHI, Masashi MORITA,* and Tsuneo IMANAKA

Department of Biological Chemistry, Graduate School of Medicine and Pharmaceutical Sciences,
University of Toyama, 2630 Sugitani, Toyama City 930-0194, Japan

(Received August 7, 2006)

Adrenoleukodystrophy (ALD) is an inherited disorder characterized by progressive demyelination of the central
nervous system and adrenal dysfunction. The biochemical characterization is based on the accumulation of pathgno-
monic amounts of saturated very long-chain fatty acid (VLCFA; C>>22) in all tissues, including the brain white matter,
adrenal glands, and skin fibroblasts, of the patients. The accumulation of VLCFA in ALD is linked to a mutation in the
ALD (ABCDI) gene, an ABC subfamily D member. The ALD gene product, so-called ALDP (ABCDI1), is thought to
be involved in the transport of VLCFA or VLCFA-CoA into the peroxisomes. ALDP is a half-sized peroxisomal ABC
protein and it has 745 amino acids in humans. ALDP is thought to be synthesized on free polysomes, posttranslationally
transported to peroxisomes, and inserted into the membranes. During this process, ALDP interacts with Pex19p, a
chaperone-like protein for intracellular trafficking of peroxisomal membrane protein (PMP), the complex targets Pex3p
on the peroxisomal membranes, and ALDP is inserted into the membranes. After integration into the membranes,
ALDP is thought to form mainly homodimers. Here, we chose nine arbitrary mutations of human ALDP with naturally
occurring missense mutations and examined the intracellular behavior of their ALDPs. We found that mutant ALDP
(S606L, R617H, and H667D) was degraded together with wild-type ALDP by proteasomes. These results suggest that
the complex of mutant and wild-type ALDP is recognized as misfolded proteins and degraded by the protein quality con-
trol system associated with proteasomes. Further, we found fragmentation of mutant ALDP (R104C) on peroxisomes
and it was not inhibited by proteasomes inhibitors, suggesting that an additional protease (s) is also involved in the qual-
ity control of mutant ALDP. In addition, mutation of ALDP (Y174C) suggests that a loop between transmembrane
domains 2 and 3 is important for the targeting of ALDP to peroxisomes.
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dison BRI /s EDRRRBNEIET 271, AR L
FHA S OMEIEED sz, HEIRY IR/ KK

B IR FERFRE S LR o TRl rE e =
(T930-0194 ‘E[lITikes 2630)

*e-mail: masa @pha.u-toyama.ac.jp

AL, HEERZAE 1262 ORI TLGS2 T
BELEDDEZHRLCERLEZEHDTHS.

REDPHREBLRETROWHI N, EIEMRE, 87
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EHEBETFLTWS 2D, ABZEOELRTER
MALD OERTIZanwhEFEZ N TV Ui
U7ahts, 1993 4F Aubourg 52X DRI aF)b
pO— TR KDEESINZEBLETFIX, RLFF
> — L ABC # > )\ 7 & 70 kDa peroxisomal
membrane protein (PMP70) RO & W,
ABCH NIV BEZI—RLTWESHSITK

D, ZOBEFIZALD, a—RINBY NNV E
{Z adrenoleukodystrophy protein (ALDP) &4
SN ENIFFI—L ABCH NI EIZ
ABCT773IVU—DRpEENLDT, ALDP I
ABCD1 & HIHIN 5.

ALD OREHBIZEL TiZ, ZOFEMALANZ
ZLERBATH %A, ALDP OZEFIZ X0 hik
BRICEEZSEL BEHEHEHER, I T VED
AEERZEFIESEIL, HHELZI T SR
0T TRTAMOYA MEEELL, 0 EE
SNEREWET A M1 o —BEERSHITY
MEESIEEIL TS EBEZENTNS. IV AFY
TRRERY R YT L EBEFRITICK 2 RRHE
FED AN Z X LRAKR A ITBWTHRELEZN
BEHEIZ, ALDP OWEEL I A2 AA R ALDP
DHFINENEE DFRATIC D W TN, AIKOATREM: %
EZTHZN,

2. ALDP D& & #EE

t N ALD E&TI3, X Pk qRicfrEl, £
E2kb TIOfEOTZFY 25720, ATP-bind-
ing cassette (ABC) # >N/ B 773U —IZ@7
50 FER83kDa D)V AF Y — LIRS 2 IND
B ALDP 21— RLTWw3%. ALDP |gN—7H%1
ZADABCEHNIETHD, IAFIV—LIE
RELTWS, £0OfiEl, Fig. 1ITRTEDI
BKHEITE D B AL > 2D N R HAE S TRV
FFV-LEE6EEBEL, BAEIZENCK
Sl A EEICEH T2 RO Y —2Ho T
WHEHEINTNS, EFEALDP @ C K R A
A UHIRE R Z N TWS Z &1L, HEELAF
PV—LETOTT —EAMT S LITX DR
NTND 2 R R A A DWW TAS &, Hilg
BRNCEE U =12 ABC ¥ VSV BETLLGE
I /- Walker A, B EF—7 2D, E/= Walker
B E£F— 7 DHEGANT, ABC ¥ 2\ IR
1973 85725 Csequence 2D, X725,

C sequence

\ coon-l\l
=

Fig. 1. A Putative Secondary Structure of ALDP and the Lo-
cation of Naturally Occurring Missense Mutations

Six transmembrane domains (TMDs) are located in the NH,-terminal
half of the protein, and Walker A, B and ABC signature sequence (C se-
quence) are located in COOH-terminal half of the protein. The nine amino
acids substitutions in the X-ALD patient are indicated. Mutation of R104C
and G116R is located in loop 1 between TMDI1 and 2. Y174 is in loop 2 be-
tween TMD2 and 3. S342P and Q3544R are located in TMD6 and helical
region between Walker A and B, respectively. S606P and S606L are in ABC
signature motif. R617H and H667D are located in Walker B region and in
COOH-terminal region, respectively.

6 IFEEMESOMIC, HEEXRIIRDSEEZILN
TW3 Glu-Ala-Ala (EAA) #EF—7 28D,
NoOEHEOY X/ BESNINE, ABCH /N7 ERH

TELBEINTVS., }LtFIV—A ABCH

> N7 &3, multidrug resistance protein (MDR)

%> cystic fibrosis transmembrane conductance regula-
tor (CFTR) 72D ABC ¥ NV E &L TS
EDEXFOYAXTHD, FELHLLEIATO2
BERZEZERL TS E#EINS. Aubourg 5D
T —713, B two-hybrid system <> 5 k% K
B Z1T\), ALDP |3 ALDP &L <13 R)LFF
Y — I ABC % )N 7 ’E PMP70 % ALD-related
protein (ALDRP) & C RIGfEHBIZHEET DX L
FTF RfEE RAAL > (NBD) 24 LU THRETHAN
TOFAI—THHERLAEZDZELEREL T
% .1 —7%, Guimaraes 53V AN A F
V=L RN RBILREIEIC L D ALDP 23K E 7
REFAT—ELTHEREL T EE2HEL TY
2. W bnbnd sy NFESILVFFV—LDE
ABCH NI BOFERZEFL AT LIEET S,

PMP70 & ALDP 3£ 7 : 1 T ALDRP % PMP70-
related protein (P70R) 1XiE & A ERH I NN
7. ¥£7-PMP70 & ALDP 3z h FhEEKEE
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RLTWEH5DOHENWOHIEIFZRD HNT, D x5
WA FAF ) —LENS N T LR TEsE L
72 PMP70 O NBD W HRESF A v —& U THEL T
WHZERHERLZ1O IS DEEM DNDN
3 R<ED Ty MBI FF Y — LETIE
PMP70 %> ALDP i3 Z DK NHEY A v —& L
THELTWA EEZEZ TS,

ALDP 2 EDX)FF Y — L ABCH NI E
I, MRS OBEBERIR ) ) — A TEGRINZOD
5, NFFV—LllEEIN, NVAFIY—
LB ETHREEBEMN TH DY MY —2BRTDEEX
50 TWwW% (Fig. 2). bhrb I LAriE =ML T
D [¥S] AFFAZ>DNIVAF A AERP in
vitro §ii% % %2 W= EBRIZX D, PMP70 A1 post-
translational 2 )L A F 2 — MTEIT N THEICH
HIAEND T EEBRE L. BUKEO S WES >
INTBEMNREDXSIZL T post-translational {2 X )l
FF V= AITHEINDEINIAHATH 720, b
NHITERERIR U Y — L THRE O PMP70 12X
NWAFOV—LERRTFDO 1 DTH DL v ROk
% 2 )ND B Pex19p MG L RIVAYE DB SR % T AR

free polysomes

",

\\\\ PMP
Pex19p \J\
COOH
Pex19|

Dimerization

Fig. 2. Targeting and Insertion of PMP into Peroxisomal
Membrane

Peroxisomal membrane proteins (PMP) including ALDP and PMP70
are though to be synthesized on free polysomes and posttranslationally trans-
ported to peroxisomes, and inserted into the membranes. During this
process, PMP interacts with Pex19p, a chaperone-like protein for intracellu-
lar trafficking of PMP and the complex is targeted to Pex3p on the perox-
isomal membranes and then PMP seems to be inserted into the membranes
through contact with a putative receptor protein. After integration into the
membranes, ALDP is thought to form mainly homodimer.

THIE B ZOESKIZINAF Y -LEE
O Pex3p LHEEAL, PMP70 IZHFET BRIV A
FI)—LRERSTFNENLTRIINAF Y —
LEANEBTTAHZEERVWH LA (Fig. 2). X
- T ALDP OF& b Rk AIZL D, R)VAF
FIU—LBENERELRTEHEEATNS, EF
ALDP 06, MEEEMEE 1 (TMDI1) @ N K
HNCBEHET 2 66—87 (LD T I / BEIZ Pex19p 735
HKENTREETDZENREINTNG. O Li-flLD
REKZHD ALDP 2 BEMICEE S8, 0O/
L 2T 52 21Tk D, Pexl9p & DFE S ESE
#4% TMD 35 ALDP O XR)VFF 3V — AR
WCINVETH D I ENRBINT NG, 2

ALDP OH##EICBIL Tl, PMP70? DRERERIL
FF 2 — A ABC ¥ )\ 7 & Pxalp/Pxa2p®
s, E#HIEIEE CoA OEEICEAGEL TS Z &R
EINTNWE &, /2 ALD T ESHIEN
D BBALDOEIDNBDENDZEMnS, ALDP i
AR TR U < I3 ESEIEHEE CoA D)L F
F—ANANOEZEICEGEL TS ETHEIN
%. FEE, b MEHEEMES S Y <RIz B D
TRNAI Z2FWVWTALDP 2 /) w /¥ >F 5 &,
il fE D i SE G U e B R AL DR AYITIR TR L 72,
ULINURNS, 26 0ERITH < £ THREHEIE
BORBMEEREICLLERTHD, ALDP PEE
WETA2WEREERESINTVRVWONTRTH
5.

ABC % > )87 'E13%® TMD 71 ATP D& «
IKGRDOFA 7 IVIZ KO EE AR L, EEE
AERA DBFIM: 2B S T HEE 2P L <I3ED
ANTWBEEZLNTWVWS, BRIENITUT
ABC ¥ > )% 78 HisP, % DNA O #E &2 % b 2
Rad50/Mrell/Nbsl # &K D Rad50 filtfit K X 1 >
& Mrell,® N7 517 ® MDR Y N7 E
MsbA2 F X BtuCD? Rk niz. Zhso
EFIV T, ATP#5E - MK RITEL S Cse-
quence = 2 DEBOBEE(LNZDY NI ED
WRERIZEFE I POV L TWB ZENREIN
T,

bbb sy NFEIVAFI—LEHNWT,
8-azido- [y-3?P] ATP % 8-azido- [a-*?P] ATP T pho-
toaffinity S N)L 35 Z ik D, PMP70 %> ALDP
MWATP Z2#EEG UKD RS 5 2 L2 5 MTL
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7z &t ALDP % Ediffifg Sf21 ICKERHT S
RAEMEL, ALDP 7% ATPase {EME 2O &%
FIEL 2. £/ ATP #EE -« MK RITEEDS 7
NI ARV A F 2 — LI PMPT70 O &5 2 L% b
U7 U EEROENEFIAL THENE O 20k
R, ATP 58 - K57 #2124 > T NBD O helical
domain DEEN KIS B(LTH L ERLE. &
5T ALDP OBE&H, DX S/ ATP O -
7K 5> f#1Z & % NBD D2 kA TMD ([ZFHET
5 EEZ SN TVWAEERRIMIEDY, A
FIVU—LANEEEZWET S EEALGNDS. 5
%, WEOFEMLBmIcZ T OT AR — LR T
DFRNEENS.

3. ALDEE:FOEE

ALD BT REEIX, ¥ 7oy MEFHTRWL
HENDRENDBDOSNBHHH B0, £<DHEE
WBNREDSHERTHO, ALD BT O L2
MLICERNMEDOEND Y BEETIIELDEET
BEDETEINTNWS, Z03BT7L—AY T ME
Bi28%, ) AERN8%, T I BRI
4%, TFYVOREN 4%, BRHBENI AL AL
Bn56% %255 (U R NI http://www.x-ald.nl
M), I At AZEROHEEIT, TMDL, 2%
EEA £k R A > % &1 TMD4, NBD K T* C Kl
D 650—700 fzDY I J BREBICHEME N, 0O
ZEZ, s OfEEA ALDP OHREIC EE 2%
B2 OREEMZREB L TWD, EREKENT &
2, ALD BEEHEIFMALICHIT 5 ALDP O# Y
K% immunoblot BATIZHEWNWT, AR ALDP @
K S0%IIMHEINT, K ISKITIHHEMAMETL TW
5. &oT, ZEALDP 0%<13, £&HRBMHMA
NTHRINTWSHREENH D, ALD BT D
SAL S ALEREED ALDP 21 ABC ¥ )NV &
ELUTOMEEZR RIBT DL, ¥ NIEDI X
TA—IVT T IHIBRND S >N 8 B E
BICK DB h, BROICHMEZIT TSR
H, XRERIZEDRINAF ) — LD RTE L
BRREEE2EEL, AT v 2 TN5 &R
ZENAHA[REENEZ OGNS, LLans, &4
FRENFZERALDP NED LI AN X LT
R INDNERHATH 5.

4. IZALLREEEZH D ALDP ORRAENRE
— BRI & B 8T

ALD BEDFDEE ALDP OHgE, MENETE
H, MRNCBIT2REREMITT S I &13,
ALDP Q& R A1 > OHEEZEHI S L THARER
ERETSEADNS. RIS A XERE, &
S 1DDT7I JBERIILAERETHEDTREIC
B, Db ALD BETHREINTNWS
IALCABROFBNS, TMD 75 4D (R104C,
G116R, Y174C, S342P), NBD /5 4 (Q544R,
S606P, S606L, R617H), C KIRERAIM S 1D
(H667D) ZLEITEV (Fig. 1), ZDHAE &M
WENREZMRIT L 7=, 25 DEBRIX, KFEFRS 2R
PULTHELAEZDT, #FLIABRENERS,
ALDP {3~V A F Y — AT B B EHEIE I
D BBELICEEL TWAZ &N NTNS,
FRRIT ALD 35 B3k OfiAE i Tl & $E s
B2 B EEAGIEME DS (L8 7 fR MESF IR & FbXTTHY 50
—TO%FRER DL TS, I THAEMK UL RA
ALDP OHREZ T %720, ALDP 2RI L T
Wz ALD B3 dsRRMESFREANIC, N ARk His
T EMMUEER EZEEAI ALDP 22— %I
FIEL, [1-*Cllignoceric acid ZE&H & L THiEH
FEli e B BRALTEEDMIE 21T o /2. F DRER,
ALDP /R854 25 1 g o M 5 S5 I B i B e (L 1%
3, EEMEOK 0% ETHAL TV, HiE
I His-ALDP ZH B 342 L EH EEEEICET
EEAEELE. ZOZENLRRIGEAR
His-ALDP | ALDP & [A% OHREZ D Z & D0k
RINK. —H, IBEOI AL AEE ALDP
ERBELZBHESMRE CIImESEEE B BLiE
HOEMRED sNRho £oT, Zhbd3
At AZE R ALDP [3t#REE2 R < T LRI N
7z

DWT, BRI OZ EA His-ALDP Z58 L
7= ALD B RMEZEMfg 2 E UL, ZREA ALDP
D F B 8 % immunoblotting 17 & D E &L LA L
7= (Table 1), 723 ALDP ORXHEIZ, ~)LA4F
DV —LDIREBRTH I NI T OREETH
EL7. #0558, 2% ALDP (R104C, G116R,
Y174C, S342P, Q544R, S606P) 1%, B8 L 1FF
HEEORBEEZRLUE. —F, ZEA ALDP
(S606L, R617H, H667D) TIIFRIENHERMDH
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Table 1. Expression and Localization of Missense ALDPs

Transient Stable
Mutant
Expression Localization S-Oxidation Expression Localization
wild ++ Px + 1t Px
R104C, G116R
S342P, Q544R + Px - + Px
S606P
Y174C 1+ mis - H+ mis
S606L + Px - - -
R617H + - - na na
H667D + - - - -

Wild and Mutant His-ALDPs or ALDP-GFPs were transiently expressed in X-ALD fibroblasts and stably expressed in CHO
cells, respectively. Wild type and each mutant ALDP were analyzed by immunoblotting and the amount of mutant ALDP was
quantified by LAS 1000 plus (Fuji Film) . The data were expressed as relative ratio of mutant ALDP to that of wild ALDP (4>
+> £ > —). Distribution of mutant ALDPs was detected by immunofluorescence using anti-ALDP monoclonal antibody and
Fluorolink Cy3 labeled anti-mouse IgG. VLCFA S-oxidation was analyzed using [1-1*C] lignoceric acid as substrate. X-ALD
fibroblasts expressing wild His-ALDP (+) showed the restoration of the -oxidation activity but did not show any restorations
when expressing mutant His-ALDPs (—). Px : peroxisomal localization, mis : mislocalization, (—) : not detectable, na : not

analyzed.

REELIRTRSO%EERADL Tz, b, &
ALDP RY 71 7 OMBIIR 0% BETHD, &
MiEE CORMYMBICERLBEETED S NRN >
. TDZEMS, ALDP ORBEENHEAL T
723 DDEHR ALDP [ZMlANTOREENMET L
TWa EHERBINZ. F2EHIREN Z &2 S606P
& S606L IX[F UL OARIZH RO ST, BEH#L
727 2 BRICEK > TREARICIIENED LN
DT, ZEE His-ALDP O #liJa N 5 7F % 8 ¢
PUKIETHEZEL 7=, Z2%% ALDP (R104C, G116R,
S342P, Q544R, S606P, S606L) Tix ALDP A1/ %
F—VYOREE-FHLEZIENS, EEITILAF
I = ANFELTWS Z ENHERE N, —7H,
S FBA ALDP (Y174C, H667D) TlIREN—HH
', ALDP 23l ORI/ E N[> Thix
NTwhwaeEZONEZ. AR ALDP (R617H)
Ti3 ALDP ORENFBED o NRho /. BEM
ALDP (R104C, G116R, S342P, Q544R, S606P) T
IS AR CZIIRBEDY NV BBREEL, L
FTF I —LNDOREDERSNLZDT, TNHD
AR ALDP I3 BRI NZOBIZIEFITNIIVAF
Y= MNTEEND D, NVAFIY - ABRIZBY
TZ O (ATP &S - Ik iRE U <3 A E
B) CEEEZRD I ENHERI N, KT R104C,
G116R, S342P |3 TMD [ZFEET 5 Z &5 ALDP
OEEWERNBHL TNWB EEZ LGNS, —F
NBD 277757 % Q544R, S606P |3 ATP #54 « fnsk
NRIIFEEBEZTWHAREENZEZ NS, £

S606P, S606L 1325 FA%[H] Ui T b Mg & E
PEAE 5 TWi. Roerig 513 S606L 0 75 B 7
ALDP 3, ATP LOEFMEMETL TWE—HT
ATP K RIZIER IO TS EHEL TW
5.2 Z DT &3 ALDP & ATP O #EFIEAY ALDP
DREMIZHHEZEZ KT L TWBIREEZRL TV
%. S606L & S606P DM DiE W\ & HHE DR
i3 ALDP OHfEZ M2 L THHERFENETH D,
SHRIGICMAETOLENHS. —F, YI74C
DOERR ALDP BEHICEETHIIH/RHLET,
RNVAF I = ANRERETHMOMBEA/NTE NI
A =T yFa T Ll ZHhETIIAINAF
V= LNDORTER S T IR RN AF ) — A
s NZERR, R MO RY 70N
RIZBITTHIENAENTNDS, 0 5T,
ALDP ® TMD2—3 O D IV — 7%, R4 F
V= LNDRTEICEE R EEZ R L TWS AR
MR IND. Pexl9p FETOD in vitro ¥ >
N BEBRAZITBNWT, ALDP (Y174C) |3 Pex-
19p ITHEE& TE DT, ALDP O N K 67—164
WEET B RIVAF Y — ABTICHRED 280
ALDP Ofif b D OHEEfICL > T AT EIND
Dhd LN,

5. 32t XLEE%EEH D ALDP OMHIRAENRE
—REBRFIRBMADE A TR

b hERRM ALDP 0 —@HERBRICL D ES Nz
ERE2XOFMICHNTT 520, BHE ALDP %
CHO fifglc ZER R UMz ER L =, ZERA
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ALDP [Z2DWTIX ALDP @ C X¥5iZ GFP (green
fluorescent protein) % F& X B 72 % ALDP-GFP
EHREIESEEHIZ, AERE N ALDP % CHO
M HEH S~ (CHO fifgic b NEMED
ALDP REIL TWa A, REBRICHWETUEN
ZELUBRWED, B N ALDP ##H X4/). GFP
BEY NI ERNEREDS 2878 DR JIME
HTHBHIE, RERBMBOMGNESITTES
ZEREDHEND D, ZOERTIR, NLAF
V—LIZIEEICIE I N5 A RE ALDP (R104C,
G116R, S606P), ~X)LAF 1V —AIZRHELRNWE
FAALDP (Y174C), RBEBNEKTLTWALER
7 ALDP (H667D) %EAZ. ZNHREBEFE
BMifC BT 5 ALDP-GFP OHiisN BIEM: % & %
L, FOHMIE—EBEFRE X7~ His-ALDP & [A
RTho/.
BON-RERFEMRL 0 HIVH RS EZH
L, JaREARELTERECRKDE TS0
a 05, SDS-PAGE & Of immunoblot-
ting IZ K D AR ALDP O [IEIT D W T 217>
7= (Fig.3). XA FV—LY—h—&L TR
WAFI)—LEY NI ETH% PMPT0 & X)L
FTFIV—LDFERI NI IR INIETH
LNEIT—ErHWE, B4R ALDP % %€ B E
FHLTOWHMIEICBNT, hy I—BiEoi
PMPIOMEELTT75073 a3 kN4 ICHERET
HZEXD, ZOHBEIZRIVFF I — ADEITX
N ENWRMEINZ., £/24110kDa O 474

R104C

G116R

A X % D ALDP-GFP ifi 1V iZ 83 kDa o ¥ 4 &Y
ALDP X, RV AF 2V —LT—H—EEFFRU
DHERL TWEZ ENSR)FF ) — LIRTE
LTWwasZENRBani, £-EEE ALDP-
GFP (G116R, S606P) & [FEkD 54z nrL 7=
—7, Z%R7 ALDP-GFP (H667D) % % 7Ei¥El
HEBL TWHHlaDE &L, ALDP-GFP O\ R
I naho iz (Fig. 3). BERENWI LIT,
PMP70 I3l S /=y, RIS HLHAR
ALDP ON > Rl Nahoiz. £ERE
ALDP (S606L) IZDOWTHRKETH-=. Ihd
DF BRI, ZRE ALDP (H667D, S606L) 13
PMP70 & Tid7z <, ¥4% ALDP S SKE AL
U, MENDMINDAREEZREBLTNS.
ABCH N BHDOEREFHBIICEETH S TMD ©
NBD LISt C RImHFL TDOERNS >N BD%E
FENECHE LT T 2 S EkEN, ALDP @ C
RIHERAL T dH B 600—700 7 I /B THOERD X-
ALD 25| ERITHEMNGWI NG, ALDP O
C RIRERALIZ Y > N7 B D& e E R e & 248
STWAHREMENH S. Liu 513 ALDP O 1
< —{kiZid C RunEbhr (AA.631—745) NEET
BB EWEL TS, 19 H66TD % S606L O & 5 73
BRI, THhHEHDWIIE4AR ALDP &I X7
A= RUEFAT—2FRL, BEYNIHEE
LTH#shpEaIhd &N, —F, 2R
3 ALDP-GFP (R104C) 13RIVFF Y — L7 H
ZERENEHDD, 7ITAMELTNWAEZ &

H667D

| < aLDP.GFP
& < Al DP

PMP70

Fraction number

Fig. 3. Subcellular Localization of Wild Type and Mutant ALDP-GFP in CHO

ML fraction (mitochondria and light mitochondrial fraction) from CHO cells expressing wild type ALDP and each mutant ALDP-GFP (R104C, G116R,
H667D) were fractionated by equilibrium density centrifugation on sucrose. Distribution of peroxisomes was determined by catalase activity. An aliquot of each
fraction from top (1) to the bottom (10) of the sucrose gradient was removed for immunoblotting analysis. Anti-human ALDP monoclonal antibody and anti-
PMP70 polyclonal antibody against C-terminal 14 amino acids were used for immunoblotting. Dots in the electrophoretogram in R104C shows the band cor-

responding to ALDP-GFP fragments.
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MEASMNMNIRo ., TNHDT I A ML, 0.1
M sodium carbonate LIz k- T a iz W2 &
L0, RNFFTYV—LBEIHEAINEZEETHD

ZEMREEINTZ, AER ALDP (Y174C) O
7, NAF) — L7 EIZEIE N7z ALDP-
GFP 3VETH 7.

6. ZTER ALDP O BIEOBEIT

Y O NNTENELWT +—)VF ¢ 2T %%
528, ZOF NV EDIETISHERERBR D20
AT HD. BLTERBENEETSE, ¥
INIBEMIRAT =T 12T EN5D. ZODIRT
F =)V RZ NI s NI E Nz 0, MiEN
WERBLEDTAHEAERICES T THEILRD
8, ZOXd3RYINZITOTFTI =L, UV
V= LAFZE o THRBIIHMREIND. BRAIZ, £
FPERRMESE DR R & > )X 78 CFTR {3 #lfafs 1 4
CF RN ELUTHRET S ABCY NV ETH B
7%, AR CFTR IZ/NEEEN 5 7077 Y — Al
V7 NV—hESNpRINB T ENFEINTY
5,23 UipLlans, BRI ALDP 2w &L
T, NIFFII—LBEY N BIZDNWTOREN
RiELAETODNTWRN,

ZRRA ALDP O — @R & 2 BRIFAE B E R
£, ALDP(S606L, R617H, H667D, R104C) |3,
TO77 =PRI GBINTNS EHEINE.
% Z T, ALDP-GFP (H667D) %#FKHL TWh53
CHO fifgic &y 57y —tHER = 0EL, &
WiZ{To, FOE Jur7V—-LHEXTH
% lactacystin z4LE U 7= {2 T3 ALDP-GFP KU
ALDP O N> RAHH U & (Fig. 4). — 4,
leupeptin, AEBSF, E64d IZIZZN BN ho /. £
Fetho o777 — LABRERTH S MGI132 ER)
Tholz. b7 7F7Y—LAHERNCEL D 7R
%k -2 BA ALDP-GFP (H667D) DHfE N F
FEEENPRETERTSE, NFFIV—AC
RBELTWASZ ENERINE. —F, R
ALDP (R104C) 07 57 A > MbiZ L7077 —
TUETEHEEEINGZN D .

& 51T ALD BHF dRifila o NAHZ £ ALDP
DRRE T TOT 7 ) — L RR DB G2 DWW THERR
T 50, ZEA ALDP (R617H) ##HDEEH
SRR 2 W T 2\ RO EERBR 21T
ST FOER lactacystin & MG132 fLFI2 LD,

Fig. 4. Effect of Protease Inhibitors on the Stability of
ALDP-GFP (H667D) and Wild Type ALDP in CHO Cells
CHO cells co-expressing wild type ALDP and ALDP-GFP (H667D)
were cultured with each protease inhibitors. After 20 h, the cell homogenates
(100 ug of protein) were prepared and subjected to immunoblotting. Pro-
tease inhibitors used were leuteptin (50 um), AEBSF (300 um), E64-d (10
uM) and lactacystin (10 um) .

ALDP ON> RSB L=, DEORERLD, X
WAFIY—LBELIZIZI AT+ IV RUEY N
DB ERET AEMANEEL, TO0TTY LK
Uo7 057 —E2n U THRL TS Z EAUR
Iz

—75, WA 51X ALD BE MR 2 [P°S] A F
FZUTNIWVAF A RTHIEITEKD, AR
ALDP (G5128, R660W) O 4 fi# A% E-64 & leupepu-
tin ICEXDMFXINBZEE2HMELTVS. ¥ 5
DEBTIZT 077 —LHEFNCDOWTIZERL
TWRWDT, JOu5F7Y—LADOESIIRHATH S
M, ZBEEIALDP O RIZI3, BRo7o7y —
YHRREEL TWA RN H 5.

1. &HYIC

ALD Z, ~)VAF 2V —LEEICHEET S ABC
Y UINDBED1DTHS ALDP OEREREICER
THEBT, FHEERIC B DTS & BB AR
2, e mBEFIT BT S K HEIE 8 O R 2 K
&35, ALDP [JiEBERIAR U Y — LA TEGR I N,
Pex19p &AL, RNIVAF IV —-LNEREL
U, ¥4 =Bl L THEL TWEEEAHNT
W3 (Fig. 2). AZETIZ ALD BETHDOMN- T
W33I 2t AER ALDP OZROAE & fan
TR R E M R O ERRTIC E D &K D 7eBEE M
HEMERBT S0, ALD BETHREINTW
HIAbLALER%EZ, ALDP 2R#EBL T3 ALD
BB R ME SRR I J OF CHO FHBIC 53R U gt 217 -
7=,
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ZORBELD, I XV AEHE ALDP I FIC
AR KDITABBOMIINEREZF D Z EAVREN
7z (Fig.5). 1) AR EFEKIIINAF V-4
CRETA2NEOHENHEINTVWLI AR
(R104C, G116R, S342P, Q544R, S606P), 2) ~JL
FF IV = LD RECIEEN D DR (Y1740),
3) BRICXVEZ NV BEOREWEMET LT OF
TV = LTONREEZT BN, —dFF)—
LTRETHER (S606L), 4) ZBRIZED & N
DPEOREWMETL 70F 7Y — A TRRMICSH
&2, MIANTIEEAEHATELRWER
(R617H, H667D) @ 4 FEED/)NY — > TH 5.

RERORHELDEFERERTIE, ABCH /¥
JEELTOHRREBICE#ZES L THWAHEEER AT >
DEENEI>TVDEMEEINS., ZOHT
G116R, S342P |3 TMD icfiBL TH D, HEDE
AR ICEEND D LHRIND. £z Q544R,
S606P |3 ATP & DS - A MRICEET 5
NBD iZfiELTW3. ZDXDZERIZ, ALDP
DABCH NI BEL TORBERZBEITT 57201
FiREEZOENS,

REBIEELENBELMICEENRED SN
Y174C 13, TMD2 &3 DRIDIN—F 2 IZfEL T
BY, ZOFEEMN ALDP O X)L FAF ) —AAND

wild ALDP

=T TR ETHBIEEZRLTNS.
ALDP Q% —4y 74 2 J I EI KT 67164
ZBHOY I JBIEETLHZEMHETN TN
5.0 2z EnG, YITAC O RIT L ARSI
DI, =T T4 2T TFINNIATINT
Waonb LNk, Z0¥1 T DOERIL ALDP
DRNFF Y —LANDFEERRD L TEEL
EZHN5,

ALDP OERTEHBEVWI AL U ALRTIEF
DELMHIRANTHEZZ T TS, R61TH KU
H667D TIIHHEDEL WMETNEDENS.
ICHREFHH L /= CHO T3 immunoblot THHY T
Bnote. IAT A=V RYINVEDHRS AT
LD IDIZ7 AT T =LK BRBEND D, T
DEF N B, DRk & 738 KRR O il
PREZA N ZRELZEEEOHSE (AL X
g, ZONIEOREERRE) ITHAREE R
HoTWwa, LaLl, /MNikzEEHL TERINS
WS INT BRI N BITHART, MakE
R U WHiRENS > X7 B O E BRI =
DIEIN TRV, ALDP IZEBEDR Y Y — A
MOBEHERINFF I —LICEHREINSED, OB
BTEDLSITR61TH, H66TD 73 & DB E R
SN, TO77YV—LRBENT NS NEBREN,

R104C Q544R
G116R S606P

S342P

mutant ALDP dysfunction
Pex19p 25, \
0 ..‘ )
o o Peroxisome
o * o
o'.. A".
. ro degradation
mislocalization
o
Proteasome

Fig. 5. Intracellular Fate of Missense ALDPs

ALDP is synthesized on free polysomes and posttranslationally transported to peroxisomes with the help of Pex19p and Pex3p. Some mutant ALDPs (R104C,
G116R, S342P, Q544R and S606P) are normally inserted into the peroxisomal membrane, and others were mislocalized (Y174C) or degraded by proteasome

(S606L, R617H and H667D) .
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TOFTYV—AIXLEEER N —HOER
ALDP i3V A F 2V — LI RHET B LN H
L ENRBEINSE. B L ALDP ORI AE
e R A > (NBDs %) DISNOEMITH 258G, R
FRRENZBE TS L& TY N7 E D
BEBMEET DN D D0 Ly, ZERMER
HEREDRIA Y > )\ B CFTR DA R (A4508) 1%
TOT 7 =L RRTEPDIIHMRI NG, B,
-7 =)V TFL— bk (4PBA) NEE CFIR 2%
El, TOWREZEIET S Z EAREINL D
ZDFNRIT APBA NEARR CFTR O I )%
RO &L THE, £8 CFTIR % /NNakBgE 7 fF
MoR#EL, CFIR OREXZMENT S I LITX
%, ZBRALDP IZBWTH, BROMEICLST
By RO HROEREZRDEAZ BT Z &N T
ZNUT ALD IBICHE B L,

RIFFEMN D I A1 A48 ALDP O ABC ¥ >
INIEELTOBEREDORRLT, IAY—F Y
TATRTOATT Y — L& LI afEN ALD O
REREEEL TWA &R nE. 5% &%
{7 DZEE ALDP Z#fMICMEt L, ABC % > )%
BELUTOWEER X > O, RBELHEREDRE
fr, THICAHE ALDP O FEEHEBEEIIDOWTO
R Z R L 20,

WEE AFEICHEL, B MEHFHRAT
ALD BFEHEMHEF MR 2 5 Wz KWz RR
FEATBARRZBIR, NINRZEEER G FEE)
HFRITEH N2 LR T
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