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Activity of enoyl-CoA hydratase in rat liver was elevated
about 6-fold by the administration of di-(2-ethylhexyl)phthalate,
a hepatic peroxisome proliferator. Almost all of the increased
activity was the peroxisomal enzyme, which was distinguished by
its heat-~lability from mitochondrial one. Heat-labile enoyl-CoA
hydratase was copurified with peroxisomal 3-hydroxyacyl-CoA
dehydrogenase. The purified enzyme corresponded to a peroxisome
specific peptide with a molecular weight of 80,000.

Rat liver peroxisomes have a novel fatty acyl-CoA ﬁoxidation
system which is markedly increased by the administrations of
hypolipidemic agents or di-(2-ethylhexyl)phthalate (1-3).

Enzymes involved in the peroxisomal poxidation system are supposed
to be different from those of the mitochondrial one (4,5). The
initial step of the peroxisomal system is catalyzed by acyl-CoA
oxidase (6). The presence of peroxisomal 3-hydroxyacyl-CoA
dehydrogenase, which is different from mitochondrial one, has
recently been elucidated (7). The present paper describes that
peroxisomal enoyl-CoA hydratase and 3-hydroxyacyl-CoZ dehydro-

genase are located in the same protein molecule.

MATERIALS AND METHODS

Materials —— Crotonyl CoA was synthesized from crotonic
anhydride and CoA (8). Acetoacetyl-CoA was prepared from
diketene and CoA (9). Acetoacetyl pantetheine was synthesized
from diketene and pantetheine (10).

Assay Method —— Enoyl-CoA hydratase activity was assayed

as described by Steinman and Hill (8). 3-Hydroxyacyl-Coa
dehydrogenase activity was assayed using acetoacetyl-CoA or
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acetoacetyl pantetheine as a substrate as described previously
(7). When heat-labile and heat-stable enoyl-CoA hydratase
activities were assayed, the enzyme preparations were diluted
with 50 mM potassium phosphate, pH 7.0 and heated at 57°C for 5
min. When peroxisomal 3-hydroxyacyl-CoA dehydrogenase activity
was assayed, the preparations were treated with an antibody
against mitochondrial 3-hydroxyacyl-CoA dehydrogenase (7). One
unit of enzyme activity is expressed as pmol/min. Protein
concentration was determined by the method of Lowry et al. (11).

Preparation of the enzyme —— Male Wistar rats were fed with
a diet containing 2% (w/w) di-(2-ethylhexyl)phthalate more than
2 weeks for the induction of peroxisomal fatty acyl-CoA oxidizing
system (3). Livers were removed and frozen. The frozen liver
(20 g) was thawed and homogenized with 100 ml of 10 mM K,PO
containing 2 mM 2-mercaptoethanol and 0.1% hexamethylphoSphoric
triamide ( all buffers employed in the purification procedure
contained these reagents) in a tissue disintegrator (Ultra-turrax).
The homogenate was centrifuged at 17,000 x g for 15 min. The
supernatant was adjusted to pH 7.0 by addition of 1 M potassium
phosphate,pH6.0 and applied on a phosphocellulose column (100
ml bed volume, equilibrated with 50 mM potassium phosphate, pH
7.0). The column was eluted with a linear gradient system of the
buffer from 50 to 500 mM in a total volume of 400 ml. The active
fractions were pooled and treated with ammonium sulfate and
the protein precipitated between 200 and 400 g/l was dissolved
in a minimal volume of 50 mM potassium phosphate, pH 7.0.
Ammonium sulfate was removed by passing through a Sephadex G-25
column with use of 100 mM potassium phosphate, pH 7.0. The enzyme
preparation was diluted by addition of an egqual volume of water
containing 2 mM 2-mercaptoethanol and 0.1% hexamethylphosphoric
triamide, and applied on a CM-cellulose column (25 ml bed volume,
equilibrated with 25 mM potassium phosphate, pH 7.0). The column
was washed with 25 ml of 50 mM potassium phosphate, pH 7.0 and
eluted with a linear gradient system of the buffer from 50 to 200
mM in a total volume of 300 ml. The active fractions were pooled
and the enzyme was precipitated by addition of ammonium sulfate
(350 g/1).

Anaysis of the enzyme preparation The SDS-polyacrylamide
gel electrophoresis was performed according to the method of
Weber and Osborn (12). Post-nuclear and mitochondrial fractions
of rat liver were obtained according to the method of de Duve et
al.(13) to demonstrate a peroxisome specific peptide with a
molecular weight of 80,000 (14). The following standard proteins
were used : y-globulin, L-chain (23,500), yeast alcohol dehydro-
genase (37,000), ovalbumin (43,000), y-globulin, H-chain (50,000),
catalase (60,000), bovine serum albumin (68,000) and phosphrylase
a (94,000). Molecular weight of the native enzyme was estimated by
gel chromatography using a Sephadex G-100 column. The standard
proteins employed were peroxidase (40,000), carnitine acetyl-
transferase (55,000), malate dehydrogenase {(70,000) citrate
synthase (100,000) and lactate dehydrogenase (140,000).

RESULTS AND DISCUSSION
Administration of di-(2-ethylhexyl)phthalate to rats caused
a striking proliferation of hepatic peroxisomes and an increase

of the peroxisomal fatty acid oxidizing activity (3,15). The
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activity of enoyl~CoA hydratase was increased about 6-fold.

The activity of the homogenate prepared from the di-(2-ethylhexyl)
phthalate group was inactivated to the control level by heating
at 57°C within 2 min, whereas the activity of the control group

remainec unchanged for more than 5 min.

A typical result of the purification of the heat-labile
enoyl-CoA hydratase is summarizZed in Table 1. The specific
activity was raised by about 14-fold. The preparation was almost
free from the heat-stable activity. The ratio of activities of
the heat-labile enoyl-CoA hydratase to peroxisomal 3-hydroxyacyl-
CoA dehydrogenase are the same through the purification steps.
Both activities were failed to be separated on an isoelectric

focusing using Ampholine, pH 3.5-10, calcium phosphate gel-

I 2 3

Figure 1. SDS-polyacrylamide gel electrophoresis of
post-nuclear fractions of normal and di-(2-ethylhexyl)
phthalate-treated rats. Post-nuclear fractions (80 ng
protein) and the purified enzyme (10 Hg protein) were
analyzed on 0.8% SDS-polyacrylamide gels. Electrophoresis
was carried out at 8 mA/gel for 5 hr. 1, normal; 2, di-
(2-ethylhexyl)phthalate; 3, the enzyme. Arrow indicates
the position of 80,000MW polypeptide. Position of
catalase is indicated. (4).
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cellulose column chromatography, gel chromatography on Sephadex
G-100, Blue Dextran-Sepharose (16) column chromatography using
various elution systems. The molecular weight of the native enzyme
was estimated to be 70,000 by a Sephadex G-100 column chromatography.
On a SDS-polyacrylamide gel electrophoresis, it was found
that the enzyme consisted of a single polypeptide chain with a
molecular weight of 77,000. Reddy and Kumar have demonstrated
that a peroxisome specific polypeptide with a molecular weight
of 80,000 was increased in the liver of rats treated with various
hypolipidemic peroxisomal proliferators (14). Fig, 1 indicates
that the enzyme corresponds to a peroxisome specific polypeptide.
The present study suggests that the peroxisome specific poly-
peptide is one of main protein components of induced peroxisomes
and a multifunctional protein exhibiting enoyl-CoA hydratase

and 3-hydroxyacyl-CoA dehydrogenase activities.
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