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Fatty acyl-CoA oxidase, the rate limiting enzyme of the peroxi-
somal fatty acid oxidiuing system, has been purified from rat liver
to near homogeneity by a procedurc involving affinity chromatography
of its apoenzyme on flavin adenin dinucleotide-Sepharosc. The oxidase
precents an absolute reguirement for the dinucleotide which 1z weakly
hound to the apoenzyme (Kp, 0.6 «M). The highcest specific activity
obtained was 77 units/mg protein. The purified enzyme has two major
polypeptides with apparent molecular weights of 45,000 and 22,000.
Theze results suggest that the cnoyme is a flavovroteiln with non

covalently bound flavin adenin dinuclcotide composed of four subunits
y ] k]

two of 45,000 mow. and two of 22,000 m.w.

INTRODUCTION

The peroxisomsal fatty acyl-CoA oxidicing system from rat or human
liver catalyzes fatty acid j-oxidation by a cyanide insensitive
sequence of reactions similar to that of mitochondria (1,2). The
dezaturation ol the acyl-CoA derivative, mediated in mitochondria by
a dehydrogenase tightly coupled to the electron transport chain (7)),
is catalyzed in peroxisomes by fatty acyl-CoA oxidase an enzyme active
mainly on Cqp-Cqg fatty acids (4,9,6). This oxiaase has been partially
characterized as a glowular flavoprotein of 136,000 m.w. and 7.7 S
(/). It catalyzes the apparent rate limitine step of the system in
human liver (2) as well as in the liver from normal rats (6,3,2) or
from rats in which the system has been enhanced either 3-fold by
hyvolipidemic drugs (6,8) or 2.4-fold by feeding a diet rich in satu-
rated fatty acids (10). In this communication we report the purifica-
tion and some properties of the fatty acyl-CoA oxidase from rat liver.
In addition, & model for the subunit organization of the ecncyme is
proyposed.
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MATERTIALS AND METHODS

The fatty acyl-CoA oxidase activity was measured polarographi-
cally from palmitoyl-CoA dependent O» consumption (6). The assay
medium, at 379, contained 100 mM Tris-HCL pH 8.3, 0.6 mg/ml bovine
serum albumin (fraction V), 1 mM KCN, 17C uM CohA, 50 uM FAD and 37 uM
palmitoyl-CoA. One unit of enzyme activity corresponds to one umol 02
utilized per minute. Protein was determined by the method of Lowry
et al. (11) with bovine serum slbumin as standard, and by the Kalb
and Bernlohr procedure (12), for column effluents.

Batches of 550 g of livers from Nafenopin treated male Sprague-
Dawley rats (6) were homogenlized with a teflon-plass homogenizer in
0.25 M sucrose containing, at pH 7.4, 20 mM potassium phosphate, 1 mM
mercaptosthanol and 0.3 mM EDTA in a final volume of 800 ml. The
supernatant fraction, after centrifugation at 45,000 g for 30 min, was
made 1 mM with zinc sulphate pH &.6 and recentrifuged. The supernatant
thus obtaincd was made 25 uM in FAD and then incubated 10 min at 550.
After removing the precipitated proteins, the new supernatant was
Tractionated with ammonium sulphate and the proteins precipitating
between 35 and 45% saturation werc dissolved in 31 ml of 20 mM potas-
sium phosphate pH 7.4, 1 mM mercaptoethanol, 0.3 mM EDTA (buffer A)
with 0.1 M potassium chloride and then applied to a Sepharose 6B
column equilibrated with buffer A-0.1 M KCl. The proteins from the peak
of activity were concentrated by ammonium sulphate precipitation, 30-
45%, dissolved and dialyzed against buffer A, and applied to a phospho-
cellulose column previously equilibrated with the same buffer but at
pH 6.2. Elution was performed by a stepwise increase of the concen-
tration of potassium phosphate up to 0.5 M. The fractions containing
the pealk of activity were immediately pooled and concentrated by

ammonium sulphate precipitation, dissolved in 4 al of Tris-HCL, 10 mM, phlt &.73,
0.3 mM EDTA, 1w mercaptocthanol, 0.1 M RCE (buffer BY omd applicd to a 74x0.7
Sephades G=200 cotumn equilibrated in buffer B=0.017 sodiuwn azide. T
proteins from the peak of activity were concentrated by amwonium sulphate
precipitation, dissolved in Lo7 ml of Tris-NCLH, 50 mM, pl 8.3, 1 md

ammonium sulphate, dissolved ia 17 ml of Tris-HCl SC mM pH 8.3, 1 mM
EDTA (buffer B) and applisd to a FAD-Sepharose column for affinity
chromatography. The adsorbent was prepared attaching FAD to amino

hexyl Sepharose by a diazo coupling procedure. The details of the
method for the preparation and for the avaluation of the column with
apo D-aminoacid oxidase, will be described elsewhere. The FAD-Sepharose
column (1.2 x 4.0 cm) was washed with buffer B, either alone or
supplemented with 0.1 M or 0.5 M KC1l and finally, the oxidase was
eluted with buffer B containing 0.5 M KC1 and 15 mM FAD.

The oxidase obtained from affinity chromatography was subjected
to electrophoresis on polyacrylamide gel under both denaturing (137
and nondenaturing conditions (14). The following molecular weight
markers were used: bovine liver catalase 60,000, pig kidney D-aminoacid
oxidase 37,000 and yeast RNA polymerase I (kindly provided by Dr. P.
Bull from our Department) with 11 subunits (1%), 185,000; 137,000;
§8,000; 44,000; 41,0003 26,0003 28,000; 24,000; 20,000; 14,500 and
12,000.

The apparent dissociation constant of FAD in the fatty acyl-Cold
oxidase was calculated I'rom the activities observed after exposing
the apoenzyme to FAD at various concentrations, a method previously
uscd with D-—amino acid oxidase (16) and L-aminoacid oxidase (17).
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Table I. PURIFICATION OF FATTY ACYL-CoA OXIDASE FROM RAT LIVER

Purification stcp Protein Total Specific Purification Tield
(mg) Activity Activity (times) (%)
(u) (U/mg)
1. Homogenate 79, 360 SRED CL.Oob2 ) 100
. Supernatant (Zn*<) 11,040 2845 G.o Gl 3

Precipitation
10 min at 559 1,527 2103 1.57 373

25-h5% (NHy) 5504

Sepharose OB G 157 4,50 10, 46
Phosphocelluloss choy 600 R e ¢
Scphadex G-200 1.9 ik 22025 G A0
FAD-Sepharcroe b5 10 /.20 eL2

I

Cey

RESULTS AND DISCUSSION
The procedure smploynd to isolate the tfatty acyl-Col oxidasc, ao
iillustrated ir Table I, recults in an encyme preparation purified over
60C-Told with a specific activity of 27 U/mg protein. Csumi and
Hashimoto, for an ensyme preparation they found to be homogencous by
sedimentation analysis (%), reported a specific activity of 1.45% U/me
protein and only 25-fold purification from a hish specd supernatant.
The enzyme obtained after the Sephadex G-I0C chromstography stop
appears homogeneous in native polyacrylamide gel olectrophorcsis,
Fig Ta. After SDS-polyscrylamide gel electrophoresis, Fig 1h, threo

major baunds witn appareat molecular weights of 22,0003 45,000 and

77,000 are detected. The first two bands account for 75% of the Coomas-

sie blue staining material. The molar ratioc calculatod dengitoms brical-

ly for the subunits was 1.005 1.09 and 0.1% for the bands with 22,0003
45,000 and 77,000 m.w., respectively.
The additional purification iollowing affinity chromatography,

Fig 2, 1s accounted for by the elimination of minor protcin bands and

a selective decrease of the 77,000 m.w. band. After this step, 95% of
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Fig. 1. Polyacrylamide gel vlectrophoresis of purified fatty acyl-CoA
oxidasc after the Sephadex G-200 step. (a) 4 wg of protein,
under non denaturing conditions, in %% acrylamide. (b) L e
of protein under denaturing conditions, 9% acrylamide in the

presence of D.1% sodium dodecyl
thanol.

sulphate and %% . -mercaptoe-

Fiye &. Affinity chromatography of fatty acyl-CoA oxidase on FAD-
Sepharosc. The column, 4% % 1.2 cm, was cquilibrated with

50 mM Tris-HC1 pH 8.5 with 1 mM

EDTA. The cnzyme, applied

in the same buffer, was eluted by the addition of 15 mM

FAD to the huffer already supplemented with 0.9 M KCl. 3 up
of protein from the peak of astivity, atfter dialysic agalnst
the same buffer, were analyced by slab mel electrophoresis
at 9% acrylamide concenftration in the prescence of 0.1%

sodinm dodueyl sulpnate and 9% me

aptoethanot. The molecular

welrnt estimations derive from simultaneously run standards.

the Coomassie stained material is accounted for by the 45,000 and

22,000 m.w. peptides. The final molar ratio of the preparation was

respectively.

1.003 1.00 and 0.06 for the bands with 22,000 45,000 and 77,000 m.w.,

The non stoichiometric relation of the 77,000 m.w. peptide,

together with our previous determination of a molecular weight of

136,000 tor the oxidase (7) indicate that probably the enzyme is

composed ot 2 subunits of 22,000 m.w. and 2 subunits of 45,000 mew.

The 77,000 m.w. peptide, also a minor component of whole peroxisomes

from normal rats (18), appecars to he the peptide described by Reddy

and Kumar (19) which is induced by hypolipidemic drugs and apparcntly

10
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Fig.s ¢ Keactivation ot purified fatty acyl-Coh oxidase by FAD.
Encyme with a cpecific activity of »7 U/mg protein was

ayed at various FAD concentrationo. FAD was meouasured

ctrophotomatrically from its abhsorbance ot 45%%5 nm,

uszine ar extinctlon coefficient ol 1i.3 mM~1 cm=T. The

apparent dicgsociation constant (Kp) for FAD was calculated

from an S/vy vercus 8 graph, where S reyproecents FAD concen-

Lration and vg initial velority. By eoxtrapolation, s Kp

value of Guf uM wasz of tained.

contains enoyl-CoA hydratasc and 5-hydroxyacyl-CoA dehydrogmenase (20).
These facts, together with the stimulatory effect ol NAD® on the
oxidase activity of crude preparations (6), and the parallelism of the
activities of the oxidase and the pcroxisomal fatty acid oxidizing
system in various subceillular fractions (6), raise the possibility of

a peroxisomal fatty acid oxidicing multienzyme complex.

The purified fatty acyl-CoA oxidase, known to be a flavoprotein
with weakly bound FAD (7), is present mainly as apoenzyme after
Sephadex G-200 chromatography. As shown in Fig 3, a 10-fold increase
in activity is observed following the addition of FAD. The situatlion
15 reminiscent of the behaviour of D-aminocacid oxidase, another flavo-
protein with weakly bound FAD, that could be purified as holoenuyme

only after stabilization with benzoate (21). In fact, as shown in

Fige >, an apparent dissociation constant of 0.6 #M was calculated for

11
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FAD in the fatty acyl CoA oxidase, a value similar to that obtained for
D-amino acid oxidase (21), for which also a fast exchange reaction
between free and bound FAD has been described (22). These properties
are in accordance with the behaviour of the apoenzyme on Sepharose-FAD
and should zllow us to develop simpler isolatioir procedures for the

fatty acyl-CoA oxidase,
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