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Newly synthesized peroxisomal proteins enter preexisting peroxisomes posttranslationally in vivo, generally
without proteolytic processing. An efficient reconstitution of this process in vitro together with cloned DNAs for
peroxisomal proteins would make possible investigation of the molecular information that targets proteins to
peroxisomes. We have previously reported the isolation of clones for Candida tropicalis peroxisomal proteins;
here we describe the association (and possible import) of peroxisomal proteins with peroxisomes in vitro. C.
tropicalis was grown in a medium containing Brij 35, resulting in the induction of a moderate number of
medium-sized peroxisomes. These peroxisomes, isolated in a sucrose gradient, had a catalase latency of 54%
and were sufficiently stable to be concentrated and used in an import assay. The reticulocyte lysate translation
products of total RNA from oleate-grown cells were incubated with the peroxisomes at 26°C in the presence of
50 mM KCI, protease inhibitors, 0.5 M sucrose, 2.5 mM MOPS (morpholinepropanesulfonic acid) (pH 7.2),
and 0.5 mM EDTA. Ten major translation products (which could be immunoprecipitated with antiserum
against peroxisomal protein) became progressively associated with the peroxisomes during the first 30 min of
incubation (some up to -70%). These include acyl coenzyme A oxidase and the trifunctional protein
hydratase-dehydrogenase-epimerase. This association did not occur at 4°C nor did it occur if the peroxisomes
were replaced with mitochondria.

All peroxisome proteins studied to date are synthesized on
free polysomes and are imported into the organelle
postranslationally. New peroxisomes form by division from
preexisting peroxisomes (22). This is analogous to the syn-
thesis of chloroplast and mitochondrial proteins, which are
similarly encoded in the nucleus. Recent work on mitochon-
drial and chloroplast biogenesis indicates that these proteins
contain an amino-terminal topogenic transit peptide which is
involved in targeting the protein to the organelle and is
generally proteolytically cleaved upon translocation of the
polypeptide into the organelle (5, 8, 16, 19, 27, 28).

Peroxisomal biogenesis differs from that of mitochondria
and chloroplasts in that most peroxisomal proteins are
synthesized at their final sizes (22). There are some excep-
tions that are made as larger precursors, but in at least two
of these cases, processing to the mature form is not linked to
the import process (4, 22). No information is yet available on
possible structural sequences which may be important in
directing proteins to peroxisomes.

Schatz and colleagues (17, 18), among other, have dem-
onstrated that with an efficient in vitro import system and the
manipulation of cloned genes encoding mitochondrial pro-
teins it is possible to investigate the targeting of proteins to
an organelle. These powerful tools have not yet been ex-
ploited for peroxisome biogenesis. In large part, this is due
to the fact that peroxisomes are relatively fragile, making
their isolation and subsequent experimental manipulation
difficult. Furthermore, peroxisomes represent a much
smaller proportion of the normal (noninduced) cell protein
than do mitochondria. Nevertheless, limited in vitro post-
translational import of proteins into peroxisomes or
glyoxysomes (a specialized type of plant peroxisome) has
been accomplished in several cases (10, 14, 21, 31).
Candida tropicalis is an attractive organism with which to

pursue an investigation of this sort. Peroxisomes can be
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strongly induced by growth of this yeast on alkanes (20) or
oleic acid (7) or repressed by growth on glucose (7). Oleate-
induced peroxisome proliferation is accompanied by a strik-
ing induction of -12 major translatable mRNAs, many of
which code for peroxisomal proteins (12). These proteins
include catalase and enzymes of the peroxisomal ,-oxidation
system: acyl coenzyme A (CoA) oxidase (AOx) and the
trifunctional enoyl-CoA hydratase-,-hydroxyacyl-CoA
dehydrogenase-p-hydroxyacyl-CoA epimerase. Each of
these proteins is synthesized at its final size (12).
To investigate the targeting of these proteins to peroxi-

somes, we first constructed and isolated cDNA clones
encoding AOx, catalase, and other peroxisomal proteins (26;
R. R. Rachubinski, Y. Fujiki, and P. B. Lazarow, Biochim.
Biophys. Acta, in press). Here we report the establishment
of yeast growth and fractionation conditions which make it
possible to isolate stable peroxisomes and use them in an in
vitro import assay. We describe the efficient posttransla-
tional association of several cell-free translation products
(including AOx and hydratase-dehydrogenase-epimerase)
with these peroxisomes.

MATERIALS AND METHODS

Cultivation of C. tropicalis and purification of peroxisomes.
C. tropicalis pK233 (ATCC 20336) was grown at 30°C in the
media listed in Table 1. Cells were harvested in the midst of
exponential growth which was 18 h for oleate-grown cells
and 9 to 10 h for those grown in other media.
Conversion of cells to spheroplasts, homogenization, and

preparation of a crude mitochondrial fraction by differential
centrifugation were as described previously (12). For elec-
tron microscopy and antibody preparation, peroxisomes
were further purified by isopycnic centrifugation in a discon-
tinuous Nycodenz gradient (2 ml of 17%, 3 ml of 28%, 6 ml
of 35%, 3 ml of 50% (wt/vol) Nycodenz in 5 mM Tris
hydrochloride [pH 7.51-3 mM KC1-0.3 mM EDTA-0.1%
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TABLE 1. Induction of catalase in C. tropicalis

Cell yield Catalase
Medium (g/liter of activity of

culture)a (U/g of cells)

3% Yeast extract 4.34 ± 0.87 (3) 2.19 ± 1.08 (4)
YP mediumb 3.10 (1) 1.49 (1)
YP medium + 1% Brij 35 4.70 ± 0.92 (8) 5.13 ± 1.07 (5)
YP medium + 1% Brij 8.67 ± 1.41 (3) 15.57 ± 0.59 (3)

35 + 1% oleic acid
YP medium + 1% Brij 13.9 (1) 0.13 (1)

35 + 2% glucose
a Number of experiments is in parentheses.
b YP medium is 0.3% yeast extract, 0.5% Bacto-Peptone (Difco Laborato-

ries, Detroit, Mich.), 0.5% K2 HPO4, 0.5% KH2PO4-

ethanol). Centrifugation was for 1 h at 35,000 rpm (98,000 x
g) in a Sorvall TV-865B vertical rotor.
For in vitro import assays (done in a sucrose medium),

peroxisomes were further purified in a linear sucrose gradi-
ent (density span, 1.15 to 1.25 g/ml) in a Beaufay zonal rotor
(23). The gradient solutions contained 2.5 mM MOPS
(morpholinepropanesulfonic acid) (pH 7.2), 0.5 mM EDTA,
and 0.1% ethanol. Fractions containing high catalase activity
were combined (-4.5 ml) and diluted with 4 volumes of 0.5
M sucrose containing 2.5 mM MOPS (pH 7.2) and 0.5 mM
EDTA (import buffer). The peroxisomes were then pelleted
by centrifugation (15 min at 13,000 rpm [20,000 x g] in a
Sorvall SS-34 fixed-angle rotor) and resuspended in -0.5 ml
of import buffer. Peak mitochondrial fractions were similarly
diluted, concentrated, and used in control experiments.
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FIG. 1. Electron micrographs of C. tropicalis grown in oleate
medium (a), Brij medium (b), or yeast extract (c). (a) Intact cell; (b
and c) spheroplasts. P, Peroxisomes; M, mitochondria; N, nucleus.
Bar = 1 Fm.
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FIG. 2. Isolation of peroxisomes from Brij-grown C. tropicalis by isopycnic centrifugation. Distribution of protein, catalase, and
cytochrome oxidase after fractionation of a crude mitochondrial fraction (65 to 75 mg of protein) in a linear sucrose gradient (a) or a
discontinuous Nycodenz gradient (b). Percentages give recovery of each constituent in the gradient. The staircase in the left-hand boxes
indicates the density of each fraction (scale at right).

Total RNA was isolated from oleic acid-grown cells
(which contain abundant peroxisomal mRNAs [12]) by the
guanidinium thiocyanate method (6) except that centrifuga-
tion in CsCl was done in a Beckman 70 Ti fixed-angle rotor
(30). Translation was done at 29°C for 90 min in a rabbit
reticulocyte lysate protein-synthesizing system treated with
micrococcal nuclease (25). Translation had ceased after 90
min.

Posttranslational import assay. After in vitro translation,
2.0 M sucrose was added to the translation mixture to give a
final concentration of 0.5 M sucrose. A typical import assay
contained 100 Rl of the translation mixture, 100 RI of
concentrated peroxisomes (0.2 to 0.4 mg of protein), and a
final concentration of 0.7 mM of the following protease
inhibitors (prepared in dimethyl sulfoxide): leupeptin,
chymostatin, antipain, and pepstatin. The assay mixture was
divided into four 50-pd aliquots, incubated at 26°C for 0, 15,
30, or 45 min, and then diluted fivefold with import buffer
and centrifuged (microcentrifuge, 16,000 x g) for 10 min to
separate peroxisomes from supernatants. The pellets were
solubilized with 1% sodium deoxycholate and 1% Triton
X-100 in 0.1 mM phenylmethylsulfonyl fluoride and import
buffer. In some experiments, supernatants and pellets were
analyzed directly by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), fluorography, and densi-
tometric scanning. In other experiments, the fractions were
first subjected to immunoprecipitation. In preliminary exper-
iments, ribosomes were removed by ultracentrifugation be-
fore the import assay; this had no effect.

Preparation of antiserum and immunoprecipitation. Highly

purified peroxisomes (50 ,ug) from oleate-grown C. tropicalis
were diluted into 100 p1l of 0.15 M NaCl, emulsified with
complete Freund adjuvant, and injected into the popliteal
lymph nodes of both hind legs of an anesthetized rabbit (15).
Three weeks later, 100 ,ug of protein in incomplete Freund
adjuvant was injected subcutaneously. A further subcutane-
ous injection of 20 p,g of protein followed in 2 weeks. The
rabbit was bled 1 week later and thereafter at 2-week
intervals.

Immunoprecipitations were done overnight at 0°C with 75
,ul of antiserum and 35 ,ug of peroxisome protein in 0.15 M
NaCl-10 mM sodium phosphate buffer (pH 7.2)-1% sodium
deoxycholate-1%Triton X-100. The immunoprecipitates
were centrifuged through layers of 0.5 and 1.0 M sucrose

(29).
Other methods. Catalase (2) and cytochrome oxidase (23)

were assayed as described. Protein was determined by the
Bio-Rad dye-binding assay (Bio-Rad Laboratories, Rich-
mond, Calif.) with bovine IgG as the standard.
SDS-PAGE was done in 7 to 15% gradient acrylamide slab

gels (9). Immunoblotting (11), fluorography (3), and densi-
tometric scanning (11) were as described previously.

Electron microscopy. (i) Cells. A pellet of washed cells was
suspended in 0.75% potassium permanganate in 0.1 M phos-
phate buffer and incubated for 1 h at 4°C. The cells were
removed from the permanganate solution by centrifugation
and then further fixed in 2.5% glutaraldehyde in 0.1 M
cacodylate (pH 7.4) at 4°C overnight.

(ii) Spheroplasts. Washed cells were fixed in 5% glutaral-
dehyde in 0.1 M cacodylate (pH 7.4) for 1 h at room
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FIG. 3. Electron micrographs of purified peroxisomes from C.
tropicalis grown on oleic acid (a), Brij (b), yeast extract (c).
Peroxisomes were isolated in Nycodenz. Bar = 1 ,um.

temperature. Fixed cells were subjected to treatment with
0.2 mg of Zymolyase-lOOT per ml for 30 to 60 min at 37°C to
remove the cell wall. Spheroplasts were centrifuged and
suspended in 2.5% glutaraldehyde in 0.1 M cacodylate buffer
and left at 4°C overnight.

(iii) Fractions. Fractions were prepared exactly as de-
scribed previously (1).

All samples were postfixed in 1% osmium tetroxide,

stained with uranyl acetate, dehydrated, and embedded in
Epon 812.

RESULTS

Choice of growth medium. In preliminary experiments, we
found that the abundant large peroxisomes from oleate-
grown C. tropicalis (12) were too fragile for routine use in
cell-free protein import experiments. Therefore, a variety of
growth media were surveyed to find conditions in which
peroxisomes could be induced substantially but with a
smaller mean diameter to improve their stability. Induction
was first assessed by assaying catalase, a characteristic
peroxisomal marker enzyme. A growth medium containing
1% Brij 35 (Table 1) gave a reasonable yield of cells and
induced catalase to one-third the activity obtainable with
oleate medium (which also contains 1% Brij 35) (Table 1).
Electron microscopy (Fig. lb) demonstrated the presence in
Brij-grown cells of a moderate number of peroxisomes with
a size distinctly smaller than that of the more abundant
peroxisomes in oleate-grown cells (Fig. la). C. tropicalis
grown on 3% yeast extract also contained moderate numbers
of peroxisomes (Fig. lc), but the catalase activity was only
-40%lo of that in Brij-grown cells (Table 1).

Purification and stability of peroxisomes. Peroxisomes
were purified by differential centrifugation followed by equi-
librium density centrifugation in gradients of sucrose or
Nycodenz. A good separation of peroxisomes (catalase as
marker enzyme) and mitochondria (cytochrome oxidase as
marker enzyme) was obtained in a linear sucrose gradient
(Fig. 2a). An even better separation occurred in a discontin-
uous Nycodenz gradient (Fig. 2b). The density of C.
tropicalis peroxisomes in Nycodenz (1.19 g/ml) was less than
in sucrose (1.23 g/ml).

Electron microscopically, peroxisomes purified in
Nycodenz from Brij-grown C. tropicalis were highly pure
and homogeneous in appearance (Fig. 3b). Their diameters
were approximately 0.3 to 0.4 ,um, distinctly smaller than the
0.7 to 0.9 ,um of oleate-induced peroxisomes (Fig. 3a).
Peroxisomes purified from cells grown on yeast extract were
also -0.3 ,um in diameter but had reduced matrix content
(Fig. 3c).
The polypeptide compositions of peroxisomes induced by

Brij 35 and by oleate were similar (data not shown). The
Brij-induced peroxisomes contained large amounts of the
proteins catalyzing 1-oxidation, though less than after oleate
induction. This suggests that the lauric acid residues in the
Brij 35 were used as a carbon source. The Brij 35 also caused
a threefold increase in catalase activity above that found in
cells grown in YP medium alone (Table 1).
For Nycodenz-purified peroxisomes, the relative specific

activity of catalase (specific activity in peroxisomes/specific
activity in homogenate) was 12.3. Since the peroxisomes are
essentially pure by electron microscopy (Fig. 3b) this implies
that in Brij-grown C. tropicalis, peroxisomes represent
100%/12.3 = 8.1% of the yeast spheroplast protein. The
relative specific activity of catalase in peroxisomes purified
in sucrose was 12.0. The peak peroxisomal fraction con-
tained 1% of the cytochrome oxidase present in the gradient
in the case of Nycodenz and 2.3% in the case of sucrose. The
polypeptide patterns of the peroxisomes isolated in the two
media were very similar (data not shown). These data
indicate that the peroxisomes isolated in sucrose are essen-
tially as pure as those isolated in Nycodenz.
The stability of the purified peroxisomes was determined

by measuring the latency of catalase (that is, the percentage
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FIG. 4. Time-dependent posttranslational association of transla-
tion products with peroxisomes. Translation products (25 ,ul) were
incubated with peroxisomes (-35 ,ug of protein) at 26°C for the times
indicated, and then the peroxisomes (P) were separated from the
supernatants (S) by centrifugation. Some 20% of the pellet and 5% of
the supernatant was analyzed by SDS-PAGE and fluorography. TP,
Total translation products (1 ,ul). Dots indicate translation products
associated with the peroxisome fraction; arrows indicate products
remaining in the supernatant. Arrows at the left indicate the posi-
tions of the molecular mass markers (x 103).

of the total catalase activity that is not assayable when the
peroxisome membrane is intact and which appears when the
membrane is disrupted by detergent). Peroxisomes were first
prepared by isopycnic centrifugation through a discontinu-
ous Nycodenz gradient (see Materials and Methods). Cata-
lase latency was low (less than 20%) irrespective of the
growth medium used for induction. When 5% Ficoll and 0.6
M sorbitol were included in the Nycodenz gradient, the
medium-sized peroxisomes from cells grown in Brij medium
were more stable (38% latency), but the larger oleate-
induced peroxisomes were still fragile (14% latency). The
most stable peroxisomes (54% catalase latency) were those
isolated from Brij-grown cells fractionated in a sucrose-
MOPS-EDTA gradient in a Beaufay zonal rotor (Fig. 2a).
This method was adopted for preparing peroxisomes for
import studies, and to maintain peroxisome integrity, the
import assay was carried out in a sucrose medium.

Posttranslational association of peroxisomal polypeptides
with peroxisomes. Total yeast RNA was translated in vitro
with [35S]methionine as the label; thereafter the translation
mixture was incubated for 0 to 45 min at 26°C with concen-
trated purified peroxisomes. Many 35S-labeled polypeptides
became associated with the sedimentable organelles in a

1 ., ; -1

FIG. 5. Specificity of the antiserum against C. tropicalis
peroxisomal proteins. MM, Mitochondrial-plus-microsomal fraction
from a Nycodenz gradient (Fig. 2b; these organelles overlap as
indicated by the cytochrome oxidase [mitochondrial marker] and
esterase [microsomal marker] distributions in the gradient [data not
shown]). P, Peroxisomal fraction. Left, Coomassie blue-stained
SDS-PAGE (75 jig of protein per lane). Right, Immunoblot (25 ,ug of
protein was electrophoresed in each lane). The microsomal-plus-
mitochondrial fraction also contained -9% peroxisome protein. As
a result, peroxisomal AOx and catalase (Cat) are detectable in lane
3. HDE, Trifunctional protein catalyzing three reactions in fatty acid
catabolism: enoyl-CoA hydratase, ,B-hydroxyacyl-CoA dehydroge-
nase, and [B-hydroxyacyl-CoA epimerase. Numbers with arrows are
molecular mass markers (x 103).

time-dependent fashion (Fig. 4, dots), while other proteins
clearly remained in the supernatant fraction (Fig. 4, arrows).

Peroxisomal translation products were immunoprecip-
itated with an antiserum raised against highly purified oleate-
induced peroxisomes (isolated as in Fig. 2b). This antiserum
recognized many of the peroxisomal proteins in an im-
munoblot analysis (Fig. 5, compare lanes 2 and 4) but did not
react with mitochondrial or microsomal proteins (Fig. 5,
lanes 1 and 3).
The antiserum immunoprecipitated 10 35S-labeled transla-

tion products that are associated with peroxisomes after 30
min of incubation at 26°C (Fig. 6). These were not found in
the peroxisome pellet in the zero-incubation control, but
were present in smaller amounts at 15 min. Extending the
incubation to 45 min did not increase the association; on the
contrary, a slight decrease was reproducibly observed.
At least seven of these immunoprecipitated translation

products corresponded to translation products identified by
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FIG. 6. Immunoprecipitation of translation products. The import
assay was the same as for Fig. 4. Peroxisomal translation products
were immunoprecipitated from equivalent amounts of supernatants
(S) and pellets (P) (12.5% of each) and analyzed by SDS-PAGE and
fluorography. TP, Immunoprecipitation of an equivalent amount of
translation products; HDE, as defined in the legend to Fig. 5.
Numbers with arrows are molecular mass markers (x 103).

Fujiki et al. (12) that comigrate in SDS-PAGE with peroxi-
somal polypeptides of oleate-induced C. tropicalis. The
radioactivity in the most prominent band among them, AOx,
was quantitated by scanning densitometry of the fluorogram
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Time of incubation at 260 C (min)
FIG. 7. Kinetics of association of AOx with peroxisomes. 35S-

labeled AOx was quantitated by scanning densitometry of the
fluorogram of the immunoprecipitated proteins (Fig. 6). Radioactiv-
ity is expressed as the area of each peak in arbitrary units.
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FIG. 8. Effect of inclusion of 50 mM KCI in the assay; organelle
specificity. Incubations were done as described in the legend to Fig.
4 at 26°C for 30 min, in the presence (right) or absence (left) of 50
mM KCI. Top, Peroxisomes (60 ,ug); bottom, mitochondria (53 ,ug).
Samples were analyzed by SDS-PAGE, fluorography, and scanning
densitometry. HDE, Defined in the legend to Fig. 5.

(Fig. 7). The association appeared to be approximately linear
for the first 30 min, and then a small decrease was observed.

Organelle specificity and effect of KCI. KCl (50 mM)
strikingly increased the extent of association of several
translation products (including hydratase-dehydrogenase-
epimerase and AOx) with peroxisomes (Fig. 8, top). In
control experiments there was little association of the
peroxisomal translation products with mitochondria (Fig. 8,
bottom left). This association was reduced by KCl (Fig. 8,
bottom right).
Temperature dependence. No appreciable association of

translation products with peroxisomes occurred if the incu-
bation was done at 4°C (Fig. 9, left). In this experiment,
which included 50 mM KCl, a clear decrease in several of the
35S-labeled translation products remaining in the supernatant
after a 26°C incubation was noted, concomitant with the
appearance of these products in the peroxisomal pellet (Fig.
9, dots). These bands, although not immunoprecipitated in
this experiment, are clearly peroxisomal proteins corre-
sponding in size to 6 of the 10 immunoprecipitated proteins
in Fig. 6. The AOx data were quantitated by densitometric
scanning, revealing a strong, temperature-dependent shift of
-70% of the 35S-labeled product from supernatant to pellet
(Fig. 10). A similar shift is clear from the densitometric scans

(data not shown) for the other peroxisomal polypeptides
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FIG. 9. Temperature dependence and organelle specificity. Incu-
bations were done with peroxisomes (60 ,ug of protein) or
mitochondria (64 Kg of protein) in the presence of 50 mM KCl.
Peroxisomes (P) and supernatants (S) were analyzed as described in
the legend to Fig. 4. Dots indicate polypeptides that decreased in the
supernatant and appeared in the pellet (confirmed by densitometric
scanning). Numbers with arrows show molecular mass markers
(X 103).

indicated in Fig. 9. Nonspecific association with mitochon-
dria was minimal and not temperature dependent (Fig. 9,
right; Fig. 10).
Less association of translation products with peroxisomes

was observed when the temperature of incubation was raised
to 37°C (data not shown). This was probably due to disrup-
tion of the peroxisomes or to proteolysis or to both because
the Coomassie blue-stained pattern of polypeptides in
peroxisomes sedimented at the end of the incubation was
abnormal.

DISCUSSION

Optimizing growth and cell fractionation conditions for C.
tropicalis enabled us to isolate peroxisomes that were stable
enough for subsequent in vitro import experiments. We
demonstrated a specific binding of -10 cell-free translation
products to peroxisomes and confirmed that these polypep-
tides are peroxisomal proteins by immunoprecipitation with
an antiserum specific for peroxisomal polypeptides. These
translation products were sufficiently abundant (owing to
induction of their mRNAs by growth of the yeast on oleate)
that they could be easily visualized by SDS-PAGE and
fluorography, without the need for immunoprecipitation in
routine experiments.

Specificity of the binding was established in th'ree ways. (i
Nonperoxisomal translation products are not associated
with the peroxisome fractions in these experiments (Fig. 4,
arrows); (ii) peroxisomal translation products do not associ-
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FIG. 10. Quantitation of 35S-labeled AOx in the experiment of

Fig. 9. Radioactivity (measured as the area under the peak in the
densitometric scan in arbitrary units) has been corrected for the
fourfold difference in the amount of supernatants and pellets ana-
lyzed by SDS-PAGE. Although the x axis does not represent a
continuous function, the points have been connected for visual
clarity.

ate with mitochondria; (iii) binding is both time and temper-
ature dependent.
The association with peroxisomes was markedly stimu-

lated in the presence of 50 mM KCl or 3 mM MgCl2.
Addition of potassium and magnesium ions to the import
assay was also shown to be necessary for efficient binding
and transport of the ornithine carbamoyltransferase precur-
sor into rat liver mitochondria (24). Our experiments showed
that 50 mM KCI reduces nonspecific binding of translation
products coding for peroxisomal proteins to mitochondria
(Fig. 8). This agrees with the results of Gasser et al. (13) who
showed that reisolation of mitoplasts in the presence of 50
mM KCl eliminated nonspecific adsorption of proteins to
their membrane.

This import assay contained no energy supplements to
what is supplied by the reticulocyte lysate mixture (which
includes GTP, ATP, and an ATP-regenerating system). We
know that the ATP concentration at the end of the 90 min of
cell-free protein synthesis is 1.2 mM (T. Imanaka, unpub-
lished data). Whether it participates in this association and
possible import process is not yet established.

Protease resistance (that can be abolished by detergent) is
the criterion generally accepted for establishing that the
posttranslational association of a translation product with an
organelle is true import rather than binding to the membrane.
In the present experiments, four protease inhibitors were
included in the import assay to inhibit the active endogenous
proteases of C. tropicalis. Zymolyase-lOOT, the impure
enzyme preparation used to digest the yeast cell wall, also
contains proteases according to the supplier (The Research
Laboratories, Kirin Brewery Co., Ltd., Tokyo, Japan). The
presence of these inhibitors precludes, for the moment,
evaluating the protease resistance of the translation products
associated with the peroxisomes. The fact that KCI stimu-
lates this association makes it likely that it is true import,
because one might expect binding to be reduced by KCl.
This problem is being investigated further in experiments in
which individual cloned DNAs are expressed in vitro be-
cause it is easier to optimize a proteolysis protocol for one
protein, rather than attempting to digest the total translation
products (10).
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Demonstration of import of proteins into microbodies in
vitro has proved difficult, and in the few examples reported
thus far the import has been inefficient (e.g., -20%'o for
malate dehydrogenase into watermelon glyoxysomes) (14).
For the first time we demonstrated efficient (up to 70%) in
vitro association (import?) of many peroxisomal proteins to
peroxisomes of C. tropicalis. Prominent among these is the
major cell-free translation product, a 76,000-dalton polypep-
tide which corresponds to AOx (12). A cDNA clone for AOx
(26) has been modified and expressed in vitro (G. M. Small,
T. Imanaka, and P. B. Lazarow, J. Cell Biol. 103:524a,
1986). The products are being used in the cell-free import
assay to assess possible targeting information contained
within the protein sequence.
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