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Abstract—The activities of acyl-CoA synthetase (EC 6.2.1.3; 3) and acyl-CoA oxidase (EC 1.3.99.3; 4) in the
glyoxysomes from germinating elm, maize and rape seeds were determined. Apparent K,, and ¥,,,.values for C,,~C,,
fatty acids were calculated. Unlike the seed lipases reported earlier, there is no correlation between the chain length of

stored fatty acids and of the optimal substrates for the two glyoxysomal enzymes.

INTRODUCTION

The utilization of stored oils in germinating seeds begins
in the lipid bodies with the degradation of triacylglycer-
ols by lipases. Seed lipases have been shown to be specific
for the types of fatty acids stored in the triacylglycerols of
each particular plant species [1]. Further degradation of
the free fatty acids to acetate occurs in the glyoxysomes
[2,3]. The initial enzymatic steps in this degradative
pathway involve the formation of an acyl-CoA using an
acyl-CoA synthetase [4] followed by an acyl-CoA oxi-
dase catalysed oxidation to produce an enoyl-CoA [2].
The substrate specificity of these two enzymes with ref-
erence to the fatty acid chain length has only been
determined for a few plant species. Castor bean glyoxy-
somes contain both an acetate thiokinase and an acyl-
CoA synthetase. The latter synthetase is capable of pro-
ducing CoA-fatty acids from palmitic, oleic and ricinoleic
acids, but is relatively inactive for fatty acids of less than
ten carbons [4]. The acyl-CoA oxidase in castor bean
glyoxysomes is able to oxidize acyl-CoA’s of C,~C, g, and
in cucumber cotyledons it also oxidizes C,, and C,, acyl-
CoA’s [5]. The oxidase has also been found at low
activities in peroxisomes of spinach leaves and mung
bean hypocotyl, where, based on V_,, values, activity
occurs with C,,—C, s acyl-CoA’s, optimizing at C,, acyl-
CoA’s in both systems [6].

The purpose of this research was to answer the follow-
ing question: Are the glyoxysomal acyl-CoA synthetase
and f-oxidation pathways of individual plant species
tailored to handle the fatty acids stored by these species,
as is the lipase? If these pathways are selective for the
stored fatty acids, then the free fatty acids, generated by
lipase activity associated with the lipid bodies, can be
moved directly into the giyoxysomes for degradation.

RESULTS AND DISCUSSION

Three plant species with distinctly different storage
triacylglycerols were selected. Elm seed stores predomi-
nantly very short chain fatty acids, maize kernel primar-
ily C,¢ and C, 4 fatty acids, and rape seed C,g, C,, and
C,, fatty acids in the triacylglycerols (Table 1).

We have examined the ability of glyoxysomes isolated
from germinating seed of each of the three species to
metabolize fatty acids of varying chain length. Fig. 1 and
Table 2 show the apparent ¥V, and K,, values respect-
ively for glyoxysomal acyl-CoA synthetase. This enzyme
activates fatty acids to form acyl-CoA’s for subsequent
degradation via the glyoxysomal S-oxidation sequence.
The assay used couples the reaction to the f-oxidation
sequence and monitors the resulting reduction of NAD.
The assumption was made that the synthetase reaction is

Table 1. Percentage composition of seed oils

Fatty acid
Source 10:0 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:1 22:1
Elm 613 59 46 29 11.0 90
Rape (American) 176 137 90 30 508
Maize kernel 11.5 20 266 590 08

Data compiled from ref. [7].
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Fig. 1. V,, values for glyoxysomal acyl-CoA synthetase from
elm, rape and maize seeds, calculated from activities detected at
increasing fatty acid-concentrations. The fatty acids used were
C,¢.0{decanoic), C,,.o(lauric), C,,.q(myristic), C,.,(palmitic),
C,g:ofstearic, S), C 4., (oleic, 0), C,, ., (erucic).

Table 2. Apparent K,, values for glyoxysomal acyl-CoA syn-
thetase and oxidase

K (M)

Acyl-CoA synthetase Acyl-CoA oxidase

Fatty

acid Elm Rape Maize Elm Rape Maize
10:0 7.0 10.1 15.8 94 214 28.6
12:0 210 1138 1001 5.4 98.6 294
14:0 20.3 78.9 380.3 4.6 1110 2521
16:0 25 221 6992 37 48 1366
18:0 — — — 6.9 7.8 73.7
18:1 NA NA 71.4 7.9 114 274
22:1 NA NA NA 38 71 224

NA, no activity.

the slowest step in the enzymatic series. The validity of
the assumption was verified using acyl-CoA’s as sub-
strates for the assay and observing that the intial rates of
NAD reduction were ca twice those of the measured
synthetase activities.

By comparing the types of fatty acid stored by each
species (Table 1) with the apparent V,,, and K,, values of
the synthetase for those fatty acids (Fig. 1 and Table 2),
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one can see that the enzyme from elm, which stores
predominantly C,, fatty acid, shows preferential use of
the C,, through C,, substrates for glyoxysomal acyl-
CoA synthetase, and is able to react with the C,, fatty
acid. Oleic acid, C,4.,, which is stored in appreciable
amounts, supports no detectable activity.

Even more striking is the case of rape seed glyoxy-
somes. Rape seed contains high percentages of C,4 and
C,, fatty acids in the stored triacylglycerol (Table 1).
However, its acyl-CoA synthetase shows no measurable
activity in the in vitro assay with these fatty acids, acting
most effectively on the smaller C,,-C, fatty acids.

Maize kernel contains an acyl-CoA synthetase with
preference for fatty acids smaller than the various C g
fatty acids it stores. The apparent jog in the ¥V, plot
going from C,, to C,, is reproducible, the C,, substrate
demonstrates inhibition whereas the C,, fatty acid was
not saturated under the assay conditions. The enzyme is
able to accommodate the C 4., fatty acid; however, it too
shows no apparent activity with C,,.,.

The observed synthetase activities toward different
fatty acids do not appear to be the direct consequence of
their solubilities for the following reasons: (i) at working
concentrations of the fatty acids, there were no appreci-
able solubility problems. (ii) The observed enzymatic
activities do not mirror the relative solubility of the
various fatty acids tested, but show classic kinetic behay-
iour. (iii) The enzymes from the three different species
gave different patterns of activities toward the fatty acids.

The activity of the first enzyme in the f-oxidation
sequence, acyl-CoA oxidase, towards C,,-C,, acyl-
CoA’s was also evaluated, to see if there was a similar
specificity for the shorter chain fatty acids or whether the
longer acyl-CoA’s could enter into the f-oxidation se-
quence at this point. The oxidase activity was assayed by
coupling the enzymatic product, hydrogen peroxide, to a
fast peroxidase colour reaction. Fig. 2 and Table 2 show
the apparent V,, and K, values for each acyl-CoA
tested. The oxidase reactions were in all cases one to two
orders of magnitude faster than the synthetase reaction.

In the case of the elm seed enzyme, there is preference
for the C,, substrate, with low constant activity for the
remaining series of substrates, including the C,, ., erucic
acid. The rape seed glyoxysomal acyl-CoA oxidase shows
a strong preference for C,, and C,, fatty acids, with a
residual activity for C,¢, C,5 and C,, fatty acids. The
maize enzyme is best able to act on C,, and C4 fatty
acids, but it can utilize both the longer and smaller chains
to a minimal degree.

The observed oxidase activities do not appear to mir-
ror the critical micellular concentrations for the acyl-
CoA’s tested, and there is considerable variation in the
behaviour of the acyl-CoA oxidases with substrates of
varying acyl-chain length for the three species.

In general, if the glyoxysomes of the three plant species
were supplied with long chain acyl-CoA’s, they could
metabolize them via f-oxidation. However, these longer
chain fatty acids appear to be poor substrates for the
glyoxysomal acyl-CoA synthetase in the in vitro assay.

This study shows that in contrast to the lipases found
in the plant species, the initial enzymes of fatty acid
metabolism in the glyoxysomes, with the exception of the
elm synthetase, do not show a preference for the respect-
ive major storage fatty acids, neither do these enzymes
show the same substrate specificity in the three species
tested.
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Fig. 2. V,..values for glyoxysomal acyl-CoA oxidase from elm,

rape and maize seeds, calculated from activities detected at

increasing acyl-CoA concentrations. See Fig. 1 for fatty acids
used.

EXPERIMENTAL

Fatty acids and acyl-CoA’s were purchased from Sigma. Elm
seed (Ulmus Americana) was collected on the campus of the
University of South Carolina. Rape seed (Brassica napus L. cv
Dwarf Essex) was purchased from a local source. Inbred maize
kernel (Zea mays MO-17) was obtained from the Illinois Foun-
dation Seed Corporation, Champaign, IL.

The seeds, after soaking for 24 hr, were allowed to germinate
in the dark at 26° on moist paper. The glyoxysomes were
isolated from 3- to 4-day-old maize scutella, and elm and rape
cotyledons at 0-4° as follows. Isolated scutella or cotyledons
were rinsed twice in dist. H,O, and placed in a grinding buffer
containing 0.6 M sucrose, 1mMEDTA, 10mMKCI,
1 mM MgCl, 0.15M Tricine, 2 mM DTT adjusted to pH 7.5
with KOH. After incubation for 10-15min, the sample was
chopped with a new razor blade to form a fairly thick slurry.
This slurry was transferred to a mortar and ground very gently.
After filtration through Nitrex cloth (Retko, Elmsford, NY) 20
x 20 um? pore size, the filtrate was subjected to centrifugation
of 1500 g for 10 min. The supernate was transferred onto linear
sucrose gradients of 26 ml 60% (w/w) to 30%, and the gradients
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contained 1 mM NaEDTA, pH 7.5. The gradients were centri-
fuged for 4hr at 21 000 rpm in a Beckman Rotor SW 28. The
glyoxysomal fraction was identified both visually and by the
presence of catalase activity. Protein was assayed by the Brad-
ford technique [8].

Acyl-CoA synthetase was assayed spectrophotometrically by
coupling into the f-oxidation sequence present in the glyoxy-
somes and observing the resulting reduction of NAD [2, 4]. The
reaction mixture contained 5.5 mM MgCl,, 2.8 mM DTT, 2.8
x107*MCoA-SH, 4.1x10"*MNAD, 35mg/ml BSA,
2.1073 M ATP, in 20 mM KPO,, pH 7.5. Free fatty acids were
dissolved in 20 ul of 95% EtOH, and then diluted with 1 ml of
buffer to give stock solns of 2 mM fatty acids. Reactions were
initiated by the addition of the glyoxysomal preparations con-
taining about 100 ug of protein, and were monitored at 340 nm.
In calculating enzymatic activity an extinction coefficient of
6.2 cm?/umol of NADH was used.

Acyl-CoA oxidase was assayed spectrophotometrically by
coupling the H,O, product to a peroxidase colour reaction [9].
The reaction mixture contained 13 mM p-hydroxybenzoic acid,
50 uM FAD, 1 mM 4-aminoantipyrine, 1 mM NaN,, 6 units
horseradish peroxidase (Sigma), and 175 mM Tris—HCI, pH 8.5.
Acyl-CoA concentrations were varied through the micromolar
range. The reaction was initiated by addition of the glyoxysomal
preparation containing approximately 100 ug of protein and
was monitored at 500nm. An extinction coefficient of
5.1 cm?/umol was used to calculate product formation.

Apparent V,,, and K, values were taken from computer
generated Lineweaver-Burk plots, except in case of the elm
synthetase where, due to substrate inhibition, values were deter-
mined directly from the plots of rate vs substrate concentration.
The V,,, values for the acyl-CoA synthetase gave an average
standard deviation (expressed as a percent of the mean) of 31%
for the rape and corn enzymes and 15% for the elm enzyme. The
Vmax Values for the acyl-CoA oxidase showed an average stan-
dard deviation of 30% for the rape enzyme and 20% for botk the
corn and elm enzymes.
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