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A novel 57 kDa peroxisomal membrane polypeptide detected
by monoclonal antibady (PXM1a /207B)

Tsuneo Imanaka ', Paul B. Lazarow 2 and Tatsuya Takano'

! Depariment of Microbiology and Molecular Pathology, Faculty of Pharmaceutical Sciences, Teikyo University, Sugamiko,
Kanagawa (Japan} and : Departmeni of Cell Biology and Anatomy, Moum Sinai Medical School, New York, NY (U.S.A.)

(Received 20 June 1990)

Key words: Peroxisome: Peroxisomal membrane; Integral membrane polypeptide: Monoclonal antibedy: Clofibrate: (Rat livery

BALB /c mice were immunized with peroxisomal membranes prepared from rat liver. Spleen cells were fused with
myeloma cells (P3/U1) and the hybridomas were selected using peroxisomal membranes. A monoclonal antibody
(PXM1a/207B) which recognized peroxisomal membranes was selected. Using the antibody, a novel 57 kDa
polypeptide was identified in the peroxisomal membrane fraction. Immunoblot analysis of the subcellular fractions
demonstrated that the 57 kDa polypeptide was present exclusively in peroxisomal membranes. The 57 kDa polypeptide
was partially digested by trypsin and chymotrypsin under conditions where peroxisomal particles remained intact,
indicating that the polypeptide is exposed to the cytosolic face of the peroxisomal membrane. The amount of 57 kida

polypeptide increased in parallel with proliferation of peroxisomes by adminisiration of clofibrate.

Introduction

Peroxisomes are bounded by a unit membane with a
diameter of 0.1-0.5 pm. The membrane incorporates a
number of polypeptides not found in other organelles
[1.2]. Recently polypeptides of 69,/70 and 22 kDa were
identified as major components, and polypeptides of 53,
35/36 and 26,/27 kDa were identified as minor compo-
nents of peroxisomal membranes in rat liver [3-5]. Van
Veldhoven et al. [6] suggest that the 22 kDa polypeptide
is involved with the nonspecific permeability of per-
oxisomal membranes o small molecules such as sucrose,
lactate and amino acids. Kamijo et al. [7] suggest that
the 69 kDa polypeptide has ATPase activity. Recent
studies have also revealed that several other enzymes
are located 1o peroxisomal membranes. For example,
Hajra et al. [8] found dihydroxyacetonephosphate
acyitransferase and alkyldihydroxyacetonephosphate
synthetase in peroxisomal membranes, whilst Wanders
et al. {9] and Singh and Poulos [10] found very long
chain acyl-CoA synthetase. However, polypeptides
which correspond to these enzymes have not yet been
identified.
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Furthermore, peroxisomal membrane polypeptides
seem to play an important role in the biogenesis of the
organelle. Import of acyl-CoA oxidase into rat liver
peroxisom=s can be demonstrated in vitro in a recon-
stitution system [i1)], and evidence has also been pre-
sented thet this import is mediated via a specific recep-
tor in the peroxisomal membrane {12]. Abnormal per-
oxisomal membrane ghosts, which did not contain ma-
trix proteins have also been found in fibroblasts of
patients with Zellweger syndrome [13.14]. suggesting
that the ghosts lack a component necessary for the
assembly of the organelle. Since the ghosts have a
number of the integral membrane polypeptides, such as
69, 53, 26 and 22 kDa [13-16). other polypeptides on
the membrane might be responsible for the assembly of
the organelle. However. these polypeptides which may
be involved in the assembly of peroxisomes, have also
not yet been identified.

In these circumstances, identification of novel per-
oxisomal membrane polypeptides may be important in
understanding the assembly and functions of the
organelle. In this study, we have prepared monoclonal
antibody (PXM1a,/207B) which recognizes peroxisomal
membranes. With this monoclonal antibody, we have
found a novel 57kDa polypeptide which is orientated to
cytosolic face of the peroxisomal membrane. Induction
of the 57 kDa polvpeptide by clofibrate has also been
investigated.



Material and Methods

Materials

Llabeled protein A (2.60-3.70 TBq/g) was
purchased from ICN Biomedicals Inc. (Irvine, CA,
U.5.A.). Nycodenz was obtained from Nyegaard Co.
(Oslo, Norway). Alkaline phosphatase conjugated goat
anti-mouse [gG + IgM was from Tago Inc. (Burlin-
game, CA, U.S.A.). Rabbit anti-mouse IgG + IgA +
I1gM was from Zymed (San Francisco. CA. U.S.A)).
Rabbit anti-mouse serum for determination of subclass
of monoclonal antibodies was from Miles Lab. (Eikhart,
ID, US.A.). Proteinase inhibitors such as leupeptin,
antipain, chymostatin, pepstatin, phenylmethylsulfonyl
fluoride and trypsin inhibitor were obtained from Sigma
(St. Louis, MO, U.S.A.). Protein standards for molecu-
lar weight determination were from Bio-Rad (Rich-
mond, CA, U.S.A.). All other reagents were of analyti-
cal grade.

Purification of peroxisomes and preparation of the mem-
branes

Peroxisomes were purified from rat liver by differen-
tial centrifugation in sucrose followed by isopycnic
centrifugatica in Nycodenz [11] with some modifica-
tions. About 2.0 mi of a light mitochondrial fraciion
was layered onto a 20 ml linear Nycodenz gradient
(density span from 1.15-1.27 g/ml) in a Hitachi RP
50-2 rotor (Hitachi, Tokyo, Japan). The gradient rested
on a 2.0 ml cushion of 1.32 g/ml Nycodenz and the
sample was overlaid with 1.0 ml of 0.25 M sucrose
containing 1 mM EDTA, 0.1% (v/v) ethanol and 5 mM
Hepes-KOH (pH 7.4). Centrifugation was carried out at
50000 rpm (193000 X g,,) for 90 min at 4°C with slow
acceleration and deceleration. The value of total g X min
was chosen to obtain the same effective centrifugation
as used by Leighton et al. [17], which is sufficient for
the peroxisomes to reach their equilibrium density. The
homogenization medium (0.25 M sucrose containing 1
mM EDTA and 0.1% (v/v) ethanol, pH 7.4) contained
leupeptin, chymostatin, antipain and pepstatin (10
pg/ml of each). These protease inhibitors were also
added to the light mitochondrial fraction to a final
concentration of 10 pg/ml of each. The purity of per-
oxisomes was essentially the same as that previous
reported [11] which was about 95% calculated from the
activity of catalase. The peroxisomes were well sep-
arated from mitoci.ondria, microsomes and lysosomes.
Peroxisomal membranes were prepared by the sodium
carbonate procedure [18].

Preparation of mitochondria, microsomes and their mem-
branes

Mitochondria were prepared by sucrose density
gradient centrifugation as described in {17] except that a
Hitachi RP 50-2 rotor was used instead of a Beaufay
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zonal rotor. Microsomes were prepared Ly differeintial
centrifugation by the method of De Duve et al. [19].
Membrane fractions from both mitochondria and mi-
crosomes were prepared by the sodium carbonate proce-
dure [18].

Immunization and preparation of monoclonal antibodies
against peroxisomal membranes

Female BALB/c mice were injected with the per-
oxisomal membrane fraction (120 pg protein) four times
every alternate week. The membranes were suspended
in 100 p! of 20 mM Tris-HC! (pH 7.4), containing 150
mM NaCl and SDS (0. 0.1 or 1.0% (w/v)). The first
sample was emulsified with complete Freund’s adjuvant
in a ‘otal volume 0.2 ml and immunized subcuta-
neously. The second and third immunizations were car-
ried out intraperitoneally, the samples being emulsified
with incomplete Freund's adjuvant. A final in-
traperitoneal boost contained no SDS. Spleen cells re-
moved 4 days after the final injection were fused with
myeloma P3/U1 cells and culured in HAT (hypo-
xanthine, aminopterin and thymidine) medium. Hy-
bridomas were selected by ELISA using the per-
oxisomal membrane fraction. For the ELISA tests. the
peroxisomal membranes were suspended in 20 mM
Tris-HC1 (pH $.0) by sonication. The membranes (4.0
rg/well) were coated on the immunoplates (Falcon
3912 Micro Test Flexible Assay Plate, Becton Dickin-
son, Oxnard, CA, U.S.A), incubated with hybridoma
medium (PBS/0.05% Tween 20) and detected with al-
kaline phosphatase conjugated goat anti-mouse IgG +
IgM using p-nitrophenyt phosphate as substrate [20].
Cells recovered from positive wells were cloned twice by
limiting dilution.

Immunoblotting

For immunoblot analysis, samples were run through
7-15% gradient polyacrylamide gel in the presence of
0.1% (w/v) SDS and transferred to nitrocellulose sheets
(0.1 pm pore size, Schleicher and Schuell. Dassel,
F.R.G.) by the method of Small et al. [21]. The sheets
were incubated with monoclonal antibodies and the
antigenic material detected with alkaline phosphatase
conjugated anti-mouse IgG + IgM using 5-bromo-4-
chioro-3-indolyl phosphate as substrate [22]. For the
quantitative immunoblot of 57 kDa polypeptide, rabbit
anti-mouse immunoglobulins was used as the second
antibody and the immuno complex was detected by
"I labeled protein A. Fluorography and densitometric
scanning were carried out by the method described
previously [11]. Proteins on nitrocellulose sheets were
stained with AuroDye (Janssen Life Sciences, Olen,
Belgium).

Other methods
The preparation of antiserum against peroxisomal
membranes has been described elsewhere [13]. In order
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to initiate peroxisome proliferation, rats were fed chow
containing 0.5% (w/w) clofibrate for 2 weeks [23]. Pro-
tein was measured with the protein assay kit (Bio-Rad,
Richmond, CA, U.S.A)) with bovine y-globulin as
standard [24]. Catalase was assayed according to the
method of Baudhuin et al {25]. N-Acetyl-8-D-gluco-
saminidase was assayed according to Findlay et al [26].
Cytochrome-c oxidase and esterase were assayed as
previocusly described [27). The density of each subcellu-
lar fractions was calculated from the refractive index.

Results

Preparation of monoclonal antibodies against peroxisomal
membranes

BALB/c mice were immunized with the peroxisomal
membrane fraction either with or without SDS, as de-

AuroDye

s Immunoblot
staining

1 2 3
Fig. 1. Reactivity of monoclonal antibody PXM1a/207B with per-
oxisomal membrane polypeptides as determined by immunoblotting.
A peroxisomal membrane fraction prepared by sodium carbonate
procedure was submitted to SDS-PAGE and transferred to nitrocel-
lulose membranes. Lane 1; peroxisomal membrane polypeptides
stained with AuroDye. Major peroxisomal integral membrane poly-
peptide were 69, 42 and 22 kDa. Some major matrix proteins such as
HD{hydratase-dehydrogenase), Cat(catalase) and UOx(urate oxidase)
are also present in the membrane fraction. Lanes 2 and 3; Immunob-
fot analysis of peroxisomal membrane polypeptides. Lane 2; mono-
clonal antibody PXM12/207B. Lane 3; hybridoma culture medium as
control. The arrow indicates the position of 57 kDa polypeptide. The
molecular weight dards are indicated to the left of lane 1, The
peroxisomal membrane fraction of each lane was prepared from 50 B
of peroxisomes.
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Fig. 2. Immunoblot analysis with monoclonal antibody PXM1a,/2078
of subfraction of peroxisomes. Organelie proteins stained with
Coomassie brilliant biue {lanes 1-3). Total peroxisome proteins (Tot)
were 50 ug . Soluble proteins (Sol) and membrane proteins (Mb) were
derived from 50 pg of peroxisomal proteins. Immuncblot analysis
with PXM1a/207B (lanes 4-6). Tot were 10 pg protein, Sol and Mb
were derived from 10 ng of peroxisomal proteins. AOx, acyl-CoA
oxidase: Cat. catalase; HD, hydratase-dehydrogenase; UOx, urate
oxidase.

scribed in Material and Methods. The optimal titer of
antiserum against peroxisomal membrane polypeptides
was obtained where the membranes were immunized
with 0.1% (w/v) SDS. The spleen cells were subse-
quently fused with myeloma cells. The hybridomas were
screened by ELISA to determine which produced anti-
bodies recognizing peroxisomal membranes, but snot
mitochondrial and microsomal membranes. Fifteen
clones were obtained after 2 times limiting dilution. As
shown in the immunoblot in Fig. 1, a single clone
(PXM1a,/207B) reacted with a novel 57 kDa poly-
peptide. The subclass of the monoclonal antibodies was
shown to be IgM by Ouchterlony analysis.

Localization of the 57 kDa polypeptide in peroxisomal
membranes

We examined the localization of the 57 kDa poly-
peptide in purified peroxisomes. The sodium carbonate
procedure was used ifor rapid and quantitative sep-
aration of the membrane fraction. Integral membrane
polypeptides, such as 69, 42 and 22 kDa, were detected
in the membrane fraction (Fig. 2, lane 3). Most of the



matrix proteins (hydratase-dehydrogenase. acyl-CoA
oxidase, catalase and urate oxidase) were solubilized
(Fig. 2, lane 2). Urder these conditions. the 57 kDa
polypeptide was detected in the membrane fraction, but
was not seen in the supernatant fraction by immunob-
lotting using monoclonal antibody PXM1a/207B (Fig.
2, lanes 5 and §). The monoclonal antibody reacted
slightly with sume major matrix proteins, such as hy-
dratase-dehydrogenase, acyl-CoA oxidase and urate
oxidase. The antibody also reacted with catalase (Fig. 2.
lanes 4 and 5). The localization of these matrix proteins
in peroxisomes, however, was quite ditierent from that
of the 57 kDa polypeptide (Fig. 2, lanes 5 vs. 6).

The localization of the 57 kDa polypeptide in per-
oxisomes was further analyzed by Nycodenz gradient
fractionation (Fig. 3). The 57 kDa polypentide was
mainly recovered in fractions 8-11, which correspond
to the peak of catalase activity existing in peroxisomal
particles. The density of the peak fraction of both the
57 kDa polypeptide and catalase was 1.24 g/cm’, which
coincides with that of the peroxisomes in rat liver [17).
Furthermore, as shown in Fig. 4, the 57 kDa poly-
peptide was detected only in purified peroxisomal mem-
brane fraction, and not in mitochondrial or microsomal
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Fig. 3. Subcellular fractionation by Nycodenz gradient. (A) Catalase,
cytochrome-c oxidase, esterase and N-acetyl-8-D-glucosaminidase
were measured as marker epzymes of peroxisomes, mitochondria
(Mit), microsomes {Mic) and lysosomes (Lys) respectively. Distribu-
tion of catalase is shown by solid line. Peak fractions of other marker
enzymes are indicated by arrows. (B) Immunoblot analysis with
PXM1ia/207B. Membranes were piepared from 3.5 ul of each fraction
from top (No. 1) to botiom (No. 14) of the gradient. The protein
contents in the 3.5 pl aliquots of fractions 2-5 and 8-11 were 56, 138,
61, 22 and 7.7, 8.5, 16, 13 ug, respectively. Arrows shows the position
of 57 kDa polypeptide.
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Fig. 4. Localization of the 57 kDa polypeptide in peroxisomal mem-
branes by immuncblotting with PXM1a/207B, Gel stained with
Coomassie brilliant blue (Jlanes 1-3). Immunoblot analysis with
PXM1a,/207B (lanes 4-6). Lanes 1 and 4. peroxisomal membranes
(Per): lanes 2 and 5. mitochondrial membranes (Mit); Lanes 3 and 6.
microsomal membranes (Mic). Organelle membranes were prepared
from 50 pg of organelle protein for Coomassie brilliant blue staining
and from 10 pg for immunoblotting.

membrane fractions. These results clearly show thai the

57 kDa polypeptide is an integral polypeptide of the
peroxisomal membrane.

Orientation of the 57 kDa polypeptide on peroxisomal
membranes

Purified peroxisomes were treated with trypsin and
chymotrypsin to determine the orientation of the 57
kDa polypeptide on the peroxisomal membrane. The 57
kDa polypeptide band detected by immunoblotting dis-
appeared after mild proteolysis (Fig. 5B). This is similar
behaviour to that shown by the 22 kDa integral mem-
brane polypeptide which was visible in Fig. SA among
the total proteins and was also partially degraded (Fig.
5A, lanes 1 and 2). Under these conditions, the latency
of catalase remained unchanged (about 80%) by the
treatment of trypsin and chymotrypsin. Furthermore,
many matrix proteins inside the peroxisomes such as
hydratase-dehydrogenase, acyl-CoA oxidase, catalase
and urate oxidase were not degraded. as judged by
Coomassie brilllant blue staining (Fig. 5A). These re-
sults demonstrate, therefore, that the 57 kDa protein is
partially exposed on the cytosolic face of the per-
oxisomal membrane.
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Fig. 5. Orientation of the 57 kDa polypeptide on peroxisomal membranes. Peroxisomes (600 pg) were treated with trypsin and chymourypsin (6 pug

or 12 pg each) in 100 pl of 0.25 M sucrose, 1 mM EDTA, 0.1%(v/v) ethanol containing 5 mM Hepes-KOH, pH 7.4 at :-C for 20 min. After

incubation, proteinase inhibitors (30 pg of soybean trypsin inhibitor, 0.1 mM phenytmethylsulfonyl fluoride and 0.5 mM of lcupeptin, chymostatin,

antipain and pepstatin) were added to the seaction mixture. For the mock treatment ¢Mock), incubations were carried out in the presence of above

proteinase inhibitors. (A) The peroxisomes were suspended in SDS buffer and were subjected to SDS-PAGE. Organelle proteins (60 ug cach) were

stained with Coomassie brilliant blue. (B) Immunoblot analysis with PXM1a/207B. Membranes were prepared by the sodium carbonate method,
starting with 10 g of organelle protein and subjected to SDS-PAGE and immunoblotting.
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Fig. 6. Effect of clofibrate on induction of the 57 kDa polypeptide.

Total cell membranes were prepared from liver homogenate of normal

or clofibrate treated rats. The membrane pellets were subjected to

SIS-PAGE and immunoblotted with (A) PXM1a,/207B or (B and C)

with antiserum against peroxisomal membranes which reacted with 69

and 22 kDa polypeptides. Applied sample of each lane was derived
from 25 10 400 pg of liver homogenate.

Induction of the 57 kDa polypeptide associated with per-
oxisomal proliferation

Hepatic peroxisomes proliferate markedly when
clofibrate is administered in rats [23]. Inducibility of 57
kDa polypeptide was investigated in parallel with major
integral membrane polypeptides such as 69 and 22 kDa.
After treatment with clofibrate, the 57 kDa polypeptide
increased about 4-fold and 69 kDa increased about
12-fold, whereas the 22 kDa only increased about 2-fold
in liver (Fig. 6).

Discussion

Knowledge of peroxisomal membrane polypeptides
is essential to the understanding of the functions and
assembly of peroxisomes. During assembly of the per-
oxisomes, it is well accepted that constituent proteins
are posttranslationally imported into the organelle [28).
Recently. Gould et al. [29,30] and Miyazawa et al. [31]
found that the COOH-terminal three amino acids, such
as Ser-Lys-Leu are a peroxisomal targeting signal for



several peroxisomal matrix proteins. These results. to-
gether with our finding that proteinase pretreatment of
peroxisomes diminished import of acyl-CoA oxidase
into peroxisomes [12]. suggest that there is a poly-
peptide on the peroxisomal membrane which mediates
the import of peroxisomal matrix proteins. This is sup-
ported by the fact that matrix proteins are not imported
into peroxisomal membrane ghosts from fibroblasts of
patients with Zellweger syndrome [13.14]. To elucidate
functions and assembly of peroxisomes. further infor-
mation about peroxisomal membrane polypeptides is
necessary.

In this study. we prepared monoclonal antibodies
against peroxisomal membranes and found a novel 57
kDa polypeptide. Initially the subcellular localization
and orientation of the polypeptide on the membrane
were studied. The following evidence suggested that the
57 kDa polypeptide is an integral polypeptide of the
peroxisomal mmembranec. (1) The 57 kDa polypeptide
was detected only in the peroxisomal membrane frac-
tion, in parallel with other integral membrane poly-
peptides such as 69, 42 and 22 kDa (Fig. 2). (2) The 57
kDa polypeptide was shown to be located to the per-
oxisomal fractions by Nycodenz gradient centrifugation
(Fig. 3). (3) The 57 kDa polypeptide was detected in
purified peroxisomal membrane fraction but not in
mitochondrial nor in microsomal membrane fractions
(Fig. 4). (4) The 57 kDa polypeptide together with the
69, 42 and 22 kDa was recovered in the detergent phase.
but not in the aqueous phase by temperature-induced
phase separation in Triton X-114 (data not shown).

Degradation of the polypeptide on exposure of per-
oxisomes to exogenous trypsin and chymotrypsin (Fig.
5B) suggest that the 57 kDa polypeptide is exposed at
least partially to the cytosolic face of the membrane, As
a reference polypeptide, 22 kDa was also partially de-
graded (Fig. 5A)., a finding consistant with previous
observations [3).

It is well known that peroxisomes proliferate on
clofibrate treatment [23,32]. The 57 kDa polypeptide
increased (about 4-fold) after clofibrate treatn:ent, as
did the 69 kDa [3.4]. However, the 22 kDa increased
only 2-fold as a result of this treatment (Fig. €). This
suggest that the 57 kDa as well as the 69 kDa poly-
peptide, are closely coupled to peroxisomal prolifera-
tion.

It is possible that one of the known peroxisomal
membrane enzymes is the 57 kDa polypeptide. In rat
liver these include, for example, cytochrome-b; [33.34],
cytochrome-b; reductase {34}, glutathione S-transferase
[35)., ATPase [7,36), dihydroxyacetonephosphate acyl-
transferase [8], alkyldihydroxyacetonephosphate syn-
thetase [8] and very long chain [9.10] and long chain
acyl-CoA synthetases [37]. Among these enzymes, dihy-
droxyacetonephosphate acyltransferase, alkyldihydro-
xyacetonephosphate synihetase and ATPase catalyzed
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by 69 kDa polypeptide are known to be located exclu-
sively in the peroxisomes. However, both alkyldihy-
droxyacetonephosphate  synthetase and dihydroxy-
acetonephosphate acyltransferase seem to be different
from the 57 kDa polypeptide. since they did not in-
crease in rat liver following by clofibrate [38] and
according to proteinase pretreatment [39] seem to be
lecated to internal side of the peroxisomal membrane.
Another candidate for the 57 kDa polypeptide is a
component which connects with the import machinery
for peroxisomal proteins, Several membrane poly-
peptides are known to play a role in the posttransla-
tional import of matrix protein into mitochondria [40],
chloroplasts {41] and nuclei [42]. A number of compo-
nents may be involved in a similar mechanism of post-
translational import of the peroxisomal matrix into the
peroxisomes. Further studies will be necessary to de-
termine whether the 57 kDa polypeptide is involved
with the import of peroxisomal matrix proteins.

Tihe 53 kDa polvpentide identified by antiserum
against peroxisomal membranes {13,14] and the 63 kDa
polypeptide identified by phosphorylation of per-
oxisomal membranes in nafenopin treated rats [43] are
other candidates for the 57 kDa polypeptide. However.
both polypeptides are different from the 57 kDa poly-
peptide. since 53 and 63 kDa polypeptide were sep-
arated from 57 kDa polypeptide by SDS-PAGE (data
not shown). In addition, 55-58 kDa polypeptide recog-
nized by antibodies against sterol carrier protein-2 may
be different from the 57 kDa polypeptide. since the
55-58 kDa polypeptide localized exclusively to the solu-
ble fraction of the peroxisomes [44]. We conclude from
this evidences that the 57 kDa polypeptide is a novel
polypeptide on peroxisomal membranes.

The monoclonal antibody (PXM1a/207B) reacted
with some major peroxisomal matrix proteins (Fig. 2.
lanes 4 and 5). It is not yet known whether these
proteins and the 57 kDa polypeptide share similar anti-
genic determinant or these abundant matrix proteins
react with the antibody nonspecifically as described by
Birk and Koepsell [45]. Further studies are required to
elucidate the cross-reaction of the antibody with the
major matrix proteins.

In this study. we identified a 57 kDa peroxisomal
integral membrane polypeptide using a newly developed
monoclonal antibody (PXMla/207B). This 57 kDa
polypeptide was shown to expose to the cytosolic face
of the peroxisomal membrane and was shown to be
involved in the proliferation of peroxisomes. The func-
tion of the 57 kDa polypeptide in peroxisomal mem-
branes will be the subject of future research.

Acknowledgment

This work was supported in part by a grant from the
Ministry of Education, Science and Culture of Japan.



270

References

1 Lazarow, P.B. (1984) in Membrane Structure and Function {Bittar,

E. E.. ed), Vol. 5. pp. 1-31, John Wiley and Sons, New York.

Fujiki. Y.. Fowler. S.. Shio, H.. Hubbard. A.L. and Lazarow, P.B.

(1982} J. Cell Biol. 93, 103-110.

Fujiki, Y., Rachubinski, R.A. and Lazarow, P.B. (1984) Proc. Natl.

Acad, Sci. USA 81, 7127-7131.

Hashimoto, T., Kuwabara. T.. Usuda, N. and Nagata, T. (1986) J.

Biochem, 100, 301-310,

Hartl, F.-U. and Just. W.W. (1987) Arch. Biochem. Biophys. 255,

109-119.

Van Veldhoven, P.P,, Just. W.W. and Mannaerss, G.P. (1987) J.

Biol. Chem. 262, 4310-4318.

Kamijo, K., Taketani, S., Yokota, S., Osumi, T. and Hashimoto, T.

(1990) J. Biol. Chem. 265. 4534--4540.

Hajra, AK. and Bishop. J.E. (1982) Ann. N.Y. Acad. Sci. 386,

170-182.

Wanders, R.J.A., Van Roermund, C.W.T., Van Wijland, M.J.A.,

Schutgens, R.B.H., Van den Bosch, H. Schram, A.W. and Tager,

J.M. 11988) Biochem. Biophys. Res. Commun. 153, 618-624.

0 Sing. H. and Poulos. A. (1988) Arch. Bicchem. Biophys. 266,
486-495a.

1 Imanaka, T., Smali, G.M. and Lazarow, P.B. (1987) J. Cell Biol.
103, 2915-2922.

2 Imanaka, T., Smal, G M. and Lazarow, P.B. (1986) J. Cell Biol.
103, 524.

3 Santos, M.J., Imanaka, T., Shio, H., Small, G.M. and Lazarow,
P.B. (1988) Science 239, 1536-1538.

[N]

w

-

w

@

-~

o0

K-

34 Santos, M.J, Imanaka, T., Shio, H. and Lazarow, P.B. (1988) J.

Biol. Chem. 263, 10502-10509.
5 Suzuki, Y., Shimozawa, N., Orii, T. and Hashimote, T. (1989)
Pediatr. Res. 26, 150-153.

16 Wiemer, EA.C., Brul, S.. Just, W.W,, Van Driel, R.. Brouwer-

1

1

2
2

2

Keider, E,, Van den Berg, M., Weijers, P. J., Schutgens, R. B. H,,
van den Bosch, H., Schram, A., Wanders, R.J.A. and Tager, J.M.
(1990) Eur. J. Cell Bio!. 50, 407-417,

7 Leighton, F., Poole, B., Beaufay, H., Baudhuin, P., Coffey, JW.,
Fowler, 8. and De Duve, C. (1968} J. Cell Biol. 37, 482-513,

8 Fujiki, Y., Hubbard, A.L.. Fowler, S. and Lazarow, P.B. (1982) J.
Cell Biol. 93, 97-102,

9 De Duve, C, Pressman, B.C., Gianetto, R., Wattiaux, R. and

Appelmans, F. (1955) Biochem. J. 60, 604-617.

Engvall, E. and Perlmann, P. (1972) J. Immunol. 109, 129-135.

1 Small, G.M., Imanaka, T. and Lazarow, P.B. (1988) Anal. Bio-

chem. 169, 405-409.

Nakagami, K., Shimazaki, O., Sato, P., Komine, Y., Ohkuma, S.

and Takano, T. (1989) Am. J. Fott 4, 135, 93-100,

[=]

™~

23 Staubli, W. and Hess, R. (1966) in 6th International Congress for
Electron Microscopy (Uyeda, R., ed.). pp. 625-626, Maruzen,
Tokyo.

24 Bradford. M. (1976) Anal. Biochem. 72, 248-254.

25 Baudhuin, P., Beaufay, H., Rahman-Li, Y., Sellinger, O. Z., Wat-
tiaux. R., Jacques, P. and De Duve, C. (1964) Biochem. J. 92;
179-184.

26 Findlay, J.. Levy, G.A. and Marsh, C.A. (1958) Bicchem. J. 69,
467-476.

27 Alexson, S.E.H., Fujiki, Y., Shio, H. and Lazarow, P.B. (1985) I
Cell Biol. 101, 294-304.

28 Lazarow, P.B. and Fujiki, Y. (1985) Annu. Rev. Cell Biol. 1,
489-530.

29 Gouid, S.J., Keller, G.-A. and Subramani, S. (1987) J. Cell Biol.
105, 2923-2931.

30 Gould, S.J., Keller, G.-A. Hasken, N., Wilkinson, J. and Sub-
ramani, S. (1989) J. Cell Biol. 108, 16571664,

31 Miyazawa, S., Osumi, T., Hashimoto, K., Ohro, K., Miura, S. and
Fujiki, Y. (1989) Mol. Cell. Biol. 9, 83-91.

32 Reddy, 3. K., Warren, J. R., Reddy, M. K. and Lalwani, N. D.
(1982) Ann. N.Y. Acad. Sci. 386, 81-110.

33 Fowler, S, Remacle, J.. Trouet, A., Beaufay, H., Berthet, J., Wibo,
M. and Hauser, P. (1976) J. Cell Biol. 71, 535-550.

34 Remacle, J. (1978) 1. Cell Biol. 79, 291-313.

35 Fujiki, Y. and Tsukamoto, T. (1987) J. Cell. Biochem. Suppl. 11A,
273,

36 Del Valle, R, Soto, U., Necochea, C. and Leighton, F. (1988)
Bicchem. Biophys, Res. Commun. 156, 1353-1359.

37 Miyazawa, S.. Hashimoto, T. and Yokota, S. {1985} J. Biochem.
98, 723-733.

38 Horie, S., Utsumi, K. and Suga, T. (1990) Biochim. Biophys. Ava
1042, 294-309.

39 Hajra, A.K., Ghosh, M.K., Webber, K.O. and Datta, N, S. (1986)
in Enzymes of Lipid Metabolism 11 (Freysz, L., Dreyfus, H.,
Massarelli, R. and Gatt, S., eds.), pp. 199~207, Plenum Press, New
York.

40 Harll, F.-U., Pfanner, N., Nicholson, D.W. and Neupert, W.
(1989) Biochim. Biophys. Acta 988, 1-45.

41 Keegstra, K. (1989) Cell 56, 247-253.

42 Dingwall, C. and Laskey, R.A. (1986) Annu. Rev. Cell Biol. 2,
367-390.

43 Skorin, C., Soto, U., Necochea, C. and Leighton, F. (1986) Bio-
chem. Biophys. Res. Commun. 140, 188-194.

44 TFsuneoka, M., Yamamoto, A., Fujiki, Y. and Tashiro, Y. (1988) J.
Biochem. 104, 560-594.

45 Birk, H.-W. and Koepsell, H. (1987) Anal. Biochem. 164, 12-22.

&3



