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Rat liver dihydroxyacetone-phosphate acyltransferase:
enzyme characteristics and localization studies
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Peroxisomes were isolated from rat liver by pelleting a light mitochondrial (L) fraction over a 30% (w /v)
Metrizamide layer. Peroxisomes were recovered as a loose pellet from the bottom of the tube and the purity
of the peroxisomal fraction was calculated to be about 90%. The characteristics of dihydroxyacetone-phos-
phate acyltransferase (DHAP-AT) in the light mitochondrial fraction and the purified peroxisomal fraction
were compared. The behaviour of the enzyme in the two fractions was very similar, except for the effect of
sodium fluoride, which stimulated the activity in the L fraction 5-10-fold and in the peroxisomal fraction
only 1.6-fold. This difference could be explained by the action of fluoride-sensitive acid phosphatases
present in the L fraction that dephosphorylate palmitoyl-coenzyme A, a substrate for DHAP-AT. The
localizations of DHAP-AT and alkyldihydroxyacetone-phosphate synthase in the rat liver peroxisomal
membrane were studied. It is shown that in intact peroxisomes, DHAP-AT and alkyl-DHAP synthase are
resistant to proteolytic inactivation by trypsin, as is fatty acid B-oxidation activity, which served as a marker
for the intactness of the peroxisomal membrane. Catalase was found not to be a suitable marker to assess
peroxisome intactness in view of its relative insensitivity to trypsin. In 1-lauroyllysophosphatidylcholine-per-
meabilized peroxisomes, DHAP-AT, alkyl-DHAP synthase and B-oxidation activities were rapidly in-
activated by trypsin. It is concluded that in rat liver peroxisomes, at least the active sites of the integral
membrane proteins DHAP-AT and alkyl-DHAP synthase are localized exclusively at the inner surface of
the peroxisomal membrane.

Introduction key enzyme in the biosynthesis of ether phos-
pholipids {1]. Initially, there was much controversy
about the localization of the enzyme. In the last
few years, however, it has become clear that the
enzyme is localized almost exclusively in per-
oxisomes [1,2], although evidence for a separate
enzyme in the microsomal fraction has also been
reported [3]. A predominant peroxisomal localiza-
tion is confirmed also by the finding that the
enzyme is strongly deficient in tissues and cells
[4-7] from Zellweger patients, which do not con-

Dihydroxyacetone-phosphate acyltransferase
(DHAP-AT), the enzyme that acylates DHAP, is a
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anesulphonic acid.
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tain morphologically detectable peroxisomes [8,9].
On a Metrizamide density gradient, peroxisomes
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can be purified to a high degree [10-12]. This has
facilitated further studies of the functions and
characteristics of peroxisomal processes.

DHAP-AT has been studied extensively in
either impure light microchondrial or microsomal
fractions obtained upon differential centrifugation
of tissue homogenates [2,13-15] or in gradient-
purified peroxisomes [16-18], and much informa-
tion about the characteristics of the enzyme is
already available [19].

In this article, some properties of rat liver
DHAP-AT in the light mitochondrial fraction and
in a highly purified peroxisomal fraction are com-
pared. The results from these studies are used to
investigate the localization of the DHAP-AT and
the alkyldihydroxyacetone-phosphate synthase
(EC 2.5.1.26) in the peroxisomal membrane by
proteolysis. It is shown that in rat liver per-
oxisomes, the active sites of DHAP-AT and
alkyl-DHAP synthase are localized exclusively at
the inside of the peroxisomal membrane.

Materials and Methods

Materials

L-{U-*C]Glycerol 3-phosphate, ammonium salt
(171 mCi/mmol) and [1-*C]hexadecanol (55
mCi/mmol) were obtained from Amersham,
Buckinghamshire, UK. Metrizamide (2-(3-acet-
amido-5-N-methylacetamido-2,4,6-trilodobenzami-
do)-2-deoxy-D-glucose), analytical grade, was from
Nyegaard and Co. AS, Oslo, Norway. Bovine
serum albumin (BSA), essentially fatty acid-free,
was from Sigma, St. Louis, U.S.A. All enzymes
were purchased from Boehringer, Mannheim,
F.R.G. All other chemicals were from Merck,
Darmstadt, F.R.G. and were of standard labora-
tory grade.

Methods

Isolation of peroxisomes. Livers from adult male
Wistar rats were homogenized in a Potter-Elveh-
jem homogenizer in 025 M sucrose/2 mM
EDTA /10 mM Tris-HCI (pH 7.4) to yield a 10%
homogenate. After centrifugation at 600 X g and
3600 X g for 10 min each, the L fraction was
obtained by centrifugation at 25000 X g for 10
min. The pellet was washed once and resuspended
in a small volume of sucrose buffer. Peroxisomes
were isolated essentially according to the method

described by Ghosh and Hajra [20], except that
Metrizamide was used instead of Nycodenz. 2 ml
of resuspended L fraction (about 15 mg protein)
were layered on top of 15 ml of 30% (w/v)
Metrizamide (p=1.17 g/ml) containing 2 mM
EDTA and 10 mM Tris-HCI (pH 7.4). Centrifuga-
tion was carried out at 73000 X g for 60 min.
Microsomes, mitochondria and lysosomes were
found on top of the Metrizamide layer. whereas
peroxisomes were recovered as a loose pellet on
the bottom of the tube. To remove Metrizamide,
the peroxisomal fraction was either dialyzed over-
night against sucrose buffer, or was diluted 10-fold
with sucrose buffer, whereafter peroxisomes were
pelleted by centrifugation at 25000 X g for 10
min. The peroxisomal pellet was resuspended in a
small volume of sucrose buffer. The whole proce-
dure was carried out at 4°C.

Enzyme assays. DHAP-AT was determined
according to Davis and Hajra [21] as modified by
Schutgens et al. [22]. The initial assay conditions
were 75 mM sodium acetate (pH 5.5), 8 mM NakF,
8 mM MgCl,, 0.15 mM palmitoyl-CoA added in a
mixture with 0.4 mg delipidated bovine serum
albumin, 0.12 mM [U-*CJDHAP (20 000
dpm/nmol) and protein in a total volume of 100
pl. Incubation was carried out for 30 min at 37°C
unless otherwise specified and the reaction was
terminated as described [22].

Alkyl-DHAP synthase was determined as
described before [38,39]. The assay contained 100
mM Tris-HCI1 (pH 8.5), 50 mM NaF, 0.05% (v/v)
Triton X-100, 0.24 mM palmitoyl-DHAP, 0.11
mM [1-'*CJhexadecanol (7000 dpm/nmol) and
peroxisomal protein in a total volume of 100 ul.
Incubation was carried out for 40 min at 37°C
and the reaction was terminated as described
[38,39]. Established methods have been used to
measure the marker enzymes catalase [23], esterase
[24], succinate—cytochrome-¢ reductase {25] and
acid phosphatase [26]. Fatty acid B-oxidation ac-
tivity was measured according to Lazarow [27].
Phosphate was measured according to Chen et al.
(28] and protein according to Bradford [29], with
BSA as a standard.

Results

Table I shows the results of a typical example
of the purification of peroxisomes. As can be seen,



TABLE 1

ENZYME ACTIVITIES IN HOMOGENATE AND ISO-
LATED FRACTIONS

Specific activity is expressed in pmol-min~!-mg~' (catalase
and esterase) or nmol-min~'-mg~! (DHAP-AT, succinate—cy-
tochrome-c reductase and acid phosphatase). Relative specific
activity is expressed as the ratio of specific activity in the
isolated fraction and that in the homogenate.

Enzyme Specific activity Relatively specific
activity
homog- L frac- peroxi- L frac- peroxi-
enate tion somes  tion somes
Catalase 0.56 3.02 1237 54 221
DHAP-AT 012 075 506 6.3 422
Esterase 3.07 493  0.70 1.6 0.2
Succ. cyt.-c
reductase 22.4 11.3 7.4 0.5 03
Acid phos-
phatase 28.6 1650 160 5.7 0.6

peroxisomes are enriched 6-fold in the L fraction
and 42-fold in the peroxisomal pellet compared to
the homogenate. It is a well-known fact that cata-
lase leaks out of the peroxisomes during the isola-
tion procedure [30-32], and hence the DHAP-AT,
which is membrane-bound, gives a more reliable
estimation of the purification factor. Of the cata-
lase activity in the L fraction, 36% was recovered
in the purified peroxisomes, whereas this value
was 60% for DHAP-AT. Contamination of the
peroxisomal fraction with microsomes, mitochon-
dria and lysosomes is very low, amounting to 4.5,
6.6 and 1.1%, respectively.

In Figs 1 and 2, some characteristics of the
enzyme in the L fraction and the peroxisomal
fraction are compared. The time curves (Fig. 1A)
show that the enzyme is very stable in the per-
oxisomal fraction, with a linear increase in prod-
uct formation up to 2 h. Product formation in the
crude L fraction reaches a plateau after 1 h. The
pH curves (Fig. 1B) show no marked differences
between the two fractions. The enzyme has a
broad pH optimum, from pH 6.5-8.0 and is still
active at rather high pH values. Although the
results show that the enzymatic activity is not
optimal at pH 5.5, this low pH was used in the
comparative studies to avoid a contribution from
the microsomal enzyme glycerol-3-phosphate

acyltransferase to acyl-DHAP formation in the
impure L fraction. The substrate concentration
curves (Fig. 1C) are also very similar, and show
maximal activity around 0.12 mM DHAP. Calcu-
lation of the kinetic constants from the results of
this particular experiment yielded a K value of
0.06 mM and a V_,, of 0.8 nmol/min per mg for
the L fraction. For purified peroxisomes, these
values were 0.08 mM and 9.4 nmol /min per mg,
respectively. The palmitoyl-CoA curves are also
similar and show an optimal activity around 0.09
mM palmitoyl-CoA /0.3 mg BSA.

In Fig. 2, the effect of MgCl, and NaF on the
DHAP-AT activity is shown. At 2 mM, MgCl,
stimulates the enzymatic activity in the L fraction
about 23% and that in purified peroxisomes only
7% (Fig. 2A). At 8 mM, the stimulatory effect is
completely lost. The effect of NaF on the en-
zymatic activity shows a marked difference be-
tween the L fraction and the peroxisomal fraction
(Fig. 2B). At the optimal concentration of 4 mM
NaF, the enzyme in the L fraction is stimulated
5-10-fold, whereas that in the purified per-
oxisomes is only stimulated 1.6-fold.

In view of these differences, the effect of NaF
was studied in more detail. Previously, the en-
hanced product formation in the presence of fluor-
ide has been explained [2] by the well-known fact
that fluoride inhibits phosphatases [33], which can
dephosphorylate the substrate DHAP and/or the
product of the DHAP-AT. However, in our ex-
periments, the product of the reaction, acyl-DHAP
was measured after trichloroacetic acid precipita-
tion on filterpaper, and this method does not
discriminate between acyl-DHAP and the dephos-
phorylated product acyldihydroxyacetone. Thus,
the effects of NaF detected in Fig. 2 cannot be
explained by dephosphorylation of product. The
other possibility was that the substrates became
dephosphorylated. Table 2, Expt. A shows that
during the standard DHAP-AT assay, about 20
nmol phosphate is released and indeed, this re-
lease is severely inhibited by fluoride. Although
there is a difference in free phosphate between the
samples incubated in the presence and absence of
NaF, this appeared independent of whether or not
DHAP was present, indicating that the released
phosphate did not originate from DHAP. The
other possibility was that the second substrate,
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Fig. 1. Properties of DHAP-AT in L fraction and purified peroxisomes from rat liver. L fraction protein (48 pg, 0) and peroxisomal
protein (25 ug, a) were incubated in the presence of 75 mM sodium acetate (pH 5.5), 0.12 mM DHAP, 0.15 mM palmitoyl-CoA /0.4
mg BSA, 8 mM MgCl, and 8 mM NaF at 37°C for the indicated periods of time. (B) Assay contained either 100 pg L fraction
protein (O0) or 3.8 ug peroxisomal protein (a). Incubation conditions were the same as in (A), except that 1.5 mM glycerol
3-phosphate was present and incubation was carried out for 30 min. Buffers used were: 75 mM sodium acetate for pH 4.5-6.0, 75
mM Mops for pH 6.0-7.0 and 75 mM Tris-HCI for pH 7.0-9.0. (C) Assays contained either 40.0 pg L fraction protein () or 11.4 pg
peroxisomal protein (a). Incubation conditions were the same as in (A) except that the DHAP concentration was varied as indicated.
The incubation time was 30 min. (D) Assays contained either 47.7 pg L fraction protein (O) or 11.4 ug peroxisomal protein (a).
Incubation was carried out for 30 min at 37°C. Incubation conditions were the same as in (A), except that palmitoyl-CoA /BSA
concentrations were varied as indicated, while keeping the palmitoyl-CoA /BSA ratio constant at 15 nmol /0.4 mg.
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Fig. 2. Influence of MgCl, and NaF on DHAP-AT in L fraction and purified peroxisomes from rat liver. (A) L fraction protein (56.4

18, 0) and 11.4 pg peroxisomal protein (a) was incubated in the presence of 75 mM sodium acetate (pH 5.5), 0.12 mM DHAP, .15

mM palmitoyl-CoA /0.4 mg BSA and 8 mM NaF at 37°C for 30 min. The MgCl; concentration was varied as indicated. (B)

Incubation conditions were the same as in (A) except that 8 mM MgCl, was present and the NaF concentration was varied as
indicated.



TABLE I1

RELEASE OF PHOSPHATE DURING A DHAP-AT AS-
SAY

(A) A standard DHAP-AT assay was carried out in the pres-
ence of 75 mM sodium acetate (pH 5.5), 0.12 mM palmitoyl-
CoA/0.3 mg BSA and 80.0 pg L fraction protein in the
presence or absence of 0.12 mM DHAP (12 nmol) and in the
presence or absence of 4 mM NaF. After 30 min at 37°C, 200
pl of 10% trichloroacetic acid was added and the protein was
pellet for 10 min in an Eppendorf centrifuge. Free phosphate
was determined in the supernatant according to Chen et al.
[28]. (B) Incubation was carried out in the presence of 75 mM
sodium acetate (pH 5.5) and 78.5 pg of L fraction protein and
in the presence or absence of 0.12 mM palmitoyl-CoA (12
nmol) and in the presence or absence of 4 mM NaF. Free
phosphate was determined as in (A). (C) Incubation was
carried out in the presence of 75 mM sodium acetate (pH 5.5)
and 18.7 ug of peroxisomal protein and in the presence of 0.12
mM palmitoyl-CoA (12 nmol) and in the presence or absence
of 4 mM NaF. Free phosphate was determined as in (A). (D)
Incubation was carried out in the presence of 75 mM Tris-HCI
(pH 7.4) and 18.7 pg of peroxisomal protein and in the
presence of 0.12 mM palmitoyl-CoA (12 nmol) and in the
presence or absence of 4 mM NaF. Free phosphate was
determined as in (A).

Experiment  Substrates added NaF P, released

DHAP palmitoyl- (™M) (nmol)
(nmol)  CoA (nmol)

A - 12 - 200
12 12 - 19.2
- 12 4 5.0
12 12 4 34
B - ~ - 35
- 12 - 15.1
- - 4 0.0
- 12 4 2.3
C - 12 - 31
- 12 4 0.9
D - 12 - 20
- 12 4 038

palmitoyl-CoA became dephosphorylated. This
possibility was born out in Expt. B, where incuba-
tions were performed in the absence or presence
of palmitoyl-CoA. Addition of palmitoyl-CoA in
the absence of fluoride caused an almost stoichio-
metric release of phosphate, and this was inhibited
by over 80% by 4 mM fluoride. When the same
experiment was carried out with purified per-
oxisomes (Expt. C), only a small amount of phos-
phate was liberated, and this release was also

severely inhibited by NaF. Expt. D shows that at
a higher pH, less phosphate is released, indicating
that mainly (lysosomal) acid phosphatases are in-
volved. The dephosphorylation of palmitoyl-CoA
in the absence of fluoride can explain the large
effects of NaF on palmitoyl-DHAP formation in
the L fraction, whereas in purified peroxisomes,
this effect has almost completely disappeared, be-
cause the peroxisomal fraction has lost most of its
acid phosphatase activity (Table I).

In view of the above results, the incubation
conditions for purified peroxisomes were slightly
modified. The palmitoyl-CoA concentration was
lowered to 0.12 mM (0.3 mg BSA), and the assay
was performed at pH 7.4. MgCl, was omitted
completely, whereas the NaF concentration was
lowered to 4 mM. Using these modified condi-
tions, the localization of the DHAP-AT in the
peroxisomal membrane was investigated. In agree-
ment with previous results [2,17,34] trypsin can be
used to proteolytically inactivate DHAP-AT in
disrupted peroxisomes (Fig. 3A). However, high
amounts of trypsin are needed to achieve complete
inactivation of DHAP-AT, and under these condi-
tions, catalase is still completely resistent. This
demonstrates that the use of catalase as a marker
for the intactness of the peroxisomes can easily
give misleading results in that full recovery of
catalase activity does not necessarily mean that
the organelle remains intact. Secondly, to compare
the effect of trypsin on intact and permeabilized
peroxisomes, a detergent was needed to disrupt
the membrane barrier. Other investigators have
used sodium cholate [2] or Triton X-100 [34] for
this purpose. We found, however, that these deter-
gents themselves inactivated DHAP-AT to a large
extent. This phenomenon has been described by
others as well [17,22]. Fig. 2B shows the effect on
enzymatic activity when peroxisomes are in-
cubated in the presence of different detergents at
37°C for different periods of time. From this, it is
clear that 1-lauroyllysophosphatidylcholine is the
detergent of choice in that it shows the least
deteriorating effect on DHAP-AT activity.

In Fig. 4, it is shown that also in the presence
of lysophosphatidylcholine, catalase is resistant to
trypsin digestion, from which it was concluded
that another marker for the intactness of the per-
oxisomal membrane had to be found.
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Fig. 3. Trypsin treatment of sonicated peroxisomes and influence of detergents on DHAP-AT activity. (A) peroxisomal protein was
sonicated three times for 15 s on ice. Sonicated protein (30 ug) was incubated in the presence of the indicated amounts of trypsin in a
total volume of 200 ul for 40 min at 37 ° C. Trypsin inhibitor (2 mg/mg trypsin) was added and DHAP-AT ({>) and catalase ( X)
activity were determined as described. (B) Peroxisomal protein (0.15 mg) was incubated in the presence of either 0.5% sodium cholate
(a), 0.25% 3-[(3-cholamidopropyl)dimethylammonio}-1-propanesulfonate (CHAPS, a) or 0.025% Triton X-100 (W) in a total volume
of 200 pl. In the experiment with lysophosphatidylcholine (13), 0.5 mg peroxisomal protein was incubated in the presence of 250 nmol
1-lauroyllysophosphatidylcholine in 0.5 ml. Aliquots were removed after the indicated time periods, diluted 10-fold to avoid
inhibition of the enzyme in the assay and aliquots of the diluted samples were used to determine DHAP-AT activity. 100% activity

1 -1

represents 4.3 nmol acyl-DHAP-min™ '-mg

Fig. 5 shows the effect of trypsin on DHAP-AT,
alkyl-DHAP synthase and B-oxidation activity,
which serves as a marker for the accessibility of
trypsin to the peroxisomal matrix in intact and
lysophosphatidylcholine-permeabilized per-
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Fig. 4. Trypsin treatment of intact and lysophosphatidylcho-
line-permeabilized peroxisomes: effect on catalase activity.
Peroxisomes (0.1 mg protein) were incubated at 37°C in the
presence of 50 nmol 1-lauroyllysophosphatidylcholine and in
the presence or absence of 10 pg trypsin in a total volume of
0.1 ml. After the indicated periods of time, aliquots of 20 ul
were removed and trypsin inhibitor (10 pg) was added. Small
samples were taken and sonicated whereafter catalase activity
was determined. The 100% activity represents 12.2 umol-
min~!-mg~ 1. a, with trypsin; O, without trypsin.

oxisomes. Fig. SC shows that trypsin, when added
in a 1:50 ratio to peroxisomal protein, does not
inactivate DHAP-AT activity in intact per-
oxisomes. Under the same conditions, S-oxidation
activity is decreased by maximally 10% (Fig. 5A).
These results indicate that trypsin, under these
conditions, does not have access to compartments
inside the peroxisomal membrane. In the presence
of lysophosphatidylcholine, which by itself has no
deteriorating effect on B-oxidation activity (Fig.
5B), trypsin causes rapid inactivation of the -
oxidation of palmitoyl-CoA, indicating that
lysophosphatidylcholine effectively permeabilizes
the peroxisomal membrane (Fig. 5B). It is only
under these conditions that rapid proteolytic in-
activation of DHAP-AT activity is observed, even
at the low ratio of trypsin to peroxisomal protein
of 0.02 (Fig. 5D). These results are interpreted to
indicate that at least the active site of DHAP-AT
is located exclusively at the inside of the rat liver
peroxisomal membrane.

Using almost the same conditions, except that a
somewhat higher trypsin concentration had to be
used, also the localization of alkyl-DHAP syn-
thase was studied. In Fig. 5E, it is shown that in
the absence of lysophosphatidylcholine, the en-
zyme is almost completely protected against pro-
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Fig. 5. Trypsin treatment of intact and lysophosphatidylcholine-permeabilized peroxisomes. Peroxisomes (0.5 mg protein) were
incubated in the presence (a) or absence (O) of either 10 ug (A-D) or 25 pg (E,F) trypsin with (B,D,F) or without (A,C,E) 250 nmol
1-lauroyllysophosphatidylcholine. After the indicated time periods, aliquots of 100 pl were removed, trypsin inhibitor and sucrose
buffer were added to give a total volume of 200 g1, and aliquots were assayed for remaining activities of the indicated enzymes. 100%
activities represent formation of 6.0 nmol acyl-DHAP-min~!-mg~’, 0.2 nmol alkyl- DHAP-min~'-mg~! and 61 nmol NADH-

min~!-mg~

teolytic inactivation by trypsin, whereas in the
presence of the detergent and trypsin, the en-
zymatic activity is lost (Fig. 5F). Thus, as has been
shown for the DHAP-AT, also the alkyl-DHAP
synthase is localized at the inner surface of the
peroxisomal membrane.

Discussion

Peroxisomes have a much higher density than
the other cellular organelles. This makes it unnec-
essary to use a density gradient to isolate per-
oxisomes. Ghosh and Hajra [20] have also shown
that for the isolation, a normal fixed-angle rotor
can be used. The method introduced by these
investigators employs a layer of Nycodenz of a
given density (1.15 g/ml) containing 1 mM tetra-
sodium EDTA (pH 7.3). On top of this layer, a
small volume of L fraction protein is introduced,
whereafter centrifugation is carried out for 1 h at
130000 X g. We have adapted this method slightly
by using Metrizamide instead of Nycodenz and by

, respectively.

buffering the density medium with 10 mM Tris-
HCl (pH 7.4). The centrifugation time and g
value are not very critical. After initial experi-
ments, we routinely used 60 min at 73000 X g.
The results we obtained are comparable to those
of Ghosh and Hajra [20]. These authors reported a
67-fold increase in the specific activity of DHAP-
AT as compared to a 42-fold increase in our
procedure. However, the contamination, as calcu-
lated by the method of Fujiki et al. [35], with
microsomes and mitochondria amounted to 9 and
8%, respectively, and were somewhat higher than
the 4.5 and 6.6% found in our adapted method.
The characteristics of the DHAP-AT are com-
parable to what has been reported by other inves-
tigators. In the purified fraction, product forma-
tion is linear over a more extended period of time
than in the L fraction. This may be explained by a
much larger contamination of the L fraction with
lysosomes (Table I) that contain enzymes capable
of degrading substrates and /or product. The pH
optimum is very broad, from pH 6.5 to 8.0 (Fig.
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1B), with a shoulder up to pH 9.0 {2,17,19]. Be-
tween pH 5.0 and 6.5, the enzymatic activity in-
creases strongly with the pH and a small variation
in pH results in large differences in product for-
mation. For this reason and also in view of the
fact that the purified peroxisomes are hardly con-
taminated by microsomes, a pH value of 7.4 was
chosen for further experiments. From the DHAP
curve, the K and V. values were calculated. In
agreement with DeClercq et al. [17], but in con-
trast to Jones and Hajra [2], we found no break in
the reciprocal plot of the data for acyl-DHAP
formation at pH 5.5. The K, values of 0.06 and
0.08 mM for L fraction and purified peroxisomes,
respectively, are comparable to reported values
[2,17,19]. This also holds for the V_,, values in
both fractions, which are 0.8 and 9.4 nmol/min
per mg, respectively. The optimal palmitoyl-CoA

concentratinan ic 000 mM Ravine carnm alhumin
CONCCITauslil 1S v.ur IMiivi. SOVINIC SCrulll arouiiiin

is added together with palmitoyl-CoA to prevent
formation of palmitoyl-CoA micelles, by which
the enzymatic activity is reduced. Except for the
influence of fluoride, no marked differences be-
tween the enzyme in the two different fractions
were observed. MgCl, is normally added in the
assay, although the reason for this is not very
clear. It has been stated to inhibit phosphatases
[36], but it is clear from Fig. 2A that it has,
especially in purified peroxisomes, only a small
stimulatory effect at low MgCl, concentrations.
At 8 mM MgCl,, the stimulatory effect is lost
completely and for these reasons in further experi-
ments MgCl, was omitted from the incubation
mixtures.

The effect of NaF has been explained by the
fact that this (also) inhibits phosphatases [2]. We
have shown that this is correct, but that it is not
the substrate DHAP or the product acyl-DHAP,
but palmitoyl-CoA which is prevented from de-
phosphorylation in the presence of fluoride.

The topographical distribution of the DHAP-
AT [2,15,17,34] and the alkyl-DHAP synthase
{34,40] have also been studied before. Rock et al.
concluded that both the DHAP-AT [15] and the
alkyl-DHAP synthase [40] were present on the
luminal side of the vesicles in a microsomal frac-
tion, presumably containing peroxisomes, from
Harderian gland. Bishop et al. [34] studied the
localization of lipid biosynthetic enzymes in rat

brain. They also concluded that the DHAP-AT
and the alkyl-DHAP synthase were localized at
the inside of the peroxisomal membrane. How-
ever, they used 0.04-0.05% Triton X-100 to per-
meabilize the peroxisomal membrane, and this
amount of this detergent is sufficient to inhibit the
DHAP-AT completely. even in the absence of
trypsin (Fig. 3B) [22]. Attempts to localize the
enzymes in rat liver peroxisomes were hampered
by problems in keeping the membrane intact [34].
Jones and Hajra investigated the transmembrane
distribution in guinea pig liver peroxisomes [2]
and obtained evidence that the DHAP-AT was
mainly localized at the inside of peroxisomes.
However, these authors used very high amounts of
trypsin (trypsin to protein ratio = 1.5) and found
with intact peroxisomes already 17% inactivation
of DHAP-AT activity. In addition, they used 0.5%

cholate ta render the neroxicomal memhranec ner
CNGiatll 10 1enalr ull peroxXisomial memorands per-

meable to trypsin. When we used the same con-
centration of cholate with rat liver peroxisomes,
we found already 60% spontaneous inactivation
after 30 min at 37°C (Fig. 3B). DeClercq et al.
[17] also performed localization studies on DHAP-
AT in rat liver peroxisomes. They used high
amounts of trypsin (trypsin to protein ratio varied
from 0.07 to 0.7) and observed with intact per-
oxisomes already a 33% loss of DHAP-AT activ-
ity. At the same, time these authors aiso reported
that under their conditions, catalase was not in-
activated by trypsin. It has now become clear that
resistance of catalase to trypsin cannot be used as
an indication of peroxisome intactness (Figs. 3A,
4).

In this article, we describe a somewhat different
approach for the determination of the transmem-
brane distribution of DHAP-AT and alkyl-DHAP
synthase in peroxisomes in which lysophosphatid-
ylcholine was used to permeabilize the mem-
branes. This lysophosphatidylcholine detergent did
not have any effect on the enzymatic activities of
DHAP-AT, alkyl-DHAP synthase and B-oxida-
tion enzymes when added in amounts sufficient to
render the membrane permeable to trypsin. When
trypsin was added in a trypsin to peroxisomal
protein ratio of 0.02, both the DHAP-AT activity
and the B-oxidation capacity became susceptible
to rapid inactivation, and at a ratio of 0.05, also
the alkyl-DHAP synthase was inactivated. In our



approach, the B-oxidation enzymes, which are
localized in the peroxisomal matrix [37], served as

marker for the intactness of the peroxisomes.
a marker 1o mntactr peroxisome

Indeed, when intact peroxisomes were treated with
the same amounts of trypsin, the DHAP-AT activ-
ity was preserved completely, whereas the B-oxida-
tion and alkyl-DHAP synthase activities were
about 90% preserved.

In summary, the method used to purify per-
oxisomes, which was introduced by Ghosh and
Hajra [20] and was adapted slightly, gives good
and reproducible results. Peroxisomes isolated in
this way can be used to study the characteristics of
peroxisomal enzymes. As is shown here, per-
oxisomes isolated in this way are stable and can
be used for many purposes. We have shown that
the organelles remain intact during subsequent
incubations and we have used this property to

actalkli l. lanct artiva citac ) P

CdLADIISIL llldl dl lCdbl lllC autiv’c blle Ul ldt 1VET
DHAP-AT and alkyl-DHAP synthase are local-
ized exclusively at the inside of the peroxisomal
membrane.
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