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ABSTRACT
Mevalonate pyrophosphate decarboxylase (MPD) is found in the100,000
X g supernatant fraction of cells or tissues and has been considered a
cytosolic protein. _Recehtly, it has been demonstrated by other groups
that perbxisomes contain a number of enzymes involved in cholesterol
biosynthesis which previously were considered to be cytosolic or located
exclusively in the endoplasmic reticulum. This review discusses the main

subcellular location of MPD.
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Fig. 1 Cholesterol biosynthetic pathway and subcellular distribution of enzymes involved in
cholesterol biosynthesis.
C: cytosol, P: peroxisome, ER: endoplasmic reticulum.
The catalytic domain of HMG-CoA redug:tase, which includes the COOH-terminal two-thirds of the protein,

extends into the cytoplasm.
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B, \ALaFiu L TEINICHNS NS (Fig. 1-@),

HMG-CoABTLRER I CNCFPPA 5 0 L A F O — )L A OB RICHE 53 5 B, Mo EIC &
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RNVAFII—=LF NI EBRIRERICHRERS T FINEY I JBEERSELTHENEER
gl U THRBELTRD, 2288 28BN Y O NIEEINFF IV —LNBITIES
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PTSHZ N RF I KRR 3 DDT 2 ) BAMSRTZ FIIVEF] ({S/A/CIK/HR]ILM]) TH
% (—RE9IZIX -SKL: PTS1), 151®

Table 1 Peroxisomal targeting signals

Targeting signal ' Seaquence
PTS1 -[S/A/CIK/H/RIL/M]-COOH
PTS2 HzN- - - [R/KIL/V/IXXs)H/QIL/A)-
PTSc L/E/V/R/KIAIINIIL]-COOH

PTSc: PTS of catalase
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(-KANL: K % L/E/VR [CB#FEE) . 2 kMY I—EDPTSIZPTSI L RARZ R 2 DEE
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Fig. 2 Putative peroxisomal matrix protein import machinery.
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LZHEHET S, o T, PISLE T ¥ — (Pex5p & Pex7p) IMIIRE &N AF Y — L2
BLTWAAEEENEZS5ND, 25 PTS2H 2 /N7 EiIPex7pil#iA L7=#. PexSp & DEEE
W&o TEIE XN, Pex13p. Pexldp Z2EEKE L ZEBREBEBEZR TN AF Y —LARNFE
L& B, Pex13p, Pexldp 3L HITPTS LT F —ITHET % T &, Pex13p £7213 Pex14p 23K
G BEPTSY UINTEBRNAF IV —LRNICASRNI EM 5, Pex3p & Pexldpld LA
FIV=LIR) IR NI BEBRRINAF IV —LRADDORFEOEMABHTH S &
EZoNTNS, 22 UL, PISY ONIVBEEREGLEPTSLE TS —45 RIVAF Y —
LEH ETROPex ¥ 2 INIE (Pex13p. Pexldp/RE) IKPTISH UINVEZETON, HBWN
BPIS LTy —ZERNAF IV —LRNIZAD, Z0%, PISY NI BEZBETONIDN
THEELSMTR>TWRY, BRTEPTS VET Y —BNFF Y —LNRETAS I EMN
HEXNT NS, 50 | :

4. RIVFFIV—LEAVRTO-IEBER

AVATO—VERBERDT X/ BEFIOSIHRERN 5. PTSEFATVNSERIIAND V&
FF—F¥ (MVAK: PTS2). HFAHFANDSEFF—F (PMVAK: PTS1) O 2 HETH S Z M
oMoz (Table2), ¥ ¥z, SEMRBEROHERPTS 28 VAMESY NI EO—BEtE
I L EREHATEREORREN S, L WPTSI/PTS2ELES #EATNWEEERELT. Y
. h7E2FI CoAFF 55—t (PTS1). HMG-CoA F/EE#E (PTS2). MPD (PTS2). IPPVY
AZ—+¥ (PTS1) FPP &FEE#. (PTS2) MHHALMIEIN TS, ¥

Table 2 Peroxisomal targeting signals of cholesterol biosynthetic enzymes

Enzyme Targeting signal Sequence (species)
Acetoacetyl-CoA thiolase *pTS1 QKL. (human)
) : QKL(rat)
HMG-CoA synthase *PTS2 SV(Xs)QL (human)
SV(Xs)QL (rat)
HMG-CoA reducatse Unknown
Mevalonate kinase PTS2 KV(Xs)QL (human)
’ ‘ KV(Xs)QL (rat)
Phosphomevalonate kinase PTS1 SRL. (human)
AKL (rat)
Mevalonate-PP *PTS2 SV(Xs)QL. (human)
decarboxylase
SV(Xs)QL (rat)
Isopentenyl-PP  isomerase *PTS1 YRM (human)
‘ HRM (rat)
Farnesyl-PP synthase *pTS2 NS(X4)QE (human)

KL(X4)QE (rat)
*New variation of the PTS1/PTS2 sequence as a peroxisomal targeting signal
Isopentenyl-PP isomerase (IPPi) contains both a putative C-terminal PTS1 (-YRM in human and -HRM
in hamster) and a N-terminal PTS2 (HLIXsJQL-, human and hamster). Localzation studes
indicate that IPPi is targeted to peroxisomes through the use. of its C-terminal peptide.
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HBIZE<BELTVWS ZENHPESNITIRD /2,332 IS5 MEAEICX DLz~ 70
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5. MPDOMIREA S

MPD I3 ATP & Mg OFTET. ANDOVEETY “E % IPPAEHRT B RHTBRE K S21T O B
FTHY . HMG-CoABTTBR LWA TV AT O -V ERHAESICEE L Tna I EAHES N
T3, 343D

MPD D% < IZMIRAEICHFET 2 Z & BICZIF AN SN TE L, UL ULIEEOHFEDR
B MPDZEVIVATO—NERERDEZINNAF IV —AIREL TNDS Z LHHE
ENTNWB, 'Y ZZT, EB550EMNIMPDARZ FBIEL TWSONEHKEIZT 57291,
1) RVAFL Y — AR TUEL 25 v MFCBI 315 70y MR, 2) 5y R
iz Ty MNFEEMRE WXy 0— R EEARR.EIC X SMEsE. 3) Ty NFEEM
faEzRANWEISF R OERB ST 4) ZERAIFIAIZICE D MPD OMIEN S 1 % #
B89 ARJVAFIY — AR TH B /07 1T — N TRELES y MFOH Y 5—
TOEIX, RUBIZHREZELWEMEZRLEZ (Fig.3). LML, MPDOERIZZ 074 7L —Fk
P, KROEE BITEBIL 2R, MBESEICKD Sy MFE Ty FEEMAEE i
HESERIWAFIY - LEZTHEEL, 14770y MR 21T /R, MPD I3HIfgEE
Sz Eh, VFF2V - LAEFIEEZ<BRHINW P> G—FXBR) . BZEM
JRICOF PO 2MA S LEOBBHEIEAL, HEANSEIZESRETHRES >Ny
BOBAT A ULAPIRNEL T3 ZEMBEINTNDS, ZOFEKRRENIF N UHFEF
T EBEETIRBI S AF A GREES) SHE &/ AVTRS5ED) 2RVTIL)
Ty MERETO &R MPD O 0% SHIREE S iR E i (Fig. 9. 512, HikE
BOR—H—BRETHIANFYFF—EEMPDIZ & 3 EREWRNHURE 2T S MPD
DRENY — L EANFY FF —FI & 2 BRI SMES >IN B OREINT — > SEHLT
W (Fig.5). BAEOFERED MPDIIMIFREICZ S BEL TS Z LRSI .

Krisans 513, MPD D& TH VA F YV —AIZRHET S Z &2 CV-1 #ifg ()L 0 BiRHm)
ERANWT, SFRoVOEBRBERNOGHREL TS, 9 £I T, BOMBEOBENICL D BES
FRISEIZDRIEEMZBHS N T 52012, /=< Ty FERMRE (NRK), YUAAT ) —<
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3 Immunoblot analysis of catalase or MPD in crude extract of the livers of rats administered
peroxisome proliferative drug.
Rats were fed powdered normal chow or chow containing 0.5% clofibrate for the periods indicated, then
immunoblot analysis was performed with anti-catalase antibody or anti-MPD antiserum using crude extracts of
the livers of rats. After the signals of catalase or MPD in the extracts were measured by a chromatoscanner,
arbitrary units (the value obtaind with the chromatoscanner/the value obtained using 1pg of protein from the
crude extract of the liver) were estimated. A: Arbitrary units of catalase in the livers of rats administered a drug
(normal chow [ @ ] or chw containing 0.5% clofibrate [ I ]). B: Arbitrary units of MPD in the livers of rats

(symbols same as A). Values are the means of three independent experiments and the variation was within 5%.

Fig. 4 Immunoblot analysis of MPD in nonpermeabilized and
permeabilized rat hepatocytes.
A: Rat hepatocytes were incubated in KHM buffer (20 mM phosphate buffer
120 [pH 7.2)/110 mM KOAc/2 mM MgOAc) in the presence (P) or absence (NP)
| of digitonin (40pg/ml) for 5 min at 4°C, and the cells (C; 10p.1) and medium

(M; 10ul) were analyzed by immunoblotting. B: Signals of A were quantified
using a Gel-Pro analyzer.: C: Activities of LDH in M and C were measured
using pearmeabilized or nonpermeabilized rat hepatocytes. The amount of
MPD or activity of LDH retained in the nonpermeabilized cells was taken as
100%. Data are the means of six identical experiments and each varies within
M C 10%.

120
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Fig. 5 Localization of MPD and hexokinase in rat hepatocytes.
The primary antibodies used were rabbit anti-rat MPD antibody

A MPD B Hexokinase

(A) and mouse anti-hexokinase (B).

B16F10

Fig. 6 Immunoblot analysis of MPD in
nonpermeabilized and permeabilized
normal rat kidney cells or mouse
melanoma cells.

B A: Normal rat kidney cells (NRK) or mouse

120 120 melanoma cells (B16F10) were incubated in KHM
buffer (20 mM phosphate buffer [pH 7.2]/110 mM
KOAc/2 mM MgOAc) in the presence (P) or
absence (NP) of digitonin (40pg/ml) at 4°C for 5
min or 10 min, respectively, and the cells (C; 10ul)

100 |

80 [

60 I

MPD (%)
MPD (%)

40 |
and medium (M; 10ul) were analyzed by
20 |

immunoblotting. B: Signals of A were quantified

using a Gel-Pro analyzer. C: Activities of LDH in

M and C were measured using pearmeabilized or

120 120 nonpermeabilized NRK or B16F10, respectively.

100 | 100 b The amount of MPD or activity of LDH retained in
8o | g0 - the nonpermeabilized cells was taken as 100%. Data

are the means of six identical experiments and each

LDH (%)
LDH (%)

60 + 60
varies within 10%.
40 t 40t

20 |- 20 |

(B16F10) AW THIlE, PF h =2 DEBREIT D/, 340 IS EIZ X U NRK. B16F10
EHIAEES ENAFTY - LAEFCHEEL. 1L/ T 0y MEWETO 2R, MPDIE&
MilgoMEEE M CEZ<REBIN, IVFF IV -LAEFICEF2<BHENZM > G—F
KB, DF P OERIZBNT, MPDIEZNRK. BI6FI0 & HICMIfBEEMIL <RI HN
7z (Fig. 6). L ED#ERI D, BEOMBOENICEFRE S MPD O IHMIREIZRBIEL. )b
FF IV —LICRET 2 MPDIRDBTH D I EMHASHITRD . T SHBICBT B/
FNH X SESHDOMPDDEIENS I F I L TWAARTKERE MREo~—h—B
#) OEIEEF W MEE MBS EORERY S, XVFF Y —AIZFET 5 MPD D EIIB16F10
0%). T v MFEEMK (0-5%). NRK (0-15%) THV, HEOMEOEN L VEI RIS
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Z EAURENTZ. Hogenboom 5 ISHREE, EEHIEHIARE. REEE. PF L 0ERIT
&D. £ hMPD, MVAK. PMVAK OHIERA T 2 HE L 2458, 3EOREIIMITEICL<
RAEL. NUAF2Y— A< FELRO I ERREL TV, 49 ZhE TOREE
B4 OERNS. PTSEZBV ALV AT OV AREBEROEZERBESHI. LT L VAF
V= ATIRENE ENBR TR AN,

6. ALVATFOA—NARICEIF BRI FY - ADEE

RiZ, MPD SHIREN THEML =R OMBRNZ T E2 Sy MFEZHAWTHEL 2. DEiRLIE
01% T INARYF > GKIEHEHMG-CoARTRERMER) L5% L AFFI2 (ALATO—
WIEERIEER) #&TM (CPdie) % 12 HREBRME B A2RICE BRI MPDIEMAS 12
BITWEMT B EE2ME L= ¥ ZOHEIHKEN. CPdiet # 12 HMEBERI®/=5 v MNF2
FIWTR Y O— A BEARGE LR & B MAEE T, <A F3y — AESEA L) T Oy
MMRHT LA, ROBEO Sy MOV DY — AES R TRINE Nz ZMPD A58
X/ (Fig. 7). & —H—BEFITXT % Relative enrichment (RE) 2EH L /-#R,. ZDOXR
WAF Y - LABICISHREOT— T —BRTHLARN/KEREE LDH) HLBEEENT
WBZERHSMCIED R (Table3)s &o T RJLFF Y — AES TR X N7 MPD A58
BEES OIS X 2 ThANENMCDONTRIT 3701, MPD ORE 2EM LTk, £0%
B AN FFY —AESGHDOMPD-REIZLDH-REL D b EWEZ R Lz, Th 5 OFERIT.
CP diet TR L 725 v MFOILAF Y — MBI, MPD AFEL TWD T &R LT
W5, ' ‘

I 51T, BBEAM HMG-CoA BB RAERTHZ2UNAYF INE, RUED S v MFRE
MiEE2HWSF R OERIZED, MPD ORIV F 2 —ARERICDWTHE L= £
ORER, ONZASF > CUIE UM/ A )VH % T O LDHIEME, A0 & g —R L7
ExzrLU7% (Fig.8). LML, ONXFZF 2 TREL=MPD DEIL, RUBITEHN 25 Fi2H
U7z, BLED#R K D HMG-CoA BB REERNCL D, MPD AL /=K, D> &DMPD A%
MEENSRNAF YV —LABITTEIIENRBEIN, '

Tx DREE ZNETOBEEEEHSE, MPD, PMVAK, MVAKIZPTS 2 L TV 312
HHEbL5Y. MBECERELTNDZENFASNIES 2, KT, 1VTL /1 ROE
ERARBTIIMRE TH D I EAELLND, 5. AV T LUABIALAFO—LADE
RASIVAF Y — AEH TED SO T EH 5, MIRE—/ NIRRT L X 70— 0
TERAREETH D ENELLNS (Fig 9. & 510, HMG-CoA BITRERMERIC &
MATOAL R0 OROABIERIEN, 71— RNy Z#lic L ODMPD S0 L X
TO— IV ERERNEML R, RNVAFV—LRBREDIV TV /1 RERBAAELT
B < RIREMEDS R I Nz,
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NCPS M Fig. 7 Analysis of MPD in peroxisomal fraction of the liver of CP
] diet-treated rat by immunoblot.
CP or N represents intact peroxisomes (200pg) in the liver of CP diet (a

diet containing 5% cholestyramine and 0.1% pravastatin)-treated or non-
treated rat, respectively. Peroxisomal fraction in the liver of CP diet-
treated rat was separated into soluble (S) and membrane (M) components.
The ratio of S to M was 9 to 1. S represents 180ug of peroxisomal

soluble and M represents 20ug of peroxispmal membrane components.

Table 3 Relative enrichment of LDH and MPD in rat liver peroxisome

Enzyme Relative enrichment
NADPH-cytochrome P-450 reductase 0.05
Cytochrome-c oxidase 0.08
Acid phosphatase . 0.29
Catalase 140.6
LDH 1.7
MPD 3.25

Relative enrichment was defined as the ratio of specific activity of the peroxisome to that of
the homogenate. Signals of MPD were measured by a Gel-Pro analyzer, after the
homogenate or peroxisome was subjected to immunoblot. ‘Relative enrichment was defined

as the ratio of the arbitrary unit (arbitrary value of signal of MPD/proteinlmgl) of the
peroxisome to that of the homogenate. The values are the means of three identical
experiments and each value varies within 10%. NADPH-cytochrome P-450 reductase
(marker enzyme for endoplasmic reticulum): Cytochrome-c oxidase (marker enzyme for _
mitochondria); Acid phosphatase (marker enzyme for lysosome): Catalase (marker enzyme
for peroxisome); Lactate dehydrogenase (LDH: marker enzyme for cytosol).

Fig. 8 Analysis of MPD in permeabilized rat hepatocytes by
immunoblot.
A: Amount of MPD remaining cells was measured using

permeabilized lovastatin-treated

(L) or non-treated (N) rat hepatocytes by immunoblot analysis.

300
S 250 B: Signals of A were quantified using a Gel-Pro analyzer. Activity
;.:’ a0 | of LDH remaining cells was measured using permeabilized
§ o lovastatin-treated ( ll ) or non-treated ( [1) rat hepatocytes. The
2 150}
-g o amount of MPD and activity of LDH retained in the permeabilized
100 +
é cells was taken as 100%. Data are the means of three identical
2 50}
& experiments and each varies within 10%.
0N L N L
LDH MPD
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Fig. 9 Major pathway of cholesterol biosynthesis.




7. SEHORE o

Bx OEBRERN S, PTSZ2SD I L AT 0 -V A REER O EELRHEHII. £ L dIV
FFEIYV—LATRENWI ENBLIFREINSE, WAL, 1VYTLV /)1 FERRERICEST 5B
FORESHEHMICERNTIHNENDH S, HE. Yeast Two Hybrid X7 U —= 27 DFER
Mo, E—hrav 70542077 IU—01DTHSMortalin/SMPD EFEGT B Z &M
WEENTNVS, 9 Mortalin DFEFBFNEII a2 RU 7. /Nakz U THIRRE TS 5, 649
W 212, MPD IZHIFE 2B\ T Mortalin & 5 WO & > )X B EDMHEERICK D, X)Lt
FIV—ANOBITHHESNHBECEZRBEL TR0 H LR, X/z. MPD IR
FFEIV—LBITTEHEZDOANLALALELT, PexTp EOEENERICRINEENES
F—FRESNTHRY, ZS5OMIAEHIC, SIEEENAFIV—-LTIFOIWS1Y S
V4 REROKESE, SRV TV /A1 RERETORINAFIY — LOEEEEERH
NEHOBETH 5.
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