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Recent work® has shown that enzymes of the acyl-DHAP (dihydroxyacetone
phosphate) pathway for the biosynthesis of both diacyl-glycerolipids and ether
lipids are localized to catalase-containing particles (peroxisomes) in liver.
Though the data from the fractionation of brains are less conclusive, it appears
that in this organ these enzymes are also localized in the catalase-containing
particles (microperoxisomes).** In an effort to elucidate the role of acyl-DHAP
pathway enzymes in brain microperoxisomal lipid metabolism and in the genera-
tion of membrane phospholipid asymmetry, we have determined the distribution
of these enzymes in the transverse plane of the microperoxisomal membrane.
Specifically, these enzymes are: DHAP acyltransferase (acyl-CoA:DHAP acyl-
transferase), acyl-CoA reductase (hexadecanol:NADP* oxidoreductase, CoA-
acylating), alkyl-DHAP synthase, and alkyl-DHAP reductase (alkyl-G-3-P:
NADP* oxidoreductase).

The susceptibility of catalase, an enzyme of the microperoxisomal matrix, to
proteolysis was used to determine the integrity of the microperoxisomal
membrane. A crude microperoxisomal preparation (18,000 x g, 30 min to
40,000 x g, 30 min} from 12-day-old rat brain was preincubated at a concentration
of 1 mg protein per ml 320 mOs potassium phosphate/sucrose for 30 min at 37°C
which contained various amounts of the protease, pronase. When pronase was
included in amounts from 0.1-5 mg pronase/mg brain protein, the assay of
aliquots for catalase showed that maximally 10% of the activity was destroyed.
These data, plus the observation that 5% of the homogenate catalase activity is
found in the soluble fraction upon subcellular fraction show that 15% of the
microperoxisomes had ruptured membranes. In control experiments to show that
catalase was not resistant to pronase digestion, a minimum of 2 mg pronase/mg
brain protein was found to completely destroy catalase activity when permeabil-
izing amounts of the detergent Triton X-100 were included in the preincubation.
The minimum amount of Triton required to fully permeabilize the membrane
was 0.05%.

To determine the transverse distribution of acyl-DHAP pathway enzymes, the
crude microperoxisomal preparation was similarly preincubated with trypsin in
the presence and absence of permeabilizing amounts of Triton. Trypsin, rather
than pronase, was chosen owing to the ease with which it can be inactivated with
the addition of trypsin inhibition at the termination of the 30 min preincubation.
Assay of aliquots of the preincubation for the four acyl-DHAP pathway
enzymes®® yielded the results presented in TABLE 1.

It can be seen that these enzymes differ in their degree of sensitivity to trypsin
digestion (TABLE 1, column 2). An arbitrary choice of trypsin concentration, such
as 50 pg/mg protein as used by some workers,® would have resulted in the
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artifactual conclusion that a portion of the acyl-CoA reductase is localized on the
internal side of the membrane. A further artifactual assignment of an internal
enzyme (such as DHAP acyltransferase) to the external surface was avoided by
including permeabilizing amounts of Triton in all enzyme assays. Without Triton
in the assay, the destruction by trypsin of a transmembrane protein possibly
required for the transport of one of the substrates would have yielded an
artifactual measurement of no enzyme activity.

It can be concluded that both DHAP acyl transferase and alkyl-DHAP
synthase are on the internal side of the microperoxisomal membrane, and that
acyl-CoA reductase is on the external side. The finding that alkyl-DHAP
reductase has both internal and external activity might be explained by the fact
that this enzyme is not exclusively localized to the microperoxisomes. A signifi-
cant portion of this activity has been found in the microsomes of both liver and
brain.! It may be that the enzyme is on the external side of one organelle and the

TaBLE 1

TrRYPSIN PROTEOLYSIS OF ACYL-DHAP PaTHwaY ENZYMES IN A CRUDE
MICROPEROXISOMAL FRACTION FROM 12-DAY RAT BRAIN

Maximum
% Activity
Remaining
I5o (+ Triton),* After % of % of
ug Trypsin/mg Proteolysis Enzyme  Enzyme
Enzyme Brain Protein (- Triton}} Internalf  External
DHAP Acyl transferase 1 90 106 -6
Acyl-CoA reductase 30 0 (] 100
Alkyl-DHAP synthase 40 80 94 6
Alkyl-DHAP reductase 1 30 35 65

*Amount of trypsin in the preincubation required to destroy 50% of the enzymes in
question in the presence of permeabilizing amounts of Triton X-100 (0.04-0.05%).

tThe intact preparation was preincubated with 0.1-3000 xg trypsin/mg brain protein.

{Calculated as the number in column 3 divided by 85%, the fraction of microperoxi-
somes with intact membranes as determined by susceptibility of catalase to proteolysis.

internal surface of the other. It should be noted that the crude microperoxisomal
fraction used in this study is heavily contaminated by microsomes.

We have also attempted to determine the topographical distribution of
acyl-DHAP-pathway enzymes in liver peroxisomes. One problem encountered
was that the liver peroxisomes were much more fragile than the brain micro-
peroxisomes. Approximately 10-30% of the isolated peroxisomes had ruptured
membranes as determined by the absence of catalase or lability of catalase to
trypsin in the absence of detergents. However, using the same criteria as
discussed above, we concluded that DHAP acyl transferase is mostly present
inside the peroxisomes, whereas acyl-DHAP reductase is present on the outside.
Alkyl-DHAP synthase was only partly labile indicating that this enzyme may be
present on both sides of the membrane. Further work is in progress to discover
the significance of the localization of different acyl DHAP pathway enzymes to
opposite sides of the peroxisomal and microperoxisomal membranes.
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