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Fatty acyl-CoA oxidasc, the rate limiting enzyme of the peroxi- 
:;omal fatty acid 0xidi::ing system, has kleen purit'ied 1rorn rat liver 
to ne3r homogeneity !:y a proccdurb- involving affinity chromatography 
of it: auoenzyme 01: Clavin adcnin riinll~lcotidc-Sepharosc. Thi oxidsce 
premts‘ sn absolute r*?quirement for the dinucleotiflc which iz weakly 
hound to thy spoenzyme (KD, 0.6 rrM). The hig:hcst specific activit,y 
obtained WIG ri: units/mg protl2i:l. The purified cnzymz h,aa two major 
polyDcptides with apparent moleculx wcit:hts of ‘t;,OOO 2nd 22,OOC. 
'rllc;;e l"i~SLll ts suggest that the vnzymc is R flsvoprotnin 1-11 th non 
covalcntly bound flavin adenir: dinuclcotiilc compos?:! of four :;l>bunit;, 
two 01 45 J)oO m-w. snci two of ;12,JOO m:d. 

INTRODUCTIO?J 

The pproxisomal Catty acyl-CoA oxidizing system from r?t or human 

liver catalyzes fatty aci<i ;:- oxil3tion by a cy,aniTle insenzitivc 

:;Pqilenc~ of reactions similar to that of mitochoniiria (I,?). The 

dczaturation 01 the acyl-CoA derivativt>, mediated in mitochondria t;y 

3 dehydroi:enase ti,ghtly coupled to the electron transport chain (_), 

is catalyzed in pcroxisomes by fatty ~cyl-CoA oxidase an ensymi. active 

mat!tl,v on C,i~-C-lis fatty acids c&,5,6). This o:<ic:ls+: has t~er~n partiulL;y 

charactt,r-izcci as a ylo:lular flavoprotein of l~C,OOO m.w. anti 7.7 S 

('/). It catalyzec the apparant rate limitink: :;ten of the system in 

humsn llvr? (2) as well as in th: liv+:~, from normal rats (L,Z,'i) 01 

from rats in which the system has iSeen enhrnccd eiiher g-fold by 

hyoolipidrmic drugs (6,Z) or 2.4-fold by i?edinc a diet rich in satu- 

rated fatty acids ('lo). In this communication wi: rcpcrt the purifica- 

tion anvil ::ome properties of th? i‘attg acgl-CoA oxidasc from rat liver. 

In addition, a modpl i‘or the subunit ori:anization of the ?nzyrncl iz 
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MATERIALS AND METHODS 

The fatty acyl-CoA oxidase activity was measured polarographi- 
tally from palmitoyl-CoA dependent 'C? consumption (6). The assay 
medium, at -7*, contained 100 mM Tri'G-HCl pH 8.1, 0.6 mg/ml bovine 
serum albumin (fraction V), 1 m!4 KCN, 17C rrM CoA, 50 /IM FAD and 37 /rM 
palmitoyl-CoA. One unit of enzyme activity corresponds to one ,rmol 02 
utilized per minute. Protein was determined by the method of Lowry 
et al. ('ll) with bovine serum cilhumin or, standard, and by the Kalh 
and Bernlohr pr-ocrdur? (I;), for column effluents. 

Batches of Jr>C, E of livers Prom Nafznopln treated male Sprague- 
Dawley rats (6) were homog?nlaed with a tcflon-glass homogenizer in 
0.,?5 !4. suc~o,~t' containing, at pH 7.4, 20 mM potassium phosphate, 1 mM 
mercaptoethanol and 0.3 mM EDTA in a final volume oi 800 ml. The 
supernatant fraction, aft*r centrifugation at 45,000 g for 30 min, was 
made 1 mM with zinc sulphate pH (.& and recentrlfuged. The supernatant 
thus ohtaired was made 25 !rM in FAD and then incubated IO min at 550. 
After removing the precipitated proteins, the new supernatant was 
lractionated with ammonium sulphate and the proteins precipitating 
between 35 and 45% saturation wcrt- dissolved in 31 ml of 20 mM potas- 
sium phosphate p!I 7.4, 1 mM me!%captoethanol, 0.3 mM EDTA (buffer A) 
with 0.1 M potassium chloride and then applied to a Sepharose 6B 
column equilibrated with buffer A-O.1 M KCI. The proteins from the peak 
of activity were concentrated by ammoni.um sulphate precipitation, ?O- 
45%, dissolvtzd 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 conccn- 
tration of potassium phosphate- up to 3.5 M. The frsctions containin); 
the peak of activity wcrc immediately poolea and concrntrated by 
.iillmL,niulii sulpll.lLc i"c'~:il'iL‘itl,ln, ilih:;Lllv(~~i ill 4 ml <I[ Tri+llCl, 10 mbl, pII ::.'I, 
0 . 3 Ill!1 l~i~'l'il) I Ill?1 ,,,~',-1:.,~'l~~c'tli~ilrl~1 ) 0.1 b1 ]<:(:I (l,llfil,r 1:) Jl111 .1,1/1liiYl LiI ,, 7'IX'.l 
:;~~l~lr,~tit~:; IL-200 {:I) I ~mrl ~:<ll~ii iL,t-.5t<sil ill I,~I/ I('r I:-O.i)l I/ :;o~ii,lln .~:'i<ic. 'i'lll. 
j~l-~,Lcill:4 I ram Ll~c j)c.,ili 01 ,Ict ivi iv wi,I-c ~.011~.~.1111'.11 ~'(1 IIL ,immi)~l ir~~ll ::,I I pl1.1 Lc: 

pt-ccil]iL iciiln, ili:;s~rlvcd ill 1.7 1111 ill 'l'r-is-IICI. ill inl‘l. \)I1 :4. \, I ni?l 
ammonium sulphate, dissolved ill ?'/ ml of' Tris-HCl i-;C mM pH 8.3, 1 mM 
EDTA (huffh>r B) and applied to R FAD-Sepharose column for affinity 
chromatography. 'The adsorbent wa:3 prepared attaching FAD to amino 
hexyl Sepharose by a diazo coupling proccdurc. The details of the 
method for the preparation and for the nvaluation of the column with 
apo D-aminoacid oxidase, ~111 he (described eiscwhere. The FAD-Sepharose 
columli (1.2 x 4.0 cm) was washed with huffcr B, either alone or 
tiupplementcd with 0.1 M or Cl.5 M KC1 and finally, the oxidace was 
eluted with buffer B containinp ':.' M KC1 and 15 mM FAD. 

The oxidasa obtained from affinity chromatography was subjected 
to t:lectrophoresin on polyacrylamlde gel under both denaturing (13) 

and nondenaturing conditions (14). Thp following molecular weight 
markers were used: bovine liver c:atala:;e 60 ,CC:?, pig kidney D-aminoacid 
oxidase ~~7,000 and yeast RNA polymeras*: I (kindly provided by Dr. P. 
Bull Cram our Department) with 11 subunits (I':), ,185,0130; 137,CCO; 
48,000; 44,@OO; 41,OOO; 35,000; ?8,00@; 24,000; 20,000; 14,500 and 
12,000. 

The apparent dissociation (constant of FAD in the fatty acyl-COA 
oxidase was calculated I‘rom the activities ooscrved after exposing 
the apoenzyme to FAD at various :onccntrstlons, a method previously 
used with D-amino acid oxida-? (16) and L-aminoacid oxidaoe (17). 
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Table I. PURIFICATION OF FATTY ACYL-CoA OXIDASE FHOM RAT LIVER 
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NATIVE SDS 
6 - 10 

1 
KCI 

O.lM 0.5M FAD 

* ‘77 K 

f a) (b) VOLUME(ml) 

0 1 0 2 
Fig. 1. Polyacrylamidt i:el ,,lectrophorc;iz 01‘ F'urii'led fatty acyl-CoA 

oxid3st ai'ter the Srphadcx :;-ZOO ~i.8~~. (a) 4 1,~ Of protein, 

the Coomassle stained material is accounted for hy thr 4:,,000 and 

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

7 -00; 'I.00 and 0.06 for the bands with 22,000; 45,000 an<1 77,00C n~.i’i., 

respectively. 

The non stoichiome tric relstion 3f the 77,900 m-w. peptidc, 

together with our previous determination of a molecular weight of 

-i56,000 for thr oxidasz (‘7) indicate that probably the enzyme is 

composed ot ,' cubunits of 22,300 m-w. and 1 sut7units of 45,000 m-w. 

The 77,000 m-w. peptidc, also ? minor componerlt of whole peroxisomes 

from normal rats (?S), appears to tie thr- peptitle de::cribcd by Reddy 

and Iiumar (19) which is inducted by hypolipicdemic drugs and apparently 
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contains enogl-CoA hydratssc and li-hydroxpacgl-CoA d~7hy~iro~~enase (.'?O). 

These facts, toeether with the stimulatory effect oi NADf on the 

oxidase activity of crude preparatio!ls (L), artd the parallelism of the 

activities of the oxidase and the pc:roxisomal fatty acid oxidizirq 

system in various auhcellular frac ti one (6,) , raise the possibility of 

a pcro:.:isomsi fatty acid oxidizing multienzyme compler. 

The purified fatty acyl-CoA oxidase, known to Iii; a flavoprotein 

with weakly bound FAD (?), is present mainlg as apoenzyme aftcr 

Sephadcx G-300 chromatography. As shown in FiE 3, a IO-Told increase 

in ac tlvity i; observe11 following the addition of FAD. Th,, situ,aiion 

is reminiscpnt of the behaviour of D-aminoacid oxikdase, nnothcr Clsvo- 

protein with weakly bound FAD, that could be purified as holoen:.yme 

only sfi+,r stabilization with bcnzoate (;I). In fact, as shown in 

IPi!;. 3 , an apparent dissocintiotl co!lstant of 9.G IIM was calculaled I'GT 
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FAD in the fatty acyl CoA oxidasr, a value similar to that obtained for 

D-amino acid oxidase (2'l), for which also a fast exchange reaction 

between free and bound FAD has been described (22). These properties 

arc in accordance with the behaviour of the apoenzyme on Sepharose-FAD 

and should allow us to develop simpler isolation procedures for the 

fatty acyl-CoA oxidasc. 
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